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Foreword

The past decade has seen dramatic advances in urology and imaging. These changes are evident
in improvements in laparoscopic surgery as well as in the emergence of multidetector CT, with
multiplanar reformatting and FDG-PET-CT as routine imaging methods. The new minimally
invasive procedures often require more exacting imaging as the surgeon does not have the same
visual field of view as was possible with open procedures. Thus, it is appropriate now to pro-
vide an update on imaging advances for the benefit of urologists and radiologists alike. The
increasing number of innovative imaging approaches to urologic tumors including CT, MRI,
PET, SPECT, and endoscopic imaging can be perplexing and lead to over- and underestima-
tions of the capabilities of modern imaging on the part of those who interpret them and those
who use the information they provide for patient management. There is a growing “expec-
tations gap” between what is expected and what is possible that needs to be closed. While
previous books have focused on the more common urologic tumors such as bladder, prostate,
and kidney cancer, none has attempted a comprehensive review of the state of the art of imaging
in most of the tumors involved in urologic oncology. Imaging in Urologic Oncology addresses
these challenges.

In the modern imaging department it is easy to forget how useful conventional plain radio-
graphy can be in urologic diagnosis. Much of our current understanding of urologic disease is
based on the “classic appearance” on intravenous urograms, cystograms, or retrograde pyelo-
grams. Therefore, conventional imaging provides the first “layer” in our understanding of uro-
logic tumors. The next layer is cross-sectional imaging. The impact of cross-sectional imaging
on the detection of renal and adrenal tumors can be seen from the steady decrease in the aver-
age size of renal tumors detected today in comparison to 10 years ago. Today subcentimeter
tumors can be routinely identified and characterized. This has had important implications for
the management of these lesions and the need to biopsy or observe them. Perhaps more pro-
foundly it has shaken the concept of what tumors are, how often they occur, and how often they
are occult. For the urothelial tract, CT and MR urography have become the new gold standard
for diagnosis. The use of virtual endoscopy—based on CT or MRI data—is opening up new
opportunities for early diagnosis with more complete characterization tumor invasion and stag-
ing of urothelial tract tumors. The use of MRI for prostate cancer detection continues to evolve
with improvements in sensitivity and specificity as new techniques such as spectroscopy, diffu-
sion weighted imaging, and dynamic contrast enhancement are employed. These subjects are
reviewed in depth in this book.

The final layer in each section is radionuclide and PET imaging. Although these fields have
played a minor role to date in urologic oncology, this situation is changing fast. The potential of
these methods is obvious to anyone who experiences the dramatic diagnostic power of an FDG-
PET-CT scan when detecting a metastatic lesion that, even in retrospect, was nearly invisible
on the CT. Although the role of PET-CT is evolving in urologic oncology, it clearly has a
promising future.

The final chapters of this book are appropriately devoted to the future. The editors had
to make some difficult decisions about what to cover and they chose well. The insights of the
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vi Foreword

contributing authors, all of whom are thought leaders in their areas, provide tantalizing insights
into what is “around the corner.” Image-guided therapeutic interventions have the potential to
improve patient outcome, decrease morbidity, and speed procedure time while reducing costs.
New contrast media will provide highly targeted and specific information on the biology of
tumors without the need for biopsy. Optical contrast agents may dramatically improve the
diagnostic capabilities of “white light” endoscopy, as it is currently performed, as targeted
fluorescent conjugates are used to highlight tiny tumor clusters, while they are still completely
curable. And finally, in a “back to the future” chapter, elasticity imaging may allow us to not
only see cancers more easily but “feel” them as well.

Thus, Imaging in Urologic Oncology provides a needed resource to health care providers
who are concerned with the diagnosis and management of urologic tumors in patients who
suffer from them. It is this last group that stands to benefit most from this work.

Bethesda, MD, USA Peter L. Choyke, M.D.



Foreword

The advances in urological imaging in the past decade have been considerable. The improve-
ment in existing technology and the introduction of new methods of imaging have helped the
clinician in urological oncology. For example, it is now much easier to be certain of the volume
of disease and also its whereabouts; biopsy techniques have now become more reliable; inter-
ventional procedures to relieve ureteric obstruction have become more routine and certainly
less traumatic for the patient. Innovation has been prevalent in the field of imaging in urolog-
ical oncology and it is essential for urologists to maintain their knowledge of a fast-growing
field.

It is often the case that radiologists send their descriptions of new techniques preferentially
to their own specialist journals. I know that very frequently now imaging papers are being
sent to urological journals, a practice I would thoroughly endorse speaking as editor-in-chief
of such a journal. It is a pleasure therefore to introduce a book in which radiologists and
urologists, whose main interests lie in urological oncology, have collaborated to produce an
excellent textbook of imaging in urological oncology.

Each of the urological cancers is covered using a similar format in every case. The intro-
duction is by a urologist, and the three sections on imaging for each cancer have been written
by radiologists (although in some cases they are written by urologists). At the end of each can-
cer topic the urologists have written a section entitled “Considerations.” In this they discuss the
impact of imaging technology on the practice of urological oncology. It is a rather novel and in
my opinion successful way of covering the subject and I feel that it should be required reading
for urologists. Given the excellence of the writers and their high academic standing, I feel that
it will be read by radiologists also. With the emphasis nowadays in cancer management on
multi-disciplinary approaches, this book embodies that principle and will be a superb addition
to the literature.

John M. Fitzpatrick MCh, FRCSI, FC Urol (SA), FRCSGlas, FRCS
Professor and Chairman Department of Surgery

Consultant Urologist Mater Misericordiae
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Preface

Novel and significant changes in the area of oncologic imaging have had a positive impact
on the ability to non-invasively stage bladder, prostate, penile, testicular, adrenal, and renal
tumors. Most of these imaging enhancements are closely related and parallel the clinical impact
of these tumors: for example as prostate cancer becomes the most common malignancy in
men, there is a push to use imaging for both accurate staging prior to therapy and also as a
means to follow patients after therapy. Most of the novel and cutting-edge therapeutic tech-
niques being developed to treat these genitourinary tumors are increasingly more dependent
on imaging for better tumor delineation and evaluation. The mainstay for imaging used to be
conventional imaging techniques with transrectal and transabdominal ultrasound, angiography,
and intravenous contrast studies. Significant improvements in image processing and resolution
in cross-sectional imaging with computed tomography, magnetic resonance imaging, and now
single photon emission computed tomography have brought dramatic changes in our ability to
assess genitourinary malignancies of all types. Improvements in contrast agents and superim-
position of functional studies with anatomical studies have now made molecular imaging with
radionuclides part of our armamentarium for these neoplasms.

What can the expected impact of imaging be on the future of uro-oncology? Although the
current orientation for imaging has been anatomic and organ specific, the striking improve-
ments in imaging related to functional activity are now being combined with the anatomic data
to give a more complete assessment of the disease process in all stages. The development of
new molecular markers and the incorporation of virtual technology will provide a true fusion
of technology that is bound to have an impact on our management of oncological problems.
We are currently limited by our inability to detect disease at its earliest stages, follow it closely
through a course of therapy, and monitor it after treatment. Imaging is a major key to improve-
ments that may make management of cancer similar to that of other chronic diseases such
as diabetes or hypertension. This text presents the state of the art for imaging in urological
oncology and gives a glimpse of future directions for research in this exciting field.

Jean de la Rosette
Michael Manyak

Mukesh Harisinghani
Hessel Wijkstra
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Part I
Adrenal Carcinoma



Chapter 1

Adrenal Carcinoma: Introduction

G. Alivizatos

Introduction

The widespread use of high-resolution anatomic imaging
modalities such as ultrasound, computed tomography (CT),
and magnetic resonance imaging (MRI) has led to the
increased detection of clinically silent adrenal masses. Inci-
dental adrenal masses (incidentalomas) is a serendipitous
finding in 0.3–5% of those patients who undergo one of these
imaging investigations and 70–94% of these lesions are bio-
chemically inert and benign and are therefore named adrenal
adenomas. This percentage could be even higher, as shown
from autopsy studies that the prevalence of adrenal masses is
about 7% in patients 70 years of age or older [1]. In those
with an extra adrenal malignancy the risk that an adrenal
mass represents a metastasis is 6–35% and the assessment
of such a case is a difficult procedure. Until recently, surgical
resection, adrenal biopsy, and clinical follow-up were used
in order to distinguish benign from malignant lesions.

Today, management of these adrenal masses is based upon
their size, upon their biochemical activity, upon the patient
age, and finally upon the radiologic characteristics on CT,
MRI, and PET scans [2]. First, patients with solid adrenal
masses should undergo biochemical assessment. Adrenalec-
tomy is considered when biochemical overactivity is identi-
fied, when the adrenal mass is bigger than 6 cm, when sus-
picious findings are identified with the imaging modalities,
and finally when there is documentation of an increase in the
size of the suspected lesion. Controversial issues arise in the
management of solid adrenal masses between 4 and 6 cm,
while those patients with lesions less than 4 cm are usually
monitored [2].

Improvements of both CT and MRI techniques have
increased the effectiveness of these imaging modalities
in distinguishing benign from malignant adrenal tumors
[3–5]. At the same time, nuclear medicine studies using spe-
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cific radiotracers have the advantage of providing functional
metabolic information and when the findings of these studies
are correlated with the results of the CT and MRI scans, the
correct characterization of an adrenal lesion becomes more
specific [6].

Positron emission tomography (PET) CT with 18-F
flourodeoxyglucose (18-FDG) allows adrenal malignant
tumors to be recognized and offers detailed morphological
information [7].

In this chapter, recent developments in conventional and
cross-sectional imaging techniques and also scintigraphy and
PET imaging innovations for the characterization of adrenal
masses will be presented and analyzed.
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Chapter 2

Cross-Sectional Imaging of Adrenal Masses

T.M. Wah, J.A. Guthrie, and A.D. Joyce

Masses encountered in the absence of hyperfunctioning syn-
dromes will first be considered, and then the appearances of
adrenal glands in the context of the syndromes of hormonal
excess.

Non-functioning Adrenal Masses

Over the last two decades, with the increasing use of com-
puted tomography (CT) and magnetic resonance imaging
(MRI), there has been a rise in the detection of unsuspected
adrenal masses when investigating unrelated diseases. These
masses are frequently referred to as adrenal incidentalomas
[1, 2], and such incidentalomas are usually, but not always,
without clinical consequence. In autopsy series, the preva-
lence of incidental adrenal masses is about 2.1% which may
range from 1.4% in the younger patients to 8.7% in the

Fig. 2.1 Ultrasound showed a large mildly echogenic right adrenal
mass situated in the hepato-renal space (arrow)
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older patients [3–6], and in CT series adrenal nodules greater
than 1 cm in diameter are detected in 0.35–5% of cases [7–
10]. Most incidentalomas are benign, non-hormonally active,
adrenal cortical adenomas; however, they may be hormon-
ally active, but clinically unsuspected, in up to 10% of cases
[11]. The other clinically significant conditions that need
to be considered are pheochromocytomas, the rare adrenal
cortical carcinoma, and in the cancer patient an adrenal
metastasis.

Adrenal masses may occasionally be identified with con-
ventional imaging techniques such as ultrasound (Fig. 2.1)
or rarely indirectly through intravenous urography, but these
techniques do not have a role in their characterization. It is
through the use of CT or MRI that adrenal masses are most
commonly identified, and these techniques have the crucial
roles of assessing and characterizing both benign and malig-
nant adrenal masses. The findings at CT and MR may allow
a specific diagnosis or limit the differential diagnosis which
may be further refined when clinical or biochemical informa-
tion is taken into account.

Adenoma

Adenomas are the commonest adrenal tumors. Hormonally
inactive adenomas are common in the general population
with a prevalence of 3% [5] and adenomas greater than
1 cm are detected on abdominal CT in 0.35–5% of patients
[7–10].The incidence is higher in patients with diabetes mel-
litus, hypertension, and in elderly females [3, 12]. In patients
with adenomas they are bilateral in 9.5% [13].

On CT the normal adrenal gland appears as a chevron or
Y-shaped structure with a smooth contour and a length of
2–4 cm [14]. The maximal width of the body of the nor-
mal gland is 1.2 cm and each limb 5 mm [15] (Fig. 2.2).
Adenomas are usually round in shape, less than 3 cm in
diameter, with a smooth outline, homogeneous internal archi-
tecture, and may have the same density as normal adrenal
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(a) (b)

Fig. 2.2 Axial contrast enhanced CT shows a normal (a) right and (b) left adrenal glands (arrows)

tissue (Fig. 2.2). Most adenomas contain large amounts of
intra-cytoplasmic fat, the precursor for hormone synthesis.
The attenuation of adrenal adenomas varies according to the
quantity of this intracellular fat with mean measurements

ranging from −10 to 30 HU (Fig. 2.3a) [16]. Calcification,
necrosis, and hemorrhage are extremely rare [17]. Adeno-
mas enhance after IV contrast (Fig. 2.3b) and characteris-
tically have a more rapid washout of contrast than adrenal

(a) (b)

Fig. 2.3 Axial (a) unenhanced and (b) contrast enhanced CT shows a small left adrenal adenoma with a smooth outline, with a mean HU of eight
and homogeneous enhancement following IV contrast (arrow)
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(a) (b)

Fig. 2.4 Axial contrast enhanced MRI shows a normal (a) right and (b) left adrenal glands (arrows) (Reprinted with permission from Grainger,
RG, Thomas, AMK, In: Dawson, P, Cosgrove, DO, Grainger, RG (eds) Textbook of Contrast Media, Oxford: ISIS Medical Media Ltd, 1999)

metastases, pheochromocytomas, and adrenal carcinomas
[10, 18–20].

On MRI, the signal characteristics are similar to nor-
mal adrenal glandular tissue, i.e., typically hypo-intense on
T1 and iso-intense or slightly hyper-intense on T2-weighted
images (Fig. 2.4). These properties are not sufficiently useful
to differentiate an adenoma from metastases as the range of
signal intensity overlaps with that of metastases. However,
chemical shift imaging is a useful means to identify the pres-
ence of intra-cytoplasmic fat and can distinguish adenomas
from metastases (Fig. 2.5a and b) [21, 22]. A minority of
adrenal adenomas have a relatively small proportion of intra-
cellular fat. These lipid poor adenomas are more difficult to

(a) (b)

Fig. 2.5 Axial MRI using chemical shift imaging with T1-weighted
gradient echo (GRE) MRI during (a) in-phase and (b) out-of phase
images that demonstrate signal drop out in the left adrenal mass (arrow)
typical of a benign adenoma

differentiate from metastases as they have higher CT attenua-
tion measurements (Fig. 2.6) and do not display loss of signal
with chemical shift imaging (Fig. 2.7a and b).

Fig. 2.6 Axial unenhanced CT shows a right adrenal metastasis which
displays higher CT HU and has a mean of 44 HU
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(a) (b)

Fig. 2.7 Axial MRI showing a left adrenal metastasis (arrow) with no drop in signal between the in-phase GRE T1 sequence (a) and the out-of-
phase GRE T1 sequence (b) as there is an absence of intracellular fat in most metastases

Metastases

Adrenal masses are frequently detected during the stag-
ing of oncology patients. The commoner primary tumors
that metastasize to the adrenal gland are melanoma (50%),
lung, breast, thyroid, and kidney [23, 24]. The prevalence of
adrenal metastases is clearly likely to be higher in patients
dying of cancer or in late stages of the disease than at presen-
tation, but even in the presence of a primary neoplasm, only
27% of the cases of adrenal masses were due to metastatic
disease in a postmortem series [23]. The prevalence of non-
hyperfunctioning adenomas is such that at presentation even
bilateral adrenal masses are almost as likely to be due to ade-
nomas as metastases [25]. Patients with malignant disease
may also develop mild diffuse enlargement of the adrenal
glands in the absence of metastases; it is proposed that this is
due to hyperplasia [26].

The significance of an adrenal metastasis to a patient’s
management is potentially profound. In the majority of can-
cers, an adrenal metastasis indicates systemic disease and
that the disease is not likely to be cured by radical excision
of a primary tumor and local nodal groups. The exception to
this is ipsilateral adrenal involvement of a renal carcinoma.
In the presence of widespread metastases, adrenal metastasis
may not influence the overall management plan and there-
fore requires no further evaluation. If an adrenal mass is the
only potential site of distant disease identified at presenta-
tion and this would make the morbidity of radical surgery
unjustifiable, it is important to fully characterize the adrenal
lesion. This most frequently occurs when staging bronchial
carcinomas.

At presentation, adrenal metastases may be large or small,
unilateral or bilateral in location. The CT and MR char-

acteristics of adrenal metastases are non-specific. On CT
and MRI, small metastases have homogeneous enhancement
and larger metastases tend to have heterogeneous enhance-
ment with areas of internal hemorrhage and necrosis and
more complex contour (Fig. 2.8). Calcification is rarely seen
in adrenal metastases. On MRI, they are typically hypo-
intense when compared to liver on T1-weighted sequences
(Fig. 2.7a) and mildly hyper-intense on T2-weighted
sequences. These signal relationships are variable and metas-
tases can also appear iso- or hypo-intense to liver on

Fig. 2.8 Axial contrast enhanced CT of bilateral colorectal cancer
adrenal metastases with heterogeneous enhancement and irregular con-
tours (Reprinted with permission from Grainger, RG, Thomas, AMK,
In: Dawson, P, Cosgrove, DO, Grainger, RG (eds) Textbook of Contrast
Media, Oxford: ISIS Medical Media Ltd, 1999)
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T2-weighted sequences [21, 27]; some may even have a rel-
atively long T2 that mimics pheochromocytoma.

Adenoma Versus Metastases

When characterizing an adrenal mass in a cancer patient
the objective is primarily achieved by positively establish-
ing an alternative diagnosis to metastasis, and this usually
means an incidental adenoma. The properties exploited on
both CT and MR to make the diagnosis of adenoma are
the same; adenomas are diagnosed by the demonstration of
high lipid content, in the absence of mature fatty elements,
or by the rapid washout of intravenous (IV) contrast. These
are independent properties. Positron emission tomography
(PET) can also be used to exploit functional properties of
adrenal masses to determine their nature. If the ultimate con-
clusion from non-invasive investigation of an adrenal mass
is that it is a metastasis, in the context of a newly presenting
neoplasm and the primary is otherwise operable with curative
intent, many would still seek histological confirmation with
a percutaneous biopsy. It is important not to deny a patient a
potentially curative procedure and a high level of evidence is
required to determine this.

Role of CT

CT-Unenhanced Attenuation

Most adrenal masses are detected on CT as the upper
abdomen is examined during the hepatic portal venous
phase at approximately 65 s following IV contrast injection.
This timing is optimal to detect hypovascular liver metas-
tases but a poor vascular phase to discriminate between
adrenal adenomas and metastases, as there is considerable
overlap in mean attenuation between these two conditions
at this vascular phase [28]. It has been shown, however,
that unenhanced CT can be used to accurately differentiate
between adrenal adenomas and metastases [28–30]. Adeno-
mas usually have lower mean Hounsfield units (HU) than
metastases when a region of interest is placed over a rep-
resentative area of the mass. The optimal threshold attenua-
tion value on unenhanced CT for diagnosing adrenal adeno-
mas is 10 HU, with the sensitivity and specificity for masses
less than 10 HU are 71 and 98%, respectively [30]. If a
higher attenuation threshold is adopted there is an increase
in sensitivity but a reduction in specificity. There is lim-
ited body of evidence that analysis of histograms of the
pixel HU values can discriminate adenomas from metas-
tases [31] when a region of interest is drawn over an

adrenal mass on portal venous phase acquisitions. In this
study, the presence of negative HU values was found to
be indicative of benign disease avoiding the need for fur-
ther investigation or more elaborate analysis. While this
finding is promising, this work needs to be confirmed by
other groups prior to advocating the widespread adoption of
this practice.

CT – Washout of Contrast

Adenomas have rapid loss of attenuation after the administra-
tion of contrast when compared with metastases. This reduc-
tion in attenuation is due to the rapid washout of contrast and
may occur as early as 5 min. Measuring the HU in a region
of interest at 10–15 min is a useful indicator to differentiate
adenomas from metastases [32]. In most series, the delayed
CT HU at 15 min of less than 30–40 HU is almost always
adenoma (Fig. 2.9a and b). This can be refined by calculat-
ing the percentage of contrast washout giving a predictor that
is independent of the type, amount, and injection rate of the
contrast material.

The percentage of enhancement washout of an adrenal
mass is calculated using the following equation:

% of enhancement washout = [(E − D)/(E − U)] × 100

where E is the enhanced CT HU at 60 s, D the delayed CT
HU at 15 min, and U the unenhanced CT HU.

Using the threshold value of 60% at 15 min, the sensitiv-
ity and specificity of the diagnosis of adrenal adenomas are
88 and 96%, respectively [19]. There is an apparent indepen-
dence of this rapid HU washout from the lipid content of the
adenoma, with lipid-poor adenomas of mean HU < 10 hav-
ing similar washout patterns as lipid-rich adenomas [33]. In
order to calculate the percentage washout of an adrenal mass
a non-contrast acquisition needs to have been obtained; in
practice this is not always available, particularly if the patient
has not been scanned before. An alternative approach in this
circumstance can be employed. If the adrenal mass is identi-
fied on the portal venous acquisition prior to the patient leav-
ing the department, a delayed acquisition can be obtained and
the percentage of relative enhancement washout can be cal-
culated. This avoids the need to bring the patient back for an
unenhanced acquisition or full tri-phasic study.

The percentage of relative enhancement washout =
[(E−D)/E] × 100

Using relative enhancement washout threshold of 40%,
the sensitivity and specificity for the diagnosis of adrenal
adenomas are 96 and 100%, respectively [33].
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(a) (b)

(c)

Fig. 2.9 (a), (b), (c) Axial CT washout series of a left adrenal adenoma which displays HU of 25, 102, and 51, respectively, on the unenhanced
CT, portal venous phase, and 15 min delayed acquisitions following contrast enhancement, giving a value of 66% washout

Chemical Shift MRI

Chemical shift MRI imaging techniques exploit the differ-
ent resonant frequencies for the hydrogen atom in water and
triglyceride (lipid) molecules. This can be considered as two
overlapping waves with different frequencies. The sampling
for the in-phase images occurs when the peaks overlap caus-
ing the hydrogen atoms in both water and lipid to contribute
to signal, whereas sampling when a peak and a trough over-
lap, the out-of phase images, results in a loss of signal. The
magnitude of this loss of signal is dependent on the relative
proportions of lipid and water occupying the same voxel.

As adrenal adenomas containing both intracellular fat and
water chemical shift MRI imaging cause signal dropout in
the out-of-phase when compared with the in-phase imaging
(Fig. 2.10a and b). A lack of signal dropout indicates malig-
nant adrenal mass [34] as metastases lack of intracellular fat
(Fig. 2.7a and b).

The signal loss with chemical shift imaging can be
assessed by a variety of ways, using both visual analysis and
quantitative methods. The quick and simple visual assess-
ment of the signal pattern on the in- and out-of-phase images
has a sensitivity and specificity of 78 and 87%, respec-
tively [22] and is adequate in most cases. When visually
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(a) (b)

Fig. 2.10 Coronal MRI using chemical shift imaging with T1-weighted gradient echo MRI during (a) in-phase and (b) out-of-phase images that
demonstrate signal dropout in the left adrenal mass (arrow) consistent with a benign adenoma

assessing the adrenal glands on in- and out-of-phase images,
care should be taken to window the images so as to give
the spleen a similar appearance on each set of images as
the eye may be deceived particularly if the liver is fatty.
Quantitative analysis may be helpful in equivocal cases, and
ratios of signal loss in the adrenal gland alone or against
that of liver, spleen, or paraspinal muscle on the in- and out-
of-phase images have been suggested [35]. However, fatty
infiltration of the liver makes it an unreliable organ as a
standard (Fig. 2.11a and b). Spleen is the better reference
organ although it may be affected by iron overload [36].

The adrenal to spleen ratio

(ASR) = [Signal Intensity Opposed Phase (adrenal lesion/Spleen)]
[Signal Intensity in Phase (adrenal lesion/Spleen)] × 100.

The thresholds for MR-based ratios are less established
than HU measurements in CT.

Using an ASR of ≤ 70% the diagnosis of benign adenoma
has a sensitivity and specificity of 78 and 100%, respectively
[16, 37]. Alternatively, a signal loss of adrenal lesion on the
out-of-phase images of >20% is diagnostic of benign ade-
noma [16, 37].

Chemical shift imaging can be coupled with washout
of gadolinium chelates to characterize adrenal masses. In
a study of 114 patients with 134 adrenal masses and his-
tolopathological specimens obtained in all, the sensitivity for
adenoma characterization was 94% with a specificity of 95%
[38]. Metastases were diagnosed with a sensitivity of 100%

and a specificity of 96%. The evaluation of contrast washout
in this study was a qualitative visual assessment rather than
a quantitative methodology. There is little comparative data
between unenhanced CT and chemical shift MR; there is
some evidence that chemical shift MR can confidently diag-
nose adenomas with mean HU > 10 on CT [39, 40].

Positron Emission Tomography (PET)

PET has an increasing role to play in the primary staging
of many malignancies. The initial surgical staging for some
cancers, such as bronchial carcinoma, is with CT and those
in whom surgery is still an appropriate option undergoing
whole body PET. Activity within an adrenal mass is an indi-
cator of malignancy [41]. While there are false positives and
negatives, as with any test series reporting on large num-
bers of adrenal masses, patterns are beginning to emerge.
The largest experience published to date is with lung can-
cer where a sensitivity of 93% and a specificity of 90% for
adrenal metastases were obtained using 18F-FDP PET in
113 adrenal masses in 94 patients [42]. The role of PET in
this clinical setting will depend on the nature of the primary
under consideration and will not completely remove the need
to assess the CT images. Other PET tracers such as 11C-
metomidate are currently under evaluation in the diagnosis of
masses of adrenal origin [43]. The diagnostic value of PET
will be discussed in detail in the next chapter.
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(a) (b)

Fig. 2.11 Axial GRE MRI demonstrating the chemical shift effects of
both a fatty liver and left adrenal adenoma (arrow) on an in-phase T1
sequence (a) and an out-of-phase T1 sequence (b) where both become

dark due to signal dropout from the presence of intracellular fat. The
liver is not a reliable internal visual reference for the assessment of
adrenal masses due to its variable fat content

Percutaneous Biopsy

Percutaneous biopsy can be readily performed under CT or
ultrasound guidance. The indication for biopsy has decreased
now that the diagnosis of adenoma can be made with greater
confidence through non-invasive means. If the adrenal is
believed to be the only site of metastatic disease prevent-
ing radical treatment of a primary cancer with curative intent
then it is the policy in our institution to obtain a biopsy. The
accuracies from larger series are typically 90% plus [44, 45].
Complication rates are low but include hemorrhage, pneu-
mothorax, pancreatitis, and needle track seeding of tumor.

Adrenal Carcinoma

Adrenal carcinomas are rare tumors, with a reported inci-
dence of up to two cases per million [46] and a bimodal
incidence with a childhood peak in the first decade and a
second peak between 20 and 54 years [47]. There is a female
predominance. Childhood tumors tend to present with viril-
ization and have a less aggressive course than adult tumors
which if functional tend to present with Cushing’s syndrome
(see below). Non-functioning tumors are more common in
older patients and men [48] and often have a poor progno-
sis. Non-functioning tumors frequently produce hormones or
their precursors but in insufficient quantity to cause a clini-
cal syndrome; these tumors present with non-specific signs
of abdominal pain, fever, weakness, and weight loss [49] or
are discovered as an incidental adrenal mass. Asymptomatic
masses comprise up to 12% of cases in surgical series of

adrenal carcinomas [50]. Childhood tumors are associated
with hemihypertrophy and the Beckwith–Wiedemann syn-
drome [48].

Adrenal carcinomas are usually large masses greater than
6 cm in diameter with central necrosis and calcification is
seen on CT in 20–30% of the cases [51, 52] (Fig. 2.12).
Enhancement is often heterogeneous reflecting the presence
of necrosis and significantly less washout of contrast is found
at 10 min than with adenomas [20]. Tumors have a propensity
to invade large draining adrenal veins and tumor thrombus
extending into the left renal vein or inferior vena cava is com-
mon [46]. It is important to define the proximal extent of the

Fig. 2.12 Contrast enhanced CT shows a large heterogeneous enhanc-
ing left adrenal carcinoma with extension into the inferior vena cava
(arrow) via the left renal vein invasion
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Fig. 2.13 Contrast enhanced MRI shows a large heterogeneous enhanc-
ing right adrenal carcinoma with adjacent bulky lymph node (arrow)
metastasis effacing the inferior vena cava

tumor to provide information for surgical planning regard-
ing vascular control [53]. This can be assessed using CT
with coronal reconstructions but if contrast mixing artifacts
are problematic color flow Doppler or MRI may be used.
Common sites of dissemination are lymph nodes (Fig. 2.13),
lung, and liver [49]. A minority of adrenal carcinomas are
more homogeneous and resemble adenomas; it is however
exceptionally uncommon for tumors smaller than 3 cm to be
adenocarcinomas. With increasing size the risk of carcinoma
also increases and for this reason many advocate the resec-
tion of tumors over 5 cm [54].

The MRI features of adrenal carcinomas reflect the mor-
phological diversity described above. The majority are large
complex masses with non-specific appearances and they are
often hyper-intense on both T1- and T2-weighted sequences
as a result of central necrosis and internal hemorrhage [55]
(Fig. 2.14 a, b, and c). Other carcinomas are more homo-
geneous and chemical shift effects due to intracellular fat

(a) (b)

(c)

Fig. 2.14 A large right adrenal carcinoma with enlarged para-caval lymph nodes: (a) the high signal represents internal hemorrhage fat-suppressed
T1-weighted, (b) T2-weighted, and (c) gadolinium-enhanced MRI
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may be observed in a minority [56, 57]. As with CT they
often demonstrate heterogeneous enhancement with avascu-
lar areas due to the presence of necrosis. The components
that do enhance typically show marked enhancement with
slow washout [38]. Venous extension especially into the infe-
rior vena cava is well seen on coronal or sagital acquisitions
[56, 58].

The prognosis of adrenal carcinoma is poor with 5-year
survival 20–45% [59]. The mainstay of treatment is com-
plete surgical excision and the role of imaging in addition
to establishing the diagnosis is to provide a pre-surgical
map of the anatomic extent of the tumor. There have been
few chemotherapeutic advances in recent years and mitotane
remains the agent of choice for residual or recurrent disease
although only has a limited effect [59].

Pheochromocytoma

It is important to consider pheochromocytoma within the
differential diagnosis of the incidentally discovered adrenal
mass. Pheochromocytoma is derived from chromaffin cells
and is the commonest tumor of the adrenal medulla. These
tumors secrete an excess of catecholamines and most patients
present with symptoms resulting from these hormones with
episodic hypertension, flushing, and palpitations. The hyper-
tension and cardiac arrhythmias may be life threatening. In
10% of cases these tumors are clinically silent and detected
on imaging as an incidental mass [60, 61]. The diagnosis
is usually made by biochemical findings of elevated cate-
cholamines or their metabolites in blood or urine. The role
of imaging is usually to locate the tumors.

Pheochromocytomas can occur anywhere in the auto-
nomic system from the base of the skull to bladder although
90% occur within the adrenal medulla [62] and 98% within
the abdomen [63]. Most extra-adrenal pheochromocytomas
are within the paravertebral sympathetic ganglia, the organ
of Zuckerkandl (Fig. 2.15), or rarely the urinary bladder. The
incidence of extra-adrenal tumors is higher in the sporadic
group than those associated with the multiple endocrine neo-
plasia syndromes (MEN 2a or 2b), neurofibromatosis, or von
Hippel–Lindau disease [64]. Tumors are multiple in 10% of
the sporadic cases and 30% of the cases when associated with
systemic disease [65, 66]. Approximately 10% of pheochro-
mocytomas are malignant, with the incidence higher in extra-
adrenal masses and when the tumors are greater than 6 cm in
size [67, 68].

The typical pheochromocytoma on CT is a well-defined
oval mass with a density similar to liver or muscle on the
unenhanced acquisition (i.e., a mean HU of greater than 10).
Following contrast the tumor displays avid enhancement,
which reflects the vascular nature of the tumor, although
washout of contrast is, however, typically less than that of

Fig. 2.15 Coronal gadolinium-enhanced MRI demonstrating two extra-
adrenal pheochromocytomas (arrows)

adrenal adenomas [20]. Suspected pheochromocytoma was
traditionally a contraindication to the use of iodinated con-
trast agents in the absence of α and β blockade, and while
some authorities would still urge caution in the use of IV
contrast there is some evidence that the use of low osmolar
non-ionic contrast agents is safe [69, 70]. It should be appre-
ciated that pheochromocytomas have a very wide spectrum
of radiological appearances. The larger masses often have
heterogeneous attenuation and enhancement secondary to
internal hemorrhage or central necrosis (Fig. 2.16). Tumors

Fig. 2.16 Axial contrast-enhanced CT shows a large right adrenal
pheochromocytoma with heterogeneous enhancement (arrow)
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(a) (b) (c)

Fig. 2.17 Axial MRI illustrating a complex right adrenal pheochromocytoma (arrow) with high signal on FSE fat-suppressed T2 (a) and interme-
diate signal on in-phase GRE T1 (b) and no loss of signal on the out-of-phase GRE T1-weighted sequence (c)

may be almost entirely cystic or contain sufficient fat to
lower the attenuation below 10 HU and rarely contain macro-
scopic fatty elements [63]. In a CT series of 33 patients
with pheochromocytomas there was very little difference
in size and other imaging characteristics between inciden-
tal and symptomatic tumors although calcification was a
commoner finding in the symptomatic group [71] and non-
hormonally active tumors are usually larger than hormonally
active tumors[9].

On MRI pheochromocytomas are typically of low sig-
nal on T1 and high signal on T2-weighted sequences [72]
(Fig. 2.17a, b, and c). While typical, these characteristics
are not specific as they overlap with adrenal metastases [73].
The high signal on T2 imaging is useful to help locate extra-
adrenal tumors and aids in the differentiation from an adrenal
adenoma. In 35% of the cases, they may not have long T2,
therefore display atypical signal intensity on T2-weighted
sequences [58]. Necrosis, hemorrhage, and cystic degener-
ation all contribute to the complexity of appearances on MR
on T1 and T2. Pheochromocytoma enhances avidly follow-
ing gadolinium injection although this is rarely necessary for
its characterization (Fig. 2.18) [74]. Radionucleotide imag-
ing is of value in locating pheochromocytomas, with radio-
iodine-labeled meta-iodobenzylguanidine (MIBG) having
a specificity approaching 100% [75] and a sensitivity
of 84% [76].

Fig. 2.18 Coronal MRI following gadolinium enhancement shows
a large right adrenal pheochromocytoma with avidly heterogeneous
enhancement (arrow)

Myelolipoma

A myelolipoma is a benign tumor that is composed of bone
marrow elements such as mature fat and hemopoietic tissue.
In one pathology series of 418 adrenal tumors derived from
postmortem and surgical cases, myelolipomas accounted for
2.6% of primary adrenal tumors [77]; similar incidences are
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Fig. 2.19 Axial contrast-enhanced CT shows a large left adrenal
myelolipoma (arrow) which is predominantly of fatty attenuation.

observed in large radiological series [38]. These tumors are
usually asymptomatic although occasionally larger tumors
may cause flank pain particularly when undergoing necro-
sis or spontaneous hemorrhage [79, 80]. Myelolipomas are
usually found in adrenal glands but extra-adrenal locations

have also been reported [80, 81] and apart from a few iso-
lated cases [82, 83] are usually hormonally inactive.

On CT, myelolipomas are characterized by the presence of
a mass with areas of fatty differentiation and these appear as
low-density zones with negative value Hounsfield units (HU)
ranging from −30 to −100 HU [84, 85] (Fig. 2.19). Radi-
ologically these tumors may seem to be composed almost
entirely of fat but varying amounts of soft tissue elements
are seen and calcification is present in up to 20% of cases.
In a small proportion of cases no fatty elements are iden-
tified and the diagnosis cannot be made radiologically. On
MRI the appearances are reflected by the amount of mature
fat and bone marrow elements in the tumor. The fatty con-
tent is usually high signal on T1 and intermediate signal on
T2-weighted sequences with loss of the high signal from fat
when fat suppression techniques are used (Fig. 2.20a and b).
The bone marrow content is usually low signal on T1 and
moderate signal on T2-weighted sequences [86, 87]. The dif-
ferential diagnosis for fat containing adrenal tumors includes
lipomas, angiomyolipomas, teratomas, and liposarcomas; all
are very uncommon and only the latter malignant [77].
Myelolipomas diagnosed on CT or MRI are treated conserva-
tively, except in a few cases, where a large myelolipoma can-
not be distinguished from a retroperitoneal sarcoma. Surgery
or biopsy may then be indicated for definitive diagnosis.

(a) (b)

Fig. 2.20 Axial MRI showing a left adrenal myelolipoma which displays mixed signal with only a small focal fatty component of high signal
(arrow) on the GRE T1-weighted sequence (a) and focal loss of signal (arrow) on the fat-suppressed T2-weighted sequence (b)
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Adrenal Hemorrhage

Adrenal hemorrhage can be unilateral or bilateral, and may
be spontaneous, traumatic, or related to anticoagulation.
Blunt abdominal trauma usually results in unilateral adrenal
hemorrhage, affecting the right adrenal gland more fre-
quently than the left [88, 89]. The presence of bilateral
adrenal hemorrhage is usually due to anticoagulation ther-
apy or blood dyscrasias; other less common causes are stress
related to surgery, sepsis, and hypotension and, rarely, trauma
[90]. Adrenal hemorrhage may also be caused by adrenal
vein thrombosis secondary to venous catheterization [91]
and the presence of preexisting neoplasia, particularly lung
metastasis, although this is very uncommon [92]. Bilateral
adrenal hemorrhage may result in functional insufficiency
[93].

On CT, the acute or subacute adrenal hemorrhage usu-
ally has an unenhanced attenuation value of 50–90 HU. This
can be followed by serial CTs, with diminishing size and
HU of the adrenal mass as a result of re-absorption of
the hemorrhage. In the chronic phase, calcification of the
adrenal hematoma may be seen (Fig. 2.21). However, acute
adrenal hemorrhage can mimic an enhanced adrenal mass
on a post-contrast CT and unenhanced images may be of
value in establishing the diagnosis [94]. In the context of
trauma stranding in the adjacent fat is often seen, and patients
usually have severe injuries with other organ injury evi-
dent and a poorer prognosis [88, 89]. Conversely with rel-
atively minor blunt trauma or the absence of other organ

Fig. 2.21 Axial unenhanced CT shows a large chronic left adrenal
hematoma with peripheral calcification (arrow)

injury, another cause for an adrenal mass should be con-
sidered. On MRI, the appearances depend on the evolution
of the adrenal hemorrhage that varies from acute to chronic
stages with the hemoglobin breakdown. In the acute phase,
deoxyhemoglobin causes signal loss on T1- and T2-weighted
sequence. In the subacute phase, the presence of methe-
moglobin leads to high signal on T1-weighted sequences and
in the chronic phase, it has low signal on both T1- and T2-
weighted sequences due to hemosiderin deposition [95].

Adrenal Cysts

Adrenal cysts are uncommon and usually unilateral with a
female preponderance. There are four types of cysts based
on histological findings: endothelial (commonest), epithe-
lial, parasitic, and post-traumatic pseudocysts as a result of
adrenal hemorrhage [96]. On CT, cysts range from simple
to complex. The simple cyst is characterized by a smooth,
round, non-enhancing, and near-water density mass with
a thin wall (less than or equal to 3 mm) and are usually
benign. The more complex cysts may contain soft tissue
nodules, septa, calcification, and blood [97] and should be
evaluated with caution as there is overlap with malignant
adrenal masses, including adrenal carcinoma [97]. Surgery
may be required to obtain the diagnosis of a complex adrenal
cyst. Pheochromocytomas may be cystic and should be con-
sidered within the differential diagnosis of a complex cyst
(see above); therefore hormonal hyperfunction should be
sought before contemplating surgery or biopsy of these
masses. Occasionally adenomas may be cystic with sub-
clinical hyperfunctioning adenomas may also be found as
cystic adrenal lesions [98]. On MRI, a simple cyst is low
signal on T1 and high signal on T2-weighted sequences
(Fig. 2.22a and b) and complex cysts will contain soft tissue
components, septa, and blood.

Lymphoma

Involvement of the adrenal glands with lymphoma is com-
moner with diffuse disease from non-Hodgkin’s lymphoma
than Hodgkin’s disease and occurs in approximately 4% of
cases [99]. In the majority of such cases involvement is bilat-
eral. Primary adrenal lymphoma is extremely rare and usu-
ally occurs in the absence of other sites of retroperitoneal
lymphoma in elderly males [100, 101]. Primary or secondary
involvement of the adrenal glands with lymphoma will occa-
sionally cause adrenal failure [99, 102].

On CT, lymphoma is usually a solid homogeneous
mass that exhibits minimal post-contrast enhancement [103];
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(a) (b)

Fig. 2.22 Axial-unenhanced MRI shows a simple left adrenal cyst (arrow) with (a) low signal on T1-weighted and (b) high signal on T2-weighted
images

occasionally the morphology of the gland is preserved but it
is diffusely enlarged. Calcification is unusual without previ-
ous radiotherapy. On MRI, lymphoma cannot be differenti-
ated from other malignant adrenal masses, as it has homo-
geneous low signal on T1 and moderate high signal on T2-
weighted sequences [55]. However, due to the absence of
intracellular fat, lymphoma can be differentiated from ade-
noma using chemical shift imaging [104].

Hemangioma

Adrenal hemangioma is rare benign tumor that is composed
of vascular channels lined by a single layer of endothelium
[105]; radiological descriptions are of case reports with no
large series. They are usually large (>10 cm) presenting as
an incidental finding, being hormonally inactive. Malignant
hemangiosarcoma does occur within the adrenal gland but is
even rarer [106].

The imaging features of adrenal hemangiomas may
resemble those in other organs or be non-specific, appearing
as a large well-defined mass of soft tissue density on unen-
hanced CT with inhomogeneous contrast enhancement. Most
contain foci of calcification either from phleboliths within the
vascular channels of the tumor or from previous hemorrhage
[107]. If peripheral nodular enhancement with progressive
filling in is observed, the diagnosis can be made radiolog-
ically, but this is not always present with other patterns of

enhancement such as thin peripheral rim enhancement, and
in these circumstances the diagnosis cannot be made preoper-
atively [108–110]. On MRI, adrenal hemangiomas are low in
signal on T1 when compared to liver [55] and extremely high
signal on T2-weighted images. Occasionally, there is cen-
tral high signal on T1 from internal hemorrhage. Following
gadolinium, there is persistent peripheral enhancement on
delayed images. These tumors are usually removed because
of the risk of bleeding or uncertainty in diagnosis with a large
complex adrenal mass.

Neuroblastoma

This is the commonest extracranial solid tumor of childhood
[111] and may occur anywhere along the parasympathetic
plexus. Tumors (50–80%) arise within the adrenal medulla
and the chest is another common site. Eighty-five percent of
the cases occur in children less than 5 years, with a peak
at 2 years. Neuroblastoma is an extremely rare cause of an
adrenal mass in adults and not addressed in detail in this
review; a detailed account is provided by Ng et al. [112].
When the tumor is present in adults and adolescents it has
a worse prognosis with metastases occurring in the bones,
lymph nodes, liver, pleura, and dura [113, 114]. The imag-
ing findings are similar for both adults and children. CT and
MRI can be used to stage the tumors as both provide good
anatomical delineation although MR is the preferred imaging
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Fig. 2.23 Axial contrast-enhanced CT in a 3-year-old boy showing a
large low-attenuation adrenal neuroblastoma with peripheral calcifica-
tion (arrow)

technique in children so as to avoid ionizing radiation. Neu-
roblastoma tends to encase the aorta and inferior vena cava.
Calcification occurs in up to 85% of the tumors (Fig. 2.23),
which may be difficult to appreciate on MRI but it is usually
unimportant for staging.

Ganglioneuroma

Ganglioneuromas are another rare tumor that may arise
within the adrenal gland. These tumors are formed of
Schwann and ganglion cells derived from cells of neural
crest origin and may occur in any age group. Ganglioneu-
romas may be found anywhere along the paravertebral sym-
pathetic plexus, with approximately 50% occurring within
the abdomen and 40% of these arising within the adrenal
medulla [115]. The tumors are usually hormonally inactive
and discovered as an incidental mass, but they may occasion-
ally secrete vasoactive intestinal peptide and catecholamines,
and composite tumors with pheochromocytomas are also
reported [116].

Ganglioneuromas are usually large, with sizes ranging
from 4 to 22 cm in Radin’s series and extra-adrenal retroperi-
toneal tumors may be even larger. On CT the tumors are typi-
cally non-specific homogeneous masses of lower attenuation
than the muscle on pre- and post-contrast images and rela-
tively uniform enhancement in small tumors and mild hetero-
geneity in larger tumors. Small calcific foci may be present.

On MRI, ganglioneuromas have lower signal than liver on
T1 and higher signal than liver on T2 with greater hetero-
geneity than on T1 or CT [116, 117]. Extra-adrenal tumors
may encase the major retroperitoneal vessels without causing
occlusion.

Granulomatous Disease

The adrenal glands may become involved with the granu-
lomatous diseases such as tuberculosis, histoplasmosis, and
blastomycosis. Both adrenal glands are usually involved but
this may be asymmetrical. Imaging features are usually non-
specific and also depend on the stage of presentation. Early
in the disease there is typically bilateral enlargement with
preservation of the adrenal chevron or inverted Y shape; this
is followed by progressive loss of volume and calcification
[118, 119]. The glands may loose their shape to become
more mass-like and of heterogeneous density with central
low attenuation from caseous necrosis and ring enhancement
[119, 120]. Granulomatous disease should be considered
within the differential diagnosis of bilateral adrenal enlarge-
ment along with lymphoma and hemorrhage particularly if
there is adrenal hypo-function and no history of malignancy.
Percutaneous adrenal biopsy is required to confirm the diag-
nosis and organism in the absence of more accessible sites.

Incidental Adrenal Mass: Imaging
and Treatment Algorithm

Having discovered an adrenal mass a diagnosis needs to
be established. Any patient presenting with a clinically in-
apparent adrenal masses requires a complete history and
physical examination, biochemical evaluation for hormone
excess, and imaging evaluation for characterization of the
adrenal mass. In patients with widespread metastases, unless
the clinical management is influenced, further characteriza-
tion with radiology is not indicated. In the absence of a
recent presentation of malignancy, the biochemical evalua-
tion, based on the guidance from the NIH Conference [4],
is outlined in Table 2.1. Either CT or MRI can be used to
locate and characterize the adrenal tumor. An imaging path-
way for the evaluation of a non-functional mass is outlined in
the flow chart in the chapter 4 (see below). Not all steps need
to be taken; some may prefer to go straight to MR rather than
recall the patient for a characterization CT study, and in the
context of malignancy some cancers will be routinely staged
by PET.

Most complex adrenal masses, not believed to repre-
sent a metastasis, require surgical excision if the patient
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Table 2.1 Hormonal evaluation of incidental adrenal masses (NIH
Conference, 2002) [4] (Reprinted with permission from Grainger, RG,
Thomas, AMK, In: Dawson, P, Cosgrove, DO, Grainger, RG (eds) Text-
book of contrast Media, Oxford: ISIS Medical Media Ltd, 1999)

Hormonal state Screening test

Excess glucocorticoid Overnight 1 mg dexamethasone suppression test
Hyperaldosteronism Serum potassium

Plasma aldosterone-to-plasma rennin activity
ratio (abnormal if > 30)

Pheochromocytoma 24-h urinary catecholamines or plasma-free
metanephrines

is fit and the tumor can be completely excised. Complex
tumors in which macroscopic clearance is unlikely require
a percutaneous biopsy. In patients with hormonally inac-
tive adrenal masses with features of an adenoma, size is an
important determining factor in the patient’s management.
Most adrenal masses less than 3 cm are adrenal adenomas,
whereas greater than 6 cm, a mass has an increasing like-
lihood of being an adrenal carcinoma. Resection is recom-
mended for all tumors with the characteristics of an adenoma
if above 6 cm in diameter because of this risk of malignancy.
Adrenalectomy can be performed as an open or laparoscopic
procedure, with some preferring an open resection for tumors
believed to represent carcinomas [4, 121, 122]. Surgery
should also be considered in all patients with hormon-
ally active adrenal cortical tumors that are clinically symp-
tomatic. However, for sub-clinical hormonally active adrenal
cortical tumors less than 6 cm in diameter there is lack of
evidence to support either surgery or non-surgical approach.

To date the number of such longitudinal studies of patients
with incidental non-function adenomas is small. There is
some evidence that up to 22% of tumors with the character-
istics of adenomas will increase in size over 10 years (some
decreasing in size), with up to 10% developing sub-clinical
hormonal hypersecretion (usually hypercortisolism) and a
small number developing overt clinical syndromes when fol-
lowed up [123, 124]. The development of carcinoma is an
extremely rare event. In patients with tumors less than 4 cm
the NIH consensus group advocated follow-up imaging after
6–12 months with longer hormonal follow-up. If there is no
increase in size and no evidence of excess hormonal pro-
duction, they recommend no further follow-up. The decision
to operate or monitor adrenal masses 4–6 cm in size is also
difficult and the approach should depend on factors other
than size.

Adrenal Hyperfunction

Adrenal masses may present as the result of excessive hor-
mone elaboration. Hormonally active adrenal tumors may

occur in either the adrenal cortex or medulla. The hor-
mones that are produced determine the clinical and bio-
chemical presentations. Imaging is primarily used to locate
the adrenal source of the hormone, differentiating adenomas
or other functioning masses from hyperplastic conditions in
order to assist with patient management. Hormonal evalua-
tion should also be part of the assessment of any incidental
detected adrenal mass and should aim to determine whether
the patient has a pheochromocytoma, primary aldosteronism
(Conns syndrome), glucocorticoid excess (Cushing’s syn-
drome), or virilizing or feminizing tumors (Table 2.1).

Adrenal Cortex

Primary Hyperaldosteronism (Conn’s
Syndrome)

Primary hyperaldosteronism is characterized by hyperten-
sion, hypokalemia, and metabolic alkalosis. The condition is
rare and accounts for less than 0.5% of patients with hyper-
tension. The causes are adrenal adenoma (79%), bilateral
adrenal hyperplasia (20%), and extremely rarely adrenal car-
cinoma (less than 1%) [125–127]. The diagnosis should first
be established biochemically by demonstrating aldosterone
excess with suppressed renin prior to contemplating radio-
logical investigation. Imaging plays an important role in dif-
ferentiating between these causes as bilateral adrenal hyper-
plasia is treated medically and adrenal adenomas (or carci-
nomas) are optimally treated with surgical excision.

Adrenocortical adenomas are usually small with a mean
size of 1.8 cm [51] and up to 20% less than 1 cm in diam-
eter [128]. Detection of the adrenal adenomas is related to
size, and the ease of detection increases with increasing size.
Observers using CT typically have sensitivities of approx-
imately 85–90% in detecting adenomas (Fig. 2.24a and b)
[51, 129, 130] and are able to resolve nodules less than
1 cm [131]. The MR features of Conn’s adenomas are similar
to those of non-hyperfunctioning adenomas and the perfor-
mance in detecting adenomas and differentiating from hyper-
plasia is similar to that of CT [132–135].

The traditional approach in differentiating between ade-
noma and hyperplasia has been to attempt to make a positive
diagnosis of an adenoma and in the absence of such a tumor
assumes the diagnosis of bilateral hyperplasia. This approach
was in part born of necessity as there was neither the
imaging capability nor the established criteria to positively
diagnose hyperplasia. Problems arise when an incidental
non-functioning adenoma co-exists with a contra-lateral
hyperfunctioning adenoma, which can result in misinterpre-
tation of bilateral adrenal hyperplasia. Similarly, a macron-
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(a) (b)

Fig. 2.24 Axial CT shows a small, well-defined and round right adrenal (Conn’s) adenoma (arrow) on the (a) unenhanced and (b) contrast-
enhanced CT

odule in nodular hyperplasia may be diagnosed as a solitary
adenoma. However, the spatial resolution of both CT and
MR continues to improve and data is emerging to allow the
positive diagnosis of hyperplasia. When Conn’s syndrome is
secondary to hyperplasia, the limbs but not the bodies of
the adrenal glands become enlarged on CT [134]. In this
series a mean limb thickness of 3 mm excluded hyperpla-
sia, a mean limb thickness greater than 3 mm gave a sensi-
tivity of 100% and a specificity of 54% for hyperplasia, and
a mean limb thickness greater than 5 mm gave a specificity
of 100% and a sensitivity of 47% for hyperplasia. In standard
clinical practice, in the presence of a solitary adenoma with
a normal contra-lateral adrenal gland as detected on cross-
sectional imaging, further imaging is not required before
surgery [133, 136, 137]. Patients in whom surgery is contem-
plated but where the diagnosis is not clearcut require venous
sampling to establish the source of aldosterone production.
Patients with bilateral normal adrenal glands, bilateral nod-
ules, or a unilateral nodule with contra-lateral enlargement of
the adrenal gland should have venous sampling to distinguish
between hyperplasia and an adenoma which would influence
their management [137–139]. Lingham et al. suggest modi-
fying this approach on the basis of adrenal limb size; if a nod-
ule is seen and the mean limb thickness is less than 3 mm the
diagnosis of a functioning adenoma is established, if the limb
thickness is >5 mm then hyperplasia is established, however,
venous sampling being required if the mean limb thickness is
<3 mm with no nodules identified or 3–5 mm with or with-

out a nodule. While this protocol seems attractive it has yet
to be tested prospectively [134].

Cushing’s Syndrome

Cushing’s syndrome is the result of an excess of gluco-
corticoids and causes characteristic clinical and biochemi-
cal features. The commonest cause of Cushing’s syndrome
is iatrogenic through the therapeutic administration of corti-
costeroids. Endogeneous causes can be broadly divided into
ACTH-dependent and ACTH-independent disease. ACTH-
independent disease is always adrenal in origin whereas
ACTH-dependent Cushing’s syndrome is caused by excess
production of ACTH by a pituitary tumor (Cushing’s disease)
or less frequently an ectopic ACTH source. The biochemical
diagnosis of Cushing’s syndrome is made on the basis of a
raised serum cortisol with loss of the usual diurnal rhythm
and incomplete suppression of cortisol production after 2 mg
of oral dexamethasone. Adrenal Cushing’s syndrome is indi-
cated by failure to suppress cortisol production with a high
dose of dexamethasone, and failure of cortisol and ACTH to
respond to corticotropin-releasing hormone stimulation.

Radiology has an important role in both ACTH-dependent
and ACTH-independent Cushing’s syndrome. In ACTH-
dependent disease the underlying pituitary adenoma needs
to be identified or an ectopic source sought. Invasive venous
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sampling methods may be needed to supplement anatomic
investigation. With ACTH-independent disease it is impor-
tant to differentiate between a unilateral adrenal cause which
occurs in 92% of cases [140] and bilateral disease. Cush-
ing’s syndrome is associated with considerable morbidity
and treated with surgery whenever possible. In addition to
identifying the side and unilateral nature of the underlying
cause imaging can help to plan the surgical approach; large
potentially malignant tumors may require an open operation
whereas those with smaller tumors and benign features gen-
erally can be undertaken with a laparoscopic approach [141].

The Imaging Features of Adrenal Glands
in Cushing’s Syndrome

ACTH-Dependent Cushing’s Disease

In 80–85% of cases of Cushing’s syndrome the cause is
due to excess ACTH production from either a pituitary or
an ectopic source [142]. The adrenal glands may appear
normal or hyperplastic on CT or MRI. Hyperplasia is usu-
ally bilateral and may be smooth when the gland appears
thickened or elongated (Fig. 2.25); alternatively the hyper-
plasia may appear nodular which can be mistaken for rare
forms of primary adrenal disease. Marked hyperplasia sug-
gests the presence of an ectopic ACTH source and could be
related to the time period of ACTH stimulation [131]. Fif-
teen percent of the ACTH-dependent Cushing’s syndrome
is related to non-pituitary ectopic ACTH production [143].
Overt ectopic ACTH secretion is usually from small cell car-
cinoma and is usually clinically apparent with lack of the
clinical features of Cushing’s syndrome and has a relatively

Fig. 2.25 Axial-unenhanced out-of-phase GRE T1-weighted MRI
showing bilateral thickening of the limbs of the adrenal glands typical
of adrenal hyperplasia

short clinical history. Conversely, “occult” ectopic ACTH
secretion presents as more indolent clinical course and simu-
lates Cushing’s syndrome secondary to pituitary or adrenal
adenoma [143]. Bronchial carcinoid tumors are the com-
monest cause for the occult presentation and account up to
79% of cases [131, 144]. These tumors are small (0.4–2 cm)
and thin section CT is therefore required to locate these
tumors and they typically enhance with contrast administra-
tion. Other ectopic ACTH sources include small islet cell of
the pancreas, pheochromocytoma, medullary thyroid carci-
nomas, and thymic carcinoids [143].

Adrenocortical Adenoma

Adrenal adenomas account for 10–20% of Cushing’s syn-
drome cases, with the average tumor size typically ranging
from 2 to 3.5 cm [51, 140, 142] but can be much larger. The
contra-lateral adrenal gland may be atrophic due to dimin-
ished ACTH stimulation. With CT and MRI functional ade-
nomas have similar characteristics to non-hyperfunctioning
adenomas (see above). Functioning adenomas causing Cush-
ing’s syndrome may also occur within myelolipomas [140,
145]; in these rare cases the imaging findings are dominated
by the myelolipoma component.

Adrenal Carcinoma

Adrenal carcinomas account for up to 15% of the cases
of Cushing’s syndrome [146]. The radiological features of
adrenal carcinomas are discussed above. In 90% of cases
they produce an excess of steroids and this results in
Cushing’s syndrome in 50–60% [147, 148]. Virilization syn-
dromes secondary to carcinomas are less frequent and oestro-
gen secretion syndromes and primary aldosteronism are very
rare [47].

Primary Pigmented Nodular Adrenocortical
Disease (PPNAD)

PPNAD occurs in infant and young adults and is a rare
cause of Cushing’s syndrome [149]. The symptoms are usu-
ally mild and the diagnosis is usually delayed with severe
osteoporosis [131]. The condition gains its name from the
presence of lipofuscin, a brown pigment, that is evident
at histology. PPNAD may be part of the Carney complex
with cardiac myxomas, spotty skin pigmentation, testicular
tumors, or a growth hormone secreting pituitary adenoma
[150]. Treatment for PPNAD is by bilateral adrenalectomy,
and family screening is recommended due to the autosomal
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dominant transmission, and given the association with the
Carney complex, a cardiac echo undertaken.

In this condition the findings within the adrenal glands
are of multiple bilateral nodules; these are usually small and
less than 5 mm in size but nodules of 1–2 cm may be seen
in older patients. For children less than 10 years, the nod-
ules are usually less than 3 mm and may not be detected by
either CT or MRI. In older patients they may be detected with
CT/MRI. On MRI, the nodules are low signal when com-
pared with the adjacent “atrophic” cortical tissue on T1- and
T2-weighted images [151] and demonstrate chemical shift
signal loss [140]. The radiological appearances overlap with
pituitary-dependent hyperplasia but can clearly be differenti-
ated by the presence of a low ACTH.

ACTH-Independent Macronodular Hyperplasia
(AIMAH)

This is the rarest cause of Cushing’s syndrome first described
in 1964 [152]. The adrenal glands are replaced by multi-
ple large (>4 cm) nodules with obliteration of the normal
adrenal outline. The nodules of AIMAH are hyper signal
on T2 than pituitary-induced hyperplasia and appear hyper-
intense to the liver. On T1-weighted images the nodules are
iso-intense with muscle and also demonstrate chemical shift
signal loss and peripheral enhancement following contrast
[140]. The pituitary glands appear normal on CT and MR.

Adrenogenital Syndrome

In children, congenital adrenal hyperplasia is the common-
est cause of virilization. This is due to inborn error in the
enzyme 11b- or 22-hydroxylase which is important in the
production of cortisol and aldosterone. This leads to excess
ACTH with chronic adrenocortical stimulation causing gross
enlargement of the adrenal glands; they are easily detected by
US, CT, or MRI. There is a risk of malignant transformation
into adenoma or carcinoma as a result of long-term stimula-
tion [153]. Androgen-secreting tumors are rare and include
both carcinomas and adenomas, with carcinomas being com-
moner of the two. They are usually large and can easily be
detected with CT/MRI.

Adrenal Medulla

Pheochromocytoma

This is the commonest tumor of the adrenal medulla. They
arise from chromaffin cells and secrete catecholamines.
Patients frequently present with a variety of symptoms
including episodic hypertension, flushing, and palpitations.
The diagnosis is usually established with biochemical eval-
uation with 24-h urinary catecholamines or plasma-free
metanephrines. Imaging is primarily used to localize the
tumor and is described above.

Neuroblastoma and Ganglioneuroblastoma

Neuroblastoma is the commonest extracranial solid tumor of
childhood [111]. It usually originates from the neural cells
of the sympathetic nervous system. The majority occur in
children less than 5 years and have a peak incidence of 2
years. Ganglioneuroblastoma are found in older children and
have more benign behavior. The radiological characteristics
are described above.

Conclusion

The incidental adrenal mass and the search for the source
of an excess of adrenal hormones both represent frequent
challenges for cross-sectional radiologists. There has been
considerable progress in the understanding of the imaging
characteristics of these adrenal masses and conditions so as
to enable reliable therapeutic decisions to be made, in the
majority of cases through non-invasive means. There are still
gaps in our knowledge particularly in the optimal follow-up
of non-hormonally active adenomas, and imaging techniques
continue to evolve.
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Chapter 3

Adrenal Carcinoma – Radionuclide Imaging

A. Becherer, G. Karanikas, M. Mitterhauser, W. Wadsak, G. Zettinig, and G. Rendl

Introduction

The adrenal glands are small organs situated in the retroperi-
toneum, slightly superior and medial to the upper kidney
poles, the right somewhat higher and more dorsal than the
left. Their size is variable in adults with a weight from 4
to 6 g. The adrenals consist of two entirely different tissue
types, the cortex and the medulla.

In fact, regarding their function, cortex and medulla can
be considered as two different endocrine organs. Embry-
ologically, the cortex is of mesodermal origin whereas the
medulla derives from the neuroectoderm. Histologically, the
cortex is divided into the outer zona glomerulosa, responsi-
ble for mineralocorticoid synthesis, the intermediate broad
zona fasciculata where primarily glucocorticoid hormones
are produced and the inner zona reticularis, synthesizing
androgenic steroid hormones. The cortex represents about
90% of the total adrenal volume. The medulla secretes the
catecholamines epinephrine and norepinephrine.

The adrenal glands have been a target for functional imag-
ing with radiolabeled tracers for more than 30 years because
of the unique characteristics of their hormonal products.
Using specific substrates of the adrenals, nuclear medicine
is able to localize adrenal masses and to characterize them
regarding their cortical or medullary origin. Most adrenal
tumors are benign, thus this group represents the main indi-
cation for radionuclide adrenal imaging. Like their benign
counterparts, the rare malignant adrenal tumors might arise
from the adrenal cortex or from the medulla. The following
chapter gives an overview over the current status of nuclear
medicine for in vivo visualization of malignant adrenal
lesions.

A. Becherer (B)
Landeskrankenhaus Feldkirch, Department of Nuclear Medicine,
Carinagasse 47, A-6807 Feldkirch, Austria
alexander.becherer@lkhf.at

Radiotracers for Imaging of Adrenal Lesions

Adrenocortical Tumors

Adrenal tumors are principally frequent findings. It is esti-
mated that approximately 8% of the population is bearing
an adrenal nodule. Mostly an adrenal nodule is detected by
chance on abdominal ultrasound, CT, or MRI.

Once detected, the question for the biological significance
of the incidentaloma might be an important question. In
patients with an extraadrenal malignant tumor it might repre-
sent an adrenal metastasis. Patients may even present with the
adrenal lesion as the first sign of a malignant primary tumor.
In other cases the incidentaloma is of primary adrenocortical
or medullary origin.

The various kinds of adrenocortical neoplasms have dif-
ferent clinical features depending on their hormone products
and/or their biological dignity. Many of them are diagnosed
clinically by their characteristic symptoms like Cushing’s
syndrome, Conn’s syndrome, feminization, or virilization.
Some of them are found biochemically when an endocrine
screening is started because of hypertension or electrolyte
abnormalities.

Increasing numbers of asymptomatic adrenal tumors are
detected incidentally on radiological imaging for other indi-
cations, referred to as incidentalomas. The incidence of
incidentalomas has been increasing during recent years,
reflecting the improvements in imaging technology. As much
as 1% to almost 7% in patients over 70 years old will reveal
an incidentaloma while incidentalomas are found on autopsy
in about 6% [1–3].

Adrenocortical carcinoma (ACC) contributes only to a
minor proportion of adrenal neoplasms. The annual inci-
dence is 1–2 per million [4, 5]. However, the tumor is highly
aggressive leading to 0.2% of cancer deaths in the USA
[4, 6]. Surgery of the primary tumor as well as distant metas-
tases is the only therapeutic modality with possible cura-
tive effect. Thus, accurate staging is crucial and any imaging
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procedure improving the detection of tumor lesions bears the
potential of influencing survival positively.

Cholesterol Analogues

The backbone of all steroid hormones is cholesterol
(Fig. 3.1). This chemical structure of steroid hormones led
researchers to use radiolabeled cholesterol as an adrenal
tracer. Beierwaltes et al. demonstrated the feasibility of in
vivo visualization of adrenal function by 131Iodine-labeled
19-iodocholesterol [7–9]. The uptake ratios of the adrenals
to the adjacent organs are increasing over several days to as
high as 170 for adrenal/liver ratio and 300 for adrenal/kidney
ratio, respectively [10]. A few years later, another tracer

with superior pharmacokinetics was identified which is in
use till date as NP-59 (6β-[131I]iodomethyl-19-norcholest-
5(10)-en-3β-ol) [11]. As an alternative, NP-59 with a 75Sele-
nium label was used [12].

NP-59 is bound to plasma low-density lipoproteins (LDL)
and internalized into the cell by the specific LDL receptor
[13, 14]. Radiolabeled metabolic products are not recovered,
probably because of the behavior of NP-59 as an enzyme
inhibitor of hormone synthesis rather than as a metabolic pre-
cursor of steroid hormones [15].

NP-59 scanning has a higher radiation burden to the
patient than other radionuclide or radiological imaging pro-
cedures established in daily practice because of the neces-
sarily long half-life of the radiolabel. The low photon flux
does not allow for tomographic SPECT imaging, only planar
scintigraphy is possible (Figs. 3.2 and 3.3).
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Fig. 3.1 Pathways of adrenocortical hormone synthe-
sis. Targets for radionuclide tracers NP-59, [11C]MTO,
and [18F]FETO are highlighted in bold boxes. Abbrevia-
tions: CYP450ssc=cytochrome p450-linked side-chain cleaving
enzyme, desmolase; 3βDH = 3β-dehdrogenase; CYP450c21 = 21β-

hydroxylase; CYP450c17 = 17α-hydroxylase; CYPc11 = 11β-
hydroxylase; NP-59 = 6β-[131I]iodomethyl-19-norcholest-5(10)-en-
3β-ol; [11C]MTO = [11C]metomidate; [18F] FETO = [18F]fluorethyl-
etomidate
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Fig. 3.2 NP-59, planar scans, upper row: 3 days p.i., lower row: 5 days p.i.; left column: anterior view, right column: posterior view. Clinically:
Cushing’s syndrome, caused by a left-sided benign adrenal adenoma

PET-Tracers

2[18F]Fluoro-2-deoxy-glucose ([18F]FDG)

Warburg has published the basic studies on tumor
metabolism as early as in the 1930s [16]. He was able to show
that cancer cells are mainly using glucose for their energy
demands. This was the rationale for using the glucose deriva-
tive [18F]FDG for imaging malignant lesions, first in brain

tumors [17], then in thyroid cancer and lymphoma [18, 19],
and other malignant entities [20, 21]. In the following years,
[18F]FDG was shown to be effective in the detection of a
wide range of malignant tumors and clinical [18F]FDG-
PET became a relevant imaging modality in oncology
[22–24].

Most malignant adrenal lesions are metastatic lesions.
Bronchial cancer, breast cancer, and sarcomas are the most
common primaries that cause secondary tumors to the
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Fig. 3.3 NP-59, planar scan in posterior view 5 days p.i.: a large right-
sided adrenocortical carcinoma with a pulmonary metastasis. Clini-
cally: Cushing’s syndrome

adrenals (Fig. 3.4). The usefulness of [18F]FDG-PET for
the evaluation of indeterminate adrenal masses in patients
with various primary tumors is well documented [25–28].
Boland et al. scanned 20 patients with lung cancer, colorec-
tal cancer, lymphoma, and other tumors with 24 adrenal
lesions [29]. Fourteen lesions were malignant which were
all diagnosed correctly by PET. Many data are available on
adrenal metastases in lung cancer. Another report by Mau-
rea et al. on unilateral adrenal lesions also included pri-
mary adrenal lesions in patients with no other malignancies
and showed that PET permits non-invasive differentiation of
malignant adrenal lesions from benign neoplastic ones [30].
The same group studied 30 patients with non-hypersecreting
unilateral adrenal tumors [31]. Gadolinium-enhanced MR
was compared to different modalities of adrenal scintigraphy.
MR was performed using SE T1- (pre- and post-gadolinium
DTPA) and T2-weighted images as well as in- and out-
phase chemical-shift imaging (CSI). Radionuclide studies
consisted of NP-59, [131I], and [18F]FDG-PET scans. Eight
lesions were malignant (four adrenal carcinomas, one sar-
coma, and three metastatic tumors) and all of them were
imaged with [18F]FDG while NP-59 uptake was present only
in adenomas. Gadolinium-enhanced MRI was less accurate
than [18F]FDG in visualizing adrenal malignomas.

A study by our own group was focused on patients with
proven adrenocortical carcinoma [32]. Ten patients were
included, two in the primary staging setting, eight in the
follow-up phase. All known sites of ACC lesions showed
markedly increased [18F]FDG uptake. In three patients, pre-
viously unknown lesions were identified by PET in the lung

Fig. 3.4 [18F]FDG-PET, coronal slice. Metastasis in the right adrenal
gland from a non-small cell bronchial carcinoma. The lesion shows up
with high tracer uptake over the upper pole of the right kidney

(one lesion), the abdomen (three lesions), and the skele-
ton (multiple), respectively. One false-positive liver focus
was shown by PET aside from the true-positive lung metas-
tases in the same patient. [18F]FDG-PET detected 23 lesions
with a sensitivity and specificity of 100 and 95%, respec-
tively. The tumor stage was modified in three patients,
which resulted in a subsequent change in therapeutic man-
agement in two patients. In this study, several PET-positive
patients were scanned under medication with 1,1-dichloro-
2-(o-chlorophenyl)-2-(p-chlorophenyl)-ethane (o,p’ DDD,
mitotane) which did not hamper tracer uptake by the tumors
and their metastases. However, the influence of medical treat-
ment of adrenocortical carcinoma with mitotane or suramin
on tracer uptake in radionuclide imaging remains an issue.

A case report demonstrated further the possible impact of
[18F]FDG-PET in staging of juvenile adrenocortical carci-
noma [33]. Only PET made it possible to detect an additional
paravertebral metastasis, which was then resected. Given
the adverse prognosis of the tumor in non-resectable or not
resected tumors it can be assumed that PET has improved the
survival of this patient.

Figures 3.5, 3.6, 3.9, and 3.10 show examples of
[18F]FDG-PET scans of adrenocortical carcinomas.

The data on [18F]FDG in adrenocortical carcinoma are
sparse, of course, but show a similar diagnostic accuracy as
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Fig. 3.5 [18F]FDG-PET, multiintensity projection (MIP). Local
relapse (implantation metastasis) after resection of the primary tumor
by right adrenalectomy

in other tumor entities where much more studies are avail-
able like cancers of the digestive tract or bronchial carci-
noma. From those it can be derived that [18F]FDG-PET is
of undoubtful value in re-staging and follow-up of adreno-
cortical carcinoma.

Specific Adrenocortical Tracers

Based on steroid hormone biosynthesis, there has been a
search for tracers aside from labeled cholesterol deriva-
tives with specific binding capability to the adrenal cor-
tex. The synthesis of adrenocortical steroids proceeds from
cholesterol through several enzymes and cytochrome P450
(Fig. 3.1).

Cholesterol is bound to the adrenals by LDL receptors and
then stored in lipid droplets after esterification. LDL recep-
tors are abundant in adrenocortical cells. Cholesterol ester
hydrolase catalyzes the formation of free cholesterol in the
lipid droplets, which are transported to the mitochondria by
a sterol carrier protein. There it is converted to pregnenolone
by cholesterol desmolase. Pregnenolone is the last common
precursor of corticosteroids, mineralocorticoids, and adrenal
androgens in all three zones. From there, the zones use dif-

ferent pathways to form their hormones, dependent on the
specific enzymatic composition of the zones.

In zona glomeruosa cells the synthesis of glucocorticoids
and androgens is blocked by a lack of 17α-hydroxylase
(CYP450c17). Therefore pregnenolone is converted to pro-
gesterone by 3β-dehydrogenase (3β-DH) and progesterone to
11-deoxycorticosterone by 21β-hydroxylase (CYP450c21).
The next step is the synthesis of corticosterone by 11β-
hydroxylase (CYP450c11). Eventually the enzyme 18α-
hydroxylase (CYPP450c18), which is only present in the
zona glomerulosa, converts corticosterone to aldosterone.

In the zona fasciculata, the hormones cortisol and corti-
costerone are synthesized by the use of CYP450c17, 3β-DH,
CYP450c21, and, finally, CYP450c11. In the zona reticu-
laris, no CYP450c11 is present, thus the step of forming glu-
cocorticoids is blocked.

It was again Beierwaltes et al. who developed agents
for imaging of the adrenal cortex based on enzyme inhi-
bition for conventional scintigraphy [34, 35]. CYP450c11
expression is increased in benign adenomas as well as in
adrenocortical carcinomas, whereas it is not found in sec-
ondary adrenal lesions like metastatic bronchial carcinoma
lesions and others [36]. Thus this enzyme can be used as a
tracer target for labeling tissue specifically involved in glu-
cocorticoid and mineralocorticoid incretion. Metyrapone has
been synthesized as a potent inhibitor of P450c11, labeled
with radioiodine and with carbon-11 for PET [37, 38]. Both
tracers, however, did not fulfill the expectations for in vivo
imaging.

[11C]Metomidate ([11C]MTO)

Other CYP450c11 inhibitors are etomidate and its deriva-
tives. Etomidate is widely used for general anesthesia and
has proven to be a safe drug in much higher amounts
than required for radionuclide scans. Animal experiments
with 11C-labeled metomidate (O-[11C]methyl-metomidate
([11C]MTO), and O-ethyl-1-[11C]-etomidate ([11C]ETO),
and PET showed high uptake in the adrenal glands [36].
Because of shorter synthesis time, higher radiochemical
yields and higher specific radioactivity, [11C]MTO was
found to be more suitable for clinical purposes (Fig. 3.7).

Clinical studies with [11C]MTO showed promising
results in imaging of adrenal cortex and adrenocortical
lesions [39–42]. Adrenal lesions show impressive high
uptake in comparison to lesions of other origin, as does
the normal adrenal cortex. Another organ with rather high
physiologic uptake is the stomach while liver, kidneys, and
intestine have low uptake (Fig. 3.8). The tracer shows bil-
iary excretion, which explains for the intestinal uptake. The
gall bladder shows only moderate radioactivity concentra-
tion. Hence [11C]MTO is well suited for a non-invasive
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(a) (b)

Fig. 3.6 [18F]FDG-PET, selected coronal (a) and sagittal (b) slices,
scan without attenuation correction. One week after right adrenalec-
tomy PET shows bone metastases, particularly in the right humerus and

the left ilical bone (a) and the spine (b) and multiple small pulmonary
hot spots consistent with lung metastases (a). Non-specific post-surgical
uptake in the right flank

detection of adrenocortical tissue either if it is normal gland
or neoplastic tissue. Zettinig et al. investigated 16 patients
with various adrenal lesions, 13 of them having a benign
lesion, 1 an adrenocortical carcinoma, 1 with a malignant
pheochromocytoma, and 1 adrenal secondary malignancy
[39–42]. All lesions of adrenal origin showed high
[11C]MTO uptake although it was not possible to differen-
tiate between the adrenocortical carcinoma and the benign
lesions. The SUVs ranged from 11.5 to 32.2, the carcinoma
was in the lower range with an SUV of 14.3. One drawback
of this study was that only one patient with an adrenocortical
carcinoma could be included because of the rareness of the
disease and the prospective design. In this case [11C]MTO
was superior in comparison to [18F]FDG in terms of visu-
alization of lung metastasis (Fig. 3.9). There was further
a clear distinction of adrenal and non-adrenal lesions, the

latter having an SUV from 1.8 to 2.8. The absolute standard-
ized uptake values of patients with Conn’s syndrome were
10% higher than those of patients with Cushing’s syndrome,
albeit this difference was not significant; on the other hand,
the lesion/normal adrenal gland ratio was higher in patients
with Cushing’s syndrome, which was interpreted as an indi-
cator that [11C]MTO uptake is sensitive to suppression by
the excessive hormone incretion of the contralateral lesion.

A more recent study from Hennings and co-workers ret-
rospectively investigated 173 patients who had at least 1 out
of 212 [11C]MTO-PET scans at their department [43]. This
work confirmed the observation of Zettinig that aldosterono-
mas have higher uptake values than adenomas with glucocor-
ticoid production but not the difference in the ratios of lesion
to normal adrenals. This study comprised of ten patients
with adrenocortical carcinoma whose SUVs were lower by
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Fig. 3.7 Chemical structures of [11C]ETO (a), [11C]MTO (b), and
[18F]FETO (c)

50% than aldosteronomas and by 25% than glucocorticoid-
producing lesions. An uptake ratio above 1.4 between the two
adrenal glands was associated with a 99.5% risk of bearing
an adrenal tumor, although it was not possible to identify a
value predictive for an adrenocortical carcinoma.

It is not always the case that [11C]MTO is superior
in imaging of adrenocortical carcinoma in comparison to
[18F]FDG as is demonstrated in Figs. 3.10 and 3.11.
Uptake properties might depend on tumor differentiation

with increasing glucose consumption and thus increasing
[18F]FDG uptake when the tumor de-differentiates.

[18F]Fluorethyl-desethyl-etomidate ([18F]FETO)

A major drawback of [11C]MTO is the short half-life of the
carbon-11 label of approximately 20 minutes, limiting its use
to centers with its own cyclotron facility. To enable specific
adrenal PET imaging remote from a cyclotron, a search for a
fluorine-18-labeled etomidate analogue has been undertaken.
Eventually, the fluorethyl-etomidate compound was found
to be suited for this purpose (Fig. 3.7c). Wadsak and Mit-
terhauser developed a procedure in which [18F]FETO can
be synthesized with reproducible acceptable radiochemical
yields of almost 15% (decay corrected) within 80 minutes
[44]. Therefore this tracer is a promising alternative to
[11C]MTO for a wider use of adrenal PET imaging. Animal
studies showed the high specific uptake in the adrenal glands
at 30 minutes p.i. which was more than tenfold in relation
to the next hottest organ, the lungs, expressed in % uptake
per gram tissue [45]. The imaging potential of FETO was
subsequently proven in healthy volunteers [46]. Figure 3.12
a demonstrates the increase of the adrenal-to-liver ratio over
time, and Fig. 3.12b shows an example of a PET scan in a
patient with an adenoma in the left adrenal gland and Cush-
ing’s syndrome with good contrast of the adrenals, the lesion-
bearing as well as the contralateral normal one. As this tracer
is the most recent development for adrenal imaging there
are no clinical studies on its value in imaging of adreno-
cortical lesions to date. Its imaging properties correspond to
those from [11C]MTO but it offers the physical possibility
for broader distribution. Hence, these studies are likely to
follow soon. First results show that FETO visualizes hormon-
ally active and inactive benign and malignant lesions. Figures
3.13–3.15 give several examples of [18F]FETO scans of
patients with various adrenocortical tumors. The examples
highlight the high tracer affinity to adrenal cortex and its pri-
mary tumors (Fig. 3.14) and the high specificity (Fig. 3.15).

Fig. 3.8 [11C]MTO-PET, MIP (left frame), and coronal slice through
the adrenals. Typical pattern with high adrenal and gastric uptake
while the other organs display low uptake and are helpful for anatomic

orientation. Characteristic visualization of the veins proximal to the
injection site
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(a) (b)

Fig. 3.9 (a) [11C]MTO-PET, MIP. Multiple small pulmonary metas-
tases of a resected left-sided adrenocortical carcinoma, loco-regional
relapse in the left diaphragmal crus. The right adrenal gland appears

hypertrophic, non-specific gastric uptake. (b) [18F]FDG-PET, MIP.
Only one lung lesion in the right apex shows tracer uptake, no visu-
alization of the lesion in the left diaphragm

(a) (b)

Fig. 3.10 (a) [11C]MTO-PET, (b) [18F]FDG-PET, MIPs of both scans.
Large right-sided adrenocortical carcinoma with metastases in both
lungs, predominantly in the right lung and the liver. Identical informa-

tion by [11C]MTO and [18F]FDG regarding the extent and the number
of lesions
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(a) (b)

Fig. 3.11 (a) [11C]MTO-PET, (b) [18F]FDG-PET, MIPs. [18F]FDG has a much higher contrast in the subcapsular liver metastasis. The small
lung lesion is even missed by [11C]MTO
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Fig. 3.12 (a) Adrenal-to-liver ratios (ALRs). The ALR is a measure for
the visual contrast between adrenals and the liver as reference region.
All values represent arithmetic means; error bars indicate standard devi-
ation. Image taken from [46] with kind permission of the publisher. (b)
[18F]FETO distribution 30–40 minutes after injection in a patient with
a cortisol-producing adenoma in the left adrenal (MIP): highest uptake
in the adenoma, lower uptake in the right adrenal, low uptake in kid-
neys, liver, lungs, and soft tissue, low urinary excretion. Tracer uptake
in the veins of the arm where the tracer has been injected is typical

Fig. 3.13 [18F]FETO PET, MIP. Aldosteronoma in the right adrenal
gland causing Conn’s syndrome
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(a)

(b)

Fig. 3.14 (a) [18F]FETO PET, MIP. Adrenocortical carcinoma, Status
post left adrenalectomy. A small hepatic metastasis is visualized with
very high contrast despite a size of only 16 mm, normal right adrenal
gland. (b) Oblique axial multiplanar MSCT image of the liver with
venous phase contrast enhancement. Note two hypodense lesions, the

ventral lesion is slightly hypodense (typical appearance for metastasis,
corresponding to the PET-positive lesion) while the large dorsal lesion
shows ring-like nodular enhancement, characteristic for a hemangioma,
without any tracer uptake
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(a)

(b)

(c)

Fig. 3.15 (a) [18F]FETO PET, coronal slice. The patient showed up
with a large right adrenal tumor and multiple lung metastases, highly
suspicious for a primary adrenal carcinoma on CT with contrast media,

venous phase (b) and even on MRI, turbo spin echo, without fat sat-
uration (c). The tumor showed no tracer uptake in the PET scan, but
appeared even photopenic. Histology revealed a rhabdomyosarcoma
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Conclusions

Imaging of primary adrenocortical tumors consists of spe-
cific imaging of the adrenal cortex with labeled cholesterol
and planar scintigraphy and inhibitors of 11β-hydroxylase
and PET as well as non-specific imaging of glucose con-
sumption and PET. For in vivo characterization of the histo-
logic nature of an adrenal lesion specific tracers are manda-
tory. PET is the gold standard in this regard due to the by
far better imaging properties. [18F]FETO and [11C]MTO
both bind predominantly to 11β-hydroxylase and will visu-
alize the lesions as long as they are not completely de-
differentiated. For the assessment of adrenal lesions whether
they are malignant or non-malignant the first choice tracer
is still [18F]FDG-PET. For the staging and follow-up of
adrenocortical carcinomas not only is [18F]FDG highly use-
ful but also [18F]FETO and [11C]MTO might be helpful as
they can also visualize metastases of adrenocortical carcino-
mas. The new generation of integrated PET/CT scanners will
further improve the diagnostic accuracy.
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Chapter 4

Considerations: Imaging in Adrenal Carcinoma

A.D. Joyce, J.A. Guthrie, and T.M. Wah

Adrenal masses will frequently be encountered by the
radiologist and urologist. It is important to accurately charac-
terize these lesions so that the patient can be managed appro-
priately. The diagnostic challenge arises from a small number
of diagnoses which are of critical significance amongst a
high prevalence of non-hyperfunctioning adrenal adenomas
(“incidentalomas”) and a number of other uncommon benign
adrenal conditions which are usually without clinical con-
sequence. Adrenal masses may be discovered incidentally
during the investigation of unrelated symptoms, as part of a
cancer staging investigation, or sought during the investiga-
tion of a biochemical or endocrine imbalance. Whilst there
is a wide differential diagnosis for an adrenal mass a diag-
nosis can often be established when the morphological fea-
tures are coupled with the clinical history and biochemical
findings. In this chapter on considerations we aim to pro-
vide an algorithm on the use of diagnostic imaging of adrenal
masses.

Imaging is becoming increasingly important in trying to
assist the clinician in the determination of the significance of
these lesions, the potential need for surgery, and the malig-
nancy risk of these lesions if a conservative approach is under
consideration. Most studies advise removal of an adrenal
lesion >6 cm, whereas masses <3 cm can be observed. The
question arises for those lesions between 3 and 6 cm, and
some authors advocate the removal of all lesions in excess
of 3 cm. Under these circumstances the need for an imaging
algorithm is extremely useful and we advocate the follow-
ing protocol to assist clinicians in their difficult deliberations
(Fig. 4.1).

T. Wah (B)
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Adrenal surgery is very much a multidisciplinary effort
with close co-operation between endocrinologists, surgeons,
and anesthetists, to achieve a safe outcome.

Few urologists are active in adrenal surgery, predomi-
nantly due to the increasing role of laparoscopy in the surgi-
cal management of this condition and the fact that this option
in some areas is offered on a wider scale by general surgeons
rather than urologists.

Incidental adrenal masses

Non contrast enhanced CT

HU < 10 HU > 10 

Benign adenoma Contrast CT
% Washout

Chemical shift MRI

Indeterminate massesBenign Adenoma

Indeterminate massesBenign Adenoma
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Fig. 4.1 Imaging algorithm for characterization of adrenal masses
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Chapter 5

Renal Cell Carcinoma: Introduction

H. Van Poppel and D. Thüer

Epidemiology

Primary malignant renal epithelial neoplasms account for 3%
of adult malignancies [1]. The mean age at the time of diag-
nosis is about 70 years and, as shown in Fig. 5.1, there is
a predominance of men over women in the range of 1.5–
3.1. US, CT, and MRI all contribute to the increased detec-
tion of all types of renal parenchymal mass lesions, includ-
ing those that require surgery and those where surgery has to
be avoided. An increased incidence of renal cell carcinoma
is reported while the incidence of the less common transi-
tional cell carcinomas (TCC) of the renal pelvis is stable or
decreasing (Fig. 5.2). Due to the systematic use of abdom-
inal ultrasound and CT scan, a majority of tumors are now
detected in an early stage. At present, 25–40% of clinically
diagnosed RCC are found incidentally [2]. A total of 25–30%
of patients with RCC have overt metastases at initial presen-
tation and, in addition, a substantial fraction of patients have
subclinical metastases at that time explaining the unsatisfac-
tory outcome of treatment [3, 4].

Malignant tumors are detected at earlier stages. The mor-
tality from RCC is increasing parallel to trends in incidence.
Survival is closely related to initial stage; 5-year survival
is 50–90% for localized disease, decreasing to 0–13% for
metastatic disease [3]. Table 5.1 shows the relative 5-year
survival percentage rate for RCC and TCC.

There are no generally accepted risk factors for RCC.
There are some epidemiologic data indicating that a smok-
ing habit, obesity, hypertension, or exposure to certain heavy
metals such as cadmium may favor the development of
RCCs.

H.V. Poppel (B)
University Hospital of KULeuven, UZ Gasthuisberg, Herestraat 49,
B-3000 Leuven, Belgium, hendrik.vanpoppel@uz.kuleuven.ac.be

Pathology

Understanding the underlying gross pathology and histolog-
ical correlates provides an essential substrate for explaining
the radiological characteristics of these masses. Many pathol-
ogists still rely on hematoxylin- and eosin-stained prepa-
rations of surgical specimens to achieve the histological
diagnosis of renal cell carcinoma (RCC) [4, 5]. From clini-
copathological observations, it has been observed that a neo-
plasm may change its pattern of differentiation in time and
that it does not necessarily retain the phenotype of its pre-
sumed progenitor cell. Thus it can be explained that in the
past, lectin and immunohistochemical studies using markers
for different parts of the adult renal tubular system yielded
conflicting results regarding the proximal versus distal tubu-
lar origin of renal cell tumors. Furthermore, renal cell car-
cinomas may be composed of mixtures of clear and granu-
lar cells or clear and chromophilic cells. Such observations
would suggest that a transition between phenotypes occurs
during progression.

During the last decades, it has become increasingly clear
that the initiation and progression of solid tumors is governed
by alterations of genes that control growth and differentia-
tion. Tumor development is based on specific and separate
molecular mechanisms in different cells, and therefore they
are almost completely different. There is a specific combi-
nation of chromosomal and mitochondrial DNA alterations
marking distinct types of tumor genes of putative tumor sup-
pressor genes [6].

Classification

The morphological classification of renal cell neoplasm in
adult relies on three essential criteria: first the aspect of the
tumor cells (i.e., clear cells, chromophilic cells (basophilic
or eosinophilic), chromophobic cells, oncocytes, collecting
duct cells, and sarcomatoid or fusiform cells); second the
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architecture (solid (acinar), tubulopapillary, tubular, tubulo-
cystic); and third the nuclear grade, based on increasing num-
bers of nuclear and nucleolar atypia. Based on these mor-
phological criteria, classification of the majority of renal
cell neoplasms is feasible, with few exceptions only. This
morphology-based classification is now supported by cytoge-
netic analysis. Five major groups of malignant renal epithe-
lial neoplasms are distinguished [7–10] and are summarized
in Table 5.2.

Diagnosis

Clinical symptoms of RCC, such as hematuria, palpable
tumor, and flank pain, are becoming less frequent. Asymp-
tomatic tumors are more commonly diagnosed [11]. Clini-
cal examination has a limited role in diagnosing RCC, but
it may be valuable in assessing co-morbidity [12]. In case
of hematuria, additional tumors of the genitourinary tract
should be excluded [13]. The most commonly assessed lab-
oratory parameters are

� Hemoglobin and erythrocyte sedimentation rate:
prognosis

� Creatinine: overall kidney function
� Alkaline phosphatase: liver metastasis, bone metastasis
� Liver function tests: Stauffer syndrome

Serum calcium is frequently included in the preoperative
assessment because of its association with paraneoplastic
manifestation, which may have clinical implications [13].

The majority of tumors are diagnosed by abdominal ultra-
sound performed for various reasons. Standard radiological
procedure is an abdominal CT scan with and without con-
trast medium. It serves to document the diagnosis of RCC
and provides information on the function and morphology
of the contralateral kidney [14]. Additional diagnostic pro-
cedures, such as magnetic resonance imaging, angiography,
or fine needle biopsy, have a very limited role, but may be
considered in selected cases [15].

Abdominal CT scan assesses primary tumor exten-
sion and provides information on venous involvement
and on metastatic spread to locoregional lymph nodes,
adrenals, contralateral kidney, liver, etc. [14]. Chest X-ray is
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Table 5.1 Relative 5-Year Survival Percentage Rate for Patients With Renal Cell Carcinoma or Renal Pelvis Carcinoma by Sex, Race, and Time
Period—SEER, 1975-1995

5-Year Survival, %

Cancer Stage No. of
Cases

White Men White Women Black Men Black Women

1975-1985 1986-1995 1975-1985 1986-1995 1975-1985 1986-1995 1975-1985 1986-1995

Renal Cell Carcinoma
Total Invasive 31 105 50 61 49 59 50 51 55 58
Localized 14 605 82 89 82 86 82 75 83 84
Regional 6384 54 62 48 59 52 52 49 44
Distant 7890 7 9 5 7 10 7 6 8
Unstaged 2226 35 31 27 21 24 21 33 35

Renal Pelvis Carcinoma
Total Invasive 4985 64 58 58 50 57 70 51 48
Localized 2132 85 87 81 70 . . . . . . . . . . . .

Regional 1907 52 48 48 49 . . . . . . . . . . . .

Distant 608 10 4 1 4 . . . . . . . . . . . .

Unstaged 338 49 46 30 43 . . . . . . . . . . . .

∗SEER indicates Surveillance, Epidemiology, and End Results program; ellipses, the number of cases and the number who died were too small for
meaningful assessment of survival.

Table 5.2 Classification of renal epithelial neoplasms (Heidelberg
classification)

Malignant renal epithelial neoplasms
Renal carcinoma conventional (clear cell type)
Papillary renal carcinoma (chromophobic type)
Chromophobic carcinoma
Collecting duct carcinoma
Medullary carcinoma
Unclassified renal carcinoma

Benign renal epithelial neoplasms
Adenoma
Metanephric adenoma
Oncocytoma

performed to assess pulmonary spread. If indicated by signs
and symptoms, other diagnostic procedures may be applied,
such as bone scan, brain CT and chest CT [11].

Treatment

Radiological characterization of these tumors (differentia-
tion from angiomyolipoma, oncocytoma, and complicated
cysts) is a continuous challenge and an essential prerequisite
for appropriate management [16]. The chances of cure by
surgery most strongly depend on stage (primarily) and grade
(secondarily) of the disease [17] and the presence or absence
of micro-vascular invasion [18].

Since its introduction in 1963 by Charles Robson, radical
nephrectomy including Gerota’s fascia has been considered
as the standard treatment for RCC, the objective of the pro-
cedure being to excise all tumor with an adequate margin,
regardless of size. There is no evidence to favor a specific sur-

gical approach. In selected cases of small (< 4 cm) peripheral
lesions, an organ-sparing approach is today advocated. Final
evaluation of oncologic efficacy is pending [19, 20]. The
number of imperative indications for kidney-sparing surgery
has been rather constant during the last years, while the num-
ber of elective indications are steeply increasing. The compli-
cation rate of this type of surgery has recently become more
than acceptable.

Alternative treatment strategies are available now, in par-
ticular for smaller tumors (<4 cm), and include open or
laparoscopic tumorectomy, partial nephrectomy, radiofre-
quency ablation, and cryotherapy [21, 22]. The two lat-
ter minimally invasive procedures have a problem with the
assessment of cure, and surgery has to deal with possible
multifocality and local recurrence because of incomplete
resection [23].

Since small adenocarcinomas of the kidney have the
propensity to microscopic vascular invasion and thus
metastatic potential, a watchful waiting policy [24] can only
be proposed in a highly selected group of patients. Tumors of
3 cm in diameter or smaller can give rise to metastases [25].
On the other hand, a certain number of small solid tumors
are benign. A small renal oncocytoma, angiomyolipoma, or
metanephric adenoma can often not be recognized prior to
surgery. If all suspicious solid tumors were to be treated
by radical surgery, a significant number of kidneys with-
out malignancy would be resected. This has been one of
the factors in favor of conservative kidney surgery together
with a significant increase of incidentally detected small
tumors.

The survival of most patients who have progression after
imperative conservative surgery is indeed determined by the
presence of occult metastatic disease, not recognized at the
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time of surgery. A retrospective analysis showed a local
recurrence rate of 0–10% after nephron-sparing surgery,
2.5–4% after thermoablative interventions, and 2–3% after
(radical) nephrectomy [26]. Whether the local recurrences
were due to incomplete resection or due to multifocality of
the tumor is not clear, but often locally advanced tumors were
operated for which a higher risk of local recurrence can be
anticipated.

If surgery cannot eradicate all tumor deposits, tumor
nephrectomy remains palliative therapy and should be con-
sidered in the context of multimodality treatment (e.g.,
in conjunction with immunotherapy or targeted therapies)
[27, 28]. Certain cases, such as bilateral tumors, a solitary
tumor-bearing kidney, multifocal lesions, renal insufficiency,
or an occasional palliative situation, will require individual
decisions.

Adrenalectomy is generally recommended. The sparing
of the ipsilateral adrenal gland in the case of a smaller
tumor of the lower half of the kidney is currently being
evaluated [29]. A formal lymph node dissection is a valu-
able diagnostic tool (staging); however, therapeutic efficacy
is unproven [30, 31]. Cytoreduction and immunotherapy
was the treatment of choice for metastatic RCC. Radical
nephrectomy and surgery of metastasis is an option in case
of solitary metastasis or limited metastatic spread. With the
advent of the targeted therapies the place and timing of
surgery in metastatic patients needs to be further defined.
In 2008 most patients are treated with targeted agents
while immunotherapy is restricted to good risk metastatic
patients.

Follow-up

Follow-up of patients with RCC after surgical treatment is
recommended to detect local recurrence and distant metas-
tases as early as possible to permit additional treatment when
indicated and if possible. Such therapy may include resection
of pulmonary metastasis or locoregional recurrences; certain
cases may also be candidates for immunomodulating ther-
apy. With this in mind, a regular postoperative follow-up of
patients with RCC is proposed [32–34].

Prognostic factors and the type of surgical intervention
(radical versus partial or nephron-sparing surgery) are rel-
evant in determining the most efficient follow-up regimen.
The only established prognostic factor is tumor stage accord-
ing to the TNM system. After nephron-sparing tumor resec-
tion (elective or imperative indication), the possibility of
local recurrence necessitates ultrasound or CT control of the
remnant kidney.

Conclusion

The incidence of renal cell carcinoma is increasing, and
imaging has a very important place in early detection, in
diagnosis and staging, as well as in the follow-up. Expert
ultrasonography can give a lot of information but still
contrast-enhanced CT scan remains the diagnostic tool of
choice. MRI will have a place in patients with renal failure,
contrast allergy, and for the special indication of invasion of
the inferior vena cava.

After nephron-sparing surgery, the follow-up of the ipsi-
lateral and contralateral kidney should be done on a regular
basis. Ultrasound would be very useful in these indications
but again a contrast-enhanced CT scan at yearly or two-
yearly intervals remains standard.
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Chapter 6

Renal Cell Carcinoma: Conventional Imaging Techniques

B.C. Lucey and C. Ingui

Introduction

The investigation of renal cell carcinoma (RCC) is best per-
formed using cross-sectional imaging, either CT or MRI.
Sonography has a role in the diagnosis, however, IVU and
plain radiographs are of limited value in the investigation of
RCC and the role of IVU is decreasing all the time.

Plain Radiography

A plain radiograph (or KUB) may be obtained in the
evaluation of patients presenting with abdominal pain or
hematuria. Plain radiographs have an extremely low sensi-
tivity for detecting RCC and are useful in very few cases.
Extremely large renal masses may escape detection until
they cause symptoms related to compression on adjacent
structures. In such cases, the mass may occasionally be
identified as a soft tissue density on the plain radiograph.
Alternatively, the mass may displace the bowel resulting in
a paucity of bowel gas in the expected area of the bowel.
Such a finding should prompt further evaluation with cross-
sectional imaging. Calcification of a mass seen on a plain
radiograph always warrants further evaluation. Although
calcification occurs in only approximately 1% of renal
cysts [1], renal cysts are so common that calcification is not
uncommonly identified. The distinction is important as calci-
fication may occur in 8–18% of RCC [1–4]. It can be difficult
to differentiate benign from malignant calcification on plain
radiographs alone. The morphology of the calcification does
not help as calcification in a RCC may be linear, punctuate,
or lobular. Calcification in renal cysts is most commonly
linear, however, may also be punctuate or even appear as a
conglomerate mass [1, 4]. The location of the calcification
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within the mass is a better indicator as to the underlying
pathology [1]. Calcification within cysts tends to be periph-
eral but central calcification within a mass is an indicator
of malignancy, with approximately 85% of masses with
central calcification seen on plain radiography proving to
be malignant [1]. When peripheral calcification is detected,
this poses a greater problem as up to 20% of masses with
peripheral calcification may yet prove to be malignant [2, 4].
Therefore, given the degree of uncertainty surrounding the
nature of calcification within a renal mass, cross-sectional
imaging of most masses demonstrating calcification
is advisable.

A plain radiograph may also show evidence of metastatic
disease. By this time, the disease is by definition well
advanced. Common locations for metastatic disease from
RCC are the bones. The vertebrae, imaged ribs, and pelvis
should be evaluated for evidence of usually expansile, lytic
lesions. The lung bases are also imaged on a KUB and these
should be evaluated for evidence of metastatic disease. RCC
metastases to the lungs tend to be large well-defined masses.
A pleural effusion may be the only clue to the presence of
metastatic disease that is not on the imaged portion of the
lung.

Intravenous Urogram

The IVU is rapidly fading out as an imaging modality for
any indication. This is particularly so in the investigation of
RCC. The abnormalities in an IVU caused by a RCC may
be divided into contour abnormalities, contrast abnormali-
ties, and collecting system abnormalities.

RCC may distort the renal outline. This is best seen on
the nephrographic phase of the IVU. Such a contour defor-
mity presents a diagnostic dilemma, however, as simple renal
cysts may have a similar appearance. It is not possible to
characterize the deforming lesion as solid or cystic without
further imaging. To obtain maximum sensitivity to identify
such contour-deforming masses, multiple tomograms should
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be obtained at different levels, as a conventional radiograph
may not appreciate a mass projecting anterior or posterior to
the kidney [5, 6]. A large renal mass may alter the axis of
the kidney, however, there is such variety in the normal renal
outline that this finding is of limited value.

A large RCC may result in occlusion of the renal vein.
This may result from tumor growth into the vessel. This
may be detected by a delayed nephrogram or even a lack
of excretion of contrast from the kidney. Other causes of
these findings should be excluded before attributing these to
RCC; however, these findings should prompt further evalu-
ation with cross-sectional imaging. A filling defect within
the nephrogram may also be seen in RCC. This is seen in
cases where the tumor is less vascular than the normal cor-
tex. Occasionally, a defect in the nephrogram may be seen in
large RCC with a necrotic center.

RCC may distort the collecting system on the excretory
images of the IVU. Although transitional cell carcinoma
more commonly produces filling defects within the collect-
ing system itself, RCC produces distortion, stretching, and
obstruction of the collecting system. These findings are more
frequently seen in masses that are located centrally within the
kidney rather than masses that cause renal outline distortion.
Displacement and stretching of the calyces or infundibula
may also be caused by cysts and as such, too much should not
be read into this finding on IVU alone. Cysts, however, will
not demonstrate local invasion, and the presence of irregular-
ity within the calyceal wall or a filling defect within the calyx
represents malignancy. Tumor may also result in obstruc-
tion of a calyx or infundibulum. Ureteric obstruction with
hydronephrosis may also occur.

Sonography

Renal masses, as with masses elsewhere, may be either
benign or malignant. The final diagnosis is made histolog-
ically; however, there are imaging features that can sug-
gest the diagnosis on sonography. Benign solid renal tumors
include oncocytoma and angiomyolipoma (AML). Multi-
locular cystic nephroma is a rare benign cystic tumor that
often occurs in children. This consists of multiple cysts with
fibrous septae surrounded by a dense capsule. This tumor
is sonographically indistinguishable from a cystic renal cell
carcinoma; however, multiloculated cystic nephroma has a
tendency to protrude into the renal collecting system. This
finding helps to give an increased pre-test probability that the
mass is benign but is not specific enough to obviate surgical
resection.

Oncocytoma is a benign tumor of the proximal collecting
tubules. As it is benign, it may grow to a large size before

coming to clinical attention. Oncocytoma may present with
pain or hematuria and are often found incidentally on imag-
ing performed for other purposes. The oncocytoma mass is
usually a solid mass that appears homogenous on sonog-
raphy. The echotexture is commonly hypoechoic compared
to the normal renal parenchyma but smaller lesions may
be almost isoechoic. The classic description of an oncocy-
toma contains a central scar that may be either hyperechoic
or hypoechoic [7, 8], although identifying a scar is uncom-
mon. The presence or absence of a central scar is insufficient
evidence for not removing the mass. Calcification within
an oncocytoma has been reported but this appearance is
uncommon [9].

In contrast to an oncocytoma, the diagnosis of angiomy-
olipoma may often be made on sonography. AML is always
a benign tumor of the kidney that contains elements of fat,
muscle, and vessels in varying proportions. The sonographic
appearances vary depending upon the proportions of each
element in the mass. Fat-containing AMLs are echogenic
on sonography [10]. When identified, the diagnosis may be
made with a high degree of confidence. There are isolated
reports of fat-containing renal cell carcinomas [11, 12], how-
ever, these are rare and AML is a frequent incidental find-
ing. On occasion, the mass is of mixed echogenicity or even
hypoechoic [13]. This makes the diagnosis a little less cer-
tain particularly if there has been hemorrhage into the mass.
A renal mass protocol CT scan is often helpful in clarifying
the diagnosis in cases of uncertainty. CT is highly sensitive
at detecting fat within a mass [14].

Malignant tumors of the kidney are overwhelmingly renal
cell adenocarcinomas. Other rare malignant tumors include
sarcomas and Wilms’ tumor. Lymphoma and metastases to
the kidneys are more common than the latter two categories
but are uncommon findings compared to RCC. A majority
of renal cell carcinomas (RCC) are detected incidentally on
imaging performed for other indications [15]. This includes
renal or abdominal sonography or abdominal CT or MR
examination.

On sonography, RCC may be hypoechoic (Fig. 6.1), isoe-
choic, or occasionally hyperechoic (Fig. 6.2) to normal renal
parenchyma although the most common echotexture is isoe-
choic to renal cortex [16, 17]. Usually the mass appears
as a well-defined, encapsulated lesion that may have either
smooth or irregular margins. RCC may be identified by
the contour deformity present when the mass is exophytic
(Fig. 6.4). Despite being isoechoic, when the mass is located
centrally, even small masses may be identified by interrupt-
ing the normal corticomedullary interface. RCC often con-
tains areas of heterogeneity that are not seen in the relatively
uniform echotexture of the normal kidney. In a small percent-
age (<5%) of cases, RCC may be hyperechoic to the nor-
mal renal parenchyma. This may be confusing as a benign
angiomyolipoma may also have this sonographic appearance
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Fig. 6.1 Sonographic image showing large, solid hypoechoic mass on
the superior pole of the kidney representing a renal cell carcinoma
(arrows)

Fig. 6.2 Sonographic image showing small, solid hyperechoic mass on
the lateral inter-polar area of the kidney representing a renal cell carci-
noma (arrows)

when the hyperechoic fat is identified. This sonographic
appearance of increased reflectivity mimicking fat is more
commonly found in smaller masses measuring less than 3 cm
in diameter [18]. This is important given the trend toward
early detection due to increased imaging for other purposes.
The increased echogenicity may be caused by internal hem-
orrhage in various stages of degradation or alternatively
may be caused by calcification within the tumor. Calcifica-
tion occurs in approximately 10% of RCC [1] and is usu-
ally easily distinguished by posterior acoustic shadowing
although the presence of extensive calcification may make
further evaluation of the mass difficult by sonography given

Fig. 6.3 Sonographic image showing large mass on the inferior pole of
the left kidney. This mass is solid with large hypoechoic cystic areas
within it representing a cystic renal cell carcinoma. Note the thickened
irregular wall (arrows)

the inability of the sound waves to penetrate the calcifica-
tion. The presence of calcification within the central portion
of the mass is of concern for malignancy. Peripheral calci-
fication is less concerning but should always be followed
with cross-sectional imaging. Occasionally, RCC may be
extremely hypoechoic on sonographic evaluation. This usu-
ally indicates a cystic renal neoplasm (Fig. 6.3). Although
these may initially be confused with renal cysts, these tumors
will show evidence of a thickened nodular wall, often contain
septae, and may contain debris. These findings help to dis-
tinguish cystic renal neoplasms from cysts. Large RCC may
undergo extensive central necrosis and these tumors may also
appear hypoechoic. There is seldom difficulty in identify-
ing these masses as malignant as again these have thickened
irregular walls. Another sonographic feature that separates
benign from malignant masses is color flow within the mass.
Cysts, either simple or complex, do not demonstrate flow
when interrogated by color Doppler. RCC will demonstrate
flow in almost all cases. In a vast majority of cases flow will
be seen throughout the mass. In the small number of hypoe-
choic RCC masquerading as a cyst, flow will be identified in
the thickened irregular wall. A renal mass that exhibits blood
flow within it requires cross-sectional imaging for more com-
plete evaluation.

A further use for color Doppler in the evaluation of RCC
lies in the ability to interrogate the renal veins. Given the
propensity for RCC to invade the ipsilateral renal vein, once
an RCC is detected on sonography, an attempt should be
made to identify tumor thrombus in the renal vein. The inci-
dence of renal vein invasion is reported to be of the order
of 5–33% and invasion of the IVC between 5 and 10% of
patients with RCC [19] (Fig. 6.5). One study reports values
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(a) (b)

(c)

Fig. 6.4 Solid hypoechoic mass seen on ultrasound suggestive of a RCC. This is confirmed by the coronal CT images showing a lower pole mass

of renal vein involvement in 18% with caval extension in
11% [20]. Pathology studies report slightly different results.
Hoehn reported renal vein invasion on histology in 46% and
IVC invasion in only 4% of patients [21]. The figures for
renal vein and IVC invasion are likely to be lower with the
improved imaging available today. As RCC is detected ear-
lier with increased and improved imaging, the size at which
RCC is being detected is becoming smaller. Smaller RCC has
decreased propensity for renal vein invasion. The difficulty
with identifying renal vein or IVC invasion lies primarily
in identifying the renal vessels themselves. The renal veins
may be identified in approximately 81% of patients on the
right but only 54% on the left [19]. This clearly tells us that
sonography is limited in the evaluation of renal vein invasion.

The added value of color Doppler increases the accuracy of
sonography to 87% with a sensitivity of 75%, a specificity of
96%, a positive predictive value of 92%, and a negative pre-
dictive value of 85% for detecting renal vein invasion [22].
In one study, color Doppler sonography was 100% accurate
in assessing the presence and extent of inferior vena caval
involvement by tumor thrombus [22]. The overall accuracy
for detecting venous involvement for both the renal veins and
the inferior vena cava was 93%, the sensitivity was 81%, and
the specificity was 98% [22]. The primary difficulty, how-
ever, is identifying the vessel at all rather than identifying
tumor within the vessel.

The sonographic appearance of tumor invasion in the
renal veins is similar to that of intravenous thrombus
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(a) (b)

(c) (d)

Fig. 6.5 a) and b) show a large exophytic renal cell tumor. c) and d) show thrombus extending into the IVC along the renal vein with an occlusion
of the IVC. The flow seen on the power Doppler image suggests that this is tumor thrombus rather than bland thrombus

seen in other veins, most commonly the veins of the
lower extremities. Intravenous thrombus may appear as
a hyperechoic focus within the renal vein although this
finding is not particularly sensitive. The other findings that
may suggest thrombus in the lower extremities are not
applicable to the renal veins. These include augmentation
and compression techniques that increase the sensitivity for
detecting thrombus. As the RCC spreads into the renal vein,
it promotes intravascular coagulation that may in turn pro-
duce more thrombus within the renal vein. The use of color
Doppler may be helpful in distinguishing this bland throm-
bus from tumor thrombus. Tumor thrombus may demonstrate
color flow within the thrombus itself. Bland thrombus will
not have flow within it. It is frequently extremely difficult
to document color flow within tumor thrombus from RCC
invasion into the renal vein. This is because not only may

the renal veins not be seen using sonography, but also the
quantity of thrombus may be small and it may be difficult to
appreciate true color flow separate from flow in the adjacent
pulsating artery or surrounding vessels or even flow from
patient related movement or respiration. At the point at which
color flow may be clearly identified within the thrombus, it is
almost always apparent that there is renal vein invasion from
the RCC. Renal vein invasion may be clearly identified with
a high degree of both sensitivity and specificity using either
CT or MR technology. Therefore, even with color Doppler,
sonography is less sensitive and less specific than either CT
or MR and certainly takes longer to perform than CT and
almost as long as MR. This raises another issue. Despite
attempting to document renal vein invasion on imaging, it is
far from clear if renal vein invasion by RCC is of any clinical
significance. There have been multiple recent reports, mostly
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in the surgical or urological literature, that suggest that the
presence or absence of renal vein or even IVC invasion
does not significantly impact long-term survival in patients
with RCC [23–25]. With the exception of IVC involvement
above the level of the diaphragm, renal vein or IVC invasion
by RCC is less important than the local staging of the
tumor.

The sensitivity for sonography in detecting RCC varies
widely depending on the size of the mass, the skills of the
sonographer, and the quality of the technology used. The
true sensitivity lies between that of IVP and CT [26, 27]
or MRI. Sonography has been reported to identify 26% of
masses <1 cm in size, 60% of masses between 1 and 2 cm in
size, and 82% of masses between 2 and 3 cm in size [28–30].
The value of sonography in characterizing renal masses is
the ability to differentiate between solid and cystic masses.
This is useful for characterizing masses as simple or com-
plex cysts but is poor at differentiating between various solid
masses. In addition to the benign and malignant solid renal
masses already discussed, other conditions may also appear
as solid renal masses. These include inflammatory condi-
tions such as focal pyelonephritis, abscess, xanthogranulo-
matous pyelonephritis, hematoma, renal infarct, and pseudo-
tumor represented by a prominent column of Bertin. Given
the poor specificity of sonography, CT or MR evaluation is
required for characterization of renal masses identified on
sonography.

Cystic renal cell carcinoma is more difficult to detect.
A vast majority of cystic renal masses are benign cysts,
either simple or complex and a majority of malignant renal
masses are solid. This creates concern at the possibility of
mis-characterizing a malignant cystic mass as benign. Most
cystic RCC appear as complex cysts with thick septations,
thick irregular walls, often heterogeneous, and may con-
tain calcification. A majority of cystic RCC is a uniloc-
ular cystic mass but up to 30% may be multiloculated
masses. In these cases, distinguishing the cystic RCC from
multiloculated cystic nephroma is difficult and the mass
needs to be surgically excised regardless. A solid vascu-
lar nodule in the wall of a cyst is a diagnostic feature of
cystic RCC.

Sonography may be used for both the detection of RCC
and occasionally for staging. As far as staging is concerned,
if a renal mass suspicious for RCC is identified on sonog-
raphy, an attempt should be made to stage the tumor as
accurately as possible. The kidney should be evaluated to
locate a possible second tumor. If found, this may indicate
that the masses may represent renal metastases from an
unknown primary tumor rather than represent a primary
RCC although multiple RCC may occur particularly in
patients with von Hippel–Lindau disease. Local extension
into the perinephric fat is extremely difficult to identify
with certainty on sonography unless gross. Tumor exten-

sion into the ipsilateral renal vein and inferior vena cava
should be looked for and when present may be identified
on sonography. Venous extension of RCC occurs in up
to 30% of cases and extension into the inferior vena cava
is reported in approximately 5% of cases [31, 32]. These
figures are likely to decrease as more and more RCC are
detected earlier as incidental masses. Local lymph node
spread may occasionally be identified although this also
may be difficult on sonography and not identifying lym-
phadenopathy does not in any way exclude the possibility
and CT or MR is required for complete evaluation for
lymphadenopathy, particularly in the retroperitoneum. Liver
metastases may also be identified on sonography when
present. Direct invasion of the liver by a right-sided RCC is
uncommon.

Intraoperative Sonography

As we have seen, sonography is extremely limited in the
evaluation of RCC. One area in which sonography may con-
tinue to be useful is in the intraoperative assessment of RCC.
As nephrectomy becomes less common in the management
of RCC, partial nephrectomy is becoming more so. Laparo-
scopic partial nephrectomy is now the management of choice
for patients with RCC that does not involve both poles of the
kidney or the renal sinus. For patients unfit for laparoscopic
partial nephrectomy, radiofrequency ablation is an alterna-
tive. When performing laparoscopic surgery, identification
of the branches of the renal arteries and veins is necessary
and definition of the tumor margin is of paramount impor-
tance. The vessels require identification to avoid inadver-
tent transaction during laparoscopic procedures. This is best
performed by preoperative CT or MR examination. Delin-
eation of the tumor margin, however, is less exact by preop-
erative imaging modalities. At surgery, ideally a 5 mm rim
of normal renal parenchyma is removed in an attempt to
reduce the possibility of tumor recurrence. When perform-
ing laparoscopic partial nephrectomy, on occasion, it can be
difficult to clearly identify the tumor margin and hence dif-
ficult to ensure a 5 mm margin of normal renal parenchyma.
The use of sonography in the operating room is of value in
identifying the tumor margins and this allows the surgeon
to accurately perform a partial nephrectomy and ensuring
an acceptable resection margin. In addition, intraoperative
sonography (IOUS) may help to identify the relationship of
the tumor to small vessels and the renal hilum when appro-
priate. IOUS requires special transducers developed specifi-
cally for the purpose. These transducers are small and may
easily pass through the laparoscopy port sites. As the trans-
ducers are placed directly onto the kidney, high-frequency
transducers are required. These are in the 10–13 mHz range.
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Transabdominal sonographic transducers are generally in the
2–5 mHz range. By using such high-frequency transducers,
the image quality and special resolution are excellent, and
differentiation between tumor and normal renal parenchyma
may be possible. No gel is required for IOUS as the tissue
itself produces sufficient liquid to permit excellent contact.
Normal saline may be used to create improved contact should
this be required. IOUS is being used with increasing fre-
quency for patients undergoing hand-assisted laparoscopic
nephrectomy or partial nephrectomy [33]. It is also of ben-
efit for the intraoperative identification of tumor thrombus
extending into the renal vein or IVC [34, 35].

Sonographic Contrast Agents

There has been recent interest in the use of contrast agents
for sonography. This is fundamentally an attempt to make
up for the deficiencies of grey-scale sonography in general
and in the kidney, used primarily for the detection of RCC.
There is little doubt that the addition of sonographic con-
trast agents will improve detection and characterization of
renal masses. RCC are, for the most part, vascular tumors
and anything that increases the conspicuity of the supply-
ing vessels should help with detection. One report comparing
grey-scale sonography to contrast-enhanced sonography [36]
found that anechoic areas within the tumor and a pseudo-
capsule were seen in 87 and 77% of the RCC on the contrast-
enhanced exam, whereas these features were seen in only 53
and 17% of the cases on the grey-scale sonography, respec-
tively. The diagnostic sensitivity, specificity, and accuracy for
RCC with contrast were 97, 93, and 95%, respectively. How-
ever, those for RCC using grey-scale sonography were 70,
86, and 78%, respectively. A similar study [37] identified the
presence of a pseudo-capsule using grey-scale sonography
in 3 of 14 RCC yielding a sensitivity of 21%. Sonographic
contrast-enhanced harmonic imaging revealed the presence
of a pseudo-capsule in 12 of 14 RCC yielding a sensitivity
of 85.7%. Although these findings suggest that there is ben-
efit to contrast-enhanced sonography for the detection and
characterizing of RCC, to date, no large study has compared
contrast-enhanced sonography to state-of-the-art CT or MR
for the detection and characterizing of renal masses.

Summary

In summary, plain film has little value in the detection of
RCC. The use of IVU has dramatically decreased and, in
most major centers, is no longer performed for evaluation of
hematuria. It is a limited method of investigation that will

soon disappear altogether. Sonography will always have a
role in the detection of incidental RCC despite having a lim-
ited role in characterizing renal masses. Although the use of
color Doppler sonography and contrast-enhanced sonogra-
phy does improve the detection and characterization of renal
masses, at present, renal mass protocol CT or MR is required
for complete evaluation of renal masses that are identified on
sonography.
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Chapter 7

Cross-Sectional Imaging of Renal Cell Carcinoma

A.E.T. Jacques and R.H. Reznek

Introduction

Renal cell carcinoma accounts for approximately 3% of all
cancer cases [1]. The stage of the disease at presentation
is the single most important prognostic factor, as surgery
remains the only curative treatment option. Cross-sectional
imaging therefore has a vital role in early detection and accu-
rate staging of renal cell carcinoma. A steady increase in the
incidence of renal cell carcinoma since the 1970s has been
observed [2], which is paralleled by an improved 5-year sur-
vival rate [3, 4]. This increase in survival can be attributed in
part to the increased detection of small tumors resulting from
the recent widespread use of cross-sectional imaging. Prior to
the introduction of body computed tomography (CT) in the
mid-1970s, 6–13% of renal cell carcinomas were detected
incidentally in asymptomatic patients [5, 6], compared with
up to 61% since [7, 8]. In addition the proportion of smaller
and lower stage tumors at presentation has increased. Prior
to 1980, fewer than 6% of renal cell carcinomas were 3 cm
or less at diagnosis, compared with 25% currently [6]. This
incidence now matches that of earlier autopsy series [9].

Diagnosis

Computed Tomography

In addition to the detection of renal mass lesions, CT plays a
principle role in the characterization of these lesions. Space-
occupying lesions of the kidney are extremely common in the
adult population, the vast majority being simple benign cysts
which generally do not pose a diagnostic problem to the radi-
ologist. However, a majority of solid renal space occupying

A.E.T. Jacques (B)
Academic Department of Radiology, St Bartholomew’s Hospital, West
Smithfield, London EC1A 7BE, UK

lesions are renal cell carcinomas. Because of this, percuta-
neous biopsy or needle aspiration of renal masses is not rec-
ommended as routine because of problems associated with
tumor seeding and high false-negative rates [10–12]. Biopsy
is reserved when tumors other than renal cell carcinoma are
suspected (metastases, lymphoma). Lesion characterization
with CT therefore forms an important role in directing appro-
priate patient management strategies. The typical appearance
of renal cell carcinoma on CT is of a heterogeneous, pre-
dominately solid mass which enhances by more than 10 HU
following contrast medium administration, and are often
larger than 3 cm in diameter (Fig. 7.1). Thick or punctate
calcification and areas of necrosis may be present. Renal
cell carcinomas are typically hypervascular and prominent
collateral vessels are often demonstrated (Fig. 7.2). Evidence
of local or distant disease extension may help to confirm the

Fig. 7.1 Axial CT scan following administration of intravenous con-
trast medium showing a well-defined, avidly enhancing mass within the
left kidney (arrows). There is central low attenuation due to necrosis.
The appearances are typical for renal cell carcinoma

J.J.M.C.H. de la Rosette et al. (eds.), Imaging in Oncological Urology, 61
DOI 10.1007/978-1-84628-759-6 7, c© Springer-Verlag London Limited 2009
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(a)

(c) (d)

(b)

Fig. 7.2 Right renal cell carcinoma; stage T3b M1. (a) Axial unen-
hanced CT scan showing a large, heterogeneous soft tissue mass (arrow)
arising from the right kidney with areas of calcification (hashed arrow)
and necrosis. (b–d) axial and coronal reformatted images obtained after
the administration of intravenous contrast medium showing avid and

inhomogeneous enhancement of the tumor. (c) Non-enhancing throm-
bus (black arrow) is seen filling the right renal vein and an adjacent sec-
ond renal vein (arrow head in b–d). (d) An enhancing mass is seen in
the left suprarenal region in keeping with an adrenal metastasis (curved
arrow)

diagnosis, in particular their propensity to invade the renal
vein and inferior vena cava (IVC) (Fig. 7.2). Solid lesions
particularly when small may be homogeneous and differen-
tiation from solid benign lesions needs to be considered.

CT Characterization of the Small (<3 cm)
Renal Mass

Much research has centered on characterizing the small (3 cm
or less) renal mass, the detection of which has increased
with the widespread use of CT and US. Most renal cell car-

cinomas of this size are predominately solid and homoge-
neous, measure greater than 20–25 HU, and enhance follow-
ing contrast medium administration [13, 14]. Once detected,
the recommended clinical management of small renal masses
has been largely influenced by observations of their rela-
tively slow growth rates and lower propensity to metasta-
size [3, 12, 13, 15]. Previously in fact, such lesions were
labeled benign renal cortical adenomas by some pathologists
and were detected incidentally at autopsy. These are in fact
histologically indistinguishable from renal cell carcinomas
but are of a lower grade and stage with variable patterns of
growth [15]. The need to surgically resect all such lesions
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is debated particularly in the elderly and those with other
co-morbid conditions from which the patient may succumb
rather than the small renal cell carcinoma. A recognized man-
agement pathway has been accepted. First, the solid nature of
an incidentally detected renal mass greater than 20–25 HU on
CT needs to be confirmed as a significant proportion of these
will represent cysts of increased density due to the presence
of haemorrhage, debris, or pus within. If not confirmed as
a simple cyst on ultrasound (US) repeated thin collimation
contrast-enhanced CT is performed. Five millimeter collima-
tion at least should be acquired, although 1.25 or 2.5 mm
thin slices can be reconstructed using MDCT techniques.
Images are acquired following intravenous administration of
iodinated water-soluble contrast medium. Contrast enhance-
ment is recognized as the most sensitive feature in the eval-
uation of the renal mass and enhancement is achieved when
an increase in attenuation of more than 10 HU is observed
[13, 14]. In assessing lesions enhancement, comparison must
always be made to the unenhanced scan and care should be
taken in the placement of the region of interest (ROI) marker.
There is currently no agreed increase in Hounsfield unit mea-
surement that can be reliably taken as evidence of enhance-
ment. Previously, with non-helical CT scanners, an increase
of 10 HU was taken as enhancement. However, it is currently
felt that reconstruction algorithms and beam hardening may
lead to greater variations in density measurements with the
newer helical scanners [16]. Some authors now recommend
the threshold should be increased to between 10 and 20 HU
[16] and if a renal mass enhances by this degree, further eval-
uation should be considered for characterization. Attention
should be made to apparent “pseudoenhancement” in renal
cysts which may arise secondary to image reconstruction
algorithms of modern scanners to adjust for beam harden-
ing artifacts. It may also occur in small (<2 cm) cysts which
are completely surrounded by enhancing renal tissue. It is
suspected when a cyst appears simply on the unenhanced
scan but increases in density by 10–15 HU following con-
trast administration. These lesions can often be characterized
as simple cysts with US.

While most renal cell carcinomas will demonstrate
enhancement, caution regarding some hypovascular tumors
should be made. In particular, the papillary cell variant
of renal cell carcinomas has been shown to demonstrate
lower contrast medium enhancement in the corticomedullary
phase, compared with conventional (clear cell) renal cell car-
cinomas [17–19]. In a recent study of 35 cases of papillary
renal cell carcinoma, 36% showed no definite enhancement
during the corticomedullary (30 s) phase but demonstrated
delayed enhancement during the nephrographic (90 s) phase.
No definite enhancement was shown by 34.2% in either
phase of the scan [20].

The decision to remove those tumors between 2 and 3 cm
in size will depend on the age and co-morbidity of the
patient with resection reserved for those medically fit and

less than 75 years of age. Smaller lesions (<1.5 cm), which
we are increasingly detecting, can be observed in younger
patients. It may not always be possible to characterize such
small lesions due to partial averaging effects and they are
often labeled as “indeterminate.” However a large propor-
tion of these will be small simple cysts. Follow-up should
be individualized, taking into account history of previous
renal tumors, known primary malignancy, family history or
predisposing familial syndrome, age, and surgical suitability
[21]. Using current multislice CT techniques it may be pos-
sible to characterize some of these lesions based on contrast
medium enhancement. As with larger lesions if enhancement
is demonstrated the lesion may represent a small neoplasm.
However, based on the observation of very slow growth rates
of renal cell carcinomas of this size, surgical excision is
not necessarily indicated and 6 month follow-up is gener-
ally advised. If there is no change is size after 1 year then
follow-up can be yearly. If the mass increases in size to 2 cm
and the patient is a surgical candidate, then resection could
be considered [13].

Cystic Renal Mass Lesions

Particular attention always has to be paid to the cystic or
partially cystic mass, with features not entirely consistent
with a simple cyst. Such features include increased density,
the presence of internal septations, wall thickening, nodular
projections, calcification, and enhancement. These features
make it difficult to exclude a malignant lesion and can be
categorized according to the Bosniak cyst classification sys-
tem [22–24] (Table 7.1). Category I lesions fulfill the crite-
ria for benign simple cysts and need no further follow-up.
Category II lesions are benign but have one or two more
complex features and include septations (Fig. 7.3a), mini-
mal benign calcification, and hyperdense cysts. Again they
do not require further follow-up or imaging. These include
hyperdense cysts exhibiting attenuation values greater than
water (>20 HU) because of proteinaceous or hemorrhagic
contents. They should be well defined, homogeneous, non-
enhancing, with no irregularities and less than 3 cm to clas-
sify as a category II lesion. In addition at least a quarter of
the lesion must extend outside of the kidney so the smooth-
ness and thickness of some of its wall can be evaluated [23].
Hyperattenuating cysts are considered suspicious if they are
irregular in contour, inhomogeneous, demonstrated enhance-
ment, or appear solid on US [24]. These lesions may repre-
sent small cystic renal cell carcinomas and surgery should
be considered. Category III and IV lesions (Fig. 7.3b–d) are
those with malignant features and must be removed surgi-
cally. Category IV lesions are clearly malignant cystic renal
cell carcinomas while category III lesions have some features
by which they cannot be distinguished radiologically from
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(a) (b)

(e)

(c) (d)

Fig. 7.3 Bosniak classification of cystic renal lesions. Axial CT scans
following contrast medium administration in four different patients. (a)
A well-defined homogeneous cystic lesion with an imperceptible wall
is seen arising from the left kidney. It contains a thin (<1 mm) single
septation (long arrow) with no thickening at its point of attachment, in
keeping with a Bosniak II renal cyst. (b) A multi-septated cystic lesion
is seen arising from the left kidney with septal thickening at the point of
attachment to the cyst wall (arrow head). This lesion is categorized as a
Bosniak III renal cyst and warrants further evaluation. This was a patho-
logically proven cystic renal cell carcinoma. (c) Cystic renal lesion with

focal areas of wall thickening (short arrows) in keeping with a Bosniak
III renal cyst. This lesion was proven to be a complicated benign cyst
with hemorrhage. (d) Focal enhancing soft tissue nodule (curved arrow)
within a renal cyst with multiple thickened septations and wall thick-
ening seen also (dashed arrows) in keeping with a Bosniak IV cystic
lesion. This was found to be a renal cell carcinoma. (e) Cystic renal
lesion with heavy peripheral calcification (arrows). When there are
no associated enhancing soft tissue components this lesion is classi-
fied as Bosniak IIF. Follow-up with repeat imaging in 3–6 months is
recommended
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malignant lesions. A proportion will be found to be benign
and include multiloculated cysts and chronically infected or
hemorrhagic cysts (Fig. 7.3c). More recently another cate-
gory (IIF) has been added to this classification system and
includes benign complicated cysts which require follow-up
over time to confirm stability [23]. Features in this group
include those with numerous but thin septa, septal, or wall
enhancement but no soft tissue component or hyperdense cat-
egory II lesions which are totally intrarenal or greater than
3 cm [23]. It also includes those with large amounts of calci-
fication but no enhancing soft tissue components (Fig. 7.3e).
The risk of malignancy in a Bosniak IIF lesion that is
being followed up is approximately 5% [23] compared with
25–100% in a surgical lesion (Bosniak III) [25].It is impor-
tant for radiologists to give some indication as to the signif-
icance of their findings when describing cystic renal lesions.
Follow-up at 3–6 month interval for a Bosniak IIF lesion is
often recommended in the first instance.

MRI

CT has been traditionally considered by radiologists to be
the investigation of choice for the detection and charac-
terization of focal renal lesions, with MRI being reserved
for specific problem solving. However, MRI is considered
the primary imaging modality in certain groups of patients
particularly those with chronic renal insufficiency, those in
whom contrast-enhanced CT is contraindicated, and those
who require multiple follow-up imaging for surveillance to
avoid the burden of repeated CT examinations. This becomes
particularly pertinent in patients with known or family his-
tory of syndromes associated with renal cell carcinoma such
as Von Hipple Lindau syndrome (VHL) and tuberous scle-
rosis (TS). Given its improved contrast resolution compared
with CT, some authors find MRI better for the detection and
characterization of the very small (less than 1.5 cm) renal
lesions [26]. Again this is important for those with VHL or
TS in whom renal cell carcinomas can arise within small sim-
ple cysts.

Although the original Bosniak classification of renal cysts
is based on CT findings, the same approach can be used
when characterizing lesions with MRI (see Table 7.1) [26].
Upgrading of lesions might occur, however, with MRI which
may detect more or thicker septa or demonstrate subtle
enhancement compared with CT in some cases. A disadvan-
tage of MRI is its inability to depict calcification which is
poorly visualized as a signal void. Proteinaceous or hemor-
rhagic contents of complex cysts are easily demonstrated on
MRI, however, owing to their T1 shortening effect resulting
in high signal intensity on T1-weighted imaging. Although
hemorrhagic foci can be present in renal cell carcinomas,

lack of gadolinium enhancement must be observed to diag-
nose a hemorrhagic cyst [27].

Small solid renal cell carcinomas have similar signal
intensity to surrounding renal parenchyma on T1- and T2-
weighted imaging and are less well seen (Fig 7.9). How-
ever, they enhance differently to renal parenchyma follow-
ing administration of gadolinium and become more conspic-
uous. Gadolinium enhancement of the wall of a necrotic renal
cell carcinoma enables differentiation from a complex cyst
where the wall does not enhance. MRI sequences combined
with fat suppression techniques increase the contrast to noise
ratio between tumor and surrounding fat on T2-weighted
and gadolinium enhanced T1-weighted images and improves
the conspicuity of small renal tumors [27]. Fat suppression
also allows differentiation from fat containing benign renal
angiomyolipomas.

Staging – CT and MRI

Accurate preoperative staging of renal cell carcinoma is
vital, given that surgery is the only potentially curative treat-
ment option. The Robson and TNM systems are commonly
used for staging renal cell carcinoma and are summarized in
Table 7.2. The presence of metastatic lymphadenopathy,
extensive local organ invasion, and distant metastases deter-
mines operability. Previously all operable tumors were
treated with radical nephrectomy plus ispsilateral adrenalec-
tomy, and the distinction between Robson stages 1 and 2
tumors was less relevant. However, with the introduction of
less aggressive treatment options such as nephron sparing
surgery or radiofrequency ablation, this distinction is vital
for appropriate surgical planning if local recurrence is to be
avoided. This distinction is a challenge for the radiologist
with increasing frequency of lower stage tumors at presenta-
tion.

Tumor extension into the renal vein and IVC is treated
with thrombolectomy, but preoperative knowledge of the
level of tumor extension will predict surgical approach.
Extension of tumor thrombus above the level of the hep-
atic vein confluence will require a midline abdominal rather
than flank incision, and for extension into the supradiaphrag-
matic IVC, the incision is extended caudally to a midline ster-
notomy and intraoperative cardiopulmonary bypass maybe
required [28]. Direct tumor invasion of the IVC wall carries
a worse prognosis which can be improved with caval wall
resection and vascular reconstructive surgery [29].

Radiological staging can be achieved with a combination
of ultrasound, CT, and magnetic resonance imaging (MRI).
CT has been the imaging modality of choice for RCC stag-
ing, with the accuracy for each stage approaching 100% and
overall accuracy of 91% [30]. Staging accuracies of between
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Table 7.2 Renal cell carcinoma staging systems

Robson stage Description TNM stage

Tumor contained within the renal capsule
I < 7 cm T1

> 7 cm T2
II Tumor spread to perinephric fat and/or ipsilateral adrenal gland T3a

Venous tumor thrombus
III-A Renal vein only T3b

Infradiaphragmatic IVC T3c
Supradiaphragmatic IVC T4b

III-B Regional lymph node metastases N1–N3
III-C Venous tumor thrombus and regional lymph node metastases
IV-A Direct invasion of adjacent organs outside Gerota’s fascia T4a
IV-B Distant metastases M1a–M1d, N4

74 and 96% have been reported with MRI [31–38]. In clin-
ical practice, MRI is used for specific problem solving such
as detecting early perinephric invasion and demonstrating
venous, including IVC wall, invasion. However with recent
advances in CT technology, multidetector row CT (MDCT)
can now provide multiplanar imaging, three-dimensional
volume-rendered imaging, and angiographic reconstructions
of the renal vasculature (Figs. 7.4 and 7.5), thus increasing
the staging accuracy of CT [37]. CT will continue to be
the most widely used imaging modality of choice for the
detection of distant metastases and for the overall staging
of renal cell carcinoma. MRI may nevertheless still have an
advantage in predicting direct invasion of the inferior caval
wall [39].

Perinephric Invasion

The detection of tumor extension beyond the renal capsule
and into the perinephric fat can be difficult with CT or MRI.
The most reliable sign is the presence of a discrete soft tis-
sue mass measuring at least 1 cm within the perinephric fat
and is 98% specific for diagnosing stage 2 disease (Fig. 7.6).
However, this sign will be absent in the majority of patients

Fig. 7.4 Left renal cell carcinoma; Stage T1a. Coronal reformatted CT
scan obtained after the administration of intravenous contrast medium
showing a small, enhancing renal cell carcinoma, exophytic to the mid-
pole of the left kidney (arrow). The relationship of the tumor to adjacent
vessels is clearly demonstrated

with stage 2 disease and the sensitivity of this finding on
CT is only 46% [30]. Early signs on CT which may sug-
gest perinephric extension include, indistinct tumor margin,
blurring of the renal outline, thickening of the perirenal fas-
cia and stranding of the perinephric fat (Fig. 7.6). Thicken-
ing of the perirenal fascia becomes a more sensitive indica-
tor of extension when focal and contiguous with the tumor
[40]. Perinephric fat stranding alone is a poor indicator of
stage 2 disease and is seen in up to 50% of those with
stage 1 tumor confined to the kidney [30] where it may be
attributable to edema, inflammation, or fibrosis (Fig. 7.7).
Staging can also be difficult in the presence of perirenal hem-
orrhage (Fig. 7.8). Using high-resolution MDCT to generate
1 mm reconstructed images in multiple planes, the diagnos-
tic accuracy can be increased to 95% with high positive and
negative predictive values of 100 and 93%, respectively [38].

On MRI, similar parameters for diagnosing perinephric
fat infiltration exist and the presence of focal extension of
tumor is the most reliable finding. Perinephric stranding
extending from the renal capsule, of low signal on T1- and
T2-weighted sequences, is in keeping with fibrosis rather
than direct tumor extension [33]; however, thickened strands
(>5 mm) or strands of similar signal intensity to the tumor
are suggestive of tumor infiltration. The limitations of detect-
ing extracapsular invasion exist on MRI as well as on CT.
MRI, however, has a high negative predictive value for
excluding extracapsular invasion of 97–100% [36, 41] which
is as helpful for surgical planning (Fig. 7.9).

On MRI a low signal intensity pseudocapsule composing
of fibrous tissue and compressed renal parenchyma can be
seen surrounding the tumor in up to 59% of stage 1 renal
cell carcinomas [41, 42]. T2-weighted imaging is more sen-
sitive for detecting the pseudocapsule which is seen almost
exclusively in renal cell carcinoma [42] (Figs. 7.9 and 7.10).
It is seen more commonly in tumors less than 4 cm in size
and is associated with lower tumor grades. Interruption of
the pseudocapsule is suggestive of stage 2 disease while its
preservation may help determine suitability for nephron spar-
ing surgery, particularly enucleation.
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(a) (b)

(c)

Fig. 7.5 Right renal cell carcinoma; Stage T1a. Axial (a) and (b,c)
coronal reformatted image CT scans following administration of intra-
venous contrast medium showing a small, enhancing renal cell carci-

noma exophytic to the upper pole of the right kidney (arrow). The
relationship of the tumor to adjacent vessel (arrow head) is clearly
demonstrated

(a) (b)

Fig. 7.6 Stage T3a renal cell carcinoma. Axial CT scans following
intravenous contrast medium in two different patients (a, b) showing
large focal renal cell carcinomas with bulging nodular tumor projec-

tions (arrows) in keeping with perinephric invasion. In (b) there is focal
thickening of the adjacent Gerota’s fascia (curved arrow) in keeping
with tumor extension
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(a) (b)

Fig. 7.7 Renal cell carcinoma staging; perinephric stranding versus
edema. Axial CT scans following intravenous contrast medium admin-
istration in two different patients (a, b) showing focal renal cell car-

cinomas with prominent perinephric stranding (arrows). In both cases
stage T1 was confirmed pathologically. The perinephric stranding was
secondary to edema rather than tumor invasion

(a) (b)

Fig. 7.8 Coronal reformatted CT scans following intravenous contrast
medium administration. This patient presented with right flank pain.
(a) CT scan revealed a large right renal cell carcinoma with exten-
sive perirenal hematoma (arrow heads) extending along conal fascia

(arrow). Local staging of this tumor was difficult in the presence of
marked perirenal hematoma and edema. (b) Thrombus within the IVC
seen as non-enhancing filling defect below the level of the hepatic veins
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(a) (b)

Fig. 7.9 Stage T1a right renal cell carcinoma. (a) T1-weighted fat-
saturated and (b) T2-weighted MRI sequences showing focal renal cell
carcinoma arising from the right kidney. No evidence of perinephric
invasion and the surrounding fat plane is well visualized. An intact

low signal intensity pseudocapsule (curved arrow) is seen on the T2-
weighted image (b) although it is partially obscured anteriorly by adja-
cent bowel

Fig. 7.10 Coronal T2-weighted MRI showing focal left-sided renal cell
carcinoma (arrow) with an intact low signal intensity pseudocapsule
(arrow heads) in keeping with stage T1 disease

Collecting System Invasion

Invasion of the collecting system by renal cell carcinoma is
not included at present in the criteria for staging by either
the Robson or the TNM systems but is important in assessing
suitability for nephron sparing surgery. It is seen in up to 14%
of cases [43], usually in larger tumors and in the presence

of hematuria. It is also associated with a worse prognosis
with an overall 3-year survival rate of 39% reported in one
recent study compared with 62% for those without collect-
ing system involvement [43]. The difference in prognosis is
more pronounced in those with lower stage tumors (Robson
stages 1 and 2). Clearly, partial nephrectomy would not be
appropriate for these patients. MRI has been shown to
exclude collecting system invasion with a negative predictive
value of 100% [41].

Vascular Invasion

Renal cell carcinoma extension has been reported into the
renal vein in 10–23% and into the IVC in 5–7% of cases
at surgery [28, 29, 44, 45] and is more common in tumors
arising from the right kidney. Venous invasion was not seen
in tumors <4.5 cm in size in one large series [45] and was
seen more commonly in tumors >7 cm compared with those
<5 cm in size (61 versus 12%) in another series [46]. The
presence of tumor thrombus alone does not influence progno-
sis once completely resected; however accurate preoperative
detection and prediction of the upper level of extension has
an important role in surgical planning. Optimum detection
of tumor invasion of the renal vein and IVC by CT requires
acquisition of thin sections at 60 s after commencing injec-
tion of contrast medium, at which time peak opacification
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(a)

(b)

(c)

Fig. 7.11 Right renal cell carcinoma with renal vein and IVC throm-
bus. CT scan following intravenous contrast medium administration. (a)
Large right renal cell carcinoma with perinephric stranding, thickening
of Gerota’s fascia (arrow heads), and bulging tumor contour (arrow) in
keeping with perinephric invasion. (b) The renal vein (curved arrow)

appears to be markedly distended and was initially thought to be patent
although contained enhancing thrombus as confirmed following resec-
tion. (c) Coronal reformatted images show IVC thrombus as low density
filling defect, extending above the hepatic vein confluence into the right
atrium (arrows)

of the renal vein and IVC is achieved (Fig. 7.11). Detection
of tumor thrombus depends on the presence of a persistent
filling defect with or without a peripheral rim of contrast,
and this sign is associated with a high positive predictive
value [30, 47]. Indirect signs include vessel caliber enlarge-
ment and the presence of collateral vessels although both
of these appearances can occur as a result of neovasulariza-
tion and arteriovenous shunting in a hyperdynamic circula-
tion induced by some renal cell carcinomas. The sensitivity
and specificity of CT for the detection of venous invasion is
approximately 79 and 97%, respectively [30, 45], with dif-
ficulties arising in determining the level of extension when
near the hepatic vein confluence or in the region of the right
atrium (Figs. 7.11c and 7.12).

Because of these limitations, MRI has found a place as
the more reliable method with sensitivities and specifici-
ties ranging between 82–100 and 87–100%, respectively, for
the detection and prediction of level of venous thrombus
extension [33, 39, 45, 48–50] (Figs. 7.12–7.14). Thrombus
is diagnosed as high to intermediate signal intensity with
loss of the normal flow void within the vessel on T1 and T2

spin echo sequences (Figs. 7.13 and 7.14). Images acquired
in the coronal plane are particularly useful for determining
the upper level of extension (Figs. 7.13 and 7.14). Fast gra-
dient echo sequences enable acquisition in a single breath
hold with less motion artifact and can be combined with
cardiac gating for detection of intracardiac extension. Flow-
ing blood is fully magnetized throughout the gradient echo
sequence and returns a high signal allowing differentiation
between low signal bland thrombus or blood clot and inter-
mediate signal tumor thrombus [49]. However, in practice the
signal intensity may be variable and the use of intravenous
gadolinium to demonstrate enhancement of tumor thrombus
versus non-enhancing bland thrombus is more reliable [39]
(Fig. 7.15). Tumor thrombus may directly invade the IVC in
25–64% of those with venous extension [29, 39, 49] and is
associated with worse prognosis compared with bland throm-
bus. Hatcher et al. [29] reported 26% 5-year survival in a
group with caval wall invasion compared with 69% in those
with mobile thrombus, with improved survival rate of 57%
following complete resection of the invaded segment of caval
wall. Preoperative diagnosis of wall invasion is desirable for
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Th

RA

(a) (b)

(c) (d)

(e) (f)

Fig. 7.12 Right renal cell carcinoma with renal vein and IVC invasion.
(a, b) Contrast-enhanced CT scan showing (a) well-defined enhancing
renal cell carcinoma in the right kidney with (b) tumor extension in
the renal vein (arrow). (c) Coronal and (d) sagittal T1-weighted MRI
images confirming the presence of thrombus extending into the intra-

hepatic IVC. (e, f) Ultrasound images showing echogenic thrombus
(Th) within the IVC but not extending into the right atrium (RA). (f)
Vascularity is seen within the thrombus confirming tumor rather than
bland thrombus
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(a) (b)

Fig. 7.13 Left renal cell carcinoma with tumor thrombus; CT and MRI
correlation. (a) Coronal reformatted CT and (b) coronal T1-weighted
MRI both show a large left renal cell carcinoma and tumor thrombus

within the IVC. The upper level of extension of thrombus within the
IVC is visualized (arrows) which is above the hepatic vein confluence
but not into the right atrium

(a) (b)

Fig. 7.14 IVC thrombus from renal cell carcinoma. (a, b) Coronal T1-
weighted MRI showing the IVC expanded by intermediate signal inten-

sity thrombus (arrows). The thrombus extends above the level of the
hepatic vein confluence and is seen within the right atrium (arrow head)
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(a) (b)

Fig. 7.15 Tumor thrombus. Axial (a) T1-weighted and (b) T1 fat-
saturated images post-gadolinium administration. The left renal vein
is expanded by thrombus (arrows) which extends into the IVC (arrow

head). The thrombus avidly enhances following contrast administration,
confirming tumor rather than bland thrombus

(a) (b)

Fig. 7.16 IVC tumor thrombus (two different patients). (a) Coronal
reformatted CT following intravenous contrast medium administration
and (b) coronal post-contrast-enhanced T1-weighted fat-saturated MRI
showing enhancing tumor thrombus within the IVC. Both CT and MRI

demonstrate enhancement of the IVC wall (arrows) in keeping with wall
invasion by tumor thrombus. Large right renal cell carcinoma (arrow
head) in (b)
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Fig. 7.17 Multidetector row CT images following intravenous con-
trast medium administration. Images are reformatted in a coronal plane
to provide angiographic images. The arterial and venous anatomy is
well demonstrated and there is non-enhancing thrombus within the IVC
(arrow) at the level of the hepatic venous confluence

the surgeon as removal may require vascular reconstruction
or be complicated by higher rates of bleeding (Fig. 7.16).
Wall invasion is suggested on MRI where there is loss of
clarity of the low signal intensity vessel wall, thickening, or
altered signal intensity of the wall. It is more confidently
diagnosed in the presence of a direct breach of the ves-
sel wall with enhancing tumor seen on either side. Over-
all the accuracy for wall invasion reaches 92–94% [39, 49],
with 100% sensitivity and 89% specificity reported in one
study [39].

Using MDCT, 1 mm thin slices can be acquired and
reformatted into maximum intensity projections allowing
assessment of arterial and venous anatomy. Images can
be reformatted longitudinally along the line of the vessel
with improved depiction of vascular anatomy (Fig. 7.17).
Using this technique, accuracy rates of up to 100% for the
detection and localization of venous thrombus have been
reported [51].

Lymph Nodes

Lymph node metastases in patients with renal cell carci-
noma indicate worse prognosis and are associated with an
increased incidence of distant metastases and local recur-
rence. At present size remains the main criterion for deter-
mining lymph node involvement, with short axis diameter of
greater than 1 cm considered abnormal. CT is well placed
to demonstrate local and distant nodal groups and con-
trast enhancement is advised to differentiate large collateral

vessels from nodes. The limitations of using size criteria are
well recognized, with nodes greater than 1 cm found to con-
tain normal or hyperplastic lymphoid tissue in up to 43% of
cases [29, 30, 32]. The incidence of enlarged reactive locore-
gional nodes is increased in the presence of tumor necro-
sis and venous invasion [52]. Conversely micrometastases
within normal-sized lymph nodes will result in false-negative
rates of about 4% [52]. Suspicious features of normal-sized
nodes include a round rather than oval shape, loss of the
normal fatty hilum, and contrast enhancement similar to
the primary tumor. However, these features would be more
likely in the presence of nearly or completely replaced nodes
rather than micrometastases. Overall, using a size threshold
of 1 cm, the sensitivity and specificity for diagnosing lymph
node involvement have been reported as 83 and 88%, respec-
tively [30].

The same limitations of using size criteria to define
abnormality apply to MRI. However, recent developments in
lymph node-specific contrast agents show promising results
in differentiating metastatic nodes irrespective of size. Ultra-
supramagnetic iron oxide particles (USPIOs) are admin-
istered intravenously as a suspension of tiny iron oxide
nanoparticles which are taken up by normal reticuloendothe-
lial tissue. They induce a magnetic susceptibility effect on
MRI, most marked on T2∗ sequences and which results in
signal dropout in tissues which have taken up the agent.
On precontrast T2∗ sequences, normal or hyperplastic reac-
tive nodes are of high signal intensity and subsequently
lose signal as they take up the agent. Nodes in which the
normal macrophages are replaced by tumor will remain of
high signal intensity either uniformly if completely replaced
or heterogeneously if partially involved. Data on the use
of USPIOs for cancers elsewhere in the body have been
reported [53, 54] and show significantly higher sensitivity
for the detection of nodal metastases compared with conven-
tional MRI.

Stage IV Disease

Local Organ Invasion

Detection of local and distant organ involvement (stage IV)
is crucial to the staging of renal cell carcinoma and for treat-
ment planning. The presence of extensive local organ inva-
sion or widespread metastases will usually preclude surgery
and other treatment options such as interferon or interleukin-
2 therapies will be considered. Locally invasive stage IV
disease represents direct tumor invasion through Gerota’s
fasica and into adjacent structures such as erector spinae and
psoas muscles, liver, tail of pancreas, spleen, and diaphragm
(Fig. 7.18). The most reliable signs of organ invasion are
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(a) (b)

Fig. 7.18 Stage 4 renal cell carcinoma with local organ invasion. Axial
CT scans post-contrast medium administration in two different patients.
(a) Large right renal cell carcinoma invading the liver (curved arrow)

and (b) local perinephric invasion and invasion of the serosal surface of
adjacent bowel loops (arrows)

either enlargement or change in density of the affected organ
or both. Obliteration of the fat plane between tumor and
adjacent organ is not a reliable sign and is reported in 15%
of those without invasion [30]. Multiplanar imaging with
MDCT improves visualization of adjacent organ invasion,
with accuracy up to 100% reported [51].

On MRI accuracy rates of 97–100% for detection of local
organ invasion have been reported [33] although the validity
of specific radiological signs is difficult to evaluate as these
patients are usually excluded from surgery. As on CT, direct
visualization of tumor within adjacent organs is the most reli-
able sign, and the excellent contrast resolution and multipla-
nar imaging capabilities of MRI make it useful for assessing
local organ invasion.

Distant Metastases

Up to 30% of patients have distant metastases present at the
time of diagnosis, the most frequent sites being lung, bone,
liver, and brain [2]. Early detection of metastases is important
for predicting prognosis, which remains poor with a 2-year
survival rate of 10–20% for those presenting with metastatic
disease. Regional lymph node involvement at presentation is
a strong predictor of disease dissemination and when present,
distant metastatic disease is present in up to 93% accord-
ing to autopsy data [55]. In selected patients, chemoreduc-
tive nephrectomy and metastasectomy is being considered

for those with limited metastases and is being performed
either alone or in conjunction with systemic immunotherapy.
Survival rates improved by up to 50% have been reported
[56, 57].

CT is the primary imaging tool for the detection of distant
metastases and has the advantage over MRI of being able
to image a large volume of the patient in a short time. It is
therefore ideal for the detection of distant metastases partic-
ularly to the lungs, liver, and lymph nodes. MRI is usually
reserved for specific problem solving such as adrenal and
liver lesion characterization and spine and brain imaging as
dictated by patient symptoms. The diagnosis of metastases at
specific sites on CT and MRI will now be considered.

Lung

Pulmonary metastases are the most frequent site of distant
disease seen in up to 61% of patients who subsequently
develop metastases following nephrectomy for initially iso-
lated renal cell carcinoma [58–60]. In an autopsy series of
554 patients with clinically unrecognized renal cell carci-
noma, 21% had evidence of metastatic spread, with 74% of
these having lung metastases [55]. Pulmonary and mediasti-
nal metastases are frequently asymptomatic and detection is
best achieved with CT. The lungs are the most frequent site
of solitary metastases [55] and are the commonest site con-
sidered for metastasectomy. If complete metastasectomy is
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achieved, 5-year survival rates of 39–45% have been reported
[61–63]. Improved survival following resection is associated
with a fewer number of metastases and absence of mediasti-
nal lymph node metastases. These features need to be consid-
ered on the preoperative CT if appropriate patient selection
is to be achieved, although limitations of predicting lymph
node involvement with cross-sectional imaging have already
been discussed.

Liver

CT is the primary tool for initial staging of renal cell car-
cinoma, and the liver is often imaged during the portal
venous phase of contrast enhancement as part of a stan-
dard “chest/abdomen/pelvis” staging CT protocol. How-
ever, as with the primary tumor, hepatic metastases from
renal cell carcinoma are frequently hypervascular and will
often enhance during the arterial phase of contrast infu-
sion, becoming isointense with surrounding enhanced liver
parenchyma on the portal venous phase. Indeed, they may
be more conspicuous on the precontrast images or as they
enhance early during the hepatic arterial phase of contrast
infusion. For patients being considered for liver metastasec-
tomy where precise knowledge of the number and distribu-
tion of liver metastases is required, repeat triple phase CT of
the liver should be considered.

Liver MRI has a role in the characterization of focal liver
lesions and can differentiate benign lesions such as cysts,
hemangiomas, and focal nodular hyperplasia from metas-
tases with a high degree of accuracy. Liver metastases from
all primary tumors are most commonly mildly hypointense
on T1-weighted MRI and moderately hyperintense on T2-
weighted MRI [64]. Patterns of enhancement aid lesion
characterization and this is commonly achieved following
intravenous administration of gadolinium chelates. Serial
imaging is obtained during arterial (18–30 s), portal venous
(45–60 s), and delayed (90–120 s) phases post-injection. As
described, liver metastases from renal cell carcinoma are
typically hypervascular and enhancement during the arterial
phase of gadolinium administration leads to signal inten-
sity greater than that of surrounding liver parenchyma in
80% [64].

Other MRI contrast agents specific to liver parenchyma
are being used for the detection and characterization of
focal liver lesions. These include manganese-based com-
pounds which are taken up by hepatocytes and supra-
paramagnetic iron oxide (SPIO) agents which target liver
Kupffer cells. Both of these agents have been shown to
improve lesion detection rate when compared with dynamic
contrast-enhanced CT, and are of particular value in detect-
ing small sub-centimeter lesions [65–68]. SPIO-enhanced
MRI results in improved detection rates with sensitivity of

up to 97% [65], compared with around 73–85% for CT.
Again, improved detection of liver metastases is important
in patients being considered for metastasectomy.

Adrenal

Metastases to the adrenal gland are uncommon, 4.3%
reported in one large series [69] (Fig. 7.19). The ipsilateral
gland can become involved either by direct invasion from an
upper pole tumor or by hematogenous or lymphatic exten-
sion. At present ipsilateral adrenal gland involvement is clas-
sified as stage T3a by the TNM staging system, which also
includes invasion of the perinephric fat into this group (see
Table 7.2). However, in reality, involvement of the ipsilateral
adrenal gland confers a worse prognosis compared with per-
inephirc fat invasion, with higher lymph node involvement at
presentation and lower 5-year survival rate reported [70, 71].
Indeed, disease to the ipsilateral adrenal gland confers a
prognosis more similar to those with stage T4. Identification
of adrenal gland involvement is important to plan surgery
because currently adrenalectomy is not routinely performed.
CT features suggesting involvement include adrenal gland
enlargement, displacement, nodules, or irregularity and have
been shown to be sensitive (100%) but less specific (76%)
for the diagnosis [72, 73].

Incidentally detected adrenal masses are seen in up to
9% of the adult population on abdominal CT [74, 75]. The
most frequent differential diagnosis to consider is that of
a benign cortical adenoma. These are seen in 29–57% of
patients with underlying malignancy [76–78]. Adrenal ade-
nomas can be confidently diagnosed on CT by virtue of their
high lipid content and contrast medium washout characteris-
tics. An inverse relationship between lipid content and CT
attenuation has been shown [79], and lipid-rich adenomas
typically have density measurements of less than 20 HU on

Fig. 7.19 Stage 4b renal cell carcinoma. Axial CT scan post-contrast
medium administration showing a renal cell carcinoma arising from the
mid-pole of the left kidney (curved arrow) and a contralateral metastasis
within the right adrenal gland (arrow)
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unenhanced CT [80]. When a threshold of 18 HU is taken, a
diagnosis of an adrenal adenoma can be made with 85% sen-
sitivity and 100% specificity [81]. Sensitivity increases when
lower attenuation thresholds are taken and in clinical practice
10 HU or less is usually taken as the cutoff point for confident
diagnosis.

However, up to 30% of adrenal adenomas are lipid poor
and have attenuation values of greater than 20 HU on unen-
hanced CT. A confident diagnosis of both lipid-rich and
lipid-poor adenomas can be made on a basis of lesion con-
trast medium enhancement and washout characteristics. Ade-
nomas typically enhance early with rapid washout of con-
trast medium, compared with metastases which demonstrate
much slower contrast washout. Quantitative evaluation can
be made if lesion attenuation value measurements are taken
at 0 s (unenhanced), 60 s (initial enhancement), and 15 min
(delayed enhancement) following contrast medium adminis-
tration. The absolute percentage contrast washout can then
be calculated:

absolute % washout = initial enhancement – delayed enhancement

initial enhancement – unenhanced
× 100

Alternatively, if unenhanced images are unavailable, as if
often the case in clinical practice, the relative washout can be
calculated:

relative % washout = initial enhancement – delayed enhancement

initial enhancement
× 100

Absolute percentage washout of >60% and relative per-
centage washout >40% are used to make a diagnosis of

adrenal adenoma with sensitivity/specificity of 88/96% and
96/100%, respectively [82].

A small percentage of adrenal adenomas, however,
remains indeterminate following both unenhanced and con-
trast medium-enhanced CT. For this group of patients, where
distinction between a benign adrenal adenoma and metasta-
sis is vital, MRI has a role in lesion characterization. MRI
sequences optimized for the detection of intracellular lipid
can characterize those lipid-poor adenomas which remain
indeterminate on CT. Chemical shift MRI exploits the nor-
mal difference in precessional frequency between protons in
fat and water molecules within a given voxel. The protons
can be made to precess, or spin, at the same frequency and
are “in phase” with each other, generating an additive sig-
nal. When they are made to precess “out of phase” the signal
is reduced in those voxels which contain both fat and water
protons (Fig. 7.20). Loss of signal on the out-of-phase com-
pared with the in-phase images confirms the presence of both
intracellular lipid and water, only seen in adrenal adenomas,
which can be diagnosed with up to 100% specificity [82].

The degree of signal intensity loss can be assessed visu-
ally or quantitatively by using region of interest (ROI)
measurements of the adrenal lesion on the in-phase (SI

adrenal IP) and out-of-phase (SI adrenal OP) images. The
signal intensity index (SII) calculates percentage signal loss
within the lesion:

SII = SI adrenal IP − SI adrenal OP

SI adrenal IP
× 100

(a) (b)

Fig. 7.20 Adrenal adenoma. Chemical shift MRI (a) in phase and (b)
out of phase. There is a well-defined mass related to the left adrenal

gland (arrows) which demonstrates homogeneous loss of signal on the
out-of-phase images, in keeping with and adrenal adenoma
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SII of greater than 16.5% diagnoses adrenal adenomas
with up to 100% accuracy [84]. Some authors advocate com-
paring signal loss against an internal standard and the spleen
is usually used for this purpose as it is not subject to fatty
infiltration unlike the liver or skeletal muscle. The adrenal
to spleen ration (ASR) is calculated by taking ROI measure-
ments of the adrenal lesion and spleen at similar levels on the
in- and out-of-phase images:

ASR = SI adrenal OP/SI spleen OP

SI adrenal IP/SI spleen IP
× 100

ASR of 70 or less has been shown to be 100% specific
for diagnosing adenomas but only 78% specific [85]. Speci-
ficity increases to 100% when a threshold ASR of 80 or
less is taken [86]. Most authors however agree that simple
visual assessment of signal loss is as accurate as quantitative
methods [87].

The Role of Multidetector CT (MDCT)
in Nephron Sparing Surgery Planning

The aim of nephron sparing surgery is to achieve complete
resection of the tumor so as to prevent local recurrence, while
preserving as much renal parenchyma so as not to com-
promise renal function. Nephron sparing surgery involves
either enucleation of the tumor with a thin 5–10 mm rim
of renal parenchyma or partial nephrectomy. Image-guided
radiofrequency ablation techniques are also being developed
[88–90]. The selection of suitable candidates therefore
requires detailed preoperative staging and knowledge of the
renal anatomy, and this can be best achieved with a combina-
tion of CT and MRI. Traditionally nephron sparing surgery
was considered in patients with a functional solitary kidney,
severely compromised renal function, or bilateral tumors but
is now also being considered in patients with small incidental
tumors with normal renal function. Tumors considered suit-
able for this technique include small (<4 cm) usually periph-
eral, preferably exophytic lesions. They should be located
away from the collecting system and renal hilum with no
renal vein invasion or distant metastases [91]. In addition to
the role of cross-sectional imaging in staging renal cell car-
cinoma described above, a number of authors describe the
use of three-dimensional imaging generated from MDCT for
preoperative surgical planning [91–94]. MDCT allows imag-
ing of a whole volume of tissue with multiple thin overlap-
ping slices, in a single breath hold, thus reducing misreg-
istration and motion artifact. Two-dimensional (2D) images
can be reconstructed in any plane enabling the relationship
to surrounding structures to be better visualized. Volume-
rendered three-dimensional (3D) images can be reformat-
ted from the original data set and overlapping structures

can be subtracted out (Fig. 7.21). The final image, when
reviewed on a dedicated workstation, can be rotated in any
plane and images generated which are more favorable to
the surgeon. The anatomical detail provided allows accurate
depiction of the spatial relationship between tumor, collect-
ing system, renal hilum, and vasculature [92, 93]. Three-
dimensional volume-rendered or maximum intensity projec-
tion angiographic images can be generated from contrast-
enhanced images to demonstrate renal vascular anatomy
(Figs. 7.4 and 7.22). Similarly MRI angiographic images

Fig. 7.21 Volume-rendered multi-row detector CT image showing a
focal left renal cell carcinoma (arrow) and its relationship with the main
renal artery and vein (arrow heads)

Fig. 7.22 Multi-row detector CT angiographic images showing the vas-
cular supply of the right renal cell carcinoma (arrow)
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(a) (b)

Fig. 7.23 (a) Coronal post-contrast T1-weighted fat-saturated MRI
showing right renal cell carcinoma (arrow) with infrahepatic IVC inva-

sion (arrow head). (b) Coronal contrast-enhanced MR angiographic
images demonstrate the arterial supply to the tumor (hashed arrows)

can be acquired (Fig. 7.23). The presence of accessory renal
arteries and variations in renal venous anatomy are well
demonstrated.

Recurrence

Surgery remains the only effective treatment option for
the majority of patients with renal cell carcinoma. Tumor
recurrence following radical nephrectomy occurs in approx-
imately 20–30% [58, 95]. Isolated local recurrence in the
nephrectomy bed is uncommon, seen in less than 4% [58,
96]. Risk factors for local recurrence include positive surgi-
cal margins and involved regional lymph nodes at the time
of surgery. The majority of local recurrences are asymp-
tomatic and earlier detection with cross-sectional imaging is
associated with less post-surgical morbidity [96, 96]. Sur-
gical resection of isolated recurrent disease has resulted in
improved 5-year survival rates of 33–50% [63, 96, 98].

Increased survival following local recurrence resection is
associated with smaller recurrent tumor size and longer time
to recurrence after radical nephrectomy [97].

The most important predictor of both local and distant
recurrence is the pathological stage of the primary tumor,
with more frequent and earlier recurrence associated with
T3 compared with T1 or T2 tumors [58, 99, 100]. Over-
all 5-year survival has been reported around 91% for patho-
logically staged T1 tumors, and is reduced to around 52%
for pT3 tumors. Improved survival with lower stage disease
is related to longer time to recurrence with development of
metastases a mean of 43 months post-nephrectomy for pT1
tumors compared with 17.8 months for pT3 [95]. Other risk
factors for recurrence include locally invasive tumor, venous
tumor thrombus, high pathological grade, and sarcomatoid
histological type.

The commonest site for recurrent disease is the lungs,
seen in 37–61% with recurrent disease following nephrec-
tomy for initially localized disease [58–60]. Bone metastases
are the next most frequent in 22–32%, followed by
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liver in 9–32%. Brain metastases are reported in around
2–8% [58–60, 95]. With up to 64% of recurrent disease being
asymptomatic [99], post-operative surveillance imaging is
important for the early detection of resectable disease. This is
primarily achieved with interval CT scanning. In planning a
surveillance imaging strategy, knowledge of the natural his-
tory of recurrent renal cell carcinoma is needed. The median
time to recurrence is 15–23 months following nephrectomy
[58, 95, 99, 100]. Up to 85% of recurrences are diagnosed
within 3 years and 93% within 5 years [58, 95]. Late recur-
rences occurring more than 10 years after primary surgery are
well recognized. Longer overall survival is associated with a
longer time interval between surgery and disease recurrence.

Recurrent tumor resembles the primary tumor radiolog-
ically, typically being hypervascular and enhancing (101).
Pulmonary metastases may be hemorrhagic or lymphangitic.
Hypervascular liver metastases will be best visualized on CT
during the arterial phase of contrast medium enhancement
(discussed above). Brain metastases are also typically hyper-
vascular, characterized by high attenuation on unenhanced
CT and avid contrast medium enhancement. Bone metastases
are typically lytic and expansile. Less common but well rec-
ognized sites include the pancreas and soft tissue or skele-
tal muscle. Pancreatic metastases may occur late, more com-
monly occurring in the pancreatic tail for left-sided renal cell
carcinomas.

Surveillance strategies following radical nephrectomy
vary between institutions but should be based on the patho-
logical stage of the primary tumor. T1 tumors may not need
routine cross-sectional imaging but follow-up with chest
radiographs and liver function tests may be advocated. Pul-
monary and abdominal metastases are commonly asymp-
tomatic, and it is recommended that patients with T2 and T3
tumors have additional CT of the chest and abdomen at 6
monthly intervals for 2–3 years, starting at 3–6 months fol-
lowing surgery [99, 100]. In addition to detecting recurrent
local or distant disease attention must be made to the detec-
tion of metachronous tumor in the contralateral kidney. Bone
scan and brain imaging should be performed in the pres-
ence of symptoms or when resection of an apparently solitary
metastasis is considered.
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Chapter 8

Radionuclide Imaging in Renal Cell Carcinoma

A.H. Brouwers and P.L. Jager

Classification of a Renal Mass

Nowadays, a space-occupying lesion in the kidney is usually
discovered with ultrasound, computed tomography (CT),
or magnetic resonance imaging (MRI) of the abdomen.
The benign or malignant nature of the lesion can usually
accurately be assessed with these radiological procedures.
Radionuclide imaging techniques do not play a major role
in diagnosing kidney cancer, as currently there are no radio-
pharmaceuticals routinely available that selectively target
malignant renal cells. In experimental settings, a few investi-
gational radionuclide-labeled monoclonal antibodies specif-
ically targeting (subsets of) renal cell carcinomas (RCCs)
have been described. In this chapter the role of various
nuclear medicine techniques for diagnosing kidney cancer
will be discussed in more detail.

Positron Emission Tomography

Role of 18F-Fluorodeoxyglucose

After the introduction of the whole-body 18F-fluorode-
oxyglucose (18F-FDG) positron emission tomography (PET)
technique for imaging many types of malignancies, reports
have been published evaluating the possible role of 18F-FDG
for differentiating between a benign and a malignant renal
lesion. Most of these reports are hampered by small patient
numbers and/or selection of the included patients.

Wahl et al. were the first in 1991 to report encouraging
early results in five patients who underwent early dynamic
and late static 18F-FDG-PET imaging preoperatively after
they were scheduled for surgical resection because a solid

A.H. Brouwers (B)
Nuclear Medicine Specialists, Department of Nuclear Medicine and
Molecular Imaging, University Medical Center Groningen, Groningen,
The Netherlands

renal mass was diagnosed on CT [1]. All primary malignan-
cies ranging from 2.5 to 9 cm, four adenocarcinomas, and
one transitional cell carcinoma were visualized, together
with known metastases (Table 8.1). Subsequently, Bachor
et al. reported a larger series of 29 patients with suspected
primary kidney tumors (range 1.4–15 cm) [2]. Of the 26
cases with confirmed renal cell carcinoma (RCC) 18F-FDG-
PET detected 20 but missed 6 primary tumors (sensitivity
77%). More recently, others also reported lower sensitivities
for the assessment of solid renal masses with 18F-FDG-PET:
a sensitivity of 32% (6/19) by Miyakita et al., 47% (14/30)
versus 97% for CT by Aide et al., and 60% (9/15) (versus
CT: 92%) by Kang et al. (Table 8.1) [3–5]. Only Ramdave
et al. reported in a series of 17 patients with known or
suspected primary tumors (range 2–15 cm) a high sensitivity
for both 18F-FDG-PET (94%) and CT (100%), resulting
in an equal (high) accuracy for 18F-FDG-PET and CT:
94% [6]. These results could not be confirmed later by the
retrospective study conducted by Kang et al. (65% versus
94% accuracy for 18F-FDG-PET and CT, respectively)
and the prospectively performed study by Aide et al., who
reported an accuracy of 51% for 18F-FDG-PET and 83%
for CT, in the largest prospective series of primary kidney
lesions thus far (n=30) [4, 5].

Although the reported sensitivity rate is widely varying
and occasionally fairly low, the reported specificity of 18F-
FDG for the detection of a malignant renal mass seems
more constant and fairly high (Table 8.1). Reported speci-
ficities range from 80% by Aide et al. to 100% by Ramdave
et al. and Kang et al. who all used a dedicated PET cam-
era for their studies [4–6]. Only Montravers et al. and Ak
and Can reported a slightly lower specificity of 75% in their
series of 16 and 19 patients, respectively, that were imaged
with a gamma camera adapted for detecting 18F (equipped
with coincidence detection and a thicker sodium iodine crys-
tal) [7, 8]. Specificity can be reduced because inflammatory
lesions also accumulate 18F-FDG leading to false-positive
results. Indeed, in the reported series, a few false-positive
results have been identified in 18F-FDG-PET imaging of
suspected primary kidney tumors (Table 8.1). Bachor et al.
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reported three false-positive 18F-FDG-PET cases: a renal
angiomyolipoma, a renal pericytoma, and a pheochromo-
cytoma where the adrenal could not clearly be delineated
from the renal cortex [2]. Furthermore, occasional cases
of false positivity have been identified for oncocytoma (a
benign tumor of the kidney) [4, 9, 10], nephroblastoma [9],
renal tuberculosis [7], and xantogranulomatous pyelonephri-
tis [8]. In most studies, 18F-FDG-PET scans were performed
in patients scheduled for surgery because of a high suspicion
of primary RCC. Therefore, the reported specificities should
be interpreted with caution, not only since they are based
on small patient series but also because even fewer patients
had a benign lesion at pathology. Only Goldberg et al. exam-
ined 11 patients with 12 indeterminate cysts according to the
Bosniak CT classification [11–13]. Accuracy for correctly
classifying these lesions was 92%: only one small malignant
lesion was missed, all other lesions were correctly PET neg-
ative.

Another dilemma in the current knowledge on the value
of 18F-FDG-PET for diagnosing kidney cancer is the varia-
tion in histology and the different classifying systems used
in the reported series. The vast majority of kidney tumors
consist of RCCs, the remainder consisting of renal pelvic
tumors in adults and nephroblastoma or Wilm’s tumor in
children. Nowadays, for pathological classification of RCCs
the WHO 2004 classification is recommended [14]. Accord-
ing to this classification, most RCCs are of the clear cell
type (80%). Unfortunately, in the reported 18F-FDG-PET
series for discriminating between a malignant and a benig-
nant renal mass, older classifications systems are sometimes
used or the applied pathological classifications are not always
well defined. Therefore, the reported pathological classifica-
tion systems do not always correlate with each other, making
direct comparisons more difficult. In the present series, few
histopathological subtypes of renal cancer other than clear
cell RCC have been imaged with 18F-FDG-PET. The num-
ber of reported cases is too small to make a definite statement
on whether these subtypes are 18F-FDG avid or not. A “tran-
sitional cell carcinoma” (old classification) was reported to
accumulate 18F-FDG [1], as well as two “carcinosarcomas”
[7] and two papillary RCCs [4]. However, two chromophobe
RCCs, a “chromophil” and a “mixed type” RCC [4], were
18F-FDG-PET negative together with a “poorly differenti-
ated adenocarcinoma” [6]. Larger reported series with the
more rare subtypes of RCC according to the WHO classi-
fication system are needed to determine 18F-FDG avidness
of the various histological subtypes of RCCs.

The reasons for (non)-visualization of primary RCCs with
18F-FDG need to be further elucidated. A number of possi-
ble explanations have been put forward. First, visualization
of 18F-FDG uptake in renal lesions can be obscured by the
physiological uptake of 18F-FDG in the renal cortex and uri-
nary tract [3–5, 7]. A second reason could be that characteris-

tics of the renal lesion itself might explain the degree of 18F-
FDG accumulation. Miyauchi et al. examined the expres-
sion of glucose transporters (GLUT) 1, 2, 4, and 5 in tis-
sue samples of newly diagnosed patients (n=11) with pri-
mary RCC [15]. Preliminary results indicated that renal can-
cers well visualized with 18F-FDG-PET had higher GLUT-
1 expression, higher tumor grade, and tended to be larger
than poorly imaged cancers. However, in a larger series of
19 patients with proven RCC, Miyakita et al. could not con-
firm a correlation between GLUT-1 expression of the primary
tumor and 18F-FDG-PET positivity [3]. Also, tumor size and
tumor grade were analyzed by Miyauchi et al. [15]. RCC
tumors that were well visualized with 18F-FDG tended to be
larger and of higher tumor grade. Regarding tumor grade,
the results of Miyauchi et al. are contradicted by preliminary
results of Shreve et al. (n=41) and the prospective study of
Aide et al. (n=35) [4, 9]. No correlation between 18F-FDG
uptake and nuclear grade (Fuhrman) was observed in these
larger series of histologically proven primary RCCs. Regard-
ing the size of the primary RCC, most authors agree that
larger RCCs tend to be more 18F-FDG avid in contrast to
smaller RCCs [3, 4]. This can be explained by the physi-
cal limitations of the PET technique: no matter how good a
metastatic lesion takes up 18F-FDG, with the current clini-
cal PET cameras, the lower limit to detect abnormal foci is a
lesion size of approximately 8 mm.

However, not all large primary RCC lesions are detected
with 18F-FDG. Montravers et al. observed, in a study in RCC
patients using the radiopharmaceuticals 111In-pentreotide
and thallium-201 (201Tl), a tumor-seeking radiopharmaceuti-
cal depending on blood flow, that these large primary tumors
were not visualized by either one, even though some metas-
tases were seen with both radiopharmaceuticals [16]. An in
vitro autoradiographic study showed the presence of pen-
treotide receptors in the tumor although the primary tumor
was not detected with 111In-pentreotide in vivo [16]. There-
fore, they postulated that inaccessibility of certain large
primary renal lesions for 18F-FDG also might cause the
18F-FDG-PET negativity of these lesions [7]. Whether there
are still other factors for non-visualization of primary tumors
or what the specific contributions are of the various mech-
anisms previously described may be subjects for further
research.

Since for the assessment of a solid renal mass the sensi-
tivity and the accuracy of the already routinely used imaging
techniques such as CT scan are high and 18F-FDG-PET per-
forms inferiorly or at the utmost the same, presently there is
no place to perform 18F-FDG-PET routinely for assessing the
nature of a solid renal mass. It remains to be proven in case
of inconclusive results with conventional imaging whether
an 18F-FDG-PET scan is of additional value due to the high
specificity claimed by 18F-FDG-PET, as was suggested by
Kang et al. [5].
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Role of Other Positron-Emitting Radiopharmaceuticals

To overcome the limitations of 18F-FDG for PET imag-
ing of RCC (physiological excretion of 18F-FDG via the
urinary system and highly variable glucose metabolism of
malignant renal cells), few groups have looked into other
PET tracers. Shreve et al. applied 11C-acetate in 18 nor-
mal controls and patients with common renal pathologies,
both benign and malignant [17]. 11C-acetate is a metabolic
PET tracer for the assessment of oxidative metabolism and
blood flow in tissues. Dynamic 11C-acetate-PET 11imaging
patients with primary RCC revealed that neoplastic renal
tissue differed markedly in the clearance of tracer com-
pared to benign renal lesions and normal subjects, but only
three patients were studied [17]. Directly after injection 11C-
acetate uptake in renal parenchyma is high, but due to a rel-
ative retention beyond 10 min after injection of the tracer in
malignant renal tissue, a clear differentiation between malig-
nant and benign/normal was possible. Subsequently, 11C-
acetate-PET was performed in 26 patients suspected of hav-
ing primary RCC on CT [18]. Dynamic 11C-acetate-PET
imaging was directly followed by a standard 18F-FDG-PET
procedure. Results indicated that RCC (various pathological
subtypes) demonstrated on average greater avidity for 11C-
acetate than for 18F-FDG with mean standardized uptake val-
ues (SUVs) of 7.1 and 4.2, respectively. Furthermore, high
11C-acetate uptake was consistently associated with granu-
lar and oncocytic histology, while the SUV for spindle cell
carcinoma was low. It was concluded that this might indi-
cate that information on the predominant histopathological
cell type of a malignant renal lesion could be non-invasively
provided with 11C-acetate, although standardized uptake val-
ues (SUVs) for both 11C-acetate and 18F-FDG were highly
variable. Clearly, these preliminary results need further
confirmation.

Another PET tracer tested in RCC is 18F-fluoro-L-proline
(18F-FPro) by Langen et al. [19]. 18F-FPro is a metabolic
tracer to image amino acid metabolism of tissues. 18F-based
tracers compared to 11C-based tracers are logistically attrac-
tive as they do not require a cyclotron and production facili-
ties on-site due to the longer half-life of 18F compared to 11C:
110 min versus 20 min, respectively. Unfortunately, in none
of the eight patients with urological tumors scanned after i.v.
injection of 18F-FPro could tracer accumulation be observed
[19]. Five of these patients had proven or suspected primary
RCCs. Three of these lesions could be visualized with 18F-
FDG-PET. Thus, 18F-Fpro does not seem a suitable PET
tracer for imaging of RCC. Likewise, 18F-fluorothymidine
(18F-FLT), another PET tracer for amino acid metabolism,
was reported not to accumulate in a small grade 1 renal car-
cinoma metastasis [20].

From these studies it becomes clear that currently, there
are no PET tracers other than 18F-FDG routinely available to

differentiate between a benign and a malignant renal lesion
in vivo.

Single-Photon Emission Techniques

Role of Somatostatine Receptor Scintigraphy

There have been a few reports regarding the use of somato-
statin receptor scintigraphy in RCC (Fig. 8.1). Somato-
statin receptor scintigraphy has been well established for
the evaluation of neuro-endocrine tumors. Reubi and Kvols
demonstrated a high incidence of somatostatin receptors in
surgically removed RCC specimens [21]. Twenty-eight of 39
RCC tumor specimens were somatostatin receptor positive.
They speculated that this could have diagnostic and thera-
peutic consequences in RCC patients.

However, subsequent in vivo studies with 111In-
pentreotide (Octreoscan�) scintigraphy showed conflicting
results. Initially, Flamen et al. performed imaging studies in
a small series of patients with metastatic disease and their
primary RCCs still in situ [22]. Three out of seven primary
lesions could be detected whereas 20/23 known metastases
were visualized. Results of Edgren et al. showed just the
opposite: most primary lesions were 111In-Octreoscan
positive (9/11), while only 40 out of 68 (59%) known
metastases were detected [23]. In the already-mentioned
study performed by Montravers et al. it was suggested that
somatostatin receptor scintigraphy with 111In-Octreoscan
had little value for detection of RCC metastases, since most
metastatic lesions were missed [16]. Furthermore, most pri-
mary RCC lesions (n= 13) also did not show uptake. Only
a small (<4 cm) primary RCC lesion could be detected with
111In-Octreoscan. Interestingly, in one patient with a “cold”
lesion in vivo, somatostatine receptor-positive labeling of
the surgically removed tumor was demonstrated by in vitro
autoradiography. The authors concluded that the very large
tumors in their series were in vivo “inaccessible” for the
radiopharmaceutical, since uptake of 201Tl, a tumor-seeking
radiopharmaceutical depending on blood flow, was also
absent. However, the authors do not explain this “inacces-
sibility” further. One might think of tumor-related factors,
such as large necrotic areas, increased interstitial pressure in
the tumor, absent or low receptor expression density, besides
other (patient) related factors.

Role of Experimental Monoclonal Antibodies

As part of the search for new treatment modalities for
advanced RCC, several monoclonal antibodies (mAbs) tar-
geting different antigens expressed on renal carcinoma cells
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(a)

(b)

Fig. 8.1 Example of a clear cell RCC lesion imaged with111In-
Octreoscan. Single-photon emission computed tomography (SPECT)
transaxial image of abdomen showing pathological uptake in a renal

mass in the right kidney (arrow), and physiological excretion via kid-
neys and gall bladder (a). Corresponding transaxial CT image (b)

have been developed. When labeled with a radionuclide
that emits gamma rays, these radiolabeled mAbs could
also be used for diagnosing renal masses or staging of
RCC (Fig. 8.2). In practice, radioimmunoscintigraphy (RIS)
is usually performed before radioimmunotherapy (RIT) to
establish whether there is sufficient uptake of the radiola-
beled mAbs in metastatic RCC lesions and/or to perform
dosimetric calculations. Some of these experimental mAbs
have been used in clinical studies, although these mAbs have
not been specifically tested for the in vivo discrimination
between a benign and a malignant renal mass.

mAb G250 and mAb MN-75 both target the carbonic
anhydrase IX (CA 9)/G250 antigen which is overexpressed
in the majority of clear cell RCCs [24–28]. However, dif-
ferent epitopes of the CA 9/G250 antigen are targeted by
these two mAbs. Whereas mAb MN-75 has not been tested
in humans thus far, there is experience with mAb cG250
in several clinical settings; e.g., both the murine and the
murine/human chimeric forms of mAb G250 have been
tested in patients with their primary RCCs still in situ (n=16
for both studies) [29, 30]. Specific localization of mAb G250
in G250-positive RCC tumors was demonstrated and primary
tumors were clearly visualized. Most clear cell RCCs are
G250-positive, whereas most other subtypes of RCC are usu-
ally not G250-positive [28–30]. Thus, mAb G250 is likely
a very specific radiopharmaceutical for the detection of pri-
mary clear cell RCC, but, as stated earlier, no real data on
sensitivity, specificity, and accuracy for the characterization
of a renal mass are available.

In Minneapolis, several mAbs targeting RCC antigens
have been developed of which mAb 6AH – that later

became known to recognize a cluster differentiation anti-
gen (CD26) – looked the most promising [31–34]. Unfor-
tunately, clinical RIS and RIT studies were hampered by
unexpected fast clearance of the radiolabeled mAb [31]. Yet
another mAb, mAb CE7, recognizes L1-CAM, a cell adhe-
sion molecule present in neuroblastoma and also in a subset
of RCCs [35, 36]. Like mAb MN-75, mAb CE7 has not yet
been tested in humans thus far. Obviously, since these mAbs
are not generally available, they do not play a role in the rou-
tine management of RCC patients.

Staging and Restaging of Patients with
Suspected or Proven Renal Cell Carcinoma

Similar to the limited role in lesion characterization, the
role of nuclear medicine techniques to stage and restage
patients with renal cancer is also limited. The only nuclear
medicine technique that for years has been applied to stage
or restage patients with suspected or proven RCC is 99mTc-
bone scintigraphy for the assessment of osseous metastasis.
This is accepted clinical routine, although bone scintigraphy
does, like most diagnostic tools, not have a perfect sensitiv-
ity and specificity score. Other techniques applied in routine
practice to detect osseous metastases are CT and MRI. Since
the introduction of 18F-FDG-PET several reports with vary-
ing patient numbers for staging and restaging of suspected or
proven RCC have been published. However, 18F-FDG-PET
has not earned a place in the routine work-up of these patients
thus far, and most patients are staged with X-chest, CT, and,
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(a) (b)

Fig. 8.2 Radioiodinated monoclonal antibody cG250 (131I-cG250)
uptake in a patient with numerous soft tissue RCC metastases, anterior
(a) and posterior (b) planar images [56]

less frequently, with MRI and ultrasound. Lastly, a few stud-
ies regarding the performances of the experimental mAbs to
detect metastases have been reported. However, most of these
studies were designed as experimental therapy studies and
not as primarily diagnostic studies. The value of the various
nuclear medicine techniques for (re)staging of patients with
RCC will be discussed in more detail in this section.

Bone-Seeking Radiopharmaceuticals

Role of Diphosphonates

Bone scintigraphy is usually performed with 99mTc-
methylene diphosphonate (MDP), or less frequently with
99mTc-hydroxymethane diphosphonate (HDP) or 99mTc-

dicarboxypropane diphosphonate (DPD) (Fig. 8.3). The radi-
olabeled diphosphonates selectively localize at sites with
increased bone formation, e.g., increased osteoblastic activ-
ity. The advantage of bone scintigraphy with these com-
pounds is that it is highly sensitive to demonstrate bone
pathology, whereas in general, its specificity is lower because
various benign and malignant bone diseases may show ele-
vated uptake on bone scintigraphy. A problem is that the pre-
dominantly osteolytic lesions of RCC may not be detected
with bone scintigraphy because of a relative lack of increased
osteoblastic activity in these areas.

In the last decade several authors have asked the ques-
tion whether a bone scan should routinely be performed
in the diagnostic work-up for patients with RCC to detect
bone metastases. Henriksson et al. evaluated 102 consecu-
tive patients that were treated for RCC [37]. Preoperatively,
33 patients (32%) had metastatic spread. However, only six
patients (6%) had bone metastases that were found first with
skeletal radiography due to local symptoms. They concluded
that bone scintigraphy performed routinely in symptomless
patients had no added value [37]. Staudenherz et al. assessed
the diagnostic performance of bone scintigraphy in a selected
series of RCC patients with a high pretest probability for
bone metastases due to abnormal laboratory tests, pain, or
confirmed nonosseous metastases [38]. In 14 of 36 patients
skeletal metastases were confirmed with either CT, MRI,
or biopsies. The bone scans were semiquantified for lesion
location and intensity (cold, faint, hot). Depending on the
applied visual threshold, the sensitivity of bone scintigra-
phy in this patient population (prevalence of bone metastases
39%) varied between 7 and 79% [38]. In a larger series of 205
patients Koga et al. also retrospectively evaluated the benefit
of performing bone scans in all patients that presented with
RCC [39]. Only a minority of the patients (n=56) had an
abnormal bone scan of which less than 60% (n=32) indeed
proved to have osseous metastases. Overall, the sensitivity
and specificity of bone scintigraphy reached in their series as
high as 94 and 86%, respectively (prevalence of bone metas-
tases 17%). Furthermore, they concluded that bone scans
can safely be omitted in patients with T1-2N0M0 disease
and patients with T3aN0M0 disease without bone pain, since
in their series in these cases the incidence of missed bone
metastases was less than 5% [39]. This is partly in line with
the analysis by Shvarts et al. of the large database of patients
(n=1,357) that underwent nephrectomy and/or immunother-
apy at the University of California-Los Angeles [40]. They,
too, found that the incidence of osseous metastases increased
with T stage: 5, 14, 15, and 28% for T1–4 tumors, respec-
tively. However, if relying on locally advanced disease, bone
pain, alkaline phosphatase, or extraosseous metastases to
perform bone scans preoperatively, a substantial number of
patients with bone metastases would have been missed; 22,
27, 45, and 27% of the cases, for T1–4 respectively [40].
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(a) (b)

(c)

(d)

Fig. 8.3 99 mTc-MDP scintigraphy showing skeletal RCC metastases
in ribs and vertebrae, anterior (a) and posterior (b) planar images. More
metastatic lesions in the spine are visualized with sagittal T1-weighed

MRI images (c, d): Th4, Th7, L1 (all visible with 99mTc-MDP (B)), and
L2 (missed on bone scan). Patient underwent a right-sided nephrectomy

They identified a patient’s performance status as the only
criterion to correctly predict the absence of bone lesions.
In patients with an excellent performance status of Eastern
Cooperative Oncology Group (ECOG) 0, the prevalence of
osseous metastases was only 1.4%. Therefore, Shvarts et al.
[40] suggested to perform bone scans in patients with ECOG
> 0 regardless of T stage. Preferably, this needs validation in
the general population of patients with RCC, since the study
was performed at a tertiary referral center [40].

Others have investigated whether there is a relationship
between the level of serum alkaline phosphatase and the
presence or absence of bone metastases as detected by bone

scintigraphy. In several studies it was concluded that alkaline
phosphatase is not a good prognosticator in these patients
[38–43]. The majority of patients with an elevated alka-
line phosphatase do not show osseous metastases with bone
scintigraphy and most patients with bone metastases have
normal alkaline phosphatase levels [42, 43].

In conclusion, most authors agree that bone scintigraphy
should not be routinely performed in patients with RCC.
Only in selected patients, based on presence of bone pain,
elevated serum alkaline phosphatase, and nonosseous metas-
tases, or performance status ECOG > 0 bone scintigraphy
may be of additional value [40, 41].
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Role of 18F-Sodium Fluoride

For assessment of bone metastases another bone-seeking
PET radiopharmaceutical can be used: 18F-labeled sodium
fluoride (18F-NaF) (Fig. 8.4). Recently, there is renewed
interest in this radiopharmaceutical. Although not used or
studied as extensively as the 99mTc-labeled diphosphonates,
like these, 18F-NaF also seems to suffer from lack of speci-
ficity [44]. However, sensitivity is increased due to the better
spatial resolution that can be achieved with the PET tech-
nique compared to single-photon gamma emission scintig-
raphy, and more favorable pharmacokinetics of 18F-NaF
compared to the radiolabeled diphosphonates [44]. It has
been suggested that the increased sensitivity of 18F-NaF-
PET is mainly due to an increased sensitivity for predomi-
nantly osteolytic bone metastases, as is usually the case in
metastatic RCC [44]. Thusfar, there are no reports of the use
of 18F-NaF-PET for the detection of osseous metastases in
RCC patients.

Role of 18F-Fluorodeoxyglucose

Although 18F-FDG is not as specific as the 99mTc-MDP or
18F-NaF for localization in bone, and strictly not “bone-
seeking”, 18F-FDG is known to be capable of the detection of
osseous metastases in various malignancies. Wu et al. were
the first to directly compare 99mTc-MDP scintigraphy with
18F-FDG-PET in 18 patients with biopsy-proven RCC [45].
On either scan a total of 52 bone lesions were identified.
Lesions were confirmed histopathologically or with clinical
and radiological follow-up of at least 1 year. Forty lesions
proved to be malignant and 12 benign. 99mTc-MDP bone
scan was false-negative in 9 lesions (5 patients) and false-
positive in 12 lesions (7 patients). This resulted in a sensi-
tivity and accuracy of 78 and 60%, respectively, for bone
scintigraphy. It should be noted that the 99mTc-MDP bone
scan was read rather sensitive and not very specific, in respect
of the fact that all lesions with increased uptake were called
metastatic lesions. It is often possible due to the pattern of

Fig. 8.4 Whole-body PET
images with 18F-sodium
fluoride (18F-NaF), a
bone-seeking
radiopharmaceutical showing a
normal distribution pattern.
Projection (a), coronal (b), and
sagital images (c)

(a) (b) (c)
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increased 99mTc-MDP uptake to differentiate more precisely
between malignant and degenerative lesions. On the con-
trary, 18F-FDG-PET correctly identified all lesions resulting
in a sensitivity and accuracy of 100 and 100%, respectively
[45]. These results are partly in line with the observations
of Kang et al., who also noted a relatively high sensitivity
(77%) with 18F-FDG-PET for the detection of bone metas-
tases compared to other sites with RCC metastases [5]. How-
ever, in the latter study, the sensitivity of combined CT and
99mTc-MDP scintigraphy was still higher (94%) [5]. Also,
Brouwers et al. observed a relatively high detection rate of
bone metastases with 18F-FDG-PET: of 34 known skeletal
RCC lesions, 29 (85%) were detected with 18F-FDG [46].

Based on these few observations it may be that 18F-FDG-
PET is superior to 99mTc-MDP scintigraphy for the detec-
tion of osseous metastases. This needs further confirmation.
Also, what the exact role of 18F-FDG-PET is in compari-
son to other imaging techniques (CT, MRI, with or with-
out the combination of 99mTc-MDP bone scan) or whether
18F-FDG-PET can replace 99mTc-MDP bone scintigraphy in
selected patients that need evaluation for bone involvement
should be topics for further research.

18F-Fluorodeoxyglucose – Positron Emission
Tomography

One of the potential major advantages of the use of 18F-
FDG-PET for staging and restaging of cancer patients is
that it provides a whole-body analysis in one examination,
although areas with high physiological 18F-FDG uptake such
as the brain and the urinary tract are less evaluable for malig-
nant disease. Especially the latter may cause uncertainty
while interpreting 18F-FDG-PET scans in patients with RCC.
Despite this potential drawback, several studies have been
published describing the role of 18F-FDG-PET in (re)staging
patients with suspected or proven RCC.

Local Recurrence and Locoregional Lymph Node
Metastases

After nephrectomy, local recurrence may occur in up to 5%
of the RCC patients. Post-treatment tissue changes can be
difficult to differentiate from viable recurrence tissue via CT
or MRI, so this may be more accurately assessed with 18F-
FDG-PET (Fig. 8.5).

A few reports have been published describing the per-
formance of 18F-FDG-PET in detecting local recurrences
(Table 8.2). Case reports are published by Montravers et al.
and Ramdave et al. regarding the detection of local recur-
rence with 18F-FDG-PET [6, 7]. Montravers et al. described

two patients in whom 18F-FDG-PET scan correctly identi-
fied a local recurrence and one with an incomplete removal
of a RCC, while CT scan findings were either equivocal
or normal [7]. Comparable good results were demonstrated
by Ramdave et al.: three patients underwent 18F-FDG-PET
scanning for the detection of local recurrence [6]. In three
patients 18F-FDG uptake was increased in the renal bed,
while CT was normal in one case and suggestive of radi-
ation necrosis in the second case. In the third patient, CT
scan also showed a mass in the renal bed. Based on these
small patient numbers, the authors find it likely that 18F-
FDG-PET may be superior to CT for the detection of local
recurrences.

On the other hand, in the largest patient series so far (73
follow-up PET scans in 49 patients), Kang et al. showed
with 18F-FDG-PET a sensitivity of 75% and specificity of
100% for retroperitoneal lymph node metastases and/or renal
bed recurrence [5]. However, CT abdomen was more sensi-
tive (93%) and as specific (98%). Therefore, the routine use
of 18F-FDG-PET after nephrectomy is discouraged by this
group [5]. Unfortunately, separate data on the detection of
local recurrence versus locoregional lymph node metastases
with 18F-FDG-PET are not given by this group.

In the case of locoregional lymph node metastases, CT
and MRI are dependent on the artificial size criterion to dis-
criminate between benign or malignant tissue. It has been
shown that preoperative enlarged lymph nodes (CT criterion
> 1 cm) not always harbor metastatic disease (42% in the
study of Studer et al.) [47]. Since 18F-FDG-PET is based on a
difference in glucose metabolism between benign and malig-
nant tissues, potentially this may be an advantage of the PET
technique over the other techniques to stage the locoregional
lymph nodes. However, it should be kept in mind that the
benefit of locoregional lymph node dissection for improve-
ment of patients’ survival is not yet clear [48–50].

Data on the performance of 18F-FDG-PET for detect-
ing locoregional lymph node metastases are also scarce
(Table 8.2). Probably the largest series addressing this issue
is a German study of 29 patients with 26 proven RCCs and
3 benign renal lesions in which the 18F-FDG uptake in the
regional lymph nodes was systematically scored in addi-
tion to the primary renal lesion [2]. They reported 25 truly
negatives, 3 truly positives, 1 false-positive and no false-
negatives in staging of the lymph nodes. However, these
were primarily low-stage tumors, and no data on the perfor-
mance of CT or MRI on the detection of lymph nodes were
reported.

In conclusion, based on these scarce data, the exact value
of 18F-FDG-PET in comparison to CT and/or MRI for the
detection of local regional spread at initial staging and the
recurrence of local disease at restaging has still not been
determined. Therefore, currently 18F-FDG-PET should not
be routinely performed in RCC patients for these indications.
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Perhaps, the advantage of 18F-FDG-PET is its high speci-
ficity in cases in which it is unclear from other imag-
ing modalities whether there is a local recurrence or not:
Enhanced 18F-FDG uptake is subsequently very suspicious
for local recurrence. However, this preferably needs confir-
mation in studies with larger patient numbers.

Distant Metastases

More studies have investigated whether patients could be
correctly staged or restaged with 18F-FDG-PET for detect-
ing distant metastases (Tables 8.3 and 8.4) (Fig. 8.5). First
reports in small numbers of RCC patients showed merely the

(c)

(d)

(a)

(b)

Fig. 8.5 Whole-body 18F-FDG-PET image of a patient with a right-
sided local recurrence and lung lesions (a, b). However, more lung

lesions are visualized on the CT-chest (c). Image fusion of a transax-
ial slice of the FDG-PET and the CT scan (d)
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feasibility of detecting distant metastases [6, 7]. In the only
prospective study Aide et al. staged 53 patients before or just
after (partial) nephrectomy [4]. This early staging resulted in
no detection of distant metastases by 18F-FDG-PET and CT
in 36 patients (M0 disease). In two patients 18F-FDG-PET
correctly discovered disseminated disease missed by CT. In
eight patients known with distant RCC lesions, all lesions
were also detected with 18F-FDG-PET and additionally five
more lesions in three patients. In four patients 18F-FDG-PET
proved to be true-negative with false-positive CT scans,
whereas in three patients the PET scan was falsely positive
with true-negative CT scans. For the 18F-FDG-PET scan this
resulted in a sensitivity of 100%, specificity of 93%, and an
accuracy of 94% for the detection (patient-based) of distant
metastases. For the CT scan, these figures were 80, 91, and
89%, respectively (Table 8.3). The authors concluded that
indeed 18F-FDG-PET offers no advantage over CT for the
characterization of a renal mass, but that it appears to be
an efficient tool for the detection of distant metastases of
RCC [4].

Safaei et al. restaged 36 patients with 18F-FDG-PET and
compared the PET results with other imaging studies and
biopsies of 25 lesions in 20 patients [51]. Before the PET
study, 4 patients had no evidence of disseminated disease,
whereas the other 32 patients were suspected of having
metastases. 18F-FDG-PET correctly upstaged one out of
four patients in the first group. In the second group 2 out
of 32 patients were correctly downstaged, whereas 4 out of
32 were wrongly downstaged by PET (Table 8.3). Overall,
with 18F-FDG-PET the accuracy of classifying patient stage
was 89% (32/36 patients) with a sensitivity of 87% and a
specificity of 100%. Of the 25 suspected lesions that were
biopsied, 17 proved to be malignant and 8 were benign. PET
was correct in 21 of these lesions (accuracy 84%) with a
sensitivity of 88% and a specificity of 75% (Table 8.4). The
authors’ conclusion was that PET can be useful in the char-
acterization of anatomic lesions of unknown significance in
patients with RCC [51]. However, Majhail and colleagues
concluded just the opposite that 18F-FDG-PET is not a
sensitive imaging modality for the evaluation of metastatic
RCC in a comparable study [52]. Before PET scanning was
performed, in 24 patients 36 distant metastatic sites were
identified with conventional imaging. Afterward, pathology
for all sites was obtained by biopsy or surgical resection.
Distant RCC metastases were histologically proven in 33
sites in 21 patients. PET was true-positive in 21 sites and
false-negative in 12 sites. Mostly, lung lesions were missed
with 18F-FDG-PET. There were no false-positive PET
scans. This resulted in an overall sensitivity, specificity,
positive predictive value, and accuracy of 64, 100, 100,
and 67%, respectively, for the detection (lesion-based) of
distant metastases with 18F-FDG-PET (Table 8.4). Fur-
thermore, the authors analyzed the size of the metastases.

Not surprisingly, they noticed a significant difference in
size between true-positive and false-negative PET lesions:
mean size of 2.2 cm versus 1.0 cm, respectively [52]. The
results of Majhail et al. were confirmed by Jadvar et al.,
although not biopsy-proven in most cases [52, 53]. In the
latter study, 25 patients underwent 18F-FDG-PET scanning
for restaging and PET results were compared to CT scans.
Diagnostic validation was mostly clinical and with follow-up
via imaging for up to 1 year. PET was concordant with CT in
most cases (n= 18) and discordant in 7. In one case PET was
considered false-positive due to lumbar facet arthropathy,
whereas in six patients PET was false-negative. No enhanced
18F-FDG uptake was noticed in pulmonary (n= 4), medi-
astinal (n= 2), adrenal (n= 1), and lytic osseous metastases
(n= 2). This resulted in a sensitivity of 71%, specificity of
75%, accuracy of 72%, positive predictive value of 94%,
and a negative predictive value of 33% (Table 8.4). Thus,
according to the authors, a positive 18F-FDG-PET study is
highly suspicious for malignancy, whereas a negative PET
scan does not exclude metastatic disease [53].

The largest series to date has been described by Kang
et al. [5]. In 66 patients in total 90 18F-FDG-PET scans
were performed because of suspected or known RCC. The
authors report the detection capabilities of 18F-FDG-PET
compared to CT on a lesion-based analysis (n=126) per
region/organ system (Table 8.4). In all sites, the sensitivity
of 18F-FDG-PET was lower compared to CT. However,
the specificity of 18F-FDG-PET was superior to CT in
all regions. Interestingly, they noticed that within a single
patient multiple metastases showed differing levels of
metabolic activity, as has also been observed by Brouwers
et al. and which may have implications for prognosis,
therapy, and monitoring response (see on Prognostic Value
and Prediction of Response to Therapy paragraph) [5, 46].
Also, in both series detection of bone metastases is relatively
high (77 and 85%, respectively), as has been mentioned
previously, while the reported detection rates are lower
and differ more widely for other body regions (Table 8.4).
Furthermore, both Kang et al. and Aide et al. observed
that 18F-FDG-PET was much more sensitive to detect
metastases than primary tumors (Tables 8.1 and 8.4) [4, 5].
This again supports that this technique should not be applied
to characterize primary renal lesions.

Based on the currently published reports, it can be con-
cluded that 18F-FDG-PET is not yet recommended for rou-
tine application for the detection of metastatic RCC. Due
to the relatively low sensitivity, a negative 18F-FDG-PET
study does not rule out metastatic disease. Also, it should be
emphasized that lesion size appears to be an important factor
regarding the sensitivity of 18F-FDG-PET; only a sensitivity
of >90% of lesions > 2 cm corresponds with reported sen-
sitivities of CT (Table 8.4) [52]. For smaller lesions sensitiv-
ity drops accordingly (Table 8.4) [52]. On the other hand,
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several authors agree on the high specificity of 18F-FDG-
PET compared to CT. Therefore, currently this technique
may be advocated as a problem-solving tool in cases in which
other imaging modalities show inconclusive results for spe-
cific lesions: When 18F-FDG uptake in these lesions is high,
most likely, it is a recurrent RCC disease. Perhaps, in the
future when combined PET-CT scanners have become more
available, the sensitivity and specificity for the detection of
metastatic RCC can be increased due to the combined pre-
sumed advantages of both imaging techniques. To date, no
paper has been published on this matter in patients with RCC.

Clinical Management

Although the reported series with 18F-FDG-PET in RCC
patients were not primarily designed as clinical management
studies, several authors have studied the effect of the 18F-
FDG-PET scan on clinical management [4–6, 51]. In the
only prospective study by Aide et al. treatment was altered
in 5 of 53 (9%) patients [4]. This is in line with the reported
low percentages of changes in management because of the
18F-FDG-PET scans by Kang et al. (12 of 90 scans (13%))
and Safaei et al. (3 of 36 scans (8%)) [5, 51]. Only Ramdave
et al. described a direct change in treatment due to the 18F-
FDG-PET scan in 35% of their patients for primary staging
and 50% for restaging [6]. However, especially in the lat-
ter group, the patient number was very small, 17 versus 8
patients, respectively.

Therefore, more research regarding the true clinical
impact of 18F-FDG-PET scans and/or the use of combined
PET-CT scanners in patients with RCC is warranted.

Role of Experimental Monoclonal Antibodies

As mentioned in the first paragraph, scintigraphic studies
with radiolabeled mAbs are usually performed within the
framework of RIT studies. A low-activity radiolabeled mAb
dose preceding a therapeutic (high) dose is often admin-
istered to determine sufficient uptake in metastatic lesions
and to generate dosimetric data: how much radiation-dose is
absorbed in the body, specific organs, and known metastases.
Also, after high doses of radiolabeled mAbs scintigraphic
images are recorded, which serve again, among others, to
visualize tumor lesions. Experiences with the only clinically
applied mAb G250 in RCC patients have been described
in the literature, although most studies were not primar-
ily designed for diagnostic detection of RCC metastases.
These studies are highly experimental, since only few groups
worldwide have this mAb at their disposal. Obviously, these

do not play a role in the routine management of RCC
patients.

Initially, the murine form of mAb G250 labeled with 131I
was used [29, 54]. In a protein-dose escalation study with low
activity-dose 131I-mG250 Oosterwijk et al. reported visual-
ization of > 90% of primary and metastatic RCC lesions
known from previous CT and MRI scans and the detection
of additional metastases later confirmed at surgery [29]. In
the subsequent phase I/II activity–dose escalation study per-
formed by Divgi et al. all RCC lesions > 2 cm were visual-
ized, and also smaller subcutaneous metastases were detected
[54]. However, the number of missed lesions is unknown.
Also, Steffens et al. reported visualization of all known RCC
metastases (n=5) in a protein-dose escalation study with the
human-mouse chimeric mAb 131I-cG250 [30]. In the subse-
quent activity–dose escalation study with 131I-cG250, metas-
tases were adequately visualized in 9 of 12 patients and 4
new lesions in 3 patients were detected, confirmed radiologi-
cally [55]. Also, metastases were visualized after injection of
both the low-dose and the high-dose activity of 131I-cG250.
This is in line with the subsequent phase I/II trial performed
by Brouwers et al. in which two high-dose 131I-cG250 injec-
tions were given to patients with a 3-monthly interval and
both therapeutic injections were preceded by a low-dose 131I-
cG250 injection [56]. In general, the metastases were more
clearly visualized on the images after the high-dose injection
compared with the diagnostic scintigraphic images and in
most cases the scans were congruent. In some patients, how-
ever, additional metastatic lesions were detected on the post
high-dose images, especially in the chest. Furthermore, 131I-
cG250 detected new metastatic lesions, especially if located
outside the field of view of routine radiological techniques.
On the other hand, not all previously known metastatic
lesions were visualized with 131I-cG250 [56].

Since from the previous studies iodinated mAb G250
seemed rather sensitive and specific for the detection of RCC
metastases, Brouwers et al. conducted a diagnostic imaging
study to compare 18F-FDG-PET with radioimmunoscintigra-
phy with 131I-cG250 [46]. In 20 patients, in total 112 RCC
lesions were detected with these scintigraphic techniques and
with routinely performed radiological studies (CT, MRI, and
ultrasound). The detection rate of RCC metastases was only
30% with 131I-cG250, compared to 69% with 18F-FDG and
71% for the combined routinely used imaging techniques
(Table 8.4) [46]. The reason for the relatively low observed
detection rate with 131I-cG250 is not clear, but the patient
population was highly selected. Most patients had end-stage,
rapid progressive disease, which may have negatively influ-
enced the G250 antigen expression on the metastases, partly
explaining these results [28, 46]. Also, the used radionu-
clide in this study may not have been optimal. In subse-
quent studies, Brouwers et al. showed that internalizing radi-
olabeled mAb cG250 complexes, such as 111In-, 177Lu-, or



100 A.H. Brouwers and P.L. Jager

(a) (b)

Fig. 8.6 Radioimmunoscintigraphy with mAb cG250 labeled with 131I
(131I-cG250, A) or 111In (111In-SCN-DTPA-cG250, B) within the same
patient, posterior views. RCC metastatic lesions in the lungs are more

clearly visualized with 111In-cG250 than 131I-cG250 [57]. Physiologi-
cal uptake in liver, spleen, and intestines

90Y-labeled cG250, may show higher detection rates for RCC
metastases [57, 58] (Fig. 8.6). This needs further clinical
confirmation.

Prognostic Value and Prediction of Response
to Therapy

Not much data are available concerning whether molecular
imaging techniques are helpful in informing on the progno-
sis of the (natural) course of metastatic RCC disease and
in predicting or determining a response to anti-RCC ther-
apy, such as can be the case in other tumor types with 18F-
FDG-PET (e.g., lymphoma and gastro-intestinal stroma cell

tumors (GIST)). Here the limited data that are available will
be discussed.

It is known from RCC that the clinical course of the dis-
ease can be highly unpredictable with patients showing rapid
progressive disease versus patients with a much more indo-
lent course of their disease. Lang et al. studied the sensi-
tivity of 18F-FDG-PET in patients (n=46) with an indolent
course of RCC and with a more aggressive form of the dis-
ease [59]. For these two groups on a patient-based analysis,
the sensitivity of slow-growing RCC was 44% (7/16) ver-
sus 90% (27/30) for rapid-growing RCC. Interestingly, in a
subset of these patients with predominantly high 18F-FDG
uptake in the RCC lesions and subsequently showing rapid
progressive disease, the uptake of mAb 131I-cG250 in the
RCC metastases was mostly poor, as shown by Brouwers
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et al. [46]. mAb cG250 is directed against the CA 9/G250
antigen and is usually overexpressed in clear cell RCCs. It
was speculated that rapid progressive RCCs are of higher
grade and with lower G250 antigen expression [46]. Prefer-
ably, these observations need to be confirmed by others. In
this light, the recent work of Bui et al. and Atkins et al.
is of special interest [60, 61]. Both studied CA 9 expres-
sion on renal cell carcinoma specimens with mAb MN-75,
which is also directed against the CA 9/G250 antigen. Bui
et al. using immunohistochemical analysis with mAb MN-75
on tissue microarrays constructed from paraffin-embedded
primary RCC tumors observed that decreased CA 9 levels
are independently associated with poor survival in advanced
RCC and stated that CA 9 is the most significant molecular
marker for RCC cancer described to date [60]. The work of
Atkins et al. expanded this observation and linked the clinical
outcome and response to IL-2 therapy to the CA 9 expres-
sion levels of renal cancer tissue obtained from 66 patients:
high-positively CA 9 staining of mostly primary RCC tumors
correlated with a significantly better survival rate after IL-2
therapy [61].

It is tempting to hypothesize that prediction of response
to therapy in the future may be assessed by scintigraphic
imaging techniques visualizing non-invasively, for example,
the CA 9/G250 antigen expression in individual patients and
metastases [62]. The latter may also be of importance since it
has been described that uptake of 18F-FDG and radiolabeled
mAb cG250 varies not only between patients, but also within
the same patient, between metastatic lesions [46, 63]. Thus,
the CA 9/G250 status, positive or negative, of the primary
tumor may not always give the correct information about
the CA 9/G250 status of RCC metastases and/or it may be
that during the course of the disease RCC lesions change
their antigen status (become CA 9/G250 negative) or their
metabolism (from 18F-FDG negative to 18F-FDG positive).
This may have implications for directing the patient toward
an optimal treatment scheme. In this regard it is of inter-
est that a new PET tracer targeting CA 9 has been recently
developed and tested in vitro: 18F-2,3,5,6-tetrafluoro-3’-
sulfamoylbenzanilide (18F-TFSB), a CA 9 inhibitor [64]. In
the future, this may become another radiopharmaceutical to
image non-invasively metastatic RCC lesions in patients.

Regarding prediction of response to therapy with 18F-
FDG-PET Hoh et al. reported preliminary data of RCC
patients while being treated with IL-2-based therapy [65].
Whole-body PET images were scored as positive or nega-
tive for lesions and were compared to anatomical lesion size
from various anatomical imaging techniques. In all patients
(n=10) with clinically proven progressive disease 18F-FDG-
PET was positive whereas in only seven patients increase in
lesion size was detected. 18F-FDG-PET was negative in all
five patients with absence of disease or complete response.
In the patient with stable disease and in the five patients

with a partial response, mixed results were observed for 18F-
FDG-PET and anatomical imaging [65]. Kang et al. reported
anecdotically on response assessed with 18F-FDG-PET after
a first course of immunotherapy on a lesion-based analysis
from their large patient series (n=66) who underwent 18F-
FDG-PET scanning (n=90) [5]. All four lesions responding
to immunotherapy were positive on 18F-FDG-PET, whereas
no PET-negative lesions responded to therapy. Based on the
preliminary data of these studies, further clinical investi-
gations are warranted concerning the prognostic value and
assessment of response of 18F-FDG-PET in a therapeutic
setting for RCC with either immunotherapy (IL-2, IFN-α)
or novel evolving treatments that are being tested recently
with surprisingly good results in RCC patients (e.g., beva-
cizumab, a monoclonal antibody directed against vascular
endothelial growth factor (VEGF) and the class of tyrosine
kinase inhibitors such as sorafenib and sunitinib) [5, 65, 66].

Thus, it becomes clear that PET and other scintigraphic
imaging techniques may have the advantage to inform on cer-
tain tumor characteristics such as glucose metabolism (18F-
FDG) or tumor receptor expression (CA 9/G250) of individ-
ual patients and even of individual metastases in patients in
vivo, without the need to perform multiple biopsies, which
are often clinically not feasible. This, in turn, may add to
the prediction of the prognosis of individual patients non-
invasively; it could help in the selection of the most appropri-
ate anti-tumor therapy based on tumor characteristics (e.g.,
absence or presence of antigen expression), especially with
the development of expensive but promising new anti-RCC
drugs, and it could give information on the response of
individual metastases to anti-tumor therapy. Clearly, further
exploration in this area is warranted.

Conclusions

Regarding the role of various radionuclide imaging tech-
niques in RCC, several conclusions can be drawn as dis-
cussed earlier.

For the classification of a renal mass, currently there
are no radionuclide imaging techniques that play a role
in the routine work-up of such patients. The most widely
used radiopharmaceutical in oncology, 18F-FDG, for PET
seems to be hampered by lack of accuracy, as both sensi-
tivity and specificity are suboptimal (range 32–100% and
75–100%, respectively). Also, no widely available single-
photon-emitting radiopharmaceuticals target RCC selec-
tively enough to have a role in this clinical setting. Unless
pharmaceuticals for radionuclide imaging are being devel-
oped that specifically target RCC lesions with a high accu-
racy, the preferred method of identifying the nature of a renal
mass is based on ultrasound, CT, and/or MRI scanning.
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However, for the staging and restaging of patients with
suspected or proven RCC 18F-FDG-PET may play a role.
In larger patient studies, the sensitivity of 18F-FDG-PET
for RCC lesions is less high compared to the sensitivity of
CT (range 50–77% versus 69–100%, respectively). Espe-
cially small-size RCC lesions, e.g., nodules in the lung, are
frequently not identified by 18F-FDG-PET. However, the
reported specificities of 18F-FDG-PET for RCC lesions are
usually as high or slightly higher than the reported figures of
CT (75–100% versus 73–99%, respectively). Therefore, in
cases of inconclusive results from other imaging techniques,
18F-FDG-PET can be of value because of its high specificity.
In this regard, also for (re)staging of RCC patients it is inter-
esting to await the results of combined PET/CT scanners that
arrive more and more in imaging departments. The high sen-
sitivity of CT may then be combined with the high specificity
of 18F-FDG-PET. Furthermore, it should be noticed that data
addressing the clinical impact of 18F-FDG-PET in patient
management or the cost-effectiveness of this technique in
RCC patients are currently lacking.

Although for the detection of RCC metastases generally
the sensitivity of 18F-FDG-PET is lower than the sensitiv-
ity of CT, examination of the skeleton may be an excep-
tion. There are a few reports suggesting that the sensitivity
of 18F-FDG-PET for skeletal metastases of RCC is as high
or even higher than the sensitivity of (combined) CT and
bone scintigraphy with 99mTc-labeled diphosphonates (74
and 100% versus 78 and 94%, respectively). This needs to be
further evaluated. Perhaps in the future, also for bone metas-
tases of RCC, the sensitivity and specificity can be raised
by combining a PET scan after an intravenous injection of
18F-NaF, a PET radiopharmaceutical that attaches to bone
similar to the 99mTc-labeled diphosphonates, with CT in one
PET/CT modality. Also, this needs to be further evaluated.
However, 18F-NaF is currently not widely available.

For decades the most prominent nuclear medicine tech-
nique for the evaluation of the skeletal status of patients sus-
pected of or with proven RCC has been bone scintigraphy
with 99mTc-labeled diphosphonates. This technique should
not be used routinely in all patients, since sensitivity and
specificity are too low in patients without signs or symp-
toms that can be attributed to skeletal metastases. Sensitiv-
ity is relatively low in RCC metastases because these bone
lesions are predominantly osteolytic. These lesions are bet-
ter detected with MRI; however, a whole-body MRI is not
generally available and not often made or advocated for this
indication in daily practice.

Regarding assessment of prognosis and/or prediction of
response to therapy in RCC patients, currently there is no role
for 18F-FDG or any other radiopharmaceutical due to insuf-
ficient data in the literature. Again, this may be addressed in
future research. Of interest seems the development of a new
PET radiopharmaceutical for more specific targeting of the

RCC lesions by means of the CA 9/G250 antigen, which is
overexpressed in the vast majority of clear cell RCCs, the
most prevalent subtype of RCC.

Thus, in conclusion the role of radionuclide imaging
in RCC is currently limited but may increase due to the
development of new radiopharmaceuticals (for PET and/or
single-photon emission techniques) and/or the development
and/or increasing availability of new imaging techniques,
e.g., PET/CT.
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Chapter 9

Considerations: Imaging in Renal Cell Carcinoma

S. Sengupta and M.L. Blute

Introduction

Radiological imaging has assumed paramount importance
in the modern management of renal cell carcinoma (RCC)
such that currently the detection and diagnosis of RCC are
almost totally dependent on radiological evaluation. Addi-
tionally, management decisions, particularly with respect to
the selection and planning of surgical procedure, are often
based largely on radiological findings. Herein we review the
clinical role for imaging in the management of RCC.

Incidental Renal Masses

The increasing use of cross-sectional imaging has led to
a concomitant increase in the incidental diagnosis of RCC
[1–3], and the classical triad of flank pain, hematuria, and a
palpable mass is now the exception rather than the rule. Inci-
dentally diagnosed RCCs are characteristically of smaller
size, lower stage, and more favorable grade compared to
those presenting symptomatically, and as a result generally
have a better prognosis [2, 4–6]. However, we have found
that after adjusting for tumor size, stage, grade, and the pres-
ence of necrosis, symptoms at diagnosis are not of prog-
nostic importance for RCC [7]. Thus, the management of
incidentally diagnosed RCCs should be no different from that
of comparable symptomatic tumors.

Diagnosis of RCC

RCCs typically appear radiographically as a solid mass,
which are generally easily differentiated from cystic lesions.
However, intermediate lesions (Fig. 9.1) exhibiting thick-
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Fig. 9.1 Cystic renal cell carcinoma. 54-year-old male presented with
right-sided abdominal bulge. Abdominal CT revealed large cystic lesion
in right kidney with enhancing nodule in medial wall. Successfully
resected by enucleation, and patient remains disease-free 10 years later

ness, nodularity, calcification or enhancement of the wall, or
the presence of internal septation require careful assessment
using defined criteria to estimate the risk of malignancy, such
as those proposed by Bozniak [8].

RCCs represent the majority of solid renal masses
detected radiologically, irrespective of the presence of symp-
toms [9]. Notably, the size of renal neoplasms is a critical
determinant of the likelihood of malignancy, with more than
20% of lesions less than 4 cm in size being benign, compared
to less than 10% of lesions larger than 4 cm [10] (Fig. 9.2).
Furthermore, even for malignant tumors, small size is asso-
ciated with slow growth and a low rate of metastatic progres-
sion [11]. On this basis, small renal lesions may sometimes
be managed expectantly, especially among older or medi-
cally frail patients [12].

A definitive diagnosis of RCC can sometimes be made on
the basis of radiological studies, while some benign tumors
may also be diagnosed with certainty on the basis of pathog-
nomonic features, such as fat content of angiomyolipomas
[13, 14]. However, in many instances, the diagnosis of RCC
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Fig. 9.2 Small incidental renal mass. 46-year-old female presenting
with stress urinary incontinence also reported vague right flank pain,
prompting radiological evaluation which demonstrated a solid 3 cm
mass in the right kidney. The lesion was removed by partial nephrec-
tomy at the same time as a sling procedure for her incontinence and
found histologically to be an angiomyolipoma

is presumptive until pathological confirmation is obtained
following nephrectomy. We have found needle biopsy to be
inaccurate for the distinction of benign from malignant renal
neoplasm [15, 16], and therefore do not recommend it pre-
operatively.

There is a definite role for needle biopsy of renal masses
in patients with a prior history of other malignancies which
may give rise to renal metastases. However, in this context,
the usual presentation is with multiple renal and extra-renal
deposits [17]. Similarly, a suspicion of renal lymphoma,
based on clinical features or imaging findings, mandates
needle biopsy, since therapy is medical rather than surgical
[18, 19].

Staging of RCC

Pre-operative staging of RCC is important for guiding appro-
priate management decisions and facilitating accurate coun-
seling of patients and relies heavily on radiological assess-
ment. The local staging of RCC is based on tumor size,
which may be reliably estimated radiologically [20], and
extra-renal extension, radiological demonstration of which
is somewhat more problematic. Involvement of the ipsilat-
eral adrenal gland by RCC can be reliably excluded on the
basis of a normal radiographic appearance, thereby allowing
adrenal sparing nephrectomy [21, 22].

In contrast, the detection of perinephric fat invasion on
computed tomography (CT) is susceptible to both false pos-
itive and false negative results [23], but may be somewhat
more accurate on magnetic resonance imaging (MRI) [24].
However, for cT1 tumors, occult invasion of perinephric fat

may be prognostically irrelevant [25]. Similarly, local exten-
sion of RCC to involve adjacent viscera such as the liver
cannot always be reliably assessed radiologically because
of partial volume artifact and adjacent desmoplastic adher-
ence [23]. The definitive assessment of the involvement of
adjacent structures can only be carried out intra-operatively.
Occasionally, en bloc resection may be indicated (Fig. 9.3)
and may result in favorable oncological results [26].

Venous extension of RCC, particularly that involving the
vena cava, is usually detectable on pre-operative imaging
[27, 28]. Radiological assessment is crucial in such cases,
in order to assess the extent of thrombus, occlusion of the
caval lumen [29], or invasion of the caval wall [30] (Fig. 9.4).
Although MRI has been considered the gold standard in
this setting [31, 32], CT scans with multi-planar and three-
dimensional reformatting provide a comparable alternative
[23, 33]. Positron emission tomography (PET) may be useful
for distinguishing between bland and tumor thrombus [34].

At present, the radiological assessment of nodal spread
of RCC is based purely on size criteria, with nodes greater
than 1 cm considered suspicious [33] (Fig. 9.5). However,
the majority of such enlarged nodes represent reactive hyper-
plasia [35], while up to 4% of patients with normal appear-
ing nodes are found to harbor nodal metastases at surgery
[35, 36]. Therefore, the need for lymphadenectomy is best
determined on the basis of clinico-pathological rather than
radiological criteria [37].

For the assessment of distant metastases, radiological
evaluation of the lungs and mediastinum is mandatory. In
this respect, a CT scan is more sensitive, but also less spe-
cific than a plain X-ray, and clinical outcomes appear not to
be significantly impacted by a choice between the two [38].

Fig. 9.3 Locally invasive RCC. 54-year-old male presented with left-
sided chest and shoulder-tip pain as well as prominent constitutional
symptoms, including malaise and weight loss. Abdominal CT scan
revealed left renal tumor with extension into the spleen and the tail of
the pancreas
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(a)

(b)

Fig. 9.4 Venous tumor thrombus. 77-year-old male presented with
bilateral leg edema, consequent to deep venous thrombosis. Subsequent
investigation using CT scan (a) revealed right-sided renal cell carci-
noma with vena caval tumor thrombus (arrow). Coronal reconstruction

on MRI (b) demonstrated the upper extent of tumor thrombus to be
below the hepatic veins (arrow), with complete occlusion of vana cava
infra-renally by bland thrombus (arrow head). Successfully managed
by surgical resection of tumor and removal of thrombus

Fig. 9.5 RCC with regional lymphadenopathy. 57-year-old male
with hematuria found to have left renal mass with nodal metastases.
Treated by nephrectomy and nodal resection, followed by systemic ther-
apy, but succumbed to disease after 18 months

The use of radionuclide bone scintigraphy in pre-operative
staging should be selective, guided by patient performance
status, symptoms, and serum alkaline phosphatase [39].

Operative Anatomy

A further crucial contribution of radiological imaging is the
delineation of anatomical detail that may assist in plan-
ning the surgical approach to RCC. Occasionally, this may

include the detection of congenital abnormalities such as a
horseshoe kidney, ectopic kidney, or contralateral agenesis
[40–42]. More critically, the demonstration of multifocal
[43, 44] or bilateral [45] tumors may suggest an imperative
indication for nephron sparing surgery and in rare instances
lead to the diagnosis of hereditary syndromes such as von
Hippel–Lindau disease or tuberous sclerosis (Fig. 9.6).

For patients in whom a nephron-sparing approach is
planned, an accurate radiological assessment of the tumor, its
relationship to normal structures, and the vascular anatomy
is vital [46, 47] (Fig. 9.7). With three-dimensional refor-

Fig. 9.6 Multifocal RCC. 65-year-old male with incidentally diag-
nosed multifocal RCC (arrows), treated by radiofrequency ablation,
with no enhancement of lesions at 24-months follow-up
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(a)

(c)

(b)

Fig. 9.7 RCC arising in a solitary functional kidney. 64-year-old
male, who had previously undergone left nephrectomy in childhood for
obstructed non-functioning kidney, presented with RCC arising in right
kidney (a). Coronal (b) and three-dimensional (c) reconstructions were

useful in planning operative approach at partial nephrectomy, which was
successfully performed by ligating the inferior branch of the anterior
division of the renal artery (arrow), which was the main blood supply
to the tumor
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Fig. 9.8 Local recurrence of RCC. 74-year-old male status 6 months
post-right radical nephrectomy for RCC found to have ipsilateral psoas
recurrence (arrow) on surveillance CT scan. Managed by surgical exci-
sion and remains disease-free at 6 month follow-up

matting, modern CT scans can provide information regard-
ing renal arterial anatomy that is comparable to angiogra-
phy [47]. The need for detailed radiological assessment of
venous tumor thrombus has already been outlined. Occasion-
ally, variations in vascular anatomy may be found, which
facilitate the surgical resection of difficult tumors [48, 49].

Fig. 9.9 Hepatic metastasis and metachronous contralateral RCC.
20-year-old female, status 2 years post-right radical nephrectomy for
RCC, presents during pregnancy with left-sided renal tumor and hep-
atic secondary (arrow). Managed by partial nephrectomy and hemi-
hepatectomy, followed by systemic immunotherapy

Surveillance for Recurrence

Patients with RCC require ongoing surveillance following
nephrectomy, in order to detect local (Fig. 9.8) and systemic
(Fig. 9.9) recurrences, which may be amenable to surgical
resection [50] and systemic therapy, respectively [51]. There
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Fig. 9.10 Algorithm for the integration of imaging in the clinical management of RCC
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is emerging data to suggest that the surveillance regime needs
to be tailored for each patient based on pathological features
[52] and surgical approach [53], both of which impact upon
risk and likely site of recurrence [51]. Radiological imag-
ing is an indispensable adjunct to clinical evaluation of such
patients.

Cross-sectional imaging, usually in the form of CT scan-
ning, provides excellent assessment of the operative bed,
loco-regional lymph nodes, the liver, and other abdominal
viscera. Evaluation of the lungs and mediastinum, by either
plain X-ray or CT scan, is also essential. Radiological assess-
ment of other metastatic sites, such as brain or bone, should
be carried out selectively, depending on symptoms and serum
markers [54]. PET may be useful for the confirmation of
tumor within suspicious nodules in the operative bed or at
distant sites [55, 56].

A Clinical Algorithm

One approach to the clinical integration of imaging in the
management of RCCs is shown in Fig. 9.10. A key feature
of this algorithm is that the imaging needs to be tailored
to the individual patient. Thus, in some cases, a definitive
diagnosis of a benign lesion such as a cyst or an angiomy-
olipoma can be made on the basis of the initial ultrasound or
CT scan, which is thus sufficient. On the other hand, if a sus-
pected RCC is to be adequately evaluated, an appropriately
phased contrast CT scan is required. The staging and diag-
nostic information gleaned from such a study may suggest
the need for more detailed examination in order to assess
the arterial, venous, or other anatomy. Needle biopsy may
be indicated in specific circumstances as outlined before.
Finally, the post-operative patient and the occasional patient
undergoing observation of a small renal mass require relevant
radiological surveillance along with clinical follow-up.
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Chapter 10

Urothelial Cell Carcinoma of the Upper Urinary Tract

S. Gudjónsson and W. Månsson

Background

The urothelium of the bladder, ureters, renal pelves, and cal-
ices forms a continuous sheath that is histologically identi-
cal at the mentioned sites. Likewise, urothelial tumors of the
upper urinary tract (UUTTs) are histopathologically equiva-
lent to those found in the bladder, and they also share many
risk factors.

There is, however, a huge difference in the incidence,
and especially the prevalence, of these closely linked disor-
ders. Only 5–6% of all urothelial cell cancers arise in the
upper tract which, together with the traditionally aggres-
sive treatment strategies, explains the very low prevalence of
the disease. Furthermore, due to the paucity of UUTTs, the
evidence-based knowledge on various aspects of such tumors
is fairly limited.

Etiology

Factors that are known to predispose to both UUTTs and
bladder cancer (BC) include cigarette smoking, treatment
with cyclophosphamide, and occupational exposure to a vari-
ety of chemicals [1, 2]. More specific and well-documented
risk factors for UUTT are analgesic abuse (phenacitin [3]
being the best known culprit), endemic Balkan nephropa-
thy [4], and a chronic nephropathy associated with inges-
tion of certain Chinese herbs [5]. Chronic bacterial infection
together with urinary calculi and obstruction is known to pre-
dispose to squamous cell carcinoma or even urothelial ade-
nocarcinoma, although both these entities are extremely rare
[6]. Schistosomiasis can induce squamous cell carcinoma in
the upper tract as well as in the bladder.

S.Gudjónsson (B)
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Epidemiology

Bladder tumors account for about 95% of all urothelial
tumors, and UUTTs constitute the remaining 5%. More-
over, 80% of all UUTTs arise in the renal pelvis, and 20%
are ureteral tumors [7] (Figs. 10.1–10.3b). The incidence of
UUTTs appears to have increased slightly in recent decades
[8]. The incidence of bilateral UUTTs is low (about 2%)
[9], whereas ipsilateral multiplicity is common (27–36%)
[7, 10–14]. Men are more prone to UUTTs than women
at a ratio of 2:1, and whites have double the risk of such
tumors compared to African-American males [15]. In addi-
tion, UUTTs rarely occur before the age of 40, but thereafter
the incidence increases, and the mean age of occurrence is
about 65 years [16].

As expected there is substantial overrepresentation of
UUTTs in patients with BC and vice versa. Reports in the
literature indicate that 30–75% of patients with UUTTs have
a history of primary BC or develop secondary BC later in life
[7, 12, 17], which is why follow-up schedules for patients

Fig. 10.1 Centrally located well/moderately differentiated tumor in the
renal pelvis
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Fig. 10.2 Poorly differentiated urothelial renal pelvis tumor invading
renal parenchyma

(a)

Fig. 10.3a Infact nephroureteric specimen with bladder cuff. The renal
pelvis and proximal ureter are dilated

(b)

Fig. 10.3b After opening the collecting system a solitary ureteral
tumor is revealed

with UUTTs include control cystoscopy. The risk of devel-
oping a UUTT is only 1–4% in patients with low-grade non-
muscle invasive bladder cancer (NMIBC) [18], whereas it
has been estimated to be as high as 25% in patients with high-
grade NMIBC [19–22]. Consequently, a radiological investi-
gation of the upper tract is advocated in primary diagnos-
tic work-up of patients treated for BC and also in follow-up
schedules for those with high-grade NMIBC.

The risk of developing a UUTT after radical cystectomy
for invasive BC is generally low (4%) [22]. Nevertheless,
patients who have multifocal disease or carcinoma in situ
(CIS) of the distal ureters and undergo radical cystectomy
are considered to be at increased risk of UUTT later in life,
and follow-up should be tailored accordingly.

Symptoms and Diagnosis

The cardinal symptom of UUTT is macroscopic hematuria
(75% of patients) [14].

In many cases (30%) flank pain caused by a clot blocking
the ureter or by tumor obstruction is also seen as one of the
presenting symptoms.

The methods available for radiological investigation will
be covered in detail in subsequent chapters. Here it is of
interest to mention that, along with cystoscopy, excretory
urography (IVP) has traditionally been the first choice for
investigating hematuria. Also, in doubtful cases, retrograde
examination has led to better visualization of the upper tract.
CT scanning of the upper tract with concomitant contrast fill-
ing (CT urography) has steadily improved in recent years
and at many centers it has now replaced IVP as the pre-
ferred method of examination for patients with macroscopic
hematuria.

Endoscopic examination of the upper tract is a challeng-
ing, operator-dependent procedure, which often adds very lit-
tle to the radiological work-up. Constant improvements in
technology have, however, contributed to enhanced endo-
scopic visualization of the upper tract. An important exam-
ple of this is the use of flexible ureteroscopy, which allows
collection of tissue samples or a brush cytology from a sus-
pected lesion; this approach will probably become more
appealing to urologists after further development of the
technology.

Urine cytology is also valuable for detecting UUTTs. This
method offers high specificity combined with good sensitiv-
ity for high-grade cancer cells, thus it is an effective tool for
early detection of high-grade UUTTs [23] which is especially
useful in patients who have a history of high-grade BC or
for patients who have undergone previous conservative treat-
ment for UUTT. Selective sampling of urine from the upper
urinary tracts for cytology can be the only means of detecting
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CIS in that region, and the results obtained often represent
the sole basis for treatment of upper tract CIS. Urothelial can-
cer cells can be detected by a number of innovative methods,
and one of those is fluorescent in situ hybridization (FISH),
which shows promise but must be tested in larger studies to
ascertain whether it is actually a suitable alternative to cytol-
ogy for diagnosing UUTTs [24].

Staging

Tumor grade and stage have been shown to be the best
predictors of disease-specific survival [25]. Classification is
done according to the UICC TNM Classification of Malig-
nant Tumours (6th edition, 2002) in a manner equivalent to
the staging of BC. Compared to BC, upper tract tumors are
more frequently associated with invasion [16] and hence the
prognosis is generally worse.

Treatment

The standard treatment for UUTTs is radical nephroureterec-
tomy with bladder cuff removal, which can be explained by
the fairly high rate of ipsilateral multiplicity and a substan-
tial recurrence rate in the remaining distal ureter (16–58%)
[10], should this have been left behind. In recent years how-
ever, vast improvements in surgical technique have made
minimally invasive treatments increasingly more appealing.
Laparoscopic and retroperitoneoscopic nephroureterectomy
have proved their value as equally effective to open proce-
dure in terms of oncological outcomes, but with decreased
morbidity and shortened hospital stay for patients as an
attractive feature [26, 27].

Notwithstanding, treatment aimed at conserving renal
function can be used in selected patients [28]. Renal-sparing
surgery is performed by many urologists when tumors are
located in the distal third of the ureter, even if the tumors are
invasive [29]. Technical improvements in endourological and
percutaneous methods have also made it possible to resect
low-grade superficial UUTTs in selected cases, despite a rel-
atively high rate of recurrence in the ipsilateral unit [30–32].

Local chemotherapy and immunotherapy play an impor-
tant role in the prevention of recurrence of BC. In
recent years, reports have demonstrated the applicability of
immunotherapy with Bacillus Calmette–Guerin (BCG) for
upper tract tumors and in particular CIS. BCG instillation
for CIS in the upper tracts seems to be feasible and effec-
tive treatment with acceptable toxicity [33–35]. On the other
hand, it has to be done properly and cautiously through a
nephrostomy catheter or JJ stent, and a low pressure must

be maintained in the system during the instillation period to
avoid potentially serious complications.

The chemotherapeutic regimens that are indicated in sys-
temic disease are generally the same as those used for BC
patients with advanced disease, but there are no random-
ized prospective trials regarding the use of chemotherapy in
UUTTs.

Prognosis

Tumor stage and grade are the most important determinants
of the outcome in UUTT patients [7, 12, 36]. Upper tract
tumors spread via lymphatic and hematogenous routes and
also by direct extension into surrounding tissues, and the
metastatic sites are most often the lungs, liver, bones, and
regional lymph nodes [12]. Overall 5-year survival rate for
patients with UUTTs seems to have improved somewhat in
modern times. Current 5-year survival is reported at 75% [8].
Women have been shown to be at greater risk of dying from
ureteral cancer than men [15].

Actuarial 5-year disease-free survival rates by tumor stage
are 100, 92, 73, and 40% for Ta, T1, T2, and T3, respectively.
Median survival for patients with T4 tumors is only 6 months
[11, 12].

Surveillance Strategies

As for other tumors the follow-up after treatment of UUTTs
must be individually tailored based on patient and tumor
characteristics. Mode of treatment, being radical surgery
of the ipsilateral upper urinary tract or a more conserva-
tive endoscopic and/or renal-sparing surgery, also comes
into account. Patient factors, such as age and concomi-
tant diseases, influence the aggressiveness of surveillance.
Risk factors for recurrence include tumor stage, grade, and
multifocality.

UUTTs behave biologically much in the same fashion as
BCs. The recurrence rate is known to be high in the ipsi-
lateral upper tract when conservative treatment is chosen
[11, 12, 14, 37] and subsequent BCs are common as previ-
ously mentioned. In light of this fact, it is important to follow
all patients with regular cystoscopy controls combined with
urine cytology and, in patients who have not been treated
with a radical nephroureterectomy, to do either endoscopic or
radiological imaging of the ipsilateral upper tract on a regular
basis. Patients who have undergone radical nephroureterec-
tomy, where the pathological analysis shows invasion beyond
the basal membrane, require follow-up imaging for local
recurrence and metastasis. Patients who are candidates for
chemotherapy, should recurrence occur, should be followed
closely with annual CT scanning of the abdomen combined
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with chest radiography for at least 2–3 years. Contralateral
metachronous UUTTs are uncommon, especially in patients
without a history of BC [11, 38, 39], and routine imaging
with IVP of the contralateral tract is therefore not indicated
in those patients [39].

Conclusions

In conclusion, urothelial cell carcinoma of the upper uri-
nary tract is a relatively uncommon type of malignancy
that is closely related to bladder cancer. It often constitutes
a diagnostic challenge and therefore goes undetected until
late in the course of the disease, which can have serious
consequences. The use of modern technology to continu-
ously improve radiological and endoscopic assessments will
undoubtedly increase the chance of early diagnosis and the
quality of surveillance after treatment. It can be expected that
future advances in surgical methods and medical treatment
will have a major positive impact on the morbidity and prog-
nosis of patients with UUTTs.
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Chapter 11

Urothelial Cell Carcinoma of the Upper Urinary Tract: Introduction

B.A. Inman, M.L. Blute, and R.P. Hartman

Introduction

Urothelium is the specialized epithelium that covers the
urinary collecting system from the tips of the renal papil-
lae to the prostatic urethra. Tumors of the urothelium can be
benign but the vast majority are malignant carcinomas. Car-
cinomas of the urothelium are common and the upper urinary
tract is the affected site in roughly 5% of cases. Similarly,
5–10% of tumors that involve the kidney actually arise
from the renal collecting system. It is unusual to find an
upper urinary tract tumor as a result of screening imaging.
Rather, most patients present with symptoms of flank pain or
hematuria and are evaluated specifically to rule out tumoral
involvement of the collecting system. Nonetheless, a thor-
ough evaluation of the collecting systems should be routinely
sought in most renal imaging procedures, even if typical
symptoms are not present.

This chapter discusses widely available imaging
modalities used to diagnose upper urinary tract tumors:
ultrasonography, intravenous pyelography, retrograde pyel-
ography, and antegrade pyelography. For each of these
imaging techniques we have attempted to present a discus-
sion of special indications for usage, practical strengths and
weaknesses, interpretation pointers and pitfalls, evidence
of efficacy for diagnosing upper urinary tract tumors, and
potential complications resulting from usage. References
are used liberally and are meant to provide a comprehensive
reading list for the reader interested in further exploring the
published evidence for the imaging modalities and ideas
presented herein.

B.A. Inman (B)
Assistant Professor of Urology, DUMC 2812
Duke University Medical Center, Durham, NC 27710
e-mail: brant.inman@duke.edu

Ultrasonography

The Normal Upper Urinary Tract

Kidney

Ultrasound examination of the kidney is typically performed
with a 2.5–5 MHz transducer with the patient in any one of a
number of positions. The kidneys are usually best viewed on
deep inspiration and transverse and longitudinal images are
obtained. Characteristics that should be routinely examined
are the size and shape of the kidney, the echogenicity of the
cortex relative to the spleen and liver, the thickness of the cor-
tex, the degree of corticomedullary differentiation, and the
structure of the intrarenal collecting system (i.e., calyces and
renal pelvis).

The kidney usually has a smooth contour that resembles
a bean although persistent fetal lobulation is a common nor-
mal variant. The spleen or liver may indent the upper pole
of the kidney giving the impression of a dromedary hump.
The adult renal cortex is thickest at the poles of the kidney
where it is approximately 15 mm thick [1]. The renal medulla
is principally comprised of 10–12 triangular renal pyramids
that contain the collecting ducts and loops of Henle of the
nephron. The pyramids are hypoechoic relative to the cor-
tex and are separated from one another by fingers of inter-
pyramidal renal cortex called the columns of Bertin. The
rounded apex of each renal pyramid—called the papilla—
projects into a minor calyx where it drains the urine flowing
through its collecting ducts.

Renal Calyces and Pelvis

The 10–12 minor calyces then drain into 2–3 major calyces
which coalesce to form the renal pelvis. The renal pelvis
can assume a wide variety of normal shapes and may not
be symmetric with the contralateral side. This pleomorphism
can make diagnosing obstruction difficult at times. The renal
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calyces and pelvis are located in a central concavity in the
kidney that is called the renal sinus. Fatty tissue is abun-
dant in the renal sinus of adults and accounts for its hypere-
chogenic appearance on ultrasound [2]. In renal ultrasonog-
raphy, the normal order of increasing tissue echogenicity is
renal medulla, renal cortex, liver and spleen, pancreas, and
renal sinus. Demonstration of the urothelium that lines all the
collecting system is not always possible but, when it is visi-
ble, it should appear as a slightly hyperechogenic layer that is
smooth, thin, and regular. The renal pelvis and calyces drain
into the same retroperitoneal lymph nodes as the kidney: the
left side drains primarily into the para-aortic, preaortic, and
postaortic nodes while the right side drains principally into
the paracaval and interaortocaval nodes.

Ureter

Drainage of the renal pelvis into the ureter occurs at the
ureteropelvic junction, a common site for both congeni-
tal and acquired obstructions. The ureter courses in the
retroperitoneal space on top of the psoas muscle and is situ-
ated lateral to the vertebral pedicles until it deviates medially
and crosses the common iliac artery (at the level of its bifur-
cation) to enter the pelvis. The retroperitoneal ureters should
be at least 5 cm apart and should have a slight S shape. The
pelvic portion of the ureter enters the trigone of the blad-
der posteriorly after passing in close proximity to the uter-
ine artery and cervix in the female. Ureteral length varies
with age, gender, and height but averages around 24 cm.
Normal ureters are not routinely seen with ultrasonogra-
phy but dilated ureters are. The lymphatic drainage of the
ureters follows a course similar to the ureteral vasculature.
The retroperitoneal portion of the left ureter drains medially
into the para-aortic and presacral nodes whereas the right
retroperitoneal ureter drains medially into the paracaval and
interaortocaval nodes. Both pelvic ureters drain laterally into
the internal iliac, external iliac, and common iliac nodes.

Upper Urinary Tract Obstruction

Renal ultrasonography (RUS) may be the first imaging
modality used to investigate a patient with flank pain or
hematuria, both of which may be presenting signs of an upper
urinary tract tumor [3, 4]. The most frequent complication of
an upper urinary tract tumor that can be seen with RUS imag-
ing is urinary tract obstruction leading to collecting system
dilation (Fig. 11.1). Though early account of RUS described
an impressive sensitivity of 98% for diagnosing obstruction,
the specificity was only 74% [5]. It was quickly recognized
that the cause of the high false-positive rate was a number of

Fig. 11.1 Longitudinal ultrasound image of the left kidney demon-
strates dilatation of the intrarenal collecting system (asterisk) with a
dilated proximal ureter (arrow)

non-obstructive entities that produce a dilation of the collect-
ing system that can closely mimic obstruction [6]. Techno-
logical advances in ultrasonography have helped to reverse
these early problems of diagnostic accuracy and the combi-
nation of higher ultrasound frequencies, better transducers,
and better software has resulted in dramatically improved
image resolution. The single most important development in
renal ultrasound in the last 20 years, however, has been the
acquisition of the capability to perform Doppler flow analy-
sis [7]. The expansion of early Doppler technology has led
to the clinical applications of waveform Doppler sonogra-
phy, power Doppler sonography, and color Doppler sonogra-
phy. This, in turn, has allowed the ultrasonographer to mea-
sure the renal resistive index and ureteral jets (Fig. 11.2)
[8–10], both of which can help to diagnose veritable renal
obstruction.

Fig. 11.2 Transverse Doppler ultrasound image of the bladder demon-
strates a normal right ureteral jet. The left ureteral jet is absent sugges-
tive of left sided obstruction
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Renal Pelvic Tumors

If large enough, urothelial tumors of the renal pelvis can be
visualized directly by ultrasound. Although finding a mass
in the renal collecting system can sometimes be very diffi-
cult with ultrasound, an equally important task is ruling out a
number of non-malignant pathologies that can cause a mass
lesion in the renal pelvis (Table 11.1). A recent manuscript
provides an excellent review of the diagnostic imaging fea-
tures of lesions of the renal sinus [11].

Separation of the Central Echo Complex

Renal pelvic tumors can cause separation of the normally
echodense central renal sinus if they are large enough [2,
12, 13]. The appearance of separation of the central echo
seen in upper tract tumors is similar to what is seen in
hydronephrosis but can be distinguished from the former by
the presence of residual echoes and the absence of the acous-
tic enhancement (Fig. 11.3) [12]. The presence of a central

Table 11.1 Differential diagnosis for a collecting system filling defect

Calculi
Calyceal papilla
Cancer
Clots
Contrast air bubble
Cyclical endometriosis
Contamination/cultures

Fungus ball (mycetoma)
Schistosomiasis
Tuberculosis

Chronic inflammation
Cystic ureteropyelitis
Malakoplakia
Leukoplakia/cholesteatoma

Congenital
Vascular imprint
Kinks

Fig. 11.3 Longitudinal ultrasound image of the right kidney demon-
strates soft tissue with similar echogenicity as the renal parenchyma
(asterisk) separating the normal renal sinus fat. The findings are due to
a large TCC in the upper pole of the kidney

renal mass of moderate echogenicity that is separated from
the renal parenchyma by a rim of highly echogenic renal
sinus fat should be considered a malignant urothelial tumor
until proven otherwise [2, 13].

Echogenicity

Urothelial tumors tend to have an echogenicity that is sim-
ilar to the renal cortex but less than the normal renal sinus
[12, 13]. Blood clots can have varying degrees of echogenic-
ity and may be quite difficult to differentiate from a tumor
[14, 15]. Renal calculi tend to be more echogenic than tumors
and, due to their high density, calculi usually demonstrate
acoustic shadowing (the cone-dome) characteristic of cal-
cium deposition [15–18]. Calcification may also be present
in tuberculous and schistosomal infection of the urinary
tract [19–25]. However, it should be kept in mind that rare
urothelial tumors may present with intratumoral calcifica-
tion in a pattern that has been described as coarse and punc-
tate [26]. Furthermore, certain upper urinary tract tumors—
particularly squamous cell carcinomas—arise in the context
of chronic irritative renal urolithiasis [27–31]. One group has
even reported acoustic shadowing in a tumor [32]. Therefore,
though the presence of calcification, a renal pelvic stone,
or acoustic shadowing does not absolutely rule out a renal
pelvic tumor, it certainly does suggest alternate diagnoses.

Mobility

One feature that can distinguish a urothelial tumor from other
potential intraluminal masses is its lack of mobility. While
necrotic papillae, blood clots, and certain calculi may move
with a change in patient position, tumors are fixed to the
urothelium and should not move [12].

Contour

Though by no means absolute, urothelial tumors of the renal
pelvis tend to be poorly defined and have irregular contours
while blood clots and stones tend to have sharp smooth con-
tours [12]. Considerable overlap exists, however, and stones
can be ragged and tumors smooth. Another problem is that
contours are difficult to assess with ultrasonography. For
these reasons contours are often of little use in diagnosing
urothelial tumors by ultrasonography [33].
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Blood Flow

The demonstration of blood flow within a urothelial mass
is pathognomonic for a neoplastic process [33–38]. Of the
few reported upper tract urothelial carcinomas that have been
evaluated by Doppler ultrasonography, most have shown a
Doppler shift greater than 2 kHz [34, 35].

Large Tumors

Large tumors of the central kidney that are clearly invad-
ing both the collecting system and the renal parenchyma are
nearly impossible to categorize with certainty using ultra-
sonography [39]. These lesions can represent a renal tubular
neoplasm that has invaded the collecting system or a urothe-
lial neoplasm that has grown into the renal parenchyma. CT
scanning may perform better than ultrasonography in this set-
ting but is by no means a perfect technique [40, 41]. If treat-
ment decisions are to be influenced by the histologic tumor
type, a pretreatment biopsy should be considered.

Ureteral Tumors

Ultrasonography has not been traditionally considered a
good way to assess for ureteral tumors. Whereas other
imaging modalities can show a variety of imaging find-
ings in cases of ureteral tumors, ultrasonography typically
demonstrates two things: a ureteral mass or its associated
hydronephrosis [37, 42, 43]. Ureteral tumors have similar
features to the renal pelvic tumors described earlier in that
they are of moderate echogenicity, show no acoustic shad-
owing, and are rarely calcified. Evidence of Doppler flow
in a ureteral mass is likewise considered pathognomonic
for tumor [38]. Comparative studies of the various imaging
modalities for ureteral tumors are rare but at least one group
has shown ultrasonography to be superior to CT in detecting
these uncommon tumors [42].

Advantages of Ultrasonography

Ultrasonography is probably not the best overall method for
evaluating the upper urinary tract for cancer. Nonetheless, it
does have certain advantages that deserve special mention.

Noninvasive

Unlike all other methods of evaluating the upper urinary
tract, ultrasonography does not require intravenous access,
a percutaneous nephrostomy, or a ureteral catheter. The risk

of iatrogenic injury to the body is therefore practically non-
existent.

No Contrast

All other forms of urography require the administration of
potentially toxic and allergenic contrast agents. Contrast-
associated side effects are not a minor problem and will be
discussed in more detail in the section Intravenous Pyelogra-
phy.

Renal Insufficiency

Patients with impaired renal function are at high risk for con-
trast nephrotoxicity and should generally be spared contrast
if possible. If the kidney is non-functional because of severe
tumoral obstruction or some other process, contrast excretion
will be markedly impaired and the quality of the imaging will
suffer dramatically. Ultrasonography can be used safely and
effectively in patients with renal failure.

Radiation

Ultrasonography does not use ionizing radiation to image the
body and is generally considered to be free of significant
side effects [44]. This important fact makes it the ideal imag-
ing study for pregnant women. It should also be remembered
that imaging-related neoplasia is a possibility for diagnostic
imaging modalities that use ionizing radiation [45–48]. This
may be particularly relevant for cancer patients who undergo
repeated imaging tests.

Cost

Along with IVP, ultrasonography is probably the most inex-
pensive diagnostic test for evaluating the upper urinary tract.

Disadvantages of Ultrasonography

Calculi

Ultrasonography is not very sensitive for diagnosing renal
calculi [49–52]. Since most patients with upper tract tumors
are initially evaluated for flank pain or hematuria and stones
are a much more common cause of these symptoms than
urothelial tumors, the initial evaluation of flank pain and
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hematuria should employ a technique that is very sensitive
for detecting stones (such as noncontrast CT) [53–55].

Staging

If a urothelial tumor is detected on initial imaging, stag-
ing the tumor then becomes a very important consideration.
Conventional ultrasonography is inferior to CT and MRI
for detecting retroperitoneal and pelvic lymph node enlarge-
ment [56–60], for detecting hepatic metastases [61–63],
and for evaluating the lungs [64–66]. There is one partic-
ular advantage to ultrasonography for tumor staging, how-
ever: evaluation of the renal vein. Like renal cell carcinomas,
urothelial carcinomas can invade the renal vein and spread to
the inferior vena cava, albeit much less frequently [67]. Color
Doppler imaging may be more accurate than CT in identify-
ing tumor thrombus in the renal vein or vena cava [68–71].

Operator Dependence

Ultrasonography is operator dependent: the better the ultra-
sonographer, the better the accuracy [72–76]. Cross-sectional
imaging modalities appear to have better interobserver repro-
ducibility than ultrasonography.

New Advances in Ultrasonography

Endoluminal Ultrasonography

The use of intraureteral ultrasonography was first reported
in the 1990s and the first report of the diagnosis of ureteral
tumor occurred shortly thereafter [77, 78]. Endoluminal
ultrasonography has not been widely adopted in the 15 years
since it was introduced despite the refinement of smaller and
more accurate probes. Its use has been principally limited
to the diagnosis of crossing vessels at the ureteropelvic junc-
tion in a few select medical centers [79–83]. There have been
just a few reports of its employment in diagnosing urothelial
tumors of the ureter and renal pelvis [77, 84, 85]. The authors
of these studies cite the principle benefit of better preopera-
tive staging of the tumor due to more accurate identification
of the ureteral mucosa and musculature. This staging advan-
tage would only benefit the minority of patients with upper
tract tumors that are considering endoscopic management.
Newer modifications of the technique involve 3D reconstruc-
tion of the upper urinary tract [86, 87].

Microbubble Contrast Agents

One of the most exciting advances in ultrasonography has
been the development of the technique of contrast-enhanced
ultrasonography that has the potential to greatly improve
diagnostic accuracy [88, 89]. The contrast agents that have
been developed for ultrasound consist principally of small air
bubbles measuring 3 μm in diameter that can be injected into
the bloodstream or the urinary tract. At high ultrasound fre-
quencies these microbubbles are over a thousand times more
echogenic than the surrounding normal tissues [90]. Applica-
tions that are relevant to urothelial tumors include improved
visualization of liver metastases [91, 92], improved imag-
ing of tumor microvascularity [93], retrograde imaging of
the ureter without radiation [94–96], molecular imaging [97],
and the delivery of drugs to specific targets [88].

Intravenous Pyelography (IVP)

Brief History

After the development of medical X-rays by Roentgen in
1895, the first step toward the development of intravenous
pyelogram was the development of radiocontrast. Radiocon-
trast was first used to visualize the urinary collecting in the
form of retrograde pyelography (see discussion below) [98].
Early contrast agents—such as colloidal silver, thorium, and
colloidal silver iodide—were toxic irritants that harmed the
urinary tract and occasionally resulted in patient deaths. A
major advance occurred in 1918 when Donald Cameron from
the University of Minnesota introduced sodium iodide as a
new contrast agent [99]. This agent was remarkable because
it was much less toxic than other contrast agents available at
the time. Mayo Clinic physicians Earl Osborne (Fig. 11.4),
Charles Sutherland, Albert Scholl, and Leonard Rowntree
(Fig. 11.5) used intravenous sodium iodide to produce the
first intravenous pyelogram in 1918 and reported the results
of their initial series in 1923 [100]. The result was a revo-
lution in medical imaging and the next 75 years were spent
trying to find contrast agents with better imaging characteris-
tics and lower toxicity. German physician Leopold Lichtwitz
was key to the development of novel contrast agents. He
recruited American physician Moses Swick to a fellowship
position in his laboratory in Hamburg, and the young Ameri-
can physician began screening multiple new agents as poten-
tial contrast agents. Swick soon moved to Berlin and began
working with Alexander von Lichtenberg, the discoverer
of the retrograde pyelogram, on newer and better agents.
They teamed up with Arthur Binz, a Berlin chemist that
had provided chemicals to Swick while he was in Hamburg,
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Fig. 11.4 Earl Osborne, Mayo Clinic dermatology resident, 1918–1923

Fig. 11.5 Leonard Rowntree, Mayo Clinic internist, 1920–1932

and eventually the ionic compound Uroselectan (Iopax) was
developed [101]. Uroselectan was eventually replaced by
ionic monomers (e.g., diatrizoate, iothalamate) then by tri-
iodinated nonionic compounds (e.g., iohexol/Omnipaque),
and finally by iso-osmolar nonionic compounds (e.g., iodix-
ans/Visipaque). With these newer agents, IVP has become a
safer and better diagnostic test.

More recently, questions have surfaced as to whether
IVP is dead, dying or neither [102–106]. Though IVP may
no longer be the primary diagnostic modality for eval-
uating the urinary tract, we argue that it certainly has
its place in current practice. CT and MR urography sim-
ply do not demonstrate the anatomic detail of the renal
pelvis and ureter that IVP and retrograde pyelography offer
[107]. These techniques are still useful and need not be
abandoned.

Technique

Patient preparation is not routinely required for IVP but cer-
tain key points should be observed. Patients should be well
hydrated and have adequate renal function (see section Dis-
advantages of IVP) and an empty bladder. The following film
sequences are a suggestion for a typical case but it should be
recalled that IVP should be tailored to each clinical circum-
stance [108]. A summary of the IVP procedure that we use
at the Mayo Clinic has been previously published [109]. A
scout film is first obtained and is followed by 300–600 mg/kg
of contrast medium injected as a bolus into the bloodstream.
An initial film coned to the kidneys can be obtained at
1 minute to demonstrate the nephrogram. A second film is
obtained at 5 minutes to assess the progress of opacification
of the parenchyma and collecting system. This film should
include the inferior margin of the symphisis pubis and the
suprarenal region. A third film is obtained at 10 minutes to
view the collecting system which should be filled with con-
trast by this point in time. Visualization of the collecting sys-
tem on this film can be improved by abdominal compression
or by Trendelenberg positioning (Fig. 11.6). We routinely
commence our abdominal compression shortly after contrast
injection and center it at the iliac crest where the ureters can
be compressed against the bony pelvis. If the collecting sys-
tem is not seen perfectly, oblique films may be of use. It is
recommended that at least two images of any collecting sys-
tem defect be obtained. A fourth film of the ureters and full
bladder can be obtained at 10–15 minutes (after release of
abdominal compression) followed by a fifth post-micturition
film. If there is evidence of obstruction and the collect-
ing system has not filled adequately, delayed films should
be sought.
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Fig. 11.6 Image from an intravenous pyelogram demonstrates a TCC
in a lower pole infundibulum of the right kidney (arrow). External com-
pression, as in this case, is useful for optimal distension of the intrarenal
collecting system

Imaging Features

Calcification

Calcification in upper tract tumors and their mimics is dis-
cussed in section Renal Pelvic Tumors. Calcification is
sought on the scout film and its position confirmed follow-
ing contrast injection.

Delayed Nephrogram

When the collecting system of one of two kidneys is
obstructed, compensatory hemodynamic changes lead to
a reduction in its glomerular filtration rate predominantly
through afferent arteriolar vasoconstriction [110–114]. The
reduced renal blood flow delays the passage of radiocontrast
from the renal artery to the nephron and the imaging result is
a delay in the nephrogram. The delay is usually best appre-
ciated by comparing the normal unobstructed kidney to the
obstructed kidney. It is noteworthy that renal units that are
obstructed bilaterally or that are solitary and obstructed may
not show this imaging feature because they undergo a differ-
ent series of hemodynamic responses to obstruction [113].

Fig. 11.7 Image from an intravenous pyelogram demonstrates left renal
enlargement, dilation of the left renal collecting system and absence of
filling of the left ureter

Increased Renal Size

Obstruction of the renal collecting system usually (but not
always) results in progressive dilation of the ureter and renal
pelvis. The dilated kidney appears larger during the nephro-
graphic phase of the IVP (Fig. 11.7).

Distortion of the Renal Contour

The interpapillary line is the curved line that joins the tips
of the minor calyces [108]. A change in parenchymal thick-
ness can be appreciated by comparing the distance from the
interpapillary line to the edge of the renal parenchyma visual-
ized on the nephrogram of the kidney. When the parenchyma
is thickened and the underlying collecting system is abnor-
mal, a renal mass lesion should be suspected. Renal masses
can also produce a double contour that is best appreciated
at tomography. Parenchymal beaking occurs when there is
thickening of the parenchyma at the margins of an intra-
parenchymal renal lesion and indicates the presence of a
slow-growing mass. Non-enhancing parenchymal thickening
is typical of a renal cyst.
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Fig. 11.8 Image from an intravenous pyelogram 45 minutes after injec-
tion demonstrates a dilated right intrarenal collecting system and upper
ureter (arrow). There is persistence of the right nephrogram relative to
the left. These secondary findings of obstruction were due to a distal
right ureteral TCC (not shown)

Pyelocaliectasis

Dilation and distortion of the calyces and renal pelvis are
usually signs of obstruction though there are many other
pathologies that can affect the collecting system anatomy
(Fig. 11.8). Pathologies that should be considered include
infection and post-infectious scarring (particularly tubercu-
losis, fungal infections, and schistosomiasis) [19, 24, 115],
papillary necrosis [116–119], calyceal diverticulae [120,
121], and infundibular stenosis. Papillary necrosis can be
diagnosed by carefully evaluating the minor calyces for a
series of suggestive signs while infections are ruled out by
urinalysis and urine cultures.

Phantom Calyx

A phantom calyx (a.k.a. aborted calyx) is a calyx that
does not fill with contrast on imaging (Fig. 11.9) [122]. It
is thought that phantom calyces generally represent seri-
ous pathology in the kidney and the differential diagnosis
includes tuberculosis, urolithiasis, neoplasia (usually origi-
nating from nephron or urothelium), and congenital malfor-
mation. A tumor-filled calyx that is non-visualized has been
termed an oncocalyx [108].

Filling Defects

Filling defects are likely the most common imaging fea-
ture of urothelial tumors of the renal pelvis and may be
the second most common feature of ureteral tumors (after
hydronephrosis) (Fig. 11.10) [18, 123–126]. The differential

Fig. 11.9 Image from an intravenous pyelogram demonstrates an
amputated calyx in the upper pole of the right kidney (arrow). This was
shown to be due to an obstructing TCC in the upper pole infundibulum

Fig. 11.10 Image from an intravenous pyelogram demonstrates a TCC
in the upper left ureter (arrow)
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Fig. 11.11 Tomographic image from an intravenous pyelogram
demonstrates a tiny TCC in an infundibulum in the upper pole of the
right kidney (arrow)

diagnosis of collecting system filling defects is given in
Table 11.1. Urothelial tumors are multifocal in 10–20% of
cases and, therefore, should be high on the differential diag-
nosis of any process that produces multiple filling defects in
the renal pelvis and ureter. Smaller filling defects may be bet-
ter visualized with tomography (Fig. 11.11).

Stipple Sign

The stipple sign occurs when contrast is trapped within the
interstices of a tumor and produces a stippled appearance
[127, 128]. The stipple sign is highly suggestive of urothe-
lial carcinoma but can also occur with other pathologies such
as blood clots and fungus balls.

Ureteral Deviation

The course of the normal ureter is described in section The
Normal Upper Urinary Tract. In most instances, the cause of
ureteral deviation is ultimately determined by cross-sectional
imaging. On IVP, both the direction of the ureteral deviation
and the level at which it occurs are important and can suggest
potential etiologies (Table 11.2).

Ureteral Dilation or Narrowing

Though the normal ureteral caliber has been defined by some
uroradiologists as a ureter that is less than 8 mm in diameter,

Table 11.2 Differential diagnosis for ureteral deviation

Upper ureter
Medial

Renal parenchymal mass
Renal pelvic mass
Lateral retroperitoneal mass
Retroperitoneal fibrosis
Retrocaval ureter

Lateral
Congenital malformation of kidney

Horseshoe kidney
Malrotation

Renal pelvic mass
Retroperitoneal mass or lymph nodes
Psoas hypertrophy or abscess
Aortic aneurysm
Prior retroperitoneal surgery

Lower ureter
Medial

Pelvic lymphadenopathy
Pelvic mass
Prior pelvic surgery
Pelvic prolapse
Bladder diverticulum
Inguinal ureteral herniation

Lateral
Pelvic mass
Iliac artery aneurysm
Urinoma/Hematoma
Prior pelvic surgery
Femoral ureteral herniation

the best way to determine dilation is usually comparison to
the contralateral side (Fig. 11.12) [108]. The ureter is often
slightly dilated just above the area where it crosses the com-
mon iliac artery, a segment that has been called the ureteral
spindle. Causes of ureteral dilation are given in Table 11.3.
Narrowing of the ureter should be interpreted with caution
because normal peristaltic waves may give the false impres-
sion of a narrowed segment (hence the importance of obtain-
ing two views of any suspected pathology). Determining
intrinsic from extrinsic causes of ureteral narrowing can be
helpful. Intrinsic infiltration typically produces an irregular
and abrupt change in ureteral caliber that resembles an apple
core. Extrinsic encasement tends to produce a smooth taper-
ing of the ureter. Causes of ureteral narrowing are given in
Table 11.4.

Advantages of Ivp

Cost and Availability

Intravenous pyelography is inexpensive and can be obtained
with a strict minimum of radiologic equipment. Even the
most remote rural facilities can perform IVP if basic radiog-
raphy is available.
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Fig. 11.12 Image from an intravenous pyelogram demonstrates a TCC filling the distal left ureter (arrow) with slight ureteral dilatation proximally

Table 11.3 Differential diagnosis for ureteral dilation

Obstructive
Intraluminal ureteral mass (see Table 11.1)
Extraluminal ureteral pathology
Ureteral stricture
Retroperitoneal or pelvic mass
Retroperitoneal fibrosis

Intravesical obstruction
Bladder tumor
Bladder calculus
Bladder infection (e.g., TB, schistosomiasis)
Neurogenic bladder (± detrusor-sphincter dysynergia)

Infravesical obstruction
Benign prostatic hyperplasia
Prostatic or urethral tumor
Urethral stricture

Non-obstructive
Pregnancy
Ureteral atony

Postobstructive residual dilation
Infection (endotoxin)

High urine flow
Polydipsia
Diabetes insipidus
Postobstructive diuresis

Congenital
Vesicoureteral reflux
Megaureter
Ectopic ureter
Ureterocele
Prune belly syndrome
Retrocaval ureter

Image Quality

Many physicians still regard IVP as one of the best tests for
visualizing ureteral anatomy.

Table 11.4 Differential diagnosis for ureteral narrowing

Normal
Ureteral peristalsis
Vascular imprinting

Neoplasia
Urothelial tumors
Retroperitoneal/pelvic tumor
Lymph nodes
Metastases

Stricture
Iatrogenic
Trauma
Radiation
Congenital

Infection
TB
Schistosomiasis

Inflammation
Malakoplakia
Endometriosis
Inflammatory bowel disease

Disadvantages of IVP

Contrast Toxicity

A full discussion of the toxicities of radiocontrast is beyond
the scope of this chapter and we provide only a brief
overview here. The reader is referred to Bush and Lasser
for a complete discussion [129]. Nephrotoxicity is proba-
bly the most important complication of IVP—though not the
only one—and its incidence depends on the type and dose of
contrast used, the underlying health of the patient at study,
and the medication used by the patient. Numerous clinical
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trials have been conducted in an attempt to find strategies to
minimize this complication. European guidelines for the pre-
vention of contrast nephrotoxicity have recently been pub-
lished and propose the following important points [130].
Identifying individuals at risk of contrast nephrotoxicity
prior to injecting contrast may reduce its incidence. Risk
factors include diabetes, renal failure, congestive heart fail-
ure, dehydration, nephrotoxic drugs (e.g., NSAIDs, gentam-
icin), and age over 70. Physicians should try to minimize
contrast nephrotoxicity by adopting a prevention strategy.
Universal preventative measures include: ensuring adequate
hydration (oral or IV), using low-osmolar contrast agents,
minimizing contrast dose, maximizing time delay between
contrast injections, stopping nephrotoxic drugs, avoiding
diuretics, and avoiding contrast altogether if not necessary.
Other interventions that have shown promise in random-
ized trials include intravenous bicarbonate infusions and N-
acetylcysteine [131–134]. Another interesting investigational
treatment with low toxicity is vitamin C [135].

Contrast Allergy

The incidence of anaphylactoid reactions to contrast media
depends on the type of agent used and the patient’s history of
atopic reactions [136]. Most anaphylactoid reactions occur
within minutes of contrast injection but some reactions may
take up to 2 hours to develop [136]. Overall, the risk of
any form of anaphylactoid reaction is 5% with ionic con-
trast and 1% with non-ionic contrast [136, 137]. Severe reac-
tions are much less common, occurring in 1 in 750 patients
injected with ionic contrast and in 1 in 3000 patients injected
with non-ionic contrast [136, 137]. Risk factors for anaphy-
lactoid reactions include asthma (RR=10), previous con-
trast reaction (RR=5), other allergies (RR=2.5), congestive
heart disease, sickle cell anemia, anxiety, certain medica-
tions (β-blockers, IL-2, NSAIDs), and pheochromocytoma
[136]. Patients with risk factors should receive a pre-contrast
protocol of antihistamines and corticosteroids such as that
supported by the European Society of Urogenital Radiology
[138, 139].

Severe Obstruction

If the renal unit that is investigated is severely obstructed
and no contrast is excreted into the collecting system by 10
minutes, delayed films will be required. Often these films
do not adequately demonstrate the collecting system despite
multiple radiation exposures, and alternative cross-sectional
imaging studies become indicated. Unfortunately, the dose of
contrast administered during IVP into the obstructed collect-
ing system is quite high and may force delay of CT imaging

by 1–2 days. This delay in diagnosis may prove quite dis-
tressing for both the physician and the patient.

Retrograde Pyelography

Brief History

Retrograde pyelography was described by the German physi-
cians Fritz Voelcker and Alexander von Lichtenberg in 1906
and was the first technique used to specifically visualize the
renal collecting system [98, 140]. The initial images of the
ureter were the result of vesicoureteral reflux that occurred
during a cystogram but this rapidly lead to the purposeful
catheterization of the ureteral orifice and the retrograde injec-
tion of contrast media. The technique of retrograde pyelogra-
phy was popularized in North America by William Braasch
who practiced urology at the Mayo Clinic from 1907 to 1946
(Fig. 11.13). Braasch was a major advocate of retrograde
pyelography and was responsible for describing the normal
pyelographic upper tract anatomy and the use of pyelogra-
phy for diagnosing malignant diseases of the genitourinary
tract [141–143]. Improvements in contrast agents made over
the next 100 years have made retrograde pyelography much
safer for the patient.

Fig. 11.13 William Braasch, Mayo Clinic urologist, 1907–1946
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Technique

Standard Single-Contrast Technique

Retrograde pyelography is a minimally invasive method of
imaging the renal collecting system that generally requires
cystoscopic visualization of the ureteral orifice, although
there have been reports of performing the technique com-
pletely under fluoroscopic guidance [144, 145]. Regardless
of the method employed, sterility is important because the
introduction of bacteria directly into the renal collecting sys-
tem and bloodstream is a potentially catastrophic complica-
tion. A small ureteral catheter, typically 4–7 F, is then slowly
advanced into the distal intramural ureter. If urine collection,
brush biopsy, or saline barbotage specimens are to be sent
for cytologic analysis, as should routinely be the case if a
tumor is on the differential diagnosis, these samples should
be obtained prior to injecting contrast media into the collect-
ing system. This is done because contrast media, particularly
ionic agents with high osmolarity, can alter the cytologic
appearance of normal urothelial cells resulting in a potential
false-positive urine cytology [146–149]. Newer iso-osmolar
contrast agents do not appear to have this problem [146].
Air bubbles in the ureteral catheter should be purged prior
to inserting the catheter into the ureter because these can cre-
ate the false impression of a filling defect, and positioning
the patient in the Trendelenberg position may result in bet-
ter opacification of the renal calyces. A scout film should be
obtained prior to contrast injection to assess for mass effects
and calcification. Under fluoroscopic guidance, 5–10 mL of
diluted contrast media is then slowly injected at low pressure
into the ureteral catheter. The ureter and renal pelvis are then
assessed systematically. Rotating the fluoroscopy head can
provide alternate views of the intrarenal collecting system
and prove vital to correctly diagnosing pathology.

Double-Contrast Technique

The use of gas to visualize the urinary collecting system is
called gas pyelography and the combination of a gas and a
liquid contrast agent is referred to as double-contrast pyelog-
raphy [150–154]. Several options exist for gas pyelography
including oxygen, carbon dioxide, room air, and other inert
gases. Carbon dioxide is preferred because it is safest. The
technique for catheterizing the ureter is the same as described
above with the exception of patient positioning: the reverse
Trendelenberg position is preferred [154, 155]. A volume of
15–20 mL of gas is injected into the renal pelvis immedi-
ately following the injection of 5 mL of radiocontrast media.
Though the risk of gas embolism with gas pyelography is
not known with certainty, it has certainly been described and

should be avoided at all costs [155–157]. The risk of gas
embolism and little gain in diagnostic accuracy have made
gas pyelography a largely unused procedure.

Imaging Features of Ureteral and Renal Pelvic
Tumors

The imaging features of ureteral and renal pelvic tumors
visualized with retrograde pyelography are generally the
same as described earlier with intravenous urography.
Tumors appear as filling defects, irregular stenoses, non-
visualized calyces, and hydronephrosis. The advantages of
retrograde pyelography over other imaging modalities are
discussed below. Two imaging features of ureteral tumors
that are best detected with retrograde pyelography are the
so-called goblet sign and Bergman’s sign.

Goblet Sign

The goblet sign (a.k.a. chalice sign) refers to a cup-shaped
collection of contrast media that is seen just distal to the
intraluminal filling defect and suggests the presence of a
tumor (Figs. 11.14 and 11.15) [158]. The slow growth of an
intraluminal tumor causes proximal as well as distal expan-
sion of the ureter [159]. Additionally, a pedunculated tumor
may also be pushed distally during peristalsis only to return
to its normal cephalad position between contractions [160].
Presence of the goblet sign suggests a superficial (i.e., less
aggressive) tumor [158].

Bergman’s Sign

Bergman’s sign (a.k.a. catheter coiling sign) refers to the
coiling of a ureteral catheter in the infratumoral ureter [159].
Its interpretation and cause are exactly the same as the goblet
sign.

Advantages of Retrograde Pyelography

Fluoroscopic Monitoring

Fluoroscopic monitoring allows this imaging modality to
better visualize the pathology in the urinary tract because the
patient or fluoroscopy head can be repositioned to provide
an optimal view of the problem. Often a slight change in the
angle of view can result in a dramatically better picture of the
pathologic process.
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Fig. 11.14 Image from a retrograde pyelogram demonstrates a TCC
filling the distal right ureter (asterisk) with slight ureteral dilatation dis-
tally (arrow). The distal ureteral dilation is known as the “chalice sign”
or the “goblet sign”

Intracavitary Filling

More contrast is instilled in the ureter and renal pelvis with
retrograde pyelography than is possible with any intravas-
cular imaging technique. This can sometimes be very use-
ful in opacifying the phantom calyces seen on IVP. Many
physicians feel that retrograde pyelography provides the best
quality images of the renal pelvis and the most accurate mea-
sure of the extent of a ureteral tumor (i.e., length of ureteral
involvement and multifocality) (Fig. 11.16).

Renal Failure

When renal function is so severely impaired that the kidney
cannot excrete the contrast media or when intravascular con-
trast media risks worsening stable renal impairment, retro-
grade pyelography can be of use. As noted below, retrograde
pyelography can worsen renal function, although this occurs
very rarely. Most urologists and radiologists would agree that

Fig. 11.15 Image from a retrograde pyelogram demonstrates a TCC
filling the distal left ureter (asterisk) demonstrating the “goblet sign”

retrograde contrast injection is unlikely to cause significant
renal dysfunction.

Contrast Toxicity

The injection of contrast media into the collecting system is
associated with a very low adverse event rate. Despite this,
there have been reports of a variety of contrast-related com-
plications that deserve mention. Contrast nephrotoxicity can
occur after retrograde pyelography and seems to be associ-
ated with bilateral obstruction, the presence of backflow (see
later), and contrast-induced mucosal edema [161–163]. The
course of resolution appears similar to that observed in cases
of intravenous contrast nephrotoxicity.

Contrast Allergy

There is a very low rate of anaphylactoid reactions when
contrast is administered directly into the urinary collect-
ing system via retrograde injection. Though the urothelium
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Fig. 11.16 Image from a retrograde pyelogram demonstrates multiple
tiny papillary TCC in the distal left ureter

is considered a relatively impermeable barrier, contrast can
be absorbed through the urothelium and enter the circula-
tion [164–166]. Backflow mechanisms may also be involved
in certain cases. A variety of allergic presentations have
been described in patients undergoing cystography and ret-
rograde pyelography, ranging from simple urticarial rashes
to circulatory collapse [167–170]. Non-ionic contrast agents
cause much fewer adverse reactions than ionic agents. It is
unknown whether or not prophylaxis regimens are effica-
cious or indicated for preventing anaphylactoid reactions in
patients undergoing cystography or retrograde pyelography
[171]. Our bias is to err on the side of caution and adminis-
ter prophylaxis to patients who have previously developed a
reaction or that are at high risk of one.

Ancillary Diagnostic Procedures

Selective ureteral cytologies, saline barbotage, brush biopsy,
and ureteroscopy can all be done in the same setting as ret-
rograde pyelography. Combining all these diagnostic modali-
ties provides a better chance of diagnosing difficult cases and
is recommended in the follow-up of patients at high risk for
an upper tract urothelial tumor [172].

Drainage

A ureteral stent can be placed into the ureter to relieve
obstruction and symptoms caused by the tumor at the same
time as retrograde pyelography.

Disadvantages of Retrograde Pyelography

Difficult Ureteral Orifice

All urologists with significant experience will recall occa-
sions where ureteral cannulation was simply not possi-
ble. Some of the more common causes of difficult ureteral
catheterization include a reimplanted ureter, the presence of
a urinary diversion, a large prostate, a tumor at the ureteral
orifice or previous transurethral resection thereof, a bladder
diverticulum, extensive hematuria, an obstructing ureteral
calculus, and looping dilated ureters. There are many tricks
and tools that can assist in these situations but in certain cases
the most rapid solution is to abort the procedure and obtain a
percutaneous nephrostomy tract.

Iatrogenic Trauma

Though cystoscopy is a routine procedure for the urolo-
gist, inserting an instrument into the urethra should not be
taken lightly. Many serious complications have occurred dur-
ing cystoscopy and ureteral catheterization. Some of the
more common complications include perforation of the uri-
nary tract (urethra, bladder, ureter, or the renal pelvis) [173,
174], stricture with secondary obstruction [175–177], and
infection/sepsis [178]. Although controversial, percutaneous
nephrostomy is generally preferred over ureteral catheteriza-
tion in the context of infected urine [179–182].

Backflow

Excessive injection pressure or trauma to the urothelium can
result in the leakage of radiocontrast media into lympho-
vascular spaces [183–185]. This process is known as back-
flow and five distinct varieties have been described. Pyelove-
nous backflow occurs when contrast leaks into the venous
drainage system of the kidney [186, 187]. It provides a
direct route for contrast, air, and bacteria to enter the blood-
stream. This is likely the point at which anaphylactoid reac-
tions occur. Air embolism is a rare complication of retro-
grade pyelography that is related to pyelovenous backflow
[157]. Pyelolymphatic backflow occurs when contrast leaks
into the fine lymphatic channels that line the renal sinus and



11 Urothelial Cell Carcinoma of the Upper Urinary Tract: Introduction 135

migrates toward the hilar and retroperitoneal lymph nodes
[186, 188]. Renal tubular toxicity has been reported to occur
through this mechanism [163]. Backflow into a tumor has
been termed pyelocancerous backflow [189, 190]. It is rare
and of unknown significance. Intrarenal backflow refers to
two things: pyelotubular backflow and pyelointerstitial back-
flow. Pyelotubular backflow occurs when contrast leaks into
the collecting ducts and enters the nephron in a retrograde
manner whereas pyelointerstitial backflow occurs when con-
trast leaks into the renal interstitium [184, 191]. Intrarenal
backflow has been associated with impending renal trans-
plant rejection [191, 192], renal ischemia [193–195], and
prolonged obstruction [184]. The last form of backflow to
be discussed is pyelosinus backflow. This form of back-
flow occurs when small tears in the calyces and renal pelvis
develop and allow leakage of contrast into the renal sinus
and the retroperitoneal space [196, 197]. The main clinical
problems associated with this type of backflow are the devel-
opment of a urinoma or retroperitoneal abscess [196, 198].
Though backflow can be prevented in most instances by
keeping the intrapelvic pressure below 30 mmHg, some nor-
mal individuals will have backflow despite a perfect low-
pressure technique.

Staging

Retrograde pyelography cannot establish extraureteral exten-
sion or the distant spread of a detected tumor. Occasion-
ally retrograde pyelography will identify ureteral deviation
caused by retroperitoneal lymph nodes or renal parenchymal
invasion by a urothelial tumor, but these are the exceptions
and always require cross-sectional imaging confirmation.

Carcinogenesis

A condition of historical interest is thorium-induced urothe-
lial carcinoma. Thorotrast and Umbrathor were contrast
agents composed of thorium dioxide, first introduced in 1915
and used routinely from the 1930s to the 1950s [199]. Tho-
rium dioxide is mildly radioactive (it emits α-particles) and
has a half-life of over 400 years. Small deposits of tho-
rium (that are detectable by CT) occasionally formed under
the urothelium of patients treated with this agent and many
people developed cancers of the kidney and collecting sys-
tem secondarily, 20–30 years after their exposure [200–204].
Newer contrast agents have not had this problem.

Antegrade Pyelography

Brief History

Percutaneous access to the upper urinary tract had its begin-
ning in France in 1949 and was popularized by other groups
in the mid-1950s [205–209]. The technique was initially used
to diagnose and treat patients with severe hydronephrosis but
has since been adapted to serve a wide variety of diagnos-
tic and therapeutic needs [210]. Ultrasound or fluoroscopy
guidance is now routinely used to help place the needle in
the desired calyx [211–214].

Technique

Antegrade pyelography is generally reserved for patients that
cannot receive intravenous contrast and that failed an attempt
at retrograde pyelography. It can also be used as a primary
imaging modality for patients with an obstruction of the
upper urinary tract because the obstruction can be treated and
its cause diagnosed.

Antegrade Pyelography

A quick focused medical history, a urine culture, and a
coagulation profile are recommended prior to commencing
this procedure. The patient is placed in the prone or prone-
oblique position. Some form of imaging, usually ultrasonog-
raphy or fluoroscopy, is used to guide the initial needle
puncture into the desired renal calyx. When imaging or
manometry are the only goals, a small 22- or 24-gauge nee-
dle may be sufficient to inject the contrast material and mea-
sure intrapelvic pressures. Strict sterility must be adhered to
if infectious complications are to be avoided. To minimize
the risk of bleeding complications, the needle tract is ide-
ally placed through the relatively avascular line of Brödel on
the posterolateral surface of the kidney [215, 216]. It is also
generally preferred to target a posterior calyx in order to min-
imize the risk of bleeding and colonic injury [217, 218].
Similarly, infracostal puncture of a lower pole calyces is
preferred over supracostal puncture of an upper pole calyx
because of the risk of puncturing the pleura and the lung
[219, 220]. Direct puncture of the renal pelvis should be
avoided because of the risk of trauma to the central renal
vasculature and the risks of urinoma and urinary fistula for-
mation. Local anesthetics are usually adequate for pain con-
trol and their presence in the vicinity of the renal capsule
is usually appreciated by the patient. Once the needle enters
the collecting system, its position can be confirmed by the
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respiratory motion of the needle and the appearance of the
aspirated urine. Urine cultures and cytologies are almost
always appropriate. Final confirmation of needle position is
obtained by injecting a small dose of contrast into the col-
lecting system and confirming its location with fluoroscopy.

Percutaneous Nephrostomy

When the renal unit in question is obstructed, it may be desir-
able to leave a nephrostomy tube to decompress the kidney
and permit recovery of renal function. The nephrostomy tube
can be used at a later date for performing antegrade pyelog-
raphy or for endourologic access to the tumor. The technique
for obtaining renal access is the same as that described above
except that a slightly different needle is used. Once the nee-
dle is confirmed to be in the collecting system, a guidewire
is inserted into the needle and positioned within the renal
pelvis and ureter. The nephrostomy tract is then progressively
dilated until an appropriately sized nephrostomy tube can be
placed. Great care must be taken not to overdistend or punc-
ture the renal pelvis during this procedure because serious
bleeding and infection may result. The nephrostomy is then
fixed to the skin in a manner that prevents inadvertent kink-
ing, removal, or traction [221–223].

Imaging Features of Ureteral and Renal Pelvic
Tumors

Urothelial tumors have essentially the same imaging char-
acteristics with antegrade pyelography as with IVP and
retrograde pyelography. As with retrograde pyelography,
some physicians feel that direct injection of contrast into
the collecting system provides for optimal anatomic detail
(Fig. 11.17).

Advantages of Antegrade Pyelography

Success Rate

The success rate for establishing a percutaneous nephros-
tomy tract is over 99% and is relatively constant if the oper-
ator performs more than 10 nephrostomies per year [224–
227]. The technique is therefore a very reliable way of diag-
nosing patients that have failed other imaging modalities.

Fig. 11.17 Antegrade pyelogram demonstrating multiple tiny filling
defects carpeting the right renal pelvis and upper right ureter (arrow)
found to multifocal TCC at surgery

Drainage

The ability to leave a drainage nephrostomy catheter can be a
major benefit, particularly for the patient with infected urine.
There has been concern about the potential for tumor seeding
along the nephrostomy tract [228–230]. This phenomenon
appears to be quite rare and not all groups have observed it
[231–235]. Nonetheless, for patients who eventually undergo
nephroureterectomy, it may be wise to excise the nephros-
tomy tract. Brachytherapy has also been used to treat the
nephrostomy tract in patients undergoing endourologic treat-
ment [236].

Ancillary Diagnostic Procedures

As with retrograde pyelography, urine cultures, cytologies,
and brush biopsies can all be obtained via the nephrostomy
access [232]. A pressure-flow (Whittaker) study can also be
performed if obstruction is questionable [237–242].

Treatment

The nephrostomy tract can be used for endourologic man-
agement of renal pelvic and upper ureteral tumors and
chemotherapy and BCG can be dripped into the collecting
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system safely via the nephrostomy [230, 231, 233, 235, 243–
245].

Disadvantages of Antegrade Pyelography

Nearly all the disadvantages of this imaging approach are due
to the potential complications associated with percutaneous
renal access.

Bleeding

Hematuria is nearly universal after percutaneous needle
puncture of the kidney but serious hemorrhage is fortunately
uncommon. The incidence of major bleeding is directly
related to the size of the nephrostomy tract. For small
nephrostomy tracts (<12 F) the reported transfusion and/or
intervention rates generally range from 1 to 4% while large
tracts (>12 F) may have rates up to 20% [224, 225, 246–
250]. The estimated average blood loss from a large nephros-
tomy tract ranges from 16 to 28 g/L [251, 252]. Risk fac-
tors for increased blood loss other than increasing nephros-
tomy tract size include renal pelvic perforation [251, 252],
multiple renal punctures [251, 252], anterior calyx access
[217], supracostal access [217, 220], diabetes [252], dila-
tion of the nephrostomy tract without a balloon [248], and
the lack of imaging guidance [213, 252]. Most renal hem-
orrhages can be handled non-operatively and we suggest a
stepwise approach to management. Simple maneuvers such
as clamping the nephrostomy tube and balloon tamponade
should be considered first [249, 253, 254]. For procedures
conducted in the operative setting, simple cauterization of
the bleeding vessel or the application of fibrin glue may be
of value [255–258]. If these methods fail or if the bleed-
ing is too brisk to warrant an initial conservative approach,
vascular access and selective renal embolization should be
attempted [247, 249, 259–264]. Renal embolization is gen-
erally well tolerated but renal infarction of varying degrees
of severity can occur [265, 266]. Other complications that
have been reported secondary to endovascular techniques
include pseudoaneurysm or arteriovenous fistula formation
at the access site [267–270], thrombosis and dissection of
the aorta [271, 272], and embolization of the limbs [273].

Lastly, severe bleeding can be associated with the formation
of a retroperitoneal hematoma [274, 275]. These hematomas
can be a source of pain and a nidus for infection.

Arteriovenous Fistula

AV fistulae are usually clinical entities that escape clini-
cal attention. The incidence of radiologic AV fistula occur-
ring after nephrostomy is unknown but reaches 10–15% for
renal biopsies [276–279]. Most of these cases resolve spon-
taneously within 6–12 months but may occasionally require
embolization or surgical treatment [280, 281].

Iatrogenic Organ Injury

Any organ that lies in or near the retroperitoneum can be
punctured while obtaining percutaneous access to the kid-
ney. The most commonly injured organs are the renal pelvis
[224], the colon [218, 282–285], the liver [286, 287], the
spleen [286–289], and pleura/lung [219, 220, 250, 287, 290–
293].

Death

The death rate from percutaneous nephrostomies is very low
but is not zero. Large series report death rates in the 0.1–0.5%
range [224, 250].

Conclusions

The traditional diagnostic modalities of IVP and retrograde
pyelography are rapidly being replaced as first-line diagnos-
tic modalities for flank pain and hematuria by CT and MR
urography. In many circumstances, however, they may still
be the optimal method of evaluating the upper urinary tract
for the presence of a urothelial tumor. Table 11.5 shows the
relative strengths and weaknesses of the various imaging
techniques that can be used to identify upper urinary tract
tumors.

Table 11.5 Strengths of various imaging modalities for upper urinary tract tumors

IVP Retrograde/antegrade US CT MRI

Renal pelvis + + + + + + + ++ ++
Ureter + + + + + + + ++ ++
Calculi ++ ++ + + + + +
Staging + + ++ + + + + + +
Cost + + + + + + + ++ +
Radiation ++ ++ + + + + + + +



138 B.A. Inman et al.

References

1. Emamian SA, Nielsen MB, Pedersen JF, Ytte L. Kidney dimen-
sions at sonography: correlation with age, sex, and habitus in 665
adult volunteers. AJR Am J Roentgenol. 1993;160(1):83–6.

2. Sanders RC, Conrad MR. The ultrasonic characteristics of
the renal pelvicalyceal echo complex. J Clin Ultrasound.
1977;5(6):372–7.

3. Erwin BC, Carroll BA, Sommer FG. Renal colic: the role of ultra-
sound in initial evaluation. Radiology. 1984;152(1):147–50.

4. Szabo V, Sobel M, Legradi J, Balogh F. Diagnostic ultrasound in
urology. Int Urol Nephrol. 1980;12(4):291–309.

5. Ellenbogen PH, Scheible FW, Talner LB, Leopold GR: sensitiv-
ity of gray scale ultrasound in detecting urinary tract obstruction.
AJR Am J Roentgenol. 1978;130(4):731–3.

6. Amis ES Jr, Cronan JJ, Pfister RC, Yoder IC. Ultrasonic inaccura-
cies in diagnosing renal obstruction. Urology. 1982;19(1):101–5.

7. Harzmann R, Weckermann D. Importance of Doppler sonography
in urology. Urol Int. 1990;45(4):258–63.

8. Tublin ME, Bude RO, Platt JF. Review: the resistive index in renal
Doppler sonography: where do we stand? AJR Am J Roentgenol.
2003;180(4):885–92.

9. Kalmon EH, Albers DD, Dunn JH. Ureteral jet phenomenon:
stream of opaque medium simulating an anomalous configuration
of the ureter. Radiology. 1955;65:933–5.

10. Chiu NT, Wu CC, Yao WJ, et al. Evaluation and validation of
ureteric jet index by glomerular filtration rate. Invest Radiol.
1999;34(8):499–02.

11. Rha SE, Byun JY, Jung SE, et al. The renal sinus: pathologic
spectrum and multimodality imaging approach. Radiographics.
2004;24 Suppl 1:S117–31.

12. Arger PH, Mulhern CB, Pollack HM, Banner MP, Wein AJ. Ultra-
sonic assessment of renal transitional cell carcinoma: preliminary
report. AJR Am J Roentgenol. 1979;132(3):407–11.

13. Subramanyam BR, Raghavendra BN, Madamba MR. Renal tran-
sitional cell carcinoma: sonographic and pathologic correlation.
J Clin Ultrasound. 1982;10(5):203–10.

14. Wicks JD, Silver TM, Bree RL. Gray scale features of
hematomas: an ultrasonic spectrum. AJR Am J Roentgenol.
1978;131(6):977–80.

15. Rosenfield AT, Taylor KJ, Dembner AG, Jacobson P. Ultra-
sound of renal sinus: new observations. AJR Am J Roentgenol.
1979;133(3):441–8.

16. Pollack HM, Arger PH, Goldberg BB, Mulholland SG.
Ultrasonic detection of nonopaque renal calculi. Radiology.
1978;127(1):233–7.

17. Edell S, Zegel H. Ultrasonic evaluation of renal calculi. AJR Am
J Roentgenol. 1978;130(2):261–3.

18. Mulholland SG, Arger PH, Goldberg BB, Pollack HM. Ultra-
sonic differentiation of renal pelvic filling defects. J Urol.
1979;122(1):14–6.

19. Gibson MS, Puckett ML, Shelly ME. Renal tuberculosis. Radio-
graphics. 2004;24(1):251–6.

20. Kim SH, Yoon HK, Park JH, et al. Tuberculous stricture of the
urinary tract: antegrade balloon dilation and ureteral stenting.
Abdom Imaging. 1993;18(2):186–90.

21. Kollins SA, Hartman GW, Carr DT, Segura JW, Hattery RR.
Roentgenographic findings in urinary tract tuberculosis. A
10 year review. Am J Roentgenol Radium Ther Nucl Med.
1974;121(3):487–99.

22. Dittrich M, Doehring E. Ultrasonographical aspects of urinary
schistosomiasis: assessment of morphological lesions in the upper
and lower urinary tract. Pediatr Radiol. 1986;16(3):225–30.

23. Ghoneim MA, Ashamallah A, Khalik MA. Bilharzial strictures of
the ureter presenting with anuria. Br J Urol. 1971;43(4):439–43.

24. Gupta R, Kehinde EO, Sinan T, Al-Essa AA. Urinary schistoso-
miasis: urographic features and significance of drooping kidney
appearance. Int Urol Nephrol. 2001;33(3):461–5.

25. Jorulf H, Lindstedt E. Urogenital schistosomiasis: CT evaluation.
Radiology. 1985;157(3):745–9.

26. Dinsmore BJ, Pollack HM, Banner MP. Calcified transitional cell
carcinoma of the renal pelvis. Radiology. 1988;167(2):401–4.

27. Li MK, Cheung WL. Squamous cell carcinoma of the renal pelvis.
J Urol. 1987;138(2):269–71.

28. Blacher EJ, Johnson DE, Abdul-Karim FW, Ayala AG. Squamous
cell carcinoma of renal pelvis. Urology. 1985;25(2):124–6.

29. Dumbadze I, Crawford ED, Mulvaney WP. Giant dendritic stru-
vite calculus associated with transitional cell carcinoma of the
ipsilateral renal pelvis and bladder: a case report and review of
the literature. J Urol. 1979;122(5):692–3.

30. Lee TY, Ko SF, Wan YL, et al. Renal squamous cell carci-
noma: CT findings and clinical significance. Abdom Imaging.
1998;23(2):203–8.

31. Katz R, Gofrit ON, Golijanin D, et al. Urothelial cancer of the
renal pelvis in percutaneous nephrolithotomy patients. Urol Int.
2005;75(1):17–20.

32. Janetschek G, Putz A, Feichtinger H. Renal transitional cell car-
cinoma mimicking stone echoes. J Ultrasound Med. 1988;7(2):
83–6.

33. Seong CK, Kim SH, Lee JS, Kim KH, Sim JS, Chang KH. Hypoe-
choic normal renal sinus and renal pelvis tumors: sonographic dif-
ferentiation. J Ultrasound Med. 2002;21(9):993–9; quiz 1001–2.

34. Kier R, Taylor KJ, Feyock AL, Ramos IM. Renal masses: charac-
terization with Doppler US. Radiology. 1990;176(3):703–7.

35. Kuijpers D, Jaspers R. Renal masses: differential diagnosis with
pulsed doppler US. Radiology. 1989;170(1 Pt 1):59–60.

36. Horstman WG, McFarland RM, Gorman JD. Color Doppler
sonographic findings in patients with transitional cell carci-
noma of the bladder and renal pelvis. J Ultrasound Med.
1995;14(2):129–33.

37. Kim HJ, Lim JW, Lee DH, Ko YT, Oh JH, Kim YW. Transi-
tional cell carcinoma involving the distal ureter: assessment with
transrectal and color doppler ultrasonography. J Ultrasound Med.
2005;24(12):1625–33.

38. Killi RM, Cal C, Pourbagher A, Yurtseven O. Doppler sono-
graphic diagnosis of primary transitional cell carcinoma of the
ureter. J Clin Ultrasound. 2000;28(7):361–4.

39. Bree RL, Schultz SR, Hayes R. Large infiltrating renal transitional
cell carcinomas: CT and ultrasound features. J Comput Assist
Tomogr. 1990;14(3):381–5.

40. Igarashi T, Muakami S, Shichijo Y, Matsuzaki O, Isaka S,
Shimazaki J. Clinical and radiological aspects of infiltrating tran-
sitional cell carcinoma of the kidney. Urol Int. 1994;52(4):181–4.

41. Fukuya T, Honda H, Nakata H, et al. Computed tomographic find-
ings of invasive transitional cell carcinoma in the kidney. Radiat
Med. 1994;12(1):6–10.

42. Hadas-Halpern I, Farkas A, Patlas M, Zaghal I, Sabag-Gottschalk
S, Fisher D. Sonographic diagnosis of ureteral tumors. J Ultra-
sound Med. 1999;18(9):639–45.

43. Voet D, Mareels S, Oosterlinck W, Afschrift M. Sonographic
diagnosis of a nonobstructive tumor in the mid-ureter. J Clin
Ultrasound. 1997;25(8):459–60.

44. Barnett SB. Biophysical aspects of diagnostic ultrasound. Ultra-
sound Med Biol. 2000;26 Suppl 1:S68–70.

45. Dendy PP, Brugmans MJ. Low dose radiation risks. Br J Radiol.
2003;76(910):674–7.

46. Berrington de Gonzalez A, Darby S. Risk of cancer from diagnos-
tic X-rays: estimates for the UK and 14 other countries. Lancet.
2004;363(9406):345–51.

47. Wakeford R. The cancer epidemiology of radiation. Oncogene.
2004;23(38):6404–28.



11 Urothelial Cell Carcinoma of the Upper Urinary Tract: Introduction 139

48. Brenner DJ, Doll R, Goodhead DT, et al. Cancer risks attributable
to low doses of ionizing radiation: assessing what we really know.
Proc Natl Acad Sci USA. 2003;100(24):13761–6.

49. Sheafor DH, Hertzberg BS, Freed KS, et al. Nonen-
hanced helical CT and US in the emergency evaluation of
patients with renal colic: prospective comparison. Radiology.
2000;217(3):792–7.

50. Ripolles T, Agramunt M, Errando J, Martinez MJ, Coronel B,
Morales M. Suspected ureteral colic: plain film and sonography
vs unenhanced helical CT. a prospective study in 66 patients. Eur
Radiol. 2004;14(1):129–36.

51. Fowler KA, Locken JA, Duchesne JH, Williamson MR. US for
detecting renal calculi with nonenhanced CT as a reference stan-
dard. Radiology. 2002;222(1):109–13.

52. Remer EM, Herts BR, Streem SB, et al. Spiral noncontrast CT
versus combined plain radiography and renal US after extracor-
poreal shock wave lithotripsy: cost-identification analysis. Radi-
ology. 1997;204(1):33–7.

53. Hamm M, Wawroschek F, Weckermann D, et al. Unenhanced
helical computed tomography in the evaluation of acute flank
pain. Eur Urol. 2001;39(4):460–5.

54. Heidenreich A, Desgrandschamps F, Terrier F. Modern approach
of diagnosis and management of acute flank pain: review of all
imaging modalities. Eur Urol. 2002;41(4):351–62.

55. Grossfeld GD, Litwin MS, Wolf JS Jr, et al. Evaluation of asymp-
tomatic microscopic hematuria in adults: the American Urologi-
cal Association best practice policy—part II: patient evaluation,
cytology, voided markers, imaging, cystoscopy, nephrology eval-
uation, and follow-up. Urology. 2001;57(4):604–10.

56. Delorme S, van Kaick G. Imaging of abdominal nodal spread in
malignant disease. Eur Radiol. 1996;6(3):262–74.

57. Williams AD, Cousins C, Soutter WP, et al. Detection of pelvic
lymph node metastases in gynecologic malignancy: a comparison
of CT, MR imaging, and positron emission tomography. AJR Am
J Roentgenol. 2001;177(2):343–8.

58. Grubnic S, Vinnicombe SJ, Norman AR, Husband JE. MR eval-
uation of normal retroperitoneal and pelvic lymph nodes. Clin
Radiol. 2002;57(3):193–200; discussion 201–4.

59. Bellin MF, Lebleu L, Meric JB. Evaluation of retroperitoneal and
pelvic lymph node metastases with MRI and MR lymphangiogra-
phy. Abdom Imaging. 2003;28(2):155–63.

60. Friedland GW. Staging of genitourinary cancers. The role of diag-
nostic imaging. Cancer. 1987;60(3 Suppl):450–8.

61. Wernecke K, Rummeny E, Bongartz G, et al. Detection of hep-
atic masses in patients with carcinoma: comparative sensitivities
of sonography, CT, and MR imaging. AJR Am J Roentgenol.
1991;157(4):731–9.

62. Heiken JP, Weyman PJ, Lee JK, et al. Detection of focal
hepatic masses: prospective evaluation with CT, delayed CT,
CT during arterial portography, and MR imaging. Radiology.
1989;171(1):47–51.

63. Hohmann J, Albrecht T, Hoffmann CW, Wolf KJ. Ultrasono-
graphic detection of focal liver lesions: increased sensitivity
and specificity with microbubble contrast agents. Eur J Radiol.
2003;46(2):147–59.

64. Davis SD. CT evaluation for pulmonary metastases in patients
with extrathoracic malignancy. Radiology. 1991;180(1):1–12.

65. Chalmers N, Best JJ. The significance of pulmonary nodules
detected by CT but not by chest radiography in tumour staging.
Clin Radiol. 1991;44(6):410–2.

66. Herold CJ, Bankier AA, Fleischmann D. Lung metastases. Eur
Radiol. 1996;6(5):596–606.

67. Miyazato M, Yonou H, Sugaya K, Koyama Y, Hatano T, Ogawa
Y. Transitional cell carcinoma of the renal pelvis forming tumor
thrombus in the vena cava. Int J Urol. 2001;8(10):575–7.

68. Spahn M, Portillo FJ, Michel MS, et al. Color Duplex sonography
vs. computed tomography: accuracy in the preoperative evaluation
of renal cell carcinoma. Eur Urol. 2001;40(3):337–42.

69. Solwa Y, Sanyika C, Hadley GP, Corr P. Colour Doppler ultra-
sound assessment of the inferior vena cava in patients with Wilms’
tumour. Clin Radiol. 1999;54(12):811–4.

70. Bos SD, Mensink HJ. Can duplex Doppler ultrasound replace
computerized tomography in staging patients with renal cell car-
cinoma? Scand J Urol Nephrol. 1998;32(2):87–91.

71. Habboub HK, Abu-Yousef MM, Williams RD, See WA,
Schweiger GD. Accuracy of color Doppler sonography in assess-
ing venous thrombus extension in renal cell carcinoma. AJR Am
J Roentgenol. 1997;168(1):267–71.

72. Smith-Bindman R, Hosmer WD, Caponigro M, Cunningham G.
The variability in the interpretation of prenatal diagnostic ultra-
sound. Ultrasound Obstet Gynecol. 2001;17(4):326–32.

73. Mikkonen RH, Kreula JM, Virkkunen PJ. Reproducibility of
Doppler ultrasound measurements. Acta Radiol. 1996;37(4):
545–50.

74. Mikkonen RH, Kreula JM, Virkkunen PJ. Reliability of Doppler
ultrasound in follow-up studies. Acta Radiol. 1998;39(2):193–9.

75. Ablett MJ, Coulthard A, Lee RE, et al. How reliable are ultra-
sound measurements of renal length in adults? Br J Radiol.
1995;68(814):1087–9.

76. Emamian SA, Nielsen MB, Pedersen JF. Intraobserver and inter-
observer variations in sonographic measurements of kidney size
in adult volunteers. a comparison of linear measurements and vol-
umetric estimates. Acta Radiol. 1995;36(4):399–401.

77. Goldberg BB, Bagley D, Liu JB, Merton DA, Alexander A, Kurtz
AB. Endoluminal sonography of the urinary tract: preliminary
observations. AJR Am J Roentgenol. 1991;156(1):99–103.

78. Goldberg BB, Liu JB, Merton DA, Kurtz AB. Endoluminal
US: experiments with nonvascular uses in animals. Radiology.
1990;175(1):39–43.

79. Zeltser IS, Liu JB, Bagley DH. The incidence of crossing ves-
sels in patients with normal ureteropelvic junction examined with
endoluminal ultrasound. J Urol. 2004;172(6 Pt 1):2304–7.

80. Bagley DH, Liu JB, Grasso M, Goldberg BB. Endoluminal
sonography in evaluation of the obstructed ureteropelvic junction.
J Endourol. 1994;8(4):287–92.

81. Bagley DH, Liu JB, Goldberg B. Endoluminal sonographic imag-
ing of the ureteropelvic junction. J Endourol. 1996;10(2):105–10.

82. Siegel CL, McDougall EM, Middleton WD, et al. Preopera-
tive assessment of ureteropelvic junction obstruction with endo-
luminal sonography and helical CT. AJR Am J Roentgenol.
1997;168(3):623–6.

83. Keeley FX Jr, Moussa SA, Miller J, Tolley DA. A prospective
study of endoluminal ultrasound versus computerized tomogra-
phy angiography for detecting crossing vessels at the uretero-
pelvic junction. J Urol. 1999;162(6):1938–41.

84. Holm HH, Torp-Pedersen S, Larsen T, Dorph S. Transabdominal
and endoluminal ultrasonic scanning of the lower ureter. Scand J
Urol Nephrol Suppl. 1994;157:19–25.

85. Liu JB, Bagley DH, Conlin MJ, Merton DA, Alexander AA, Gold-
berg BB. Endoluminal sonographic evaluation of ureteral and
renal pelvic neoplasms. J Ultrasound Med. 1997;16(8):515–21;
quiz 523–4.

86. Grotas A, Grasso M. Endoluminal sonographic imaging of
upper urinary tract: three-dimensional reconstruction. J Endourol.
2001;15(5):485–8.

87. Bagley DH, Liu JB. Three-dimensional endoluminal ultrasonog-
raphy of the ureter. J Endourol. 1998;12(5):411–6.

88. Blomley MJ, Cooke JC, Unger EC, Monaghan MJ, Cosgrove
DO. Microbubble contrast agents: a new era in ultrasound. BMJ.
2001;322(7296):1222–5.



140 B.A. Inman et al.

89. Jakobsen JA, Correas JM. Ultrasound contrast agents and their
use in urogenital radiology: status and prospects. Eur Radiol.
2001;11(10):2082–91.

90. Calliada F, Campani R, Bottinelli O, Bozzini A, Sommaruga
MG. Ultrasound contrast agents: basic principles. Eur J Radiol.
1998;27 Suppl 2:S157–60.

91. Cosgrove D, Blomley M. Liver tumors: evaluation with contrast-
enhanced ultrasound. Abdom Imaging. 2004;29(4):446–54.

92. Nicolau C, Bru C. Focal liver lesions: evaluation with contrast-
enhanced ultrasonography. Abdom Imaging. 2004;29(3):348–59.

93. Chomas JE, Pollard RE, Sadlowski AR, Griffey SM, Wisner
ER, Ferrara KW. Contrast-enhanced US of microcirculation of
superficially implanted tumors in rats. Radiology. 2003;229(2):
439–46.

94. Kmetec A, Bren AF, Kandus A, Fettich J, Buturovic-Ponikvar J.
Contrast-enhanced ultrasound voiding cystography as a screen-
ing examination for vesicoureteral reflux in the follow-up of renal
transplant recipients: a new approach. Nephrol Dial Transplant.
2001;16(1):120–3.

95. Ascenti G, Zimbaro G, Mazziotti S, Chimenz R, Baldari S, Fede
C. Vesicoureteral reflux: comparison between urosonography and
radionuclide cystography. Pediatr Nephrol. 2003;18(8):768–71.

96. Valentini AL, De Gaetano AM, Minordi LM, et al. Contrast-
enhanced voiding US for grading of reflux in adult patients prior
to antireflux ureteral implantation. Radiology. 2004;233(1):35–9.

97. Liang HD, Blomley MJ. The role of ultrasound in molecular
imaging. Br J Radiol. 2003;76 Spec No 2:S140–50.

98. Voelcker F, von Lichtenberg A. Pyelographie röntgenographie des
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Chapter 12

Cross-Sectional Imaging Techniques in Transitional Cell Carcinoma
of the Upper Urinary Tract

K.S. Jhaveri, P. O’Keefe, M. O’Malley, and M. Haider

Patients with hematuria or those at high risk for upper urinary
tract urothelial carcinoma are often imaged with multiple
modalities such as intravenous urography (IVU), ultrasound
(US), computed tomography (CT), and/or magnetic reso-
nance imaging (MRI). Multiple examination work-up causes
patient discomfort as well as an incremental cost burden on
the medical system. An ideal cross-sectional imaging test
that comprehensively assesses the urinary tract with a high
degree of sensitivity and specificity for urothelial carcinoma
is very much desired.

US, CT, and MRI are the mainstay in the cross-sectional
imaging armamentarium for diagnosing and staging urothe-
lial carcinoma. US has by and large a limited role in the diag-
nosis of upper tract urothelial carcinoma. We will restrict the
following discussion to CT and MRI, which form the domi-
nant portion of clinical imaging for this indication.

CT has been accepted for a while to be superior to IVU
and US in its ability to detect and characterize renal masses
[1, 2] and recently in detecting urolithiasis [3, 4]. The final
frontier is the perceived limited accuracy in the assessment
of the mucosal surfaces of the renal collecting systems and
ureters. With recent technical leaps in CT technology specif-
ically with the advent of multidetector row CT (MDCT),
it has become possible to acquire a large number of very
thin axial CT sections through the entire urinary tract in
a matter of seconds. This allows for image acquisitions
during different phases of contrast excretion and allows a
more detailed and comprehensive evaluation of the urinary
tract. The development of techniques such as CT urography
(CTU) combined with multidetector CT technology has con-
tributed to improved resolution and multiplanar capabilities
of CT. Conventional MRI and applied techniques such as T2-
weighted and T1-weighted gadolinium excretory urography
can also be used to assess the urinary tract for transitional
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cell carcinoma (TCC) in patients who are unable to undergo
CT due to renal failure or contrast allergies.

CT can be used to detect TCC, assess the extent of local
disease spread, presence of lymphadenopathy and metastatic
disease as well as synchronous lesions, given the multi-
centric tendency of this tumor.

CT Urography (CTU)

MDCT technology was first introduced in 1999 and over
the recent years has revolutionized the role of CT in dis-
ease imaging in various organ systems including the kidneys
and collecting system. It has come to become the current
standard in urinary tract CT imaging. The number of detec-
tor rows available continues to increase from 4 to the cur-
rently available generation of 64 detector row scanners; these
can complete a full body scan in about 10 s (within a single
breath-hold) with a tube rotation of 0.4 s and resolution of up
to 0.34 mm. The recent technical advances in MDCT have
led to these several following advantages: 1. Faster scanning
and acquisition time. 2. Improved image resolution includ-
ing improved z-axis resolution with faster scanning times.
3. Coverage of a larger patient volume during a single slice.
4. The ability to generate a true isotropic data set, which can
be used in 3D imaging applications.

The application of MDCT to imaging the collecting sys-
tem has been termed “CT urography,” a term first coined
by Perlman [5] in 1996. The principal of CT urography
is to perform a delayed post-contrast or excretory phase
scan (between 5 and 7.5 min or longer) to opacify the col-
lecting system with excreted contrast thereby making focal
ureteric wall thickening appear more conspicuous, outline
intraluminal lesions, or help identify a level of obstruction
in patients with hydronephrosis. With the much higher inci-
dence of renal cell cancer any imaging strategy to assess
for an underlying neoplasm in patients with unexplained
hematuria should at least include a multi-phasic urinary tract
CT. A non-contrast scan of the kidneys and collecting tract
can be included at the beginning of the exam to look for
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renal calculi followed by contrast injection and scanning
in cortmedullary phase (25–30 s) and nephrographic phase
(parenchymal phase; 100–180 s) followed by a delayed scan
of the collecting system when excreted contrast will opacify
the renal pelvis and ureters (Fig. 12.1). Three-dimensional
processing applications such as maximum intensity projec-
tion (MIP) can produce a series of thin slab images in the
coronal plane to generate images that closely resemble tradi-
tional IVU images.

Modifications of CT urography techniques concentrate
largely on how to achieve maximum opacification of the
collecting tracts to enhance the detection of lesions. These
include the use of abdominal compression similar to con-
ventional excretory urography to improve calyceal opacifi-
cation, split contrast boluses techniques, prehydration with

Fig. 12.1 Normal CTU : Standard three-phase axial CT comprising
of unenhanced phase (a), nephrographic phase (b), delayed excre-
tory phase (c,d, and e) showing good opacification of renal calyces,
pelvis (black arrow), ureters (white arrows), and urinary bladder (e).
Coronal 3D reconstruction of excretory phase showing the pelvical-
iceal systems, ureters, and bladder similar to an IVU

Fig. 12.1 (continued)
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Fig. 12.1 (continued)

water, or administration of IV saline or diuretics to obtain
better contrast excretion [6–9] and dynamic maneuvres such
as rotating patients between renal and excretory phase scan
acquisition to improve ureteric opacification. As with IVP,
under-filling of segments of the distal ureter is commonly
encountered. Although much research has focused on ways
to maximize the opacification of the collecting system,
whether this has any major influence on the rate of clini-
cally significant lesions that are detected has yet to be proven.
Excreted contrast can appear very dense within the collect-
ing system on preset window settings; wide windowing of
the images will help lessen the chance of obscuring small
ureteric The most likely findings to influence clinical man-
agement are the presence of gross renal parenchymal inva-
sion or the presence of metastatic disease. Most TCCs of
the renal pelvis or calyceal urothelium are slow growing
lesions. Traditionally treatment of TCC in the renal pelvis
consisted of radical nephroureterctomy. Newer techniques
such as endoscopic resection and laser treatment can offer
more conservative treatment in selected patients such as
patients with renal impairment and solitary kidneys. Accu-
racy in detecting early-stage lesions is of particular impor-
tance in patients in whom conservative treatment options are
being considered.

CT Appearances of TCC

TCC has been described to have following types of imaging
presentations [10–13]:

1. Filling defects, either single or multiple, arising from the
urothelium which may have irregular stippled appearance

en face if a contrast medium is trapped on fronds (35%)
(Fig. 12.2).

2. Filling defect within distended calyces, the distended
calyx being secondary to partial or complete obstruction
of the infundibulum by TCC (26%) (Fig. 12.3).

3. Calyceal obliteration or amputation (Fig. 12.4).
4. Hydronephrosis with renal enlargement secondary to UPJ

obstruction by the tumor (6%) (Fig. 12.5).
5. Absence of excretion. Due to extensive tumor infiltra-

tion into the kidney or severe obstructive hydronephrosis
(Fig. 12.6).

Fig. 12.2 TCC renal pelvis: Unenhanced (a) and enhanced (b) axial
CT showing soft tissue mass arising from right renal pelvic urothelium
(arrows) causing hydronephrosis and delayed excretion compared to
left kidney. Another patient (c) with irregular soft tissue mass causing
filling defect in left renal pelvis (arrow). Coronal (d) and oblique (e)
reconstructions showing the irregular TCC trapping contrast medium
(arrows)
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Fig. 12.2 (continued)

Fig. 12.3 TCC renal calyx: Soft tissue filling defect (arrow) in
obstructed left renal calyx (a) and correlative imaging with IVU tomo-
gram (b) showing filling defect in left upper renal calyx (black arrow)

CT Staging

The tumor stage at diagnosis impacts the chance of local
recurrence and metastases and overall survival [14, 15]. Fur-
thermore, treatment and prognosis are largely determined by
the depth of tumor infiltration, the degree of lymph node
and distant metastases, and the histological tumor type, mak-
ing exact staging imperative. CT has become routine in the
further characterization of upper tract lesions demonstrated
with other modalities and, despite varying reports on staging
accuracy, is currently the preoperative imaging modality of
choice [12, 16]. Early-stage tumors (stages 0–II) confined to
the muscularis are separated from the renal parenchyma by
renal sinus fat or excreted contrast material and have normal
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Fig. 12.4 Calyceal amputation. Axial CTU (a) showing soft tissue
mass causing obstruction of left renal calyx with coronal CTU image (b)
showing nonvisulization of infundibulum (arrow) of amputated calyx

appearing peripelvic fat (Fig. 12.7). More advanced tumors
infiltrating beyond the muscularis into the peripelvic fat typ-
ically show increased, inhomogeneous peripelvic attenua-
tion (Fig. 12.8), although this finding may also be seen
with superimposed infection, hmorrhage, or inflammation
and should be interpreted with caution to avoid overstaging.
Metastatic spread via urinary or hematogenous routes usu-
ally manifests as multifocal mucosal nodules or wall thick-
ening, whereas direct invasion produces a short or long stric-
ture [17]. Extrarenal spread can occur at or through the renal
hilum, and common sites of metastases include the lungs,
retroperitoneum, lymph nodes (Fig. 12.9), and bones [18].
Rarely, invasion of the renal vein or inferior vena cava is seen
and can be well demonstrated with comprehensive CT urog-
raphy protocols.

Fig. 12.5 UPJ Obstruction by TCC: Axial CT images (a) showing
TCC at left UPJ (open arrow) causing left hydronephrosis (b). Also
note TCC in contralateral right renal pelvis (longer arrow in a)

Validation of CTU

TCC is an uncommon tumor and many of the series that have
reviewed the ability of CT to detect and stage TCC of the
upper urinary tract are small in number and were done on
older generations of axial CT or early multi-slice scanners.
One group [19] reported using MDCT urography in a group
of 65 patients and detecting 15 of 16 urothelial carcinomas
among other abnormalities. The missed lesion was identified
retrospectively. A more recent study [13] using MDCT urog-
raphy (using four and eight detector scanners) showed more
promising results. They were able to demonstrate 89% of
upper-tract malignant foci in a group of 18 patients. Simi-
lar to previous studies they were unable to distinguish stages
Ta, T1, and T2 disease, but MDCT urography was able to
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Fig. 12.6 Infiltrative TCC: Large irregular soft tissue mass infiltrating
the right renal parenchyma (arrow) on axial (a) and coronal (b) post-
contrast T1-weighted MR images

detect many low stage (Ta–T2) lesions, some small (< 5mm)
lesions and areas of focal ureteric wall thickening represent-
ing foci carcinoma in situ. They also highlighted the neces-
sity to view images on wide window settings so as not to
obscure small lesions that can easily be missed on an image
with dense contrast and the tendency. Several authors have
reported the limitations of CT in the preoperative staging of
upper-tract urothelial carcinoma with accuracy in predicting
TNM stage of 59.5% (of 39 patients) [16]. Rodriguez et al.
looked retrospectively at CT of upper urinary tract TCC in
82 patients and found CT to have a sensitivity of 87.5 % and
a specificity of 98% in the detection of lymph node involve-
ment and sensitivity of 64% and specificity of 97% in the

Fig. 12.7 Early-stage TCC: Tumor confined to right renal pelvis
(arrow) with no extension to peripelvic fat

Fig. 12.8 Advanced stage TCC: Tumor infiltrated through the muscu-
laris of the left renal pelvis into the surrounding peripelvic fat (arrow)

detection of renal tumor invasion [20]. The overall accuracy
of CT in predicting the pathologic stage ranges from 36 to
83% in the literature [21].

CT Radiation Dose Issues

CTU can expose patients to substantial radiation doses and
must be carefully considered when deciding upon perform-
ing a CTU. Estimated total effective dose in one study [8]
was nearly twice for CTU compared to IVU. Caoili et al.
[10] found a four-phase CTU resulted in effective radiation
doses of 25–35 mSv compared to 5 10 mSv for a 10–12 film
IVU. Every attempt must be made to reduce dose by either
reducing tube current (mA) and or eliminating a phase if
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Fig. 12.9 Lymph node metastases: Axial CT showing retroperitoneal
nodal metastases (arrow) from bilateral upper tract TCC

need be. While the carcinogenic risks of increased radia-
tion should not be underestimated, they must be carefully
weighed against the risk of missing malignant upper urinary
tract pathology at an early stage when they can be optimally
treated.

MR Imaging

MRI is not a first-line investigation in the assessment of
hematuria or suspected upper-tract TCC. In patients with
renal impairment or in patients who have a contra-indication
to iodinated contrast, MRI can provide a very useful assess-
ment of the kidney and collecting system or complimentary
information in patients who have had a prior CT. MRI has the
advantage of superior soft tissue contrast resolution. Similar
to MDCT it can display images in multiple planes such as
coronal sagittal and axial to optimally demonstrate lesions
or asses a point of obstruction in hydronephrosis. On T1-
weighted sequences TCC has similar or lower signal inten-
sity to the renal parenchyma and on T2 is heterogeneous or
mildly brighter compared to the renal parenchyma. Although
TCC is relatively hypovascular, these lesions usually show
moderate enhancement following gadolinium [22–24] and
are most commonly an interureteric polypoid filling defect
or a focal area of ureteric thickening (Fig. 12.10).

On MRI TCC is usually distinguishable from other causes
of ureteric filling defect. Blood clots and calculi do not
enhance and calculi show a signal void on T1-weighted
sequences. Acute blood clots are often bright on T1-weighted
sequences though this is highly variable depending on
chronicity.

Fig. 12.10 MRI appearances of TCC: Axial T1 (a) showing low
intensity (arrow) and T2-weighted MR image (b) showing intermedi-
ate intensity mass (arrow) in right renal pelvis. Axial post-gadolinium
contrast T1 MRI (c) showing irregular enhancing mass (dotted arrow)
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MRI has a similar sensitivity to CT in the detection of
renal parenchymal lesions [25–27]; however its sensitivity
in the detection of small ureteric lesion compared to other
modalities such as retrograde urography and CT has not
been clearly defined. Like CT, protocols designed to investi-
gate for a neoplastic upper tract or renal cause for hematuria
require the use of both conventional sequences to assess the
renal parenchyma and also sequences to assess the collect-
ing system. The combination of conventional MRI sequences
with MR urography offers the advantage of a potential “all in
one” assessment of the kidney and upper tract.

MR Urography (MRU)

MR urography is an evolving technique designed to assess
the collecting system. Two complimentary components of
MR urography have been developed in recent years using T1-
and T2-weighted techniques [28–32]. In practice it makes
sense to combine the advantages of both when designing pro-
tocols to assess the urinary tract.

T2-Weighted MR Urography

T2-weighted MRU relies on the inherent high signal intensity
of static or slow-flowing fluids’ “inherent contrast medium.”
It is highly sensitive and specific for the detection of
hydronephrosis and localization of its level. T2 MR urog-
raphy has the advantage of not relying on excreted contrast
agent to opacify the collecting system and can be used in
patients with a severely obstructed or non-functional kidney
(Fig. 12.11). While T2 urography is sensitive to the detection
of hydronephrosis it is often unable to distinguish intrinsic
from extrinsic ureteric stenosis. Assessment of an undilated
system can be suboptimal [33]. The administration of IV
diuretics, usually frusemide, can improve visualization of
the collecting tract. Over the past 10 years T2-weighted MR
urography has developed into clinical practice. Turbo spin
echo (TSE) sequences allow fast acquisition times. Initially
described with the TSE technique of rapid acquisition with
relaxation enhancement (RARE), more recent single-shot
TSE techniques combined with half-Fourier acquisition such
as HASTE (half-Fourier acquisition single-shot turbo spin
echo) allow for the fastest acquisition times [34]. Techniques
such as HASTE make it possible for single-shot sequences to
be obtained in a single breath-hold to provide a coronal slab
image covering several centimeters (up to 6–8 cm in 3–5 s).
In patients who are unable to breath-hold this can eliminate
respiratory motion artifact. Although these images do not
provide good anatomical detail they have the advantage of

Fig. 12.11 T1 MRU: Coronal T1 post-gadolinium MR (a) with
enhancing soft tissue in right renal pelvis (arrow). Delayed post-
contrast T1 MRU (b) showing filling defect in right renal pelvis (dotted
arrow) and non-excretion on left side due to marked obstruction

being quick to obtain and can be used as a first step to pro-
vide a rapid overview of the collecting system without the
need for any post-processing. Multiple thinner overlapping
slices (for example, 20–30 slices at 2–3 mm slice thickness)
can be used to obtain 2D or 3D TSE sequences, with much
greater anatomical detail to detect underlying pathology such
as a tumor or focal ureteric stricture causing hydronephrosis.
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However this technique is more time consuming and as a
result requires a greater degree of patient cooperation with
breath-holding. The use of respiratory triggering can help to
maximize patient compliance and image quality by minimiz-
ing respiratory motion artifact [35].

T1-Weighted Excretory MR Urography

T1-weighted MRU is designed to use excreted gadolinium to
outline the collecting system. Gadolinium is not nephrotoxic,
making it a safer option than iodinated contrast required for
CT in patients with renal impairment, provided they have
sufficient renal function to excrete gadolinium. The excreted
gadolinium opacifies the urinary tract allowing a point of
obstruction or a filling defect to be identified (Fig. 12.12).
This technique allows for both dilated and non-dilated col-
lecting systems to be assessed but is of no use in patients with
non-functional or severely obstructed collecting systems.

Unopacified urine appears black on T1-weighted
sequences. A standard dose of I.V. gadolinium (0.1 mmol/kg)
is usually used in excretory urography; low concentrations of
excreted gadolinium create a positive contrast effect making
the urine appear bright on T1-weighted images. At higher
concentrations in the urine it can create an undesirable
T2/T2∗ effect (on gradient echo sequences), resulting in a
dark signal void. Frusemide 5–10 mg I.V. is an effective
adjunct to help avoid this artifact (when given at or about the
time of the gadolinium), by reducing the concentration of
the excreted contrast in the urine.

Spoiled 3D gradient echo T1-weighted sequences such
as FLASH (fast low angle shot) using low repetition and
echo times can be used to obtain T1-weighted excretory
images. Images are usually acquired in the coronal plane.
Two-dimensional acquisitions can also be used but in general
3D sequences have better signal to noise ratio and through
plane resolution.

The main disadvantage of MR imaging is the inability to
reliably detect urinary tract calcifications, calculi, and air,
which limits its use as a first-line test in the investigation
of hematuria. Although the sensitivity of renal parenchymal
MR imaging with gadolinium for assessing renal masses and
abnormalities of the nephrogram is considered similar to that
of CT, spatial resolution is poor compared with that of intra-
venous urography or CT urography, making detection of sub-
tle urothelial malignancies less likely [28].

Summary

The emerging technique of CT urography allows detection
of urinary tract tumors and calculi, assessment of perirenal
tissues, and staging of lesions; it may offer the opportunity

Fig. 12.12 T2 MRU: Coronal heavily T2-weighted MR (a) showing
gross right hydronephrosis (dotted arrow) and irregular caliber ureter
(arrow). Retrograde ureterogram (b) shows irregular narrowing of right
ureter (black arrow)
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for one-stop evaluation in the initial assessment of hema-
turia and in follow-up of TCC. Even as we write this review
many investigators are pursuing refinements in CT technique
in an attempt to maximize study accuracy while minimizing
patient radiation exposure. There appears to be an emerg-
ing consensus of opinion that CTU has the potential to com-
pletely replace conventional IVU over the next few years.
MR imaging, including the newer techniques of MR urogra-
phy, can offer close to comparable evaluation in patients who
cannot undergo a CTU and in whom multiplanar, vascular,
and collecting system imaging is required.
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Chapter 13

Urothelial Cell Carcinoma in Upper Urinary Tract – Role
of PET Imaging

J. Palou, I. Carrió, and H. Villavicencio

Clinical experience with positron emission tomography
(PET) in urothelial tumors of the upper urinary tract is still
very limited. The main interest of this imaging technique
may be the detection and localization of lymph node and
distant metastases, allowing a more precise staging and re-
staging of patients with these type of tumors.

[18F]Fluorodeoxyglucose PET

PET, particularly with [18F]fluorodeoxyglucose (FDG), has
undergone rapid expansion and is becoming widely used in
clinical oncology. In addition, with the recent introduction of
integrated PET/CT systems, the concomitantly acquired CT
data have offered an anatomic reference frame for the bio-
logic information provided by FDG-PET, and the PET/CT
technique has improved the overall accuracy of data inter-
pretation in cancer patients. In many cancers it has been use-
ful for diagnosis, staging, assessment of recurrence, and for
prognostic information. After intravenous injection, FDG is
transported into cells, as is glucose, and phosphorylated to
FDG-6-phosphate. It does not proceed further down the bio-
chemical pathway and is therefore trapped in cells, in par-
ticular into those with enhanced glycolytic activity such as
most cancer cells. The use of FDG-PET in urothelial tumors
has been slower to develop partly due to the excretion of
tracer through the urinary tract, potentially making struc-
tures and tumors difficult to see against this high physiologic
background [1, 2]. PET therefore is of limited use to define
the primary urological tumor. However, there is good evi-
dence that FDG-PET may be useful in these tumors particu-
larly for loco-regional staging and detection of recurrence. It
does also have good uptake in metastatic disease, facilitating
whole body assessment of eventual metastatic spread. Fur-
thermore, for local staging one of the problems is the identi-
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fication of involved lymph nodes. On CT these are generally
regarded as malignant if >1 cm and benign if <1 cm. There
are of course very small lymph nodes that contain disease and
very large ones that are merely reactive. PET has the poten-
tial to assist in differentiating the composition of these nodes
as it relies on metabolism of tumor cells. Enhanced FDG
uptake strongly suggests malignancy despite normal lymph
node dimensions.

FDG-PET has currently a central role in evaluating many
malignant disorders that originate from or extend to the
abdomen and pelvis. However, incidental urinary tracer accu-
mulation and nonspecific FDG activity in the gastrointesti-
nal tract may hamper the accuracy of abdomino-pelvic PET
and PET/CT imaging. In particular, physiologic FDG activ-
ity in the urine can pose an interpretive challenge despite the
improvement of simultaneous structural and biologic imag-
ing with PET/CT [3, 4]. High levels of physiologic FDG
activity in urine can mask lower levels of abnormal activity
in neighboring structures such as the urinary tract and blad-
der. In addition, potential retention of excreted FDG in the
ureters can sometimes be mistaken for active tumor foci. In
an attempt to overcome these limitations, retrograde irriga-
tion of the urinary bladder using saline irrigant and a Foley
catheter has been advocated, either before or during PET data
acquisition. This approach has been shown to be of some
benefit in the evaluation of tumors that originate from the
urinary bladder, but it may bring significant morbidity to the
patient. Forced diuresis coupled with parenteral hydration, is
another option that is safe and well tolerated, enhances uri-
nary flux and allows rapid evacuation of the urinary bladder
and can offer a valid alternative to improve tumor to back-
ground contrast in the assessment of urinary tract tumors [4].

Other PET Tracers with Potential in Urothelial
Cancer

PET techniques are based on biologic rather than morpho-
logic criteria, and their role in the staging and restaging of
cancer has been increasingly recognized. However, the most

J.J.M.C.H. de la Rosette et al. (eds.), Imaging in Oncological Urology, 155
DOI 10.1007/978-1-84628-759-6 13, c© Springer-Verlag London Limited 2009



156 J. Palou et al.

widely used PET tracer, 18F-FDG, is often inappropriate for
the imaging of urothelial cancer patients because its physio-
logic urinary excretion interferes with the imaging of tumor
lesions in the urinary tract [5]. More recently, 11C-choline
has been introduced as a PET tracer for the whole-body
imaging of various malignancies [6]. 11C-choline generally
displays high uptake in tumor tissues and is regarded as a
favorable tracer for pelvic malignancies because of its negli-
gible secretion into the urinary system.

The mechanism of 11C-choline uptake is related to the
biosynthesis of phospholipids, which are essential compo-
nents of all cell membranes. Carcinogenesis is characterized
by enhanced cell proliferation and subsequent increased lev-
els of phospholipids. The presence of choline transporters
also seems to play a role in the process of 11C-choline uptake
in tumor cells. Furthermore, one of the most studied onco-
genes, ras, has been shown to activate choline kinase and
phospholipase D, two enzymes responsible for the synthesis
of phosphatidylcholine. In addition to their essential function
as structural components of cell membranes, phospholipids
are involved in the modulation of transmembrane signaling
and thereby in cell proliferation and transformation [7].

If 11C-choline PET is considered for routine clinical diag-
nosis, then the principal disadvantage is the short half-life
of 11C (20 min), limiting its use to centers with an on-site
cyclotron. Therefore, 18F-labeled analogs of 11C-choline
have been described and developed [8]. The mechanism of
uptake of 18F-labeled choline analogs is very similar to
that of 11C-choline. However, the most relevant difference
is the significant secretion of radioactivity into the urinary
system resulting from 18F-labeled analogs, compared with
that of 11C-choline. Although urinary activity from 18F-
labeled analogs could be overcome with aggressive hydra-
tion, diuresis, and irrigation catheters as mentioned above, it
still represents a relevant disadvantage for imaging of urothe-
lial cancers.

PET and PET/CT Imaging Protocols
in Urothelial Cancer

18F-FDG PET

Typically, the patients are asked to fast for at least 6 h before
undergoing a 18F-FDG PET examination. The radiopharma-
ceutical is administered by intravenous injection of approx.
5 MBq of 18F-FDG per kg of body weight and rest for 45–
70 min to allow uptake of 18F-FDG by the organs and tumor.
During this uptake phase, patients are asked to drink water
(500–1,000 mL) and to void the bladder frequently to favor
urinary excretion and at the same time to minimize radia-

tion exposure. Once this phase has been completed, a static
whole-body emission PET or PET/CT scan from the pelvic
floor to the head is initiated. The acquisition parameters for
PET and PET/CT may vary according to the type of instru-
ment being used in different institutions. In case a postdi-
uretic PET examination is performed, both the emission and
the transmission times are kept the same as for the prediuretic
studies. Similarly, the emission scan time for PET/CT is kept
unchanged in the two acquisitions, whereas a low-dose CT
may be applied for attenuation correction in the postdiuretic
PET/CT study to reduce the patient’s radiation burden [4, 9].

Forced Diuresis Protocol

If this technique is considered [3], immediately after the
initial PET or PET/CT scan, the patients receive 0.5 mg of
furosemide per kg of body weight (maximum, 40 mg) fol-
lowed by infusion of 500 mL of physiologic saline through
an intravenous line. During the saline infusion, which may
last for 25–30 min, the patients may be encouraged to addi-
tionally drink two cups (400 mL) of water. Arterial blood
pressure should be monitored during this period. For
each postdiuretic PET or PET/CT study, two or three
abdominopelvic cradle positions are acquired directly after
the last voiding of the bladder. The length of the second
acquisition may depend on the patient’s clinical history or
the prediuretic PET findings.

Such forced diuresis coupled with parenteral hydration
may be very helpful to define confounding FDG–avid lesions
in the urinary tract or its neighborhood (Fig. 13.1). Except for
patients with impaired renal function, three successive void-
ings of the urinary bladder should suffice to decrease urinary
activity to a background level, thus enhancing target to back-
ground contrast of lesions present in the urinary tract [3].

11C-Choline PET

11C-choline is usually synthesized as described by Hara et al.
[6]. 11C-choline PET studies are typically performed with
whole-body PET scanners same as with FDG-PET exam-
inations. After patient positioning on the scanner table, a
transmission scan is first obtained [10]. PET emission scans
start 5 min after intravenous injection of approximately 370–
500 MBq of 11C-choline and include several bed positions
starting from the pelvis and moving to the neck. Emission
imaging is usually performed in the two-dimensional mode,
with 5 min for the first bed position and increasing to 12 min
for the sixth bed position, and with a matrix of 128 × 128
pixels. Emission data are then corrected for randoms, dead
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Fig. 13.1 Pre and post-diuretic PET scan showing stagnation of FDG in the right urether (a, see arrow) that clears after diuretic administration (b)

time, and attenuation, and an iterative reconstruction is per-
formed. Images are rendered in the standard whole body and
cross-sectional format.

Clinical Value of PET and PET/CT Imaging
in Urothelial Cancer

FDG-PET and PET/CT imaging has high accuracy in detect-
ing many malignant disorders of the abdomen and pelvis,
however, physiologic FDG excretion along the urinary
system hampers visualization of urothelial primary cancer.
Continuous efforts have been devoted to overcoming this
limitation inherent to FDG-PET. For instance, Kosuda et al.
[11] evaluated 12 patients with suspected recurrent or resid-
ual bladder cancer. In nine of them, retrograde irrigation
of the urinary bladder was applied. Although a remark-
able reduction of urinary activity was observed, a back-
ground level was never reached in any patient, ending in four
false-negative intravesical lesions that were masked by resid-
ual urinary activity. Likewise, in another prospective study,
Koyama et al. [12] observed that at least 8 (20%) of 41 stud-

ied patients failed to eliminate all 18F-FDG activity from
the urinary tract despite continuous bladder irrigation using
pre-warmed physiologic saline solution. The results of these
studies imply that an ideal approach to overcoming the inher-
ent limitations must consider eliminating residual 18F-FDG
activity from the entire urinary tract to avoid interference
from any physiologic activity.

Kamel et al [3] observed that a furosemide dose of
0.5 mg/kg followed by parenteral infusion of 500 mL of
physiologic saline over 25–30 min successfully eliminated
any significant FDG activity from the bladder and both
ureters. Except for one patient with chronic renal failure, a
background activity level could be obtained in the lower uri-
nary tract of 31 of 32 patients after they had voided their
urinary bladder three successive times. A similar study also
demonstrated that the application of diuretics significantly
reduced residual FDG activity in the bladder [13]. However,
in some of the patients whose kidneys were within the field
of view of post-diuretic PET, renal activity did not reach a
background level, potentially because of physiologic uptake
of FDG by the renal tubular epithelium [14, 15]. Because
of the known limited avidity of some renal cell carcino-
mas to FDG [16], this approach is not likely to improve the
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performance of PET in characterizing renal tumors. How-
ever, this technique is clearly helpful in bladder cancer [17].
The high post-diuretic 18F-FDG uptake of these lesions as
seen on the PET images is helpful to clarify post-therapy
radiologic findings in the bladder wall, which are often
encountered in the clinical follow-up of these patients.

Approximately 15–28% of patients are found to have
lymph node metastatic disease at histologic analysis [18, 19].
Recent progress in diagnostic imaging by CT and MRI
with contrast enhancement has allowed the lymph node
staging of bladder cancer, but the results have been gen-
erally disappointing. With cross-sectional imaging modali-
ties, metastatic lymph node involvement is assessed by size,
which can be misleading, especially after transurethral resec-
tion of bladder cancer is performed. 11C-choline has been
reported to successfully visualize various tumors with a
high signal-to-background ratio, including slowly growing
tumors, such as prostate cancer, which are often 18F-FDG
negative [20, 21]. Furthermore, with 11C-choline, a high
signal-to-noise ratio can be achieved in tumors and lymph
nodes located in the pelvis, in which background radioactiv-
ity is low [22].

Drieskens et al. [9] assessed in a prospective study the
presence of lymph node involvement and distant metastasis
in patients with invasive bladder carcinoma as a major deter-
minant of survival. Whole-body FDG-PET and computed
tomography (CT) were performed in 55 patients with non-
metastatic invasive bladder cancer for preoperative staging.
For the diagnosis of nodal or metastatic disease, the sensitiv-
ity, specificity, and accuracy of PET were 60, 88, and 78%,
respectively. Median survival time of patients in whom PET
indicated nodal or metastatic disease was 13.5 months, com-
pared with 32.0 months in the patients with a negative PET,
thus showing that addition of metabolism-based information
provided by PET in the preoperative staging of invasive blad-
der carcinoma yields also an improved prognostic accuracy.

Liu et al. [21] evaluated the role of FDG-PET in
metastatic transitional cell carcinoma. Results in these
patients were compared to those in patients who had

undergone prior chemotherapy. In contrast to pre-treatment
findings, after chemotherapy, viable cancer cells showed
a diminished metabolic rate, suggesting that PET images
should be interpreted with caution in patients who have
received prior chemotherapy [22].

The usefulness of 11C-choline PET for the detection
of lymph node involvement has been shown for prostate
cancer by de Jong et al. [23]. The reported sensitivity, speci-
ficity, and accuracy for lymph node staging of prostate can-
cer were 80, 96, and 93%, respectively, suggesting that this
technique has a higher sensitivity than CT or MRI. False-
positive results may occur because of focal bowel activity
or reactive lymph nodes. False-negative findings have been
described for lymph node lesions smaller than 1 cm in diam-
eter. In addition, de Jong et al. [23] recently reported the
first clinical experience on the visualization of bladder can-
cer with 11C-choline PET. They showed that 11C-choline
uptake in bladder cancer is feasible for visualizing the extent
of tumor because of the virtual absence of urinary activity. In
addition, premalignant and small noninvasive tumors did not
show increased 11C-choline uptake.

Pichio et al. [10] recently compared the value of 11C-
choline PET and contrast-enhanced CT for the staging
of advanced bladder carcinoma against histologic analy-
sis (including lesion size measurements) as a reference. In
this series, the number of correctly detected lesions was
higher with 11C-choline PET than with CT. In particular,
the sensitivity of 11C-choline PET was superior to that of
CT for both the detection of residual bladder wall involve-
ment and for lymph node staging. The eventual presence of
false-negative results obtained for both bladder cancer sites
and lymph node involvement by 11C-choline PET likely is
related to its restricted spatial resolution, limiting its sensi-
tivity for small lesions. In this study, the actual sizes of can-
cerous lesions within involved lymph nodes were measured.
11C-choline PET failed to demonstrate one larger (15 mm)
metastatic lesion as well as two additional lesions that were
below the resolution of the PET scanners used in the study
(1 and 3 mm). All remaining lymph node metastatic lesions

Fig. 13.2 Choline PET/CT scan (PET, CT, and fused image) showing a positive pelvic lymph node indicative of malignancy
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(between 5 and 16 mm) were correctly identified. The results
of this study show that the overall accuracy to detect lymph
node metastatic disease is better with 11C-choline PET than

with CT. This is probably due to 11C-choline PET not being
affected by the inflammatory changes seen in pelvic and
abdominal lymph nodes by CT when used to assess lymph

Fig. 13.3 Choline PET/CT scan showing a solitary vertebral bone metastasis
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node size. At present, CT is the most commonly used non-
invasive study for the staging of bladder cancer. However,
despite the use of multislice CT systems and intravenous
contrast medium, structural imaging of lymph node and size
evaluation is only clearly limited to diagnose malignancy. It
appears to be clinically relevant that 11C-choline PET yields
fewer false-positive results than CT, suggesting that 11C-
choline PET may be particularly useful in evaluating patients
with nodal enlargement or nodes with borderline sizes. The
use of integrated PET/CT will certainly provide diagnos-
tic benefits, because focal uptake can be better delineated
as resulting from lymph node involvement rather than non-
specific focal bowel activity, and metastatic spread can be
properly ruled out (Figs. 12.2 and 12.3). These results sup-
port the further analysis of 11C-choline for evaluating locally
advanced bladder cancer and other urothelial tumors. In fact,
11C-choline imaging may allow for the selection of patients
for possible neoadjuvant treatment before radical bladder
resection [24, 25]. In addition, the identification of metastatic
lymph nodes outside the area of standard pelvic lymph node
dissection may allow their removal, which may translate
to more accurate treatment and better patient outcome and
survival.

Conclusions

Addition of metabolism-based information as provided
by PET and PET/CT examinations using FDG or other
metabolic tracers yields improved diagnostic and prognos-
tic accuracy in patients with urothelial tumors. Although the
physiologic urinary excretion of radiotracers makes struc-
tures and tumors difficult to delineate, PET imaging may be
useful for local staging and recurrence, with additional value
in the identification of metastatic disease.
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Chapter 14

Considerations: Imaging in Upper Urinary Tract Urothelial Carcinoma

J. Rassweiler and D. Teber

Introduction

According to the surface of both the collecting systems and
the ureters in relationship to the urinary bladder, urothelial
carcinoma of the upper urinary tract occurs in about 5% of
all transitional cell carcinoma. Upper urinary tract tumors are
rarely detected incidentally or by screening. Usually, patients
present with flank pain, recurrent hematuria, and/or abnormal
cytology, and are evaluated specifically to rule out tumoral
involvement of the upper urinary tract (Table 14.1).

Basic Diagnostic Procedures

Principally, the diagnostic algorithm can be divided into the
detection of tumor and the staging of the disease. Basic
imaging modalities for tumor detection include ultrasonog-
raphy, intravenous pyelography, and retrograde pyelography
(Fig. 14.1).

Table 14.1 Algorithm of diagnosis of upper tract tumors

Symptoms Flank pain, hematuria
Basic diagnosis Urine sample (+ cytology): erythrocytes, tumor

cells
Ultrasound: hydronephrosis, pelvic tumor

(hypoechoic)
IVP: filling defect, phantom calyx
Videocystoscopy: hematuria out of orifice
Retrograde pyelogram (+ cytology): filling

defect, phantom calyx, tumor cells
Flexible video-ureteroscopy: visualization of

tumor, biopsy
Staging diagnosis CT-urography: tumor in collecting system,

para-aortic lymph nodes, metastases
MR-urography: hydronephrosis, para-aortic

lymph nodes, metastases
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Ultrasonography

In contrast to parenchymal renal tumors, where ultrasound
provides a high sensitivity, sonography has only secondary
strengths (i.e., to exclude a calculi, detection of ureteral
obstruction). Particularly in non-obstructed kidney, demon-
stration of the urothelium is not always possible [1]. Accord-
ingly, only larger tumors (i.e., >15 mm) may be detected
as hypoechoic or isoechoic lesions particularly in case of
hydronephrosis (Fig. 14.2). In such a case, the presence of a
central mass of moderate echogenicity that is separated from
the renal parenchyma should be considered as a malignant
urothelial tumor (Fig. 14.1). Rarely such larger tumors may
present with calcifications and have to be distinguished from
renal stones with the classical acoustic shadow [2].

Ultrasonography should be the first imaging modality for
patients with flank pain or hematuria [3]. The most frequent
complication of an upper tract urinary tumor particularly if
present in the ureter is urinary tract obstruction leading to
dilation of the collecting system, which can be easily iden-
tified sonographically. Unfortunately, the dilated ureter can
only be demonstrated down to the level of the upper third
(i.e., lower pole of the kidney) and prevesically. Because of
this limited acoustic window, particularly in patients with
renal colics and subsequent meteorism, ureteral tumors may
usually not be clearly imaged by ultrasonography. The deter-
mination of the resistive index using color duplex sonog-
raphy by determining the intrarenal blood flow may dis-
tinguish between acute obstruction and ectasia of the col-
lecting system (i.e., RI > 0.7). However, in case of upper
tract carcinoma, this information may not play an important
role [4, 5].

Of course, ultrasound provides certain advantages (i.e.,
low costs, non-invasive procedure, no use of contrast dye, no
radiation); however in case of upper tract urothelial tumors it
usually offers only adjunct information. New developments
such as intraureteral (endoluminal) ultrasonongraphy did not
prove to be very helpful in the basic diagnosis of upper tract
tumors [6–8].
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Fig. 14.1 Basic diagnostic
findings of a tumor in the upper
urinary tract (renal pelvis): (a)
Ultrasound: hypoechoic lesion
in the central reflex zone. (b)
Intravenous pyelography:
Filling defect in renal pelvis and
lower calyx. (c) Retrograde
pyelogram: Filling defect in
renal pelvis and neck of lower
calyx

Intravenous Pyelography

Intravenous pyelography may have lost importance in the
diagnostic workup of acute colic compared to sequential
computed tomography; however, CT and even MRI urog-
raphy simply do not demonstrate the same anatomic details
of the upper urinary tract [3, 9, 10]. Therefore, intravenous
pyelography is still useful and should not be abandoned
(Fig. 14.1).

Due to potential contrast nephrotoxicity, certain risk fac-
tors have to be assessed prior to the examination, such
as diabetes mellitus, renal insufficiency (serum creatinine!),
congestive heart failure, myeloma (i.e., plasmocytoma), and
dehydration. Severe allergic reactions to contrast media have
to be explored. Patients with risk factors should receive
pre-contrast antihistamines and corticosteroids. Moreover,
non-ionic contrast media should be preferred because of a
significant lower rate of anaphylactoid reactions compared
to ionic contrast media (1 vs. 5%). However, in case of diag-
nosis of upper tract tumors usually no emergency situation is

present. Hence, all these factors can be adequately taken into
consideration [11].

Proper preparation of the patient is important to receive
optimal information, including bowel preparation reducing
meteorism, and to avoid hyperhydration resulting in dilu-
tion of the contrast media. Under these conditions, the intra-
venous pyelogram allows detailed visualization of the renal
collecting system and ureters. Larger tumors filling com-
pletely a calyx may result in a so-called phantom calyx.
Upper tract tumors classically show as filling defects. Addi-
tionally, calcified calculi can be diagnosed. Frequent dif-
ferential diagnoses of filling defects on an IVP include
non-opaque calculi (i.e., uric acid), clots of patients with
coagualopathy (i.e., under cumarine therapy), and papilla
necrosis (i.e., diabetes mellitus).

Similar to ultrasonography, intravenous urography detects
ureteral obstruction, but in addition it may help to iden-
tify exactly the localization and cause of hydronephrosis.
Again a ureteral tumor is visualized as a filling defect. Fre-
quent differential diagnoses are similar to filling defects in
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1
2

2

3

Fig. 14.2 a Sonographic picture of a papillary transitional cell car-
cinoma in the renal pelvis leading to hydronephrosis. b 1=renal
parenchyma, 2=dilated renal pelvis, 3=tumor

the renal pelvis. Additionally, ureteral strictures of extrau-
reteral lesions (i.e., lymphoma, lymph node metastases) may
be taken into consideration.

Cystoscopy and Retrograde Pyelogram

The most important step in the diagnosis represents endo-
scopic imaging (i.e., cystoscopy, ureteroscopy) plus retro-
grade pyelogram. The procedure is essential and provides
several advantages.

Cysto-urethroscopy enables diagnosis of other reasons of
hematuria such as (concomitant) bladder tumors, bladder
stones, benign prostatic hyperplasia, or urethral tumors. In
20–25% of upper tract urothelial tumors concomitant bladder
tumors can be found. Sometimes, selective hematuria out of
one of the orifices may alleviate further diagnosis. Addition-

ally to the retrograde pyelogram, selective cytology (using
two different ureteral catheters) provides important informa-
tion, particularly in case of high-grade tumors. Moreover,
the use of fluorescent agents such as 5-amino-levulinic acid
or hexyl(5-amino-4-oxopentanoat)-hydrochloride (HexvixR)
may increase the diagnostic efficacy particularly for flat
superficial lesions [12].

Similar to intravenous pyelography, imaging features of
upper tract tumors include filling defects, irregular stenoses,
non-visualized calyces, and hydronephrosis (Fig 14.1). One
advantage of the retrograde study is the fact that the amount
of filling of the collecting system can be varied to avoid
overprojection of contrast dye as well as pyelosinus back-
flow. Additionally, there is a very low risk of anaphylactoid
reactions following endoluminal injection of contrast dye
[10, 13].

Flexible Ureterorenoscopy

The technical advances of instruments and video equipment
lead to the development of small-caliber flexible uretero-
scopes (F8-9). Such instruments allow minimally invasive
exploration and endoscopic visualization of the entire uri-
nary tract (Fig. 14.3). Nowadays, endoscopic diagnosis of
the upper urinary tract to confirm the diagnosis of a tumor
has become mandatory, unless in case of large tumors where
the diagnosis can be based of uro-radiologic imaging tech-
niques [14].

Fig. 14.3 (a) Flexible (video-)ureteroscopy for diagnosis of (b) upper
tract tumors. (c and d) Visualization and documentation of the position
of the endoscope by injection of contrast dye
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Fig. 14.3 (continued)

Antegrade Pyelography

Principally, the role of antegrade pyelography is limited. In
case of a suspicious upper tract transitional cell carcinoma,
percutaneous puncture of the kidney and collecting system
should be avoided to minimize the risk of tumor cell spillage
or seeding [15, 16]. Of course, once a percutaneous nephros-
tomy has been placed in an emergency situation to relieve
pain, sepsis, or to preserve renal function, the access can be
used for diagnostic purposes [17, 18]. Urothelial tumors have
exactly the same imaging characteristics as with intravenous
and retrograde pyelography.

Staging Procedures

CT-Urography

Computer tomography has been accepted to be superior in
the detection of renal masses compared to IVU and ultra-
sonography; however, the limited accuracy in the assessment
of mucosal surfaces of the upper urinary tract still repre-
sents the final frontier [19]. The introduction of multidetector
row CT (MDCT) may lead to a significantly better resolu-
tion to demonstrate tumors in the collecting system; however,
because of the significantly higher radiation exposure com-
pared to the standard IVU, this imaging modality cannot be
included in the primary diagnostic workup [20].

Of course, CT provides additional information besides the
confirmation of the tumor diagnosis, such as involvement of
lymph nodes or extension of lager tumors (i.e., infiltration
depth). However, it has to be emphasized that CT-urography
even using MD technology cannot be distinguished between
Ta, T1, and T2 stages [21].

Future applications of CT-urography may include virtual
endoscopy with visualization of the tumor [22]. This might
be able to obviate flexible ureteroscopy in case of larger
tumors, where biopsy is not needed (i.e., prior to laparo-
scopic nephroureterectomy).

Magnetic Resonance Imaging

There is consensus that MRI is not a first-line investiga-
tion in the assessment of hematuria or suspected upper
tract tumors [23, 24]. Recently, MR-urography using either
T1- or T2-weighted images has been introduced. While T2
MR-urography is sensitive for detection of hydronephrosis,
T1-weighted MRU uses the excreted gadolinum to outline
the collecting system. However, the main disadvantage of
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MR imaging represents the inability to reliably detect urinary
calcifications, calculi, and air, which limits its use as first-line
imaging modality [24, 25]. Therefore, the main indication for
MRI represents diagnosis in patients with renal impairment,
because MRI-contrast media are not nephrotoxic.

Positron Emission Tomography

Whereas PET/CT using 11C-choline as tracer has become
an important diagnostic modality for detection of recurrent
prostatic cancer (i.e., following radical prostatectomy) dis-
tinguishing between bone, lymph node metastasis, and local
recurrence [26], this imaging modality has not been proven to
be helpful in primary diagnosis of upper tract tumors. This is
related to its restricted spatial resolution limiting the diagno-
sis of small lesions. [18F]Fluorodeoxglucose (FDG) is much
easier to handle compared to 11C-choline with a 20 min half-
time; however physiologic excretion of FDG along the uri-
nary system hampers the visualization of primary urinary
cancer. On the other hand, early studies suggest that PET/CT
may provide additional information in the identification of
metastatic disease compared to CT alone [27].

Management of Upper Tract Tumors

Nowadays, therapy of upper tract transitional cell carcinoma
has become multimodal, depending on the infiltration depth
and localization of the tumor [28].

Standard treatment of invasive TCC still represents radi-
cal nephroureterectomy, which can be performed also laparo-
scopically with open removal of distal ureter including a
bladder cuff [28–30]. Transurethral circumcision of the ori-
fice or pluck-off techniques has been abandoned due to the
risk of local recurrence. Long-term studies following laparo-
scopic nephrouretectomy have shown similar oncological
efficacy, but a significantly reduced morbidity and shortened
hospital stay [30].

In case of distal superficial TCC, partial ureterectomy
with ureteral reimplantation may obviate ablative surgery
[31]. This procedure can also be accomplished laparoscop-
ically.

Technical improvement in endorological methods has
facilitated to resect or laser-ablate low-grade superficial
upper tract tumors in selected cases [32]. Such patients
have to be followed carefully including regular flexible
ureteroscopy and local chemoprevention with mitomycin C
or immunotherapy with BCG [33].

Surprisingly the EAU and the AUA guidelines did not
include recommendations on upper tract TCC. Our algorithm
is a first step to come to such a work.
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Chapter 15

Urothelial Carcinoma of the Lower Urinary Tract: Introduction

M. Manoharan, R. Ayyathurai, and M.S. Soloway

Introduction

Urothelial carcinoma is a heterogenous disease with an
unpredictable behavior. The tumor spectrum ranges from
low-grade non-invasive tumors to more lethal high-grade
muscle invasive variants. More than 90% of bladder can-
cers are urothelial (transitional) cell carcinomas, 6–8% are
squamous cell carcinomas, and 2% are adenocarcinomas. In
men, urothelium extends from the tips of the renal papil-
lae to the navicular fossa of penile urethra; in women, to
halfway along the urethra. Tumors can arise at any site in
this epithelium and are often multifocal. The bladder is the
most common site. These tumors tend to progress and exhibit
“polychronotropism” – a tendency to recur over time and in
new locations in the urothelial tract. An accurate diagnosis
and staging of the disease is essential to decide the optimal
treatment which ultimately impacts the outcome.

Epidemiology

In the United States, over 60,000 new cases are diagnosed
and over 12,000 individuals die of bladder cancer each
year. Bladder cancer is the fourth most common malignancy
among western men, and tenth in women. In the United
States and Europe, bladder cancer accounts for 5–10% of
all malignancies among males. The incidence is four times
higher in men than in women and twofold higher in white
than black, with a median age at diagnosis of 65 years.

The well-established risk factors are cigarette smoking
and occupational exposure to aromatic amines (Table 15.1).
Cigarette smoking increases risk by 2–5 fold and accounts
for 30–50% of all bladder cancers. This association appears
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Table 15.1 Risk factors

� Smoking
� Occupational exposure to

aromatic amines
� Previous radiotherapy
� Diesel exhaust emissions

to be time and dose dependent, and the risk increases with
occupational exposure to chemicals like naphthylamines.

Genetic analyses suggest that the invasive and non-
invasive lesions develop along distinct pathways. This
involves primary or early events like deletions of 9q followed
by secondary events which lead to tumor progression. This
involves activation of oncogenes and inactivation of tumor
suppressor genes, such as deletions at the TP53 locus on 17p,
the DCC locus in 18q, and the RB locus on 13q24. These
changes have been seen only in invasive disease. Within all
clinical stages, tumors with mutated TP53 have a higher risk
of metastasis and death from disease. CDC91L1 is recently
reported bladder cancer oncogene at location 20q11. This
gene is amplified and overexpressed in a third of bladder
tumors.

Pathology

Clinically urothelial tumors can be grouped into three cat-
egories: superficial or non-muscle invasive (75%), muscle
invasive (20%), and de nova metastatic (5%). Non-invasive
tumors are generally papillary and low grade that grow on
a stalk with a feeding vessel which makes them bleed eas-
ily. The true history of untreated non-invasive disease is not
fully understood. Carcinoma in situ (CIS) is a high-grade
tumor confined to the urothelium which is a precursor of
more lethal muscle invasive cancer (Fig. 15.1). These are flat
lesions which appear as red, velvet patches.
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Fig. 15.1 Carcinoma in situ

Classification

Tumor grade and stage are the most important determinants
of the tumor behavior. Grade reflects the degree of differen-
tiation of tumor cells and the stage reflects the extent of the
tumor. Both these factors affect prognosis, treatment choice,
and outcome significantly. The depth of invasion of the blad-
der wall determines the clinical stage of the tumor and the
widely used TNM staging system is shown in Table 15.2.

In 2004, the World Health Organization (WHO) clas-
sified urothelial tumors into non-invasive and invasive
neoplasia (Table 15.3). Based on the histological features,
the papillary urothelial lesions are further divided into
papilloma, papillary urothelial neoplasm of low malignant
potential (PUNLMP), low-grade and high-grade papillary
urothelial carcinoma. The recurrence and progression rates
for these lesions are given in Table 15.4. Tumor grade is a
well-established prognostic factor, with strong correlation
between higher grade and invasion, disease progression,
metastasis, and survival.

Diagnosis

Macroscopic or microscopic hematuria is the presenting
symptom in 80–90% of patients with bladder cancers. Irri-
tative symptoms like dysuria, urgency, and frequency are
the next most common symptoms and may reflect diffuse
disease such as CIS. A large proportion of bladder cancer
patients have no significant physical signs owing to the dis-
ease; however a small number of patients with large and
invasive tumors may present with bladder wall thickening or
palpable mass. All patients suspected to have bladder tumor
should have urine cytology, flexible cystoscopy examination

Table 15.2 Bladder tumor staging (TNM)

Primary tumor (T)

� TX: Primary tumor cannot be assessed
� T0: No evidence of primary tumor
� Ta: Non-invasive papillary carcinoma
� Tis: Carcinoma in situ (i.e., flat tumor)
� T1: Tumor invades subepithelial connective tissue
� T2: Tumor invades muscle

� pT2a: Tumor invades superficial muscle (inner half)
� pT2b: Tumor invades deep muscle (outer half)

� T3: Tumor invades perivesical tissue

� pT3a: Microscopically
� pT3b: Macroscopically (extravesical mass)

� T4: Tumor invades any of the following: prostate, uterus, vagina,
pelvic wall, or abdominal wall

� T4a: Tumor invades the prostate, uterus, vagina
� T4b: Tumor invades the pelvic wall, abdominal wall

Regional lymph nodes (N)

� NX: Regional lymph nodes cannot be assessed
� N0: No regional lymph node metastasis
� N1: Metastasis in a single lymph node, ≤2 cm in greatest

dimension
� N2: Metastasis in a single lymph node, >2 cm but ≤5 cm in

greatest dimension; or multiple lymph nodes, ≤5 cm in greatest
dimension

� N3: Metastasis in a lymph node, >5 cm in greatest dimension

Distant metastasis (M)

� MX: Distant metastasis cannot be assessed
� M0: No distant metastasis
� M1: Distant metastasis

Table 15.3 WHO Classification Urothelial Neoplasia (2004)

Non-invasive urothelial neoplasia

� Urothelial carcinoma in situ (high-grade intraurothelial neoplasia)
� Urothelial papilloma
� Urothelial papilloma, inverted type
� Papillary urothelial neoplasm of low malignant potential

(PUNLMP)
� Non-invasive low-grade papillary urothelial carcinoma
� Non-invasive high-grade papillary urothelial carcinoma

Invasive urothelial neoplasia

� Lamina propria invasion
� Muscularis propria (detrusor muscle) invasion
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Table 15.4 Recurrence and progression of papillary lesions

Papilloma PUNLMP Low grade High grade

Recurrence 0–8% 33.3% 64.1% 56.4%
Stage progression 0% 0–4% 10.5% 27.1%
Grade progression 2% 11% 7% –
Survival 100% 93–100% 82–96% 74–96%

of lower urinary tract, and imaging of renal tract prefer-
ably with a CT scan. Intravenous pyelogram (IVP) and ultra-
sonography are the choice of imaging in some centers. It is
not uncommon to diagnose bladder tumors by imaging; how-
ever diagnosis is confirmed by cystoscopy. IVP is useful in
identifying the tumors obstructing the ureteric orifice, con-
current upper tract lesions (0.3–2.3%).

Currently urine cytology is the standard non-invasive
method for detecting bladder cancer. Diagnostic yields from
UC are variable, with the sensitivity range of 35–80% and
specificity range between 80 and 100%. The primary pur-
pose of UC is to detect and monitor high-grade tumors.
Urine cytology is less useful for detection of low-grade
tumors due to poor expression of phenotypic features. There
is a constant search going on among the researchers for a
biomarker which is simple, sensitive, specific, reliable, and
reproducible. Tumor markers and tests such as hemoglobin
dipstick, BTA-Stat, BTA-TRAK, NMP-22, Immunocyt, sur-
vivin, Quanticyt, microsatellite analysis, telomerase, and
UroVysion have been studied for their clinical usefulness.
DNA-based molecular markers such as fluorescence in situ
hybridization (FISH) technique are promising. FISH iden-
tifies genetic abnormalities related to cancer development
before the phenotypic expression. Some molecular markers
(e.g., p53, Ki-67) may be capable of predicting recurrence as
well as progression of bladder cancer; however, the results of
many studies are preliminary and there is no accurate marker
as yet.

Endoscopic visualization of bladder tumors is the key
step in diagnosis and treatment (Fig. 15.2). Cystoscopy for
hematuria is an office procedure without need for anesthe-
sia. Information such as number, size, shape, and location
of tumors are easily obtained. Endoscopically, the morphol-
ogy of neoplasms can be classified as papillary 70%, nodu-
lar 10%, and 20% mixed. Majority of low-grade urothelial
tumors are pendunculated tumors. CIS is a flat lesion in the
bladder mucosa and may appear as patchy or diffuse erythe-
matous mucosa.

Treatment

The success in management of bladder tumor is dependent
on several factors. Accurate staging, optimal timing, choice
of treatment, and patient selection are vital. Once the

Fig. 15.2 Papillary bladder cancer – endoscopic view

presence of lesion is established, transurethral resection of
bladder tumor (TUR-BT) is planned as an elective operation.
Biopsy from the tumor base and suspected mucosal areas in
bladder and prostate is recommended. The aim of TUR-BT
is to achieve complete resection of all tumors and to obtain
adequate specimen for pathology. Pathological evaluation
of tumor specimen and biopsies are needed to document
disease and describe grade and local stage. The high inci-
dence of subsequent tumors after initial resection has led to
the concept of intravesical instillation of chemotherapeutic
agents. This could be done with a therapeutic or prophylactic
intent. The decision to administer intravesical therapy
depends on numerous factors including tumor stage, grade,
size, the histologic subtype, number of lesions, depth of
invasion, presence or absence of CIS, and patient-specific
factors. One early perioperative instillation (6–24 h) with
mitomycin (MMC) or epirubicin reduces recurrence rate by
40% in single as well as multiple bladder tumors and thus is
recommended for all subtypes of papillary tumors. Bacillus
Calmette–Guerin (BCG) is live attenuated tuberculosis
organism administered in six weekly intravesical instil-
lations, followed by maintenance, is considered standard
treatment for high grade and tumors which are generally
not sensitive to intravesical chemotherapy. Though it acts
through T-cell-dependent immunological response, the exact
mechanism of action of is unclear. Frequency, dysuria, and
contact dermatitis are known side effects. Rarely, intravesical
BCG may produce a systemic illness associated with gran-
ulomatous infections in multiple sites that require antituber-
culin therapy. The standard treatment algorithm for treatment
of urothelial carcinoma of the bladder is shown in Fig. 15.3.
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Urothelial Tumors
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Fig. 15.3 Management of bladder tumors

Low-Grade, Non-muscle Invasive (Ta)

Complete TUR followed by single instillation of chemother-
apeutic agent on the same day is the standard protocol for
these tumors. Patients with solitary lesion are followed up for
recurrence at 3 months and 1 year. Thereafter patient is mon-
itored by annual cystoscopy for 5 years. For solitary recur-
rence, office fulguration is adequate as long as urine cytology
is negative. Patients with multiple lesions are cystoscoped at
3, 6, and 12 months and yearly thereafter.

High-Grade, Non-muscle Invasive (Ta, T1)

These tumors have 20–30% chance of progression to muscle
invasive disease. Standard management approach is TURBT
followed by single intravesical chemotherapy and a re-
staging TUR and bladder mapping/random biopsies at 2–4
week interval. If high-grade tumor is pathologically con-
firmed, a 6-week induction course of BCG intravesical instil-
lations followed by 1–3-year maintenance BCG is advocated.
These patients will require intense follow-up, 3 monthly for

the first 2 years, 4 monthly for the third year, 6 monthly
during the fourth and fifth years, and annually thereafter. In
case of failure before BCG maintenance completion or evi-
dence of CIS or T1 disease, radical cystectomy is consid-
ered. Radical cystectomy and intravesical BCG therapy are
both acceptable primary therapies for high-grade T1 disease.
Regular surveillance cystoscopy and urine cytology are of
paramount importance in follow-up of these patients. Inter-
feron (IFN-alpha-2b) is the new intravesical treatment agent
showing promising results. Though the efficacy is inferior to
BCG, it showed synergistic effect with BCG. It is being com-
monly used in BCG failure patients.

Carcinoma In Situ (CIS)

CIS is a flat, high-grade carcinoma occurring in 5–10% of
non-muscle invasive bladder cancers (Fig. 15.3). The marker
of choice is urine cytology. Patients with CIS are at high
risk (50%) of progression. A 6-week induction course of
BCG followed by 1–3 year maintenance BCG is advocated
with regular follow-up with cystoscopy and urine cytology.
BCG provides highest rates of complete response as well as
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long-term disease-free survival among all intravesical treat-
ments. BCG failure with recurrence usually warrants radical
cystectomy.

Muscle Invasive (T2–T4) and Metastatic
Disease

Complete metastatic evaluation is a prerequisite before
definitive treatment. Radical cystectomy and bilateral lymph
node dissection is the standard of care for muscle invasive
bladder cancer. Radical cystectomy is major surgery that
requires appropriate preoperative evaluation and planning.
The procedure involves removal of the bladder and pelvic
lymph nodes and creation of a conduit or reservoir for uri-
nary flow. In males, radical cystectomy involves the removal
of the bladder, prostate and seminal vesicles, and proxi-
mal urethra. In females, the procedure includes removal of
the bladder, urethra, uterus, fallopian tubes, ovaries, ante-
rior vaginal wall, and surrounding fascia. The concept of
treating micro-metastases with systemic platinum-based neo-
adjuvant chemotherapy prior to cystectomy or curative radi-
ation has shown 5% survival advantage. Similarly, adjuvant
chemotherapy is beneficial in patients at risk for recurrence
such as T3 disease and positive lymph nodes. Common reg-
imens include MVAC (Methotraxate, Vinblastine, Doxoru-
bicin and Cisplatin) and a combination of Gencitabine and
Cisplatin.

Radiotherapy is an effective treatment option for mus-
cle invasive bladder tumor. The ideal candidate for cura-
tive external beam irradiation has a small, solitary muscle
invasive tumor less than 5 cm in size, with no associated
in situ disease or distant spread. Neo-adjuvant combination
platinum-based chemotherapy followed by pelvic radiother-
apy is preferred for T3–T4 disease. All patients who receive
radiotherapy for muscle invasive cancer should undergo life-
long cystoscopic surveillance. Salvage cystectomy should be
considered following radiotherapy for residual, progressive,
or recurrent muscle invasive cancer. Systemic chemotherapy
is the only modality that has been shown to improve survival
in responding patients with metastatic bladder cancer.

Follow-Up

Since the tumor recurrence rate is between 30 and 80%, close
monitoring is mandatory to diagnose and treat early. Flexi-
ble cystoscopy and urinary cytology are essential tools in the
follow-up. Urinary cytology is more valuable in following
up high-grade tumors. The duration of endoscopic follow-up
for patients free of recurrence is debatable. Studies reported

that for a tumor-free interval of 2, 5, and 10 years, the risk of
recurrence is 43, 22, and 2%, respectively. Currently various
urinary markers are studied and could be the key agents in
follow-up of bladder cancer in future.

Role of Radiology in Bladder Cancer

Radiologist plays a vital role in diagnosis, treatment plan-
ning, and follow-up of bladder cancer patients. Investiga-
tions such as CT scan IVP and ultrasonography are extremely
helpful in the work-up of hematuria. After the initial man-
agement the staging process requires detailed input from the
radiologist which helps choosing optimal treatment, espe-
cially in muscle invasive cancers. Magnetic resonance urog-
raphy (MR urogram) is particularly useful in patients with
renal insufficiency or contrast allergy. Though staging errors
can occur with MR urography (∼40%), with recent advances
including endorectal coil enhancement and dynamic contrast
imaging the accuracy can be improved. PET is not suitable
for the evaluation of bladder tumors due to intense accumula-
tion of fluoro-deoxy-glucose (FDG) in the urine. It can assist
in the detection of positive pelvic lymph nodes or distant
metastatic lesions. Bone scan is unnecessary in non-muscle
invasive cancers and most muscle invasive cancers; however
it is considered if symptoms or alkaline phosphatize lev-
els are elevated. Post-cystectomy follow-up requires imaging
of chest, abdomen, and pelvis to rule out local and distant
recurrences.

Summary

Urothelial cancer of lower urinary tract is a common dis-
ease. A good understanding of disease behavior allows the
clinicians to offer optimal treatment to the patients. The radi-
ological imaging of the urinary tract is essential for accu-
rate diagnosis and staging and plays a vital role in treatment
decisions.
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Chapter 16

Urothelial Cell Carcinoma in Lower Urinary Tract: Conventional
Imaging Techniques

C.Y. Nio

Introduction

Urothelial carcinoma of the bladder is the most common uri-
nary tract malignancy in the United States and Europe, with
a stable incidence in men over the past two decades but a
slight increase in women [1]. The age-standardized incidence
of bladder tumors in males is highest in the economically
advanced European countries and the White population of
North America (over 15/100,000). Tumor incidence rates are
less in Asia (3–4/100,000) [2].

It is a disease of older patients, most being older than 65
years, but is not restricted to these groups. Of the new cases,
3.1% occur in patients under the age of 44 years and 8%
occur in patients aged 45–54 years. Both the incidence and
mortality increase with advancing age.

Bladder cancer is more common in men than in women,
with a male-to-female ratio of 3–4:1; however, in women it is
diagnosed at a more advanced stage and has a higher mortal-
ity rate. Survival of female patients at 5 years is 78%, equal
to the 10-year survival for men.

Patients symptoms are all non-specific. The most common
presenting symptom is gross hematuria, although micro-
scopic hematuria may be detected at urine analysis.

The pathogenesis for urothelial tumors is direct prolonged
contact of the bladder urothelium with urine containing
excreted carcinogens, predominantly from cigarette smok-
ing. Smokers have four times the risk of bladder cancer,
related to both the duration and amount of smoking. Cigarette
smoking accounts for one-third to one-half of all cases of
bladder cancer [3]

There is also a well-documented causal link between
urothelial malignancy and a variety of occupational and
environmental chemicals. Other risk factors include bladder
stones, chronic infection, and irritation, as well as certain
drugs.
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Bladder diverticula have an increased risk (25–10%) of
developing cancer because of stasis. Tumors occurring in
diverticula have a propensity to invade perivesical fat early
because of lack of muscle in their wall.

Most urothelial tumors are located at the bladder base
(80% at initial diagnosis); 60% are single and over 50% mea-
sure less than 2.5 cm at cystoscopy. They can be papillary,
sessile, or nodular.

Urothelial carcinoma has a propensity to be multicentric
with synchronous and metachronous bladder and upper tract
tumors [1]. Multicentric bladder tumors occur in up to 30–
40% of cases. Upper tract tumors occur in 2.6–4.5% of blad-
der tumor cases.

Pathologic stage is the most important predictor of
survival. The TNM classification is in widespread use
(Table 16.1) [4].

Superficial bladder cancer is confined to the mucosa and
lamina propria. Once extension occurs into the detrusor mus-
cle layer, the tumor is considered invasive (Fig. 16.1). Inva-
sion may progress to involve local organs including prostate,
vagina, uterus, and pelvic wall. Metastases most commonly
involve pelvic lymph nodes and lung, liver, and bone in
decreasing order of frequency.

The standard imaging work-up for gross hematuria and
suspected urothelial tumor has shifted from intravenous
urography to cross-sectional modalities such as ultrasound
and more often computer tomography (CT) and magnetic
resonance (MR) imaging. Cystoscopy and biopsy are the
standard of reference for bladder evaluation, but imaging
is important for accurate staging and treatment planning.
Superficial tumors may not be evident with the common
imaging techniques and normally are not staged radiologi-
cally. However, with invasive urothelial tumors, detection of
pelvic side wall invasion or lymphadenopathy is critical, as
clinical staging is inaccurate. Furthermore complete evalua-
tion of the urothelial tract (both upper and lower) is indicated
because of the propensity for multicentric disease.

Although as already mentioned above cross-sectional
imaging (CT/MRI) is the imaging of choice when bladder
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Table 16.1 TNM classification

Fig. 16.1 Diagram shows stages of tumor invasion in bladder cancer
(with kind permission of the RSNA and J. Wong et al., 2006) [24]

carcinoma is suspected or known, the following paragraph
will discuss the findings on conventional imaging studies.

Conventional Imaging Techniques

Plain Abdominal Film

Plain abdominal radiography is of little value in the detection
of bladder cancer but it may reveal focal calcification associ-
ated with urothelial cell carcinoma in 0.5% of patients. It is

associated with focal dystrophic calcification, which can be
linear, punctuate, or coarse in pattern [5].

Intravenous Urography (IVU)

Intravenous urography in the past was used when bladder
carcinoma was suspected. Its ability to demonstrate small
tumors is limited, because they are lost in the contrast
medium on full bladder images. In the postvoid phase it may
be difficult to recognize them as the urothelium of collapsed
bladder adopts a corrugated configuration. Therefore stan-
dard and micturition cystography and the cystographic phase
of IVU are notoriously insensitive (Fig. 16.2).

The reported detection rates of bladder carcinomas by
IVU range from 26 to 86% [6, 7]. In addition authors vary in
their confidence in detecting small carcinomas, quoting val-
ues of 0.5–1 cm as their lower limit of sensitivity (Fig. 16.3)
[4, 7, 8].

When bladder cancers are visible on urography, an irreg-
ular, polypoid, or sessile filling defect is seen most often
(Figs. 16.4–16.6). The bladder trigone and posterolateral
bladder walls are the most frequent sites of origin of urothe-
lial cell carcinomas. In 2% of the cases urothelial cell carci-
noma originates from the wall of bladder diverticula. Mural
infiltration leads to bladder wall thickening and poor disten-
sibility (Fig. 16.7). The presence of ureterovesical junction
obstruction and hydroureter usually implies muscle invasion
by the neoplasm (Fig. 16.8) [9].

Synchronous and metachronous upper tract tumors are
discovered with approximately 2 and 7% of primary bladder
carcinomas, respectively (Figs. 16.9 and 16.10).

This was, in the past, the major argument in favor of
retaining the urography [10]. For upper tract involvement
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Fig. 16.2 (a–b) Cystographic phase of IVU showing dilution of con-
trast due to bladder residue. On both frontal (a) and oblique view (b)
no filling defect or irregular contour can be appreciated. . (c–d) Cor-
responding ultrasound (arrow) and CT show a large tumor (T) on the
anterior side extending into the bladder wall and possibly infiltrating
the surrounding fat on CT (no urachus carcinoma!)

Fig. 16.2 (continued)

Fig. 16.3 (a) Although no optimal filling of the bladder, no lesion is
visible. (b) On ultrasound of the same patient an 1-cm lesion can be
detected in the bladder (arrow)
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Fig. 16.4 (a) Intravenous urography (cystographic phase) with impres-
sion of an enlarged prostatic gland and multilobular irregular filling
defect (arrow) on the right side of the bladder due to an urothelial
cell carcinoma. (b) Abdominal ultrasound of the same patient reveals
the corresponding soft tissue tumour originating from the posterior wall
(arrow)

Fig. 16.5 (a) Another case with rounded filling defect (arrow) on the
right in the bladder without obstruction of the right ureter. (b) Ultra-
sound of same patient supports the diagnosis of a broad-based soft tis-
sue lesion (arrow)

Fig. 16.5 (continued)

tomograms of the renal collecting system were used to detect
irregularities or filling defects. This technique is nowadays
no more available, because fluoroscopy units today lack this
possibility. This decreases the sensitivity for IVU to detect
upper urinary tract cancer. Miyake et al. [11] concluded in
their study that routine IVU may not be required for follow-
up for all patients who have had transurethral resection for

Fig. 16.6 (a–b) Overprojection of colonic air (recto-sigmoid) can
mimic a filling defect. In this case below the air configuration a real
lesion is present (arrow in a), which is better visualized on the oblique
view (b). Note the irregular contour of the lesion (arrow) as distinct
from the smooth outline of the bowel gas
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Fig. 16.6 (continued)

bladder cancer. Just in 2 (asymptomatic) of 20 positive cases
IVU detected upper urinary tract cancer. In the remaining 18
symptomatic cases IVU failed to detect upper tract involve-
ment in ten patients. Several other studies revealed that
annual routine IVU following bladder carcinoma is not justi-
fied. They recommend urography at initial diagnosis of blad-
der carcinoma, when tumor progression occurs, and when
symptoms or signs raise suspicion of upper urinary tract dis-
ease [12–15].These publications date back to1983–1998.

Transabdominal Ultrasound

Transabdominal sonography has been used to evaluate
lesions of the bladder wall and lumen. Meticulous tech-
nique and adequate bladder distention are essential for opti-
mal transabdominal sonography. The location and size of the
tumor have the greatest impact on detection with sonography
[16–19]. Tumors larger than 1 cm and distant from the blad-
der neck area are easier to image and have a relatively higher
rate of detection, approaching 85% (Figs. 16.2c, 16.4b,
and 16.5b). In a study by Dibb et al. 130 tumors were
detected by US in 109 patients and the most frequent
tumor site was the trigone (48.5%) [20].The most commonly
encountered appearance of bladder tumor on US consisted
of a polypoid (51.5%) and uncalcified (58.5%) mass with an
irregular surface (61.5%). However, the wide variation in US
features is reflected by their finding that only 11% of tumors
had a combination of all these common features.

In a recent retrospective study in 100 patients abdominal
sonography was compared to intravenous urography in the
diagnosis of bladder carcinoma [21]. Sonography was sig-
nificantly more sensitive (96%) in the detection compared

Fig. 16.7 (a) Slightly dilated distal left ureter with markedly irregular
contour of the bladder dome on cystographic phase of IVU (arrow). The
round filling defect on the left is due to a balloon catheter. (b) The ultra-
sound with more optimal filling of the bladder showing a less extended
lesion in comparison to the cystography (arrow)

to urography (87%). In addition, sonography was more sen-
sitive in clarifying the pathology in upper renal tracts, i.e.,
ureteric obstruction secondary to obstructing bladder carci-
noma when urography failed due to none or poor excretion of
contrast. Three missed lesions by sonography were smaller
than 0.5 cm.

Infiltrating tumors are more likely than superficial ones
to be detected. Tumors larger than 3 cm in diameter or those
with associated calcification more often are overstaged. In
this respect Wagner et al. staged bladder carcinoma by a new
technique, three-dimensional US rendering [22]. Superficial
(pTa) carcinomas were correctly staged in 66% by 3D US.
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Fig. 16.8 (a) Hydronephrosis and hydro-ureter in this case of an urothe-
lial cell carcinoma at the right vesico-ureteral junction (arrow). (b) The
oblique view points out the acute stop in the distal ureter and the clearly
visible irregularity of the bladder wall (arrow)

Lamina propria infiltration (pT1) were correctly staged in
83% and the quota of correct staging of infiltrating carcino-
mas (>pT1) by 3D rendering was 100%. The overall accu-
racy was 79%. The conclusion is therefore that this new
technique – 3D rendering – is most valuable to discriminate
between superficial stages <pT1 and muscle invasive carci-
noma >pT1. So this technique might improve local staging
of bladder cancer.

Is color Doppler useful in staging bladder cancer?
According to a study in 24 patients there was no statistical
significant relationship between tumor stage and histopatho-
logical grade with presence and pattern of vascularity and
spectral color Doppler findings [23].

Fig. 16.9 This case illustrates the multifocality of urothelial cell carci-
noma. Multiple filling defects (arrows) are seen on the right side of the
bladder

Sonography is limited in its ability to depict extension
of disease beyond the bladder wall and usually cannot
detect nodal metastases. Wall edema, prominent mural folds,
inflammation, muscular hypertrophy, blood clots, and post-
operative changes can further reduce the specificity of ultra-
sound examination for the detection and staging of bladder
malignancies.

Conclusion

Transabdominal US is the primary screening modality to
evaluate patients suspected for bladder cancer. In positive
cases this results in planned cystoscopy to confirm the diag-
nosis together with biopsy-proven pathology samples. There
is no need anymore today for IVU to rule out synchronous
or metachronous lesion of the upper tract. Also routine IVU
in the follow-up of patients with known bladder cancer is no
more justified. Cross-sectional modalities like CT with mul-
tiplanar reformatting and also MRI are nowadays used for
ruling out multifocal disease and more important for staging
(see other chapter).
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Fig. 16.10 (a–b) Apart from the round defects in the poorly filled blad-
der (arrows in a), a synchronous large lesion is found filling the dilated
collecting system of the left kidney (arrow in b). There is no occlusion
of the ureter: normal contrast drainage is visible on the left
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Chapter 17

Cross-Sectional Imaging of the Lower Urinary Tract

M.A. Blake and B.N. Setty

Introduction

Bladder cancer is a common tumor of the urinary tract,
accounting for 6–8% of malignancies in men and 2–3% of
malignancies in women. The majority (95%) are epithelial
tumors; 95% of epithelial tumors are transitional cell carci-
nomas, 4% squamous cell carcinomas, 1% adenocarcinomas,
with small cell carcinomas and sarcomas being relatively rare
[1]. The treatment and prognosis of bladder cancer is largely
determined by the tumor stage and the presence of metastases
[2]. Therefore, accurate preoperative staging is imperative in
determining the appropriate management of bladder carci-
noma. Clinical staging is ideal for superficial tumors. Non-
invasive imaging aids in the detection of local extension of
the tumor, lymph node involvement, and distant metastases.
Two schemes of staging are used for bladder cancer – TNM
and Jewett–Strong–Marshall staging (art diagram). Superfi-
cial bladder tumors (TNM stage T1) are treated and often
cured by local endoscopic resection whereas invasive carci-
nomas (TNM stage T2 and above) are treated by cystectomy
or palliative chemotherapy or radiation therapy. Patients with
extravesicular tumor spread have significantly higher recur-
rence rates and carry a poor prognosis [3].

Role of Cross-Sectional Imaging

Cross-sectional imaging modalities such as CT and MR are
valuable in the staging of bladder cancer. However, MR
imaging is superior to CT for staging carcinoma of the uri-
nary bladder and offers several advantages over CT and
sonography [4–7]. The role of any imaging technique lies
in accurate delineation of the extent of tumor spread. For an
imaging method to be most useful as a staging tool, it should

M.A Blake (B)
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be able to distinguish T1 from T2 invasion particularly as
over 70% of tumors present as a superficial stage (stage T1).

CT

CT is a non-invasive technique and is widely available.
Advantages are short acquisition times, wide coverage in
a single breath hold, and its ability for multi-organ imag-
ing. It can detect lymph node enlargement and distant
metastatic disease as well as the presence of complications
such as hydronephrosis. It provides excellent inherent con-
trast between the bladder and extra-peritoneal fat, enabling
detection of extravesical spread. Recent improvements in CT
hardware have led to the development of the multi-detector
row helical CT scanner, which can provide higher resolution
and volume acquisition in a shorter time. With these advan-
tages, multi-detector row helical CT is expected to improve
the evaluation of patients with bladder cancer.

CT Appearance of Bladder Tumors

CT is the primary imaging modality for cancer of the uri-
nary bladder. Stage T1 tumors typically appear pedunculated
(i.e., intraluminal), but the bladder wall itself appears nor-
mal (Fig. 17.1). Hematoma and muscle trabeculations are
potential mimics of these tumors. T2 lesions are character-
istically sessile and appear as a smooth focal contour bulge
(Fig. 17.2). CT is not capable of determining the depth of
invasion of the bladder wall, i.e., differentiating stage T2a
from T2b disease. Thus, CT is limited in determining the
depth of bladder wall invasion. It can distinguish T3a from
T3b or higher tumor. T3b tumors produce an irregular outer
bladder wall or soft tissue infiltration or stranding into the
perivesical fat in the region of the tumor (Fig. 17.3). It can be
excluded if a clear plane of separation is preserved, although
unfortunately the presence or absence of the fat plane is
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Fig. 17.1 (a) Delayed prone contrast-enhanced CT bladder images
demonstrating a plaque-like thickening of the posterior left lateral blad-
der wall with an enhancing soft tissue mass (white arrow). Histopathol-
ogy revealed transitional cell carcinoma in situ (stage T is). (b) A large
mass with an irregular margin (black arrow) filling the lumen of the
bladder along its posterior wall. A papillary transitional carcinoma with
no invasion (stage Ta) was found on histopathology. (c) A peduncu-
lated mass lesion (arrowhead) arising from the anterior wall of the
bladder appearing as a filling defect within the contrast filled lumen.
Transurethral resection of the mass revealed a papillary transitional cell
carcinoma invading the lamina propria but not the muscularis propria
(stage T1)

Fig. 17.2 Dynamic contrast-enhanced CT of the bladder demonstrates
asymmetrical thickening of the left antero-lateral bladder wall (arrow)
appearing as a smooth focal contour bulge (stage T2)

Fig. 17.3 Contrast-enhanced CT demonstrating a large, enhancing
right bladder wall mass (arrowheads) (stage T3b) with transmural inva-
sion and an adjacent right obturator lymph node (arrow) consistent with
metastatic bladder cancer

not completely reliable for the determination of microscopic
invasion [8, 9]. The tumor is classified as T4 disease if it
invades adjacent organs or structures such as the pelvic or
abdominal walls. The tumor tissue within the invaded organ
enhances similarly to that of the bladder tumor with associ-
ated enlargement of the invaded organ [10] (Fig. 17.4). The
disappearance of the seminal vesicle angle is a useful sign of
its invasion.

Up to 5% of transitional cell carcinomas contain calcifica-
tions that can be detected on non-enhanced CT scans which
appear either nodular or arched in configuration. Fifty per-
cent of adenocarcinomas possess fine intratumoral calcifica-
tions. Bladder cancers enhance more intensely than adjacent
normal bladder wall tissue on contrast-enhanced CT scans
[2]. CT detects most bladder tumors, though tumors at the
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Fig. 17.4 CT images show a large bladder mass (arrowhead) (a) caus-
ing obstruction of the right ureteric orifice with proximal hydroureter
and hydronephrosis (thick arrow) (b). No clear fat plane between
the mass and the vagina is visualized (thin arrow) (stage T4a) (a).
Histopathology performed following a radical cystectomy revealed an
invasive transitional cell carcinoma involving the right bladder wall and
ureter consistent with a mass originating from the right intravesical
part of the ureter and invading the muscularis propria of the bladder,
perivesical fat, and the vaginal wall and mucosa

base and dome in particular can be missed. High-quality
multiplanar reconstructions improve the sensitivity of CT
for these regions. Rapid scanning performed in the nephro-
graphic phase before the excreted IV contrast reaches the
bladder detects an enhancing tumor against a background
of low-attenuation urine. On MDCT, the peak enhancement
of bladder tumors is around 60 s following intravenous con-
trast administration. On delayed scanning, the lesion appears
as a mural nodule against a background of high-attenuation
excreted contrast material within the bladder (Fig. 17.1b).
Occasionally the tumor is better seen on the non-contrast
scan than on the delayed scan because of the attenuation
similarity of the enhanced tumor and the excreted contrast
within the bladder. The tumor can also appear plaque-like
or papillary. Contrast-filled ureters may be visualized on
delayed post-contrast scans. Post-micturition images may

be useful if full bladder scans suggest the involvement of
bowel by adjacent tumor, as the bladder descends into the
pelvis when empty resulting in an altered spatial relation-
ship with the bowel. As the tumor grows, circumferential
wall thickening may also be seen. In addition, the mass may
invade the ureteral orifice, resulting in hydroureteronephro-
sis. With more advanced disease, bilateral hydronephrosis
may be noted. Additional rectal contrast may be valuable in
delineating the recto-sigmoid colon to assess advanced local
disease while good opacification of the small bowel loops
can be obtained with oral contrast.

CT may also be useful in assessing incomplete tran-
surethral resection of the bladder especially when the resec-
tion is limited by complications such as bleeding. It is also
an excellent method for detecting recurrent tumor following
cystectomy. Potential pertinent CT findings include a mass
at the cystectomy site, retroperitoneal lymphadenopathy, and
liver or bone metastases [11, 12] (Fig. 17.5).

Fig. 17.5 (a) Contrast-enhanced CT demonstrates an ill-defined infil-
trating mass in the left lateral pelvis following a radical cystoprostatec-
tomy and chemotherapy (arrow) in a patient with known bladder cancer
consistent with tumor recurrence. (b) The mass is also seen to cause pro-
gressive destruction of the medial aspect of the left acetabulum (arrow-
head) on the bone windowed CT image
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Metastases

Lymph Nodes

The major diagnostic criterion for CT evaluation of a lymph
node is its size. Pelvic nodes are often considered abnormal
if the minimum transverse diameter is 1 cm or more although
microscopic involvement of normal-sized nodes causes false
negatives and subsequent under-staging. These criteria are
under ongoing review, particularly in view of advancing tech-
nology, and the upper limits of “normal” are being reduced
particularly in patients with known bladder cancer. Lymph
nodes tend to become rounded with metastatic involvement,
and thus the maximum short-axis dimension is used for
assessment on CT [13].

Pelvic nodes are more difficult to recognize than para-
aortic nodes, particularly in patients with little intra-
abdominal fat, although asymmetry can be helpful. Lymph
nodes greater than 8 mm in the obturator and internal iliac
groups are now generally considered abnormal. In addition, a
number of normal pelvis structures may be unwittingly mis-
taken for pelvic lymph nodes including unenhanced pelvic
sidewall vessels, unopacified pelvic bowel wall loops, and
the normal ovary [14]. Conversely, nodal metastases from
pelvic tumors may also be confused with these structures.
Lymph nodes, which enhance strongly with intravenous
contrast, can occur in bladder cancer [15]. In the pres-
ence of enlarged pelvic nodes, the retroperitoneum in par-
ticular should also be assessed for para-aortic adenopathy
(Fig. 17.6).

Distant Metastases

Metastases can involve the liver, bone, and lungs. CT of
the abdomen should be obtained especially during follow-
up because isolated metastases can occur in the recurrence
of the disease (12) (Fig. 17.7).

Pitfalls of CT

Early postoperative CT especially following TURB is likely
to result in pseudolesions and inaccurate staging [6, 16, 17].
This can be overcome by allowing an adequate interval
between TURB and CT examination. Knowledge of the con-
trast enhancement pattern is necessary to differentiate can-
cerous tissue from non-specific wall edema, blood clots,
or tissue debris that mimics the appearance of a tumor.
Chronic wall thickening may also result from surgery, radi-
ation therapy, and chemotherapy with systemic agents such

Fig. 17.6 Contrast-enhanced CT demonstrating soft issue masses in the
left obturator lymph node (white arrow) (a) and the retroperitoneum
(black arrow) (b) consistent with metastatic disease in a patient with
stage T3 tumor

as cyclophosphamide and ifosfamide or intravesical agents
such as bacillus Calmette–Guérin [18]. The bladder must be
adequately distended and when a urinary catheter is present,
it should be clamped before the CT examination. Over-
distension of bladder may result in underestimation of blad-
der wall thickness with effacement of fat planes between the
bladder and adjacent structures.

Another drawback of CT is its failure to demonstrate
microscopic invasion of perivesical fat. The previously noted
inability to detect tumor in normal-sized lymph nodes is also
a major cause of under-staging. Over-staging on CT may
result from misinterpretation of normal fat planes between
the posterior bladder wall and the seminal vesicles in up
to 27% of cases. Post-void and decubitus images may help
in correct interpretation. Over-staging owing to perivesical
fibrosis, particularly seen following cystoscopic biopsy, can
occur and when possible CT should ideally be performed
before rather than after surgical intervention [19].
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Fig. 17.7 (a) Contrast-enhanced CT of the liver demonstrating multiple
hypodensities (arrowheads), with irregular rim enhancement through-
out the liver consistent with metastases in a patient with invasive blad-
der cancer. (b) CT of the lung showing multiple metastatic parenchymal
soft tissue nodules of varying sizes in both lung fields (arrows)

Accuracy of CT

The overall accuracy of CT in detecting and staging blad-
der cancer varies from 64–97% whereas that for perivesical
invasion and for lymph node metastases ranges from 83–93
and 73–92%, respectively [6, 8, 9, 20–22]. Multi-detector
row helical CT has indeed been found to improve the per-
formance of CT with an overall higher accuracy in the evalu-
ation of patients with bladder cancer. Cancers less than 1 cm
can now be routinely detected on MDCT.

MRI

Intrinsic tissue contrast allows superior localization and
characterization of bladder tumors on MRI [23]. Direct mul-
tiplanar imaging capability has also been cited as a spe-

cific MR advantage, but now MDCT also allows multipla-
nar reconstructions of its 3D data sets. Phased-array exter-
nal surface body coils and endoluminal coils offer higher
signal-to-noise ratio and a smaller field of view resulting in
the acquisition of excellent image quality with high spatial
resolution [24–27]. Parallel imaging techniques can also be
availed to improve resolution or shorten imaging acquisition
time.

MR Appearance of Bladder Cancer

Both T1- and T2-weighted images in multiple planes are
required for staging bladder tumors.

On T1-weighted images, the tumor appears intermediate
in signal intensity similar to muscle precluding differentia-
tion from the adjacent bladder wall. However, T1-weighted
images are useful in assessing infiltration of the perivesical
fat and in the demonstration of the endoluminal component
of the tumor.

On T2-weighted images, the bladder wall and perivesi-
cal fat appear low or high in signal intensity depending
on the sequence used. Bladder cancers are intermediate to
high in signal intensity on T2-weighted images and are
greater in signal than the normal muscularis. The preserva-
tion of the low-signal bladder wall subjacent to the tumor
on T2-weighted images indicates a superficial (T1) tumor
[14, 28–30]. Late fibrosis appears low in signal intensity and
can be distinguished from tumor on T2-weighted sequences.
Invasion into the adjacent organs such as the prostate, uterus,
or the vagina is also better appreciated. Depending on the
echo time (TE) and repetition time (TR) used differentiat-
ing the tumor from urine and the perivesical fat may be
suboptimal.

Gadolinium enhanced T1-weighted imaging demonstrates
intense and immediate enhancement of the tumor com-
pared to the uninvolved bladder wall [31, 32] (Figs. 17.8
and 17.9). The imaging should be performed within 90 s
after the contrast injection to optimize tumor-bladder con-
trast [7, 33, 34]. Tumor can be differentiated from normal
bladder wall as early as 5–15 s after contrast administra-
tion [32]. Fat saturation or subtraction techniques are used to
improve tumor visualization because tumors and perivesical
fat have high signal intensity on post-contrast T1-weighted
images. Dynamic enhanced imaging aids in the differentia-
tion of bladder tumor from surrounding tissues as the tumor
enhances earlier to that of normal bladder wall due to the
development of neovascularization [35]. Fast dynamic MR
imaging acquired at least once every 2 s helps in distinguish-
ing tumor from post-biopsy tissue. Tumors are reported to
enhance earlier than post-biopsy tissue with an average of
6.5 s following contrast enhancement whereas post-biopsy
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Fig. 17.8 Axial T1, T2, and gadolinium-enhanced MR images of a
transmural, polypoid enhancing mass (arrow) arising from the right
inferolateral bladder wall with no evidence of invasion into the extrav-
esical soft tissue consistent with a stage T2 bladder cancer. The tumor
has intermediate signal intensity on T1 and T2 (a, b) and demonstrates
intense enhancement following administration of gadolinium (c)

Fig. 17.9 Pre-contrast T2-weighted (a) and post-contrast coronal and
sagittal T1-weighted (b, c) MR images of the bladder demonstrate
a large circumferential bladder mass (arrows). Disruption of the low
signal intensity of the muscle at the right bladder base is consistent
with wall invasion with focal extravesical soft tissue extension in the
perivesical fat (stage T3b) (arrow head)
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inflammation or granulation tissue enhances 13.6 s after con-
trast. Thus, the use of fast dynamic techniques can increase
the accuracy of interpretation by up to 10% by avoiding false
positives [6, 36–38].

Metastases

Lymph Nodes

T1-weighted images enable better visualization of lymph
nodes from surrounding fatty tissue. However, normal and
abnormal lymph nodes show similar signal intensity on
unenhanced T1-weighted MR images. The detection of
lymph node metastases has important clinical implications
(Fig. 17.10). If lymph node metastases are present, a curative
cystectomy is usually not performed. Current imaging tech-
niques usually rely on size criteria and nodal morphology.
Based on the size criteria, a number of potential pitfalls can
occur due to the considerable overlap in size between benign
and malignant nodes. Different sensitivities and specificities
are observed based on the selection of cut-off size thresholds
for lymph nodes. A 3D high-resolution MR technique has
been shown to have a higher accuracy for the detection of
lymph node metastases in oval nodes with a diameter larger
than 10 mm and round nodes with a diameter larger than
8 mm. The presence of an asymmetric cluster of nodes is also
pathological [39].

Normal-sized metastatic nodes and non-metastatic nodes
unfortunately show early and similar enhancement on
gadolinium-enhanced fast dynamic MR imaging. It is thus
generally not possible with gadolinium to detect a metasta-
sis in normal-sized lymph nodes due to this lack of differ-
ential enhancement between normal lymph node tissue and
metastases. Novel MR imaging with ultrasmall super para-
magnetic iron oxide (USPIO) particles has shown that nor-
mal nodal tissue shows uptake of this contrast material and a
selective decrease in signal intensity on T2- or T2∗-weighted
MR images, whereas nodal areas infiltrated with metastases
lack uptake and retain their high signal intensity on USPIO-
enhanced MR images (Fig. 17.11). This technique promises
to greatly improve MR’s accuracy in the characterization of
lymph nodes [40].

Distant Metastases

Liver, lung, and bone are the principal sites of distant
metastases of bladder cancer. Muscle invasive tumors have
a propensity for lymph node metastases at the para-aortic
region and viscera. Fast dynamic MR sequences using
dedicated liver protocols can detect metastases to the liver

Fig. 17.10 Axial T1- and T2-weighted pre-contrast (a, b) and post-
contrast coronal T1-weighted (c) MR images of the pelvis demonstrat-
ing large masses involving the right obturator and common iliac lymph
nodes (arrows) which display intermediate signal on the pre-contrast
T1- and T2-weighted images and marked enhancement post-contrast
consistent with metastatic disease
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Fig. 17.11 USPIO-enhanced T2∗-weighted axial MR images per-
formed in two different patients of bladder cancers demonstrate
homogenous uptake of USPIO in a benign left external iliac lymph
node (thin arrow) causing a selective normal decrease in signal inten-
sity (a) and an enlarged left para-aortic node (thick arrow) infiltrated
with metastases lacking uptake of USPIO and thus abnormally retain-
ing a high signal intensity (b) (Courtesy Dr. Mukesh Harisinghani)

(Fig. 17.12). Bone marrow metastases have signal intensity
equal to the primary tumor and are recognized best on T1-
weighted images where there is a good contrast between
them and the higher signal of the surrounding fatty bone mar-
row (Fig. 17.13). Peripheral enhancement can be appreciated
following gadolinium administration. MR can also detect
spread of the tumor through the acetabulum that requires pal-
liative orthopedic surgery. Differentiation between radiation
necrosis from tumor or infection is difficult, often requiring
a biopsy for confirmation. A bone scan is indicated to assess
the entire skeleton in the presence of bony metastases [32].

MR Urography

Transitional cell carcinoma is known to be multicentric in
nature, so the entire urinary tract requires evaluation in
patients with TCC. Multifocal disease may occur in the

Fig. 17.12 Axial T2- and contrast-enhanced T1-weighted MR images
of the liver demonstrating multiple T2-weighted slightly hyperintense
lesions (arrows) throughout the liver (a) that enhance following admin-
istration of gadolinium (b) in a known patient with bladder cancer

bladder, renal collecting system, or the ureters. With MR
imaging, the entire urinary system can be visualized. Heav-
ily T2-weighted sequences can demonstrate the urine in the
pyelum and ureter especially when they are dilated due to
a distal obstruction. A breath hold T1-weighted MR angio-
graphic sequence also can be performed in delayed fashion
after contrast injection to demonstrate gadolinium excretion
in the ureters similar to IVU.

Accuracy of MR Staging

MR imaging is considered superior to CT scanning for local
staging of carcinoma of the urinary bladder. Dedicated mul-
tiplanar imaging and superior intrinsic tissue contrast allows
better visualization of the bladder dome, trigone, and adja-
cent structures such as the prostate and seminal vesicles. The
reported accuracy of MR in overall staging of bladder cancer
varies from 60 to 85% whereas that of local staging varies
from 73 to 96% [5, 33, 41–43] (Table 17.1).
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Fig. 17.13 Sagittal T1-, T2- and contrast-enhanced T1-weighted
images of the lumbar spine showing multiple metastases (arrows)
involving the L5 and lower half of the L2 vertebral bodies from a blad-

der cancer. The lesions appear hypointense on T1 (a) and slightly hyper-
intense on T2 (b) and enhance on gadolinium administration (c). Inci-
dental vertebral hemangiomas (asterisks) are seen at L2 and T12 levels

Optimizing MR Images

Various ancillary measures can be taken to ensure good-
quality results from an MRI study of patients with bladder
cancer. Patients experiencing claustrophobia can be appro-
priately sedated. Attaining suitable bladder distension is
crucial for accurate interpretation of images. It is difficult to
appreciate small tumors in an inadequately distended bladder
with a thickened bladder wall. Over-distension of the bladder
also leads to patient discomfort and flat tumors can be over-
looked. Ideal bladder distension can be achieved by asking
the patient to void 2 h before imaging and not again until after
the scan. Use of magnets with higher field strength provides
superior image quality through ultrafast scanning techniques,
although stronger chemical shift artifacts and lower T1 con-
trast can pose problems. Phased-array external surface body
coils and endoluminal coils offer higher signal-to-noise ratio
and a smaller field of view resulting in the acquisition of
excellent image quality with high spatial resolution. They
also permit parallel imaging techniques to be applied with
resulting sequence advantages of shorter time or higher
resolution. Endoluminal coils indeed provide higher spatial

resolution and excellent images of the prostate and seminal
vesicles, as well as the dorsal bladder wall for accurate
recognition of tumor invasion but offer a more limited field
of view. Administration of intravenous contrast as discussed
above is also helpful to improve overall staging accuracy.

Recent Advances

Virtual endoscopy with CT or MR is a recent technique
and preliminary studies have demonstrated its feasibility for
imaging the urinary tract [49]. Cystoscopy is the standard
method for the detection and direct visualization of the tumor
followed by transurethral resection, which provides histol-
ogy and grading. However, it is an invasive technique and
associated with some patient discomfort. The other draw-
backs of cystoscopy are difficulty in the detection of tumors
situated in bladder diverticula and at the bladder neck and in
determining extravesical tumor spread [50]. CT cystoscopy
can be performed by insufflating air into the urinary tract or
following intravenous contrast administration also known as
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Fig. 17.13 (continued)

IVU virtual cystoscopy [51–54]. The need for repeated cysto-
scopies for continual surveillance of patients with a history of
transitional cell carcinoma raises the concern for cumulative
radiation exposures from CT cystoscopy [55]. This could be
overcome by non-irradiating MR cystoscopy that has shown
promising results [56].

Rare Bladder Cancers

Tumors arising from a bladder diverticulum tend to be of
a higher grade and escape the bladder wall earlier because

Table 17.1 Overall staging accuracy of gadolinium-enhanced MRI for
staging extravesical extension in bladder cancer

No. of
patients

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

Reference and year

22 82 62 73 Husband et al. – 1989 [44]
68 93 95 95 Neuerburg et al. – 1991 [45]
28 100 100 100 Barentsz et al. – 1995 [46]
71 91 87 87 Hayashi et al. – 2000 [47]
64 – 65 85 Mizuno et al. – 2003 [48]
71 82.5 81.5 82 Tekes et al. – 2005 [43]

of the lack of a muscle layer. Thus, tumors at this location
have a greater potential for metastasis and a poorer prog-
nosis. The incidence of a neoplasm in a bladder divertic-
ulum ranges from 0.8 to 13.5% [57, 58]. Squamous cell
carcinoma is the most common non-transitional cell tumor.
Chronic infection caused by schistosomiasis (bilharziasis) is
an important predisposing factor in endemic areas like Egypt.
Non-bilharzial squamous cell carcinomas occur in associa-
tion with chronic irritation from urinary calculi, long-term
indwelling catheters, or chronically infected bladder diver-
ticula. The disease is relatively more common in women,
unlike transitional cell carcinoma, which is more common
in men [59].

Adenocarcinoma of the urinary bladder is uncommon,
accounting for 0.5–2% of all bladder malignancies [60, 61].
The base (especially the trigone) and the dome of the bladder
are the common sites. Adenocarcinomas are classified into
three groups: primary, urachal, and metastatic [59]. Cystitis
glandularis, bladder exstrophy, and urachal remnants are also
associated with adenocarcinoma of the bladder. Urachal car-
cinomas arise from the dome of the bladder as a mass with a
superior midline extravesical component or a mass anterosu-
perior to the bladder dome along the course of the urachus
(Fig. 17.14). Up to 90% of urachal carcinomas are muci-
nous adenocarcinomas [62]. It has a central low attenuation
because of mucin production, with peripheral or central cal-
cifications that are fine, arched, or nodular in pattern [50].
Signet cell adenocarcinomas characteristically produce lini-
tis plastica of the bladder that are diffusely infiltrating by
nature and tend to be of advanced stage at the time of diag-
nosis [63, 64].

Small cell carcinoma of the bladder is also known as
undifferentiated and poorly differentiated carcinoma. Most
small cell carcinomas occur as a component of mixed carci-
nomas. Pure small cell carcinomas are rare, representing less
than 1% of all urothelial neoplasms. Age, sex, and symp-
toms are comparable to those of transitional cell carcinomas
[64]. They can arise from anywhere in the bladder with no
predilection for the base of the bladder. They are nodular or
polypoidal and often ulcerated masses with mixed enhance-
ment patterns that cannot be distinguished from other high-
grade bladder cancers. Metastatic spread occurs rapidly, and
the most frequent sites are the regional lymph nodes, bones,
peritoneal cavity, and even the brain [65].

Carcinosarcoma of the urinary bladder is a rare neoplasm
of unknown etiology. This tumor possesses epithelial and sar-
comatous components on histopathology. It is more common
in men, with a ratio of 3:1. These tumors usually occur at
the base of the bladder and are polypoidal masses that have
deeply infiltrated the wall of the bladder at the time of diag-
nosis. Most deaths result from complications of local growth
rather than distant metastasis [64]. These tumors are usually
isointense to muscle on T1-weighted images on MR and het-
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erogeneous in signal intensity on T2-weighted images unlike
transitional cell carcinoma. On contrast administration, these
tumors heterogeneously enhance and lack the early arterial
enhancement of transitional cell carcinoma owing to their
mixed histology [66].

Ureteral Neoplasms

Epithelial neoplasms account for 75% of all primary neo-
plasms, with transitional cell carcinomas accounting for up
to 93% of cases. Transitional cell carcinomas are divided into
papillary and non-papillary subtypes based on histopathol-
ogy. Of the remaining epithelial neoplasms, 5% are squa-
mous and 2% are adenocarcinomas. Papillary tumors tend to
be multicentric and in 40% of patients the tumor is found
to have extended into the peri-ureteric tissues at the time
of presentation. Metastases to the regional lymph nodes or
hematogenous spread to distant sites such as the liver and
bones may also occur. An associated transitional cell carci-

noma of the bladder is found in up to 25% of cases and in
up to 70% a history of antecedent or a subsequent urothe-
lial lesion is found elsewhere in the urinary tract. The non-
papillary variety tends to be solitary by nature although most
of this type has infiltrated into the submucosa by the time of
diagnosis.

Transitional cell carcinomas of the ureter are staged as

Stage I: the tumor is limited to the mucosa
Stage II: invasion to the level of the ureteral muscle
Stage III: invasion of the peri-ureteral tissues
Stage IV: distant metastasis.

Ureteric tumors have a predilection for the middle and dis-
tal ureter (Fig. 17.15). Usually a diagnosis of ureteral carci-
noma is obtained by an excretory urography or a retrograde
pyelography. However CT is replacing excretory urography
in many centers for the evaluation of patients with hema-
turia. Delayed post-intravenous contrast-enhanced CT can
diagnose ureteric tumors as they manifest as ureteral filling
defects often with proximal ureteral dilatation and thickening
of the involved ureteral wall. CT also helps in determining

Fig. 17.14 Axial contrast enhanced (a) and coronal reformat of CT
images (b) of the bladder show an moderately enhancing mass (arrows)

anterosuperior to the bladder (small arrows) in the region of the urachus
suggestive of an urachal tumor that was confirmed on histopathology
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Fig. 17.14 (continued)

the extent of tumor spread. Mimics of ureteric TCC include
papilloma or polyp, which commonly produce long, smooth
intraluminal-filling defects. These can also occur in inflam-
matory conditions or ureteral metastases [67]. Squamous cell
carcinomas occur in the setting of chronic urinary tract infec-
tion or calculi and present as a solitary filling defect with fre-
quent peri-ureteral invasion. CT also helps to determine the
cause of ureteral obstruction whether it is due to an intrinsic
neoplasm or extrinsic disease such as idiopathic or malig-
nant retroperitoneal fibrosis, inflammatory aortic aneurysm,
or lymphomatous and metastatic retroperitoneal adenopathy
[68]. MDCT urography is a novel application of MDCT to
study the entire urinary tract owing to its ability to acquire
thinly collimated data sets that can be used to create excel-
lent quality 3D images of the urinary tract. It offers a promis-
ing role in the detection of urothelial wall thickening or
masses, provided opacification of the entire urinary tract is
obtained [69].

Fig. 17.15 Axial contrast-enhanced CT (a) and curved reformatted
MPR images (b) showing a large soft tissue tumor (arrow) originating
from the right intravesical part of the ureter causing obstruction of the
right ureteric orifice with hydroureter (arrow heads) and hydronephro-
sis (not shown)

Conclusion

In summary, cross-sectional imaging plays an important role
in defining management of patients with invasive bladder or
distal ureteric cancer. It is also helpful in staging of bladder
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cancer despite having some limitations. CT is widely acces-
sible and rapid advances in multi-detector technology and its
far-reaching applications have allowed it to now be consid-
ered on a similar par with MR. MR is reported to have a
higher accuracy for staging bladder cancer owing to its intrin-
sic tissue characterization. It is superior to CT in determin-
ing the depth of bladder wall invasion. CT as well as MR
relies on morphological criteria and both are useful in the
detection of metastases to the lymph nodes, liver, and bone.
MR is however considered superior in follow-up of patients
with bladder cancer post-therapy as it can distinguish biopsy
changes more accurately than CT.

References

1. Barentsz JO, Witjes JA, Ruijs JH. What is new in bladder cancer
imaging? Urol Clin North Am. 1997;24:583–602.

2. MacVicar AD. Bladder cancer staging. BJU Int. 2000;86 Suppl
1:111–22.

3. Stein JP, Lieskovsky G, Cote R, et al. Radical cystectomy in the
treatment of invasive bladder cancer: long-term results in 1,054
patients. J Clin Oncol. 2001;19:666–75.

4. Barentsz JO, Jager GJ, Witjes JA, et al. Primary staging of urinary
bladder carcinoma: the role of MRI and a comparison with CT. Eur
Radiol. 1996;6:129–33.

5. Amendola MA, Glazer GM, Grossman HB, et al. Staging of
bladder carcinoma: MRI-CT-surgical correlation. AJR Am J
Roentgenol. 1986;146:1179–83.

6. Kim B, Semelka RC, Ascher SM, et al. Bladder tumor stag-
ing: comparison of contrast-enhanced CT, T1- and T2-weighted
MR imaging, dynamic gadolinium-enhanced imaging, and late
gadolinium-enhanced imaging. Radiology. 1994;193:239–45.

7. Tachibana M, Baba S, Deguchi N, et al. Efficacy of gadolinium-
diethylenetriaminepentaacetic acid-enhanced magnetic resonance
imaging for differentiation between superficial and muscle-
invasive tumor of the bladder: a comparative study with com-
puterized tomography and transurethral ultrasonography. J Urol.
1991;145:1169–73.

8. Koss JC, Arger PH, Coleman BG, et al. CT staging of bladder car-
cinoma. AJR Am J Roentgenol. 1981;137:359–62.

9. Morgan CL, Calkins RF, Cavalcanti EJ. Computed tomography in
the evaluation, staging, and therapy of carcinoma of the bladder and
prostate. Radiology. 1981;140(3):751–61.

10. Kundra V, Silverman PM. Imaging in oncology from the University
of Texas M. D. Anderson Cancer Center. Imaging in the diagnosis,
staging, and follow-up of cancer of the urinary bladder. AJR Am J
Roentgenol. 2003;180(4):1045–54.

11. Oliva L, Cariati M, Reggiani L, et al. CT evaluation of the pelvic
cavity after cystectomy: observation in 40 cases. J Comput Assist
Tomogr. 1984;8(4):734–8.

12. Ellis JH, McCullough NB, Francis IR, et al. Transitional cell
carcinoma of the bladder: patterns of recurrence after cystec-
tomy as determined by CT. AJR Am J Roentgenol. 1991;157(5):
999–1002.

13. Vinnicombe SJ, Norman AR, Nicholson V, et al. Normal pelvic
lymph nodes: evaluation with CT after bipedal lymphangiography.
Radiology. 1995;194:349–55.

14. Spencer JA, Swift SE. Computed tomography of the pelvis. In:
Haaga JR, Lanzieri CF, Gilkeson RC, et al., editors. CT and MR
imaging of the whole body. 4th ed. St Louis: Mi Mosby. Inc; 2003.
pp. 1715–51.

15. Husband JE, Robinson L, Thomas G. Contrast enhancing lymph
nodes in bladder cancer: a potential pitfall on CT. Clin Radiol.
1992;45(6):395–8.

16. Sager EM, Talle K, Fossa SD, et al. Contrast-enhanced computed
tomography to show perivesical extension in bladder carcinoma.
Acta Radiol. 1987;28:307–11

17. Salo JO, Kivisaari L, Lehtonen T. CT in determining the depth of
infiltration of bladder tumors. Urol Radiol. 1985;7:88–93.

18. Ramchandani P, Pollack HM. Radiology of drug-related genitouri-
nary disease. Semin Roentgenol. 1995;30:77–87.

19. Sager EM, Talle K, Fossa S, et al. The role of CT in demonstrating
perivesical tumor growth in the preoperative staging of carcinoma
of the urinary bladder. Radiology. 1983;146:443–6.

20. Kim J K, Park SY, Ahn HJ, et al. Bladder cancer: analysis of multi–
detector row helical ct enhancement pattern and accuracy in tumor
detection and perivesical staging. Radiology. 2004;231:725–31.

21. Lee JKT, Stanley RJ, Sagel SS, et al. Accuracy of CT in detect-
ing intra abdominal and pelvic lymph node metastases from pelvic
cancers. AJR Am J Roentgenol. 1978;131:675–9.

22. Jeffrey RB, Palubinskas AJ, Federle MP. CT evaluation of invasive
lesions of the bladder. J Comput Assist Tomogr. 1981;5 (1):22–6.

23. Chen M, Lipson S, Hricak H. MR imaging evaluation of benign
mesenchymal tumors of the urinary bladder. AJR Am J Roentgenol
1997;168:399–403.

24. Maeda H, Kinukawa T, Hattori R, et al. Detection of muscle layer
invasion with sub millimeter pixel MR images: staging of bladder
carcinoma. Magn Reson Imaging. 1995;13:9.

25. McCauley TR, McCarthy S, Lange R: Pelvic phased array coil:
image quality assessment for spin-echo MR imaging. Magn Reson
Imaging. 1992;10:513.

26. Outwater EK, Mitchell DG. Magnetic resonance imaging tech-
niques in the pelvis. MRI Clin North Am. 1994;2:481.

27. Schnall MD, Connick T, Hayes CE, et al. MR imaging of the pelvis
with an endorectal-external multicoil array. J Magn Reson Imaging.
1992;2:229.

28. Dershaw DD, Panicek DM. Imaging of invasive bladder cancer.
Semin Oncol. 1990;17(5):544–50.

29. Fisher MR, Hricak H, Tanagho EA. Urinary bladder MR imaging.
Part II. Neoplasm. Radiology. 1985;157(2):471–7.

30. Tekes A, Kamel IR, Imam K, Chan TY, et al. MR imaging features
of transitional cell carcinoma of the urinary bladder. AJR Am J
Roentgenol. 2003;180(3):771–7.

31. Mallampati GK. Siegelman ES. MR imaging of the bladder. MRI
Clin North Am. 2004;12(3):545–55.

32. Lawler LP. MR imaging of the bladder. Radiol Clin North Am.
2003;41(1):161–77.

33. Neuerburg JM, Bohndorf K, Sohn M, et al. Urinary bladder neo-
plasms: evaluation with contrast-enhanced MR imaging. Radiol-
ogy. 1989;172(3):739–43.

34. Venz S, Ilg J, Ebert T, et al. Determining the depth of infiltra-
tion in urinary bladder carcinoma with contrast medium enhanced
dynamic magnetic resonance tomography: with reference to post-
operative findings and inflammation. Urologe A. 1996;35:297.

35. Dickinson AJ, Fox SB, Persad RA, et al. Quantification of angio-
genesis as an independent predictor of prognosis invasive bladder
carcinomas. Br J Urol. 1994;74(6):762–6.

36. Hawnaur JM, Johnson RJ, Read G, et al. Magnetic resonance imag-
ing with gadolinium-DTPA for assessment of bladder carcinoma
and its response to treatment. Clin Radiol. 1993;47:302.

37. Dobson MJ, Carrington BM, Collins CD, et al. The assessment of
irradiated bladder carcinoma using dynamic contrast-enhanced MR
imaging. Clin Radiol. 2001;56:94–98.

38. Barentsz JO, Jager GJ, van Vierzen PB, et al. Staging uri-
nary bladder cancer after transurethral biopsy: value of fast
dynamic contrast-enhanced MR imaging. Radiology. 1996;201(1):
185–93.



17 Cross-Sectional Imaging of the Lower Urinary Tract 199

39. Jager GJ, Barentsz JO, Oosterhof G, et al. Pelvic adenopathy in
prostatic and urinary bladder carcinoma: MR imaging with a three-
dimensional T1-weighted magnetization-prepared rapid gradient-
echo sequence. AJR Am J Roentgenol 1996;167:1503–7.

40. Deserno WM, Harisinghani MG, Taupitz M, et al. Urinary bladder
cancer: preoperative nodal staging with ferumoxtran-10-enhanced
MR imaging. Radiology. 2004;233(2):449–56.

41. Buy JN, Moss AA, Guinet C, et al. MR staging of blad-
der carcinoma: correlation with pathologic findings. Radiology
1988;169(3):695–700.

42. Tanimoto A, Yuasa Y, Imai Y, et al. Bladder tumor staging: compar-
ison of conventional and gadolinium-enhanced dynamic MR imag-
ing and CT. Radiology. 1992;185(3):741–7.

43. Tekes A, Kamel I, Imam K, et al. Dynamic MRI of bladder
cancer: evaluation of staging accuracy. AJR Am J Roentgenol.
2005;184(1):121–7.

44. Husband JE, Olliff JF, Williams MP, et al. Bladder cancer: staging
with CT and MR imaging. Radiology. 1989;173(2):435–40.

45. Neuerburg JM, Bohndorf K, Sohn M, et al. Staging of urinary blad-
der neoplasms with MR imaging: is Gd-DTPA helpful? J Comput
Assist Tomogr. 1991;15(5):780–6.

46. Barentsz JO, Jager G, Mugler JP 3rd, et al. Staging urinary blad-
der cancer: value of T1-weighted three-dimensional magnetiza-
tion prepared-rapid gradient-echo and two-dimensional spin-echo
sequences. AJR Am J Roentgenol. 1995;164(1):109–15.

47. Hayashi N, Tochigi H, Shiraishi T, et al. A new staging criterion
for bladder carcinoma using gadolinium-enhanced magnetic reso-
nance imaging with an endorectal surface coil: a comparison with
ultrasonography. BJU Int. 2000;85(1):32–6.

48. Mizuno K, Sasaki T, Saito Y, et al. Gadolinium-enhanced MR
imaging, T2-weighted MR imaging, and transurethral Ultrasonog-
raphy. 2001;61(9):496–501.

49. Bernhardt TM, Rapp-Bernhardt U. Virtual cystoscopy of the blad-
der based on CT and MRI data. Abdom Imaging. 2001;26(3):325–
32. Review.

50. Lammle M, Beer A, Settles M, et al. Reliability of MR imaging-
based virtual cystoscopy in the diagnosis of cancer of the urinary
bladder. AJR Am J Roentgenol. 2002;178(6):1483–8.

51. Vining DJ. Virtual endoscopy: is it reality? Radiology.
1996;200(1):30–1.

52. Merkle EM, Wunderlich A, Aschoff AJ, et al. Virtual cystoscopy
based on helical CT scan datasets: perspectives and limitations. Br
J Radiol. 1998;71(843):262–7.

53. Kawai N, Mimura T, Nagata D, et al. Intravenous urography-virtual
cystoscopy is a better preliminary examination than air virtual cys-
toscopy. BJU Int. 2004;94(6):832–6.

54. Tsili ACh, Tsampoulas C, Chatziparaskevas N, et al. Computed
tomographic virtual cystoscopy for the detection of urinary bladder
neoplasms. Eur Urol. 2004;46(5):579–85.

55. Nambirajan T, Sohaib SA, Muller-Pollard C, et al. Virtual cys-
toscopy from computed tomography: a pilot study. BJU Int.
2004;94(6):828–31.

56. Kawashima A, Glockner JF, King BF Jr. CT urography and MR
urography. Radiol Clin North Am. 2003;41(5):945–61. Review.

57. Lowe FC, Goldman SM, Oesterling JE. Computerized tomography
in the evaluation of transitional cell carcinoma in bladder divertic-
ula. Urology. 1989;34:390–5.

58. Das S, Amar AO. Vesical diverticulum associated with bladder car-
cinoma: therapeutic implications J Urol. 1986;136:1013–4.

59. Messing EM, Catalona WJ. Urothelial tumors of the urinary tract.
In: Walsh PC, ed. Cambell’s urology. Philadelphia: Saunders,
1998:2343 –2348.

60. Chan TY, Epstein JI. In situ adenocarcinoma of the bladder. Am J
Surg Pathol 2001;25:892–9.

61. Tekes A, Kamel IR, Chan TY, et al. MR imaging features of non-
transitional cell carcinoma of the urinary bladder with pathologic
correlation. AJR Am J Roentgenol. 2003;180(3):779–84.

62. Brick SH, Friedman AC, Pollack HM, et al. Urachal carcinoma:
CT findings. Radiology. 1988;169(2):377–81.

63. Blute ML, Engen DE, Travis WD, et al. Primary signet ring cell
adenocarcinoma of the bladder. J Urol. 1989;141:17–21.

64. Murphy WM. Diseases of the urinary bladder, urethra, ureters,
and renal pelvis. In: Murphy WM, editor. Urological pathology.
Philadelphia: Saunders; 1997. pp. 98 –111.

65. Blunt DM, Sansom HE, King DM. Imaging of small cell carcinoma
of the male urogenital tract. Clin Radiol. 1996;51(10):724–7.

66. Tekes A, Kamel IR, Szarf G, et al. Carcinosarcoma of the urinary
bladder: Dynamic contrast-enhanced MR imaging with clinical and
pathologic correlation. Am J Roentgenol. 2003;181(1):139–42.

67. Lederle FA, Wilson SE, Johnson GR, et al. Variability in measure-
ment of abdominal aortic aneurysms. Abdominal aortic aneurysm
detection and management veterans administration cooperative
study group. J Vasc Surg. 1995;21(6):945–52.

68. Brown PM, Pattenden R, Gutelius JR. The selective management
of small abdominal aortic aneurysms: the Kingston study. J Vasc
Surg. 1992;15(1):21–5; Discussion 25–7.

69. Caoili EM, Cohan RH, Inampudi P, et al. MDCT urography
of upper tract urothelial neoplasms. AJR Am J Roentgenol.
2005;184(6):1873–81.

70. Narumi Y, Kadota T, Inoue E, et al. Bladder tumors: stag-
ing with gadolinium-enhanced oblique MR imaging, Radiology.
1993;187:145.



Chapter 18

Urothelial Cell Carcinoma in Lower Urinary Tract: Radionuclide
Imaging

H.R. Ham and C. van de Wiele

Introduction

Accurate tumor staging is important for determining the clin-
ical management and prognosis of bladder cancer as radi-
cal radiotherapy or cystectomy for muscle-invasive bladder
cancer has a good chance of cure for diseases confined to
the bladder. Unfortunately, morphological staging with com-
puted tomography, transrectal sonography, and MRI includ-
ing gadolinium-DTPA-enhanced images may be inaccurate
in up to 40% of patients. There is therefore a need for
improved noninvasive staging modalities in bladder cancer.

Radionuclide methods have been widely used in the work-
up of patients with malignancy. Their potential of visualizing
molecular changes preceding the physical disruption of the
anatomy of structures as imaged by morphological imaging
constitutes a major advantage. Several radiopharmaceuticals,
both single-photon emitters and positron emitters, have been
evaluated for the purpose of staging bladder cancer and for
detection of recurrence or for treatment monitoring.

Single-Photon Emitting Agents

Bone Scan

The role of bone scintigraphy (Fig. 18.1) in the staging of
bladder cancer before attempted radical therapy was evalu-
ated by Brismar et al. [1] and Davey et al. [2]. Brismar et al.
found that from a total of 458 staging bone scans metastases
were diagnosed in 4.6%, respectively, true-positive in 2.8%
and false-positive in 1.7%. In addition the effect of the bone
scanning results on therapy were minimal: cystectomy was
performed in spite of the diagnosis of metastases in 16 of 21
patients. Surgery was avoided only in four patients because
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of scintigraphy results. Out of 221 patients with invasive
bladder cancer, the incidence of detectable metastases found
by Davey et al. was 12% with a sensitivity of bone scintigra-
phy at diagnosis of only 28%.

Gallium-67 and Thallium-201

Gallium-67 is one of the first tumor-imaging agent. It is taken
up by actively proliferating malignant cells. Ga-67 tumor
imaging is helpful in the work-up of patients with various
cancers, in lymphoma in particular. In patients with blad-
der cancer, however, the sensitivity and the specificity of the
technique are too low to be clinically valuable [3].

Thallium-201 (Tl-201) is a potassium analog that accu-
mulates in viable tumor cells via an active uptake mech-
anism. Tl-201 is a recognized tumor-imaging agent. Yang
et al. [4] have evaluated the usefulness of Tl-201 single-
photon emission computed tomography (SPECT) in blad-
der cancer. They studied 14 patients with transitional cell
carcinoma (TCC) and 7 normal controls without any his-
tory of pelvic disease. In the result, Tl-201 pelvic SPECT
detected bladder cancer in all 14 patients (100.0%). In con-
trast, all seven normal controls (100.0%) had negative results
of Tl-201 pelvic SPECT. These surprisingly good results, if
confirmed by others, would constitute an important step in
clinical practice.

Radiolabeled Antibodies

Many authors have tried monoclonal antibodies for imag-
ing bladder cancer. Yu et al. [5] used monoclonal antibody
(BD-1) against human bladder in 19 patients. They showed
that a clear immunoscintigraphy was observed in all. Intrav-
esical administration of monoclonal antibody has also been
attempted by Malamitsi et al. [6]. They showed that blad-
der tumors were well imaged using SPECT and Tc-99m-
labeled HMFG1 monoclonal antibody. More recently, Simms
et al. [7] used a conjugate of the anti-MUC1 monoclonal
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Fig. 18.1 Tc-99m MDP bone scintigraphy showing multiple bone
metastasis in a patient with primary bladder cancer

antibody C595 and Tc-99m administered intravenously. Of
the 20 patients who were found to have tumor at the time
of the study, positive localization of the antibody in tumor
was apparent in 16. While all these data are really encourag-
ing, a more systematic study on a larger group of patients is
required.

Positron Emitting Agents

18-Fluorodeoxyglucose(FDG)

Using F-18 FDG, PET has been shown to be a highly sen-
sitive and specific imaging modality in the diagnosis of pri-
mary and recurrent tumors and in the control of therapies in
numerous non-urologic cancers (Fig. 18.2).

The applicability of the method to bladder cancer was
evaluated by Harney et al. [8]. They transplanted locally
metastasizing rat bladder tumor model and evaluated the

Fig. 18.2 F-18 FDG-PET showing bilateral ilical lymph nodes in a
patient operated for primary bladder cancer

extent of FDG uptake in bladder cancer. Significant uptake
of FDG in localized bladder tumors in rats was shown,
with an average tumor-to-blood ratio of 39 at 2 hours after
intravenous FDG administration. Metastases also showed
significant uptake of FDG, with an average metastasis-to-
blood ratio of 21.7 and tumor involved-to-normal lymph
node ratio of 5.3. They also performed an FDG/PET scan
in a patient with biopsy-proven recurrent intravesical blad-
der cancer after radiation therapy. The FDG/PET scan of this
patient showed significant extravesical uptake in the pelvis,
confirming the abnormality noted on CT. Good images of
the clinically apparent metastases in the chest also were
obtained.

The potential clinical value of FDG-PET in bladder can-
cer was first addressed by Bachor et al. [9]. They studied 26
patients with invasive bladder cancer. The primary bladder
tumor was found in 85% of cases. In a larger series from the
same author [10] reporting on preoperative FDG-PET imag-
ing in 64 patients with bladder cancer, true-positive lymph
node detection was obtained in 14 patients and false-negative
results observed in 7 patients. In 37 patients the PET result
was true-negative and in 6 patients false-positive resulting in
a sensitivity of 67%, a specificity of 86%, and an accuracy of
80%. Heicappell et al. [11] found an increase in FDG in two
out of three patients with lymph nodes involvement.

The major difficulty in FDG-PET for detecting bladder
tumor is the presence of the tracer accumulation in the blad-
der which masks the tracer uptake in the tumor.

To overcome this difficulty, Kosuda et al. [12] performed
PET study with retrograde irrigation of the urinary blad-
der with saline during the PET study. Dynamic PET images
were also obtained in addition to the static acquisition. FDG-
PET scanning was true-positive in eight patients (66.7%), but
false-negative in four (33.3%). They also showed that FDG-
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PET scanning detected all of the 17 distant metastatic lesions
and two of three proven regional lymph node metastases.

Other approaches have been made to reduce the amount
of excreted FDG in the bladder including the use of diuretics
but the results have largely been disappointing.

C-11 Methionine, C-11 and F18-Choline

C-11 methionine has been used as tumor-imaging agent for
several years. In cancer, methionine uptake is correlated with
the amount of viable tissue [13]. C-11 methionine undergoes
rapid clearance from the blood pool, it is primarily metabo-
lized in liver and pancreas with no significant renal excretion.
Ahlstrom et al. [14] have attempted to detect bladder cancer
using C-11 methionine PET. While the tracer uptake in the
primary tumor was related to tumor grade, only 78% of all
bladder cancers could be visualized.

Various studies have revealed an increased choline uptake
as well as an upregulated activity of choline kinase and ele-
vated levels of phosphorylcholine in cancer cells [15–17].
Based on these observations, Hara and coworkers [18] intro-
duced C-11 choline for imaging of malignancies. The use
of C-11 choline PET for the detection of bladder cancer
has been initiated by de Jong et al. [19]. They performed
PET with C-11 choline in 18 patients before cystectomy and
in 5 volunteers. Normal bladder tissue showed little tracer
uptake and there was only minimal urinary activity. The pri-
mary tumor was visualized in 10 patients with residual inva-
sive disease in the cystectomy specimen. In another seven
patients no residual tumor was found at the time of cystec-
tomy. Premalignant lesions were present in three of these but
were missed by PET. In the remaining patient PET was true-
negative. One false-positive finding was related to inflamma-
tory changes from an indwelling bladder catheter.

The main handicap of C-11 choline is the short half-life
of C-11, an on-site cyclotron is needed for its clinical use.
A fluorinated choline derivative has been recently developed
that should overcome this limitation [20].

Discussion and Conclusion

The definition of the local extension of primary tumor and the
detection of loco-regional lymph node or distant metastases
are essential in treatment planning and outcome assessment
of patients with cancer. In case of bladder cancer, correct pre-
operative staging is difficult because of the low sensitivity of
conventional imaging techniques resulting in understaging of
both local extension of the primary tumor and lymph node
involvement [21].

Several nuclear medicine techniques have been evaluated
for the staging of bladder cancer. Bone scintigraphy is one of
the most widely employed for the detection of bone metas-
tasis. While the technique also allows the detection of bone
metastasis of a bladder cancer, its sensitivity is too low to be
useful. Additionally, as its specificity is also low, a system-
atic use of this technique is not recommended in the work-up
of patient with bladder cancer.

Ga-67 has no value for staging bladder cancer because of
the presence of high abdominal activity and not enough data
are available to judge an eventual utility of Tl-201 imaging
and of monoclonal antibody imaging.

While results obtained using FDG-PET are better than
those obtained by classical staging procedures such as CT or
MRI, the sensitivity and the specificity of FDG-PET are still
not good enough for its systematic use and for the time being,
it has not found widespread acceptance for presurgical stag-
ing of bladder cancer. The use of combined PET–CT imaging
is expected to reduce the number of false-positive findings
in the lower abdomen and pelvis, which should increase the
accuracy of the test [22, 23]. Similarly, not enough data are
available in the literature to assess the value of other PET
tracers for staging of bladder cancer.

Finally, the value of nuclear medicine techniques for
detection of recurrence or to assess therapy response has not
been fully addressed.
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Chapter 19

Considerations: Imaging in Urothelial Cell Carcinoma of the Lower
Urinary Tract

T.M. de Reijke

The cornerstone in the treatment of patients suspected for
a tumor of the lower urinary tract is optimal imaging of
the inside of the urinary bladder and complete transurethral
resection (TUR) of all visible lesions. Based on the findings
during and following TUR, tumors can be divided in non-
muscle invasive bladder cancer (NMIBC) and muscle inva-
sive bladder cancer. In case of a NMIBC different prognos-
tic groups can be discriminated, based on number of tumors,
size, presence of carcinoma in situ (CIS), previous recur-
rence rate, and tumor grade. (good, intermediate, and poor
prognosis groups). Using these determinants Sylvester et al.
recently presented the EORTC risk tables that can be used
to determine the probability for recurrence and progression
[1]. In case of a NMIBC radiological imaging is not advised,
since the chance of extra-vesical tumor growth or metastatic
disease is very small. It is still debated whether upper tract
imaging should be performed at all, because synchronous
tumors are found in only 0.3–2.3% [2–4]. However, in case
of follow-up of recurrent NMIBC or in patients with high-
grade NMIBC imaging of the upper tract is useful. The risk
of the presence of tumor(s) in the upper tract increases in
these cases from 5 to 21% with a follow-up of 5–15 years [5].
Improvement on imaging of the inside of the bladder is nec-
essary, since Brausi et al. showed that the recurrence rate at 3
months following TUR of single or multiple bladder tumors
ranged from 3.4 to 20.6% and from 7.4 to 45.8%, respec-
tively [6]. These recurrences were not all real recurrences,
but there were certainly a number of “overlooked” tumors.
The imaging quality has since this report been improved
considerably through the introduction of flexible cystoscopy
with or without digital imaging and video resection. No data
are known yet whether this has resulted in a reduction in the
3-month recurrence rate.

In order to be able to perform a complete resection of all
visible and non-visible tumors, several new methods have
been introduced and/or are under evaluation.

T.M. de Reijke (B)
Department of Urology, Academic Medical Center, Amsterdam

Photodynamic diagnosis (PDD) is one of the methods
that has now been introduced in urological clinical prac-
tice for the treatment of bladder cancer. The principle is
based on the interaction between light and certain photosen-
sitizers in tissue. The illumination of these photosensitizing
agents in light of a specific wavelength results in emission
of fluorescence which can be used for diagnostic purposes
(Fig. 19.1). Recently, the Hexylester Hexylaminolevulinic
acid (Hexvix�) has been approved for clinical use.

It has been demonstrated that by using PDD more patients
were diagnosed with CIS of the bladder compared to white
light cystoscopy, 97 versus 58% [7, 8]. However, also an
improvement was found in the detection of Ta and T1 bladder
tumors; 29 and 15% more tumors were respectively detected
using PDD [9]. Finally, PDD can also be applied to perform
a more complete resection by identifying all malignant areas
and especially the borders of the tumor(s). Three studies have
shown that during re-TUR 4–6 weeks following TUR under
white light or PDD-guided TUR, less tumor areas were found
using PDD compared to white light resection [10–12].

Narrow band imaging (NBI) is another technique that is
now being evaluated to test whether better identification of
bladder tumor(s) can be achieved. This technique has been
developed by Olympus and is now ready for clinical eval-
uation. NBI is a high-resolution endoscopic technique that
enhances the fine structure of the mucosal surface without the
use of dyes. NBI is based on the phenomenon that the depth
of light penetration depends on its wavelength; the longer
the wavelength, the deeper the penetration. Blue light pen-
etrates only superficially, whereas red light penetrates into
the deeper layers. The first prototype NBI system (Olympus
Corp., Tokyo, Japan) is based on a light source with sequen-
tial red, green, and blue (RGB) illumination. White light
from a xenon lamp is passed through a rotary RGB filter that
separates the white light into the colors red, green, and blue,
which are used to sequentially illuminate the mucosa. The
red, green, and blue reflected light is detected separately by a
monochromatic charged coupled device (CCD) placed at the
tip of the endoscope, and the three images are integrated into
a single color image by the video processor. In addition to the
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Fig. 19.1 Left: white light cystoscopy; right: PDD cystoscopy with Hexvix�

conventional RGB filters for white light endoscopy (WLE),
the narrow band imaging system has special RGB filters of
which the band-pass ranges have been narrowed and the rel-
ative contribution of the blue light has been increased.

The technique has been clinically tested already in gas-
troenterology and is now starting to be tested in bladder can-
cer patients [13]. The first personal experience with this NBI
technique in 20 patients has shown that tumors are identi-
fied more easily, if more tumors are being detected (SKIP
and) cannot be concluded from this small series. In contrast
to PDD-guided TUR, NBI-guided TUR is much easier since
there is no scatter image and it seems that also more com-
plete resections can be performed. A second advantage of
NBI over PDD is the lower costs compared to PDD since no
agents have to be instilled into the bladder prior to TUR. Of
course, this preliminary experience should be further tested
in comparative studies.

Endoluminal-applied optical coherence tomography
(OCT) offers an imaging technique, which might enhance
endo-urological diagnosis by improving the estimation of
tumor invasiveness and tumor grading.

OCT employs light to obtain images instead of sound
waves as B-mode ultrasonography does. Light is directed
into tissue where it is reflected. The back-reflected light is
measured against a reference light-arm. OCT determines the
optical path length, which the light has covered. Tissue lay-
ers are discriminated and determined by the time required
from the light traveling from the light source through the
tissue and back. The depth which can be discriminated is
about 1–1.5 mm [14]. Studies using OCT to determine blad-
der alterations demonstrated the ability to discriminate the
microstructure, such as urothelium, submucosa and muscu-
laris of the bladder wall [15, 16] (Fig. 19.2). The resolution at
10 μm is higher than any other clinical imaging technology
and provides exceptional real-time information over struc-
tural tissue alterations. The combination of a high-resolution

Fig. 19.2 OCT image. EL: epithelial layer, LP: lamina propria, M:
muscularis

imaging technique and modern endo-urological approaches
seems promising to improve diagnosis and therapy in upper
urinary tract disorders. Manyak et al. have described a clini-
cal series in 24 patients using OCT, where they found a sensi-
tivity of 100% and an overall specificity of 89% for detecting
urothelial malignancies [17]. Probably this technique should
be used in combination with PDD or NBI in order to decrease
false positive biopsies or resection and to guide the resection.

Another technique in development is the Raman spec-
troscopy, an optical technique that utilizes molecule-specific,
inelastic scattering of light photons to interrogate biolog-
ical tissues. When tissue is illuminated with laser light,
photons interact with intramolecular bonds within the tis-
sue. The photon donates energy to or receives energy from
the bond, producing a change in the bond’s vibrational
state. When it subsequently exits the tissue, the photon has
an altered energy level and, therefore, a different wave-
length from the original laser light. This change in the pho-
ton’s energy is known as the “Raman shift” and is mea-
sured in wave numbers. Photons interacting with different
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Fig. 19.3 Raman spectroscopy

biochemical bonds within the tissue undergo different Raman
shifts, which, taken together, form the “Raman spectrum,”
a plot of intensity against Raman shift in wave numbers
(Fig. 19.3). As the Raman shift is inversely proportional
to the change in photons’ wavelength, wave numbers are
expressed in units of centimeters. The Raman spectrum is a
direct function of the molecular composition of the tissue and
can therefore give a truly objective picture of the pathology
[18].

De Jong et al. evaluated this technique on blad-
der tissue samples and demonstrated that Raman spec-
troscopy could effectively discriminate between tumorous
and non-tumorous tissue based on characterized biochemical
differences [19]. This technique should also be used in com-
bination with PDD or NBI to direct the imaging device to the
region of interest.

All these techniques still use the transurethral route which
can be bothersome for the patient. Nowadays, also non-
invasive techniques can be used to visualize the inside of the
bladder, such as virtual endoscopy. Multi-slice technology in
CT and fast gradients in MRI in combination with improved
data analysis could allow this technique to be introduced in
clinical urological practice for specific cases where standard
cystoscopy is not possible [20].

A less expensive non-invasive technique is virtual cys-
toscopy using 3D ultrasonography, which has been tested
in animals and recently the first clinical experience was
described (Fig. 19.4). In 42 patients presenting with hema-
turia and/or irritative symptoms, 3D ultrasonography was

Fig. 19.4 Three-dimensional ultrasonography

more accurate compared to standard 2D ultrasonography
[21, 22].

In case of demonstrated muscle invasive bladder can-
cer or high-risk NMIBC (T1G3 plus TIS), a metastatic
work-up is essential before a potential curative approach is
performed. As discussed before CT scan and MRI are the
investigations of choice to detect lymphogenic or hematoge-
nous tumor spread. If lymph node metastases could be identi-
fied more reliably, neo-adjuvant chemotherapy combination
therapy could be applied.

In case a patient is not a surgical candidate, external beam
radiotherapy is an alternative treatment option. In order to
increase the dose to the bladder tumor and to “spare” the
normal bladder mucosa and thus decrease post-radiation
bladder irritative symptoms, it would be advantageous to
visualize the area where the tumor is located in the blad-

Fig. 19.5 Bladder tumor marked with endovesical lipiodol
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der. This approach is now evaluated using endovesical clips
or lipiodol application around the bladder tumor (Fig. 19.5).
This technique was shown to be feasible and safe. A higher
accuracy combined with a reduction in target volume will
reduce the risk of toxicity and could allow dose escalation,
hopefully leading to improvement in the outcome of bladder
cancer treatment [23].
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Chapter 20

Prostate Carcinoma: Introduction

E.A. Klein

Epidemiology and Risk Factors

Incidence and Mortality

Prostate cancer is the fourth most common male malig-
nancy worldwide. Its incidence varies widely between
countries and ethnic populations and disease rates disease
differ by more than 100-fold between populations. The low-
est yearly incidence rates occur in Asia (1.9 cases per
100,000 in Tianjin, China) and the highest in North Amer-
ica and Scandinavia, especially in African-Americans (272
cases per 100,000) [1]. In the United States, prostate can-
cer has been the most common visceral malignancy in men
since 1984 and now accounts for one-third of all such can-
cers [2]. The estimated lifetime risk of disease for U.S. males
is 17.6% for Caucasians and 20.6% for African-Americans,
with a lifetime risk of death of 2.8 and 4.7%, respectively.
The incidence of prostate cancer peaked in 1992, approx-
imately 5 years after introduction of PSA as a screening
test, fell precipitously until 1995, and has been rising slowly
since at a slope similar to that observed prior to the PSA era
(Fig. 20.1). The fall in incidence between 1992 and 1995
has been attributed to the “cull effect” of identifying pre-
viously unknown cancers in the population by the use of
PSA, followed by a return to baseline where fewer cases
were detected in previously screened individuals [3]. As in
the United States, prostate cancer incidence has increased
in many countries since the early 1990s. Although much of
the increase can be correlated with the introduction of PSA,
some of the increase predates screening [4].

Mortality also varies widely among countries, being high-
est in Sweden (23 per 100,000 per year) and lowest in Asia
(<5 per 100,000 per year in Singapore, Japan, and China)
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Fig. 20.1 Cancer incidence rates for men, United States, 1975–2001.
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Cancer Institute, 2004

[1]. Mortality rates across Europe are variable, with, for
example, mortality twice as high in Norway as in Spain (24
per 100,000 compared with 13 per 100,000). Mortality rates
increased slowly for most countries between 1985 and 1995
[1]. In the United States, prostate cancer mortality rates rose
slowly between 1973 and 1990 (Fig. 20.2). This may have
resulted from a gradual increase in the number of biologi-
cally lethal cancers or a decreasing use or effectiveness of
therapy during this interval. Subsequent to 1991, the peak
mortality year, steady declines in prostate cancer mortality
were reported for the next decade. The magnitude of this
decline is nearly 2.5 times larger than the increase in mor-
tality seen as a result of attribution bias, so it seems likely
that the declines in prostate cancer mortality in the United
States since 1991 are real and clinically significant [3]. In
2005 the American Cancer Society estimates 30,350 prostate
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Fig. 20.2 Cancer death rates for men, United States, 1930–2001. Age
adjusted to the 2000 US standard population.
Source: Surveillance, Epidemiology, and End Results Program, 1975–
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cancer-related deaths in the United States, for an approxi-
mate annual rate of 30 per 100,000 population, representing
a 25% decrease from the peak in 1991 [5]. Furthermore, the
mortality rate for prostate cancer in white men in the United
States has declined to a level lower than that observed prior
to the introduction of PSA-based screening in 1987 [6].

There are multiple complex causes for the worldwide
and ethnic variations in prostate cancer incidence. Access
to and quality of health care, the accuracy of cancer reg-
istries, and the penetrance of PSA screening all affect how
rates of disease are reported. The observed decline in mor-
tality in the United States since 1991 is temporally related
to increased diagnostic and treatment activity in both the
pre-PSA and PSA eras. Rates of both radical prostatectomy
(RP) and radiation therapy rose steadily through the 1980s
(pre-PSA era), whereas hormone therapy and no-treatment
rates remained stable [3]. Outcomes for patients treated in
the 1980s should be reflected in the mortality data of the
1990s, while outcomes for patients treated in the PSA era
(the 1990s) have had less time to affect recent mortality data.
Given the long natural history of low-stage cancers detected
in the PSA era, their treatment would not be expected to
have a substantial effect on mortality statistics for 10–15
years. Additional observation time is necessary to determine
if screening, PSA-induced stage migration, and more aggres-
sive use of therapy have contributed to declining mortality.
Before reliable data were available from African countries,
rates of prostate cancer in Africa were thought to be much
the same as those in Asia. However, in Uganda and Nige-
ria prostate cancer is very common, and in Nigeria it is the

most common cancer in men [4]. Environment also plays an
important role in modulating prostate cancer risk around the
world. Japanese and Chinese men in the United States have a
higher risk of developing and dying from prostate cancer than
do their relatives in Japan and China [7]. Likewise, prostate
cancer incidence and mortality have increased in Japan as the
country has become more Westernized [8]. It is important to
note, however, that Asian-Americans have a lower prostate
cancer incidence than white or African-Americans men, indi-
cating that genetics still plays a role in determining prostate
cancer predisposition.

Racial Differences

While anthropologists accept that there are subtle biologi-
cal differences between populations, commonly used cate-
gories such as African American, Caucasian, and Hispanic
are social and cultural descriptors that have no defined bio-
logical basis. Observed disease-related differences between
groups defined in this fashion may therefore be more reflec-
tive of common environmental exposure, diet, lifestyle, and
attitudes toward health care than of differences in genetic
structure or function, and attributions of biological differ-
ences between such groups should therefore be interpreted
cautiously. Recognizing these caveats, it is noteworthy that
African-American men have the highest reported incidence
of prostate cancer in the world, with a relative incidence of
1.6 compared to white men in the United States [5]. Further-
more, age-adjusted prostate cancer-related mortality is 2.4
times higher for African Americans than whites. Recent data
quantifies this difference, demonstrating a 1.8-year shorter
survival for African Americans with localized disease treated
by RP, 0.7 years shorter after radiation, and 1 year shorter
in those choosing watchful waiting, findings that persist
after adjusting for other covariates including education and
income levels [9].

Many biological, environmental, and social hypotheses
have been advanced to explain these differences, ranging
from postulated differences in genetic predisposition; differ-
ences in mechanisms of tumor initiation, promotion and/or
progression; higher fat diets, higher serum T levels, or higher
body mass index; structural, financial, and cultural barriers to
screening, early detection and aggressive therapy; and physi-
cian bias. Differences in screening rates between Caucasians
and African Americans may play a role in explaining the
differences in mortality, since a more completely screened
population will have better apparent survival because of
the inclusion of more individuals with nonlethal cancers.
There are currently no data that clearly indicate any of these
hypotheses as being the determining factor in explaining
the observed differences in incidence or mortality, and it
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seems likely that the source of the disparity is mutlifacto-
rial. Recent observations suggest that the incidence of organ-
confined disease at diagnosis among African Americans is
increasing, that the disparity in mortality is lessening in the
PSA era, and that those with organ-confined disease can be
cured at a high rate regardless of race [5, 10]. The inci-
dence of prostate cancer in other ethnic groups is lower than
that in whites and African Americans, with approximate age-
adjusted annual rates of 50 per 100,000 for American Indi-
ans/Alaskan Natives, 105 per 100,000 for Asians or Pacific
Islanders, and 140 per 100,000 for Hispanics in 2001 [11].
Comparative data for prostate cancer-related mortality is not
available for these groups.

Age and Stage Migration

Prostate cancer is rarely diagnosed in men < 50 years old,
accounting for only <0.1% of all patients. Peak incidence
occurs between ages 70 and 74 years, with 85% diagnosed
after age 65 [11]. At age 85 the cumulative risk of clinically
diagnosed prostate cancer ranges from 0.5 to 20% world-
wide, despite autopsy evidence of microscopic lesions in
approximately 30% of men in the fourth and 50% in the sixth
decade and in > 75% of men aged > 85 [4]. PSA-based
screening has induced an important age migration effect,
with the incidence of prostate cancer in men 50–59 years
increasing by 50% between 1989 and 1992 [12], with impor-
tant implications for deciding on the need for, type of, and
complications after therapy.

In addition to changes in prostate cancer incidence and
mortality over the last several decades, there has been a sub-
stantial shift to more favorable stage at presentation in men
with newly diagnosed disease. This clinical stage migration
is largely if not exclusively accounted for by PSA screen-
ing [13]. Since the introduction of PSA testing, the inci-
dence of local-regional disease has increased, whereas the
incidence of metastatic disease has decreased [14]. Diagnosis
of local-regional disease increased 18.7% annually in white
men between 1988 and 1992 and then decreased, on average,
9.8% annually through 1995 [12]. In contrast, the incidence
of metastatic disease decreased 1.3% annually from 1988
to 1992 and then 17.9% annually through 1995. Nonpalpa-
ble cancers (AJCC clinical stage T1c) now account for 75%
of newly diagnosed disease [15]. Concomitant with these
changes, the percentage of men treated for clinically local-
ized disease with RP increased substantially [12]. Clinical
stage migration has also been associated with improvements
in 5- and 10-year survival, which for all stages combined now
are 100 and 92%, respectively [5].

The use of PSA has also resulted in a substantial down-
ward pathological stage migration as evidenced by an

increasing incidence of organ-confined disease at RP [15,
16]. The improvement in pathological stage has been seen
for clinical stages T1–T3 tumors and all tumor grades, and
has resulted in improved cancer-specific survival after exter-
nal radiation or surgery for patients treated late in the PSA
era [15–17].

Effect of Screening on Mortality

Screening for prostate cancer remains controversial because
of the lack of randomized controlled trials demonstrating
a reduction in mortality in screened populations. However,
the observed trends in PSA-induced clinical and patholog-
ical stage migration and declining mortality where screen-
ing is common provide inferential evidence that screening is
beneficial [18]. Opponents of screening contend that there
is no proof that earlier detection has led to the observed
declines in prostate cancer mortality, that increased treat-
ment for screen-detected cancers do more harm than good,
and that the long natural history of prostate cancer means
that any beneficial effects of screening are not yet evident
in mortality statistics. Screening may have led to decreased
mortality rates in patients having tumors with shorter lead
times (i.e., more aggressive cancers) [19]. The debate over
the effect of screening on mortality is unlikely to be settled
until the results of two large, randomized trials in the United
States and Europe (PLCO and ERSPC) are reported later in
this decade.

Risk Factors

Although the specific causes of prostate cancer initiation and
progression are not yet known, considerable evidence sug-
gests that both genetics and environment play a role in the
origin and evolution of this disease. Classic and molecular
epidemiology have identified a number of potential risk fac-
tors associated with the development of prostate cancer.

Familial and Genetic Influences

Ample epidemiologic evidence suggests that prostate cancer
has both a familial and a genetic component. The first reports
of a familial clustering were published in the mid-20th cen-
tury and suggested that the risk of developing prostate cancer
was higher in those with an affected first-degree relative [20].
Subsequent case–control and cohort studies have confirmed
this observation, estimating the relative risk (RR) of prostate
cancer in first-degree relatives of affected men at 0.64–11
[21]. Twin studies have also suggested a genetic component,



214 E.A. Klein

with higher rates of concordance for monozygotic than dizy-
gotic brothers [22–24]. Relative risk increases according to
the number of affected family members, their degree of relat-
edness, and the age at which they were affected [25].

For investigative purposes prostate cancer may be conve-
niently divided into three phenotypes: sporadic, familial, and
hereditary. Sporadic cancers occur in individuals with a nega-
tive family history. Familial prostate cancer is defined as can-
cer in a man with ≥ 1 affected relatives. Hereditary prostate
cancer is a subset of the familial form and has been defined as
nuclear families with ≥ 3 affected members, prostate cancer
in 3 successive generations, or 2 affected individuals diag-
nosed with cancer before age 55 [26]. While most prostate
cancer is likely to be polygenic in origin, the existence of
a true hereditary form is suggested by three epidemiologic
observations: (1) relatives of patients < 55 years old are at
higher risk of getting prostate cancer than those with older
affected relatives; (2) there is stronger familial clustering in
families with early onset prostate cancer; and (3) the num-
ber of affected family members and their age at onset are the
most important determinants of risk among relatives. Spo-
radic cancers account for about 85% of all prostate can-
cers and about 15% are familial and/or hereditary. Hereditary
prostate cancer accounts for 43% of early onset disease (age
55 or younger) but only 9% of all cancers occurring by age
85 [27].

Evidence for major prostate cancer susceptibility genes
that segregate into families has been obtained from sev-
eral complex segregation analyses, with the majority sup-
porting a dominant and the remainder supporting recessive
or X-linked modes of inheritance [28]. At least nine candi-
date prostate cancer susceptibility genes have been reported,
including RNASEL / HPC1 [29], ELAC2 / HPC2 [30], SR-
A / MSR1 [31], CHEK2 [32], BRCA2 [33], PON1 [34],
OGG1 [35], MIC-1 [36], and TLR4 [37]. Individually these
genes likely account for only a small fraction of the observed
genetic predisposition to prostate cancer. Other segregation
studies have suggested the existence of other prostate can-
cer susceptibility loci on chromosomes 1q42.2–43 (named
PCAP) [38], 1p36 (named CAPB and linked to brain tumors)
[39], and Xq27–28 [40], but the gene or genes linked to
these regions have not been cloned or identified. More recent
genome-wide scans in larger cohorts of hereditary prostate
cancer families have identified additional chromosomal loci
linked to prostate cancer, and it is likely that the number of
identifiable susceptibility genes will increase [28].

Inflammation and Infection

Chronic inflammation leading to cellular hyperproliferation
to replace damaged tissue contributes to the development of
infection-associated cancers of the colon, esophagus, stom-

ach, bladder, and liver [41, 42]. In 2005 the US Department
of Health and Human Services added three infectious agents
(hepatitis B virus, hepatitis C virus, and human papilloma
virus) to the list of known cancer-causing agents [43]. The
hepatic, cervical, and head and neck cancers caused by these
viruses share a common pathogenesis of long latency after
viral exposure and an inflammatory component to tumor pro-
motion [43]. Accumulating epidemiologic, histologic, and
genetic evidence suggests a similar process may underlie the
development of prostate cancer.

Additional evidence suggests that prostate cancer may
have an infectious etiology. A meta-analysis of 23 case–
control studies reported a statistically significant associa-
tion of prostate cancer with a history of sexually transmitted
infection (relative risk [RR]= RR = 1.4; 95% CI = 1.2–1.7),
including an RR of 2.30 (95% CI = 1.3–3.9) for syphilis
and 1.34 (95% CI 1.2–1.6) for gonorrhea [44]. Similarly, a
meta-analysis of 11 case–control studies revealed a statis-
tically significant risk of prostate cancer (odds ratio [OR]
= 1.57, 95% CI 1.0–2.4) for those reporting a history of
prostatitis [45]. Supportive evidence is provided by a small
number of studies demonstrating positive associations of
antibodies against syphilis, human papilloma virus (HPV),
and human herpes virus-8 (HHV-8) with prostate cancer [42].
Case-only or case–control studies have also reported higher
plasma concentrations of acute phase reactants and proin-
flammatory cytokines in men with prostate cancer, including
C-reactive protein, IL-6, IL-8, IL-1β, and TNF-α, especially
in advanced or hormone refractory disease [42]. Two stud-
ies have demonstrated evidence of viral pathogens in human
prostate tissue, including polyomavirus, human papilloma
virus, and cytomegalovirus [46, 47].

Inflammatory infiltrates and a histologic lesion called pro-
liferative inflammatory atrophy (PIA) are frequently seen
in clinical prostate specimens [48]. PIA is a spectrum of
lesions characterized by epithelial atrophy, low apoptotic
index, and an increased proliferative index, usually asso-
ciated with inflammatory infiltrates [49]. Inflammation in
PIA may include mononuclear infiltrates in the periglan-
dular stroma and macrophages and/or neutrophils in the
glandular lumen or epithelium. Macrophages activated by
IFN-gamma secrete proinflammatory cytokines and reac-
tive nitrogen species (e.g., nitric oxide, NO). Inducible NO
synthase, which catalyzes the generation of NO, is overex-
pressed in macrophages in PIA but not in normal epithelium
[50]. PIA cells typically show many signs of stress, includ-
ing the induction of GSTP1, GSTA1, and COX-2 expression
[50]. The evidence suggests that PIA is a regenerative lesion
appearing as a consequence of infection or cell trauma result-
ing from oxidant damage, hypoxia, infection, or autoimmu-
nity, and that its hyperproliferative state leads to cancer. PIA
is often found adjacent to high-grade prostatic intraepithelial
neoplasia (HGPIN) or early cancer [49], and accumulating
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evidence suggests an identifiable genetic pathway between
PIA, HGPIN, and cancer, with progressively frequent TP53
mutations, gains in centromeric DNA sequences on chromo-
some 8, and GSTP1 CpG island hypermethylation [50–52].

The previously described genetic and histologic observa-
tions in prostate cancer strongly suggest that compromised
cellular defenses against inflammatory oxidants may initiate
and perpetuate prostatic carcinogenesis. Oxidative stress is
mediated by reactive oxygen and nitrogen species (ROS and
RNS) which bind DNA and cause mutations, and oxidant
stresses from exogenous and endogenous sources are impli-
cated in the accumulation of DNA damage that occurs with
aging and subsequently leads to malignancy [41]. Cellular
defense mechanisms against this process include (1) front-
line antioxidant enzymes which scavenge ROS/RNS and pre-
vent mutations; (2) enzymes to repair mutated DNA; and
(3) the ability to undergo apoptosis if the DNA damage is
too severe to repair. An analysis of the known prostate can-
cer susceptibility genes and other genetic defects in prostate
cancer suggests that inherited and acquired defects in cellu-
lar defense mechanisms against infection and oxidative stress
allow prostate cancer to develop.

Androgens

There is little doubt that a lifetime of variable exposure of
the prostate to androgens plays an important role in prostate
carcinogenesis. Long-term absence of androgen exposure to
the prostate appears to protect against the development of
prostate cancer, but a dose–response relationship between
androgen levels and prostate cancer risk has not been estab-
lished. The primary androgen of the prostate is DHT, irre-
versibly catalyzed from T by 5α-reductase. DHT binds to
intracytoplasmic AR with much greater affinity than T, and
binding of DHT to the AR enhances translocation of the
steroid–receptor complex into the nucleus and activation
of androgen-response elements [53]. Functional type-2 5α-
reductase is a prerequisite for normal development of the
prostate and external genitalia in males. Insufficient expo-
sure of the prostate to DHT appears to protect against the
development of prostate cancer. Transrectal ultrasonography
of males with inherited 5α-reductase deficiency demonstrates
miniscule prostatic tissue, and biopsies demonstrate prostatic
stroma but no epithelium [54]. In addition to the lack of
enzyme activity, a lack of T may also protect against the
development of prostate cancer, as evidenced by the atrophic
prostates seen in men after surgical castration [55]. Although
exposure of the prostate to androgens seems to be prerequi-
site for later development of prostate cancer, the duration and
magnitude of androgen exposure needed to set the stage for
carcinogenesis is unknown.

Diet

Descriptive epidemiologic studies of migrants, geographic
variations, and temporal studies suggest that dietary fac-
tors may contribute to prostate cancer development [56].
The incidence of latent prostate cancers is similar around
the world, but the incidence of clinically manifest cancers
differs, with Asians having among the lowest rates of clin-
ical prostate cancer in the world. Thus, the most convinc-
ing evidence for the role of the diet and other environmental
factors in modulating prostate cancer risk comes from migra-
tion studies showing an increased incidence of prostate can-
cer in first-generation immigrants to the United States from
Japan and China [7]. These observations suggest that diet
may play a role in converting latent tumors into clinically
manifest ones. A strong positive correlation exists between
prostate cancer incidence and the corresponding rates of sev-
eral other diet-related cancers, including breast cancer and
colon cancer [56]. Prostate cancer incidence and mortality
rates around the world correlate highly with the average level
of fat consumption, especially for polyunsaturated fats [56].
High levels of dietary fat stimulate proliferation of prostate
cancer cells both in vitro and in vivo, and animal models have
shown that a fat-free diet can reduce the growth of androgen-
dependent tumors in the Dunning model [57].

Treatment

Localized Disease

The treatment of localized prostate cancer remains contro-
versial because of the lack of conclusive well-controlled or
randomized studies comparing outcomes of external beam
radiotherapy (RT) to brachytherapy (BT) or radical prostate-
ctomy (RP). A randomized trial published in 1982 showing
an advantage of RP was never widely accepted because of
randomization artifacts and worse-than previously reported
RT results [58, 59]. The Southwest Oncology Group closed
a randomized study comparing these two modalities in the
mid-1980s due to poor accrual. More recently, an attempt to
complete a randomized trial of RP vs. BT (the SPIRIT Trial)
also closed because of lack of accrual. The unsettled nature
of this issue is further complicated by the marked polariza-
tion of radiation oncologists and urologists in their counsel-
ing of patients with newly diagnosed localized disease, with
surgeons recommending surgery and radiation therapists rec-
ommending radiation in virtually all circumstances [60].

An important issue in judging comparative outcomes is
the effect of PSA-based screening on pathological stage
migration. As discussed previously, the rate of organ-
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confined disease for a given stage, grade, and pre-treatment
PSA value has increased markedly in the PSA era [61]. Year
of diagnosis is an independent predictor of the likelihood for
cure [62], suggesting that the observed increase in the rate of
organ-confined disease has translated into improved disease-
free survival for patients treated with RP. These observations
also suggest that improvements in outcome for other thera-
pies such as external RT and BT reported during this inter-
val may be related as much to downward pathological stage
migration as to improvements in specific therapeutic tech-
niques, and that it is inappropriate to compare current out-
comes with historical controls.

Another difficulty in comparing the relative efficacy of
different therapies arises from differences in patient selec-
tion. The ability of pretreatment parameters including biopsy
grade, clinical stage, and PSA to predict the likelihood of
cure for RP and all forms of RT is well established. In the
last 20 years there has been a tendency to restrict RP to
those with the most favorable pre-treatment characteristics
and refer the less favorable for RT, and based on these differ-
ences in patient selection, one would predict that biochem-
ical failure rates would be worse after RT, even if the two
treatments were actually equally efficacious. A comparison
of different therapies for localized prostate cancer should
include issues of cancer control, morbidity, quality of life,
salvage of primary treatment failures, late effects, and cost.
Of these, cancer control is the most important, since most
patients would be willing to sacrifice some morbidity or qual-
ity of life for the best chance of cure. A detailed discussion
of all of these issues is beyond the scope of this chapter,
but the reader is referred to several recent primary articles
and reviews that address these issues in detail [63, 64]. At
present, based on single institutional experiences and pub-
lished comparative series, it is fair to say that biochemical
control rates at 10 years after initial therapy are similar with
all three of the commonly used modalities, and that the con-
venience and tolerance for short-term side effects often dic-
tate a patients’ choice of therapy.

Locally Advanced Disease

Despite the beneficial effect of PSA-induced pathological
stage migration to more organ-confined tumors, approxi-
mately 10% of men with newly diagnosed prostate cancer
present with locally advanced disease. Such patients have
a higher risk of tumor progression due to local recurrence
after definitive therapy, occult nodal metastases, or systemic
disease. Although there are no firmly established definitions
of locally advanced disease, retrospective analysis of large
radical prostatectomy (RP) and radiation cohorts have iden-
tified pretreatment characteristics that are associated with a
higher likelihood of recurrence. Similarly, long-term follow-

up of RP series has defined pathological features that are
associated with a higher risk of failure. Pretreatment fac-
tors which may be used to define locally advanced disease
include high Gleason’s grade (8 or above), high-volume pal-
pable tumor (clinical stage T2b/c, T3, or T4), high PSA
(above 15 or 20, when attributable to tumor and not a large
transition zone volume), and/or involvement of more than
50% of cores by tumor or more than 50% of the length of
1 or more cores on prostate biopsy, all in the absence of
clinically demonstrable lymph node or systemic metastases.
Pathological features which define higher risk for recur-
rence include predominantly Gleason pattern ≥ 4 tumors,
extracapsular extension, positive margins, seminal vesicle
invasion, and/or lymph node metastasis. Various molecular
markers which predict the likelihood of aggressive behavior
are also under study [65]. Because relying on a single pre-
treatment or pathological parameter to predict the likelihood
of failure for an individual patient is unreliable, the defini-
tion of locally advanced disease is usually made by combin-
ing these factors. Pretreatment parameters may be combined
to define low, intermediate, and high-risk groups (D’Amico
classification) [66]; the likelihood of finding adverse patho-
logical features (Partin nomogram) [67]; or the likelihood
of suffering biochemical recurrence (Kattan nomogram)
[68, 69]. A nomogram for predicting the likelihood of
biochemical failure based on pathological findings is also
available [70].

There is currently no consensus on the best approach for
treating men with locally advanced disease, and experience
in the PSA era with both RP and RT has demonstrated that
neither modality alone provides acceptable cure rates for
these men. Long-term bRFS data from our RP series sug-
gest that 35% of men with seminal vesicle invasion and nega-
tive margins are disease free at 15 years, an observation sug-
gesting that the entire seminal vesicles should be removed
at the time of RP; in addition, 20% of patients with positive
lymph nodes are NED at 15 years, and there is emerging data
that suggest an extended lymphadenectomy may prolong sur-
vival in men with positive nodes. Another advantage to an
initial surgical approach is that accurate pathological stag-
ing information is obtained, identifying those patients with
organ-confined disease who can be spared the morbidity of
additional therapy. The disadvantages of the surgical
approach is the almost certain erectile dysfunction that
accompanies wide resection of the neurovascular bundles
which is generally indicated in locally advanced disease and
the fact that even some men with organ confined disease
will fail systemically despite good local control. Advocates
of a radiation-based approach point to both improved bRFS
outcomes and local control with highly conformal and inten-
sity modulated techniques which permit significant dose-
escalation without increased morbidity. These techniques
may permit the use of RT without or with only short course
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hormone therapy and thus do a better job of maintaining erec-
tile function in the short term. A number of combined modal-
ity approaches are under actively study, including RT and BT
together, and various neoadjuvant and adjuvant approaches
combining systemic therapy with RP or RT.

Metastatic Disease

Androgen deprivation (ADT) in various forms remains the
mainstay of therapy for metastatic disease and can achieve
significant palliation and delay disease progression. Unfor-
tunately, the emergence of androgen independence is even-
tually manifest in most patients and leads to progressive
disease and death in the majority. Historically, androgen-
independent cancer was manifested by symptoms of dis-
ease progression including bone pain, anemia, fatigue, and
cachexia, and was poorly responsive to systemic therapy
with a median survival of 6–12 months. As PSA became
widely utilized in the late 1980s, a new class of androgen-
independent patients appeared, namely those with a rising
PSA following hormonal therapy without evidence of clini-
cal metastatic disease. This subset of “biochemical” progres-
sors has become the largest subset of this disease entity and
represents a growing clinical challenge. The adverse effects
of ADT are well understood, and we are beginning to under-
stand how to address some of these side effects. Neverthe-
less, there is strong interest in developing ADT strategies
that may be less morbid, and just as importantly, may be
more durable. Intermittent ADT holds promise in this regard
but no definitive conclusions can be drawn about its effi-
cacy until completion of two large randomized studies, one
in metastatic disease, the other in patients with “PSA-only”
disease. New knowledge about androgen receptor signaling
in castration-resistant prostate cancer is driving the devel-
opment of new therapies which target this pathway distal
to the initial testosterone–AR interaction which is the tar-
get of existing forms of ADT. A large inventory of novel
agents targeting this and other pathways are currently in clin-
ical trials and the remaining challenge is to develop systems
to help understand biologic and clinical activity, prioritize
drug development, and develop target validation strategies
for these agents. In the case of immunologic therapeutics, it
has become increasingly clear that prostate cancer can indeed
be targeted, that immune tolerance can be broken, and that a
variety of strategies hold great promise. The utility of bispho-
sphonates for the treatment and prevention of bone metas-
tases is now established, but enthusiasm for their use should
be tempered by the relative lack of randomized data in ear-
lier disease states, and the small but real risk of significant
complications such as osteonecrosis of the jaw. The approval
of docetaxel for advanced prostate cancer based on a minor
improvement in survival is a tremendous advance, raises as

yet uninvestigated issues related to the timing of chemother-
apy, and will result in a new disease state characterized by
resistance to both hormones and chemotherapy that require
development of additional therapeutic advances.

Issues in Staging

Assigning the correct stage for a newly diagnosed patient is
critical to determining the best available treatment modal-
ity and the need for combined modality treatment. Unlike
other cancers, where the extent of soft-tissue disease is read-
ily evident on anatomically based scans such as CT or MRI,
the available imaging modalities for prostate cancer are lim-
ited by its microscopic nature and tropism for sites not
amenable to easy measurement (i.e., bone). Except for the
detection of the rare individual with seminal vesicle inva-
sion, even organ-directed modalities such as endorectal MRI
have limited ability to stage the local extent of the cancer.
Standard radiographic assessment of patients with metastatic
prostate cancer is currently limited primarily to radionu-
clide bone scintigraphy, CT scan imaging of abdomen and
pelvis with selected use of MRI for evaluation of bone
lesions and as the de facto standard of care in evaluation
of patients for spinal cord compression. Although changes
in PSA kinetics are increasingly supported as an important
component of response assessment, in particular in stud-
ies with cytotoxic agents, as noted above, prospective val-
idation of this approach has not yet been accomplished.
Although assessment of soft tissue disease on CT imag-
ing using RECIST criteria is standardized, the majority of
patients with advanced prostate cancer do not manifest dis-
ease amenable to this approach. Although some investigators
have proposed quantifiable methods of using both radionu-
clide bone scintigraphy and MRI imaging for assessment of
response in metastatic prostate cancer, these approaches have
not been validated. New approaches to disease assessment in
patients with advanced prostate cancer with special empha-
sis on bone metastases are also unequivocally needed. This
book provides a detailed overview of the available modalities
that address current shortcomings and provides a glimpse of
their potential for improvement in the clinical management
of patients with all stages of prostate cancer.

Future Challenges

There remain many challenges to be faced for prostate can-
cer. Although PSA-based screening has not been proven to
reduce mortality, its high penetrance of use in the United
States and the aging of the “baby boomer” population make
it likely that the incidence of prostate cancer will not be
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declining in the near future. Furthermore, 95% of newly diag-
nosed men in the United States choose therapy over obser-
vation, and of those who choose observation 50% get some
form of active treatment within 3 years [71]. Even striking
findings from the Prostate Cancer Prevention Trial, which
demonstrated that oral finasteride can reduce the risk of
being diagnosed with prostate cancer by 25%, albeit with a
slight increased risk of histologically appearing higher grade
disease, have not appreciably changed physician or patient
behavior [72]. Thus, the main questions faced today are (1)
can those at risk of developing prostate cancer be identified?;
(2) can prostate cancer be prevented in high-risk individu-
als?; (3) of those who get prostate cancer, can biologically
indolent disease be distinguished from biologically aggres-
sive tumors that require therapy?; (4) for those who choose
surveillance, when is the right time to intervene?; 5) for those
who choose therapy, can we improve on the ability to predict
cure using biological markers added to clinical ones?; 6) can
newer imaging techniques improve staging or be exploited
for therapy?; and 7) for those with incurable disease, can we
develop improved therapies that will prolong life or result in
cure?
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Chapter 21

Prostate Carcinoma: Conventional Imaging Techniques – Gray-Scale,
Color, and Power Doppler Ultrasound

M. Mitterberger, L. Pallwein, and F. Frauscher

Introduction

Prostate cancer is the most common non-skin cancer in men
in Europe and the United States, and is second only to lung
cancer as a cause of cancer deaths in men. In the United
States an estimated 230,000 men will be diagnosed with
prostate cancer in 2004, and nearly 30,000 will die of the
disease [1]. Nevertheless, the fact that the vast majority of
tumors are now detected either localized to the prostate or
regionally spread, while only a small percentage are detected
at the metastatic stage, has highlighted the importance of ear-
lier detection and diagnosis of the disease [1]. The use of
prostate-specific antigen (PSA) testing has allowed physi-
cians to detect tumors at much earlier stages of disease,
and the recognition of finer points of disease pathology has
enabled physicians to establish more comprehensive and
detailed staging criteria [2, 3].

Current research in the areas of detection and diagno-
sis are primarily focusing on two main areas: identification
of risk factors for disease in the general public that war-
rant regular screening; identification of imaging strategies for
early detection of disease and disease progression, and use
of these imaging strategies in predicting outcomes in differ-
ent patient populations. The imaging techniques used include
ultrasound (US), magnetic resonance imaging (MRI), and
positron emission tomography (PET).

Prior to the widespread use of PSA screening in asymp-
tomatic men, prostate cancer was detected via digital rec-
tal examination (DRE), and only 25% of newly diagnosed
prostate cancers were clinically organ confined [4, 5]. Since
the advent of PSA testing, the percentage of newly diag-
nosed organ-confined and locally advanced disease has
increased to upward of 80% [1]. Currently, clinical prac-
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tice guidelines recommend the use of both PSA and DRE in
asymptomatic men [5, 6]. Although PSA testing can detect
tumors at a far earlier stage than DRE, DRE as part of a com-
prehensive physical exam can help physicians better assess
the extent of the disease and its effect on surrounding organs.
Of note, the positive predictive value of DRE increases with
higher PSA levels, and the addition of DRE can more than
double the predictive value in patients with a PSA level of
> 4 ng/mL [7]. The use of PSA as a screening tool can be
challenging. Although its name suggests that it is produced
and secreted solely by the prostate gland, PSA is produced by
other tissues as well – breast tissue, the periurethral glands,
parotid gland, and adrenal and renal cell tumors – albeit in
very low concentrations [8]. Transient or persistent eleva-
tions in serum PSA concentrations can also reflect changes in
the prostate gland due to chronic or recurrent inflammation,
trauma, ejaculation, urinary retention, and benign prolifera-
tion or enlargement [9–11]. Certain medications, including
herbal supplements, can also cause changes in serum PSA
[10–12]. A careful history and repeat PSA measurements
can help distinguish between transient PSA rises due to these
conditions and persistent rises due to prostate cancer, poten-
tially minimizing unnecessary biopsy of noncancerous tis-
sue. Of these, elevated PSA measurements due to benign
conditions, particularly benign prostatic hyperplasia (BPH),
most directly underscore the difficulty in making a decision
about the need for biopsy in asymptomatic men. Although
cancerous prostate tissue releases up to 30 times more PSA in
the serum than does hyperplastic tissue [8, 13], BPH remains
the most common cause of elevated serum PSA concentra-
tion [10]. However, PSA testing has shown to have a high
sensitivity but lacks specificity.

The standard care in patients with an elevated PSA and
or an abnormal DRE is transrectal US (TRUS)-guided sys-
tematic biopsy of the prostate. Gray-scale US has a low sen-
sitivity and specificity for prostate cancer detection, with
the chance that a hypoechoic lesion – which is the most
common appearance of prostate cancer on gray-scale US –
varies between 3 and 51%. Specifically, TRUS is limited
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(a)

(b)

(c)

Fig. 21.1 Transrectal ultrasound (gray-scale US) in a 56-year-old
patient with elevated PSA of 4.5 ng/ml. TRUS shows a hypoechoic
lesion in the right mid-gland. (a) Targeted biopsy revealed prostate can-
cer (Gleason score 7). The corresponding color Doppler (b) and power
Doppler images (c) show hypervascularity and flow asymmetry in this
lesion

(a)

(b)

(c)

Fig. 21.2 A 65-year-old patient with an elevated PSA of 4 ng/ml. In
the transcretal ultrasound (gray-scale US) a hypoechoic lesion on the
left side can be seen. The targeted biopsy revealed prostate cancer
(Gleason score 8). The corresponding color Doppler (b) and power
Doppler images (c) show hypervascularity and flow asymmetry in this
lesion
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(a)

(b)

(c)

Fig. 21.3 A 72-year-old patient with an elevated PSA of 16 ng/ml and
status post-TURP. In the transcretal ultrasound (gray-scale US) a hypoe-
choic lesion on the left side can be seen. The targeted biopsy revealed
prostate cancer (Gleason score 7). The corresponding color Doppler (b)
and power Doppler images (c) show hypervascularity and flow asym-
metry in this lesion

by the inability to detect isoechoic tumors and by the often
heterogeneous appearance of the prostate. Therefore Hodge
et al. introduced the “sextant biopsy approach” in 1989,
which is still a standard technique worldwide. However,
numerous studies have shown that the sextant technique
misses up to 35% of clinically relevant cancers. This has
resulted in studies using new biopsy strategies with more lat-
erally directed cores and overall a higher number of cores
(i.e., saturation biopsies up to 45 cores). Analyzing the
results, several studies have reported no significant improve-
ment when performing a higher number of cores.

In order to improve the detection of prostate cancer, addi-
tional color and power Doppler US have been used. Color
Doppler US has been applied to evaluation of vascularity
within the prostate and the surrounding structures [14–21].
The motivation behind the application of color Doppler US
is to detect tumor neovascularity. Cancerous tissue gener-
ally grows more rapidly than normal tissue, and demon-
strates increased blood flow, as compared to normal tissue
and benign lesions [22–25]. Color Doppler US may demon-
strate an increased number of visualized vessels, as well as an
increase in flow rate, size, and irregularity of vessels within
prostate cancer [26]. Three different flow patterns may be
associated with prostate cancer – diffuse flow, focal flow,
and surrounding flow [14]. The most frequently identified
flow pattern is diffuse flow within the lesion. Early results
have suggested that up to 85% of men with prostate cancers
greater than 5 mm in size have visibly increased flow in the
area of tumor involvement [14]. In addition, hypervascularity
may be seen in patients with more-difficult-to-identify isoe-
choic and hyperechoic lesions.

Clinical Application

Gray-Scale Ultrasound

TRUS of the prostate has revolutionized our ability to exam-
ine this organ [27, 28]. Among the myriad of indications for
US of the prostate, the most common indication is for evalu-
ation of suspected prostatic carcinoma. In this regard, TRUS
is usually performed in conjunction with needle biopsy of the
prostate. The indication for prostate ultrasound and biopsy is
either an abnormality on DRE or elevation in the serum PSA
level. Occasionally, men undergo TRUS owing to symptoms
of bladder outlet obstruction or constitutional symptoms sug-
gestive of metastatic prostate carcinoma. The utilization of
serum assays for PSA and TRUS-guided needle biopsy has
resulted, in general, in the diagnosis of prostate cancer at an
earlier stage of presentation [28, 29].

Gray-scale imaging provides excellent visualization of
the prostate. TRUS allows for an excellent anatomical
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delineation of the prostate gland in relation to the surround-
ing fat tissue, rectum, neurovascular bundles, and venous
plexus, as well as a clear division between the inner gland
(transition and central zone) and outer gland (peripheral
zone) of the prostate. Advantages of TRUS-guided biopsy
include the ability to direct the biopsy needle precisely into
regions of interest, or to provide uniform spatial separation
of biopsy cores. For these reasons, most prostate biopsies
are performed under US guidance [30, 31]. TRUS may iden-
tify non-palpable malignancies. However, few studies have
compared the yield of digitally directed biopsy versus those
under TRUS guidance. Weaver et al. performed biopsies
under both US and digital guidance in 51 men with pal-
pable prostatic abnormality [32]. They noted carcinoma in
nine patients on digitally directed biopsy. In contrast, 23 men
had carcinoma detected when biopsies were performed under
US guidance. Each of the men who had a positive digitally
guided biopsy also had carcinoma detected on the US-guided
procedure. In transrectal gray-scale US prostate cancer is
classically described as a hypoechoic lesion, but may also
appear as echogenic or isoechoic lesion [33]. In the early
1980s, hypoechoic nodules were seen as the main presen-
tation of prostate cancer, and solely these nodules were tar-
geted at biopsy. The hypoechoic appearance is believed to be
due to the increased microvessel density [34]. However, up to
30% of all prostate cancers are isoechoic, and it is estimated
that a hypoechoic nodule has a 17–57% chance of being iden-
tified as prostate cancer [35]. Most studies that examined
the diagnostic performance of targeting hypoechoic lesions
were performed at least 7 years ago. Since then, PSA-based
screening has spread, and the PSA threshold for performing
biopsy has decreased, resulting in earlier detection. Because
of this earlier detection, the pathognomonic feature of the
hypoechoic lesion as a sign of prostate cancer has decreased
in value. This is supported by a recent study that reported that
only 9.3% of hypoechoic nodules in the PSA era contained
prostate cancer, compared with 10.4% of isoechoic prostate
areas that were targeted [36]. Thus, currently targeting only
hypoechoic areas is insufficient to detect prostate cancer.

However, approximately half of prostate cancer lesions
are invisible by gray-scale imaging [37]. Furthermore, pro-
statitis and benign prostatic hyperplasia mimic the gray-
scale appearance of prostate cancer. Both are common forms
of prostate pathology. Prostatitis may result in a heteroge-
neous appearance in the prostate peripheral zone and can
present with hypoechoic lesions that are indistinguishable
from cancer. Although most hyperplastic prostatic nodules
develop in the transition zone, BPH may also occur in the
peripheral zone of the prostate [38]. A study suggests that
BPH is present in the outer portion of the gland in up to
18.5% of prostate specimens [39]. Furthermore, since the
peripheral zone wraps around the transition zone, hyperplas-
tic nodules from the transition zone may protrude into the

peripheral zone. Therefore given the diverse appearance of
prostate cancer and the potential for benign processes to
mimic the gray-scale appearance of prostate cancer, con-
ventional prostate US has little advantage over DRE for
detecting malignant areas [40]. Although conventional gray-
scale US does improve the yield of needle biopsy, this tech-
nique has only limited sensitivity for the detection of cancer.
Specifically, TRUS is limited by the inability to detect isoe-
choic tumors and by the often heterogeneous appearance of
the prostate. In order to improve the detection of cancer, addi-
tional color and power Doppler imaging techniques may be
used.

Color Doppler Ultrasound

Prostate cancer tends to have increased vascularity compared
with healthy prostatic tissue due to the formation of new ves-
sels or an increase in the capacity of existing vessels [41].
Also, cancer foci with higher Gleason scores have higher
degrees of vascularity [42]. Because this higher degree of
vascularity was reported to be correlated with a worse sur-
vival rate, the vascularity of a prostate cancer focus is an
important diagnostic feature, particularly for outer gland can-
cers [36].

Color Doppler imaging measures blood flow velocity and
direction. US Doppler techniques demonstrate the presence
of blood flow by detecting a frequency/phase shift in the US
radiofrequency signal reflected from moving blood. Since
prostate cancer is associated with increased perfusion, the
sensitivity of US for detection of prostate cancer may be
increased with color Doppler imaging of blood flow within
the prostate [43]. The color Doppler signal correlates posi-
tively with both stage and grade of a prostate tumor, as well
as with the risk of recurrence after treatment [44]. Color
Doppler US has been applied to evaluate the vascularity
within the prostate and the surrounding structures [14–21].
The motivation behind the application of color Doppler US
is to detect tumor neovascularity. Cancerous tissue gener-
ally grows more rapidly than normal tissue, and demon-
strates increased blood flow, as compared to normal tissue
and benign lesions [22–25]. Color Doppler US may demon-
strate an increased number of visualized vessels, as well as an
increase in flow rate, size, and irregularity of vessels within
prostate cancer [26]. Three different flow patterns may be
associated with prostate cancer – diffuse flow, focal flow, and
surrounding flow [14]. The most frequently identified flow
pattern is diffuse flow within the lesion.

Early results have suggested that up to 85% of men
with prostate cancers greater than 5 mm in size have visi-
bly increased flow in the area of tumor involvement [14].
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In addition, hypervascularity may be seen in patients with
more-difficult-to-identify isoechoic and hyperechoic lesions.
Unfortunately, subsequent studies suggested that the com-
bined application of gray-scale and color Doppler US will
still miss a large number of cancers and is insufficient to pre-
clude prostate biopsy.

Halpern et al. assessed the value of gray-scale, color, and
power Doppler US for detection of prostatic cancer [37].
They investigated 251 patients prior to biopsy. Each biopsy
site was prospectively scored for gray-scale abnormality and
Doppler flow. Cancer was detected in 211 biopsy sites from
85 patients. Overall agreement between sonographic find-
ings and biopsy results as measured with the kappa statistic
was minimally superior to chance (kappa = 0.12 for gray-
scale, kappa = 0.11 for color Doppler, kappa S 0.09 for
power Doppler). Among patients with at least one positive
biopsy for cancer, foci of increased power Doppler flow were
4.7 times more likely to contain cancer than adjacent tis-
sues without flow. They concluded that power Doppler may
be useful for targeted biopsies when the number of biopsy
passes must be limited, but that there is no substantial advan-
tage of power Doppler over color Doppler. Other investiga-
tors suggest that Doppler flow patterns may correlate with
microvascular density. However, Doppler imaging may not
provide sufficient sensitivity to preclude biopsy [17].

Cheng et al. evaluated color Doppler imaging (CDI) in
the diagnosis of prostate cancer [45]. They retrospectively
analyzed 619 consecutive patients who underwent prostate
US, CDI, and biopsy because of abnormal DRE results or
PSA levels. All had directed (into a specific lesion) biopsies
or directed biopsies along with systematic four-quadrant or
sextant biopsies, or systematic biopsy alone. Color Doppler
imaging was compared with gray-scale findings and histo-
logic results. There were 222 (35.9%) biopsy-proven cancers
(n = 197) or prostatic intraepithelial neoplasia (n = 25). Of
these, 106 (47.7%) had color-flow abnormalities. Of these
106 patients, 26 (24.5%), or 11.7% of all cancer patients,
had relatively normal gray-scale US findings but had focal
CDI abnormalities as the method of identification. Overall,
76.9% of these were moderate-to-high Gleason grades and
were considered clinically significant lesions. Color Doppler
imaging can identify a large number (11.7%) of clinically
significant prostate cancers that are poorly seen by gray-
scale US. Positive lesions on CDI are of clinical importance
because 76.9% are histologically, moderately, or poorly dif-
ferentiated. Therefore they recommended that CDI be used
in all diagnostic and biopsy-guided US examinations of the
prostate.

In another approach Ives et al. determined the effect
of short-term therapy with dutasteride on the suppres-
sion of Doppler US signal in benign prostate tissue and
thus on improvement in the depiction of prostate cancer
with Doppler US-guided core-needle biopsy [46]. In the

preliminary trial, 11 subjects scheduled for prostate biopsy
were evaluated by gray-scale, color, and power Doppler at
baseline and weekly for up to 3 weeks, while taking the 5-
alpha-reductase inhibitor dutasteride (0.5 mg/day). Doppler
flow suppression occurred in all 11 subjects after 1 week
(P < 0.01). Further suppression was noted after 2 weeks in
eight subjects (P = 0.04). Suppression of flow was greatest
in the peripheral zone and least obvious in the periurethral
zone. Cancer was detected in 20% (8/40) of targeted cores
and 7.6% (5/66) of sextant cores. Cancer was detected in four
subjects by targeted biopsy and in three of four by systematic
biopsy. In the four men with cancer, targeted cores were 5.9
times more likely to be positive (P = 0.027). Selective sup-
pression of flow in benign tissue was observed in two of the
four subjects with cancer. The conclusion of the study was
that short-term dutasteride therapy reduces Doppler US flow
in the prostate and may improve depiction of hypervascular
cancer.

Further Rouviere et al. evaluated transrectal color Doppler
(CD) in guiding prostate biopsy to depict early cancer recur-
rence after high-intensity-focused ultrasound (HIFU) therapy
[47]. Prostate CD-guided sextant biopsies were obtained in
82 patients who had undergone prostate HIFU ablation for
cancer, 24 of whom had hormone therapy before the treat-
ment. CD findings were compared with biopsy results. CD
was a significant predictor of biopsy findings, according to
univariate and multivariate site-by-site analysis. However,
only 36 of 94 sites with residual cancer had positive CD find-
ings, and thus, negative CD findings should not preclude ran-
dom biopsy. Although, biopsies taken in CD-positive sites
were 4.4 times more likely to contain cancer in patients
who did not receive hormone therapy, CD could not reliably
depict cancer recurrence in patients with history of hormone
therapy.

Power Doppler Ultrasound

Power Doppler, a newer Doppler technique for demonstrat-
ing the presence of blood flow, reflects the amplitude of the
Doppler signal. Although power Doppler does not demon-
strate directionality of flow, this technique is more sensitive
to small amounts of low-velocity flow. Power Doppler US,
as an amplitude-based technique for the detection of flow, is
more sensitive to slow flow and is less angle-dependent than
color Doppler US. Power Doppler imaging is also able to
visualize smaller vessels and vessels with lower flow veloc-
ity than is the case with color Doppler [24]. This newer tech-
nique has been less commonly applied to the assessment of
prostate tumor vascularity, and there are few papers address-
ing its use [48]. However, early studies have suggested that
power Doppler US may be useful in detection of prostate
cancer.
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Leventis et al. defined the vascular anatomy of the
normal prostate by means of power Doppler US inves-
tigation [49]. The vascular anatomy of 40 subjects was
studied. Power Doppler images were correlated with cor-
responding gray-scale images. Doppler spectral waveform
measurements were obtained for the vessels identified. Sepa-
rate branches of the capsular vessels were visualized clearly,
distributed radially in the peripheral and central zones and
converging toward the center of the gland. Urethral vessels
were visualized in the transition zone coursing from blad-
der neck to verumontanum. The neurovascular bundles were
identified posterolaterally along the length of the gland. They
concluded that the vascular anatomy of the normal prostate
as displayed by power Doppler demonstrates a repro-
ducible and symmetric flow pattern. Power Doppler is highly
sensitive in depicting blood flow, the number, course, and
continuity of vessels more readily than other imaging modal-
ities, such as color Doppler. These data should allow com-
parison of the vascular anatomy of the normal prostate with
that of the prostate with diseases such as prostate cancer and
BPH.

In 2004 Remzi et al. determined the utility of power
Doppler US and its guided prostate biopsies in men with
prostate-specific antigen (PSA) levels between 2.5 and
10 ng/ml and evaluated its impact on prostate cancer detec-
tion in men undergoing first and repeat biopsies [50]. A total
of 136 consecutive referred men with serum total PSA lev-
els between 2.5 and 10 ng/ml (mean age 64 ± 9 years, range
45–82) and a normal DRE were included; 101 underwent a
first biopsy whereas 35 had repeat biopsy. Gray-scale TRUS,
and power Doppler US (B&K Medical, Denmark) were per-
formed in lithotomy position before and during the biopsy
procedure. Vascularity accumulation and perfusion charac-
teristics were recorded and graded as normal or abnormal
in the peripheral zone of the prostate. In this study over-
all prostate cancer detection rate was 34.7 and 25.7% and
abnormal accumulation on power Doppler US was identified
in 42.3 and 48.6% on first and repeat biopsy, respectively.
The prostate cancer detection rate, on first and repeat biopsy
in patients with and without power Doppler US accumula-
tion were 67.4 versus 10.3% (p < 0.001) and 47.05 versus
5.6% (p = 0.0049), respectively. Power Doppler US directed
biopsies were positive in 5.7 and 11.1% on first and repeat
biopsy whereas prostate cancer detection using the routine
prostate biopsy regime was 94.3 and 88.9% on first and
repeat biopsy. The sensitivity, specificity, positive predictive
value, and negative predictive value of power Doppler US
signal alone for prostate cancer detection on first biopsy was
82.8, 78.8, 87.9 and 89.7%, respectively, and 88.8, 68.0, 47.0
and 94.4% on repeat biopsy, respectively. They concluded
that negative power Doppler US signal is able to exclude
most of the patients without prostate cancer in the PSA range
of 2.5–10 ng/ml. As an additional tool at TRUS biopsy power

Doppler US has a high negative predictive value and may
help to reduce the number of unnecessary biopsies.

In 2002 Halpern et al. evaluated cancer detection with
directed biopsy of the prostate on the basis of high-frequency
Doppler US findings and determined the effect of patient
position on the observed flow pattern [51]. Thirty-two
patients were evaluated in the left lateral decubitus posi-
tion with gray-scale, color Doppler, and power Doppler tran-
srectal US. Both color and power Doppler US demonstrated
increased flow on the left side of the prostate, with greater
flow toward the base of the gland (P < 0.002). Consequently,
62 of 90 directed biopsy cores were obtained in the left base
and mid-gland. The positive biopsy rate for directed biopsy
was not significantly different from that of sextant biopsy
(P =0.4). Seven patients had cancer that was identified with
sextant biopsy, but only four cancers were identified with
directed biopsy. Each of the three healthy volunteers demon-
strated increased Doppler flow on the dependent side when
the subject was in the lateral decubitus position. Therefore,
on the basis of observations made in healthy volunteers, the
authors conclude that flow asymmetry in patients who under-
went biopsy may have been related to patient position.

In a small series of 18 patients the value of power Doppler
US imaging during TRUS in detecting local recurrence after
radical retropubic prostatectomy (RRP) was evaluated [52].
Local recurrence of prostate cancer was suspected on the
basis of elevated serum PSA levels (above 0.4 ng/ml) after
RRP with no evidence of metastatic disease. The ability
to detect locally recurrent prostate cancer using gray-scale
TRUS alone was compared with TRUS combined with power
Doppler US; 15 of the 18 patients (83%) had positive biop-
sies for local recurrent tumour at histological examination.
TRUS alone detected gray-scale abnormalities in 15 of 18
patients (83%), of whom 14 (77%) had positive TRUS-
guided biopsies. Power Doppler US during TRUS showed
hypervascularity in 14 of 18 patients (77%). Biopsies of these
hypervascular regions were positive in all patients (100%).
The sensitivity and specificity of TRUS alone in detecting
recurrent tumour were 93 and 67%, respectively, with a pos-
itive predictive value of 93% and a negative predictive value
of 67%. TRUS combined with power Doppler US had a sen-
sitivity and specificity of 93 and 100%, respectively, with a
PPV and a NPV of 100 and 75%, respectively. Therefore
power Doppler US, compared to TRUS alone, showed to
be superior in the detection of local recurrence of prostate
cancer.

In 2006 Heijmink et al. compared the diagnostic perfor-
mance of systematic versus US-guided biopsies of prostate
cancer [36]. They found that in a review of the current
literature that imaging-guided biopsy showed better diag-
nostic performance than systematic biopsy with higher
sensitivity. The combinations of sensitivity and specificity
were highest for color Doppler and contrast-enhanced
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targeted biopsy. Studies targeting hypoechoic lesions had rel-
atively high sensitivity, but specificity was low. Presently,
however, with widespread PSA screening, fewer prostate
cancers are hypoechoic, and the value of targeting
hypoechoic lesions has diminished. Performing color or
contrast-enhanced Doppler biopsy or adding these tech-
niques to systematic biopsies improves diagnostic perfor-
mance, particularly by increasing sensitivity.

Nonetheless, the up-to-date results of gray-scale, color,
and power Doppler US-guided and/or targeted biopsy are not
sufficient to eliminate the need for systematic biopsy.

Conclusion and Perspectives

Application of a TRUS-guided biopsy technique that targets
a visual lesion increases the sensitivity of prostate cancer
biopsy compared with systematic biopsy. Color Doppler- and
power Doppler-targeted biopsy have shown better diagnos-
tic performance. Targeting hypoechoic lesions achieves high
sensitivity but has low specificity. As hypoechoic lesions
are becoming less pathognomonic in the PSA-screening era,
transrectal gray-scale US should not be used as sole biopsy
guidance.

In the near future innovations like contrast-enhanced
US- or elastography-guided prostate biopsy may further
improve the diagnostic performance of US in prostate cancer
diagnosis.
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Chapter 22

Prostate Carcinoma – Cross-Sectional Imaging Techniques

E. Sala and H. Hricak

Introduction

Prostate cancer is the most common malignancy in American
men and the second leading cause of cancer death in Ameri-
can males. An estimated 186,320 men will be diagnosed with
prostate cancer in the United States in 2008 [1]. Increased
use of serum prostate-specific antigen (PSA) testing has pro-
duced a dramatic stage shift in prostate cancer. In 2004, 86%
of prostate cancer cases were localized to the prostate gland
as compared to 58% in 1994 [2]. This stage migration has
resulted in more patients being candidates for curative ther-
apy [3, 4] and indeed, recent studies have suggested that most
patients with clinically localized prostate cancer will undergo
some type of local therapy in an attempt to cure the disease
[5–7]. Controversy with regard to the appropriate choice of
treatment, however, persists.

Ideally, the determination of treatment options should
benefit from an imaging modality that allows visualization
of the primary tumor and its extent. Although much progress
has been made in cross-sectional and functional imaging,
no imaging modality exists that can be relied on to show
the primary tumor and its extent in all cases. The accepted
evaluation of patients with newly diagnosed prostate cancer
includes nomograms based on the clinical stage, PSA, Glea-
son grade, and digital rectal examination (DRE) [8, 9]. These
nomograms provide risk stratification estimates that enable
physicians to assess the need for further evaluation, includ-
ing cross-sectional imaging with computed tomography (CT)
and/or magnetic resonance (MR). CT is useful in imaging
of metastatic prostate cancer and in radiotherapy treatment
planning. MRI/MR spectroscopic imaging (MRSI) offers
non-invasive evaluation of anatomic and metabolic features
of prostate cancer, enabling accurate detection, localization,
characterization, and staging of the disease and thus poten-
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tially playing an important role in individual treatment selec-
tion and planning.

In this chapter we describe the roles of CT and MRI/MRSI
in prostate cancer management, addressing the advantages
and limitations of each technique. Our objective is to give a
comprehensive view of the value of cross-sectional imaging
in the diagnostic work-up, treatment planning, and follow-up
of patients with prostate cancer.

CT Imaging of Prostate Cancer

Indications

CT has limited value in initial tumor staging, unless
advanced disease is suspected. However, CT is useful in
prostate cancer treatment follow-up, its main role being the
assessment of metastatic disease in the lymph nodes, vis-
ceral organs, and bones. CT is very valuable in radiother-
apy treatment planning in patients with locally advanced
prostate cancer. The majority of patients with newly diag-
nosed prostate cancer are at low risk for metastases, hence
the diagnostic yield of CT is relatively low in these patients
[10–12]. At the time of initial diagnosis, CT is not rec-
ommended for patients with a PSA < 20 ng/ml, a Gleason
score < 7, or a clinical stage < T3 as the likelihood of
lymph node metastasis and systemic disease is very low [12].
At present, according to the American Urology Association
guidelines, there is no indication for CT in a patient with a
PSA level ≤ 20 ng/ml [13].

Technique

Axial CT images should extend from below the symph-
ysis pubis up to the aortic bifurcation if only imaging of
the pelvis is requested. However, if visceral or lymph node
metastases are suspected, imaging of the entire pelvis and

J.J.M.C.H. de la Rosette et al. (eds.), Imaging in Oncological Urology, 229
DOI 10.1007/978-1-84628-759-6 22, c© Springer-Verlag London Limited 2009



230 E. Sala and H. Hricak

abdomen should be performed. It is important to be aware
that retroperitoneal lymphadenopathy is rare in the absence
of pelvic lymphadenopathy in patients with prostate cancer.
In addition, CT of the chest may be required if there is sus-
picion of lung involvement either as discrete metastasis or
lymphangitis carcinomatosa.

CT examination of the abdomen and pelvis requires
patient preparation. The routine use of intravenous contrast
medium is recommended to facilitate differentiation between
lymph nodes and blood vessels. Complete opacification of
the gastrointestinal tract is desirable, as unopacified small
bowel loops in the pelvis can be misinterpreted as abnor-
mal lymph nodes or tumor masses. At least 1 hour before
the examination, 500–1000 ml of dilute oral contrast medium
should be given. The use of rectal contrast medium is not
required. A full urinary bladder is preferred, as it displaces
small bowel loops out of the pelvis, making it easier to
identify other pelvic structures. If hydronephrosis is present,
delayed images showing contrast medium excretion into the
renal collecting system and urinary bladder may be useful.

Imaging Findings

Local Tumor Staging

Due to the lack of soft tissue contrast CT has a limited role
in local tumor staging [10, 11]. Although there is no recent
literature on the multi-detector CT appearances of organ-
confined prostate cancer, in our personal experience with
multi-slice CT, prostate cancer appears as an area of low
attenuation compared to the surrounding normal prostate tis-
sue. CT can be useful as a baseline examination prior to radi-
ation or medical therapy in clinically high-risk patients with
grossly advanced local disease as demonstrated by estab-
lished extracapsular disease, gross seminal vesicle invasion,
or invasion of surrounding structures including bladder, rec-
tum, levator ani muscles, or pelvic floor (Fig. 22.1). Such
patients will also be at risk for lymph node and bone metas-
tases, which may be assessed concurrently.

Detection of Recurrent Disease

The role of CT in prostate cancer treatment follow-up focuses
on evaluation of metastatic disease in the lymph nodes, vis-
ceral organs, and bones. The regional nodes for prostate
cancer that are designated as N1 in the TNM classifica-
tion are pelvic nodes, including obturator, iliac (internal and
external), and sacral (lateral, presacral, promontory) nodes
(Fig. 22.2a). Metastatic lymph nodes (M1) are common iliac,
paraaortic, mesenteric, and mediastinal nodes (Fig. 22.2b
and c). Prior to any form of therapy, nodal disease usu-

Fig. 22.1 Biopsy-proven Gleason grade 9 adenocarcinoma in a 59-
year-old man with a PSA level of 15.4 ng/mL. Axial CT images (a,
b) reveal a large tumor (T) that invades the entire prostate gland, the
urinary bladder, and the left seminal vesicle

ally progresses in a step-wise fashion (Fig. 22.2), such that
retroperitoneal, mesenteric, or mediastinal nodal disease is
very unusual in the absence of pelvic lymphadenopathy and
more likely to be due to coexistent malignancy (e.g., lym-
phoma) [14, 15]. However, in almost 75% of patients with
disease recurrence in the lymph nodes following radical
prostatectomy, the usual pattern of vertical node spread is not
maintained [16]. The majority of these patients would have
had previous lymph node dissection at the time of radical
prostatectomy and thus only retroperitoneal lymphadenopa-
thy would be detected at CT.

Currently, the diagnosis of nodal metastasis on CT is
made only based on nodal size. However, the correlation
between nodal enlargement and metastatic involvement is
poor [17]. Using a short axis diameter of 1.0 cm as a cut-
off has resulted in sensitivities between 25 and 85% and
specificities between 66 and 100% [12, 18–20]. Oyen et al.
reported a significant improvement in both sensitivity and
specificity (which reached 78 and 100%, respectively) with
lowering of the size threshold to 0.7 cm and fine needle aspi-
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Fig. 22.2 Biopsy-proven Gleason grade 7 adenocarcinoma in a 55-
year-old man with a PSA level of 5.4 ng/mL. Axial CT images of the
pelvis (a) and abdomen (b, c) demonstrate enlarged right external iliac
and right obturator lymph nodes (arrows in a), enlarged common iliac
lymph nodes (arrows in b), and enlarged left paraaortic and aorto-caval
lymph nodes (arrows in c)

ration (FNA) of the suspicious nodes [20]. However, nei-
ther the lower size threshold nor the use of FNA has been
widely accepted. Neither CT nor MRI can be used to rule out
lymph node metastases, especially in lymph nodes of normal
size. However, MR lymphography has demonstrated promis-
ing result in the diagnosis of metastasis within normal-sized
lymph nodes (see Section on MRI).

CT is also very valuable in the evaluation of visceral and
bone metastasis. Bone metastases from prostate cancer are
usually sclerotic due to osteoblastic reaction (Fig. 22.3), but
a mixed lytic–sclerotic pattern can occasionally be observed.
However, bone scintigraphy and MRI are superior to CT
in diagnosis and follow-up of bone metastases [21, 22].
One should be aware that sclerotic bone metastasis after
chemo/radiation treatment can appear larger due to the
effects of healing, thus leading to incorrect estimation of dis-
ease progression.

Fig. 22.3 Biopsy-proven Gleason grade 9 adenocarcinoma in a 60-
year-old man with a PSA level of 16.3 ng/mL. Axial CT images of the
abdomen (a) and pelvis (b) reveal extensive sclerotic bone metastasis
involving the vertebral body (arrow in a) as well as both iliac bones and
the right sacrum (arrows in b)
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MRI and MRSI of Prostate Cancer

Indications

Neither MRI nor MRSI is used as a first-line approach
to diagnose prostate cancer. However, the combination of
MRI/MRSI may be useful to target biopsy in patients with
repeated negative biopsies but PSA levels indicative of can-
cer. This situation occurs most commonly in regions that are
not palpable at DRE or not routinely targeted during biopsy
(i.e., lesions located anteriorly in the peripheral or transition
zone) [23, 24].

MRI/MRSI does, however, have great potential and high
diagnostic efficacy for pretreatment staging of prostate can-
cer [25]. It provides useful information on the tumor as well
as exquisite anatomic delineation of the pelvis. In addition,
metastatic disease to lymph nodes can be accurately eval-
uated using MRI. MRI is also very useful in radiotherapy
treatment planning and treatment follow-up, including the
detection of local recurrence in prostatectomy patients with
a rising PSA [25, 26].

MR Imaging and MR Spectroscopic Imaging
Techniques

MRI Technique

A 1.5 T or higher strength magnet is required to perform a
combined MR imaging and spectroscopy examination. Pre-
liminary results using 3 T endorectal coil MRI/MRSI have
been promising, as they have shown that an increase in spa-
tial, temporal, and spectral resolutions can be achieved that
may result in improved accuracy in localizing (detecting) and
staging prostate cancer [27]. Optimal MR imaging of the
prostate gland demands the use of an endorectal coil in con-
junction with a pelvic-phased array coil [28]. The use of the
endorectal coil improves image resolution, leading to more
precise staging [28]. Patients should be carefully interviewed
before endorectal coil placement, but tolerance for it is high.
Contraindications include a recent history of rectal surgery,
radiation therapy to the pelvis within the last 6 weeks, inflam-
matory bowel disease, large bowel obstruction, use of anti-
coagulant medication or history of bleeding disorders, and
the known presence of lesions such as fistula or large hem-
orrhoids. MRI/MRSI should be delayed for at least 8 weeks
after prostate biopsy in order to avoid under and/or overesti-
mation of tumor extent [29].

The specific imaging parameters are dependent on the
type of magnet used and the field strength. In general, the
following imaging sequences are recommended:

1. TI-weighted axial imaging of the pelvis (from below the
symphysis pubis up to the aortic bifurcation) is used
to evaluate the presence of lymphadenopathy and post-
biopsy hemorrhage in the prostate gland and seminal vesi-
cles. Bone metastases to pelvis and lumbar spine are also
well demonstrated using this sequence.

2. High-resolution T2-weighted imaging using a slice thick-
ness of 3 mm and a small (14 cm) field of view in the axial,
sagittal, and coronal planes is suggested for tumor detec-
tion, localization, and staging.

The use of dynamic contrast-enhanced MRI (DCE-MRI) is
optional [30–34]. The rationale behind the use of DCE-MRI
is that the increased micro-vessel density and permeability
within the tumor will result in uptake being greater in the
tumor than in the normal tissue. Both qualitative and quan-
titative methods are used to differentiate malignant lesions
from benign or normal tissue. Detailed description of these
methods is beyond the scope of this chapter and the reader is
referred to the appropriate literature for more information on
this topic [35–42].

MRSI Technique

MR spectroscopy provides non-invasive assessment of tis-
sue metabolism. In MR spectroscopy, the nuclei of partic-
ular nuclides such as 1H, 13C, 31P, and 19F are excited
with a radiofrequency (RF) pulse in the presence of a mag-
netic field. Different nuclei have different frequencies, which
depend on (and provide information about) the chemical
structure of the various molecules. By tuning in different
frequencies, one can measure different concentrations of
metabolites. This is known as chemical shift. MRSI exploits
this chemical shift to produce a map of signal intensity versus
frequency and spatial location. 1H-MRSI offers higher sensi-
tivity than the other varieties of MR spectroscopy, resulting
in a better spatial resolution and signal-to-noise ratio and a
decreased acquisition time. 1H-MRSI yields multi-voxel data
and has been used extensively, particularly in the brain and
prostate. Using a 1.5 T clinical MRI scanner, it is possible to
obtain a three-dimensional metabolic map of the entire gland
with a resolution of 0.24 ml with excellent water and lipid
suppression.

A number of 1H-MRSI techniques have been described.
At present, the commercially available spectroscopic imag-
ing techniques include chemical shift imaging [43] with
point-resolved spectroscopy, voxel excitation, and band-
selective inversion with gradient dephasing for water and
lipid suppression [44]. With point-resolved spectroscopy, a
cubic or rectangular voxel is generated by acquiring three
orthogonal section-selective pulses: a 90◦ pulse followed by
two 180◦ pulses. Thus, the MRI image of the prostate is
divided into small volumes of interest (voxels) in a grid
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pattern, which allows for assessment of different areas of
the prostate gland. The major metabolic peaks relevant to
prostate MRSI are choline, creatine, and citrate.

MRI and MRSI are usually performed as a single com-
bined examination that takes approximately 1 hour. An
endorectal coil is essential for the performance of spec-
troscopy [45]. In addition, a special software package is
required for the performance of MRSI, which is currently
available as an upgrade option.

Appearance of the Normal Prostate Gland
on MRI

Knowledge of the normal MR anatomy of the prostate gland
is crucial for image interpretation. On T1-weighted images,
the prostate demonstrates homogeneous intermediate signal
intensity. The soft tissue contrast resolution is insufficient for
the visualization of either the normal zonal anatomy or areas
of tumor. Conversely, the zonal anatomy of the prostate gland
is well demonstrated on high-resolution T2-weighted images
(Fig. 22.4) [46, 47]. The anterior fibromuscular stroma is of
low signal intensity on both T1- and T2-weighted images.
On T2-weighted images, the normal peripheral zone shows
high signal intensity similar to or higher than the signal inten-
sity of adjacent periprostatic fat. A thin rim of low signal
intensity, which represents the anatomic or true capsule, sur-
rounds the peripheral zone. The capsule is often incomplete
especially at the apex, as has been confirmed by pathological
specimen findings. The neurovascular bundles can be identi-
fied as low-signal-intensity foci posterolateral to the capsule
bilaterally.

The central and transition zones have similar appear-
ances on T2-weighted images, both having lower signal
intensity than the peripheral zone. The transition and cen-
tral zones are composed of more compact smooth mus-
cle and sparser glandular tissue. Benign prostatic hyperpla-
sia develops in the transition zone, gradually compresses
the central zone, and may ultimately compress the periph-
eral zone, which sometimes becomes very difficult to appre-
ciate around the hyperplastic transition zone. The central
zone also atrophies with age. On contrast-enhanced MRI,
the peripheral zone enhances more than the transition and
central zones.

The proximal urethra is rarely identifiable unless a Foley
catheter is present or a transurethral resection has been
performed. The verumontanum can be identified as a higher-
signal-intensity small focus on T2-weighted images. The dis-
tal prostatic urethra below the verumontanum can be seen as
a low-signal-intensity ring similar to a doughnut because it is
enclosed by an additional layer of muscle. The vas deferens
and seminal vesicles, which have grape-like configurations,

Fig. 22.4 Normal prostate zonal anatomy in a 65-year-old man
depicted with T2-weighted axial MR images obtained at the levels of
the seminal vesicles (a), the base of prostate (b), the mid-gland (c) and
the apex/membranous urethra (d), as well as coronal (e) and parasagittal
(f) MR images. The vertical line in image e indicates the membranous
urethra length. B = urinary bladder, C = central zone, FS = anterior
fibromuscular stroma, P = peripheral zone, SV = seminal vesicles,
T = transition zone, U = urethra
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Fig. 22.4 (continued)

demonstrate high signal intensity on T2-weighted images
(Fig. 22.4).

Appearance of Prostate Cancer on MRI

On T2-weighted images prostate cancer appears as an area
of low signal intensity in contrast to the high signal intensity
of the normal peripheral zone (Fig. 22.5). However, while
detection is often easier on axial images, cross-correlation
with T2-weighted coronal and sagittal sequences is recom-
mended for a reliable diagnosis. One should be aware that

Fig. 22.4 (continued)

Fig. 22.5 Biopsy-proven Gleason grade 7 adenocarcinoma in a 67-
year-old man with a PSA level of 2.3 ng/mL. T2-weighted axial (a) and
coronal (b) images show a dominant tumor (T) within the left periph-
eral zone in the mid-gland. Note the smooth capsular contour adjacent
to the tumor (a) and the well-defined left neurovascular bundle (arrow in
a), both indicative of an organ-confined tumor. On the spectra from 1H
MR spectroscopy (c), voxels marked with ∗ show an increase in choline
(Ch/Cr) and a marked decrease in citrate (Cit); these voxels correspond
to the low-signal-intensity region on the axial MR image (a). Findings at
surgery and step-section histopathologic examination (d) show a Glea-
son grade 8, organ-confined tumor
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* *

Fig. 22.5 (continued)

low signal intensity in the peripheral zone can also be seen
in several benign conditions such as hemorrhage, prostati-
tis, hyperplastic nodules or previous radiation and hormonal
therapy. Usually, areas of post-biopsy hemorrhage have a

feathery rather than a mass-like appearance. They demon-
strate high signal intensity on T1-weighted images, hence
correlation of T1- and T2-weighted images is crucial for
accurate diagnosis.

Seventy percent of prostate carcinomas occur in the
peripheral zone, while 20% originate in the transition zone
and 10% develop in the central zone. Tumors in the central
zone present a diagnostic challenge, as the normal central
zone is of homogeneous low signal intensity on T2-weighted
images and the tumor is best detected by examining anatom-
ical appearance (i.e., shape or contour) rather than depend-
ing on signal intensity features [47]. It is very important to
carefully scrutinize the transition zone (TZ) of the prostate,
as in approximately 20% of patients the largest (dominant)
tumor is located there [48]. Recognition of TZ tumors is
important in order to avoid positive anterior margins at radi-
cal prostatectomy [48] and/or to plan disease-targeting ther-
apies [49, 50]. Moreover, dominant TZ tumors are present
in 25% of patients with impalpable T1c prostate cancers [4].
Because the transition zone is not routinely sampled during
biopsy, tumors located there can result in the increasingly
common clinical problem of an elevated PSA accompanied
by initial negative biopsies [51–53].

Sommer et al. suggested that TZ tumors can be detected as
regions of homogenous low signal intensity on T2-weighted
images [54]. Our data confirm this suggestion and provide
additional imaging features for the diagnosis of TZ cancers
[55]. Findings indicative of TZ cancer include (1) a homoge-
nous low-signal-intensity region in the transition zone; (2)
poorly defined lesion margins; (3) lack of a low-signal-
intensity rim (seen commonly in association with benign
hyperplastic nodules); (4) interruption of the pseudocap-
sule (TZ/PZ boundary of low signal intensity); and (5) ure-
thral or anterior fibromuscular stromal invasion (Fig. 22.6)
[55]. Although these features are not pathognomonic for a
TZ tumor, they are more frequently present in tumors than
in benign prostatic hyperplasia. The detection rate seems
to be higher for tumors with high Gleason grade, which
also could be explained by the enhanced ability of aggres-
sive tumors to disrupt the surrounding transition zone [55].
Tumors in the anterior part of the peripheral zone should
also be carefully sought during MRI interpretation in patients
with rising PSA and multiple negative biopsies, since this
area, like the TZ, is often not routinely sampled during
biopsy.

DCE-MRI was developed in an attempt to surpass
the sensitivity and specificity of prostate cancer detec-
tion, localization, and staging offered by conventional high-
resolution T2-weighted MR imaging (Fig. 22.7). Recent
studies suggest that the peak enhancement of cancer rela-
tive to the surrounding normal prostate tissue is the most
accurate parameter for cancer detection [31, 56, 57]. Ogura
et al. found that detection of foci of early enhancement



236 E. Sala and H. Hricak

T

T

Fig. 22.6 Biopsy-proven Gleason grade 6 adenocarcinoma in a 66-
year-old man with a PSA level of 9.9 ng/mL. T2-weighted axial (a) and
coronal (b) images show a dominant tumor (T) within the left transi-
tion zone anteriorly extending from mid-gland to apex. Note the inter-
ruption of the low-signal-intensity fibromuscular stroma suggestive of
tumor invasion (arrows in a and b). Findings at surgery and step-section
histopathologic examination (c) confirm a Gleason grade 6 tumor that
invades the anterior fibromuscular stroma

(30–60 seconds post-injection) had an 80% accuracy rate
for PZ tumors, but for lesions in the TZ, the detec-
tion rate was 63% [58]. The results of a recent meta-
analysis [59] indicated that DCE-MRI could help improve
the accuracy of prostate cancer localization and staging,
but the sample size was small (only eight studies were
included in the analysis) and further data are needed. A
recent study conducted by the same group concluded that
the combination of high-resolution spatio-vascular infor-

T

Fig. 22.6 (continued)

mation from dynamic MRI and metabolic information
from MRSI has excellent potential for improving localiza-
tion and characterization of prostate cancer in the clinical
setting [57].

In summary, the early results using DCE-MRI in the eval-
uation of prostate cancer are promising, and the technique
has already been incorporated in the MRI/MRSI protocol in
selected centers [57]. However, more studies are necessary to
optimize the technology and protocols before DCE-MRI can
be used in the clinical setting routinely.
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Fig. 22.7 DCE-MRI study in a patient with biopsy-proven prostate
cancer in the left peripheral zone. DCE-MRI relative signal intensity
contrast uptake curve (a) for the tumour region of interest is typical
for malignancy due to rapid uptake and washout. Corresponding pixel
color maps of gadolinium transfer rate (b) and gadolinium washout rate
(c) are also shown superimposed on T2W anatomical images
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Fig. 22.7 (continued)

MRI diffusion-weighted techniques have also been used
in imaging of prostate cancer. At present, the data from the
literature are not uniform and the preliminary results indicate
that there is an overlap of the apparent diffusion coefficient
(ADC) in PZ tumors and in normal prostatic tissue [60, 61].

MR Spectroscopy of the Prostate Gland

The combination of MRI and 1H-MRSI may become an
important tool in the detection and staging of prostate cancer

[62–65]. 1H-MRSI of the prostate gland expands the diag-
nostic assessment of prostate cancer through the detection of
cellular metabolites and may potentially lead to noninvasive
differentiation of cancer from healthy tissue [66].

Normal prostate tissue contains high levels of citrate and
low levels of choline and creatine. Citrate is synthesized,
stored, and secreted by glandular tissue in the prostate [67–
70]. The choline peak consists mainly of choline, phospho-
choline, and glycerophosphocholine, which are constituents
of cell membrane synthesis and degradation pathways and
have been shown to be elevated in many malignancies [71–
74]. The creatine peak is comprised of creatine and phos-
phocreatine [63]. It should be noted that citrate levels of
normal prostatic tissue are higher in the peripheral zone
than in the central zone and transition zone. However, glan-
dular hyperplastic nodules of benign prostatic hypertrophy
can demonstrate citrate levels as high as those observed
in the peripheral zone. With improved technology, the
polyamines peak which lies between choline and creatine can
be resolved.

Pathology-proven prostate cancer shows a pattern of ele-
vated choline and reduced or no citrate (Figs. 22.5 and
22.8) compared to healthy peripheral zone tissue [63, 73,
75–77]. The differences in the concentrations of metabo-
lites are believed to be due to enhancement of phospho-
lipid membrane turnover associated with tumor cell prolif-
eration and increased cellularity and growth. It should be
noted, however, that while the citrate level falls in prostate
cancer, it is also reduced by prostatitis and post-biopsy
hemorrhage [78].

The individual choline + creatine/citrate ratio is used for
spectral analysis in the clinical setting because the spec-
tral peaks of creatine and choline often overlap and may
be inseparable [79]. The choline + creatine/citrate ratio for
normal prostate tissue has been established as 0.22 ± 0.13.
At present, there is no consensus about spectral interpre-
tation. The most frequently used method is the classifica-
tion system described by Kurhanewicz et al. [29, 63, 79].
In this system a voxel is classified as normal, suspicious, or
very suspicious for cancer. Sometimes the voxel may con-
tain non-diagnostic levels of metabolites or artifacts that may
obscure the metabolite frequency range. They should not
contain any metabolites with a signal-to-noise ratio greater
than 5. Furthermore, in voxels in which only one metabo-
lite is detectable, the other metabolites are assigned a value
equivalent to the standard deviation (SD) of the noise. The
voxels are designated as suspicious for cancer if the choline
+ creatine/citrate ratio is at least 2 SDs higher than the aver-
age ratio for the normal zone. Voxels are considered very
suspicious if the above ratio is more than 3 SDs higher than
the average ratio [63, 79]. At present, the relative size of the
voxels is large in proportion to the prostate, and radiological
virtual biopsies for diagnosis are not appropriate. Recently,



238 E. Sala and H. Hricak

B
Cho

Cr

Cit

Fig. 22.8 Sixty-seven-year-old patient with PSA 5.79 ng/mL, clinical
stage T1C, and biopsy Gleason grade 4+5. (a) Axial T2-weighted MR
image with region of suspicion outlined by the MR spectroscopy grid,
(b) MR spectroscopy grid demonstrating voxels suspicious for cancer in
peripheral zone with elevated choline and reduced citrate, (c) axial T2-
weighted MR image with color map overlay of the metabolic ratio (Cho
+ Cr / Cit), and (d) the histopathology step-section exhibiting cancer
(outlined; surgical Gleason grade 4+5) in the left posterior peripheral
zone

there has been increased interest in polyamine metabolism
in prostate cancer, and low levels of polyamines have been
reported in patients with prostate cancer [80].

Prostate Cancer Diagnosis
and Characterization

Diagnosis and characterization of prostate cancer is usually
achieved through histological examination following biopsy
or transurethral resection of the prostate. MRI is reserved
only for those patients in whom there is a clinical suspi-
cion of cancer, often when there is an elevated PSA with
two or more negative biopsies. In addition, the combination
of MRI/MRSI can be useful in providing information for
biopsy targeting or for quantifying the need for further biop-
sies [23, 51, 81]. Knowledge of pertinent clinical information
such as sextant biopsy results, DRE findings, and PSA level
prior to MRI/MRSI examination is important and results in
increased test sensitivity.

Digital rectal examination, transrectal ultrasound (TRUS)
images, and biopsy results (if the biopsies are separately
labeled) can usually provide accurate information on tumor
localization. However, there are limitations to this approach
[82, 83]. This is confirmed by a recent study compar-
ing DRE, TRUS-guided biopsy, and endorectal MRI in the
detection and localization of prostate cancer. The investi-
gators found that MRI performed significantly better than
the DRE in detecting cancer in the apex, mid-gland, and
base, and significantly better than TRUS-guided biopsy
in the mid-gland and base [84]. The addition of MRSI
to MRI significantly improves the specificity of tumor
localization [76].

One of the most challenging characteristics of prostate
cancer is its variability in biological aggressiveness. To deter-
mine the appropriate treatment options (which may include
deferral of treatment), it is very important to predict the so-
called indolent tumors. Kattan et al. developed nomograms
for the prediction of pathologically indolent cancer [85],
which they defined as organ-confined cancer with a volume
of less than 0.5 cc and no elements of Gleason grade 4 or
5. The variables used in the nomograms include PSA, clin-
ical stage, Gleason grade, proportion of cancer in a biopsy,
and prostate volume on ultrasound. In a recent study, the
accuracy of MRI in the detection of pathologically indolent
prostate cancer was 74.4% and that of combined MRI/MRSI
was 84.6% [86]. While the information from MRI/MRSI
and the nomogram is not sufficient to place a patient into
a surveillance program, it will assist with patient counseling
and decision-making [85].

Preliminary reports on MRSI assessment of tumor aggres-
siveness are promising. In a recent study [77], MRI/MRSI
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data from a subset of 123 patients were compared to step-
section histopathology. The study demonstrated that tumor
detection on MRSI is dependent on Gleason score. MRSI
overall sensitivity was 56% for tumor detection, increas-
ing from 44% in Gleason pattern 3+3 lesions to 89% in
lesions with Gleason pattern ≥ 4+4. There was a significant
correlation between (choline+creatine)/citrate and Gleason
score. Tumor volume assessed by MRSI also correlated pos-
itively with Gleason score [77]. Therefore, there is a ratio-
nale for adding MRI/MRSI to the pre-treatment evaluation
of patients with prostate cancer. To date, combined use of
MRI and MRSI has been limited to only a few centers, but
its role is expected to increase with the dissemination of the
technology.

There are controversial data on the value of DCE-MRI
in assessing tumor aggressiveness. Barentz et al. suggested
that very rapid enhancement occurs in very poorly differen-
tiated tumors [34]. Although more recent studies have found
a poor-to-moderate correlation between dynamic parame-
ters/T2 relaxation rate and Gleason score [56, 87], the tech-
nique is promising and further data are needed.

Prostate Cancer Staging

Currently, the revised TNM classification is widely used
in clinical practice to precisely stratify patients with newly
diagnosed prostate cancer (Table 22.1) [88]. MR imaging
plays an important role in the assessment of clinical T stag-
ing, being more accurate than CT, US, and DRE. The abil-
ity of MRI/MRSI to determine the location of the tumor,
presence or absence of extracapsular extension (ECE), sem-
inal vesicle involvement, and lymph node or bone metas-
tases is very useful in the pre-treatment setting, allowing for
more accurate prognostic and pathological estimations and
“evidence-based” treatment decisions.

The value of MRI staging was demonstrated in a 5-year
follow-up study of 1,025 cases staged radiologically before
prostatectomy [89]. Tumors with established ECE on MRI
had a significantly worse prognosis. A decision analysis
model suggested that pre-operative MRI was cost-effective
in patients with moderate and high risks of ECE [90]. MRI
accuracy on prostate cancer staging ranges between 50 and
92% [59, 91–93]. In a recent study, multivariate analysis of
endorectal MRI and other pre-operative variables (PSA, clin-
ical stage, Gleason score, % cancer in biopsy cores, peri-
neural invasion) showed that MRI findings are significant
presurgical predictors of ECE in patients with prostate can-
cer and add incremental value to clinical variables [93]. MRI
findings suggestive of ECE are (1) tumor envelopment of the
neurovascular bundles; (2) asymmetry of the neurovascular
bundles; (3) irregular, spiculated margins; (4) angulated con-

Table 22.1 TNM definitions for prostate cancer (AJCC Prostate Can-
cer Staging) [88]

Primary tumor (T)
TX: Primary tumor cannot be assessed
T0: No evidence of primary tumor
T1: Clinically the tumor is neither palpable nor visible by imaging

T1a: Tumor incidental histologic finding in 5% or less of tissue
resected
T1b: Tumor incidental histologic finding in more than 5% of tissue
resected
T1c: Tumor identified by needle biopsy (e.g., because of elevated
PSA)

T2: Tumor confined within prostate
T2a: Tumor involves one half of 1 lobe or less
T2b: Tumor involves more than one half of 1 lobe but not both lobes
T2c: Tumor involves both lobes

T3: Tumor extends through the prostate capsule
T3a: Extracapsular extension (unilateral or bilateral)
T3b: Tumor invades seminal vesicle(s)

T4: Tumor is fixed or invades adjacent structures other than seminal
vesicles: bladder neck, external sphincter, rectum, levator muscles,
and/or pelvic wall

Regional lymph nodes (N)
NX: Regional lymph nodes were not assessed
N0: No regional lymph node metastasis
N1: Metastasis in regional lymph node(s)

Distant metastasis (M)
MX: Distant metastasis cannot be assessed (not evaluated by any

modality)
M0: No distant metastasis
M1: Distant metastasis

M1a: Nonregional lymph node(s)
M1b: Bone(s)
M1c: Other site(s) with or without bone disease

tour of the prostate gland; (5) capsular retraction; and (6)
obliteration of the retroprostatic angle (Fig. 22.9) [25, 94].
Despite its high specificity in the identification of organ-
confined disease and extracapsular extension, owing to lower
sensitivity and large interobserver variability, the routine use
of MR imaging in the local staging of prostate cancer remains
controversial.

Reader experience in interpretation of prostate MRI is
important and remains a barrier to greater acceptance of the
test for preoperative imaging in many centers. The addi-
tion of MRSI to MRI has been shown to increase staging
accuracy for less experienced readers and reduce interob-
server variability [76]. A recent cohort study reviewed pre-
prostatectomy MR images of 344 consecutive patients with
biopsy-proven prostate cancer [95]. They demonstrated that
MRI findings are significant predictors of ECE and added
significant incremental value to clinical variables when the
images were interpreted by genitourinary radiologists expe-
rienced in MRI of the prostate rather than by general body
MRI radiologists.



240 E. Sala and H. Hricak

T

Fig. 22.9 Three different prostate cancer cases with extracapsular
extension of the tumor (T). T2-weighted axial MR images show asym-
metry of the capsule and obliteration of the rectoprostatic angle (arrow
in a), breach of the capsule with direct tumor extension and envelopment
of the left neurovascular bundle (arrow in b), and spiculated margin of
the capsule and retraction of the left neurovascular bundle (arrows in c)

Lymph node metastasis and seminal vesicle invasion
(SVI) are important predictors of tumor progression because
they are associated with high rates of treatment failure
[96, 97]. Bernstein et al. reviewed 124 patients with cT1c dis-
ease who were imaged by MRI prior to surgery [98]. They
found that MRI and pre-operative PSA levels were predic-
tors of SVI. In a recent cohort study of 612 consecutive
patients, Wang et al. compared preoperative MRI findings
to pathological specimens from radical prostatectomy and
found that MRI had a positive predictive value of 78% and
a negative predictive value of 94% for seminal vesicle inva-
sion [99]. The criteria for diagnosing SVI on MR imaging
are (1) focal area of low signal intensity within the semi-
nal vesicles; (2) seminal vesicle obstruction with associated
low-signal-intensity mass; (3) direct tumor extension from
the base to the undersurface of the seminal vesicles; and
(4) expanded, low-signal-intensity ejaculatory duct with
associated low-signal-intensity seminal vesicle (Fig. 22.10)
[25, 55]. Cross-referencing of images obtained in transaxial,
coronal, and sagittal planes is crucial for accurate diagnosis
of ECE and SVI. MR imaging is also helpful in evaluating
the extension of the disease to adjacent organs such as uri-
nary bladder and rectum. These are best appreciated on the
sagittal images.

DCE-MRI may be useful for selected patients with equiv-
ocal evidence of capsular penetration [33]. A recent study
demonstrated accuracy rates of 84, 97, and 97% for the detec-
tion of capsular penetration, seminal vesicle invasion, and
neurovascular bundle involvement, respectively [58].

Detection of Lymph Node Metastasis – Role
of MRI

The PSA levels recommended by the AUA for identifying
high-risk patients with lymph node and bone metastases are
15 and 20 ng/mL, respectively. However, there is wide vari-
ation in the cut-off values for PSA reported in the litera-
ture [100, 101]. The conventional criterion for detection of
metastatic lymph nodes on imaging (either CT or MRI) is
a short axis of 7 mm. MRI and CT have similar efficacy
in detecting lymph node metastases, with both modalities
having low sensitivity. A recent study of 411 patients with
clinically localized prostate cancer demonstrated that MRI
was a statistically significant independent predictor of LNM,
with positive and negative predictive values of 50 and 96%,
respectively. On multivariate analysis, prediction of lymph
node status using the model that included all MRI variables
(ECE, SVI, LNM) along with the Partin nomogram results
had a significantly greater AUC than the univariate model
that included only MRI LNM findings (p<0.01) [102].
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Fig. 22.10 Biopsy-proven Gleason grade 9 adenocarcinoma in a 68-
year-old man with a PSA level of 3.9 ng/mL. T2-weighted axial images
obtained at the levels of the base of the prostate (a) and the seminal
vesicles (b) show a low-signal-intensity tumor (T) involving the base
bilaterally, with invasion of both seminal vesicles (arrows in b). T2-
weighted coronal image (c) demonstrates expansion of both ejaculatory
ducts and low-signal-intensity tumor within both seminal vesicles (T).
T2-weighted sagittal MR image (d) shows direct tumor extension from
the base into the seminal vesicles (T)

High-resolution MRI with lymphotropic paramagnetic
ultra-small particles has demonstrated excellent results
in detecting prostate cancer metastasis in normal-sized
lymph nodes. Ultra-small paramagnetic iron oxide particles
(USPIO) are injected intravenously 24 hours before MR
imaging. They are slowly extravasated into the interstitial
space and are transported to lymph nodes via the lymphat-
ics, where they are internalized by macrophages. Due to the

Fig. 22.10 (continued)

T2 susceptibility effect, the normal part of the node loses
signal intensity because it contains macrophages, while the
metastasis remains of high signal intensity due to lack of
macrophages (Fig. 22.11). Initial work reported a sensitiv-
ity of 100% and a specificity of 80% [103]. A recent study
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Fig. 22.11 MR lymphography using ultra-small particles of iron oxide
(USPIO) in a patient with biopsy-proven prostate cancer. T1W image
(a) demonstrates a small left obturator lymph node. T2∗W image (b)
obtained 24 hours after administration of USPIO (Sinerem) shows a
high-signal-intensity node indicating lack of contrast uptake which is
typical for a metastatic lymph node

of 80 patients with prostate cancer who underwent lymph
node resection or biopsy after MR lymphography demon-
strated a sensitivity of 91% compared with a sensitivity of
35% for conventional MRI [104]. The use of this method in
intermediate- to high-risk patients has been shown to be cost-
effective [105].

Detection of Bone Metastasis – Role of MRI

Radionuclide bone scintigraphy is the initial imaging modal-
ity recommended for detection of bone metastasis in patients
with prostate cancer. However, MRI is superior to bone
scintigraphy in detecting bone metastasis in the axial skele-
ton [106] and is a useful problem-solving tool in patients with
equivocal bone scintigrams [107]. A study of 200 patients
with histologically proven prostate or breast cancer found
that only 4 patients (2%) had peripheral bone metastases,
which would have been missed by MRI [22]. Moreover,
three of these metastases were painful and thus would have
prompted further imaging anyway. Bone metastasis typically
has low signal intensity on T1-weighted MR images and
high signal intensity on T2-weighted images (Fig. 22.12).

Fig. 22.12 Biopsy-proven Gleason grade 8 adenocarcinoma in a 62-
year-old man with a PSA level of 8.6 ng/mL. T1- (a) and T2-weighted
axial images obtained at the level of the sacro-iliac joint (b) demon-
strate an area of low signal intensity causing expansion of the right iliac
bone and abutting the right sacro-iliac joint (arrows). Appearances are
consistent with bone metastasis
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However, more sclerotic lesions can have low signal inten-
sity on both sequences.

While at present bone scintigraphy remains the test of
choice for the detection of bone metastases, new MR tech-
niques such as the whole-body MRI survey may replace
bone scintigraphy in the future [108–111]. In a study by
Lauenstein et al. [109], 26 patients with known or sus-
pected bone metastases from different primary malignancies,
who had undergone radionuclide scintigraphy, were exam-
ined by MRI. Patients were placed on a rolling table platform
with integrated phased-array surface coils that was capable
of pulling the patient through the isocenter of the magnet.
T1-weighted gradient-recalled echo, half-Fourier-acquired
single-shot turbo spin echo, and short tau inversion recov-
ery images were obtained in the coronal plane. In addition,
the spine was imaged in the sagittal plane. The MRI screen-
ing for bone metastases correlated well with bone scintig-
raphy. Using the same technique, the same group recently
evaluated a total of 51 patients with known malignant tumors,
among whom 24 had suspected or known bone metasta-
sis. Whole-body MR imaging performed on a per-patient
basis revealed sensitivity and specificity values of 100%.
The regions missed by MRI were located mainly in the
ribs and skull. MRI could identify additional bone metas-
tases in spine, pelvis, and femur. The mean examination time
for whole-body MR imaging was 14.5 minutes [110]. One
limitation of MRI, however, is that other causes of altered
marrow signal (trauma, infection, etc.) can mimic metastatic
disease to the bone.

MR Imaging of Recurrent Prostate Cancer

Following primary treatment for prostate cancer, detection
of residual or recurrent disease is crucial in order to make
prompt treatment decisions for salvage prostatectomy fol-
lowing radiation failure or salvage radiotherapy after radi-
cal retropubic prostatectomy (RRP) failure and/or systemic
therapy. In patients who are potentially cured, the PSA level
should decrease to an undetectable level within a month and
should remain undetectable thereafter. Serial measurements
of PSA level and DRE are the standard tools used to moni-
tor tumor recurrence. The earliest and most common indica-
tion of recurrence is a rise of serum PSA level. Biochemical
relapse is defined as an increase in blood serum PSA levels
in three consecutive measurements. When the PSA is ele-
vated, the main consideration is the differentiation between
local and distant recurrence. A number of clinical nomo-
grams have been developed to predict whether a recurrence is
local or metastatic [8]. They are based on clinical parameters
such as tumor stage and grade at the time of diagnosis and the
PSA doubling time [8]. The incidence of biochemical relapse

following RRP or radiotherapy ranges from 15 to 53% [9].
A diagnostic work-up is generated when prostate cancer
recurrence is suspected due to rising PSA or a palpable
nodule at DRE.

MRI can be used to evaluate both local and systemic
recurrence, with endorectal MRI being capable of detecting
local recurrence even in patients with rising PSA but no pal-
pable tumor on DRE. Silverman and Krebs [112] reported
excellent sensitivity (100%) and specificity (100%) of MRI
in the evaluation of local recurrence following RRP. This
was recently confirmed in a study by Sella et al. (sensitiv-
ity and specificity of 95 and 100%, respectively) [113]. The
MR technique for detection of recurrent disease is similar
to that used for the pretreatment staging of prostate can-
cer. Following RRP, tumor recurrence is better appreciated
on T2-weighted axial images, on which it has higher signal
intensity than the adjacent muscle (Fig. 22.13) [112, 113].
Cross-referencing of all three planes of imaging is impor-
tant for accurate lesion localization and the use of the sagit-
tal plane is crucial in the detection of bladder neck invasion
(Fig. 22.10). Local recurrence can be detected on MRI at the
peri-anastomotic and retrovesical regions. However, 30% of
local recurrences can occur elsewhere in the pelvis, at the lat-
eral or anterior surgical margins or at sites of retained sem-
inal vesicles [113]. While seminal vesicle tissue does not
contribute to serum PSA, retained seminal vesicle following
RRP can be the source of confusion on rectal examination or
imaging. MRI can elegantly demonstrate the retained semi-
nal vesicles and differentiate them from fibrosis and tumor
recurrence [114]. MRI has the potential to guide a transrectal
biopsy to the recurrent sites and may lead to a better diagnos-
tic yield than TRUS.

Following pelvic radiation, however, assessment of
intraprostatic tumor location and parameters determining
local stage, specifically ECE and SVI, may be significantly
hindered by tissue changes related to radiotherapy. It has
been reported that diffuse decrease of T2-weighted signal
intensity within the gland and loss or indistinctness of zonal
anatomy make it more difficult to distinguish cancer lesions
from benign prostatic tissue [115]. On T2-weighted images,
recurrent tumors appear as low-signal-intensity foci com-
pared to the surrounding peripheral zone but have higher sig-
nal intensity than adjacent levator ani muscles.

Curative treatment options following failure of radiation
therapy for localized prostate cancer are limited. Additional
regimens of radiation are risky due to potential injury to the
rectum, urethra, or bladder. Hormonal therapy provides lim-
ited local tumor control that is not curative. While salvage
radical prostatectomy can result in prolonged disease-free
survival, its routine use has not been widely accepted because
of concerns for short- and long-term morbidity and because
of a tendency for clinical understaging prior to surgery. In
a recent study, MRI prior to salvage prostatectomy showed
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Fig. 22.13 T2-weighted axial (a) and sagittal (b) images of a 65-
year-old man with increasing PSA levels after radical prostatectomy
for a Gleason grade 8 adenocarcinoma of the prostate. An intermediate-
signal-intensity soft tissue mass (T) is seen invading the bladder neck,
and the appearance is consistent with recurrent tumor

substantial interobserver variability, even among readers with
similar experience in MRI interpretation [116]. Neverthe-
less, the accuracy of MRI in tumor evaluation prior to sal-
vage prostatectomy in this study was similar to the accuracy
of MRI for pretreatment staging. Endorectal MRI prior to
salvage prostatectomy achieved sensitivity/specificity values
of 76%/73% for tumor detection, 86%/84% for ECE, and
58%/96% for SVI [116]. These results suggest that infor-
mation obtained from MRI should be incorporated into the

criteria used to select patients appropriate for salvage radical
prostatectomy

Following radiotherapy, MRSI demonstrates an absence
of detectable metabolites in most voxels. However, the pres-
ence of voxels in which the only detectable metabolite is
choline should raise a suspicion of recurrent or residual
tumor. In a recent study of patients with biochemical failure
after external beam radiotherapy, MRSI had a sensitivity of
87% and a specificity of 72% for detection of recurrent tumor
[117]. Furthermore, in the same study, MRSI had a 100%
negative predictive value for the exclusion of local recurrent
tumor when there was no metabolic activity on spectroscopy.
A further study compared sextant biopsy, DRE, MRI, and
MRSI in nine patients with rising PSA after external beam
radiation therapy who underwent salvage radical prostatec-
tomy with step-section pathology. MRI and MRSI had esti-
mated sensitivities of 68 and 77%, respectively, while the
sensitivities of biopsy and DRE were 48 and 16%, respec-
tively. MRSI was found to have lower specificity (78%) than
the other three diagnostic tests, each of which had a speci-
ficity above 90% [118]. In patients who have had cryother-
apy, MRSI has been shown to be superior to MRI or TRUS
in determining local recurrence [50, 119].

An additional benefit of MRI over other imaging methods
is the ability to concomitantly evaluate pelvic lymph nodes
and osseous structures, resulting in the detection of all sites
of pelvic relapse in a single examination (see Section on
Prostate Cancer Staging).

Conclusions

We believe that a combination of MRI and MRSI pro-
vides detailed anatomic and metabolic information on the
prostate gland and surrounding pelvic structures, leading to
significant improvement in cancer detection and staging. It
also results in more accurate evaluation of tumor volume
and aggressiveness, allowing for better, more patient-specific
therapy. At present most of the published work has come
from major institutions with expertise. However, consider-
ing the benefits that MRI and MRSI have been shown to
offer patients, the skills and technology required to perform
these tests should be widely disseminated to make their rou-
tine use possible. Teamwork between members of radiology,
pathology, urology, and radiation oncology departments is
essential.
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Chapter 23

Prostate Carcinoma: Radionuclide Imaging and PET

N. Lawrentschuck, A.M. Scott, and D.M. Bolton

Nuclear medicine techniques play an important role in
the diagnosis, monitoring, and in some cases treatment of
prostate cancer. The earliest modality to have a large role in
the staging of prostate cancer was bone scintigraphy, and this
has remained an integral tool for over 30 years in the workup
of newly diagnosed disease or in follow-up staging. Several
radiolabeled agents such as strontium have also been used for
therapeutic treatment of disseminated disease, particularly in
the skeleton.

Two other developments again using radionuclides that
emit gamma rays are emerging. First, radiolabeled mono-
clonal antibodies that are directed against specific antigens
present on prostate cancer cells have emerged as a poten-
tial staging tool in prostate cancer. Second, prostate lym-
phoscintigraphy and intraoperative gamma probe application
for the detection of sentinel lymph nodes have emerged as
another useful technique of radionuclide imaging. In partic-
ular it has been a useful technique in identifying involved
lymph nodes in penile cancer.

Finally, positron emission tomography (PET) that relies
on the emission of positrons has become an increasingly
powerful oncologic tool, with its role in testicular cancer as
well as other organ malignancies now well established.

Bone Scintigraphy

Introduction

The current standard of practice for the detection of osseous
metastatic disease remains radionuclide bone scintigraphy
(bone scan). It remains the most widely accepted method for
evaluating the skeleton for evidence of metastatic prostate
cancer. Over time it has proven to be superior to clinical eval-
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uation, plain radiography, and serum measurements of acid
or alkaline phosphatase [1]. Bone scans have a sensitivity of
up to 95% for detecting bone metastases [2].

Radiology focuses predominantly on structure while
nuclear medicine provides complimentary information on
function. Radionuclide bone scanning is performed using
radiolabeled diphosphonates labeled with technetium such as
99mTc methylene diphosphonate (99mTc-MDP). The whole
skeleton may be easily visualized in a short study. Bone scans
are more sensitive than plain radiography for metastases
since lesions cannot generally be seen on radiographs until
50% of the bone mineral matrix has been lost, while bone
scanning needs only a relatively small increase in uptake due
to increased bone turnover to be positive [3].

Radionuclide Bone Scanning

Conventional bone scanning involves assessment of the
entire skeleton using the radiotracer 99mTc-MDP. After intra-
venous injection, the radiotracer is absorbed onto bone
surfaces and its uptake depends on local blood flow and
osteoblastic activity [4]. Patients are then placed under a
gamma camera where radioactivity from isotope accumula-
tion is detected, with uptake of radiotracer reflecting bone
mineral turnover. Advanced skeletal metastases are readily
detected using 99mTc-MDP scintigraphy (Fig 23.1), but early
metastases may be missed because this technique relies on
the osteoblastic reaction rather than the actual tumor being
detected [4, 5]. As such, the sensitivity is compromised
when attempting to detect microscopic or marrow infiltrate-
only disease or osteolytic lesions (which are uncommon in
prostate cancer).

Furthermore, the specificity may be compromised
because increased radionuclide accumulation may develop in
skeletal structures in response to malignant and benign bone
diseases. In particular, trauma, infection, Paget’s disease,
and other arthropathies or bone marrow disorders may cause
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Fig. 23.1 A positive bone scan demonstrating widespread uptake in the axial skeleton (“superscan”)

increased radionuclide accumulation [5]. False-positive bone
scans may result (Fig. 23.2) necessitating further clinical his-
tory; plain radiography and rarely histologic biopsy may be
necessary.

Bone scan accuracy appears to be maintained when
patients have been administered with bisphosphonates which
is becoming more common in prostate cancer with the
development of newer agents [6]. One study has examined
the impact of bisphosphonate therapy on bone scintigraphy
results by matching bone histology at autopsy with bone
scintigraphy findings in patients with hormone refractory
prostate cancer. Long-term pamidronate treatment of prostate
cancer bone metastases did not generally affect the ability to
detect bone metastases [7].

Staging Patients with Newly Diagnosed
Prostate Cancer

In a defining paper almost 30 years ago by Schaeffer and
Pendergrass [8], 43% of patients with prostate cancer having
an abnormal bone scan had no bone pain and a further 23%
had normal serum alkaline phosphatase values. Hence bone
scans were performed routinely in the evaluation of patients
with newly diagnosed prostate cancer prior to the prostate-

specific antigen (PSA) era to detect the presence or absence
of bone metastases as serum blood tests were not reliable
indicators of osseous disease [9].

However, in the PSA era, the notion of routine bone
scan on diagnosis of prostate cancer has been challenged
and redefined. In two landmark papers from the Mayo
Clinic (Rochester, USA) involving almost 1400 patients,
bone scintigraphy was consolidated as an important tool in
patients newly diagnosed with prostate cancer in the PSA
era. Chybowski and colleagues examined 521 randomly cho-
sen patients with newly diagnosed prostate cancer and found
that a serum PSA value less than 20 μg/L had a negative
predictive value of 99.7% for bone scan findings. Clinical
stage, tumor grade, serum acid phosphatase or prostatic acid
phosphatase, or any combination of these had the predictive
power of PSA alone [1, 10]. In the second study of 852 con-
secutive patients with newly diagnosed, untreated prostate
cancer, with a serum PSA of 20 μg/L or less, the rate of
false-negative results for PSA cut-off levels less than 20 μg/L
was less than 2% [1]. Examining the figures from this study
closely, the rate of false-negative results for an abnormal
bone scan result was 0% with a serum value of 8 μg/L, or
less, and 0.5% with a cut-off level of 10 μg/L. After these
two studies it was generally considered that with a low PSA
(less than 10 or 20 μg/L) a bone scan was not indicated in the
absence of bone pain or a high-grade tumor (Gleason score 8
or above).
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Fig. 23.2 A false-positive bone scan (“superscan”) in a 75-year-old
gentleman with prostate cancer who also had a concurrent hematologi-

cal disease affecting bone marrow turnover that was responsible for the
radiotracer uptake

Oesterling further emphasized that any test in medicine,
including bone scans, will have false-negative results [1].
As such, patients should have a critical evaluation of their
circumstance before a bone scan is denied based on PSA
alone. In particular, patients having any prior treatment for
prostate cancer such as radiotherapy, radical prostatectomy,
or androgen deprivation therapy and those having treatment
for benign prostatic hyperplasia (BPH) such as a 5-alpha-
reductase inhibitor (finasteride or dutasteride) should be con-
sidered to have an unreliable serum PSA level with regard to
predicting bone scan results.

The remaining controversy as to the role of bone scintig-
raphy in the initial assessment of prostate cancer is whether
or not to perform a bone scan at first diagnosis in the absence
of bone pain and a PSA in the range of 10–20 μg/L. The
initial larger studies did not support a bone scan in patients
with a PSA <20 μg/L. A recent study of 631 consecutive
patients with newly diagnosed prostate cancer supported the

initial larger studies whereby those patients with a low Glea-
son score, low PSA (<15 μg/L), and no bone pain could have
a bone scan omitted [11]. The economics of omitting a bone
scan are also important and have been highlighted in low-
risk patients [1, 11]. However, recent literature suggests that
there is still a demonstrable risk of bone metastases with a
PSA under 10 μg/L [12] while other studies have also rec-
ommended a PSA cut-off of 10 μg/L for inclusion of bone
scanning in the initial assessment [12–16]. Some have pro-
posed bone scintigraphy where the combination of a serum
alkaline phosphatase of >90 U/L together with bone pain and
a PSA greater than 10 mg/ml exists but this needs further
studies [17].

Patients with low-risk prostate cancer are unlikely to have
metastatic disease documented by bone scan or CT. There-
fore, these investigations should not be standard practice.
However, symptomatic patients or those with PSA 20 ng/ml
or greater, locally advanced disease, or Gleason score 8 or
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greater are at higher risk for bone metastases and should be
considered for bone scan [18].

Assessment of Disease Activity and
Treatment Response with Bone Scans

Re-staging Patients with a Rising PSA

In most cases of prostate cancer, recurrent disease presents
initially as a rise in serum PSA (biochemical recurrence).
Approximately one-third of patients undergoing radical
prostatectomy or definitive radiation therapy will develop
biochemical recurrence [19]. In many cases the rise in PSA
is not accompanied by symptoms or any other signs on imag-
ing of disease recurrence [20]. The clinical behavior of this
group of patients is considered extremely heterogeneous and
many patients will survive for 5–10 years with an elevated
PSA as the only evidence of ongoing disease [19]. Imaging
studies are frequently negative, especially in the initial stages
of the rise, although there are exceptions where PSA does not
reflect disease burden [21]. Patients having androgen therapy
are certainly in this category [22].

The role of bone scans in the re-staging of prostate can-
cer depends on the clinical scenario. Early recommendations
were for a routine bone scan in patients having radical prosta-
tectomy who develop detectable PSA levels (biochemical
recurrence) [20]. A survey among urologists revealed that
70% order a bone scan as part of a workup of patients with
a rising PSA after radical prostatectomy [23]. Also, younger
urologists are more likely to order a bone scan [24]. How-
ever, a positive bone scan in the setting of a PSA less than
10 μg/L has been demonstrated to be only 1 or 2% [25, 26].
Other studies supported omitting a bone scan with biochem-
ical recurrence when their PSA is less than 2 [16] or 7 μg/L
[27].

The principle use of bone scans is in patients with ris-
ing PSA values (Fig. 23.3). In a study by Cher and Bianco
of 93 patients with 144 bone scans, the lowest PSA in the
absence of adjuvant hormone treatment recording a posi-
tive bone scan was 46 ng/mL. They conducted an analy-
sis revealing that stage, grade, preoperative PSA, and time
to recurrence were not predictive of bone scan result. The
degree of PSA recurrence and speed >5 μg/L per month
were however predictive. The authors recommended that no
bone scans should be performed before a significant PSA rise
(greater than 40 ng/mL) in the absence of hormonal manipu-
lation as for almost all patients the scan would be negative.
Jhaveri and Klein concluded that bone scans in patients with
a PSA recurrence after RP have limited usefulness until the
PSA is 30 μg/L. These studies were also supported by Kane

Fig. 23.3 Re-staging a 68-year-old gentleman with hormone refractory
prostate carcinoma and a rising PSA to 59 μg/L. Widespread metastatic
disease is apparent

et al. who followed 127 patients with biochemical recurrence
with a bone scan, with 9% positive having a mean PSA of
61 ng/mL. PSA velocity was also an important determinant
of scan result. A smaller study of post-radical prostatectomy
patients with a biochemical recurrence also concluded the
chances of finding a positive bone scan in the early stages
were less than 5%.

Thus, routine bone scanning in the setting of early bio-
chemical recurrence is probably unwarranted, especially
with a PSA below 10 ng/mL, unless there is a rapid PSA
rise and clinical symptoms. The published data do not clearly
define a PSA threshold below which bone imaging should
not be used and this could only be achieved by a large
prospective study [28]. However, bone scans and possibly CT
scans are often recommended in any patient with biochem-
ical recurrence and who is being considered for additional
salvage therapy [29].
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Use of Serial Bone Scans in Monitoring
Metastatic Prostate Cancer

In one study of 315 bone scans in 114 patients ranging from
initial scan only to nine scans per patient, 17 patients had
positive scans, 10 on initial scan, and 7 at follow-up. Nine
patients had bone pain at the time of the first positive scan
and pain developed in two patients 6 months and 2 years
later, respectively. The other six patients are still asymp-
tomatic 1–4 years later. False-positive scans were found in
six other patients. No patient with bone pain had a nega-
tive scan [30]. This study and others suggest that routine
bone scans in asymptomatic patients should be undertaken
only where there is a high suspicion of skeletal complica-
tions based on other parameters.

The probability of positive findings in serial bone scans
in untreated, localized, low to intermediate grade prostate
cancer is also low when the follow-up PSA level remains
<15 μg/L [31]. Avoiding bone scans in this group of patients
would translate into a significant cost saving and reduction in
their psychological and physical burden [32].

The monitoring of therapeutic response of hormonal and
other treatments with bone scans is also clinically useful
(Fig. 23.4); however the possibility of increased uptake due
to a ”flare” response should always be considered. With hor-
mone blockade approximately 3 weeks following initiation
of treatment, most skeletal metastases from prostate cancer
will demonstrate significantly enhanced radiotracer uptake
relative to normal bone. Consequently, in the future it may
be possible to improve the uptake and effectiveness of ther-
apeutic bone-seeking radiopharmaceuticals by administer-
ing these agents following hormone therapy in patients with
prostate cancer metastases [33].

Prognosis

Classifying bone scans according to the site of metastases
(axial versus appendicular) had many advantages. It is easy
to understand and may assist the urologist in predicting the
patient prognosis. Axial metastases carry a better prognosis
than appendicular metastasis [34]. In addition the percentage

Fig. 23.4 Re-staging a 76-year-old gentleman after hormonal ablation therapy. The images on the left demonstrate widespread axial metastases
while those on the right display a reduced uptake after treatment
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of area positive on bone scan is a novel parameter for predict-
ing the prognosis of patients with advanced prostatic cancer
[35].

Summary of Bone Scanning in Prostate
Cancer

Radionuclide bone scanning is still an important tool in
the diagnosis, staging, and management of prostate cancer
(Table 23.1). Current guidelines still recommend a bone scan
at diagnosis when a PSA is greater than 20 ng/mL, although
evidence for undertaking a scan at greater than 10 ng/mL
is gaining weight. For patients undergoing follow-up or re-
staging, a level of 20 ng/mL or higher should necessitate
a bone scan. When higher grade or stage disease occurs,
or clinical symptoms of skeletal disease are present, PSA
alone should not determine whether or not a bone scan is
to be undertaken. Certainly, other imaging studies such as
positron emission tomography will improve and may chal-
lenge radionuclide bone scanning in the future, but fur-
ther studies are necessary and data still strongly favor bone
scintigraphy.

Radioisotopic Treatment of Bone Pain from
Metastatic Prostate Cancer

Bone metastases are the commonest cause of pain in can-
cer patients resulting from tumor infiltration and extension of
the periosteal membranes, mechanical instability, and tumor
spread from bone to contiguous neurological structures [36].
Radionuclide therapy works on the principle of internal

Table 23.1 Bone scintigraphy in asymptomatic prostate cancer
patients

Disease phase Indications for bone scan

Staging
Initial diagnosis/ PSA 20 μg/L or greater∗
Assessment Locally advanced disease

Gleason score ≥8
Re-staging
Monitoring untreated disease PSA rise to 15 μg/L or greater

Locally advanced disease
Gleason score ≥8

Biochemical recurrence PSA rise to >10 μg/L∗∗
PSA velocity >5 μg/L per month

Post-hormonal treatment As clinically indicated
Avoid flare period early in treatment

as false
positives

∗ PSA in range 10–20 μg/L remains controversial
∗∗ Low yield until PSA >30 μg/L

targeting and the systemic administration of radionuclides
may be effective in treating symptomatic bony, metas-
tases pain. The most commonly used agent is strontium-89
chloride, a calcium analogue, which is administered intra-
venously and preferentially localizes in tumor effectively
irradiating the affected bone at a cellular level [3]. Favorable
results with strontium have been reported with pain relief in
75–80% of patients, typically 1–3 weeks after treatment with
the benefits often lasting many months [37, 38].

Other agents used for the treatment of bone pain
include rhenium-186-hydroxyethylidine diphosphonate that
is a beta-particle and gamma-photon-emitting radionuclide
with a half-life of 3.7 days [39]. In a randomized controlled
trial, compared with placebo, rhenium-186 resulted in a sig-
nificantly longer pain response in the treatment of bone
pain from metastasized prostate cancer [40]. Samarium-153-
ethyleniaminetetramethylene phosphoric acid has a half-life
of 1.9 days and has similar properties to rhenium-186 offer-
ing pain relief in 70% of patients [39, 41, 42]. Other agents
with similar properties continue to be developed such as tin-
117m stannic diethylenetriaminepentaacetic acid [43].

Patients with multifocal metastatic disease are excellent
candidates for systemic therapies, whereas patients with uni-
focal metastatic disease may be more appropriate candidates
for focal therapies such as external-beam radiation. Patients
who are poorly tolerant of narcotics should be actively con-
sidered for alternative treatments such as systemic radiophar-
maceuticals [44].

Contraindications to administration of current bone-
seeking radioisotopes include substantial degrees of renal
insufficiency or bone marrow suppression, with the most
often encountered toxic side effect of treatment being throm-
bocytopenia that is often mild, clinically silent, requiring no
specific medical intervention. Also, radioisotopes should not
be used to prevent fractures or when imminent spinal cord
compression is a possibility as the agents are not potent or
rapid enough in their action [44, 45].

In summary, several radionuclides are available for relief
of pain in prostate cancer patients with bone metastases. All
provide pain relief within 2–3 weeks after a single intra-
venous injection, with effects typically lasting three or more
months [45]. Treatment may be repeated at approximately
8- to 12-week intervals, depending on the time of return
to normal leukocytes and platelet counts [46]. A temporary
increase in pain is possible (flare phenomenon), similar to
that with the administration of LHRH agonists, but is typ-
ically short in duration. Radionuclide treatment of painful
bone metastases reduces the need for analgesics and may
improve the quality of life, but we cannot accurately predict
who will or will not respond [45, 46]. There are known con-
traindications and side effects that must be considered prior
to administration.
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Positron Emission Tomography

Introduction

Positron emission tomography uses radioisotopes that
undergo positron emission decay. Positrons are emitted from
the unstable radionuclide and interact with an electron in the
surrounding tissues, resulting in an annihilation reaction with
subsequent release of two 511 keV photons in opposite direc-
tions. A sophisticated ring detector surrounding the patient
then detects the coincident photons and registers the interac-
tions in the image [5].

Several different isotopes are available for use in PET
scanning (Table 23.2) and a cyclotron is required to pro-
duce the radioisotopes. By tagging radioisotopes to naturally
occurring substances in the human body, PET scanning is
able to supply unique information on the metabolic activity
of a tissue [47]. The most commonly used radionuclide in
PET scanning combines the radioisotope fluorine-18 with the
D-glucose analogue: 2 fluoro-2-deoxy-D-glucose (18F-FDG).

Tumor imaging with 18F-FDG is based on the premise that
tumors are more metabolically active than their surround-
ing tissues and thus will metabolize more glucose. Tumor
cells actively take up and shuttle 18F-FDG into glycoly-
sis [47]. Once the cycle has begun, the glucose is phos-
phorylated to 18F-FDG-6-phosphate by hexokinase. This
metabolite becomes trapped and cannot proceed along the
normal pathway of glucose metabolism. Over time, increased
amounts of 18F-FDG accumulate within malignant cells.
This abnormal concentration of 18F-FDG in the tumor cells
produces a detectable signal that is greater than the back-
ground, thus allowing isolation of tumor deposits [47].

Advantages of Positron Emission Tomography

Positron emission tomography (PET) offers the advantage
that no allergy to FDG is known and a pacemaker or metal
implants are not contraindications [48]. PET has developed
as a reproducible and reliable imaging technique in a variety
of malignancies, such as sarcoma, lung carcinoma, and head

Table 23.2 Commonly used isotopes in PET scanning and their
half-life

Radioisotope Half-life

Fluorine-18 110 min
Carbon-11 20 min
Bromine-75 98 min
Oxygen-15 2 min
Nitrogen-13 10 min
Indium-111 67 h

and neck tumors. This is because it is able to noninvasively
measure the biochemical and/or physiological processes in
vivo [49]. As outlined above the most common radiotracer
used in PET imaging is 18F-FDG which is able to exploit
the increased rate of glycolysis in tumor compared to nor-
mal cells, leading to accumulation of this tracer in tumor
foci [50]. Although the role of 18F-FDG-PET in germ cell
tumors and in particular diagnosing recurrence of seminoma
in post-chemotherapy masses is now widely established and
supported in the literature [51, 52], the place of PET in uro-
logic oncology has not been completely defined and is fluid
as technology and our understanding of tumor metabolism
develops. In particular, the application of PET to prostate
cancer has been difficult due to the slow rate of tumor growth
that is reflected in a low rate of glycolysis [53].

Current radiographic techniques such as computerized
tomography and CT are often unable to accurately stage
the extent of prostatic carcinoma [54, 55]. Some promising
studies with endorectal coil have offered promise in improv-
ing local staging with MRI, but offer little information as
to metastatic disease MRI spectroscopy [56]. The relatively
recent introduction of combined PET-CT (Fig. 23.5) has been
recognized in clinical oncology as a major advance over co-
registration of PET with CT data due to the ability PET-CT to
combine morphological and functional imaging on the same
patient simultaneously, allowing greater diagnostic accuracy
[57, 58]. It has been suggested that PET-CT could even be
used as a first-line investigation fore re-staging post-radical
prostatectomy, although more data are required [59].

Limitations in Positron Emission Tomography
of the Prostate

Perhaps the greatest limitation to PET in the urinary tract is
that interpretation of uptake is often impaired by the normal
urinary excretion of radioisotope. This has led to difficulties
in interpretation of pathological uptake in renal tumors and
bladder tumors, as well as with prostate cancer [19, 60]. It
is predominantly pooling of radioisotope in the bladder com-
bined with normal bladder activity that hampers the assess-
ment of prostate activity. Diuretics such as frusemide as
an aid may have a role, but this has not been widely used
with most centers relying on hydration [60, 61]. The use of
catheters with continuous bladder irrigation although time
consuming but possible did not aid diagnosis of prostate
cancer [62].

The low sensitivity of 18F-FDG-PET for prostate cancer
is also contributed by the relative indolence of the tumor in
the majority of patients, especially at diagnosis. The glucose
utilization of prostate carcinoma cells is not enhanced signifi-
cantly enough compared to normal cells to allow delineation
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of the tumor on a PET study [45]. In addition to prostate
cancer having a low rate of glycolysis as outlined, another
issue of concern is that there is often overlap in the degree
of local uptake between prostate cancer and benign prostatic
hyperplasia [62, 63]. This overlap also makes interpretation
of recurrence difficult as 18F-FDG is not useful in distin-
guishing between postoperative scar and local tumor recur-
rence after radical prostatectomy [64].

Fluorodeoxyglucose (18F-FDG) and the
Prostate

18F-FDG-PET imaging in prostate cancer has been problem-
atic due to well-differentiated prostate cancer having lower
glucose utilization than many other tumor types. When this
is combined with the prostate’s close proximity to the blad-
der, where there is intense accumulation of 18F-FDG, there
is difficulty diagnosing primary prostate cancer [65, 66]. Fur-
thermore, Effert et al. found a low 18F-FDG uptake in 81%
of primary, untreated prostate tumors and no correlation with
increasing tumor grade or stage [62]. Benign prostatic hyper-

trophy may also accumulate an amount of 18F-FDG that is
similar to that in untreated primary prostate cancer, partic-
ularly if any inflammation is present [62, 66]. Further to
this, Hofer et al. confirmed it was difficult to distinguish
with 18F-FDG true recurrence from postoperative scarring,
inflammation, and benign prostatic hyperplasia following
radical prostatectomy [67]. Also, following treatment with
androgen ablation, uptake may further decline in prostate
cancer [68].

As far as metastatic disease is concerned, a positive pre-
dictive value of 98% was found for those metastases that
were untreated (Figs. 23.5 and 23.6) [69]. However, prob-
lems were encountered in identifying pelvic lymph node
metastases from reactive nodal disease (due to the small size
of tumor deposits in lymph nodes), which is a key clini-
cal differentiator of localized versus locally advanced dis-
ease and would have an impact on treatment decisions [69].
Finally, although 18F-FDG-PET can provide useful informa-
tion and improve the clinician’s decision on further man-
agement procedures in selected patients with low PSA and
bone or lymph node changes, a negative PET scan in prostate
cancer should be interpreted with caution [32].

Fig. 23.5 A 60-year-old smoker
with prostate cancer presents
with a suspicious lesion on chest
X-ray. The 18F-FDG-PET/CT
(left= PET; center= CT; right=
fused PET/CT) study in three
planes (sagittal above; axial
central; coronal below) confirms
uptake in the right upper lobe
lesion that histology
demonstrated adenocarcinoma
of the prostate
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Fig. 23.6 A 73-year-old smoker
with known prostate cancer had
an incidental left upper lobe
lesion found on radiographs for
osteoporosis. The 18F-FDG
-PET/CT was able to
demonstrate uptake of
radiotracer. At biopsy it was
demonstrated to be non-small
cell lung adenocarcinoma

Other Radiotracers for Prostate Cancer

As imaging of glucose metabolism has not proven a dra-
matically useful tool to date, radiotracers able to identify
cell membrane turnover, protein synthesis, DNA synthesis,
and testosterone metabolism within the prostate are currently
being investigated.

Choline: Fluorocholine (FCH) and Carbocholine
(11C-Choline)

Choline is necessary within the human body for the synthe-
sis of phospholipids in cell membranes, methyl metabolism,

transmembrane signaling, and lipid-cholesterol metabolism
and transport [70]. Magnetic resonance spectroscopy has
provided evidence via in vivo studies to support the role
of increased choline metabolism as a prominent feature of
prostate cancer [71, 72]. Prostate cancer cells contain higher
levels of choline metabolites relative to normal prostate and
epithelial stromal cells on spectroscopy. Abnormal choline
metabolism being a frequent feature of malignant transfor-
mation has generated substantial interest in this metabolic
pathway as a tumor marker and therapeutic target [72].

Although the use of radiotracers based on choline has
been studied in over 250 patients with prostate cancer, there
have been mixed results using choline with two represen-
tative studies [19, 71, 73]. First, in a study of 14 patients,
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a high uptake of 11C-choline was demonstrated to
characterize not only carcinomatous but also hyperplastic
prostatic tissue [73]. Again, one of the same limitations
of 18F-FDG. Alternatively, in a study of 17 patients, using
18F-fluorocholine (18F-FCH), a radiotracer based on fluorine
rather than carbon, malignant tumors in the prostate may
be localized based on 18F-FCH uptake [71]. 18F labeling of
choline was investigated as a tracer because it was postulated
that 18F would be superior to 11C because of its longer half-
life and its shorter positron range [74]. Overall results sug-
gest choline-based radioisotopes may be potentially useful
for staging and localizing prostate cancer but more data are
required.

Methionine (11C-Methionine)

The uptake of 11C-methionine reflects increased cellular
proliferation, amino acid transport, and partially protein
synthesis [75]. Biodistribution of 11C-methionine over 18F-
FDG has been compared in a study of men with hormone
refractory prostate cancer, with both demonstrating good
uptake [76]. However, an advantage of 11C-methionine over
18F-FDG is that it is primarily metabolized in the liver and
pancreas with no significant renal excretion making interpre-
tation of tumor to background more reliable. [77].

Acetate (11C-Acetate)

The uptake of acetate in malignant cells is related to lipid
synthesis [78]. Acetate is converted to acetyl-coenzyme A
in the mitochondria, followed by rapid clearance as carbon
dioxide through the citric acid cycle [79]. 11C-acetate can
demonstrate areas of high metabolism and blood flow such as
are found in normal renal parenchyma [66]. Increased uptake
in renal malignancies without significant excretion into the
urinary tract has been demonstrated [80].

Unfortunately acetate is not a cancer-specific radiotracer
and accumulates in both normal and hyperplastic tissues. In
one study 11C-acetate uptake was greater in normal prostate
tissue in men under the age of 50 years compared with benign
prostatic hyperplasia or normal prostate of older patients
[81]. The role of 11C-acetate is yet to be defined in men with
prostate cancer.

Fluorodihydrotestosterone (FDHT)

The androgen receptor has an important role in the prolif-
eration and growth of prostate cancer. Virtually all patients
with prostate cancer respond to androgen withdrawal but

eventually the cancer will begin to grow, despite continued
low levels of androgen [19]. Logically, a tracer based on
testosterone could potentially help delineate when a tumor
is androgen responsive. Fluoro-5 alpha-dihydrotestosterone
(FDHT) is a new PET radiopharmaceutical that exploits the
metabolism of testosterone and its derivatives in the prostate.
A recent clinical trial provided the opportunity for refinement
of normal-tissue radiation-absorbed dose estimates based
on quantitative PET using FDHT [82]. Clinical studies are
unavailable at present.

Fluorothymidine (FLT)

DNA synthesis is an obvious target for any imaging modality,
given that tumor cells have a higher turnover than benign tis-
sue. Radiotracers based on the nuclide thymidine have been
developed.

18F-Fluorothymidine (18F-FLT) has successfully imaged
implanted prostate tumors (CWR22) in mice with a marked
reduction of 18F-FLT uptake in tumor after castration or
diethylstilbestrol treatment. However, there were no differ-
ences in 18F-FLT uptake in the tumor in the control group.
These changes of 18F-FLT uptake in tumor parallel the
changes of actual tumor measurement. Their results indicate
that 18F-FLT is a useful tracer for detection of prostate can-
cer in an animal model and that it has the potential for mon-
itoring the therapeutic effect of androgen ablation therapy in
prostate cancer [83].

Applications of PET in Oncology

PET applications in cancer medicine have been focused on
three clinical goals: (1) detection and diagnosis; (2) staging;
and (3) treatment monitoring. Paralleling these clinical goals,
basic investigations are being pursued to develop better PET
methods that are specific for cancer and, more fundamentally,
to use PET as a tool for achieving a better understanding of
cancer biology.

Furthermore, with regard to prostate cancer and imaging
an ability to delineate malignant areas within the prostate
gland could potentially aid in treatment planning [57].
Although the entire prostate gland would be likely to remain
the target for treatment when treating organ confined disease,
knowledge of the intraprostatic distribution of tumors could
potentially enable higher doses of the therapeutic agent (e.g.,
radiation, microwaves) to the most involved areas of the
gland, the ultimate goal being more efficacious treatment
with fewer side effects [71].
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Diagnosis and Local Staging

There has been disappointing data in relation to the uptake of
18F-FDG in primary prostatic tumors. In studies of 18F-FDG
uptake in diagnosis of prostate cancer, considerable overlap
was found between carcinoma, which displayed low-grade
FDG uptake and the uptake in BPH [62, 84].

Even if one changes to a different radiotracer such as
11C-acetate; the results improve but are not acceptable as an
alternative to currently used nomograms. Also, local nodal
disease has not been adequately assessed in such studies [85].

In a study of 42 patients prior to definitive surgery or
radiation, 18F-FDG-PET appeared to have a defined prog-
nostic value for patients with prostate cancer undergoing
radical prostatectomy, and more patients need to be studied
for patients undergoing endocrine therapy [86].

Re-staging

In a study of 100 patients by Picchio et al., 11C-choline-PET
seems to be useful for re-staging post-radical prostatectomy

where there is a rising serum PSA. It was shown to be supe-
rior to 18F-FDG at re-staging the disease and complimen-
tary to other conventional imaging techniques such as bone
scintigraphy, MRI, and computerized tomography but with
the advantage of being undertaken in a single step. There
were, however, potentially up to 53 false-negative cases,
given that eight had biopsy confirming recurrence and the
remaining patients were disease free at 1 year with relatively
stable PSA readings [59].

Pet Versus Bone Scintigraphy for Metastatic
Bone Lesions

Studies examining osseous metastases from a variety of
tumors using PET found it to be a promising tool (Figs. 23.7
and 23.8) when compared to bone scan because it detects
the tumor directly by metabolic activity rather than indirectly
by demonstrating increased bone mineral turnover [5]. Sev-
eral studies have found PET to be superior to bone scan
in detecting osseous metastases [87–89]. However, it must
be pointed out that although the specificity of PET may be

Fig. 23.7 A 68-year-old smoker
with hormone refractory
prostate cancer with a rising
PSA to 39 μg/L and suspicious
chest X-ray finings had a
thoracic 18F-FDG-PET study.
Multiple widespread 18F-FDG
avid osseous metastases were
demonstrated even on an old
generation PET study
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Fig. 23.8 A new generation
18F-FDG-PET/CT (left= PET;
center= CT; right= fused
PET/CT) study in three planes
(sagittal above; axial central;
coronal below) identifying an
obvious L4 bony metastasis
(arrow) in a patient with
metastatic prostate cancer

greater than bone scan for detecting metastases, PET also
has false-positive results. Any tissue metabolism resulting in
increased glucose utilization may be positive, in particular
sarcoid and infection. Also, with regard to prostate cancer,
data are limited compared to the many studies using bone
scintigraphy.

Summary

At present, the contribution that PET studies may make to
the diagnosis, staging, and treatment of patients with prostate
cancer is limited. However, many studies were performed
using the radioisotope FDG, which is limited by the gly-
colic rate of tumors. Furthermore, urinary tract excretion and
accumulation of tracer in the bladder make interpretation dif-
ficult. However, with the development of PET-CT providing
better localization of organs and with greater understanding
of newer isotopes, PET will influence prostate cancer man-
agement in the future. At present 18F-FDG-PET has a role in
staging and re-staging but not diagnosis while choline-PET
is promising but requires further studies (Table 23.3).

Also, it is apparent that despite technological advances
with imaging techniques such as computed tomography
(CT), magnetic resonance imaging (MRI), and ultrasound,
they have not proved to be highly accurate for staging
prostate cancer [90]. This will only serve to increase research
using different radioisotopes and their role in prostate cancer.

Monoclonal Antibodies:
Radioimmunoscintigraphy

Introduction

Labeled monoclonal antibodies directed against specific anti-
gens on prostate cancer cells have been developed in the
past decade for radioimmunoscintigraphy. The most widely
studied is 111indium-labeled monoclonal antibody or indium-
111-capromab pendetide (111indium-CP or Prostascint, Cyti-
gen, Princeton, NJ, USA) [91–93]. 111Indium-CP is a whole
murine antibody that is reactive with prostate-specific mem-
brane antigen (PSMA), a glycoprotein on the surface of
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Table 23.3 Summary of current PET and molecular imaging applications in prostate carcinoma

Molecular imaging modality Disease stage Current recommendation

18F-FDG-PET Diagnosis Staging and Re-staging Not useful Useful for visceral, lymph node and bony
disease

PET with new radiotracers e.g.,
11C-choline

Diagnosis, staging and re-staging Promising but more clinical data needed

Radioimmunoscintigraphy
(Immuno-PET)

Diagnosis Staging and re-staging Not useful Promising but further clinical data needed

Sentinal node
localization/lymphoscintigraphy

Preoperative node localization/node
identification for excision

Promising but further clinical data needed

PET Camera

gamma-photons

Antigen
Specific
Monoclonal
Antibody

Tumour
Associated
Antigen

Radioisotope

Antigen Expressing
Tumour Cells

Fig. 23.9 Diagram of immuno-PET (radioimmunoscintigrapy)

normal and abnormal prostate epithelium [94]. Once accu-
mulated at metastatic sites the radioactive isotope decays,
resulting in the emission of gamma rays that are detected
by a gamma camera (Fig. 23.9). In most instances, SPECT
acquisition (single photon emission computed tomography)
is utilized to detect emissions and thus construct three-
dimensional images from the antibody rather than a stan-
dard gamma camera that provides only two-dimensional
images (Fig. 23.10). PSMA scintigraphy using (99m)Tc-
labeled MUJ591, a different antibody, has also been studied
[95].

Indium-111-CP is a whole IgG antibody that clears rela-
tively slowly from the blood stream and so imaging proto-
cols are time consuming and must be performed over several
days [45]. To speed up the process and improve accuracy,
the study may be performed in conjunction with a 99mTc-
labeled red blood cell procedure so that blood pool activity
may be adequately evaluated [45, 96]. In future management
of recurrent prostate cancer, fusion with magnetic resonance
imaging or computed tomography of the pelvis can improve
the specificity of the examination [97, 98].

Fig. 23.10 Indium-111-capromab pendetide radioimmunoscintigra-
phy: a negative scan (left) and a positive scan (right) demonstrating
uptake in pelvic nodal disease. Provided by Cherry T. Thomas, M.D.,
Digital Image Processing Lab, Department of Radiology, University of
Michigan Health Systems, USA

Preoperative Staging Using
Indium-111-Capromab Pendetide
Radioimmunoscintigraphy

Prognostic information has also been obtained using
111indium-CP studies. Radioimmunoscintigraphy had an
impact on patient management through its detection of occult
disease in more than 50% of prostate carcinoma patients
studied with 80% accuracy in detecting involved nodes,
thus providing information concerning the likelihood that
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lymph node metastases would be found during surgery [99].
Another study by Polasczik et al. [100] compared the results
of radioimmunoscintigraphy in 198 patients having pelvic
lymphadenectomy with high-risk cancer. Almost 40% of
patients had positive scans but only 62% correlated with
histopathology. In time, 111indium-CP studies may prove
beneficial, but even after a multicenter trial it was concluded
that more data are required [101].

Detecting Occult Metastases in the Setting
of a Rising PSA After Treatment Using
Radioimmunoscintigraphy

In patients with no detectable tumor activity outside the
pelvic area before salvage radiotherapy to the pelvis, there
was an association with a more durable complete PSA
response [45, 102, 103]. Preliminary data suggest that
111indium-CP imaging is helpful in identifying those patients
with PSA elevation after radical prostatectomy who are
most likely to benefit from salvage RT [92]. This is impor-
tant as it is becoming recognized that the earlier the deci-
sion to salvage radiotherapy, the better the results [104].
In two series with a population of over 100 patients hav-
ing different primary modalities of treatment, indium-111-
CP was used to detect recurrence in the setting of a PSA
rise. All positive prostate biopsies (20 patients) correlated
with 111indium-CP scans, but only four of the seven positive
lymph node biopsies correlated with scan findings. The neg-
ative biopsy results (six patients) revealed 89% sensitivity
and 67% specificity for 111indium-CP scanning. Repetition
of scans appeared to be an important factor in determining
occult recurrences improving the detection of regional nodes
and distant nodes [105–107]. Two studies of 300 men also
determined that radioimmunoscintigraphy with 111indium-
CP can assist in determining the extent of disease in patients
who have increasing PSA after prostatectomy [108, 109].
These findings indicate that 111indium-CP may be useful in
some cases and in particular where scans are repeated but
further studies are necessary.

The scans frequently show monoclonal antibody uptake
in pelvic, abdominal, and extrapelvic retroperitoneal sites
beyond the region of limited obturator node dissections and
may account for the understaging and subsequent failure of
radical prostatectomy in some patients. The monoclonal anti-
body scan seems to be a good predictor of which patients will
respond to radiation therapy after radical prostatectomy, but
because these patients often have nodal activity beyond the
radiated field, this initial response may not be curative [110].

This agent is still under investigation and some day
may aid urologists in the evaluation of prostate cancer by

improving preoperative staging and demonstration of
advanced disease and postoperative localization of recur-
rent disease. Improved staging and localization will reduce
unnecessary tests and treatment that will lead to reduced mor-
bidity, better management, earlier detection, and intervention
in advanced disease and improved cost-effectiveness [111].

However, some studies have challenged the suitability
of 111indium-CP imaging for identifying patients with local
prostate cancer recurrence who may achieve PSA control
after salvage radiation therapy [93, 98, 112]. For example,
a study of 42 patients demonstrated that although 111indium-
CP is capable of detecting recurrent prostate carcinoma at
low PSA levels, it was not predictive of response to sal-
vage radiotherapy with only 47% of men with positive scans
responding [113]. A further study of 30 men also examined
111indium-CP as a prognostic tool in patients having PSA
relapse post-prostatectomy and found they were not prog-
nostic of post-salvage radiation therapy PSA outcome [112].
Another study concluded that decision making and treatment
planning can be guided, but only when co-registered studies
with CT are used and the benefits are small [98].

Ultimately, some authors have concluded that current
radioimmunoscintigraphy studies are not sufficiently accu-
rate to reliably determine the presence of metastatic nodal
disease from prostate cancer and have stressed the impor-
tance of rigorous clinical evaluation of future methods that
are designed to detect microscopic metastatic disease of any
neoplasm [93]. Certainly, a future prospective cohort study
or randomized trial of 111indium-CP radioimmunoscintig-
raphy may more precisely determine the suitability of this
technique for identifying post-prostatectomy patients with
biochemical relapse who should be spared salvage local ther-
apy [112].

PSMA scintigraphy using (99m)Tc-labeled MUJ591
identifies prostate cancer, but is not sensitive in delineat-
ing micro-invasion of seminal vesicles, prostate capsule, or
bladder neck. However, it appears to be useful in detecting
prostate bed recurrence and distant micrometastasis but more
studies are needed [41].

Guiding Treatment Using
Indium-111-Capromab Pendetide
Radioimmunoscintigraphy

The ability to guide treatment, particularly radiotherapy
or brachytherapy, is a new development using 111indium-
CP radioimmunoscintigraphy [114–116]. Initially data from
radioimmunoscintigraphy scans were fused with the pelvic
CT scan, and this information was used to identify foci
of adenocarcinoma within the prostate and this correlated
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well with biopsy results. This opened the possibility of
escalating doses in regions containing tumor by brachyther-
apy, or external beam techniques such as intensity modu-
lated radiotherapy (IMRT) [114, 116]. Eighty patients with
111indium-CP-guided transperineal brachytherapy demon-
strated progression-free survival at 4 years, but there were
no other arms of comparison in this study and clearly more
data with longer follow-up are required [115].

Summary

At present, it appears that 111indium-CP imaging may be
of benefit in patients who are highly suspected of having
loco regional or distant spread of their prostate carcinoma in
whom it is difficult to localize the extent of disease with con-
ventional diagnostic techniques. Information obtained may
help decide who will benefit from salvage radiation, espe-
cially after prostatectomy. However, it is likely that micro-
scopic or minimal disease will not be depicted and that
predictive values are not high enough to be applied to an
individual patient [45]. Also, administration of the scan test is
operator dependent, with nuclear medicine specialists requir-
ing specialist training to interpret scans. Bowel and vascular
structures may cause false-positive scans, and no histological
confirmation of radical prostatectomy specimen recurrences
have been reported to date [29].

Nevertheless, the currently available image-processing
techniques are evolving rapidly and data from only a few
years ago may not be relevant and so new studies must be
examined fusing techniques as well as results. Furthermore,
it is apparent that studies without co-registration of com-
puted tomography images, as with recent evolution of PET-
CT, may become less relevant to clinical decision making
[97]. We await the publication of further studies to determine
the exact clinical role of this technique in the monitoring and
treatment of prostate carcinoma.

Prostate Lymphoscintigraphy and
Radio-Guided Surgery for Sentinel Lymph
Node Identification

Introduction

The rationale for an extended pelvic lymphadenectomy at the
time of radical prostatectomy is to achieve as much reliable
pathohistological staging information as possible in order to
trigger postoperative adjuvant management [117]. However,
some patients with minimal metastatic disease remain free of

prostate-specific antigen relapse for more than 10 years after
prostatectomy without any adjuvant treatment indicating that
meticulous pelvic lymph node dissection seems not only to
be a staging procedure, but may also have a positive impact
on disease progression and long-term disease-free survival
[118]. In patients with positive nodes, time to progression is
significantly correlated with the number of diseased nodes.
Recent evidence also suggests that current lymph node dis-
sections of the obturator fossa alone may not be sufficient to
sample all positive nodes, with up to 56% of lymph node-
positive cases missed in a study of 194 patients undergoing
radical prostatectomy and extensive lymph node dissection
[119, 120].

Currently, the decision to undertake pelvic lymph node
dissection is based on preoperative nomograms identifying
high-risk patients at risk of metastatic disease [121, 122].
Against this are studies that argue that nomograms are not
applicable to an individual patient and are in favor of pelvic
lymphadenectomy in all patients [118, 123, 124]. This is
because extended lymphadenectomy may improve survival
and in a case-control study of 100 patients in an extended
or normal lymphadenectomy group, those having wider dis-
section had PSA relapse of 8% compared to 23% in the nor-
mal group. There is also an argument that adjuvant treatment
may be better guided with more information on more nodes,
as those with more than one node have a significantly worse
mortality even with hormonal manipulation [125, 126].

Once deciding on lymphadenectomy, evidence is accumu-
lating that extension of pelvic lymph node dissection may be
valuable for the identification of node-positive patients. Yet
extended lymphadenectomy, particularly in older reported
series, does carry morbidity such as lymphocoele creation
[117]. Therefore, limiting the number of lymph nodes to the
principal ones draining the prostate with the highest prob-
ability of bearing lymphatic spread (sentinel lymph nodes)
makes histopathological study of particular nodes in great
detail more feasible [119]. Conceivably an extended node
sampling may be undertaken, yet by dissecting fewer nodes
than conventional lymphadenectomy undertakes. There have
been promising results using lymphoscintigraphy and intra-
operative gamma probe application for the detection of sen-
tinel lymph nodes (SLN) in malignant melanoma, breast,
and penis cancer [127–129]. This has now been extended to
prostate cancer [120, 130].

Location of Sentinel Lymph Nodes

Sentinal lymph node biopsy is traditionally a two- and occa-
sionally three-step procedure. The day before pelvic lym-
phadenectomy, technetium-99m nanocolloid is transrectally
injected into the prostate under ultrasound guidance. A single
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central application of 2–3 mL per prostate lobe is normally
performed. Lymphoscintigraphy is then carried out using a
gamma camera to detect increased activity in regional lymph
nodes. Data are then available for the surgeon to plan for
resection of particular lymph nodes prior to surgery. Intra-
operatively, a gamma probe with a sterile cover may be
introduced into the wound and with a sound locator and
sentinel nodes from preoperative imaging may be confirmed
(Fig. 23.11). Also, other nodes not demonstrated at lym-
phoscintigraphy with a high emission of radioactivity may
be resected [131]. It is also possible to inject patent blue V
dye into the organ intraoperatively and visually watch nodes
take up the dye for further identification, although this is not
routinely done in prostate cancer [127]. Thus, lymph nodes
having been identified as sentinel nodes by means of gamma
probe detection and lymphoscintigraphy or in some cases dye
injection may be removed intraoperatively.

Lymph Node Involvement Using Sentinel
Lymph Node Identification in Prostate Cancer

Perhaps the greatest drawback to sentinel lymph node
surgery in prostate cancer is that a single node represent-
ing the primary landing zone for prostate cancer has not
been identified reinforcing the existence of various lym-
phatic drainage systems from the prostate [117]. In a large
study of 335 patients using the above techniques, patients
had at least one sentinel lymph node located, with a quarter
being involved by metastases on histological examination.
There was only one false-negative patient [131]. A further
study demonstrated that although there is diversity of lym-
phatic drainage of the prostate it is feasible to locate nodes
and that limited pelvic lymphadenectomy alone appears to
be insufficient for precise staging in patients with pretreat-

Fig. 23.11 Sentinel lymph node biopsy: The preoperative scinto-
graphic image identifying sentinel nodes (arrow) assists in surgical
planning. A sentinel lymph node that has absorbed dye and recorded
radioactivity on the probe (left) is removed (top right). Provided
by Mr. B Mann, University of Melbourne, Department of Surgery,
Melbourne, Australia

ment PSA greater than 10 ng/mL and a Gleason score greater
than 6. They contend that isotope techniques could therefore
improve the yield of lymphadenectomy by limiting its extent
but focusing on important nodes [132]. Interestingly, in a
group of lower risk patients, with PSA less than 10 ng/mL
and biopsy Gleason score less than or equal to 6, positive
lymph nodes were identified by radio-guided surgery in 6.8%
(positive biopsies in one lobe) and 10.7% (positive biopsies
in both lobes). Up to four positive sentinel lymph nodes were
found. Therefore, they concluded it is not appropriate to dis-
pense with an operative lymph node staging, even in low-risk
disease [124].

Summary

In the future, the restriction of pelvic staging lymphadenec-
tomy to scintigraphically proved sentinel lymph nodes might
be possible. However, it is still an emerging technique
and certainly some lymph nodes examined ex vivo have
been missed on pre- and intraoperative scanning, mean-
ing that current techniques need to be modified to ensure
that accurate and complete removal of all hot nodes takes
place. Therefore, currently sentinel lymph nodes can be used
for prostate cancer but detailed lymph node mapping and
extended dissection backup are still required until the tech-
nique improves [133]. Ultimately, if it is accepted that even
modified standardized pelvic lymphadenectomy is insuffi-
cient in terms of the detection of micrometastases, then the
perioperative morbidity of extensive lymph node dissection
may be reduced by increasing the sensitivity of the detec-
tion of micrometastases using sentinel lymph node locating
techniques [130]. Further studies of these techniques at mul-
tiple institutions are necessary before the true benefits may
be identified.
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Chapter 24

Considerations: Imaging in Prostate Cancer

A. Heidenreich

Introduction

Prostate cancer (PCA) is the most common solid cancer
among European men with a continuously increasing inci-
dence. Adequate management and follow-up of PCA relies
not only on valid pathohistology information of the prostate
biopsy but also on adequate detection and diagnosis, accu-
rate staging, and posttreatment monitoring by sensitive imag-
ing modalities. Reliable diagnosis of early, organ-confined,
or even locally advanced PCA is the first step to initiate an
individualized risk-adapted therapy thereby improving ther-
apeutic outcome.

The major goal for future PCA imaging appears to
be a more accurate disease characterization by combining
anatomical, functional, and (molecular) imaging informa-
tion. New developments of microbubble contrast agents and
color Doppler techniques for transrectal ultrasonography,
innovative technical improvements of endorectal magnetic
resonance imaging (MRI) with or without spectroscopy, opti-
mization of positron emission tomography combined with
computed tomography (PET/CT), and improvement to detect
bone metastases by whole-body MRI resulted in a significant
increase of the imaging armamentarium available to improve
diagnosis, staging, and outcome of PCA patients.

Herein we review the clinical role for imaging on the
detection and management of prostate cancer.

A. Heidenreich (B)
Division of Oncological Urology, Department of Urology, University
of Köln, Kerpener Str. 62, 50924 Köln, Germany,
axel.heidenreich@uk-koeln.de

Detection and Intraprostatic Localization
of Prostate Cancer

Transrectal Ultrasonography (TRUS)

TRUS with high-resolution ultrasound probes of 7.5–
12 MHz represents the standard imaging modality for initial
evaluation and biopsy guidance since it has been shown that
the zonal anatomy of the prostate can be well distinguished
by this imaging method [1, 2]. TRUS also plays an impor-
tant role in therapy such as directing brachytherapy seeds or
cryosurgery probes into the prostate. The greatest challenge
for TRUS, however, remains the early and valid detection of
PCA which is highly operator dependent. Currently, the sen-
sitivity of TRUS as a diagnostic test to detect PCA is as low
as for digital rectal examination. Current criteria being sus-
picious for the presence of PA are (1) bulges of the prostatic
capsule especially if present in the ventral part of the apex
and (2) reduced echogenicity in the peripheral zone. How-
ever, even in experienced hands sensitivity and specificity to
detect PCA is only as high as 50%. Criteria for the identi-
fication of extraprostatic extension of PCA are bulging and
irregularities of the capsule adjacent to a suspicious lesion.
Seminal vesicle invasion is either suspected by extension of
the hypoechoic mass into the seminal vesicle, echogenic can-
cer within the seminal vesicle, or asymmetry of the seminal
vesicles.

The low reliability of TRUS to identify early, small-
volume PCA has led to the recommendation to perform mul-
tiple (10–12), systemic TRUS-guided prostate biopsies of the
peripheral zone to identify non-visible PCA.

Innovative sonographic techniques using microbubble
contrast agents and targeted imaging have been developed
to better detect early PCA and to better identify locally
advanced disease [3, 4].
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Transrectal Color Doppler and Power Doppler
Ultrasonography

Since PCA has been associated with an increased perfu-
sion of cancer-involved areas, the idea of ultrasound color
Doppler and power Doppler techniques is to better identify
prostate cancer by reliable detection of intraprostatic areas of
increased blood flow [1]. Doppler sonography collects infor-
mation on the blood flow direction, the speed and quantity
of blood perfusing the tissue due to the measurement of a
frequency shift caused by the moving corpuscular compo-
nents of the blood. However, Doppler sonography has its
limitations to detect details of organ perfusion and microvas-
culature due to the small diameter of the blood vessels and
the low blood flow. The power Doppler technique represents
an innovative non-invasive technique with a high sensitiv-
ity to also recognize areas of small amounts of slow-velocity
flow which might be missed by standard color Doppler tech-
niques. The microvascular imaging becomes possible after
intravenous injection of small gas-filled microbubbles which
cause a substantial increase of the echo reflected from blood-
perfused areas of the tissue thereby enabling the investigator
to identify small vessels and areas of increased angiogene-
sis potentially marking neoplastic tissue alterations against
normal healthy tissue.

Various groups have demonstrated that the PCA detec-
tion rate at first biopsy is significantly enhanced if color
Doppler-targeted biopsies are taken as compared to TRUS-
guided systematic biopsies [5]. Furthermore, it has been
shown, that a negative power Doppler TRUS signal is able to
exclude most of the patients without PCA in the PSA range
of 2.5–10 ng/ml. As an additional tool at TRUS biopsy power
Doppler has a high negative predictive value and may help to
reduce the number of unnecessary biopsies [6]. In another
large trial comprising the comparative data on 619 consec-
utive patients undergoing TRUS and color Doppler TRUS
with directed or systematic biopsies, color Doppler imag-
ing was compared to gray-scale TRUS and pathohistology
[7]. About half of the biopsy-proven PCA had abnormali-
ties on color Doppler TRUS as compared to normal findings
on gray-scale TRUS. More interestingly, approximately three
quarters of the men with color Doppler TRUS abnormalities
demonstrated moderate to high-grade Gleason scores which
were clearly identified as clinically significant PCA. These
data have been corroborated by others making color Doppler
TRUS a clinically helpful tool to identify significant PCA
with a high sensitivity. Although very promising, these find-
ings have to be validated and confirmed in the community of
hospital-based and office-based urologists.

Besides improving the detection rate of PCA at initial
biopsy, color Doppler TRUS might be helpful to identify
local recurrences in the scenario of a rising PSA follow-
ing radical prostatectomy [8, 9]. In various clinical series,

the findings of gray-scale TRUS, power Doppler TRUS,
and endorectal MRI were compared with TRUS-guided and
power Doppler TRUS-guided biopsies of the vesicourethral
anastomosis and the perianastomotic soft tissue. In all series,
TRUS-related abnormalities were identified in about 75% of
the patients; biopsies of areas with hypervascularities were
always positive for cancer and resulted in a very high sensi-
tivity and positive predictive value of 93 and 100%, respec-
tively, as compared to 93 and 93% for gray-scale TRUS.
However, one has to consider that the mean PSA serum
level at the time of biopsy was above 1 ng/ml not necessar-
ily reflecting the true clinical scenario where the decision-
making process has to be made at much lower PSA levels.

Contrast-Enhanced Transrectal Ultrasonography

As compared to benign prostatic tissue, prostate cancer
is associated with an increased microvessel density which
appears to be predictors of advanced stage, metastatic dis-
ease, and cancer-specific survival. Due to the small diam-
eter these microvessels can neither be identified by normal
gray-scale TRUS nor by power Doppler TRUS. However,
contrast-enhanced TRUS can visualize the microvasculature
after intravenous injection of microbubble containing con-
trast agents due the fact that these microbubbles will stay
in the vessels for several minutes and expose an enhanced
acoustic reflectivity. Thereby, microvessels beyond the
resolution for conventional color Doppler ultrasound can
identified by the intense reflected signals resulting from
intravascular microbubbles. Several reports have demon-
strated that contrast-enhanced ultrasound investigations of
the blood flow of the prostate allow for prostate can-
cer visualization and therefore, for targeted biopsies [10–
12]. Comparisons between systematic and contrast-enhanced
ultrasound-targeted biopsies have shown that the targeted
approach detects more cancers with a lower number of
biopsy cores. Furthermore, contrast-enhanced ultrasound has
been shown to detect cancers with higher Gleason scores
compared with the systematic approach, which seems to
improve prostate cancer grading. In a comparative study
of three different ultrasound techniques, the sensitivity by
biopsy site was significantly greater on contrast-enhanced
sonography (68%) than on gray-scale (39%) and color
Doppler (41%) sonography [10]. However, one has to con-
sider that also contrast-enhanced TRUS has its limitations in
the accurate detection of PCA as has been demonstrated in
a recent large series including 304 men undergoing TRUS,
contrast-enhanced TRUS, and color Doppler TRUS [11].
Targeted biopsy cores were obtained from sites of greatest
enhancement, followed by spatially distributed cores in a
modified sextant distribution. Although carcinoma was found
significantly more often in the targeted biopsies as in the
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sextant cores and contrast-enhanced TRUS provided a sta-
tistically significant improvement in discrimination between
benign and malignant biopsy sites, the technique was not suf-
ficient to predict which patients have benign versus malig-
nant disease. The majority of cancers missed by the targeted
approach were located at the prostatic apex so that it might
be recommendable to apply a targeted biopsy strategy in the
peripheral zone and a systematic biopsy at the apex. The
poor discrimination rate between benign and malignant pro-
static tissue might have resulted from the local hyperperfu-
sion related to benign prostatic hyperplasia. One emerging
strategy to overcome this problem is to pretreat patients with
finasteride or dutasteride for up to 4 weeks to decrease blood
flow and to better allow a clear distinction between cancer
and benign disease [12].

Elastography

It is well known that some diseases, such as cancer, lead
to a change of tissue hardness (i.e., the so-called elastic-
ity modulus). The wide range of elastic tissue properties
and the difference in elasticity of tumors and the adjacent
tissues have provided motivation for developing elasticity
imaging techniques [13]. These research efforts have con-
verged with the development of a new imaging modality,
the so-called elastography, with the acquired and processed
images referred to as elastograms. The reconstruction of tis-
sue elasticity provides the sonographer with important addi-
tional information which can be applied for the diagnosis
of malignant diseases such as prostate cancer. The elas-
ticity modulus, i.e., the tissue elasticity distribution, can
be calculated from the exerted strain and the stress of the
examined structures, e.g., from the transrectal ultrasound
probe during conventional TRUS. Variation of the pressure
exerted with the probe onto the prostate, results in changes
of the ultrasound images. Prostate cancer is characterized by
a limited elasticity and compressibility translating into a typ-
ical ultrasound image of a “dark zone” as compared to the
non-malignant prostate tissue. Clinical trials and experiences
are limited, however, a 20% improvement in the PCA detec-
tion rate has been demonstrated in those studies being per-
formed [14, 15]. These data have to be confirmed in future
clinical studies including a larger patient population and a
multiinstitutional setting.

Magnetic Resonance Imaging (MRI)

MRI can be used for PCA detection, local and locoregional
staging at initial diagnosis and during follow-up. Currently,
MRI and endorectal MRI are recommended for cancer detec-
tion only in the clinical scenario of a suspected PCA but

negative ultrasound-guided prostate biopsies [2]. Optimal
MRI techniques for the detection and local staging of PCA
require an endorectal coil in combination with a pelvic
phased-array coil. PCA is best detected on T2-weighted
images due to the decreased signal intensity of the cancer
areas as compared to the generally increased signal inten-
sity of the normal prostate [16, 17]. These differences can-
not be depicted on T1-weigthed images where the whole
prostate usually exhibits a homogenous signal intensity. In
general, however, sensitivity figures for the detection and
correct localization of PCA in the peripheral zone varied
between 37 and 96%; detection rate is much worse in the
transition zone. Since postbiopsy hemorrhage and biopsy-
associated local inflammation of the prostate gland can result
in difficulties to adequately interpret MRI findings, a delay of
6–8 weeks after biopsy is recommended [18].

In order to enhance the prediction patterns, dynamic
contrast-enhanced MRI techniques have been developed tak-
ing advantage of the finding that PCA usually enhances
earlier than the unaffected peripheral zone and associated
benign prostatic hyperplasia. Various studies have demon-
strated a significant improvement of sensitivity by about
10–20% using T2-weigthed sequences when correlated with
whole-mount histology [19–21]. However, it also has been
shown that MRI-based detection of PCA is highly depen-
dent on tumor size with <5% of tumors ≤5 mm in diam-
eter and 89% of those >10 mm being correctly identified
[22]. Dynamic contrast-enhanced MRI only shows a mini-
mal improvement. Nevertheless, current data demonstrate a
high sensitivity and specificity of MRI to predict transrec-
tal biopsy results at a 70–80% level. MRI is extremely help-
ful to detect most intraprostatic cancers and might be used
for (1) scanning of intermediate- and high-risk patients, (2)
targeting biopsies in suspicious areas thereby increasing the
PCA detection rate, and (3) increasing the negative predic-
tive value in men thereby eliminating the need for rebiopsy
of the prostate.

Magnetic Resonance Spectroscopic Imaging
(MRSI)

MRI and MRSI allow a detailed anatomic and metabolic
evaluation of the prostate gland taking advantage of the
excellent depiction of the prostatic zonal anatomy by T2-
weigthed images and the assessment of prostate cancer
metabolism characterized by high levels of choline and low
levels of citrate [23]. The combined use of both MRI and
MRSI has been shown to increase the detection rate of
tumors in the peripheral and the transition zone [24, 25].
Recent studies also have indicated that MRSI might be
able to predict the aggressiveness of PCA since there are
different metabolic abnormalities associated with different
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Gleason scores [26]. For Gleason score 6 PCA the depiction
rate was 44% as compared to 90% for Gleason score 8–10
cancers. Today, the use of combined MRI/MRSI is limited to
very few centers and the initial encouraging and promising
data have to be validated in larger patient cohorts diagnosed
in more institutions.

However, MRSI will be an important imaging modality
for the future since it might be possible to identify specific
MRSI imaging patterns associated with key molecular mark-
ers associated with biological aggressiveness of PCA such as
Ki-67, Bcl-2, and PTEN [27].

Detection of Locally Advanced Disease

In general, TRUS even in combination with the most inno-
vative techniques has a low sensitivity to accurately pre-
dict locally advanced PCA, e.g., extracapsular extension and
seminal vesicle invasion [1, 2]. Indirect criteria such as
bulging or irregularities of the prostatic capsule, and asym-
metry or irregularity of the seminal vesicles to predict T3
disease are associated with 70% sensitivity.

MRI with or without endorectal coil significantly
increases the detection rate of PCA as has been shown above.
However, its sensitivity to identify extracapsular extension
and seminal vesicle involvement shows a considerably high
variation of 13–95% and 23–80%, respectively [28, 29].
Although a recent study demonstrated a significant improve-
ment to predict ECE when comparing pathohistological data
of radical prostatectomy specimens with findings of preop-
erative endorectal MRI, it became evident that the contri-
bution of MRI was only substantial when interpretation of
the films was performed by specialists in genitourinary MRI
[30]. However, even among those specialists an interobserver
variability ranging from 53 to 93% has been described mak-
ing it currently unlikely that MRI will become the major stag-
ing tool of PCA unless MR technology will further mature,
become more accurate, and observer independent [2, 17, 23].
Based on the data available it is highly unlikely that dynamic-
contrast-enhanced MRI or MRSI will further improve the
staging accuracy of PCA.

Therefore, it will be one of the major tasks for the
future to develop imaging strategies better delineating locally
advanced disease to better trigger initial management of
PCA.

Detection of Lymph Node Metastases
in the Small Pelvis

The identification of positive lymphonodular disease in
the small pelvis is of utmost importance for the planning
of adequate treatment strategies in the individual patient.

Currently, none of the standard radiological techniques pre-
dicts the presence of lymph node metastases accurately
when compared to extended pelvic lymphadenectomy. How-
ever, there are some innovative techniques which might
overcome this clinically significant staging problem in the
near future.

Reported CT sensitivity for the detection of lymph node
metastases typically is in the range of about 35% [31]. This
low sensitivity is basically due to the fact that a lymph node
size >1 cm in diameter is required for the identification of
lymph node metastases. Therefore, it is recommended to
perform CT scans only in patients with intermediate- and
high-risk PCA at a PSA serum level >20 ng/ml or a biopsy
Gleason score >7 (Table 24.1) [32].

MR imaging, dynamic-enhanced MRI, and even MRSI
have no advantage of CT to predict the presence of lymph
node metastases and the same recommendation with regard
to its use in pretherapeutic staging can be made.

The use of lymphotropic paramagnetic iron oxide
nanoparticles with a size of 30–50 nm as contrast agent at
MR imaging might improve the detection of nodal disease
[33]. The lymphotropic nanoparticles extravasate from blood
vessels after intravenous injection and enter the reticulo-
endothelial system of lymph nodes by direct transcapil-
lary passage or by non-selective endothelial transcytosis.
The process of intralymphatic localization usually requires
24–36 hours so that two imaging studies about 48 hours
apart are necessary to adequately assess lymph node mor-
phology. Within normal or benign lymph nodes the nanopar-
ticles are phagocytosed by macrophages resulting in a drop
of signal intensity in T2-weighted MR images. Lymph
nodes which are infiltrated by cancer cells lack functioning
macrophages and therefore, retain their high signal intensity
on T2-weighted images. However, the enhancement pattern
after nanoparticle injection clearly is dependent on the nodal
metastatic tumor burden and the detection of minimal cancer
infiltration in smaller lymph nodes still is difficult and might
contribute to false-negative results. False-positive interpre-
tations might result from fibrosis, fatty hilum, reactive lym-
phoid follicular hyperplasia, and granulomatous or infectious
diseases with nodal necrosis.

Initial results on a group of 30 patients with genitouri-
nary malignancies demonstrated a significantly improved
sensitivity and specificity of 100 and 80% to accurately
detect pelvic lymph node metastases [34]. In a more recent
trial on 80 men with clinically localized prostate cancer
LNMRI was used to identify lymph node metastases in the
small pelvis; MRI findings were correlated with pathohis-
tological findings of dissected lymph nodes. LNMRI was
shown to increase the sensitivity for detection of lymph node
metastases from 35% when using MRI alone to 90% [35];
specificity also increased from 90 to 98% making LNMRI
a potentially useful imaging technique for preoperative



24 Considerations: Imaging in Prostate Cancer 273

staging of the small pelvis. However, there are some limi-
tations of the study which have to be addressed in the near
future before LNMRI will become a routine staging method
for PCA. Patients underwent a formal lymph node dissection
of the obturator fossa only; in all other areas only suspicious
lymph nodes were resected. As we know from anatomical
mapping studies, about 60% of all lymph node metastases
are located outside the obturator fossa including the exter-
nal, internal, and common iliac artery [36, 37]. Therefore,
the true rate of false-negative results cannot be determined
adequately by the study design used. Nevertheless, LNMRI
appears to be the most promising imaging modality to
identify pelvic lymph node metastases and more multiinsti-
tutional trials with a standard extended pelvic lymphadenec-
tomy should be performed.

In the past sentinel lymphoscintigraphy (SLN) has been
described as an imaging staging tool for planning of the
necessity and the extent of pelvic lymphadenectomy in PCA
patients undergoing radical prostatectomy [38]. Planar films
are taken preoperatively and intraoperatively; the use of
gamma probe facilitates dissection of all lymph nodes stor-
ing the 99mTc-nanocolloid. However, there are clear limi-
tations of this technique such as poor sensitivity of planar
lymphoscintigraphy to identify all lymph nodes involved in
the primary drainage of the prostate. Furthermore, SLN is
not able to identify all metastatic lymph nodes either due
to the presence of micrometastases with a diameter below
the resolution of SLN or due to macrometastases blocking
the lymphatic drainage of 99mTc-nanocolloid into the lymph
nodes. Therefore, SLN does not represent an innovative
staging tool with future potentials. Single-photon emission
computed tomography (SPECT) fused with computed
tomography or MRI improved spatial resolution and orienta-
tion and thereby allows a more precise localization of 99mTc-
containing lymph nodes. However, experiences are very
limited and need some further validation by future clinical
trials correlating pathohistology of all resected lymph nodes
with preoperative imaging findings.

Detection of Systemic Metastases

The skeletal system is the main metastatic site of prostate
cancer and bone scanning represents the mainstay of diagno-
sis to identify osseous metastases at initial diagnosis or dur-
ing follow-up of prostate cancer patients. At initial diagnosis,
a bone scan is not recommended in men with low-risk PCA
(cT1c, PSA <10 ng/ml, biopsy Gleason score ≤6) due to the
very low frequency of positive findings in <1% of patients
(Table 24.1) [32]. However, chances to identify metastases
are increasing to 10–15% in men with PSA serum levels
>50 ng/ml. In early clinical studies it has been shown that
bone scanning is clearly superior to identify bone metastases
when compared to clinical symptoms (34% improvement,
Palmer) and conventional radiographs (28% improvement,
[39]). However, skeletal scintigraphy is limited by the detec-
tion of small metastatic deposits and by the identification
of metastases without cortical involvement. Besides staging
response assessment to treatment such as androgen depriva-
tion, chemotherapy or palliative radiation can be performed
by skeletal scintigraphy. Accurate response assessment is dif-
ficult and prone to misinterpretations since a flare-up phe-
nomenon peaking 6–8 weeks after treatment and resulting
from increased bone turnover as response to therapy has to
be considered. Furthermore, it sometimes appears to be very
difficult to differentiate new lesions from regressing lesions
or from progression of minimal deposits at initial investiga-
tion. It is probably for these reasons that bone scanning never
has been used as an imaging method of choice to evaluate
response to therapy in clinical trials.

In this scenario, MRI of the axial skeleton, single-
photon emission computed tomography, and positron emis-
sion tomography (PET) appear to be more sensitive in the
detection and follow-up of osseous metastases in men with
advanced PCA. MRI of the axial skeleton has been demon-
strated to be superior to skeletal scintigraphy with regard
to diagnosis and follow-up of bone metastases in men with
hormone refractory prostate cancer [40]. In another clinical

Table 24.1 Use of imaging in staging prostate cancer

Guideline society Recommendation

European Association of Urology, 2007 Bone scan, CT: PSA >20 ng/ml, any PCA with
Gleason score 8–10, locally advanced disease (cT3);
endorectal MRI/MR spectroscopy mentioned as still
experimental staging options

American Urological Association, 2001 Bone scan: PSA >20 ng/ml, any Gleason score 8–10
PCA, locally advanced PCA (cT3). CT/MRI if
PSA >25 ng/ml, endorectal MRI/MR spectroscopy
not mentioned

American College of Radiology, 2000 Bone scanning, CT, or MRI: PSA >10 ng/ml,
Gleason score >6

American Joint Committee on Cancer, 2002 Bone scan, CT/MRI: PSA >20 ng/ml, Gleason
score >7
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comparative analysis of planar bone scintigraphy, SPECT,
18F-flouride PET, and 18F-flouride PET/CT in 44 men with
high-risk PCA, the superiority of 18F-flouride PET/CT over
SPECT over bone scintigraphy with regard to sensitivity
and specificity to detect bone metastases could be demon-
strated [41, 42]. Of all 18F-flouride PET/CT lesions, 52 and
19% were overlooked by skeletal scintigraphy and SPECT,
respectively. For the future, whole-body MRI or 18F-flouride
PET/CT might become the imaging modality of choice for
detection and assessment of osseous metastases in PCA.

Summary

As pointed numerous innovative imaging modalities for the
detection, diagnosis, staging, and follow-up of prostate can-
cer have emerged over the recent years. Most of the imaging
techniques described still have to be put into clinical per-
spective with regard to their general use because some of
the techniques are still limited to few centers only despite
initial promising being published about 10 years ago. With
regard to the detection and initial diagnosis of PCA contrast-
enhanced TRUS and color Doppler TRUS seem to represent
the most promising tools which easily can be integrated into
daily clinical routine.

In patients with multiple negative biopsies but still sus-
picious characteristics for the presence of PCA, contrast-
enhanced MRI and 11C-choline PET/CT are the most
promising imaging tools to identify cancer.

Identification of PCA with extracapsular extension and/or
seminal vesicle invasion still represents a challenge to urol-
ogists and radiologists. Currently, prospectively validated
nomograms are as sensitive but significantly less cost intense
as sophisticated imaging techniques.

None of the routinely available imaging tools are sensi-
tive enough to accurately predict lymph node metastases in
the small pelvis. Surgical-extended pelvic lymphadenectomy
represents the most reliable technique currently available. In
the near future, MRI with lymphotrophic nanoparticles will
improve pretherapeutic imaging modalities.

Skeletal scintigraphy still represents the imaging modal-
ity of choice to scan the entire skeleton for the presence of
metastases. However, 18F-flouride SPECT/CT and whole-
body MRI are more sensitive in the detection and follow-up
of osseous metastases and will replace bone scanning in the
near future.

Future Perspectives

For the future, imaging techniques predicting presence,
localization, and local extent of PCA in combination with
molecular markers predicting the biological behavior of PCA

will revolutionize our current understanding and manage-
ment of PCA. Recent results of clinical phase-II and phase-
III trials have reinforced the view that many patients with
PCA are overtreated. It will be a challenge for the near
future to differentiate those men with an aggressive, but
curative PCA from those with either insignificant or incur-
able PCA by the identification of serum, tissue, and imaging
biomarkers.

Currently, a considerable amount of clinical studies is
under way to correlate preoperative MRSI spectral pat-
terns with the immunohistochemical expression of molecular
markers such as Ki-67, Bcl-2, p27 on whole mount sections.

With regard to the early detection of systemic metas-
tasis the androgen receptor (AR) has been identified as a
potential target for molecular imaging of AR-positive PCA
cells using radiolabeled ligands [43, 44]. Fluorine-labeled
non-steroidal androgen receptor antagonists (FDHT) in com-
bination with PET have been developed and clinically evalu-
ated in men with biopsy-proven metastatic PCA. FDHT-PET
demonstrated a higher sensitivity to detect bone lesions as
compared to conventional imaging techniques; however, pos-
itive studies were associated with higher PSA serum levels
and positive AR expression. Androgen deprivation therapy
decreased the diagnostic accuracy so that more specific tar-
gets must be identified for men with low or no AR expres-
sion, low PSA values, and hormone refractory disease.

In another preclinical model, diffusion MRI and func-
tional diffusion mapping have been identified as an imag-
ing biomarker accurately assessing therapeutic response of
hormone refractory prostate cancer after docetaxel-based
chemotherapy [45]. Although very promising, the quantita-
tive aspects of functional diffusion mapping MRI still have
to be validated in clinical settings.
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Chapter 25

Testicular Carcinoma: Introduction

P. Albers and P. Laguna

Introduction

Testicular cancer represents between 1 and 1.5% of male
neoplasms and overall 5% of urological tumors. Over the last
30 years the incidence of testicular cancer is rising, especially
in northern industrialized countries in America as well as in
Europe, with peak incidences of up to ten cases per 100,000
males, e.g., in Denmark [1, 2].

Up to 5% of the cases are bilateral. In 95% of the patients,
the histology reveals a germ cell tumor which is character-
ized by a specific genetic marker (supernumerical copies of
the short arm of chromosome 12, isochromosome i(12p)).
Intratubular germ cell neoplasia (testicular intraepithelial
neoplasia, TIN) has been shown to be a precursor lesion in
the majority of germ cell tumors [3].

Epidemiological risk factors for the development of testic-
ular tumors are a history of cryptorchidism or undescended
testis, a hypotrophic (<12 ml) or atrophic testicle, Klinefel-
ter’s syndrome, familial history of testicular tumors among
first-grade relatives (brothers, father), the presence of a con-
tralateral tumor, or TIN and infertility [4].

Currently, testicular tumors show excellent cure rates in
the order of 95% for all stages of disease. The main fac-
tors contributing to this are careful staging at the time of
diagnosis; adequate early treatment based on an interdisci-
plinary management including chemotherapy, radiotherapy,
and surgery; very strict follow-up and salvage therapies; and
treatment at least of advanced and recurrent tumors under the
guidance of a reference center.

Future aims in the management of testis cancer patients
are (1) the reduction of treatment in patients with low-stage
disease and a cure rate of almost 100% and (2) the intensifi-
cation of treatment in advanced stages to improve on the cure
rates of, e.g., “poor prognosis” patients of currently about
50–60% [5].

P. Albers (B)

Therefore, initially correct staging is the cornerstone of
testicular cancer management. Consequently, in addition to
expert histopathology evaluation of the primary tumor and
tumor marker half-life kinetics, it is mandatory to assess

� status of abdominal and supraclavicular nodes, and the
liver

� presence or absence of mediastinal nodal involvement and
lung metastases

� status of brain and bone if any suspicious symptoms are
present.

In addition, correct imaging is crucial in treatment mon-
itoring and assessment of final treatment response. Based
on the correct re-staging during and after chemotherapy, the
indication for subsequent management modalities like resid-
ual tumor resection is tailored individually. Last, the final
assessment after multimodality treatment in conjunction with
the initial stage is the basis for follow-up recommendations
again including imaging techniques.

Computerized tomography (CT) of the chest, abdomen,
and pelvis are required as initial staging investigations. Oral
and intravenous contrast media are mandatory [6, 7]. For
the evaluation of the lungs and the mediastinum, chest CT
scans are more sensitive than chest plain X-ray films [8–10].
However, it should be noted that pulmonary/pleural nodules
of <1 cm can represent false positive findings in CT scans.
Furthermore, CT scans of the abdomen and pelvis might be
incorrect in up to 30% of cases due to difficulties in the
interpretation of lymph nodes based on morphology and size
alone which make the differentiation between clinical stages
I and IIA unreliable [11]. A detailed description of the loca-
tion, number, and size of lymph nodes should be provided
in the radiology report. Ultrasound of the retroperitoneum
is less sensitive than CT. Performing magnetic resonance
tomography (MRT) scans of the abdomen and pelvis does
not provide additional information and should be restricted to
patients in whom intravenous contrast media cannot be given
[12, 13]. The sensitivity of positron emission tomography
(PET) is not superior to the sensitivity of computer tomog-
raphy. Outside clinical trials PET scans are therefore not
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recommended as part of the initial staging [14–19]. Recently,
the first results of a large prospective multicenter trial of PET
staging in low-stage disease have been presented showing
no benefit of PET staging over CT staging in stage I dis-
ease [20]. The MRC trial of PET staging in low-stage dis-
ease, however, is yet ongoing and results have to be awaited
for final conclusions. In metastatic seminoma, however, PET
scan has proven to be of great value in predicting vital resid-
ual tumor after induction chemotherapy [21–23]. A bone
scan should be obtained in a patient with elevated level of
the alkaline phosphastase or if bone metastases are clinically
suspected. Imaging of the brain by CT or preferably by MRT
is required in patients with metastatic disease and “interme-
diate” or “poor” prognosis according to the IGCCCG classi-
fication as well as in all patients in whom brain metastases
are clinically suspected [24, 25].

Imaging in testis cancer is a crucial diagnostic tool as
well as an important method in the planning of multimodal-
ity approaches (chemotherapy and surgery). The correct per-
formance and interpretation of imaging modalities is of
utmost importance. The interdisciplinary evaluation of imag-
ing results improves the quality of the single method. Nei-
ther surgeons nor medical oncologists should rely on an only
written medical report of an imaging method. The staging
by imaging is mainly improved by an interdisciplinary con-
ference (tumor board discussion). New tracers and technical
improvements may in future add to the high standard of stag-
ing which has already influenced the interdisciplinary man-
agement of testis cancer.
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Chapter 26

Testicular Carcinoma – Conventional Imaging Techniques

M.A. Saksena and M.G. Harisinghani

Introduction

Although imaging does not play a significant role in the
initial diagnosis of testicular cancer it is vital for the stag-
ing of this malignancy. As testicular cancer progresses it
metastasizes in a predictable pattern to the retroperitoneal
lymph nodes below the renal vessels [1]. Pretreatment imag-
ing plays a significant and useful role in the evaluation of
nodal metastases and the detection of distant metastatic dis-
ease.

Conventionally, bipedal lymphangiography has been the
primary modality for the evaluation of nodal metastases.
However, in recent times the lymphograhic studies per-
formed for oncologic staging are being increasingly replaced
by cross-sectional imaging modalities such as CT and
MRI. Similarly, the chest X-ray is being replaced by chest
CT scans for evaluating intrathoracic disease. This article
reviews the technique and efficacy of conventional imaging
techniques in the metastatic workup of patients with testic-
ular cancer and highlights their utility in the ever-changing
milieu of testicular cancer management.

Nodal Drainage Pathway in Testicular Cancer

Testicular lymphatics are unique in that they run along
the spermatic vessels and bypass the pelvic nodes draining
directly into the para-aortic nodes [1]. Donohue et al. eval-
uated 275 retroperitoneal lymphadnectomy specimens and
demonstrated that right testicular tumors commonly spread
first to the interaortocaval nodes just below the left renal
vein while left testicular tumors usually spread to the preaor-
tic and the left para-aortic nodes [2]. Nodal spread from
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right-sided tumors commonly crosses over to involve the left-
sided nodes causing contralateral nodal metastases while the
reverse is highly unusual [3]. Once the primary para-aortic
nodes are involved the draining lymphatics get obstructed
and pelvic nodes may get involved due to retrograde spread.
Similarly, spread to nodes in the chest is seen only after the
para-aortic nodes are affected making evaluation of chest
nodes redundant in cases where the abdominal nodes are
negative. Nodal drainage patterns are significantly altered in
malignancy of the undescended testicle and iliac nodes may
be primarily involved in these cases.

Bipedal Lymphangiography

Lymphography is unique in its ability to demonstrate
derangements in the internal architecture of normal-sized
lymph nodes. As conventional cross-sectional imaging tech-
niques rely on the relatively insensitive size criteria for the
characterization of lymph nodes, the ability to detect abnor-
mality in normal-sized lymph nodes allows lymphography
to detect micrometastatic disease on non-enlarged nodes [4].
Testicular cancer predictably metastasizes to the pelvic and
para-aortic nodes, both of which are readily visualized on
bipedal lymphangiography. The contrast injected remains in
the lymphatics for a long time and repeat radiographs can be
taken during follow-up studies in patients being treated with
surveillance.

Technique

Bipedal lymphangiography is a minimally invasive outpa-
tient procedure and does not require conscious sedation. The
patient is placed in the supine position on an X-ray table and
the skin on the dorsum of each foot is prepared with ster-
ile precautions. Methylene blue dye is then injected in the
web spaces between the first and the second toes bilaterally.
This dye percolates into the lymphatics on the dorsal aspect
of the feet making them visible within 5–15 min. Ideally a
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lymphatic channel lateral to the base of the first metatarsal
is identified and the skin over the channel is anesthetized
by infiltrating 1% lidocaine. An approximately 1 cm verti-
cal incision is made over the lymphatic channel to be can-
nulated. Once the channel is isolated, it is obstructed distally
and holding it with minimal traction a fine 27–30 gauge nee-
dle is placed within. On satisfactory cannulation of the visu-
alized lymphatic the cannula is secured in place by a silk
ligature or adhesive strips. Although the standard contrast
agent used for bipedal lymphangiography is ethiodol (an
iodinated ester of fatty acids of the poppy seed oil), lipi-
odol ultrafluid (a 48% iodinated glycerol ester) can also be
used [5]. Intralymphatic injection of 6–7 ml of contrast at
the rate of 4–10 ml/h is made with an appropriate injector.
Close attention must be paid to the rate of injection as a high
rate of injection can result in rupture of the lymphatic. Mul-
tiple radiographs can then be taken to ensure visualization of
major lymphatic trunks in the leg. Rate of flow into the prox-
imal lymphatics can be accelerated by gentle muscular con-
traction of the legs and thighs. On completion of injection the
cannula is removed and the dorsal wounds are sutured and
dressed. Once the contrast is visualized in the lymphatics, a
complete series of radiographs evaluating the major nodal
chains in the pelvis and para-aortic regions are obtained
(dynamic phase). Follow-up radiographs are obtained after
24 h (nodal or filling phase) and interpreted. If both bipedal
lymphangiography and CT scans are being performed, CT
should be performed after bipedal lymphangiography so as
to enhance visualization of the contrast-enhanced nodes on
CT [6].

Radiographic Appearance

Normal lymphatics appear homogenous, even textured,
and demonstrate fine granularity. Normal nodes are non-
enlarged, well defined, smooth and demonstrate a smooth
indentation at the nodal hilum. Nodes may minimally
increase in size 24–48 h after the injection of contrast but
revert to normal in a few days [6]. The first nodes to
be opacified are the inguinal nodes followed by chains
within the pelvis, external iliac and obturator. The inter-
nal iliac and presacral nodes are usually not opacified. Sub-
sequently the common iliac nodes are visible followed by
higher nodes in the para-aortic regions. The diagnostic find-
ing in malignant lymph nodes is a focal filling defect not
traversed by lymphatics representing a region of malig-
nant infiltration. Other findings suggestive of malignant
involvement are foamy lacelike appearance, increase in size,
non-visualization of expected nodal groups, or presence of
lymphaticovenous anastomoses [3]. Metastatic nodes may or
may not be enlarged in size (Fig 26.1).

Fig. 26.1 A 32-year-old man presented with right testicular seminoma.
Bilateral lymphangiogram performed demonstrates a large metastatic
lymph node in the retroperitoneum with an ill-defined filling defect
(arrow). Adjacent normal nodes appear normal in size and are smooth
with no filling defects (arrow head)

Complications

Majority of complications encountered in bipedal lymphan-
giography are secondary to the dye. The complications of
bipedal lymphangiography are [5]

1. Pulmonary oil embolization
2. Pulmonary infarction
3. Allergic reactions to methylene blue and ethiodized oil
4. Intraalveolar hemorrhage
5. Hypothyroidism
6. Arterial embolization to brain or kidney in patients with

right to left shunts

Clinical Impact

Cross-sectional imaging techniques utilize nodal size eval-
uation to characterize lymph nodes. It has been established
that the size criteria are both insensitive and non-specific [4].
Bipedal lymphangiography has the distinct advantage of the
ability to demonstrate internal architecture in normal-sized
nodes. Under ideal circumstances metastatic filling defects
measuring 5–7 mm can be detected in normal-sized nodes
[3]. As stated above nodal spread from testicular cancer is
predictable and involves the para-aortic nodes before spread-
ing to any other nodal groups. These primary nodal zones
are well visualized and accurately characterized on bipedal
lymphangiography [3] and this led to its extensive utilization
before the advent of computed tomography. The accuracy
of bipedal lymphangiography in detection of nodal metas-



26 Testicular Carcinoma – Conventional Imaging Techniques 285

tases ranges from 62 to 89%, its sensitivity from 54 to 89%,
and specificity from 67 to 100% [3, 7–9]. Initial studies per-
formed in the late 1980s evaluating CT and lymphography
found both modalities to be complimentary to each other,
with lymphography being useful in patients with negative CT
studies. CT scans were useful in better defining the extent of
disease in patients with abnormal bipedal lymphangiography
and in studying sites of potential relapse [10]. Other studies
have consistently demonstrated better sensitivity, specificity,
and accuracy of CT scans which is constantly improving in
technique [11]. A study by Bussar-Maatz et al. did demon-
strate bipedal lymphangiography to have higher sensitivity
(71%) compared to CT (41%) but a lower specificity of 60%
while CT had a specificity of (94%) [12].

False positive nodes occur in bipedal lymphangiogra-
phy due to reactive changes and filling defects from other
causes such as fat or sinus histiocytosis [13]. False nega-
tive bipedal lymphangiograms are more worrisome and occur
secondary to non-opacification of affected nodes or presence
of micrometastases too small to create a visible filling defect.
Sentinel lymph node of the testes at the level of L1/2 on the
left and L1/3 on the right may not be opacified [3].

However, it is an invasive procedure with associated com-
plications, and its use should be reserved in patients with
early disease and negative CT scans in whom surgical lym-
phadnectomy is not warranted based on tumor histology
and serum markers [7, 14–16]. Although some studies have
found lymphangiography to be more sensitive than CT in
detecting nodal disease, other features such as tumor mark-
ers and primary tumor vascular invasion are more impor-
tant for staging [17]. In the follow-up patient, CT should be
the modality of choice due to unacceptably high false neg-
ative rates on lymphangiography [18]. Hence in conclusion,
although some authors have indicated a continuing role of
bipedal lymphangiography in the evaluation of patients with
negative CT studies, it is now rarely used for the initial stag-
ing of patients with testicular cancer.

Chest Radiographs

Detection of intrathoracic metastases is a part of the pre-
treatment staging of patients with newly diagnosed tes-
ticular cancer and is performed by chest radiographs and
chest CT scans. In early-stage testicular seminoma and
non-seminomatous germ cell tumors (NSGCT), it is highly
unusual to have thoracic disease if there is no metastatic
spread in the abdomen. Although, chest X-ray (CXR) alone
has been found to be sufficient initial chest staging in all
patients who have a negative CT of the abdomen [19] these
results must be interpreted with caution as CT abdomen may
miss retroperitoneal disease in normal-sized nodes. Poste-

rior mediastinal nodes and retrocrural nodes which may be
involved are difficult to evaluate on CXR. In higher stage
tumors, chest CT must be performed as CXR alone has a
high false negative rate [19]. With the advent of improved
CT techniques, CT of the chest is the modality of choice for
staging testicular carcinoma [7, 20].

Ultrasonography (US)

Scrotal sonography is often the initial modality used to inves-
tigate a suspicious testicular abnormality. Intra and extrat-
esticular masses can be identified and characterized with a
high degree of accuracy [21]. As described by Nachtsheim
et al. there are two categories of testicular masses seen on US
examination. Non-seminomatous germ cell testicular tumors
are hypoechoic compared to normal testes and demonstrate
cystic spaces, with acoustic shadowing and irregular mar-
gins extending into the testicular parenchyma. Seminomas
and lymphomas are also hypoechoic but are homogenous
and have sharply defined borders demarcating them from the
normal testicular parenchyma. In patients who have already
been treated for testicular cancer, the risk of metachronous
contralateral tumor formation ranges from 1.5 to 3.2% [22].
Scrotal sonography can be used to evaluate the contralateral
testes in following up patients with treated germ cell tumors.

Conclusion

Conventional imaging plays an important role in the ini-
tial diagnosis and post-treatment surveillance of patients
with testicular tumors. Although, bipedal lymphangiogra-
phy has been largely replaced by newer cross-sectional
techniques, chest radiographs continue to be effective in
detecting intrathoracic metastatic disease. Advances in scro-
tal sonography techniques are also useful in diagnosing
indeterminate testicular masses and in surveillance of the
contralateral normal testes. Intraabdominal spread of disease
is best evaluated by newer cross-sectional modalities which
will be discussed in the next chapter.
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Chapter 27

Cross-Sectional Imaging Techniques: The Use of Computed
Tomography (CT) and Magnetic Resonance Imaging (MRI)
in the Management of Germ Cell Tumors

M. De Santis,† G. Strau,∗ and M. Bachner†

Introduction and General Implications

Since germ cell tumors (GCT) have become a curable disease
with the introduction of cisplatin-containing chemotherapy,
sophisticated treatment strategies designed to reduce treat-
ment morbidity without compromising the treatment out-
come have been defined.

Cross-sectional imaging techniques have become an
important tool in these treatment concepts for staging, restag-
ing, post-treatment follow-up, or as part of surveillance
strategies. Balancing the diagnostic benefits against the risks
of additional radiation for young males is crucial. Still, the
most appropriate use of cross-sectional imaging techniques
in many clinical situations during the management of GCT is
unclear.

In general and because GCT are rare accounting for less
than 1% of all male cancers [1], radiologic staging is best per-
formed by radiologists with specific experience and interest
in the field [2, 3].

This chapter will focus on the use of these imaging tech-
niques in common clinical situations and will highlight the
standard use, advantages, limitations, risks, and future per-
spectives of computed tomography (CT) and magnetic reso-
nance imaging (MRI).
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Computed Tomography (CT)

Computed tomography is the most frequently used tool in the
assessment of cancer. This is also true for GCT.

The main advantages of CT scanning are much better con-
trast resolution compared to conventional radiography, min-
imized superimposition of overlying structures due to the
cross-sectional technique, fast examination procedure, oral
and i.v. contrast application, and widespread availability. CT
has an excellent reproducibility with the same system set-
tings (collimation pitch) and provides excellent images for
measuring tumor size.

Disadvantages of this imaging technique mainly revolve
around concerns about the radiation risk and contraindica-
tions of iodinated contrast agents, e.g., allergic reactions and
impaired renal or thyroid function [4, 5].

Magnetic Resonance Imaging (MRI)

In nearly every molecule of the body, protons and neutrons
are capable of producing nuclear magnetic resonance signals,
which are used to generate a magnetic resonance image. Pro-
tons, which provide the strongest signal, are used for the typ-
ical MR images.

Extracellular gadolinium is the MR contrast agent with
the most general use [5]. The advantages of MRI are
that it is a non-ionizing radiation method using radiofre-
quency pulses and providing MR images with high reso-
lution and high soft tissue contrast in any plane. Current
MRI techniques and more spacious equipment have reduced
the psychological stress involved and can even be used in
claustrophobic patients [4].

The main disadvantages of MRI are long acquisition
times, which are significantly longer than with CT; lower
patient throughput; and substantially higher cost. Pace-
makers are an absolute contraindication for MRI.

MRI rarely is the first modality of choice for the pri-
mary diagnosis of tumors, even in 2006. It is usually
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reserved for specific problems or special questions unre-
solved by CT scanning and/or ultrasonography. Or it is used
in the first place, if CT is contraindicated by the type of
radiation delivered or by the need for iodinated contrast
material [6].

Imaging of Primary Tumors: Role of MRI
and CT

Testicular Primary Tumors

There is no significant difference in MRI signaling between
malignant and benign solid testicular germ cell tumors.
Both are characterized by a mid-intense T1-weighted (fat-
sensitive) signal, which compares well with normal testicular
tissue, and a T2-weighted (water-sensitive) signal, which is
lower than that of normal testis tissue [7]. The tunica albug-
inea is best defined on T2-weighted images as a low-intensity
line [8]. Gadolinium enhancement does not add any informa-
tion for characterizing lesions [7, 9], but helps to differentiate
the epididymis from the testis on T2-weighted images by its
hyperintensity relative to the testis.

Testicular GCT usually present as painless asymptomatic
testicular swellings. Pain is present in about 25% of cases
only and does not rule out testicular cancer [10].

The diagnostic method of first choice for examining scro-
tal enlargement is palpation followed by ultrasonography,
which is sufficiently sensitive, in fact as sensitive as MRI,
for the majority of focal testicular lesions. One exception is
that, if ultrasonographic findings are suggestive of an epi-
dermoid cyst, a tumor-like lesion, MRI provides proof by
typical T1- and T2-hyperintense signals of intracystic ker-
atin tissue [11]. Clinical examination of both testicles is of
particular importance to pick up MRI-isointense testicular
tumors [10].

MRI may be used if the ultrasonographic images are of
suboptimal quality or if there is a discrepancy between the
clinical and sonographic findings. In patients with very large
testicular lesions or diffuse tumor infiltration without a cap-
sule, MRI is of additional use [10].

MRI staging of testicular primary tumors is of academic
interest only, because total removal of the tumor is the treat-
ment of choice in any case of malignancy, in pure semi-
nomas, as well as in non-seminomatous testicular tumors
of any clinical stage. MRI provides a typical homogeneous
hypo-intense T2-weighted signal without a capsule in pure
seminomas, whereas non seminomatous germ cell tumor
(NSGCT) are characterized by a heterogeneous T2-weighted
hypo-intense signal with a capsule (see Fig. 27.1). A variety
of exceptions to these typical images do not permit to dif-
ferentiate benign from malignant tissue or seminoma from
NSGCT with sufficient certainty. Regressive processes such

Fig. 27.1 T2-weighted testicular MRI. 1: Normal testicular tissue. 2:
Inhomogeneous, mainly hyperintense tumor, histologically classical
seminoma. 3: Hypointense testicular prosthesis.

as necrosis may be the cause of heterogenic areas within
seminomas [7, 9, 12, 13]. Although the tunica albuginea gen-
erates a consistently low signal, differentiating tumors infil-
trating it from those that just come close to it is difficult
[14]. Furthermore, false-positive results have been obtained
in inflammatory reactions mimicking tumor infiltration of the
spermatic cord. The staging accuracy of testicular primaries
with MRI turned out to be between 63 and 87% [12, 15].

For diagnosing cryptorchidism or testicular agenesis MRI
is superior to palpation and ultrasonography, especially if
the ectopic location is the abdominal cavity rather than
the inguinal canal (see Sect. Undescended Testis, Cryp-
torchidism).

CT does not play a specific role in testicular primary
tumors and is only used, if additional imaging, apart from
palpation and ultrasonography, is needed, but MRI is not
available.

Summary

Clinical examination (palpation) and ultrasonography are the
diagnostic tools of choice for evaluating testicular swelling
or suspect testicular changes. MRI provides additional infor-
mation in equivocal cases, but cannot replace the histopatho-
logic diagnosis of testicular tumors.

Undescended Testis, Cryptorchidism

True undescended testis, i.e., failure to descend sponta-
neously within the first year of life, occurs in about 0.4% of
men. This circumstance may become a diagnostic challenge
in adults during staging procedures of suspected extrag-
onadal primary tumors or incidentally discovered masses,
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asymptomatic or symptomatic, due to hemorrhage, torsion,
or acute abdomen.

The cryptorchid testis is a clear risk factor for the develop-
ment of a testicular tumor. Approximately 10% of testicular
neoplasms are associated with abnormal descent. The like-
lihood of malignant degeneration of an undescended testis
is about 30–50 times greater than in a regularly descended
one. Cancer occurs four times as often in abdominal or
atrophic than in canalicular testes. Early orchidopexy, if pos-
sible anatomically, does not change the risk of malignancy
in the cryptorchid testis. It does, however, facilitate follow-
ups with, hopefully, earlier detection of cancer [16, 17].
Undescended testes are mostly palpable and detected in the
inguinal canal (80%). Careful clinical examination followed
by ultrasonography is the primary diagnostic step. Only
when the search for the testis is unsuccessful MRI is the
diagnostic method of choice to detect the organ in the pelvis
or abdomen. Preoperative imaging is not routinely needed
in children, but it is helpful in adults to plan surgery appro-
priately, no matter whether laparoscopic or open. The main
advantages of MRI in the search for undescended testes are
the multiplanar image acquisition and the capacity to differ-
entiate canalicular from extracanalicular testis. In addition,
MRI can differentiate between undescended testis and tes-
ticular agenesis with a high measure of certainty [18, 19].
According to the literature, agenesis is the cause of non-
palpable testes in 15–63% of cases [11, 20]. Recent MRI
developments have enhanced the technique’s potential to dif-
ferentiate agenetic and ectopic testis (gadolinium-enhanced
venography) [21].

If MRI is not available, CT may be used as an alternative.

Extragonadal Primaries

Primary extragonadal GCT account for approximately 5–7%
of GCT [22] and may develop at multiple sites. The most
common sites are midline, e.g., the mediastinum and the
retroperitoneum. The sacrococcygeal region and the pineal
gland are rarely involved. The underlying cause of these
extragonadal tumors is thought to be an aberrant migration
of germ cell tumor cells of yolk sac origin during embryonic
development [23]. Several other hypotheses have been dis-
cussed [24, 25].

Patients with extragonadal primaries carry an increased
risk of metachronous testicular cancer. Therefore, careful
monitoring of the testes is mandatory [26].

Primary Retroperitoneal Germ Cell Tumors, “Burned
Out” Primary Tumors

The diagnosis of a primary retroperitoneal GCT should
always be preceded by a thorough examination of both

testicles to exclude a very small or a so-called “burned out”
testicular primary tumor. This is a well-known phenomenon,
although not fully understood. The pathogenetic develop-
ment is thought to be based on a high metabolic rate of the
tumor with loss of a sufficient vascular supply and eventual
tumor regression, the so-called “burned out” tumor.

MRI of the testes may be used if sonography is unclear,
even after chemotherapy or during follow-up. The majority
of patients diagnosed with an extragonadal retroperi-
toneal primary present either with a testicular intratubu-
lar/intraepithelial neoplasia (TIN) or with other pathological
changes within the testicles, e.g., scars or microcalcifica-
tions, rather suggestive of a testicular primary. Therefore,
true and definitely extragonadal retroperitoneal primaries are
a rare condition, accounting for less than a third of these
patients [27].

Imaging and treatment of retroperitoneal primary
tumors with or without metastases follow the criteria for
retroperitoneal metastatic disease (see Section Staging at
Presentation).

Primary Mediastinal Germ Cell Tumors

Primary mediastinal GCT are mostly found in the anterior
mediastinum within or adjacent to the thymic gland. Rarely,
they emerge in the posterior mediastinum. Histologically,
these tumors differentiate out of one or multiple germinal
layers (endo-, meso-, ectodermal). They are defined by the
absence of a gonadal as well as a retroperitoneal tumor man-
ifestation [28, 29]. CT of the chest is the tool of choice for
diagnosis and for restaging. MRI has no specific role for rou-
tine staging of the mediastinum.

Benign (mature teratoma) as well as malignant histologies
of germ cell origin are found in the mediastinum. The latter
cannot be differentiated from lymphoma or thymoma by CT
only. If tumor markers are negative, biopsies are needed to
confirm the diagnosis.

Mature teratomas are found in 60–75% of cases [28,
30, 31]. They are well-defined masses with cystoid com-
ponents of low density and fatty tissue in about half of the
cases [31–33]. Calcifications are typical features, followed
by fat/fluid levels [31, 34, 35] and soft tissue components.
The latter are usually not the major components of mediasti-
nal teratomas [36].

In summary, the three components fat, fluid, and calcifi-
cations permit a visual differentiation between teratoma and
other malignant tumor entities like lymphoma, thyroid can-
cer, and thymoma on CT images.

It is not possible to distinguish mature/benign from malig-
nant teratomas by CT scanning alone with a sufficient mea-
sure of certainty, although malignant tumors tend to harbor
more soft tissue components. Malignant teratomas may grow



290 M. De Santis et al.

(a)

(b)

Fig. 27.2 Chest CT with i.v. and oral contrast. Primary mediastinal
seminoma. (a) Mass in the anterior mediastinum. (b) Posterior medi-
astinal mass

aggressively with infiltration of the chest wall and metastatic
spread [36–38]. Malignant non-seminomatous germ cell
tumors of the mediastinum have a very poor prognosis [39].

The most common malignant GCT of the mediastinum
are pure seminomas (SGCT). They are usually large homo-
geneous masses and may contain small low-density areas
due to hemorrhage or necrosis [28, 30, 37] (see Fig. 27.2).
In NSGCT hemorrhage and necrosis are more common and
sometimes responsible for up to 50% of the tumor volume
[36, 38].

MRI in Selected Clinical Situations

Staging at Presentation

So far, MRI has not shown any superiority compared to the
staging accuracy of CT imaging [40]. Neither MRI nor FDG
PET can detect microscopic disease. Just like CT, MRI only
picks up enlarged lymph nodes. The only advantages of MRI
for staging purposes are that it does not deliver ionizing radi-

ation with all its associated risks for the young male popula-
tion (see Section CT and Radiation Risk) and that it can be
used whenever CT is contraindicated.

Restaging After Chemotherapy

MRI cannot specify the effect of chemotherapy. Nor can
it detect viable tumor, necrosis, or fibrosis in residual dis-
ease. However, MRI does provide better three-dimensional
information than CT about the location and dimension of
residual lymph node metastases for planning retroperitoneal
lymph node dissection (RPLND) or residual tumor resec-
tion in the retroperitoneum, especially if the anatomy is
unclear [41, 42]. Most retroperitoneal lymph nodes are inho-
mogeneous on T1- and T2-weighted images, maybe due
to differently responding components. 2-18Fluoro-2-deoxy-
D-glucose positron emission tomography (FDG PET) com-
bined with CT for evaluating pure seminoma residuals can
be regarded as the standard tool for clinical decision mak-
ing [43]. This does not apply to the evaluation of NSGCT
residuals after chemotherapy, where FDG PET is not able to
provide a restaging accuracy of more than 57% for viable
tumor and teratoma [44] (see chapter 28).

Summary

To date CT remains the standard diagnostic tool for restag-
ing. Only in residual pure seminomatous tumors FDG PET
is of additional value and a standard tool for decision mak-
ing. There might be an emerging role for MRI staging in the
future.

MRI for Central Nervous System (CNS) Imaging

CNS metastases are rare in GCT patients. They occur in only
1% of all patients and in 10% of those with advanced disease.
However, CNS imaging is recommended in patients with
neurologic signs and symptoms [45] as well as in asymp-
tomatic patients with an “intermediate” or “poor” progno-
sis according to the IGCCCG classification (International
Germ Cell Cancer Collaborative Group) [39]. Patients with
poor prognostic features and histologic evidence of chori-
onic carcinoma carry an increased risk of cerebral metas-
tases [46, 47]. MRI of the CNS is the diagnostic method of
choice especially for symptomatic patients. Advantages of
MRI (see Fig. 27.3) for CNS imaging compared to CT (see
Fig. 27.4) are the higher sensitivity [48] and, therefore, the
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Fig. 27.3 T2-weighted MRI of the brain. Three brain metastases, sur-
rounded by hemosiderin deposits due to hemorrhage

Fig. 27.4 Brain CT. Contrast-enhancing metastasis and perifocal
edema (+)

chance to detect additional small lesions as well as the radio-
protection of the ocular lens. Even CNS metastases should
be approached with curative intent. The long-term survival
rate of patients with brain metastases at initial staging is up
to 30–40% [49, 50].

Liver Metastases

Of the non-pulmonary visceral pathologies, liver metastases
occur in about 6% of NSGCT patients. They are known to
carry a poor prognosis [39]. Patients with advanced bulky
disease or poor prognostic features (see Table 27.1) should

be carefully examined to make sure that liver involvement
is not missed. CT scanning of the abdomen, including liver
imaging, is the standard diagnostic tool for GCT staging
according to the European Guidelines [51]. In order to clar-
ify specific questions or uncertainties, MRI has become the
standard of care in the diagnosis of unclear lesions in the
liver. Yet, if the picture is unclear and the lesions are acces-
sible, the diagnosis should be established by a biopsy, espe-
cially if the liver lesion is the only poor prognostic feature
and would therefore prompt a different classification and
treatment strategy. Although the image quality for investi-
gating the liver was improved by newer non-enhanced T1-
and T2-weighted sequences, contrast agents still have their
place for diagnosing liver lesions. Standard MRI protocols
for the liver include the administration of gadolinium chelate.
Liver metastases may be hypo- or hypervascular or nearly
isointense to liver parenchyma on both T1- and T2-weighted
images [6]. Metastases from GCT may vary in their MRI
appearance even within one and the same patient due to dif-
ferent histologic components. In general, the main advantage
of MRI imaging of the liver is that it collects many different
types of data. Therefore, it is the imaging technique with the
strongest likelihood of detecting liver metastases of differ-
ent sizes and histologic components. In comparisons of cur-
rent MRI with current CT techniques, MRI has been rated as
being more accurate than CT for detecting liver metastases
[52, 53].

MRI and Future Aspects

Whole-Body Magnetic Resonance Imaging

Whole-body MRI using a slow fluid-sensitive sequence
(short-tau inversion recovery sequence, “STIR”) is very sen-
sitive for detecting bone metastases or bone marrow infiltra-
tion by lymphoma or myeloma [54–56]. In the management
of GCT it could replace skeletal scintigraphy for detecting
bone marrow metastases in the rare cases of very advanced
pure seminomas.

New Contrast Agents

Research on new contrast agents like ferumoxtran-10
nanoparticles, which have a superparamagnetic iron oxide
core, may help to improve the detection rate of metastases in
normal-sized lymph nodes or equivocal nodes. Ultra-small-
particle iron oxide agents are picked up by normal lymph
nodes, which then appear black on an iron-sensitive MRI
sequence [57, 58]. So far, no data for lymph node metastases
of GCT are available. However, the agent has been used in
a number of malignancies including abdominal and pelvic
disease [59].
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Summary of MRI in GCT

For routine staging of GCT, MRI is standard whenever CNS
disease or liver metastases are suspected. It may be used to
clarify specific uncertainties of CT imaging. Due to improved
technique and shorter acquisition times as well as a lack of
radiation burden, MRI might gain in importance for staging,
restaging and follow-up of GCT in the near future.

CT in Selected Clinical Situations

Staging at Presentation

For clinical staging at presentation CT of the abdomen,
pelvis, and chest is presently the imaging method of choice
in NSGCT patients and provides the basis for staging accord-
ing to the UICC and IGCCCG classifications [39, 60] (see
Tables 27.1 and 27.2a–d). More invasive techniques like
lymphography were abandoned in the mid-1980s because,
compared to CT, they did not provide additional informa-
tion affecting the management of testicular cancer patients
[61, 62].

Oral and intravenous (i.v.) contrast should be standard,
provided renal and thyroid functions permit its use. Com-
mon pitfalls with i.v. contrast omitted are the misinterpre-

tation of vessels because of anatomic variants, particularly
because the expected sites of spread from testicular lesions
are exactly within these regions [63–70]. Anatomic variants
include

1. Variable prevalences of a circumaortic and retroaortic
course of the left renal vein

2. Supernumerary left renal vein
3. Doubled vena cava
4. Normal asymmetry of common iliac veins (left common

iliac vein larger with at least a twofold difference)
5. Insufficiently opacified bowel loops
6. Anatomic variant of the testicular veins

After retroperitoneal lymph node dissection (RPLND)
misinterpretation of retroperitoneal changes on abdominal
CT scans may be due to [71]

1. Hypodense postoperative seromas mimicking hypodense
lymph nodes in the retroperitoneum (see Fig. 27.5a–c)

2. Blurring of contours by loss of fat tissue
3. Postoperative fibrotic changes and shrinkage
4. Change of bowel loop location (more posterior than pre-

operatively)

The distribution of retroperitoneal lymph node metas-
tases in GCT patients follows the lymphatic drainage of
the testis, which is well documented in the literature, and
retracks the path of embryonic development. Left-sided tes-
ticular primaries are expected to metastasize first to the left

Table 27.1 Prognostic classification according to the IGCCCG 1997 [39]

Groups Non-seminoma Seminoma

Good prognosis 56% of cases 90% of cases
5-Year progression-free survival 89% 82%
5-Year survival 92% 86%
With all of Testis/retroperitoneal primary Any primary site

No non-pulmonary visceral metastases No non-pulmonary visceral metastases
AFP < 1000 ng/ml and Normal AFP
hCG < 5000 mIU/l (1000 ng/ml) and Any hCG
LDH < 1.5x upper limit of normal Any LDH

Intermediate prognosis 28% of cases 10% of cases
5-Year progression-free survival 75% 68%
5-Year survival 80% 73%
With all of Testis/retroperitoneal primary Any primary site

No non-pulmonary visceral metastases Non-pulmonary visceral metastases
AFP ≥ 1000 and ≤ 10000 ng/ml or Normal AFP
hCG ≥ 5000 and ≤ 50000 mIU/l or Any hCG
LDH ≥ 1.5 and ≤ 10x upper limit of Normal Any LDH

Poor prognosis 16% of cases No patients classified as poor prognosis
5-year progression-free survival 41%
5-year survival 48%
With any of Mediastinal primary

Non-pulmonary visceral metastases
AFP > 10000 ng/ml or
hCG > 50000 mIU/l or
LDH > 10x upper limit of normal
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Table 27.2 TNM classification of germ cell tumors [60]

a: Primary tumor (T)
pTX Primary tumor cannot be assessed
pT0 No evidence of primary tumor
pTis Intratubular germ cell neoplasia (carcinoma in situ)
pT1 Tumor limited to the testis and epididymis without vascular/lymphatic invasion; tumor may invade into

the tunica albuginea but not the tunica vaginalis
pT2 Tumor limited to the testis and epididymis with vascular/lymphatic invasion or tumor extending through

the tunica albuginea with involvement of the tunica vaginalis
pT3 Tumor invades the spermatic cord with or without vascular/lymphatic invasion
pT4 Tumor invades the scrotum with or without vascular/lymphatic invasion

b: Regional lymph nodes (R)

Clinical
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis with a lymph node mass 2 cm or less in greatest dimension; or multiple lymph nodes, none

more than 2 cm in greatest dimension
N2 Metastasis with a lymph node mass more than 2 cm but not more than 5 cm in greatest dimension; or

multiple lymph nodes, any one mass greater than 2 cm but not more than 5 cm in greatest dimension
N3 Metastasis with a lymph node mass more than 5 cm in greatest dimension
Pathologic (pN)
pNX Regional lymph nodes cannot be assessed
pN0 No regional lymph node metastasis
pN1 Metastasis with a lymph node mass 2 cm or less in greatest dimension and less than or equal to 5 nodes

positive, none more than 2 cm in greatest dimension
pN2 Metastasis with a lymph node mass more than 2 cm but not more than 5 cm in greatest dimension; or more

than 5 nodes positive, none more than 5 cm; or evidence of extranodal extension of tumor
pN3 Metastasis with a lymph node mass more than 5cm in greatest dimension

c: Distant metastasis (M)

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
M1a Non-regional nodal or pulmonary metastasis
M1b Distant metastasis other than to non-regional lymph nodes and lungs

d: Serum tumor markers (S)

SX Marker studies not available or not performed
S0 Marker study levels within normal limits
S1 LDH < 1.5x UNL AND

hCG (mIU/ml) < 5000 AND
AFP (ng/ml) < 1000

S2 LDH 1.5–10x UNL OR
hCG (mIU/ml) 5000–50000 OR
AFP (ng/ml) 1000–10000

S3 LDH > 10 x UNL OR
hCG (mIU/ml) > 50000 OR
AFP (ng/ml) > 10000

renal hilar nodes, the pre- and para-aortic (upper part) and
left common iliac regions, whereas pre-, para-, and interaor-
tocaval as well as right common iliac node groups are con-
sidered to be the primary lymphatic spread of right-sided
testicular tumors [45, 72–75] (see Fig. 27.6a and b). Previ-
ous inguinal or scrotal surgery is a known risk factor for the
uncommon spread to the inguinal and pelvic nodes [76, 77].

Retroperitoneal hematoma following bleeding from an
inappropriately ligated vessel at orchidectomy is a possible
source of false-positive abdominal CT scans [78–80].

The accuracy of detecting metastatic disease in normal-
size lymph nodes is limited, mainly because the size of nor-
mal retroperitoneal lymph nodes in healthy people varies
substantially (6–20 mm) due to methodological differences
and variations in size at different anatomic locations [81–83]
(see Table 27.3). Even the combined measurement of long
and short diameters of the largest lymph nodes in different
retroperitoneal regions does not add to accuracy [84].

As a rule, the short diameter on axial sections is used,
although no consensus has been defined so far for standard
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(a) (b)

(c)

Fig. 27.5 Abdominal CTs with i.v. and oral contrast. (a) Anatomy before surgery. 1: Enlarged abdominal lymph nodes. 2: Gall bladder. (b) Same
patient, first follow-up after retroperitoneal residual tumor resection. 1: Hypodense postoperative seroma mimicking a hypodense lymph node
(seroma and former lymph node of same density). (c) Same patient, second follow-up after surgery. Spontaneous size reduction of seroma

measurements of retroperitoneal lymph nodes. In clinical
studies different measurements have been used [85–87].

CT diagnosis is not only based on size. The shape and
the potential absence of a fatty center, inhomogeneities,
or additional signs like strong enhancement after contrast
administration reflecting hypervascularization, which may be
due to tumor or inflammation, are other important criteria.
Yet, these criteria are controversially discussed in the litera-
ture [88]. The strongest correlation of CT-enlarged retroperi-
toneal nodes with malignancy is their location within
the primary landing zone.

The staging accuracy of CT scans at presentation of stage
I and II GCT is about 70% [82, 89–91]. 20–30% of clinical
stage II patients turn out to be stage I pathologically, whereas
30% of clinical stage I patients are understaged by CT
[90, 92].

Not surprisingly, several authors showed in retrospec-
tive analyses that the smaller the cut-off for a still normal-

sized node, the higher the sensitivity, but the lower the
specificity.

Para-aortic lymph nodes of >10 mm are suspect of
metastatic involvement in any case of GCT. A cut-off value
as low as 4 mm (short axis) has been suggested for para-
aortic nodes anterior to the midportion of the aorta in patients
with NSGCT [84, 93, 94] (see Table 27.4).

In summary, any number of nodes within the expected
primary landing zone, irrespective of their size, should
raise serious suspicion of occult metastases [81, 82, 89, 93,
95–97].

The prevalence of pelvic nodes is low (only 8%) and the
additional radiation burden with pelvic CT is high with an
increase of the effective dose equivalent (EDE) by 2.6 mSv
(74%). For pelvic disease two mechanisms have been pos-
tulated: retrograde spread from extensive abdominal metas-
tases and disruption of the normal lymphatic drainage of the
testis. White et al. retrospectively evaluated 443 CT examina-
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(a) (b)

Fig. 27.6 Abdominal CTs with i.v. and oral contrast. (a) Bulky retroperitoneal disease at presentation (intermediate prognosis). High image noise
due to intensive care unit conditions and distinctive anasarca of patient. (b) Same patient after four courses of cisplatin-containing chemotherapy.
Very good partial remission, tumor-marker negative, histologically necrosis and mature teratoma at residual tumor resection

Table 27.3 Average diameter of normal sized lymph nodes in adults
according to anatomic location: after Prokop (2003, p. 623) [83]

Location Threshold diameter (mm)

Retrocrural nodes 6
Gastrohepatic nodes 8
Pancreaticoduodenal nodes 10
Mesenteric nodes 10
High pre-aortic and celiac nodes 10
Para-aortocaval nodes 11

Table 27.4 Abdominal CT for GCT staging according to size cut-off
and relation to the abdominal aorta: after Hilton (1997) [93]

Node size: cut-off (mm) Specificity (%) Sensitivity (%)

> 10 37 100
> 8 47 100
> 6 67 83
> 4 93 58

tions of 167 patients to investigate the true value of pelvic CT
and to analyze risk factors for pelvic disease. The strongest
single risk factor was found to be bulky abdominal disease.
Therefore, CT of the pelvis should be included in the primary
staging procedures. Further pelvic CT scans for restaging
and follow-up are recommended only for patients at high risk
for pelvic disease [72, 74, 77, 98] (see Sections Response
Evaluation and Follow-Up).

The retroperitoneum and the lungs are sites of predilec-
tion for metastases of GCT. On staging CT scans of the
chest, which are recommended for all patients with NSGCT
[51], all pulmonary nodules, regardless of their size, are sus-
pect. Only calcified foci are a safe exception to this rule (see
Fig. 27.7a and b).

Intrathoracic disease occurs in 17–25.7% of NSGCT
patients [29, 99–101] (see Figs. 27.8 and 27.9) and 50%
of patients with retroperitoneal lymph node metastases are
expected to have concomitant pulmonary metastases; 10%
are found to have isolated intrathoracic involvement [102].

In pure seminomatous germ cell tumors pulmonary
involvement is rare with a rate of only 0.3–3.5% [29, 101].
Therefore, staging CT of the chest may be omitted and
replaced by chest x-ray, if the retroperitoneum is clear
[51, 97].

Supradiaphragmatic nodal involvement in association
with pulmonary metastases is seen in 12–25% of patients
[101, 102]. The most common sites are the para-esophageal,
subcarinal, and posterior mediastinal areas [103, 104]. Iso-
lated mediastinal involvement is relatively uncommon in
NSGCT (9%), but more frequent in pure seminomas [29].

(a) (b)

Fig. 27.7 Chest CT with i.v. and oral contrast. Patient with stage Ib
NSGCT. (a) Small pulmonary lesions at follow-up. (b) Same patient.
Calcified hilus lymph node, supporting the hypothesis of non-recent
tuberculosis rather than pulmonary metastases



296 M. De Santis et al.

Fig. 27.8 Chest x-ray. NSGCT, high intrapulmonary tumor load, clini-
cally severe dyspnea.

Fig. 27.9 Chest CT with i.v. and oral contrast; lung window. NSGCT
with poor prognosis; multiple intrapulmonary lesions

Measurement of intrathoracic lymph nodes is usually
based on the short-axis diameter. The threshold for a normal-
size lymph node in all thoracic regions has been reported to
be 10 mm. Subcarinal lymph nodes with a 12 mm short axis
as the upper limit of normal are an exception [32].

The overall accuracy of chest CT for diagnosing metas-
tases does not exceed 70% with excellent sensitivity but
relatively poor specificity. False-positive results lead to
unnecessary re-evaluations with CT scanning associated with
an increase in the radiation dose delivered or the risks of inva-
sive procedures [32, 82].

Pitfalls in staging chest CTs comprise normal structures
and variants and different coincidental conditions:

1. Thymic hyperplasia (for thymic rebound phenomenon see
Section Relapse)

2. Normal pericardial recesses mistaken for nodal metas-
tases (both structures may be of low density) [101]

3. Large transverse sinus of the superior pericardium simu-
lating a paratracheal lymph node [105]

4. Posterior pericardial recess and oblique sinus of the peri-
cardium simulating a low-density subcarinal or para-
esophageal node [106]

5. The cisterna chyli [107]
6. Coincidental presence of sarcoidosis:

Typical findings on chest CT (better still on high-
resolution CT) images that are sources of potential errors in
GCT imaging, but suspicious of sarcoidosis, are [108] (see
Fig. 27.10)
� Small, well-defined nodules in relation to the pleural sur-

faces, interlobular septa, centrilobular structures
� Large nodules (> 1 cm) or consolidation
� Lymph node enlargement, usually symmetrical

In tumor marker negative patients with a clear retroperi-
toneum and isolated mediastinal node enlargement or
lung nodules, biopsies should be obtained to establish the
diagnosis.

Response Evaluation

Response evaluation in GCT is based on a consistent tumor
marker decline measured directly before each treatment
course and on CT data (see Fig. 27.6a and b). The man-
agement of GCT patients does not include interim staging

Fig. 27.10 Chest CT with i.v. and oral contrast; lung window. Multiple
ill-defined, fuzzy pulmonary lesions mimicking intrapulmonary metas-
tases. Differential diagnosis of sarcoidosis was histologically verified;
improvement after corticosteroid therapy
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after two or three courses of chemotherapy, as is common
practice for other tumor entities. Response evaluation by CT
scanning in GCT is performed only at the sites of former
metastatic disease and after completion of the planned three
to four courses of cisplatin-based chemotherapy, unless a
clear tumor marker increase measured on day one of each
chemotherapy course indicates progression. Tumor marker
flare-ups between chemotherapy courses may be due to
release from necrotic tumor cell tissue, especially after the
first chemotherapy course, and should not prompt additional
imaging or changes in treatment [51]. Metastases growing
during chemotherapy are usually found to harbor mature ter-
atoma components [42, 109]. These have to be removed after
completing chemotherapy.

Up to one third of all patients with NSGCT metastases
present with residual masses, although their tumor marker
levels returned to normal (“marker-negative partial remis-
sion; PRm–”). CT, FDG PET, MRI, and predictive mod-
els based on regression analyses [44, 110] have so far not
reliably predicted the histology of the residuals. Necro-
sis/fibrosis, mature teratoma with or without malignant trans-
formation, and viable tumor are expected in 40, 40, and
20%, respectively [109, 111–113]. In six studies discordant
pathology was reported in 25–47% of cases after multiple
resections [46]. Therefore, complete resection of all resid-
ual NSGCT lesions is the only way of curing this group of
patients.

Restaging in Pure Seminomatous Germ Cell
Tumors (SGCT)

Residual lesions after chemotherapy of bulky SGCT are
expected to be present in 50–75% of patients. Overall, less
than 20% of the resected residual masses harbor viable tumor
and the presence of mature teratoma is negligible. CT com-
bined with FDG PET for evaluating pure seminoma residuals
can be regarded as a standard tool for clinical decision mak-
ing in this patient group (see chapter 28).

Just as in NSGCT, MRI is used in SGCT, if CT contrast is
contraindicated or if the anatomy is unclear after CT imaging
[41, 42]

Relapse

Relapses are expected in about 20% of all patients with
germ cell cancer, depending strongly on the prognostic
group at primary staging according to the IGCCCG clas-
sification [39]. A rise in tumor marker levels and/or the
presence of radiological, rarely clinical, signs provides diag-

nostic evidence suggesting relapse. For relapsers with rising
marker levels and unequivocal signs of progressive dis-
ease on CT, salvage treatment should be instituted: salvage
chemotherapy, followed by salvage surgery, and primary sal-
vage surgery are the standard treatment options.

The following situations raise diagnostic problems:

1. Rising tumor markers unmatched by clinical/radiological
abnormalities

2. Radiological evidence of new lesions or an increase in
the volume of a pre-existing one unassociated with rising
marker levels

In the latter case, CT pitfalls at relapse mimicking pulmonary
metastases or relapse are

(a) Pulmonary changes on chest CT not matching the clin-
ical picture or without rising markers due to sarcoidosis
(see Fig. 27.10)

(b) Radiologic manifestations of pulmonary drug toxic-
ity [114–117]: bleomycin-induced manifestations with
multiple discrete nodules simulating metastases and an
acinar filling pattern (see Section Computed Tomogra-
phy and Pulmonary Changes due to Drug Toxicity in
GCT Patients)

(c) Infections or originally unrecognized residuals after
infections: tuberculosis (see Fig. 27.7a and b)

(d) Thymic rebound following chemotherapy [118–122].

CT and Radiation Risk

Given the young population at risk for testicular cancer, the
high cure rates and the lifelong follow-up, it is essential
to minimize the radiation burden following the “ALARA”
principle (“as low as reasonably achievable”). CT, the stan-
dard procedure for the diagnosis, staging, response eval-
uation, and follow-up, generates ionizing radiation, which
is itself a potent mutagen and carcinogen. Worldwide,
radiation exposure from medical procedures is continuously
rising. CT accounts for 5% of all radiologic examinations,
but contributes 34–70% of the collective radiation dose
[123–126].

The estimated cancer risk following exposure to low lev-
els of ionizing radiation has been discussed controversially
in several reports by international organizations [123, 127,
128] and in scientific publications by individual researchers
[126, 129, 130] in the past few decades. These estimates have
largely been derived from data of survivors of atomic bomb-
ings [129, 131–133] and from studies of medically, occupa-
tionally, or environmentally overexposed groups [123, 128].
Unanswered questions as to the actual risk of fatal cancer
induction include the legitimacy of linear extrapolation from
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higher to lower radiation doses as well as unknown effects of
dose fractionation in this field of interest. Individual risk fac-
tors for cancer induction caused by radiation include genetic
susceptibility and the age at exposure [126, 129, 130].

The quantity most relevant for assessing the risk of can-
cer detriment from a CT procedure is the “effective dose”
measured in millisieverts (mSv). This quantity incorporates
the different radiation sensitivities of the organs of the body
and therefore permits to compare the risk estimates associ-
ated with partial or whole-body radiation exposures [127].

A typical CT examination of the abdomen with an
effective dose of 10 mSv increases the risk of fatal can-
cer induction by approximately 1:2000 [127] in addition to
the natural incidence of fatal cancer in the U.S. popula-
tion, which is about 1:5 (see Table 27.5). In other words,
for any one person the risk of radiation-induced cancer is
much smaller than the natural risk of cancer. Nevertheless,
this small increase in the radiation-associated risk of fatal
cancer induction may become a major public health concern
and is a vital individual issue for young testicular cancer sur-
vivors.

The possibilities of reducing the radiation dose are man-
ifold and can only be optimized in an interdisciplinary
approach of

1. Manufacturers by introducing automatic exposure con-
trols and automatic tube current modulation, improving
scanning efficiency by the use of pre-patient collimation
of x-ray beams, better filters, higher gantry rotation times,
better image reconstruction algorithms, and more efficient
detector geometry [134]

2. Radiologists by strictly limiting the volume scanned to the
actual area of interest, using “low-dose” protocols (reduc-
ing current and voltage, increasing pitch, adapting scan-
ning parameters to patient attributes such as weight or cir-
cumference), shielding, selecting adequate image recon-
struction parameters, and avoiding unnecessary scanning
(e.g., before and after contrast enhancement) [134–141]

3. Referring clinicians by optimizing follow-up schedules
with respect to patient- and treatment-related risk factors
[77, 101, 142–148]

Table 27.5 Diagnostic procedures: summary of average effective doses
and estimated lifetime cancer risks

Diagnostic
procedure

Average
effective
dose (mSv)

Equivalent number
of chest x-rays

Estimated lifetime
cancer risk
(mortality)

Chest x-ray 0,02 1 1:1,000,000
CT chest 8 400 1:2500
CT abdomen 10 500 1:2000
CT pelvis 10 500 1:2000

Follow-Up

Follow-up strategies depend strongly on the individual clini-
cal situation and the risk of relapse of the individual patient.
The use, frequency, and duration of CT scanning for follow-
up are under debate for most clinical situations.

As for strategies to reduce radiation, a few recommenda-
tions about the use or possible omission of CT scans can be
made. These are mainly based on retrospective data.

According to the data of White et al., pelvic CT scans for
restaging and follow-up are recommended only for patients
at high risk for pelvic disease [72, 74, 77, 98], i.e.,

1. Presence of unequivocal node enlargement in the
abdomen/retroperitoneum (bulky disease > 5 cm)

2. Previous history of maldescent and orchidopexy
3. Other previous inguinal scrotal surgery
4. Invasion of the tumor through the tunica vaginalis of the

testis

Randomized data specifically addressing the role of CT
scanning for follow-up is available only for stage I NSGCT
patients on surveillance.

A multicenter trial prospectively compared two CT
follow-up schedules for post-orchidectomy patients with
stage I testicular teratoma on surveillance. Mainly low-risk
stage I patients (without vascular invasion of the primary
tumor) were included. The investigators excluded a more
than 1.6% difference in relapsing to a higher-risk group
between 5 or 2 CT scans of chest and abdomen performed
at 3, 6, 9, 12, and 24 months versus 3 and 12 months. Thus,
CT scans at 3 and 12 months should be considered standard
surveillance with the advantage of less cumulative radiation
exposure [143].

Chest CT versus conventional chest x-ray for follow-up
has long been a matter of controversy and still is.

In a prospective study Gels et al. [148] found pulmonary-
only relapses in no more than 9.6% out of 154 patients on
surveillance. A retrospective review by Harvey et al. [145]
included 168 patients; 42 (25%) had a relapse. Only one
patient (0.6%) presented with pulmonary-only relapse.

In the randomized study presented by Mead et al. [143],
chest x-ray was the first to signal relapse in all pulmonary
cases of the two-CT scan group, whereas chest CT reported
relapse first in only 3 out of 167 patients on surveillance. In
view of these summary data, the actual role of chest CT for
follow-up is questionable. Chest-only relapses are very rare
and chest relapses in general are most likely to be picked up
by chest x-ray, although possibly later. This fact, however,
does not impair the prognosis of the patients according to the
IGCCCG classification [39]. Therefore, chest CT safely can
be replaced by chest x-ray in GCT patients on surveillance.
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Computed Tomography and Pulmonary
Changes due to Drug Toxicity in GCT Patients

In order to react appropriately and quickly enough, risk fac-
tors and typical clinical and radiologic manifestations should
be kept in mind, when bleomycin-induced toxicity might
be the reason for unclear CT findings or clinical manifes-
tations during re-staging or follow-up. The usual incidence
of bleomycin-induced pulmonary toxicity is approximately
4–7% [115, 149, 150]. Of the patients affected, about 15–
27% go on to die of fatal pulmonary fibrosis (about 1% of
all patients treated with any dosage of bleomycin) [151]. The
typical time to clinical or radiologic changes is 4–10 weeks
after treatment is initiated [150, 152, 153].

Known risk factors in a multivariate analysis by
O’Sullivan et al. were [154]

� Age > 40 years
� Impaired renal function (GFR < 80 ml/min)
� Stage IV disease (pulmonary metastases, high pulmonary

tumor burden)
� Cumulative bleomycin dose > 300 IU

Whenever early pulmonary changes due to bleomycin
(see Fig. 27.11) are expected or to be ruled out, CT of the
chest and especially high-resolution CT (HR-CT) of the chest
is more sensitive than chest x-ray. A slight reduction of the
DLCO on lung function testing is usually the first sign. Early
recognition of morphologic changes and their extent is cru-
cial. Discontinuation of the drug before permanent damage
occurs is the most important therapeutic step.

The first detailed description of CT changes indicating
pulmonary bleomycin toxicity was published by Bellamy
et al. in 1985 [155]. In 23% of patients with normal chest
x-rays parenchymal lung damage was detected. The authors
described three degrees of lung damage with the respective
CT correlations:

Minor damage: pleural-based linear and nodular opaci-
ties at the lung bases

Fig. 27.11 High-resolution CT of the chest. 1: Subpleural triangular
opacity (Pfeil right lung). 2: Discrete linear pleural-based opacity (Pfeil
left lung)

Moderate damage: coarse reticular and nodular shadow-
ing extending across the pulmonary parenchyma and
toward the mediastinum

Severe damage: confluent, irregular opacities extending
throughout the lung with the apices relatively spared

Further possible clinical and radiologic manifestations
of drug-induced pulmonary toxicity, including bleomycin,
described by Rossi et al. are [114] diffuse alveolar damage
(DAD) and obliterating bronchiolitis, organizing pneumonia
(BOOP) with hetero- and homogeneous peripheral opacities
in both upper and lower lobes and on CT scans as poorly
defined nodular consolidation. These can give rise to misin-
terpretation as malignant lesions [153].

If the clinical picture is not indicative of relapse and
bleomycin-induced changes are suspected on CT scans,
observation is considered sufficient including repeated chest
x-rays and chest CTs. In such cases invasive proce-
dures/biopsies can be avoided [117]. Complete resolution of
bleomycin-induced CT abnormalities is expected in nearly
half of the patients with mild or moderate changes over sev-
eral months [155]. This is not to be expected in patients with
severe CT changes due to pulmonary fibrosis.
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Chapter 28

Positron Emission Tomography (PET) in Germ Cell Tumors (GCT)

M. De Santis, A. Maj-Hes, and M. Bachner

Introduction

Both the treatment and outcome of germ cell tumors (GCT)
have changed with the implementation of cisplatin-based
chemotherapy. High cure rates even in advanced tumor stages
provide a unique scenario for young cancer survivors who
look for optimal patient management with minimal acute
and long-term morbidity and toxicity. Non-invasive staging
tools like serum tumor marker assays and imaging studies
such as computed tomography (CT) both made substantial
contributions to this goal. Improved staging and response
evaluation help to avoid unnecessary overtreatment by risk-
adapted approaches precisely tailored to the individual
patient.

However, conventional staging techniques still are prone
to considerable over- and understaging attributable to their
sensitivity and specificity [1–3].

Positron emission tomography (PET) is a more recent
addition to the battery of clinical diagnostic tools. With this
imaging technique, a non-invasive method for determining
regional metabolic processes has become available. The use
of PET in oncology is based on the well-founded assumption
that the visualization of metabolic changes often precedes
measurable morphologic alterations in neoplastic tissue
[4–7]. Thus PET has added a new dimension, i.e., metabolic
imaging, to current anatomy-derived imaging techniques.
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Physics

The principle underlying positron emission tomography
(PET) is that when binding to electrons, positrons from
positron-emitting radioisotopes release annihilation gamma
rays. These consist of two photons of 511 keV each sepa-
rating in diametrical directions and are detected by a ring
of detectors with opposed scintillation crystals, which recog-
nize coincident radiation events. PET produces both dynamic
data like the movements in time of the injected tracer and its
distribution in a circumscribed area and static data such as
those obtained by whole body scans, which image the struc-
tures of interest in three dimensions (coronal, transverse,
and sagittal) and are generally used for evaluating cancer
patients. Standard tracer uptake values (SUVs) are being cal-
culated in an attempt to quantify the intensity of local tracer
uptake in the region of interest and to obtain results, which
are easily compared with the results at another point in the
course of the disease:

SUV = decay corrected maximal region of interest activ-
ity/injected dose / body weight

However, the usefulness and the reproducibility of SUVs
compared to visual interpretation by an experienced nuclear
physicist have repeatedly been questioned [8, 9].

Currently, the most sophisticated standard scanners, i.e.,
full-ring tomograph scanners [10], have a resolution of
4–5 mm. They detect volumes with positive tracer uptake
down to 8–10 mL. The technology involved is complex and
the costs incurred are high.

Tracers in GCT

In oncology, 2-18fluoro-2-deoxy-D-glucose (FDG) is cur-
rently the most widely used tracer, because it selectively
accumulates in cancer cells. On account of the regionally
increased blood flow and the elevated activity of glucose
transporters (GluT1) and intracellular hexokinase, cancer
cells are avid glucose seekers. 18F substitution at the C2
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of the glucose structure turns 18FDG-6-phosphate into a
polar molecule, which cannot be further metabolized and, as
cancer cells contain little glucose-6-phosphatase, is trapped
in them. These mechanisms contribute to distinguishing
active tumor from non-neoplastic cells by its increased tracer
uptake [11–13].

A few other tracers have been under investigation for
GCTs, among them L-(1-carbon-11)tyrosine [14], which has,
however, not been found to be suited for evaluating residual
masses in GCT.

The following physiologic issues and limitations of FDG
PET should be considered before clinical decision-making
with the help of FDG PET:

Physiologic FDG Uptake

FDG also actively accumulates in normal tissues of the brain,
the myocardium, the liver, the smooth muscles, and the bone
marrow and is eliminated along renal and urinary pathways.
Three-dimensional imaging and iterative reconstruction help
to differentiate these superimposed structures from neoplas-
tic tissue [15].

False Positive FDG PET Results

High FDG uptake is not totally tumor specific. It is well
known that inflammatory and granulomatous tissue such as
sarcoidosis show extensive tracer uptake caused by elevated
macrophage activity [16–18]. This is also true for inflamma-
tory reactions up to several months after irradiation [19, 20].
Active [18F]FDG uptake by phagocytes within abscesses
or by granulation tissue surrounding abscesses causes false
positive results, whereas chemically sterile abscesses do
not accumulate FDG [4]. Macrophage accumulation due to
resorption of necrotic post-treatment tumor tissue will cause
false positive FDG PET studies. Most importantly, there may
be a metabolic flare within the first days after chemother-
apy. Therefore, PET should not be performed too early in
germ cell residual tumors after chemotherapy, i.e., within
2–4 weeks post-chemotherapy [17, 21, 22].

False Negative FDG PET Results

The timing of PET studies is of utmost importance. FDG
uptake by neoplastic tissue may be reduced within 2 weeks of
exposure to cytostatics [16]. This phenomenon is tumor- and
treatment specific. In gastrointestinal stroma tumors (GIST),
for instance, reduced uptake (true negative result) after expo-
sure to imatinib mesylate has been described after only
24 h [23].

The size of the lesions to be evaluated is important as well.
Due to the limited resolution we do not expect FDG PET
to be positive in low-volume disease, e.g., lesions < 5 mm.
But PET may detect extremely active lesions between 5 and
10 mm in size [5, 24–30].

PET for Non-invasive Tumor Staging

Consistent prospective data have established the clinical role
of FDG PET in oncology particularly for staging non-small-
cell lung cancer, colorectal cancer, and melanoma, for eval-
uating single pulmonary lesions, for detecting liver metas-
tases, and for staging cancers with unknown primaries [11,
13, 31–35]. In Non-Hodgkin’s lymphoma and Hodgkin’s dis-
ease PET has become crucial for staging, treatment evalua-
tion, early detection of relapse, and most recently for distin-
guishing aggressive and indolent disease [36–41].

FDG PET in Germ Cell Tumors (GCT)

Germ cell tumors as well as their secondaries are gener-
ally characterized by a high FDG uptake. Pure seminomas
accumulate even more FDG than non-seminomatous lesions
[5, 16, 42]. This very fact led numerous research teams to
investigate the clinical role of FDG PET in GCT.

The following chapter will summarize the current state-
of-the-art knowledge about the use of PET in different clini-
cal situations during the treatment of germ cell tumors. Evi-
dence derived from published trials and its consequences will
be discussed. The pros and cons of PET scanning will be put
into the context of crucial points in clinical decision-making.
These include

� Staging at presentation
� Response evaluation
� Management of relapse

Staging at Presentation

Non-seminomatous and Seminomatous
Germ Cell Tumors (NSGCT and SGCT)

Staging of GCT at presentation in clinical stages I and II with
CT scans has a limited accuracy of about 70% [2, 30, 43, 44].
After staging by CT 20–30% of clinical stage II patients
turn out to be stage I pathologically. On the other hand, CT
underestimates the pathologic stage in up to 30% of patients
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[43, 45]. The smaller the lymph nodes the higher the sensi-
tivity, but the lower the specificity [2, 46, 47].

The role of FDG PET for initial staging in unselected
NSGCT and SGCT patients was the subject of investigation
in several trials [5, 16, 22, 24–29], two of which [22, 29]
reported a higher sensitivity and a higher negative predictive
value (NPV) for PET versus CT. The specificities of the two
methods were comparable. No clinical consequences were
drawn. Recently, a German group investigated the sensitivity,
specificity, and accuracy of FDG PET in stage I/II NSGCT
patients scheduled for primary retroperitoneal lymph node
dissection (RPLND). There was no difference between CT
and FDG PET in terms of false negative results, especially in
small lesions [30].

In most of the studies PET failed to detect small (< 1 or
< 0.5 cm) retroperitoneal lymph nodes [5, 24–30] and mature
teratomas [24, 28]. One of the positive PET scans in one
trial was attributable to sarcoidosis [16]. None of the trials
unequivocally established a benefit of PET versus conven-
tional staging with tumor markers and CT at presentation.

Summary

To date there is no proof of a benefit of PET for staging at
presentation.

Clinical Stage I Non-seminomatous Germ
Cell Tumors (NSGCT)

After orchiectomy about 30% of clinical stage I NSGCT
patients staged with conventional techniques like (spiral-) CT
scans will relapse within the first 2 years after the diagnosis.

The most accurate staging technique for the retroperi-
toneum, i.e., retroperitoneal lymphadenectomy, is very inva-
sive for just a staging procedure, and its cure rate is no
better than 10–15% [1, 47]. Systematic adjuvant short-term
chemotherapy of high-risk clinical stage I patients in terms of
risk-adapted treatment [48] is tantamount to overtreatment in
as many as 50% of cases. Therefore, improved staging tools
would be of utmost importance in clinical stage I GCT.

Three of four trials examining FDG PET for staging clin-
ical stage I NSGCT patients with no more than a total of
27 patients correlated PET data with histopathology data
obtained from subsequent (RPLND) [24, 27, 28]. In all three
trials PET failed to improve clinical staging. Of 22 negative
PET scans, seven proved to be false negative (NPV 68%):
in six patients the histologically positive lymph nodes were
smaller than 0.5 cm and in the remaining patient PET failed
to detect a mature teratoma. PET (sensitivity 42%) correctly
identified no more than 5 out of 12 metastasizing patients
[24, 27, 28]. In the fourth study by Lassen et al. [49], PET

Summary

FDG PET has no role for staging or early detection of
micrometastases in clinical stage I NSGCT.

Clinical Stage I Seminoma

Clinical stage I seminoma patients overall run a relapse risk
of 18% [52] without further adjuvant treatment. Patients are
usually offered adjuvant standard radiation therapy or are put
on a surveillance protocol. Adjuvant chemotherapy with car-
boplatin has become a third option [53, 54], because ran-
domized data still lack sufficient follow-up time and peer-
reviewed publication. Any kind of adjuvant treatment in clin-
ical stage I seminoma causes an overtreatment rate of about
80%.

So far, no scientific evidence is available for a positive role
of PET in this clinical setting. Albers and Müller-Matheis
[24, 27] described 31 clinical stage I seminoma patients, all
of them with negative PET scans. But as all of them had
undergone adjuvant radiotherapy, there is no way of telling
whether the PET data was correct or not.

The role of PET in an adjuvant setting should be analyzed
in patients under surveillance.

Summary

FDG PET has no advantage over CT in staging clinical stage
I SGCT.

data of 46 patients were compared to clinical follow-up
data collected during surveillance. In this prospective trial,
by contrast, 7 out of 10 relapses were correctly predicted
(sensitivity 70%) and no more than 3 out of 39 negative PET
scans proved to be false negative (NPV 92%). This prompted
the authors to conclude that FDG PET had improved clinical
staging in their patients. A CT review later on classified
two patients to be stage II, who finally had to be removed
from the analysis. After all, the sensitivity of FDG PET
in this study fell to 50% [50]. Based on the initial results
of this trial [49], the Medical Research Council initiated a
prospective large-scale trial to investigate the role of FDG
PET in high-risk clinical stage I NSGCT. PET-positive
patients enrolled in this trial were subjected to adjuvant
chemotherapy, while those with negative PET scans were
put on surveillance. The study was closed early in 2005,
after 33 out of 88 PET-negative patients had relapsed, with
a 1 year relapse-free rate of 63.3% instead of the expected
2-year relapse-free rate of > 90% [51].
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Clinical Stage II Disease/NSGCT

In clinical stage II, particularly in stage IIa disease, patho-
logic staging with RPLND shows that in up to 25% of cases
patients are overstaged by CT [43]. FDG PET data for this
clinical situation are contradictory: in a study by Albers et al.
[24] CT staging was false positive in four out of nine clinical
stage II NSGCT patients, while PET correctly staged all nine
patients. Of the seven patients with clinical stage II disease
contributed by Spermon et al. [28], all were correctly staged
by CT, while PET failed to detect metastatic embryonic car-
cinoma in a retroperitoneal lymph node 1.2 cm in size and
metastatic mature teratoma in another.

Summary

There is no evidence-based support for the use of FDG PET
in stage II NSCGT.

Response Evaluation

Post-chemotherapy Residual Masses in NSGCT

After completion of cisplatin-based chemotherapy, one quar-
ter to one third of all patients with metastases of NSGCT
present with residual masses, although their tumor marker
levels have returned to normal (marker-negative partial
remissions; PRm-). These patients are candidates for resid-
ual tumor surgery. Multiple series of histological studies after
RPLND show that only 40–45% of these residuals consist of
necrotic/fibrotic tissue, while 10–20% harbor viable tumor
and 30–45% mature teratoma [55, 56]. The latter two, viable
tumor and mature teratoma, are the source of recurrences
and therefore have to be removed. Complete resection of all
residual NSGCT lesions is the only way of curing this group
of patients [57, 58].

However, resection of mere necrosis/fibrosis only does not
offer any therapeutic benefits. Neither retrospective trials nor
predictive models [59] based on regression analyses have so
far reliably predicted the histology of the residual masses.
Therefore, several authors [16, 17, 27–29, 42, 60–63] eval-
uated FDG PET for its predictive potential in this clinical
setting. Four of them were prospective trials [17, 27, 42, 61].

The authors unequivocally found that PET predicted
viable tumor within the residual lesions with a high measure
of diagnostic accuracy, except in very small residuals. Unfor-
tunately, FDG PET failed to distinguish between mature ter-
atoma and necrosis/fibrosis, because both accumulate very
little or no FDG. Therefore, FDG PET does not help in

deciding for or against surgery. Based on kinetic modeling,
only Sugawara et al. [63] reported differences in the kinetic
rate constants of FDG uptake between mature teratoma and
necrosis/fibrosis, albeit in no more than six patients.

The German multicenter trial, first presented as an
abstract in 2006, showed an accuracy of only 57% for FDG
PET for predicting vital tumor and teratoma in 141 patients
with post-chemotherapy residual tumors. There was also a
high rate of false positive results. Interestingly, the PET scans
had been performed at an average of only 8.5 days after
chemotherapy [30].

The studies quoted provided two important messages
for the proper use and interpretation of PET in post-
chemotherapy patients: (1) In some of them [16, 17, 27–29]
inflammatory reactions with abundant macrophages accom-
panying tumor necrosis seen histologically were the most
common cause of false positive PET scans. (2) FDG PET
studies done shortly after chemotherapy (within less than 2
weeks) may be false negative because of a putative suppres-
sion of tumor cell metabolic activity regardless of their final
treatment response [16]. Both of these observations suggest
that an interval of several weeks post-chemotherapy should
be allowed for PET scans.

Summary

Current evidence does not support the use of FDG PET for
post-chemotherapy evaluation of NSGCT lesions.

Post-chemotherapy Residual Masses in SGCT

Residual lesions after chemotherapy of bulky SGCT are
expected to be present in 50–75% of patients. Overall, less
than 20% of the resected residual masses harbor viable
tumor. Therefore, the management of seminoma residuals is
controversial. Trying to find risk factors for the presence of
viable tumor within the residual lesions, some authors found
that the likelihood rose with the residual tumor size [64, 65].
The cut-off was drawn at a size of 3 cm.

The pronounced desmoplastic reaction of the tissue sur-
rounding residual seminoma masses makes their resection
technically demanding. Consequently, some authors prefer
surveillance and reserve surgery for patients with progres-
sive lesions [66], while others only resect lesions larger
than 3 cm in diameter [65]. The advantage of FDG PET in
SGCT compared to its use in NSGCT is that the presence
of mature teratoma is extremely rare in SGCTs [65]. FDG
PET, on the other hand, reliably differentiates viable tumor
from necrosis/fibrosis in residual NSGCT. Therefore, two
research groups examined seminoma residuals with FDG
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PET in prospective trials comparing the results with histo-
logic data or the clinical outcome.

In the single-center Indiana University study [67], only
1 out of 29 patients undergoing PET scanning at arbitrary
intervals post-chemotherapy was PET-positive. The authors
concluded that FDG PET was not helpful in distinguish-
ing necrosis from viable seminoma, because it was false
positive in one and false negative in five cases. In the
Austrian–German prospective multicenter trial, by contrast,
an interval of at least 4 weeks post-chemotherapy was
mandatory for PET scanning. Preliminary data from the first
37 PET scans showed the specificity and the positive pre-
dictive value (PPV) to be 100% at a sensitivity of 89% and
a NPV of 97% [64]. The discrepancies between these data
and those found in the Indiana University study prompted
the Austrian–German researchers to continue the trial and
to expand it to 51 patients with post-chemotherapy resid-
ual masses and 56 FDG PET scans: All residual lesions >

3 cm and 95% of those ≤ 3 cm were correctly predicted by
FDG PET. The specificity, sensitivity, PPV, and NPV of FDG
PET was 100, 80, 100, and 96%, respectively (Fig. 28.1).
This is clearly superior to CT. The authors concluded that
FDG PET was the best predictor of viable residual tumor in
post-chemotherapy seminoma residuals and should be used

Fig. 28.1 FDG PET 6 weeks after chemotherapy for stage IIC SGCT.
Histologically proven true positive residual lesion

as a standard tool for clinical decision-making in this patient
group. The main advantage of using FDG PET in this clinical
setting is that, in patients with residual lesions > 3 cm, even
in very large lesions, surgery can be omitted safely, if PET
scans are negative. PET-positive residual lesions, according
to this data set, must be regarded as harboring viable tumor
and should be resected, if technically possible [68].

Summary

FDG PET combined with CT studies for the evaluation of
pure seminoma residuals can be regarded as a standard tool
for clinical decision-making.

Early Prediction of Treatment Response
to Salvage Chemotherapy

In some tumor entities FDG PET proved to be valuable
for predicting treatment response non-invasively at an early
point in time [23, 41, 69–71]. For first-line chemother-
apy of germ cell tumors with a clear standard treatment
and excellent cure rates, early response evaluation has no
benefit. In patients with poor-prognosis GCT or germ cell
tumors in relapse, however, strategies for a better and earlier
response evaluation in order to modify ineffective but toxic
chemotherapy regimens are warranted. Bokemeyer et al. [72]
addressed this problem in 23 patients with relapsed germ cell
cancer enrolled in a high-dose salvage chemotherapy pro-
gram. FDG PET scans were recorded before conventional-
dose induction and before high-dose treatment together with
the usual tumor marker profiles and CT scans. The results
were compared with the histologic response and/or the
clinical course over 6 months following high-dose treat-
ment (relapse versus freedom from progression). FDG PET
showed a sensitivity, specificity, PPV, and NPV of 100, 78,
88 and 100%, respectively, and was superior to tumor marker
assays, CT and both of them (Fig. 28.2). It therefore seemed
to be a valuable addition to the established prognostic model
for high-dose chemotherapy of germ cell tumors [73]. How-
ever, the authors cautioned that, at this point in time, it was
not justified to derive treatment decisions from PET results
alone. Larger studies are necessary to confirm this approach.

Summary

To date FDG PET has not been proven to be a reliable tool for
changing treatment decisions in poor-risk or relapsed germ
cell tumor patients.
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Fig. 28.2 a) Residual mediastinal lymph nodes, SGCT; true positive
PET scan after completion of first line chemotherapy with clinical
relapse 2 months later. b) True negative FDG PET in the same patient
after first cycle of high dose chemotherapy. No residual tumor resection.
Clinical follow-up and shrinkage of mediastinal residuals for >3 years

Relapse

Diagnosis of Relapse

About 20% of all patients with germ cell cancer relapse.
Diagnostic evidence for this clinical situation is a rise in
tumor marker levels and radiologic (rarely clinical) signs.
For those who relapse with rising marker levels and unequiv-
ocal radiologic/clinical signs of progressive disease the
guidelines for management are clear and well established:
salvage chemotherapy, standard or high dose, followed by
salvage surgery, or primary salvage surgery are the stan-
dard treatment options. For all other relapses FDG PET
might be a valuable diagnostic tool. The key situations
include

1. Rising tumor markers unmatched by clinical/radiologic
abnormalities

2. Radiologic evidence of a new lesion or an increase in
the volume of a pre-existing one unassociated with rising
marker levels

3. Rising tumor marker levels in the presence of multiple
residual lesions unchanged in size.

Although FDG PET appears to hold promise for answering
these questions, only few reports on relapsing germ cell can-
cer patients, all of them retrospective or just case reports, are
available [60, 62, 74].

Hain et al. [60] reported all 12 positive PET scans of
23 patients in marker-only relapse to be truly positive. PET
clearly identified the site of the disease. However, 4 out of
11 scans were false negative. Subsequently, three of these
PET scans turned positive and were the only imaging inves-
tigation to identify the site of the disease. In a report from
France [74] FDG PET also was the only imaging study to
identify the site of the disease in five out of seven patients
with elevated markers. Sanchez et al. [62] found three true
positive and two true negative FDG PET scans in patients
with elevated markers and non-contributory CT scans and
patients with normal marker levels and increasing lesions
on CT, respectively, the latter mature teratoma by histologic
evidence.

A patient reported by Reinhardt et al. [75] presented with
negative markers and a negative FDG PET scan of a grow-
ing retroperitoneal bulk. Not surprisingly, this bulky disease
proved to be a mature ”growing teratoma” on histology and
therefore was true negative. In another case report FDG PET
showed a contralateral testicular lesion in a clinically and
sonographically normal testicle to be the underlying cause
of an AFP rise [76].
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Summary

FDG PET can be expected to be helpful for planning elective
salvage surgery in chemoresistant patients and in those with
multiple residual lesions to be removed. However, evidence
from pertinent studies is not available.

Conclusions

In GCT, FDG PET is not superior to conventional staging
tools for staging at presentation. It is not safe for detecting
lesions less than 1 cm in size and mature teratoma.

FDG PET should be used as a standard diagnostic tool in
patients with pure seminomatous residual lesions. It predicts
the persistence of viable tumor in this clinical situation with a
high diagnostic accuracy. FDG PET-negative SGCT residual
lesions may be observed safely.

NSGCT patients with residual masses do not benefit from
FDG PET. Residual mature teratoma, which is PET-negative,
will be missed, and has to be resected at any rate, just like
PET-positive residual lesions.

In relapsing patients with a mismatch between tumor
marker levels and imaging data, FDG PET may be helpful in
selected cases, particularly if salvage surgery is considered.
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Chapter 29

Considerations: Imaging in Testis Carcinoma

M.A.S. Jewett

Since the introduction of cisplatinum-based combination
chemotherapy more than 30 years ago, there have been many
changes in the management of germ cell cancer of the testis.
The most significant changes have been driven by advances
in medical imaging. Coupled with better understanding of the
patterns of disease progression, of prognostic factors includ-
ing the use of tumor markers and improved surgery, imaging
advances have resulted in stage migration at diagnosis, ear-
lier detection of relapse, better characterization of residual
masses, and has led to reduced therapeutic radiation expo-
sure. More patients can be spared treatment and those that
need treatment can be treated earlier. CT scanning was being
introduced at the same time as the discovery that cisplatinum
was the most active chemotherapeutic agent. The improved
outcomes are therefore multifactorial.

The excellent introductory overview by Professor Peter
Albers has been expanded by both Dr. Harisinghani and Dr.
De Santis (with an exhaustive reference list of new imag-
ing techniques). They have discussed conventional imag-
ing techniques, cross-sectional imaging techniques, nuclear
scanning, and PET in detail. I will provide an overview with
comments organized by the steps and problems in the clinic
based on my clinical experience managing these patients in a
multidisciplinary setting for many years at the Princess Mar-
garet Hospital at the University of Toronto. I will not refer-
ence comments if the relevant reference has been included in
the above contributions.

Diagnosis

Testicular germ cell tumors (TGCT) are suspected by clinical
examination and history with supporting evidence from scro-
tal ultrasonography. The final diagnosis is made by partial or

M.A.S. Jewett (B)
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radical orchiectomy with occasional needle core biopsy or
fine needle aspiration (FNA) for cytology of larger retroperi-
toneal or other nodal metastases in the face of advanced dis-
ease. Scrotal imaging is useful but not diagnostic alone and is
rarely a reason not to operate. The imaging entity of testicular
microlithiasis has received attention and testis size and loca-
tion can be assessed with various imaging modalities [1]. If
partial orchiectomy is more widely adopted, sonography will
help to select appropriate patients. Extragonadal GCTs are
usually suspected by exclusion when there are normal testes
to palpation and on imaging. Various testicular abnormalities
are seen after chemotherapy or in patients with extragonadal
retroperitoneal GCT that raise the possibility of a “burned
out” primary. This may predict a better prognosis than the
usual extragonadal primary.

Initial Staging

If we assume that the incidence of seminomas and non-
seminomas are about the same and that 80% of semino-
mas and 40% of non-seminomas present without clinical
evidence of metastases, six out of ten new patients will have
negative imaging after orchiectomy and five of these will
remain relapse free without further treatment. These esti-
mates are based on observations made with patients man-
aged by initial surveillance. Therefore, at the present time,
fully 50% of all new patients could be treated by orchiec-
tomy alone. This proportion may also increase with improved
imaging techniques and definition of other prognostic fac-
tors. Most metastases occur through lymphatics with well-
understood drainage patterns to the retroperitoneal nodes. It
is convenient to think of the aorta as the midline so that
left tumors metastasize primarily to the ipsilateral para-aortic
nodes. Conversely, right tumors metastasize to the interaor-
tocaval nodes. These largely predictable patterns have made
interpretation of staging CT scans more accurate. When
nodal metastases occur, retrograde and antegrade spread
may occur so that nodal areas such as in the root of the

J.J.M.C.H. de la Rosette et al. (eds.), Imaging in Oncological Urology, 315
DOI 10.1007/978-1-84628-759-6 29, c© Springer-Verlag London Limited 2009



316 M.A.S. Jewett

mesentery may become involved. These areas may be dif-
ficult to appreciate as surrounding bowel may obscure the
margins. A minor but important point is that the course of
the ipsilateral vas deferens should be followed on staging
imaging to exclude nodal disease in the pelvis, particularly
in aggressive tumours. Metastases in this site may not be
detected at initial staging so all restaging imaging should
be reviewed, particularly after chemotherapy, when growing
teratoma may make metastases visible. Lymphatic drainage
from the retroperitoneal nodes is thought to occur via the cis-
terna chyla to the posterior mediastinal nodes and sometimes
to the left supraclavicular nodes before becoming hematoge-
nous. Occasionally, direct hematogenous spread appears to
occur with or without lymphatic spread resulting in visceral
metastases to lung, brain, liver, and bone. Direct extension
from nodal masses can also occur to involve the spine. Local
spread is rare, even with scrotal violation at the time of
orchiectomy or biopsy.

Bipedal lymphography is of historical interest for all
practical purposes. We have not performed this procedure
for testicular cancer for more than 20 years. CT scans have
replaced it.

The impact of digital PACS systems has been tremen-
dous. Images can be accessed remotely and most importantly,
manipulated by the clinician or imager to produce coronal
reconstructions (more and more appreciated by all observers)
as well as axial images. Intravenous and oral contrast use
has reduced the false-positive rate by better identification of
loops of bowel and anomalous vessels. Venous anatomy is
variable and in the past, retrocaval veins, large lumbar veins,
incomplete involution of left hemiazygous veins, etc., led to
overstaging the retroperitoneum.

Finally the role of a plain chest X-ray in staging and
follow-up is somewhat controversial and may be replaced by
multidetector CT scanners. The latter innovation may allow
us to eliminate contrast and reduce diagnostic radiation expo-
sure in the abdomen and pelvis as well.

Imaging for Relapse on Surveillance

We know that currently 15–20% of all stage I patients
managed by initial active surveillance will relapse and
were therefore understaged. Most relapses will occur in the
retroperitoneum and a few may not be detected for years.
Therefore the frequency and type of imaging used is some-
what controversial. Most occur early so imaging frequency
is more intense earlier. CT is the workhorse as MRI and PET
have not proven themselves to be more sensitive or specific in
this role. Chest imaging is relatively unrewarding and might
even be eliminated [2].

Treatment of Residual Disease

Assessing the presence and location of residual retroperi-
toneal disease after induction chemotherapy is critical. A CT
scan of abdomen and pelvis about a month after the last cycle
of chemotherapy is used to decide if further surgical treat-
ment is indicated. Most centers would observe patients with
normal or near-normal retroperitoneums after chemotherapy
for nodal disease. Concern for the presence of microscopic or
small-volume teratoma which could contribute to late relapse
has led Dr. Sheinfeld of Memorial Sloan Kettering Can-
cer Center to recommend surgery in most patients who had
any RP disease pre-chemotherapy [3]. The pathology of RP
residual disease cannot be predicted by imaging with suffi-
cient accuracy to omit surgery. However, teratoma or necro-
sis/fibrosis can be suspected with sufficient certainty that
organ sparing can be attempted intraoperatively. For exam-
ple, it is increasingly rare to perform a left nephrectomy
because the vessels cannot be dissected out of the mass. PET
has been recognized as a very useful method of detecting
active tumor in residual masses in patients with seminoma.

Pelvic CT should always be done to rule out the appear-
ance of masses along the vas which may not have been noted
post-orchiectomy and prechemotherapy. Residual teratoma
in nodes along the cord or the spermatic vessels can be over-
looked at surgery and can lead to late relapse if not removed.

It is our practice to perform a CT of the abdomen and
pelvis 3–4 months after RPL to establish a new baseline after
removal of RP residual masses. Interpretation can be difficult
if there are lymphoceles or loops of small bowel adherent to
the great vessels. Often the surgeon is in a better position
to interpret these images. We do not repeat these scans again
unless there are symptoms, rising markers, or some other rea-
son to suspect recurrent disease. The rate of relapse in the
RP after surgery by an experienced surgeon is extremely rare
and the radiation exposure from further diagnostic imaging
should be avoided. We do not have experience with PET or
MRI in this situation.

Medical Imager Experience and Knowledge
of Testicular Cancer

In the era of digital imaging, it is now common for clini-
cians to assess images of their patients at the point of care
in addition to reviewing the consultation reports provided by
medical imagers. Ready availability of images that can be
manipulated to create multiplanar reconstructions in the
operating room is a great help for surgical navigation and
planning. It is critical to have a consultant medical imager
who is familiar with all aspects of testis cancer.
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Chapter 30

Penis Carcinoma: Introduction

D. M. Rodin, S. Tabatabaei, and W. S. McDougal

Epidemiology

The American Cancer Society predicted that in 2005, 1470
new cases of penile cancer would be diagnosed and that 270
men would die of the disease [1]. Carcinoma of the penis
is an uncommon malignancy in the United States constitut-
ing 0.2% of all malignancies and 0.1% of cancer deaths in
men. This translates into 1–2 cases per 100,000 population
per annum. Carcinoma of the penis is a more common dis-
ease in other areas of the world, particularly in Asia, Africa,
and South America. It can account for up to 10% of malig-
nancies in men in this part of the world [1]. Race does not
appear to play a role. The peak incidence is in the sixth and
seventh decades of life.

Etiology

While the exact etiology of penile carcinoma is not entirely
clear, certain factors have been associated with the disease.
The presence of a foreskin, phimosis, chronic inflammatory
conditions, treatment with psoralen and ultraviolet A pho-
tochemotherapy (PUVA), exposure to human papillomavirus
(HPV), and history of smoking appear to have evidence
implicating a role in the development of this malignancy
(Table 30.1).

Table 30.1 Etiologies

Lack of circumcision / presence of foreskin
Phimosis
Chronic inflammatory conditions
Smoking
Ultraviolet light irradiation
Cervical cancer in the partner
Human papillomavirus (HPV) infection

D.M. Rodin (B)
Massachusetts General Hospital, Harvard Medical School, 55 Fruit
Street, GRB-1102, Boston, MA 02114–2696, daverodin@gmail.com

Lack of Circumcision/ Presence of Foreskin

Circumcision has been established as a prophylactic measure
that reduces the risk of penile cancer [2–5]. Penile squamous
cell carcinoma is rare among Jews and Muslims, who prac-
tice circumcision during the neonatal period and childhood,
respectively. While penile cancer is common in Africa, it is
rare among the Ibos of Nigeria, who practice ritual male cir-
cumcision soon after birth [6]. The presence of cancer of the
penis in a patient who has been circumcised at birth is quite
rare. In a case control study, neonatal circumcision was asso-
ciated with a three-fold decreased risk of cancer [6, 7]. Fur-
thermore, it has been demonstrated that neonatal circumci-
sion has a protective effect for invasive carcinoma while no
protective effect has been noted for CIS [8].

Phimosis

Phimosis is one of the strongest predictors of invasive carci-
noma [7–9]. A history of phimosis is found in approximately
one-half of patients with penile carcinoma. It is hypothesized
that men with phimosis are more likely to retain smegma.
Smegma can cause epithelial hyperplasia and mild to mod-
erate atypia of the squamous epithelium of the preputial sac
in men with phimosis [10]. Hellberg et al. found a 65-fold
increased relative risk for penile squamous cell carcinoma
among males with phimosis in a Swedish case control study
[9].

Chronic Inflammatory Conditions

As is true for other parts of the body, inflammation and irri-
tation, burned areas, preexisting scars, and draining sinuses
are predisposing factors for squamous cell carcinoma [11].
Hellberg et al. reported that 45% of patients with penile can-
cer had at least one episode of balanitis, while 8% of controls
were affected by balanitis [9].
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Lichen sclerosis et atrophicus (LSA) is a chronic inflam-
matory skin condition of unknown etiology. The autoimmune
response that is triggered by trauma, injury, or infection has
been suggested as its predisposing factor [6, 12]. Approxi-
mately 6% of patients with LSA developed penile cancer in
a 10-year follow-up study [13].

Smoking

A history of smoking is an independent risk factor for the
development of penile cancer [7–9, 14, 15]. Among those
who had ever smoked cigarettes, the incidence of carcinoma
of the penis was 2.4 times that of men who had never smoked
[7]. Daling et al. found that men diagnosed with invasive
penile cancer were more likely to be smokers (OR = 4.5)
than men with in situ tumors (OR=1.5) which is in con-
trast to Tseng et al. who found a similar increased risk
in smokers for both invasive and in situ tumors [8, 16].
Although the exact etiology is not known, the accumulation
of nitrosamines in genital secretions has been suggested [9].

Ultraviolet Light Irradiation

Treatment with psoralen and ultraviolet A photochemother-
apy (PUVA) has been considered as a strong risk factor for
penile cancer. In a 12.3-year prospective study of 892 men
in a cohort of patients with psoriasis, who had been treated
with oral methotrexate and PUVA, Stern et al. identified 14
patients (1.6%) with 30 genital neoplasms [17]. Recently it
has been suggested that the carcinogenesis is likely to be dose
dependent [18].

Cervical Cancer in the Partner

An association of penile cancer and cervical cancer in part-
ners of patients with penile cancer has been suggested
by several authors [19–22]. Hellberg, however, has clearly
explained that these studies had methodological flaws, and
his review of 1064 penile cancer cases in Sweden did not
reveal any association with cervical cancer in their partners
[23]. Other recent studies also found either weak or no-risk
elevation of penile cancer in men who had partners with cer-
vical cancer [24–26]. Thus, further studies are needed prior
to making a more decisive conclusion.

Human Papillomavirus (HPV) Infection

HPV infection is a highly infective, sexually transmitted dis-
ease characterized by a high rate of spontaneous clearance.

At least 84 different types of human papillomavirus have
been identified [27, 28].

Different HPV types have been associated with differ-
ent genital lesions. The causal role of certain types of HPV
in the development of intraepithelial neoplasia and carci-
noma of the female cervix is well supported by experimental
and epidemiologic data. The relative risk patterns of the 15
most common HPV types implicated in cervical neoplasm
are assessed and categorized into low-risk, intermediate-risk,
and high-risk groups. The DNA of high-risk HPV types has
been detected in a substantial subset of penile squamous cell
carcinomas as well. Dillner et al. quoted that up to 40%
of penile cancer lesions were positive for HPV detected by
the PCR method in two large series, with the majority of
cases positive only for HPV 16 or 18 [6]. Daling et al.
found that of 94 tumor specimens tested for HPV DNA,
approximately 80% were HPV DNA positive with the most
common subtype being HPV 16 (86.7%) [16]. The HPV
positive rates were similar among those who were circum-
cised in childhood and those that were not. So far, a few
sero-epidemiological studies indicate that exposure to HPV
is indeed a major risk factor for penile cancer. We could not
find any study to confirm the causal effect of this association.
In addition, while several studies implicate the role of HPV,
there is evidence that HPV may not necessarily be involved
in all cases of penile carcinogenesis [29].

In terms of tumor characteristics, HPV DNA positive
tumors were found to have less lymphatic embolization than
HPV negative tumors; however no difference in lymph node
metastases was detected [30].

Pre-malignant Lesions

Pre-malignant lesions of the penis may be categorized into
two groups – (1) lesions that are sporadically associated with
squamous cell carcinoma of the penis: Bowenoid papulosis
of the penis, balanitis xerotica obliterans, and cutaneous horn
of the penis; Buschke-Löwenstein tumor (Verrucous carci-
noma, Giant condyloma acuminatum) and (2) lesions that are
at risk for developing into invasive squamous cell carcinoma
of the penis: carcinoma in situ of the penis (erythroplasia of
Queyrat and Bowen’s disease) (Table 30.2). The terminology
of pre-malignant penile lesions is one of the major areas of
confusion in the nomenclature of penile lesions.

Bowenoid Papulosis

Bowenoid papulosis, although histologically similar to car-
cinoma in situ, usually has a benign course [31, 32]. The
lesion usually occurs in young men (mean age 29.5 years),
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Table 30.2 Pre-malignant lesions

Lesions sporadically associated with squamous cell carcinoma of the
penis
Bowenoid papulosis of the penis
Balanitis xerotica obliterans
Cutaneous horn of the penis
Buschke-Löwenstein tumor (Verrucous Carcinoma, Giant
condyloma acuminatum)

Lesions at risk for developing into invasive squamous cell carcinoma
of the penis
Carcinoma in situ of the penis
Erythroplasia of Queyrat
Bowen’s disease

most commonly on the penile shaft, and usually consists of
multicentric, pigmented papules ranging from 2 to 30 mm.
Smaller lesions may coalesce into larger ones [31].

The etiology of Bowenoid papulosis is unknown, although
viral (particularly HPV), chemical, and immunologic causes
have been suggested [31, 33]. The diagnosis is confirmed by
excisional biopsy.

Treatment includes surgical excision or elimination of the
lesion by electrodessication, cryotherapy, laser fulguration,
or topical 5-fluorouracil cream. Spontaneous regression has
been reported [31].

Balanitis Xerotica Obliterans

Balanitis xerotica obliterans (BXO) is the term applied to
lichen sclerosis et atrophicus of the glans penis and prepuce.
This disorder most often occurs in uncircumcised, middle-
aged men and may precede, coexist with, or progress to
penile squamous cell carcinoma [34–37].

Although initially asymptomatic, most patients complain
of penile discomfort and/or pain, difficult urination sec-
ondary to meatal stricture, and painful erection. On examina-
tion, BXO presents as a well-defined marginated white patch
on the glans penis or prepuce that may involve the urethral
meatus. In chronic cases, the lesion is firm due to a thick
underlying fibrosis. Diagnosis is made by biopsy.

Treatment is usually difficult, and depending on the sever-
ity, consists of surgical excision, topical steroid cream, and/or
laser therapy. Meatal stenosis may need repeated dilatations
or even formal meatoplasty.

Cutaneous Horn

A cutaneous horn is an overgrowth and cornification of the
epithelium that forms a solid protuberance. Penile horn is a
rare form of cutaneous horn, with only 18 reported in North

America [38]. These lesions are considered pre-malignant
and one-third of the cases reported have been malignant at
presentation [39, 40].

Surgical excision with a margin of normal tissue around
the base of the lesion has been very successful in treating this
disorder. Most malignant penile horns are of low grade, but
metastasis has been reported. Therefore, wide local excision
and close follow up to detect early metastasis is suggested
for malignant forms [40–42].

Buschke–Löwenstein Tumor, Verrucous
Carcinoma, Giant Condyloma Accuminatum

Whether the Buschke-Löwenstein tumor or giant condyloma
and verrucous carcinoma are the same or different lesions is
controversial. These lesions are locally invasive and may be
quite aggressive. They destroy adjacent structures by local
invasion. Rarely, if ever, do they metastasize. Treatment is
directed at eradicating the local disease by local excision of
the tumor and avoiding extensive excision of normal penile
tissue. In rare cases of large, infiltrative lesions, total penec-
tomy is indicated. Intra-aortic infusion with methotrexate has
been shown to result in complete remission in three of four
patients in one small study [43]. This may prove to be an
effective, noninvasive treatment for this subset of penile car-
cinoma.

Carcinoma In Situ (CIS), Bowen’s Disease,
Erythroplasia of Queyrat

Although Bowen’s disease and erythroplasia of Queyrat are
the same histologically, they differ in their location. Erythro-
plasia of Queyrat is CIS of the mucocutaneous regions of
the penis, namely the penile glans and prepuce. Bowen’s dis-
ease is CIS of the follicle bearing remainder of the genitalia
and perineal area. CIS of the penis is a velvety red, well-
circumscribed lesion that usually involves the glans, or less
frequently, the prepuce or shaft of the penis. Up to one-third
of patients with CIS of the penis may also have invasive car-
cinoma of the penis [44].

Diagnosis is based on adequate biopsies of the lesion with
sufficient depth to rule out invasion. These lesions respond
well to limited local excision with minimal interference with
penile anatomy. Circumcision is usually an adequate treat-
ment for CIS of the prepuce. It seems that local fulguration
with electrocautery is not able to adequately eradicate the
tumor. Radiation therapy has been successfully used for this
tumor [45].
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Topical use of 5-fluorouracil at 5% concentration has
shown excellent results [46, 47]. Topical imiquimod 5%
cream and liquid nitrogen have also been reported with excel-
lent cosmetic results [48, 49]. Successful use of the CO2 or
Nd:YAG laser has been reported for initial therapy as well
as for recurrence [50–52]. However, due to a high incidence
of recurrence, close follow-up is required. Further studies to
determine the recurrence rate with varying laser power set-
tings to achieve various margins are needed.

Invasive Carcinoma of the Penis

Squamous cell carcinoma comprises 95% of cancers of the
penis. The remaining 5% of malignancies involving the
penis include the sarcomas (angiosarcoma, fibrosarcoma,
myelosarcoma, Kaposi’s sarcoma) [53–56], melanoma [57,
58], basal cell carcinoma [59, 60], and lymphoma. Other
tumors, which have been reported on very rare occasions,
include rhabdomyosarcoma [61], epithelial sarcoma, malig-
nant schwanoma, myxosarcoma, and neurofibrosarcoma.

Ninety-two percent of squamous cell carcinomas of the
penis involve the glans and/or prepuce: 9% of lesions are
found on the glans and prepuce, 21% on the prepuce, 48% on
the glans, and 14% on the prepuce, glans, and shaft. Approx-
imately 6% involve the coronal sulcus, and only 2% of squa-
mous cell carcinomas are found on the shaft with no lesions
elsewhere.

Natural History

Carcinoma of the penis usually presents as a small papillary,
exophytic, or flat ulcerative lesion that does not resolve spon-
taneously. This ulcer extends gradually and may ultimately
involve the entire glans or penis. It seems that flat, ulcerative
tumors are usually less differentiated and are overall associ-
ated with earlier nodal metastases.

The lymphatic system is the primary route for metastases
for this loco-regional malignancy. The disease first spreads
to the superficial and deep inguinal nodes, followed by the
pelvic nodes, long before distant metastases occur. At pre-
sentation, 30–60% of patients have enlarged inguinal lymph
nodes [62–65]. Of these patients with enlarged lymph nodes,
approximately 50% will have cancer in the nodes. Lymph
node involvement with the cancer may also be present in
20% of patients with non-palpable nodes [66–68]. Up to 60%
of patients may have tumor metastasis to the contralateral
inguinal nodes [69].

The most important prognostic factors in men with squa-
mous cell carcinoma of the penis are the presence and extent

of inguinal lymph node metastases [62, 70–73]. Lymph node
involvement may cause chronic infection and skin necro-
sis. Untreated, the majority of patients die within 1 year of
diagnosis from sepsis, hemorrhage secondary to tumor ero-
sion into the femoral vessels, and/or inanition [74]. Distant
metastases to the lung, liver, bone, or brain are uncommon
[66, 68, 75].

Presentation

The presence of a penile lesion is the first presentation. This
could range from a subtle small papule or pustule that does
not heal to a large exophytic, fungating lesion. It can occa-
sionally present as a superficial, erythematous erosion. These
lesions occur most commonly on the glans and prepuce and

Fig. 30.1 Inguinal lymph node metastases



30 Penis Carcinoma: Introduction 325

less commonly on the coronal sulcus and penile shaft. The
initial lesions are usually painless.

The patient may present with a mass in the inguinal
area, if the primary lesion was ignored due to its location
under a phimotic foreskin (Fig. 30.1). The mass may be due
to lymph node enlargement secondary to an inflammatory
response or metastases, and it may become ulcerative, suppu-
rative, or hemorrhagic. In the later stages of the disease, the
patient may experience systemic symptoms such as weak-
ness, weight loss, anorexia, fever, and malaise.

Diagnosis

Patient and/or physician factors often contribute to a sig-
nificant delay in diagnosis. The patient’s delay is usu-
ally attributable to embarrassment, guilt, fear, or ignorance.
Delay in seeking medical care may be as long as one year
and may include up to 50% of the patients [76]. A delay in
diagnosis and treatment by the physician is usually owing
to prolongation of a conservative approach (long course of
antibiotics, antifungal, or topical steroid therapy) or misdi-
agnosis.

Physical Examination

A thorough physical examination is crucial for the diagnosis
and accurate staging. The location, appearance, size, depth
of involvement, and presence of tumor fixation of the penile
lesion should be evaluated. The scrotum, base of the penis,
and perineum should be examined for any possible tumor
extension. Rectal examination rules out gross involvement
of the perineal body or the presence of a pelvic mass. The
inguinal area needs to be inspected and palpated thoroughly
for any possible lymph node enlargement.

Biopsy

Histological confirmation of penile cancer should be
obtained by a biopsy from the penile lesion in order to eval-
uate the depth of invasion, tumor differentiation (grade), and
the presence of vascular invasion. The Broders classification
histologically separates squamous cell carcinoma into three
grades: well, moderate, and poorly differentiated [77]. This
classification was recently confirmed by Maiche, who pro-
posed four grades, but with similar prognostic significance
[78]. Approximately 50% of squamous cell carcinomas are
well differentiated, 30% are moderately differentiated, and
20% are poorly differentiated [79]. Cubilla studied a whole-
organ section of 66 patients with squamous cell carcinoma

of the penis and identified four types of growth: superficially
spreading squamous carcinoma (42%), vertical invasive car-
cinoma (32%), verrucous carcinoma (18%), and multicentric
carcinoma (8%) [80]. He found that 82% of patients with ver-
tical growth vs. 42% of patients with superficially spreading
growth have inguinal lymph node metastasis.

The distinction as to degree of differentiation is particu-
larly important as a potential predictor for metastatic disease
to the groin [79, 81, 82]. It is even more powerful when com-
bined with tumor depth of invasion [79]. This information is
necessary to accurately stage the tumor and allows the sur-
geon to discuss the therapeutic options with the patient. Loss
of the phallus is psychologically devastating to the patient,
and most patients need time to cope with the diagnosis.
Therefore, while it is possible to perform the biopsy (with
frozen section diagnosis) and partial or total penectomy in
one session, we do not advocate this approach due primarily
to psychological reasons. The interval between the biopsy
and the definitive radical surgery will allow the patient and
his physician the opportunity to establish their relationship
and address the psychological aspects of the treatment in an
effort to decrease the enormous tension and stress that ensues
following ablative surgery.

Imaging

Awareness of the extent and depth of the primary tumor and
the involvement of inguinal lymph nodes prior to any sur-
gical intervention is crucial in patients with penile cancer.
Although this decision is usually based on physical examina-
tion, various imaging modalities, including ultrasonography,
computed tomography (CT), and magnetic resonance imag-
ing (MRI), have been used for this purpose.

CT has poor soft tissue resolution therefore rendering
ultrasound and MRI superior in the evaluation of primary
tumor extension. While ultrasound cannot precisely detect
tumor extension in the glans penis area, it has shown ade-
quate resolution to detect corpus cavernosum invasion. This
is due to the thick tunica albuginea that is readily visible
with 7.5 MHz linear array small parts transducer [83–86]. In
extensive infiltrating tumors, ultrasound’s ability to delineate
corporal invasion is compromised significantly [87].

MRI has been tested in several studies, and it appears
to be the most sensitive method for determining corpus
cavernosal infiltration, but at the cost of lower specificity
[87–91]. Lont has recently compared the accuracy of physi-
cal exam to MRI or ultrasound in the evaluation of primary
tumor extension and concluded that physical examina-
tion alone is a reliable method for predicting corporal
involvement. MRI and ultrasound may be reserved only
to examine tumors in which the physical examination is
equivocal [87].
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CT relies on lymph node size for detecting metastasis.
MRI evaluates the lymph node size and its signal intensity.
Unfortunately, neither of these image modalities is able to
differentiate benign vs. malignant lymph node enlargement.
Furthermore, their sensitivity and specificity drop remark-
ably in normal-sized lymph nodes. Presently, CT and MRI
do not add additional information over thorough physical

Fig. 30.2 Lymphotropic superparamagnetic nanoparticle MRI lym-
phangiography: (a) pre-contrast MRI in patient with benign nodes –
note all nodes appear white (b) post-contrast MRI in patient with benign
nodes – note all nodes appear dark due to uptake of contrast material
by lymph nodes (c) pre-contrast MRI in patient with nodes containing
cancer – note all nodes appear white (d) post-contrast MRI in patient
with nodes containing cancer – note heterogeneous uptake of contrast;
nodal tissue which contains tumor does not take up contrast and remains
white while normal nodal tissue does take up contrast and appears black

examination, especially in patients with no palpable inguinal
lymph nodes.

Recently we reported the use of lymphotropic super-
paramagnetic nanoparticles, as an MRI contrast agent, in
evaluating lymph node metastasis in penile cancer patients
(Fig. 30.2). Our early experience of applying this non-
invasive technique in penile cancer patients is encouraging
with sensitivity, specificity, and positive and negative predic-
tive values of 100, 97, 81.2, and 100%, respectively [92].
More studies are required to establish the role of this tech-
nique in patients with penile cancer.

Staging

Unfortunately, the staging system of carcinoma of the penis
is not universally accepted, and each system carries its own
flaws. The original Jackson system (see Table 30.3) is not
particularly helpful clinically in selecting who is most likely
to have groin disease [93]. The TNM system is a bit bet-
ter (Table 30.4), but again suffers from inability to predict
the incidence of positive regional lymph nodes. With the
TNM system, it is difficult to assign nodal status before
definitive therapy. Combining the TNM system with tumor
differentiation (grade) improves the prognostic ability for

Table 30.3 Jackson staging system

Stage I Tumor confined to glans or prepuce.
Stage II Tumor invasive into the shaft or corpora. No palpable

adenopathy.
Stage III Palpable metastases to the groin that are resectable.
Stage IV Inoperable groin nodes or distant metastases.

Table 30.4 American Joint Committee on Cancer (AJCC) staging
system for penile cancer

Primary tumor (T)

Tx Primary tumor cannot be assessed
T0 No primary tumor
TIS Carcinoma in situ
Ta Noninvasive verrucous carcinoma
T1 Tumor invades subepithelial connective tissue
T2 Tumor invades corpus spongiosum or cavernosum
T3 Tumor invades urethra or prostate
T4 Tumor invades other adjacent structures
Lymph nodes (N)
Nx Regional nodes cannot be assessed
N0 No regional node metastases
N1 Metastasis in a single regional lymph node
N2 Metastases in multiple or bilateral superficial inguinal lymph

nodes
N3 Metastases in deep inguinal or pelvic lymph nodes; unilateral

or bilateral
Distant metastasis (M)
Mx Distant metastasis cannot be assessed
M0 No regional lymph node metastases
M1 Distant metastasis
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Table 30.5 Depth of invasive/grade staging system

T Stage

Stage I The tumor is superficial with no
extension into the subcutaneous
tissue

T0, TIS, Ta, N0

Stage 2A Locally invasive tumor without
involvement of the corpora, well
or moderately differentiated

T1, N0

Stage 2B The tumor invades the corpora or it
is poorly differentiated

T1, T2, N0

Stage 3 Persistent palpable inguinal nodes N1, N2
Stage 4 Bulky groin nodes with invasion

extending outside the node,
pelvic node involvement, distant
metastases

N3, N4

regional nodal involvement as suggested in our modified
staging system [79](Table 30.5). Thus, poorly differentiated
tumors have an 80–100% incidence of metastatic disease,
moderately differentiated tumors a 46% incidence, and well-
differentiated tumors a 24% incidence of groin metastasis.
In tumors that have not invaded into the corpora, there is
only a 5–11% incidence of metastatic disease, whereas if the
corpora are invaded, there is a 61–75% incidence of groin
metastases [79].

The accurate evaluation of the regional lymph nodes plays
a major role in staging given that carcinoma of the penis
is a loco-regional disease. Considering the low incidence of
penile cancer, multicenter prospective studies are needed to
validate and improve the staging system.

Treatment

Local Treatment of the Primary Lesion

Mohs micrographic surgery, which involves serial local exci-
sions of the primary tumor in thin layers, with thorough
microscopic examination of each layer, may be appropriate
for small lesions involving only the dermis (< 1 cm in diam-
eter) [94–96]. This technique has the advantage of preserv-
ing the penis but is limited to very superficial lesions and is
generally not particularly applicable for most cancers of the
penis.

Proponents of cryotherapy [97] and laser therapy suggest
that the local lesions can be destroyed with preservation of
the part. While this may be successful for dermal lesions,
successful eradication is less likely and the local recurrence
rate is significant for lesions involving the subcutaneous tis-
sue and/or corpora. With the use of the Nd:YAG laser as pri-
mary therapy for patients with carcinoma in situ, the local
recurrence rate is 6%, for lesions that invade the subcuta-

neous tissue, the recurrence rate is between 10 and 20%, and
for lesions that invade the corpora, the recurrence rate ranges
between 50 and 100% [98].

A 61% recurrence rate is observed with external beam
radiation therapy [99] along with an unacceptably high stric-
ture rate. Brachytherapy has been employed for local lesions
with considerable success, particularly in patients with T1
to T2 penile cancer, who insist upon preserving the penis
[100, 101]. In a series of 49 men, the majority with T1 (51%)
and T2 (33%) tumors, treated with primary penile intersti-
tial brachytherapy found a local failure rate of approximately
15%. The soft-tissue necrosis rate was 16%, and the urethral
stenosis rate was 12% [102].

The most effective local therapy remains surgical exci-
sion, although the cosmetic defects can be major. Circum-
cision is appropriate if the lesion is contained within the
foreskin. However, this approach is associated with a 30%
local recurrence rate. Partial penectomy is the most effective
method of dealing with the disorder, provided one can estab-
lish a traditional 2 cm proximal margin. This carries with it
a 6% recurrence rate. More recent data suggest smaller mar-
gins may be adequate [103]. Total penectomy has the least
risk of local recurrence and is only employed when the tumor
replaces the entire penis or when it is located at the base
of the shaft. It results in a significant cosmetic defect, and
many patients have considerable psychological issues in the
postoperative period [71, 104–107]. Organ-sparing surgery,
in the form of partial or total glansectomy, has recently
been reported for distal invasive penile cancer with the goals
of oncologic control, decreased psychological and cosmetic
impact, and potential preservation of sexual function. Early
follow-up reveals encouraging results in terms of recurrence,
but longer follow-up in larger studies is needed [108–110].

Treatment of the Inguinal Lymph Nodes

The most important prognostic factor in men with invasive
squamous cell carcinoma of the penis is the status of the
inguinal lymph nodes [62, 70–73]. Squamous cell carcinoma
of the penis tends to spread locally to regional lymph nodes,
and distant metastasis is rare. Therefore, even in patients
with local lymph node metastases, regional lymphadenec-
tomy alone can be curative and should be performed [66, 71,
111, 112]. Studies suggest that inguinal lymphadenectomy
offers 30–60% cure rate to patients with inguinal node metas-
tases. If the tumor extends to the pelvic lymph nodes, the suc-
cess rate drops to less than a 10%. Unfortunately, there is cur-
rently no effective chemotherapeutic and/or radiotherapeutic
option available for cure in patients with disease extending
beyond the inguinal lymph nodes. Most of these patients will
succumb to disease within one to two years [68, 113].
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In terms of lymphatic drainage, the prepuce drains with
the shaft skin to the superficial inguinal nodes. The glans
drains with the corporal bodies to the deep inguinal nodes,
which drain to the pelvic nodes. Rarely, deeply invasive
tumors, particularly those at the base of the penis, may
bypass the groin and drain directly to the pelvic nodes. Due
to multiple cross-communications, lesions on one side of the
penis may metastasize to the contralateral groin.

Approximately 50% of patients have palpable nodes. In
many cases, these nodes are inflammatory due to infection of
the primary lesion. Therefore, a patient should be re-staged
after the primary lesion has been eradicated, the wound has
been closed, and the patient is infection free following a six-
week course of antibiotics. If patients are re-evaluated, those
with non-palpable groin nodes will have a 20% incidence of
metastatic disease, if all patients are subjected to a groin dis-
section.

Tumor grade and depth of invasion (stage) have signifi-
cant prognostic value in predicting lymph node involvement
[71, 79, 112, 114]. While almost 30% of patients with grade
I penile squamous cell carcinoma have inguinal lymph node
involvement, about 80% of grade III tumors have positive
inguinal lymph nodes [79, 115]. In patients whose primary
lesion involves the corpora (T2) and the tumor is poorly dif-
ferentiated, approximately 80% of such patients will in fact
have positive groin nodes [79, 112]. If there are discrete
palpable lymph nodes, approximately 86% of patients with
high-grade tumors will have pathologically positive nodes on
dissection.

Pre-emptive lymphadenectomy is a point of contention
due to its morbidity and the defined number of patients
who would unnecessarily undergo lymphadenectomy if all
patients were subjected to regional groin dissection. There-
fore, a watch and wait approach has been adopted over
the years. Unfortunately, this relegates patients with non-
palpable microscopic disease to a much worse survival.
Those with non-palpable microscopic disease, who undergo
groin dissections, have a markedly improved survival over
those in whom the microscopic disease is allowed to develop
into palpable disease at which point a groin dissection is per-
formed [68, 70, 71, 79, 116].

In an effort to avoid unnecessary groin dissections, it has
been suggested that a sentinel lymph node biopsy would
be predictive of the status of the groin [117–119]. Unfortu-
nately, the location of the sentinel node is variable, yielding
its clinical use unreliable by many [120–123].

Intraoperative lymph node mapping (IOLM) has been
proposed in an effort to circumvent the problem with
anatomic variability of the sentinel node [124]. There has
been significant experience using this technique with breast
and melanoma malignancies [124]. Injection of a vital blue
dye and/or technetium-labeled colloid around the primary
lesion allows the surgeon to follow its drainage to a single or

a few lymph nodes in the inguinal region [125–127]. Selec-
tive biopsies of these nodes assist to outline the extent of the
lymph node dissection. In the absence of any sentinel node
involvement, some would argue that there is no need for rad-
ical inguinal lymph node dissection (high negative predic-
tive value). In a recent report by Horenblas, 55 patients were
scanned and biopsied. One-third was found not to have sur-
gical findings that correlated with scintigraphy. Twenty per-
cent had positive nodes and 6% of patients, who were found
to have negative nodes, within a 3-year period, were found to
develop evidence of positive groin nodes [128]. The number
of false negatives is at least 6% as the follow-up in the current
contemporary series is too short to determine the true false-
negative rate. Horenblas published two subsequent updated
series and found an approximately 80% sensitivity with this
technique [129, 130]. Thus, this methodology does eliminate
a number of patients who would needlessly undergo a groin
dissection at the expense of subjecting all patients to groin
sentinel node biopsies. Unfortunately, at this time, the com-
bination of tumor differentiation and tumor stage combined
are as predictive as sentinel node biopsies either with or with-
out blue dye.

One study suggested performing ultrasound-guided fine
needle aspiration cytology as the initial diagnostic test in
clinically node negative patients [131]. Upon examining 34
groins in 27 patients, they achieved a sensitivity of 39%
and specificity of 100%. They found that the number of
dynamic sentinel node biopsies required in their protocol was
reduced by 11%. Methods to improve the accuracy of sen-
tinel node biopsy should be sought prior to its becoming a
reliable staging tool in patients with clinical node negative
disease.

Other prognostic factors have been investigated in attempt
to avoid surgical morbidity. One factor with encouraging
preliminary results is p53 protein expression. p53 over-
expression was significantly positively correlated with cell
differentiation, depth of primary lesion, and nodal metas-
tases. Multivariate analysis revealed p53 immunostaining –
at a cutoff value of 10%, was the predominant factor pre-
dicting lymph node metastases, and cause specific death
[132]. Lopes et al. also found that the immunoreactivity of
p53 was significantly related to lymph node metastases on
both univariate and multivariate analyses. Patients with p53
immunoreactivity were at a 4.8-fold increased risk for metas-
tases. When they examined survival rates, they found a sig-
nificantly decreased survival rate in those patients with p53
positivity on univariate analysis, but this did not reach statis-
tical significance on multivariate analysis [133].

Ki-67 is a non-histone nuclear matrix protein expressed in
all cell-cycle phases, except G0. Given that Ki-67 has been
correlated with tumor differentiation, nodal involvement, and
disease progression in squamous cell carcinoma of the head
and neck, it has been evaluated as a marker in penile cancer.
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While it was correlated with tumor differentiation, only an
associated trend was noted in terms of advanced stage, nodal
metastases, and clinical disease progression [134].

There has been some investigation of squamous cell car-
cinoma antigen as a potential serum marker to aid in the
early detection of nodal metastases in men with squamous
cell carcinoma of the penis. While preliminary results show
promise, limited numbers of study patients limit the study
power.

Although the statistical power of these studies was weak-
ened by their small numbers and controversy remains over
detection methods as well as the definition of p53 positivity,
these results are an encouraging base for which to build fur-
ther research. However, newer imaging techniques may leave
these markers as unnecessary in the future [135].

New modalities for lymph node imaging, particularly with
lymphotropic contrast agents used with MRI, are extremely
exciting. Based on our early experience with this technology
at Massachusetts General Hospital, MR lymphangiogram,
in all likelihood, will have a diagnostic efficacy sufficient
to predict who should and who should not receive a groin
dissection.

Based on our proposed modified staging system
[79](Table 30.5), stages I and IIA disease have an extremely
low likelihood of metastatic groin disease (0–12%), and their
survival in our experience approximates 100%. Patients with
IIB disease have a 78–88% incidence of groin metastases.
Of these patients, there is a 17% 5-year survival in those
who undergo watchful waiting versus a 92% 5-year survival
for those who have an immediate lymphadenectomy versus a
33% 5-year survival for those who have their lymphadenec-
tomy delayed until nodes become palpable. Patients with
stage III disease who undergo an immediate lymphadenec-
tomy have a 75% survival, whereas if no lymphadenectomy
is performed, there is a 33% survival [79]. This was con-
firmed by Horenblas [136]. Thus, it is clear that patients who
have non-palpable microscopic metastases to the groin and
an immediate groin dissection have a much better progno-
sis than do those in whom the lymphadenectomy is delayed
until nodal disease becomes palpable. The challenge is to
differentiate who is most likely to have microscopic metas-
tases without subjecting a large group of patients to an
unnecessary operation with potential considerable morbidity
[113, 114, 137–139].

Complications resulting from inguinal lymphadenec-
tomy have been reported as skin edge necrosis (7.5–
50%), major flap necrosis (2.5–5%), wound infection
(7.5–15%), lymphedema (10–50%), seroma formation (6–
16%), and death (0–1%) [137, 139–142]. In addition, a
second operation is required in approximately 15% of
patients [141].

However, if the lymph node dissection is performed for
microscopic non-palpable disease, the complication rate is

much less. In our experience, the complications include small
wound seroma (15%), minor skin edge necrosis not requir-
ing a secondary procedure (20%), minor, self-limited lym-
phedema (20%), prolonged lymphedema (5%). None have
required secondary operations. The group at MD Anderson
has also reported similar results [141].

In our opinion, currently, the most predictive method of
determining the probability of microscopic nodal metastases
is grade of primary tumor combined with depth of invasion.
For the present, patients who have clinically negative groins
and have a Grade III lesion invasive to the corpora should
have bilateral groin dissections. If the groin dissection is pos-
itive, a pelvic lymphadenectomy should subsequently be per-
formed on the ipsilateral side. It is our preference to do the
bilateral groin dissection in patients with any Grade III tumor
or any tumor whose primary lesion invades the corpora. Per-
haps the sentinel node biopsy may be useful in these latter
patients, as only about 60% of them will harbor microscopic
metastatic disease. Of course, patients with persistently pal-
pable groin nodes should undergo a groin dissection. In this
group, approximately 86% of patients will have metastatic
disease. It is our preference to perform the bilateral superfi-
cial and deep node dissections in one setting. When the per-
manent pathology has returned, a pelvic lymphadenectomy is
performed on the positive side. Our technique is described in
Glenn’s Textbook of Urologic Surgery [143]. Although some
would suggest that a pelvic lymphadenectomy is not likely to
impact survival, on occasion we have found an isolated pos-
itive node in the pelvis that resulted in long-term survival. In
addition, the knowledge of pelvic node status has prognostic
significance and allows us to consider adjuvant chemother-
apy in positive cases.

On occasion, a groin dissection must be performed for
palliative reasons. Under these circumstances, large tissue
defects may be created in the process of removing all vis-
ible tumor. These defects can be closed with an abdominal
advancement flap as we have previously described [144].
Following closure of the wound, radiation therapy may
be given to the pelvis for palliation; however, invariably
these patients will suffer significant external genitalia lym-
phedema, which can be quite disabling in the final stages of
life.

The Role of Radiation and Chemotherapy
in Squamous Cell Carcinoma of the Penis

The role of radiation and topical chemotherapy for the
primary lesion has been discussed previously. Several non-
randomized studies have reviewed the role of radiation ther-
apy for the treatment of metastatic inguinal nodes [69, 145].
The results are overall dismal and indicate the role of
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radiation therapy merely as a palliative measure at the present
time [146].

Due to the limited number of cases and lack of prospec-
tive studies, an optimal chemotherapy protocol has not yet
been developed. Most of the chemotherapy regimens are
based on the results of chemotherapy trials in squamous cell
carcinoma of the head and neck. Cisplatin, methotrexate,
bleomycin, and vincristine have been used alone or in
combination. It appears that adjuvant or neoadjuvant use
of chemotherapy agents may be beneficial and result in
partial response in many cases [147–150]. Newer agents,
such as epidermal growth factor receptor tyrosine kinases,
have shown some response when used in combination with
platinum- or taxane-based therapies, and are currently being
studied [151]. Recent work has shown increased amounts of
COX-2 and mPGES-1 detected in penile intraepithelial neo-
plasia and carcinoma. This asks whether COX-2 inhibition
will be a mechanism by which to prevent or treat penile can-
cer [152]. The optimal chemotherapy regimen remains to be
determined.

Future Challenges

In the future, the optimum treatment of penile cancer will
need to be developed. This requires additional knowledge of
the tumor biology. Furthermore, the staging system needs to
be revised to allow more accurate prediction of tumor exten-
sion prior to surgery. New imaging technologies, includ-
ing lymphotropic agents, need to be applied to improve the
staging accuracy. A multidisciplinary approach incorporat-
ing surgical ablation, applying various energy modalities (i.e.
radiation, laser, cryotherapy, thermotherapy, high intensity
focused ultrasound, etc.) and chemotherapy protocols needs
to be developed to optimize disease-free status.
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Chapter 31

Conventional Imaging in Penis Cancer

M.G. Harisinghani and M.A. Saksena

Introduction

Accurate pretreatment staging implications and includes
evaluation of the size and extent of the primary tumor, assess-
ment of regional lymph nodes for nodal metastasis, and
detection of distant metastatic disease. Assessment of the pri-
mary tumor is commonly performed by physical palpation
performed to evaluate invasion into the corpus spongiosum,
corpora cavernosa, and the skin. This method frequently
results in understaging, and accurate assessment of local
invasion is ideally performed by pathological analysis [1].
Similarly, ilioinguinal lymph node dissection is performed to
assess the local nodes and has been shown to provide a signif-
icant benefit in patients who have nodal metastases. But this
invasive procedure is associated with significant morbidity
and mortality even with modern surgical techniques. Hence,
pretreatment imaging plays a significant role in the staging
of penile cancer.

This chapter reviews the conventional imaging methods
utilized for staging penile cancer.

Cavernosography

Before the advent of modern imaging modalities cavernosog-
raphy was used to evaluate patients with penile cancer. It
involves injection of contrast directly into the corpora cav-
ernosa and has been shown to be safe and simple method
preoperative staging of penile cancers and aids in determin-
ing the level of penectomy [2]. In a study of 10 patients, a
corpus cavernosogram was used to assess the involvement
of the corpora cavernosa, and findings were correlated with
histopathology. It led to disease upstaging in one patient and
two patients had disease extension more proximally than that

M. G. Harisinghani (B)
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apparent by physical palpation [2]. However, this is an inva-
sive method and in the current milieu of non-invasive cross-
sectional imaging it is of historic significance only.

Follow-Up of Penile Carcinoma

Although penectomy with surgical lymphadenectomy pro-
vides high cure rates even in patients with nodal metastatic
disease, routine follow-up is recommended to evaluate both
local recurrence and development of nodal metastases.
Follow-up is usually performed by physical examination as
the penis and inguinal nodes are amenable to direct clini-
cal evaluation. Chest radiographs can help to evaluate for
distant metastases particularly in patients with known nodal
metastatic involvement. Pelvic nodes can be assessed by
cross-sectional imaging methods such as computed tomog-
raphy (CT). Cross-sectional imaging in penile cancer is dis-
cussed in the following chapter.
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Chapter 32

Cross-Sectional Imaging in Penis Cancer

M.A. Saksena and M.G. Harisinghani

Introduction

When diagnosed early (stages I and II), penile cancer is
highly curable, whereas curability decreases sharply for
stages III and IV. Hence, assessment of the clinical stage
and depth of invasion are vital for both therapeutic decision-
making and prognosis. Although, physical examination has
long been utilized to predict primary tumor size and caver-
nosal infiltration it is not as sensitive as MRI in making these
evaluations. Awareness of local or distant metastatic lymph
node disease is also crucial in deciding the surgical tech-
nique and predicting survival. Physical palpation to detect
nodal metastases has high-incidence false-negative and false-
positive results; 10-20% of non-palpable normal-sized nodes
may harbor micrometastatic disease while palpable nodes
are metastatic only 40–60% of the time [1–3]. Pelvic nodes,
which may also be a site of metastatic disease, are not
amenable to clinical evaluation. Ilioinguinal lymph node dis-
section used to assess inguinal lymph nodes has been shown
to be therapeutic and may be associated with improved long-
term survival. However, it can be complicated by scrotal and
leg edema, infection, flap necrosis, and seroma formation
[4–6]. Therefore, reliable non-invasive imaging methods uti-
lized to assess inguinal nodal disease may prevent surgery
in patients with uninvolved inguinal nodes. Hence, pretreat-
ment imaging has a significant role to play in both staging the
primary tumor and nodal evaluation. This chapter elucidates
the various cross-sectional modalities used in staging penile
cancer and illustrates their specific applications.
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Anatomy

The shaft of the penis is formed by the paired corpora cav-
ernosa lying dorsolaterally and the single ventral corpora
spongiosum. The corpora spongiosum contains the urethra
and extends anteriorly to form the glans penis. Its proximal
portion is connected to the urogenital diaphragm and is sur-
rounded by the bulbospongiosus muscle. The corpora cav-
ernosa are the primary erectile structures of the penis and
are attached to the pubic symphysis and the linea alba via
the suspensory ligament of the penis. Tunica albuginea is the
deepest thick fibrous layer that surrounds all three penile cor-
pora and separates the cavernosa from the spongiosum. The
two cavernosa are separated by a thin septum. Tunica albug-
inea normally measures 2–3 mm and thins down to about
0.5 mm during erection. The Buck’s fascia is a thick penile
fascia, which lies external to the tunica. It is surrounded by
a continuation of the scarpa’s fascia in the abdomen and
pelvis known as the Colles’ fascia. Colles’ fascia is the loose
superficial fascia of the penis and is in turn covered by skin.
They are of intermediate signal on T1 and high signal on T2-
weighted sequence. It is hypointense on all pulse sequences
and appears thicker around the corpora cavernosa due to
fusion with Buck fascia. Tunica dartos is located just deep
to the skin. Gadolinium enhancement of the cavernosa pro-
ceeds centrifugally, extending from cavernosal arteries to the
periphery [7] (Fig. 32.1).

Paired internal pudendal branches of the internal iliac
artery supply the penis, and the venous drainage is through
the deep and superficial dorsal penile veins which connect
to the pudendal plexus and drain into the internal puden-
dal veins. Lymphatic drainage of the penis and hence nodal
metastatic spread of cancer differs by location. The glans
drains into the deep inguinal and external iliac nodes while
the shaft drains first to the superficial inguinal nodes. Lym-
phatic drainage from the urethra is directly into the internal
iliac nodes bypassing the inguinal nodes. Bilateral lymphat-
ics communicate with each other resulting in bilateral nodal
involvement in unilateral tumors.
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Penile Cancer Pathology

Penile cancer predominantly presents in the sixth and seventh
decades of life and is rare under 40 years of age. Squamous
cell carcinoma accounts for 95% of all primary neoplasms
of the penis. It is most commonly located in the glans penis
(48%), prepuce (21%), glans and prepuce (9%), coronal sul-
cus (6%), and shaft (2%).

The risk of penile cancer is three times higher in uncir-
cumcised men and increases with poor hygiene through
accumulation of smegma and other irritants and phimosis.
Chronic inflammatory conditions, smoking, treatment with
psoralen or ultraviolet A photo chemotherapy, and infection
from human papilloma virus 16 and 18 are all risk factors for
the development of penile cancer.

Non-squamous penile neoplasms include sarcoma,
melanoma, basal cell carcinoma, and lymphoma. Penile
metastases are rare with primary tumors being primarily in
the urogenital tract.

Staging the Primary Tumor

The TNM classification (Table 32.1) is a commonly used
staging system for penile neoplasms. An alternative older
classification system is the Jackson classification system
(Table 32.2). Irrespective of the classification used imaging
plays a significant role in the staging of penile cancer.

MRI is the primary imaging modality used in the evalua-
tion of the primary tumor of the penis. Other cross-Sectional

Fig. 32.1 Normal penile anatomy (reprinted with permission from
Singh et al. [7]). (a) Drawing (axial view) illustrates the normal penile
anatomy. 1 = corpora cavernosa, 2 = corpus spongiosum, 3 = tunica
albuginea, 4 = cavernosal arteries, 5 = deep dorsal vein, 6 = superficial
dorsal vein, 7 = Buck fascia, 8 = dartos tunica. (b) Axial T2-weighted
MR image shows the two corpora cavernosa and the ventral cor-
pus spongiosum. The tunica albuginea surrounds the corpora caver-
nosa. (c) Drawing (sagittal view) illustrates the normal penile anatomy.

1 = corpus cavernosum, 2 = corpus spongiosum, 3 = urethra, 4 = glans
penis, 5 = tunica albuginea. (d) Sagittal MR image shows the corpus
spongiosum flaring posteriorly into bulbous spongiosum. (e) Axial T2-
weighted MR image shows the base of the penis and the attachment of
the posterior portion of the corpora cavernosa, known as the crura to
the pubic arch. (f) Sagittal contrast material-enhanced T1-weighted MR
image shows the corpus cavernosum and the corpus spongiosum
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Table 32.1 TNM classification of penile carcinoma (reprinted with permission from Singh et al. [7])

Table 32.2 The Jackson classification of staging penile cancer

Extent of tumor involvement Stage of malignancy
Lesion confined to the glans Stage I
Lesion invading into the shaft or corpora Stage II
Inguinal node metastases amenable to surgery Stage III
Tumor invades adjacent structures (extending of

the shaft), inoperable inguinal node
metastases, and/or distant metastases

Stage IV

modalities such as computed tomography (CT) and ultra-
sound (US) lack the required soft tissue resolution to ade-
quately stage primary penile neoplasms. However, CT does
have a role in nodal evaluation, detection of distant metastatic
disease, and diagnosis of postoperative complications.

MR Imaging Technique

The patient is placed supine with a towel between his
legs inferior to the perineum, in order to elevate the penis
and scrotum. The penis is then dorsiflexed over the lower
abdomen and taped in position so as to decrease organ
motion during the study. If imaging in the flaccid state is
inadequate pharmacological tumescence may be achieved
by intracavernosal alprostadil (prostaglandin E1 analogue)
injection. [8, 9]. However, this technique should only be uti-
lized if images in the flaccid state do not provide enough
information as a risk of priapism exists in a small number
of patients [9]. Although most penile prostheses are consid-

ered safe for MRI examination information about a particular
implant must be obtained before a patient with a penile pros-
theses is cleared for an MR.

Fig. 32.2 Drawing illustrates local staging of penile neoplasms: T1,
invasion of subepithelial connective tissue; T2, invasion of one or more
corpora; T3, invasion of urethra or prostate gland; T4, invasion of other
adjacent structures; and Tis, carcinoma in situ (reprinted with permis-
sion from Singh et al. [7])
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Fig. 32.3 Squamous cell carcinoma of the penis. Coronal T2-weighted
MR image shows a mass with heterogeneous signal intensity (arrow-
head) involving the corpora cavernosa. Hydrocele is seen incidentally
(reprinted with permission from Singh et al. [7])

Fig. 32.4 Sagittal contrast enhanced T1-weighted images demonstrate
a 2.5 cm squamous cell carcinoma (arrows) demonstrating invasion of
the glans

MR Imaging Protocol

A 3- or 5 inch surface coil is placed on the penis. Images
are obtained with a small field of view (12–16), high matrix,
and thin slices. Typical sequences performed include axial
spin echo T1-weighted images, triplane fast spin echo T2-
weighted images, and three-dimensional fat- saturated T1-
weighted gradient echo images obtained before, during, and
after the administration of intravenous gadolinium. A body
coil may be used to obtain images of the entire pelvis to eval-
uate for nodal metastases.

Fig. 32.5 Verrucous carcinoma of the penis. Sagittal T2-weighted MR
image demonstrates a mass with heterogeneous signal intensity (arrow-
heads) involving the glans penis and the corpora cavernosa (reprinted
with permission from Singh et al. [7])

Normal MR Appearance

The corpora are of intermediate signal intensity on T1-
weighted images, hyperintense on T2-weighted images,
and demonstrate contrast enhancement on post-gadolinium
images [10]. The corpora cavernosum maybe of a different
signal intensity than corpora spongiosum. Corpora cavernosa
enhance after the spongiosum in a centrifugal manner prob-
ably due to the presence of a central cavernosal artery [11].
The urethral walls are hypointense compared to the corpus
spongiosum within which it lies. A T1 and T2 hypointense
rim surrounds the corpora representing the tunica albuginea.

MR Staging of Penile Cancer

The local extent of a primary penile tumor has significant
therapeutic implications. Lesions limited to the glans or the
prepuce are classified as T1 disease and are amenable to
minimal surgery with good 5-year survival rates. In con-
trast infiltrative tumors with invasion of the corpus may
undergo penile amputation and have poorer survival rates,
which decrease further in the presence of nodal metastases.
Table 32.1 elucidates the TNM classification used to stage
penile cancers.

The traditional approach of the assessment of a primary
penile tumor by physical examination alone is ineffective in
accurate primary tumor staging while CT does not have the
soft tissue resolution needed for complete evaluation of pri-
mary penile tumors. Although ultrasound has been utilized
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Fig. 32.6 Adenoid cystic carcinoma arising from the Cowper gland.
Coronal T2-weighted (a) and gadolinium-enhanced T1-weighted (b)
MR images show a mass (arrow) centered at the bulbous urethra and
infiltrating the left obturator internus muscle (reprinted with permission
from Singh et al. [7])

for penile tumor staging it is ineffective in nodal evaluation
and lacks the superior tissue resolution provided by MRI.

The much-needed accurate staging of the primary tumor
can be effectively performed with an MR examination, which
also serves to evaluate regional nodes. T2-weighted and
gadolinium-enhanced T1-weighted MR images are the pri-
mary sequences used to define the extent of the primary
tumor. The primary neoplasm usually presents as a solitary,
infiltrative tumor, which is hypointense compared to nor-
mal penile tissue on both T1- and T2-weighted images and
demonstrates enhancement on post-gadolinium T1-weighted
images. The tunica albuginea is normally well visualized
as a hypointense rim surrounding the corpora. Disruption

Fig. 32.7 Penile metastases from a prostatic primary neoplasm. Sagit-
tal contrast-enhanced T1-weighted MR image shows extensive multiple
low-signal-intensity lesions (circled) involving the corpora cavernosa
and the corpus spongiosum (reprinted with permission from Singh et al.
[7])

Fig. 32.8 Inguinal nodal metastases from penile cancer post-inguinal
lymphadenectomy. (a) Axial CT scans demonstrate enlarged right
inguinal lymph node (arrow) consistent with nodal metastases from the
patient’s primary penile cancer. (b) Repeat CT scan performed 4 weeks
later demonstrates an increase in nodal size (arrow) with a necrotic cen-
ter and a thick enhancing rim
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of this rim by the hypointense tumor suggests invasion into
the tunica. The depth of tumor invasion, degree of corporal
involvement, and urethral invasion can be evaluated on MRI
and provide vital information for primary tumor staging.

The presence of multiple satellite nodules within the
penile shaft, which are similar in signal characteristics to a
primary squamous cell penile cancer, raise the suspicion for
a epitheloid sarcoma [12]. Epitheloid sarcoma is a malignant
soft tissue neoplasm, which is rarely seen involving the penis.

Fig. 32.9 Metastatic external iliac lymphadenopathy from penile car-
cinoma. (a) T2-weighted MR image and (b) axial T2∗ image obtained
before the administration of ultrasmall superparamagnetic iron oxide
particles shows bilateral external iliac lymphadenopathy (arrows). (c)
T2-weighted MR image obtained after the administration of the iron
oxide particles, the right external iliac lymph node (arrow) appears
bright due to lack of particle uptake, a finding that indicates replace-
ment of the lymph node parenchyma by metastatic tissue. The left exter-
nal iliac lymph node (arrowhead) shows normal particle uptake and is
hypointense owing to susceptibility effect

Fig. 32.9 (continued)

Rare non-squamous penile tumors may differ in MR
appearance. Melanomas are hyperintense on both T1-
and T2-weighted images and demonstrate intense contrast
enhancement. Rhabdomyosarcomas are similar to the sur-
rounding muscle in signal intensity and enhance hetero-
geneously following gadolinium administration. Metastatic
lesions present as multiple discrete masses in the corpora
cavernosa and spongiosum. They are typically hypointense
on T1- and T2-weighted sequences. Irrespective of tumor
histology contrast-enhanced MR imaging is effective and
accurate in defining the tumor limits and hence in determin-
ing extent of excision.

Nodal Staging

The presence and extent of inguinal nodal metastases is the
most important prognostic factor in invasive squamous cell
carcinoma of the penis [13, 14]. In patients with nodal dis-
ease confined to the inguinal nodes, inguinal lymphadenec-
tomy is curative with 30–90% disease-free rates while
patients with pelvic nodal disease have a 5-year survival rate
of less than 10% [15, 16]. The incidence of nodal metastatic
disease has been associated with the grade and stage of the
primary tumor. Patients with well-differentiated tumors have
a 24% chance of nodal spread while those with poorly differ-
entiated tumors have a 33% chance of nodal metastatic dis-
ease. [17]. As described before the location of nodal disease
depends on the site of the primary tumor.

Physical palpation to detect nodal metastases has high-
incidence false-negative and false-positive results; 10–
20% of non-palpable normal-sized nodes may harbor
micrometastatic disease while palpable nodes are metastatic
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only 40–60% of the time [1–3]. Although inguinal lym-
phadenectomy is curative it is associated with significant
mortality and morbidity. If all patients with penile cancer
underwent bilateral groin dissection a significant number
would be subjected to a needless operation. Hence, non-
invasive imaging has a significant role in identifying patients
who would benefit from a groin dissection. Although depth
of invasion and the grade of the primary lesion have been pro-
posed as markers of nodal disease these even when combined
have a positive predictive value of about 80% [18]. Therefore
there is a significant role for a diagnostic test, which can eval-
uate regional lymph nodes with a high predictive value.

Lymphotropic Nanoparticle-Enhanced MRI

Lymphotropic nanoparticle-enhanced MRI (LNMRI) has
emerged as a promising new technique for non-invasive
nodal evaluation in patients undergoing staging for var-
ious malignancies [19–21]. It utilizes a novel contrast
agent consisting of ultrasmall superparamagnetic iron oxide
(ferumoxtran-10; AMI-227; Combidex�, Advanced Mag-
netics Inc, Cambridge, MA; Sinerem�, Laboratoire Guerbet,
Aulnay-sous-Bois, France) particles which are small enough
in size to migrate across the capillary walls and local-
ize within lymph nodes allowing robust characterization of
nodes independent of the size criterion [22, 23]. On intra-
venous administration these particles extravasate from the
vessels into the interstitial space, from where they are trans-
ported to lymph nodes. Within a normal lymph node, nodal
macrophages (which comprise the reticuloendothelial sys-
tem [RES]) phagocytose these nanoparticles causing them
to accumulate within the node. Intranodal accumulation of
the contrast agent causes normal nodes to take up agent
and turn dark on post-contrast T2- and T2∗-weighted imag-
ing. Metastatic nodes lack functional macrophages and retain
high signal intensity on post-contrast imaging. Tabatabaei
et al. reported a sensitivity of 100%, a specificity of 97%, and
a negative predictive value of 100% for nodal evaluation with
LNMRI in patients with penile cancer. This is higher than
those achieved by either clinical evaluation or other cross-
sectional modalities. In the future as these contrast agents
become readily available LNMRI promises to play a signif-
icant role in the nodal evaluation of all patients with malig-
nancy including those with penile cancer.

Distant Metastases

About 2.3% of patients with penile cancer present with
distant metastases [24]. The commonest sites of distant

metastatic disease are the lung, liver, and retroperitoneum.
CT is the modality of choice for detection of distant
metastatic disease. It allows for efficient screening of the
chest and abdomen for metastatic disease and can be used
for both initial evaluation and follow-up imaging.

Role of Imaging in Follow-Up of Penile
Cancer

Post-treatment evaluation of patients with penile cancer is
primarily based on clinical evaluation as both the penile and
inguinal regions are accessible to physical examination. As
per the EAU guidelines patients treated with conservative
therapy such as laser surgery, brachytherapy, or local resec-
tion should undergo clinical evaluation every 2 months for 2
years and every 3 months in the third year [25]. Long-term
follow-up every 6 months should be performed to detect late
recurrences. For patient’s treated with surgery a follow-up
visit every 4 months for 2 years, every 6 months for a year,
and annually thereafter is recommended. In patients under
surveillance after removal of the primary tumor, groin evalu-
ation can be performed clinically every 2 months for 2 years,
every 3 months for another year, and biannually for another 2
years [25]. Patients who develop new palpable lymph nodes
almost always have metastatic nodal involvement. Patients
who have undergone inguinal lymphadenectomy and had
negative nodes should be followed up clinically every 4
months for 2 years and biannually for another year [25].

No radiological studies are usually performed in patients
who do not demonstrate clinical signs of recurrence. Abdom-
inal pelvic CT scans and LNMRI studies can be used to eval-
uate suspicious nodal involvement. Other imaging such as
bone scan and chest radiographs is performed to evaluate
specific symptoms such as back pain. No routine imaging
follow-up is recommended in these patients.

Follow-up in patients with positive nodes after surgery
(pN1–3) depends on the number of nodes involved and the
type of adjuvant therapy used. Frequency of CT scans and
chest radiographs is not defined and is often established by
the institution [25]. Bone scans can be used to evaluate for
specific symptoms.

Conclusions

Pre-treatment staging based on clinical evaluation alone can
often lead to inaccurate staging in patients with penile can-
cer. Contrast-enhanced MRI provides the soft tissue detail
necessary for the assessment of the local extent of the tumor.
Palpable groin nodes do not always signify metastatic nodal
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involvement, and non-invasive imaging techniques of CT and
LNMRI help distinguish inflammatory nodal enlargement
from metastatic nodal disease. Hence, groin dissection can
be avoided in patients who do not have malignant nodal dis-
ease. Additionally, identification of micrometastatic disease
in unenlarged nodes leads to adequate management and helps
improve patient outcomes. Imaging plays a significant role in
clinical decision-making in patients with penile cancer in any
stage and its judicious use aids in making treatment decision
and predicting prognosis.
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Chapter 33

Penis Carcinoma – Radionuclide Imaging and PET

R.A. Valdés Olmos, B.K. Kroon, C.A. Hoefnagel, and S. Horenblas

The most important radionuclide imaging modality for penile
carcinoma is sentinel node lymphoscintigraphy. Experience
with 18F-FDG PET and radionuclide imaging with other
tracers has been limited to a few patients.

Sentinel Node Lymphoscintigraphy

Concerning the sentinel node procedure in penile carcinoma,
lymphoscintigraphy is oriented to identify the lymph nodes
receiving direct drainage from the primary tumor. In this con-
text tracer characteristic, route of administration and image
acquisition are determinant factors to obtain optimal results.

Radiopharmaceuticals

Numerous radiopharmaceuticals have been used for sentinel
node lymphoscintigraphy including 99mTc-labeled dextran,
99mTc human serum albumin, and various labeled colloids
[1]. Most used labeled colloids are 99mTc antimony trisul-
fide colloid with a particle size of 3–40 nm and a wide
application in Australia, 99mTc sulfur colloid with particles
between 100 and 400 nm and mostly used in North Amer-
ica, and 99mTc nanocolloidal albumin with particles under
80 nm (95% smaller than 25 nm) and predominantly used
in Europe. Also 99mTc colloidal rhenium sulfide, filtered
99mTc sulfur colloid, 99mTc stannous phytate, and 99mTc
microcolloidal albumin have been used for sentinel node
imaging. An overview of the radiopharmaceuticals for lym-
phoscintigraphy ranked according to the particle size is given
in Table 33.1. For penile carcinoma, the most extensive vali-
dation has been using 99mTc nanocolloid.

R.A. Valdés Olmos (B)
Department of Nuclear Medicine, Netherlands Cancer Institute,
Amsterdam, The Netherlands

Table 33.1 Radiopharmaceuticals for lymphoscintigraphy
and particle size

Radiopharmaceutical Particle range (nm)

99mTc human serum albumin 2–3
99mTc dextran 2–3
99mTc DTPA-mannosyl-dextran 6–8
99mTc antimony sulfide 3–30
198Au colloid 5–30
99mTc-filtered sulfur colloid 15–50
99mTc nanocolloidal albumin 5–80
99mTc sulfur colloid 100–400
99mTc stannous fluoride 50–600
99mTc stannous phytate 200–1000
99mTc microcolloidal albumin 200 –>1000

The visualization of the sentinel node depends on the
transport of the tracer particles through lymphatic pathways
from the injection site [2]. When radiolabeled particles reach
the sentinel node they are trapped and subsequently absorbed
through phagocytosis by the macrophages in the lymph node.
At least three aspects may be of importance in this respect.

Particle Size

Very small particles travel so quickly that only a fraction is
retained in the first draining lymph node. Particles smaller
than 5 nm may also penetrate the capillary membranes with
incorporation in blood; this may lead to an intense uptake in
liver and spleen as may be observed on scintigraphy. Par-
ticles larger than 100 nm may become trapped in intersti-
tial space and never enter the lymphatic system [1]; this
decreased migration from the injection site may result in non-
or faint lymph node visualization and may lead to under-
estimation of the number of sentinel nodes. Particle sizes
between 10 and 50 nm have been associated with optimal
lymph channel visualization and lymph node uptake [3].
However, due to spill, more second-echelon lymph nodes
may be observed, which may lead to a certain overestima-
tion of the number of sentinel nodes. To solve this limitation,

J.J.M.C.H. de la Rosette et al. (eds.), Imaging in Oncological Urology, 347
DOI 10.1007/978-1-84628-759-6 33, c© Springer-Verlag London Limited 2009
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Fig. 33.1 (a) Intradermal administration of the tracer around the primary lesion in a patient with a T2 squamous cell carcinoma of the penis.
(b) Schematic illustration of the intradermal tracer administration at three sites around the primary tumor

recently, 99mTc-DTPA-manosyl-dextran with an average par-
ticle size of 7 nm, ultrahigh receptor affinity and high lymph
node extraction as well as fast migration rate from injection
site has been proposed for sentinel node detection [4].

Particle Number

Lymphoscintigraphy by intradermal tracer administration, as
applied in penile carcinoma, is associated with a high and
fast migration rate of colloid particles from the injection
site. Lymph node uptake is based on the ingestion of parti-
cles by the macrophages and this receptor-mediated phago-
cytosis may be improved by the activation of an increased
number of receptors [5]. In accordance with this observa-
tion, the tracer dosage and the particle concentration must
be optimized using adequate dilution volumes to prepare
radiopharmaceuticals. For 99mTc nanocolloid, dilution vol-
umes of 2–4 ml with injection volumes of 0.3–0.4 ml lead to
the adequate visualization of lymphatic channels during the
dynamic phase of the study and subsequently the early static
images. This is mostly accompanied by intense lymph node
uptake.

Radiopharmaceutical Dosage

A dosage of 60–80 MBq is associated with both sentinel
node and lymph channel visualization in almost all patients
investigated for penile carcinoma [6]. These dosages are
mostly employed when the operation takes place the day after
scintigraphy. When surgical procedure is performed the same
day as scintigraphy, lower dosages are recommended in order
to reduce radiation exposure of the surgeon. However, the use
of lower dosages may be accompanied by less optimal visu-
alization of lymphatic ducts at scintigraphy.

Tracer Administration

For penile carcinoma the tracer is injected intradermally.
Subcutaneous administration is easier to accomplish but
may not delineate the route of drainage from an overly-
ing cutaneous site. Additionally, drainage from the der-
mis is a lot faster than drainage from subcutaneous tissue.
Application of a spray containing xylocaine 10% 30 min
before tracer administration is recommended. Alternatively
a lidocaine/prilocaine-based cream may be used. This local
anesthesia ensures that subsequent tracer injections are well
tolerated and relatively easy to perform. A volume of 0.3 ml
containing the tracer is subsequently administered intrader-
mally around the tumor. Injection is divided into three depots
of 0.1 ml as illustrated in Fig. 33.1. Each depot is injected
raising a wheal. The tracer is injected proximally from the
tumor. For large tumors not restricted to the glans, the tracer
can be administered in the prepuce. Injection margins within
1 cm from the primary tumor are recommended. In patients
with excision biopsy scar, injections may also be admin-
istered using similar margins. However, whether lymphatic
drainage can be altered by tumor excision is still not estab-
lished. Taking an injection distance of 5 mm a reproducibil-
ity of 100% for penile lymphoscintigraphy has been reported
[7]. Expanding the injection distance from the site of the pri-
mary lesion may increase the ambiguous zone of drainage,
cross a lymphatic watershed, and visualize additional basins
not really related to drainage of the tumor site.

Gamma Camera Imaging and Skin Marking

There are various reasons to perform lymphoscintigraphy in
the sentinel node procedure:
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– To point out the draining lymph node field at risk for
metastatic disease

– To indicate the number of sentinel nodes
– To help distinguish first-tier lymph nodes from second-

echelon lymph nodes
– To identify lymph nodes in unpredictable locations
– To mark the location of the sentinel node on the skin
– To accomplish these purposes gamma camera acquisi-

tion must meet the highest standard of quality concerning
methodology and image interpretation

There is consensus that sentinel node lymphoscintigraphy
must be sequential, with images obtained at various time
intervals. Low-energy, high-resolution collimators and cam-
era set for the 140 KeV photon energy peak of 99mTc are nec-
essary. Lymphoscintigraphy must match the sentinel concept
and therefore must be able to visualize the lymphatic chan-
nels and identify the lymph nodes receiving direct drainage
from the tumor. To detect these sentinel nodes, gamma cam-
era acquisition recognizes two parts

(a) Dynamic scintigraphy, on the basis of 20 s images in a
matrix of 128 × 128 × 16, performed during the first
15–20 min after tracer injection, preferably in both the
anterior and lateral projection with a dual-head gamma
camera, if available. The dynamic study is helpful to
identify lymphatic ducts when a rapid drainage from
the injection site is expected as occurs in penile lym-
phoscintigraphy. In some cases the computer-assisted
summation of all dynamic images in a 20-min image
may help to differentiate first-echelon from second-
echelon lymph nodes (Fig. 33.2).

(b) Static images using a 256 × 256 × 16 matrix in both the
anterior and lateral projections with an acquisition time
of 5 min at 20–30 min and 2 h are recommended. Addi-
tional images at 4–6 h are strongly recommended when
no sentinel nodes are visualized or when a slow migra-
tion from the injection is observed. To improve image
interpretation and sentinel node identification, the use of
simultaneous transmission scanning by means of a flood
source of cobalt-57 of 99mTc gives excellent informa-
tion about the body contour. Also some reference points
can be indicated to identify anatomical structures such
as the inguinal ligament. Static images are important to
differentiate the further lymphatic drainage, which may
enable to identify both additional sentinel nodes with
delayed filling located in unexpected locations and sec-
ondary lymph nodes.

Sentinel node identification on lymphoscintigraphy is fol-
lowed by localization and marking on skin in order to enable
intraoperative localization using the hand-held gamma probe,
usually the day after scintigraphy. With the gamma camera in
real-time view mode and the sentinel node within the field of

Fig. 33.2 Anterior images showing different patterns of lymphatic
drainage of 99mTc nanocolloid from injection site to sentinel nodes
(arrows). (a) Bilateral drainage with visualization of lymphatic ducts
leading to one sentinel in each groin. (b) Bilateral drainage with two
lymphatic ducts leading to two sentinel nodes in the right groin and one
sentinel node in the left groin. (c) Unilateral drainage with two lym-
phatic channels and two sentinel nodes in the right groin. (d) Drainage
to the right groin with a cluster of lymphatic nodes whereas in the left
groin one sentinel node and two second-echelon nodes are visualized

view, a marker source or pen is moved over the skin. When
the signal of this radioactive marker coincides with the hot
spot of the sentinel node this point is marked on the skin.
Subsequently, the site of the sentinel node is marked with
non-erasable ink. To avoid pitfalls due to skin or lymph node
mobility, sentinel node marking must be performed in the
position in which the patient will be operated.

Drainage Patterns and Image Interpretation

There are two major criteria to identify sentinel nodes on
lymphoscintigraphy:

– The visualization of lymphatic ducts, leading to the iden-
tification of lymph nodes with direct drainage from the
injection site

– The visualization of the first draining lymph nodes in each
lymph node group

In penile lymphoscintigraphy, after peritumoral injection,
the dorsal lymph channels of the penis are first observed.
The most frequent pattern of visualization (80%) is the bilat-
eral drainage to both groins. This pattern is, however, asyn-
chronous in two thirds of the cases and frequently late lymph
node filling of the contralateral side is only visualized on
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Fig. 33.3 (a) Anterior early images showing intense accumulation
of 99mTc nanocolloid at the level of the prepubic bifurcation of the
penile lymphatic channel (arrow). Note that this lymphatic duct activity
decreases at the 2 h image (b). By contrast, in another patient intense
prepubic activity seen on early image (c) persists on delayed images
(dotted arrow). (d) At surgery a prepubic sentinel node was removed

delayed images. Drainage from the injection site mostly
occurs through one or two afferent lymphatic vessels leading
to visualization of one or two sentinel nodes in each groin. In
some cases a cluster of inguinal lymph nodes may be visu-
alized (Fig. 33.2). During the dynamic phase of the study
as well as on early static images an intense accumulation of
radioactivity may be observed in the pubic area at the site of
the bifurcation of the penile dorsal common lymphatic ves-
sel (Fig. 33.3). This accumulation decreases or disappears on
delayed images. When a persistent accumulation is observed
at the pubic area with increase of radioactivity on delayed
images, a prepubic sentinel node may be considered. Inguinal
second-echelon lymph nodes are usually seen on the early
static images whereas iliac second-echelon lymph nodes are
often observed on delayed images. Lateral images can differ-
entiate inguinal from iliac lymph nodes (Fig. 33.4).

Although overall sentinel node visualization rate may
reach 99% in experienced hands, interpretation of lym-
phoscintigraphy may be complicated by non-visualization
of the sentinel node. In 10% of the groins sentinel nodes
are not visualized, mostly concerning patients with unilat-
eral drainage [8]. Various reasons may explain the absent or
faint sentinel node uptake:

– Low tracer dosage
– Tumor involvement of the sentinel node
– Patient age with less visualization in older patients
– Unsatisfactory tracer quality
– Insufficient particle number

Fig. 33.4 (a) Dynamic phase of lymphoscintigraphy showing drainage
to the left groin with visualization of one duct leading to an inguinal
sentinel node (arrow). A second-echelon lymph node is observed just
above the sentinel node. Note that in contrast to anterior image (b), lat-
eral image (c) can differentiate inguinal from iliac lymph nodes (dotted
arrow)

– Too short or too long intervals between tracer injection
and lymphoscintigraphy

Recently, pre-operative ultrasonography of the groin
combined with fine-needle aspiration cytology was intro-
duced to detect impalpable grossly involved tumor-positive
nodes. Detection of these nodes may indirectly reduce non-
visualization on scintigraphy [9].

Beside these factors it is necessary to recognize some pit-
falls such as injection of part of the radiopharmaceutical in
blood vessels or into the corpus cavernosum (Fig. 33.5). Also
during tracer injection the high pressure of the intradermal
bleb can result in spreading of some of the radioactivity on
needle removal with subsequent skin contamination which
can be confused with lymph node uptake.

Clinical Relevance

The sentinel node procedure in penile carcinoma is of impor-
tant diagnostic, prognostic, and therapeutic value at the cost
of only minor morbidity. In an evaluation of 10 years expe-
rience, Kroon et al. [10] found a sentinel node visualiza-
tion rate of 99% by lymphoscintigraphy and sentinel node
metastases in 22% of the patients after intraoperative sen-
tinel node localization. The sentinel node was the only
tumor-positive node in 78% of the dissection specimens. The
5–year disease-specific survival was 96% for patients with
a tumor-negative sentinel node and 66% for patients with
a tumor-positive sentinel node. Most of the false-negative
cases were found in the learning phase of the experience.
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Fig. 33.5 Pitfall in lymphoscintigraphy. (a) Anterior image showing penile accumulation (dotted arrow) after administration of the tracer into the
corpus cavernosum without lymphatic drainage. (b) After a second injection the day after, lymphatic drainage is observed with visualization of
sentinel nodes in both groins (arrows)

This aspect was recently evaluated [11]. The false-negative
rate decreased from 19 to 5% after optimization of the pro-
cedure. Also the groin complication rate dropped from 10.2
to 5.7%.

Positron Emission Tomography (PET) with
18F-FDG

Some malignancies such as malignant melanoma, lym-
phoma, lung, and colorectal cancer are characterized by
increased glycolytic activity, enhanced glucose utilization,
and intense tumor uptake of 18F-FDG on PET. Also in squa-
mous cell carcinoma of the penis, intense uptake of 18F-
FDG may be observed in lymph node metastases (Fig. 33.6).
However there is no extensive validation of the modality.
In a series including 13 patients both sensitivity and speci-
ficity reached 75% with respect to the primary lesions. In the
detection of lymph node metastases the sensitivity of PET
was 80% and the specificity 100%. Sensitivity was 89% for
superficial inguinal lymph node metastases and 100% for
deep inguinal and obturator lymph node basins [12]. At the
Netherlands Cancer Institute 18F-FDG PET was evaluated on
the basis of 30 procedures in 26 patients with clinical T3/T4
penile carcinoma. In 30 tumor-positive groins the sensitiv-
ity of PET was 93% and the specificity 96%. In 26 tumor-
negative groins the sensitivity was 60% and the specificity
95%. With respect to the iliac lymph node basins, the sensi-
tivity of PET was 92% and the specificity 93%. Metastases at
distance were found in five patients. It can be concluded that
18F-FDG PET appears to be a sensitive modality to detect
regional and distant metastases in patients with intermedi-
ate and high T stage as well as in recurrences. Addition-
ally, in patients with advanced disease scheduled to receive
chemotherapy, 18F-FDG PET may contribute to the moni-
toring of therapy response [13]. Finally the introduction of

Fig. 33.6 Coronal (a) and transaxial (b) PET images showing intense
accumulation of 18F-FDG in lymph node metastases of the right groin
(black arrows). Note that on lymphoscintigraphy (d) of the same patient
there is an abnormal drainage to the right groin without lymph node fill-
ing. By contrast, there is normal drainage to the left groin with depiction
of two sentinel nodes (white arrows). In another patient (d) there is pro-
longed visualization of the radioactivity in lymph vessel (white arrow)
without filling of the sentinel node of the right groin. Coronal FDG-PET
(e) shows abnormal uptake in lymph node metastasis of the right groin
(black arrow)

PET/CT systems with improved PET signal will lead to a
further application of this diagnostic modality in penile can-
cer by improving localization of metastases (Fig. 33.7).

Radionuclide Imaging with other Tracers

Both 67Ga-citrate and 99mTc-MIBI may be helpful for the
diagnostic imaging of lymph node metastases of penile
carcinoma. Intense uptake of 67Ga-citrate may be observed in
metastatic inguinal lymph nodes and the decrease in abnor-
mal groin uptake appears to correlate with clinical improve-
ment [14]. Also scintigraphy with 99mTc-MIBI may lead to
the detection of occult regional metastases [15].
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Fig. 33.7 Coronal FDG-PET images (a, c, e) showing various metas-
tases in a patient with recurrent penile cancer. Note that PET/CT fused
images are able to precise the anatomical location of the metastases
in bone and soft tissue by displaying the increased PET signal of the
metastases in color (b, d, f)

Conclusions

In patients with penile cancer and clinically negative groins,
sentinel node biopsy is the procedure of election to stage
the groin. Lymphoscintigraphy is widely validated and can
guide intraoperative probe sentinel node detection in almost
all patients.

18F-FDG PET appears to be a sensitive modality to detect
regional and distant metastases in patients with intermediate
and high T stage as well as in recurrences. However, further
validation of this modality using PET/CT hybrid systems is
necessary.
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Chapter 34

Considerations: Imaging in Penis Carcinoma

S. Horenblas, B.K. Kroon, R.A. Valdés Olmos, and C.A. Hoefnagel

Introduction

Malignant tumors of the penis consist of 95% of the cases of
squamous cell carcinoma. The other 5% comprises of other
tumors originating in the skin, like melanoma and basal cell
cancer, or tumors arising from elements of cavernous tis-
sue like soft tissue tumors [1–3]. Ideally, imaging modali-
ties should help the clinician in deciding on the appropri-
ate therapy of the primary tumor by exactly delineating the
extent of the tumor and invasion in various structures of the
penis, like the cavernous tissues and the urethra. Squamous
cell carcinoma shows a very strong tendency for lymphatic
spread first, with hematogenic spread in very advanced cases
only [4]. Timely management of lymph node metastasis is
of utmost importance [5, 6]. Imaging should also inform the
clinician on the absence or presence of regional metastases in
the groin area. In more advanced cases knowledge of spread
to second echelon lymph nodes in the pelvic region and fur-
ther spread to retroperitoneal lymph nodes is essential for a
rational approach.

Imaging of the Primary Tumor

The extent of the primary tumor in squamous cell carcinoma
of the penis has important prognostic and therapeutic impli-
cations. The prognostic difference between deeply infiltrat-
ing tumors and superficially growing tumors has been rec-
ognized for a long time and is expressed already in the first
TNM classification system for squamous cell carcinoma of
the penis [7]. Size of the tumor was surpassed by depth of
infiltration as a classification criterion in the most recent clas-
sification [8]. A distinction was made between tumors infil-
trating into the deeper structures of the penis and tumors
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Table 34.1 1987 TNM Classification [8]

T-Primary tumor
T X Primary tumor cannot be assessed
TO No evidence of primary tumor
Tis Carcinoma in situ
Ta Non-invasive verrucous carcinoma
TI Tumor invades subepithelial connective tissue
T2 Tumor invades corpus spongiosum or cavernosum
T3 Tumor invades urethra or prostate
T4 Tumor invades other adjacent structures
N-Regional lymph nodes
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
NI Metastasis in a single superficial inguinal lymph node
N2 Metastasis in multiple or bilateral superficial inguinal lymph nodes
N3 Metastasis in deep inguinal or pelvic Iymph node(s), unilateral or

bilateral
M-Distant metastasis
MX Distant metastasis cannot be assessed
MO No distant metastasis
MI Distant metastasis
Stage grouping
Stage O Tis NO MO Ta NO MO
Stage I TI NO MO
Stage II TI NI MO T2 NO, NI MO
Stage III TI N2 MO T2 N2 MO T3 NO, NI, N2 MO
Stage IV T4 Any N MO Any T N3 MO Any T Any N MI

invading the superficial layers only (Table 34.1) This dis-
tinction, how important this may be, is not easily made on
clinical grounds only.

The main issue in the management of the primary tumor
is the decision whether to amputate or not. Standard par-
tial penile amputation as a treatment for localized squamous
cell carcinoma is increasingly being replaced by methods
that conserve the penis [9, 10]. Main danger is the risk for
local recurrence, which increases proportionally with size
and depth of infiltration of the tumor. Therefore, the exten-
sion of the primary carcinoma must be assessed with great
care. Staging on clinical grounds only is not always easy,
as the often accompanying infection can give the impres-
sion of deep infiltration while microscopic invasion can eas-
ily be missed. Comparing clinical and pathological staging in
a series with almost 100 patients with squamous cell cancer
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showed the following differences: in 10% of the cases the
clinical stage was higher compared to the pathological stage
(“overstaging”), in 16% of the tumors the pathological stage
was higher than the clinical one (“understaging”). Overall a
26% difference between clinical and pathological stage was
found, almost similar to a 23% difference in a study from
Maiche et al. [11, 12]. Reasons for these discrepancies were
clinically undetected infiltration in the subepithelial tissue or
corpus spongiosum, infection, and edema masking the real
size of the tumor and giving a false impression of infiltration.

Can imaging contribute to more accurate staging? Vari-
ous imaging techniques have been evaluated for this purpose
[13–18].

Cross-Sectional Imaging Techniques

Ultrasound

Various distinctive structures of the penis can be depicted
on ultrasound investigation and used for staging penile car-
cinoma. The tumor itself is mostly shown as a hypoechoic
lesion (Fig. 34.1). It can be distinguished from the urethra.
Introducing a urethral catheter can aid in delineating the
tumor. The tunica albuginea surrounding both corpora cav-
ernosa is seen as a hyperechoic structure (Fig. 34.2). Ultra-
sound was shown to reliably give the extent of infiltration
into the corpora cavernosa, but was not reliable enough in
discerning the true extent of infiltration into the corpus spon-
giosum of the glans [19].

CT Scanning

Computerized tomography is limited by its ability to image
in one plane only and the poor soft tissue contrast. While it
has been used extensively for the detection of nodal metas-
tases, it has been used rarely for imaging the primary tumor,
as the tumor and surrounding corporal bodies are poorly dif-
ferentiated [18, 20, 21]. One can conclude that CT scanning
does not play a role in the imaging of the primary tumor.

Magnetic Resonance Imaging (MRI)

In contrast to CT scan, MRI imaging is not limited by imag-
ing in one plane. Moreover, soft tissue contrast is much bet-
ter than with CT scan. Lont et al. analyzed the accuracy of
MRI staging of the primary tumor [17]. MR images were
obtained in the axial plane using T1-weighted spin echo (T1-
SE) and T2-weighted turbo-spin echo (T2-TSE) sequences.
Sagittal images were acquired using a short inversion recov-

1a

1b

tumor

glans penis
urethra

Fig. 34.1 Ultrasound examination of penile carcinoma (a) with
schematic representation of distinct structures (b), showing a hypoe-
choic lesion

ery sequence and T1-SE sequences, before and after admin-
istering an intravenous contrast agent (gadolinium based).
Tumor identification was mainly based on the presence of
lesions with low signal intensity relative to the corporal bod-
ies on the T1- or the T2-weighted images (Figs. 34.3 and
34.4). It was concluded that because of the possibility of
imaging in various planes and because of the ability to visu-
alize other structures of the penis, MRI can be useful in doubt
of the true proximal extent of the tumor.

In order to improve imaging of the primary tumor,
MRI was combined with artificial erection and compared
with pathologic staging in nine cases of penile cancer. T1-
weighted and T2-weighted MRI with and without contrast
was obtained using a phased array coil. The MRI and patho-
logic staging coincided in eight of nine patients. In one
patient no tumor was detected at MRI. Despite the differ-
ences between clinical staging and MRI staging, this had no
therapeutical consequences [22].
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tunica albuginea

tumor

b

c

corpus cavemosum

a

Fig. 34.2 Ultrasound examination of penile carcinoma (a) with
schematic representation of distinct structures (b), showing the tumor
abutting the tunica albuginea, without invading it. Histology (c)
confirms the ultrasound observation (tumor not invading the tunica
albuginea)

T

G

Fig. 34.3 MRI (T1 SPIR) with contrast in the transversal plane at a
distal level of the penis in a patient with a T2 tumor. The tumor is seen
as a low signal mass, clearly distinguished from the glans penis (T =
tumor, G = glans penis, arrow indicates urethra)

Accuracy of Physical Examination, Ultrasound,
and MRI

The accuracy of physical examination, ultrasound investiga-
tion, and magnetic resonance imaging (MRI) was compared
in 33 patients [17]. All patients underwent a radiological
evaluation with ultrasonography and MRI, the former using
an SDD 280 LS scanner (Aloka Corp., Tokyo, Japan) with
a 7.5 MHz linear-array small-parts transducer, and the latter
using a 1.5 T Magnetom scanner (Siemens GmbH, Germany)
with a small surface coil. An ultrasonography gel pad was
used to avoid artifacts, and a urethral catheter was intro-
duced for identification. The tumor was identified by the
presence of hypoechoic lesions on the ultrasonograms that
were not consistent with normal penile anatomy. Tumor size
was determined in two directions using standard calipers on
the ultrasonogram and in three planes on MRI. Invasion by
tumor of the subepithelial stroma, corpus spongiosum, cor-
pora cavernosa, and urethra was assessed. Infiltration depth
was measured. After comparing the findings of the various
investigations with histopathology, physical examination was
more reliable for assessing tumor size than were ultrasonog-
raphy and MRI. Furthermore physical examination predicted
corpus cavernosum infiltration with the highest positive pre-
dictive value and was accurate for determining the presence
of deep infiltration, missing substantial infiltration in only 2
of 33 patients (Table 34.2). For infiltration into the corpus
spongiosum of the glans, the following values for positive
predictive value and sensitivity were found: 94, 92, and 91%
and 68, 92, and 80%, respectively, for physical examination,
ultrasonography, and MRI. There were no false-positive find-
ings of infiltration. MRI was the most sensitive method for
determining cavernosal infiltration but at the cost of some
false-positive results.

Imaging of Lymph Nodes

Squamous cell carcinoma of the penis metastasizes first to
the inguinal lymph nodes and from there to the pelvic nodes.
Metastases to the pelvic nodes without inguinal involve-
ment (skip metastases) have hardly been observed, except
an occasional case. By definition clinically occult metastasis
are not detected by physical examination. These clinically
node-negative patients present a challenge for additional
imaging as approximately 20% will harbor clinically unde-
tectable metastases. Non-invasive methods to detect these
metastases are unreliable, but there is a clinical need to find
occult metastases at the earliest possible stage, because sur-
vival is related to presence and extent of nodal involvement
[5, 6, 23]. The optimum management of patients with clin-
ically node-negative groins is controversial. A surveillance
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Fig. 34.4 (a) MRI (T1 TSE) without contrast in the transversal plane at a more proximal level of the penis in another patient with a T2 tumor.
The tumor is seen as a mass with increased signal involving the corpus cavernosum. Some fluid collection between the preputium and the tumor is
visible (T = tumor, C = corpus cavernosum, U = urethra). (b) Cross-section of the corresponding macroscopic specimen illustrates the findings
on MRI, with macroscopic involvement of the corpus cavernosum (T = tumor, C = corpus cavernosum). The urethra was dissected during surgery

Table 34.2 The positive predictive value, sensitivity, and specificity of
infiltration of the corpus cavernosum, as determined by physical exam-
ination, ultrasound, and MRI

Cavernosum infiltration Positive predictive
value

Sensitivity Specificity

Physical examination 100% 71% 100%
Ultrasound 67% 57% 97%
MRI 75% 100% 91%

policy risks the patients presenting with metastasis at a stage
where cure is no longer possible. On the other hand, early
inguinal lymphadenectomy in all clinically node-negative
patients is unnecessary in up to 80% and associated with sub-
stantial morbidity [24]. Thus better staging procedures are
mandatory to improve the detection of occult metastasis and
to decrease the number of unnecessary lymph node dissec-
tions. Detection of lymph node metastases in the groin and
pelvis on CT scan or MRI is detected mainly by change of
size. Lymph nodes smaller than 1 cm are usually considered
normal. A distortion of the internal architecture by a small
metastatic deposit without change of size was only visible by
lymphangiography until recently [11]. Promising techniques,
like modern ultrasound and MRI, using ultrasmall particles
of iron oxide (USPIO), are underway to detect these occult
metastases more reliably.

Patients presenting with inguinal lymph node enlargement
are easily detected by physical examination. However, on
average only half of them harbor lymph node metastasis,
the other half is due to benign enlargement because of the
often concomitant inflammation [25]. A distinction between
absence and presence of lymph node metastases can be made
on the basis of fine-needle aspiration biopsy guided by ultra-
sound or CT scanning. Understandably only a tumor-positive
outcome is reliable. In patients with proven inguinal lymph

node metastasis, imaging with CT scan or MRI is useful for
the determination of the extent of metastatic spread.

Cross-Sectional Imaging Techniques

Ultrasound

Thanks to the high-resolution probes, ultrasound scanning is
increasingly reliable in detecting occult metastases. Modern
ultrasound not only visualizes alteration in size, shape, and
contour of lymph nodes but also depicts changes in the cor-
tical and hilar morphology and texture that can reflect the
presence of underlying metastasis [26]. Changes in the archi-
tecture of the node occur before the node enlarges and these
are identified by the radiologist. Currently the spatial reso-
lution limit is around 2 mm. Due to overlap of sonographic
features of benign and suspicious lymph nodes, fine-needle
aspiration cytology (FNAC) of sonographically suspicious
nodes provides a more definitive diagnosis than ultrasound
alone. Potential applications have been demonstrated in a
number of malignancies [27–30]. In 2001, ultrasound-guided
FNAC was introduced as standard staging procedure at the
Netherlands Cancer Institute-Antoni van Leeuwenhoek Hos-
pital to improve staging of clinically node-negative penile
SCC patients (Figs. 34.5 and 34.6).

The sensitivity of ultrasound-guided FNAC to reveal clin-
ically occult lymph node metastases was 39%, with a 100%
specificity. In contrast to penile cancer, ultrasound-guided
FNAC has been used extensively in assessing lymph nodes
in other malignancies such as breast cancer and melanoma.
Sensitivity and specificity rates are about the same as
reported for these tumors. With a sensitivity of 39% there
is a false-negative rate of 61%, necessitating other means to
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Shape
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Non-suspicious lymph node

Hilus

Suspicious lymph node

Fig. 34.5 Sonomorphologic lymph node features according to Vassallo
et al. lymph node shape, cortex (normal or wide), and hilus (normal, nar-
row, or absent). Suspicious features for nodal involvement are a round
shape, a wide cortex, and a narrow to absent hilus

assess the regional lymph nodes. At our institute we favor
a so-called dynamic sentinel node biopsy (DNSB). So far
ultrasound-guided FNAC cannot replace DSNB. However, it
is a useful tool for preoperative screening of the clinically
node-negative groins in patients with penile cancer sched-
uled to undergo DSNB. The commonest cause of a false-
negative DSNB procedure is gross involvement of the sen-
tinel node by tumor cells which prohibits tracer uptake with
a false-negative procedure as a result [31]. These nodes in
particular might be detected by ultrasound-guided FNAC.
Moreover, nodal recurrences, which can occur after a false-
negative DSNB procedure, might be detected earlier when
compared to physical examination.

What are the causes of false-negative ultrasound results?
First, the lymph node may appear abnormal and indeed con-
tain metastatic disease, but the aspirate may fail to extract
abnormal cells. This relates to erroneous sampling and can
be difficult to overcome in a node with a small metastasis
where placement of the needle is crucial. Second, micro-
scopic small foci of metastases might be beyond the reso-
lution of the transducer and therefore not show up on the
images [28]. In order to improve the efficiency of ultrasound

scanning, the future effort should focus on the reduction
of false-negative results. To this end, at least two strategies
might be useful. First, the introduction of echogenic con-
trast has been advocated to increase ultrasound diagnostic
power by allowing the identification of indirect features of
lymph node metastases. Second, increasing the ultrasound
probe ultrafrequency might ameliorate the resolution power,
thus allowing the detection of lesions smaller than 2 mm [30].
In addition, a learning phase of the radiologist performing
ultrasound-guided FNAC cannot be denied.

CT Scanning

Only one study exists in which the value of CT scanning
in detecting regional lymph node metastases is assessed.
Regional lymph node invasion that escaped clinical exami-
nation was not detected by CT [11]. Positive findings were
found only in patients with clinically suspected nodes. Clin-
ical decisions with respect to the management of regional
lymph nodes should therefore not be based on negative CT
findings. In patients with proved metastasis additional imag-
ing may be of some help in the detection of pelvic node
invasion and the determination of the extent of involvement
(Fig. 34.7).

MR Imaging

Like in CT scanning, clinically occult metastases will not be
detected by conventional MR imaging. MR imaging may be
of some help in the detection of pelvic node invasion and the
determination of the extent of involvement in patients with
proved metastasis.

Recently, however, a promising technique has emerged
with the potential to identity occult lymph node metastasis:
MRI and ultrasmall particles of iron oxide (USPIO). This
novel technique makes use of a lymph node-specific contrast

a b

Fig. 34.6 (a) Ultrasound image of suspicious node with a wide cortex. (b) Ultrasound image of FNAC of the same node (arrow indicates needle)
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a b

LNM

LNM

Fig. 34.7 (a) CT image in the transversal plane in a patient with a massive lymph node metastases in the left groin (LNM = lymph node
metastasis). (b) Same patient at a more caudal level (LNM = lymph node metastasis)

agent that allows the identification of clinically occult metas-
tasis. This contrast agent, known as ultrasmall particles of
iron oxide (USPIO), is injected intravenously and is taken up
primarily by macrophages in the lymph nodes. Presence of
USPIO in the node results in signal intensity loss (darken-
ing) on T2-weighed sequences. Metastatic growth will dis-
place the macrophages filled with USPIO, and the metastatic
part of the node therefore is high in signal intensity (whiten-
ing). Thus, metastasis within the lymph node will show as
white filling defect. Metastases as small as 1 mm have been
detected by using this technique [32]. In a mouse model even
as few as 1,000 tumor cells could be depicted [33]. A pilot
study in penile carcinoma showed a 100% sensitivity, 97%
specificity, and 100% negative predictive value. Improve-
ment of this technique could possibly replace dynamic sen-
tinel node biopsy in the future [34].

Considerations

Primary Tumor

Small superficial tumors can be accurately staged by phys-
ical examination only. Imaging can be of help in patients
in whom the extent of infiltration into the corpora cannot
be determined properly by a physical examination, usually
only in patients with locally extensive disease. Because of the
high sensitivity for cavernosal infiltration and its precision in
determining infiltration depth, MRI is the imaging method of
choice. Images in the sagittal plane are particularly useful for
detecting the proximal extent of the tumor. In conclusion no
imaging modality is more reliable than physical examination
for the assessment of the true extent of the tumor. Imaging
has no important role in routine clinical management, except

where doubt exists about the proximal extent of the primary
tumor.

Lymph Node Metastases

Penile carcinoma primarily metastasizes to the inguinal
lymph nodes. Even in case of lymphatic metastasis many
patients can still be cured. Patients presenting with inguinal
lymph node enlargement are easily detected by physical
examination. The diagnosis can be proven by fine-needle
aspiration cytology, if possible under ultrasonographic guid-
ance. In these patients additional CT or MRI imaging may be
of some help in the detection of pelvic node invasion and the
determination of the extent of involvement.

Most penile carcinoma patients, however, have no sus-
picious lymph nodes in their groins. This observation does
not exclude the presence of disease. Approximately 25% of
the patients harbor occult metastases in these lymph nodes.
An important issue in the management of penile carcinoma
patients is how to identify these metastases. Elective lymph
node dissection is an option but will lead to overtreatment in
about 75% of the patients. Moreover, inguinal lymphadenec-
tomy is associated with major morbidity. On the other hand, a
wait-and-see policy may have a negative impact on survival.
Dynamic sentinel node biopsy is a minimally invasive proce-
dure that enables detection of occult metastasis in clinically
node-negative groins. To localize the sentinel node preoper-
atively, lymphoscintigraphy is performed after peritumoral
injections of 99mTc-labeled nanocolloid tracers. Intraopera-
tively, the sentinel node can be identified with the aid of a
blue dye and a hand-held gamma-ray detection probe. The
sensitivity of dynamic sentinel node biopsy in our hands is
84%. Although minimally invasive dynamic sentinel node
biopsy is burdened by an 8% complication rate. Moreover,
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it requires a patient to be hospitalized. Obviously, the imple-
mentation of non-invasive staging methods, i.e., imaging
modalities, might improve the quality of life of penile car-
cinoma patients. The main problem of imaging modalities
to detect occult metastases, however, is a low sensitivity.
Computerized tomography and magnetic resonance imaging
have a very low sensitivity and specificity in the detection
of occult lymph node metastases in the groin. Ultrasound
with fine-needle aspiration cytology is more accurate. How-
ever, as a staging tool, it is inadequate with a sensitivity and
specificity of 39 and 100%, respectively, as reported in this
chapter. The main problem is the detection of small metas-
tases, i.e., smaller than approximately 3 mm. Positron emis-
sion tomography with 18F-fluorodeoxyglucose (FDG-PET)
has been advocated to detect occult lymph node metastases
in several types of cancer. This technique relies not solely on
anatomic identification but largely on physiological charac-
terization of cells. However, the visualization by FDG-PET
requires a minimum diameter of about 3 mm, and this tech-
nique is therefore not a good alternative for dynamic sentinel
node biopsy in staging patients with clinically node-negative
penile carcinoma. Magnetic resonance lymphangiography is
a promising technique in the detection of occult lymph node
metastases. Metastases as small as 1 mm have been detected
by using this technique. Preliminary results of this technique
in penile carcinoma are promising. Improvement of this tech-
nique could possibly replace dynamic sentinel node biopsy in
the future.
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Chapter 35

Future Directions in Urological Imaging

H. Wijkstra

Introduction

Imaging is a clinical tool used for diagnosis, treatment, and
follow-up of most urological diseases. In uro-oncology, espe-
cially, imaging plays an important role. In most countries
one or more of these urological imaging techniques are con-
ducted and interpreted by urologists, while in other countries
all imaging is performed by radiologists only. Because imag-
ing plays such a significant role in clinical decision-making,
it is of utmost importance that urologists are aware of new
developments in this field.

This chapter will present some of the techniques that are
now under development, and we made a selection of some
of the promising techniques and this introduction presents a
short overview of what will be described.

Robots, from simple camera holders to complex
telesurgery systems, have been introduced in urology. An
increasing number of different robotic systems are currently
under development, and nowadays these robots in most cases
use imaging data sets for planning procedures as for example
radical prostatectomies or prostate biopsies. The use of imag-
ing and imaging processing during the procedure to guide the
robot is a development that certainly will further improve the
clinical use of robots. CT, MRI, and ultrasound can be used
for this purpose. The paper from John Hopkins describes
in detail imaging-guided robotic-assisted interventions and
presents a view for future clinical use.

Ultrasound is in most countries performed by urologists.
It is indeed an important tool for diagnostic and therapeu-
tic decisions. New developments in ultrasound and the use of
contrast agents are discussed in “New developments in Ultra-
sound.” The improved technology of hardware, and espe-
cially transducers and the increasing processing power of
modern computers that makes advanced signals processing
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possible, already resulted in enhanced imaging with reduc-
tion of artifacts. Using contrast agents, sensitive perfusion
imaging of tissue became available during the last decade.
In oncology, especially, these techniques have the potential
to play an important role in diagnosis and treatment. Nowa-
days these techniques are so sensitive that even ultrasound
imaging of the microvasculature became possible. These lat-
ter techniques are now under clinical evaluation, and it is
expected that they will become available for routine clinical
use in short time. Modern ultrasound contrast agents con-
sist of small-encapsulated gas bubbles, and they can also be
targeted to molecular processes, for example angiogenesis
receptors, that could make sensitive molecular imaging pos-
sible. Furthermore, local drug delivery is another new devel-
opment in contrast ultrasound that is discussed in this paper.

Detailed information regarding contrast agents for CT,
MR, and ultrasound is presented in “Future Directions –
Contrast Agents.” The field of contrast has also undergone
an important progress during the last decade and detailed
knowledge about the chemical and physiological behavior of
these agents and new developments and research in molec-
ular imaging will result in more and more sensitive imag-
ing techniques. Ultrasound contrast has the advantage that
the contrast acts as a blood pool enhancer and therefore
could make quantification of perfusion possible. Also for
the other imaging modalities blood pool enhancers are now
introduced. New effort is made in further quantifying these
contrast studies, and this could result in more reliable and an
increased sensitivity of functional imaging.

Virtual imaging and virtual reality have become avail-
able, also for clinicians, because of the availability of high-
speed computers and advanced 3D/4D rendering software.
The use of, for example, virtual colonoscopy is now devel-
oped from research to a screening method. Techniques and
clinical applications in urology are described in detail in
“Virtual Imaging.” These noninvasive endoscopic techniques
are nowadays available but are still underutilized in urology.
The authors describe the use for urology, e.g., for diagno-
sis of bladder neoplasms, ureteroscopy, urethroscopy, and
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the upper urinary tract with some cases. Next to the use
as a replacement for invasive endoscopic procedures, virtual
imaging provides additional views that are not available with
the traditional visualization techniques. Furthermore the use
of virtual imaging and especially virtual reality for teaching,
training, and pre-procedure planning is described.

Optical imaging is another promising imaging technique.
The working mechanisms and the potential use for bladder
cancer diagnosis are presented in great detail in the section
“Optical Imaging and Diagnosis in Bladder Cancer.” Some
of the described techniques are still experimental and others
are already advancing to in vivo use. A few are now already
commercially available to the urologist.

The last section of this chapter describes the use of
elasticity imaging. These imaging techniques are based on
the fact that many pathological conditions are associated
with a change in elastic properties of the tissue. This changed

elasticity can be assessed by palpation; however the diag-
nostic accuracy of palpation is low. In the last decade sev-
eral elasticity-imaging methods for, e.g., ultrasound and
MR imaging, have been proposed, and are under in vitro
and in vivo evaluation. Some of these methods are nowa-
days already available on commercial systems. This section
describes in detail all new developments in this field.

In conclusion, this chapter presents to the reader some
new advances in imaging techniques that could play an
important role in the diagnoses, therapy, and follow-up of
urological diseases. Most of the presented imaging methods
are now under investigation in in vitro and/or in vivo studies,
and it is expected that some of them will become available for
the clinic in the near future. Prof. Cosgrove, an expert in the
field of (experimental) imaging, concludes this chapter with
his considerations regarding all these new emerging imaging
techniques.
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Image-Guided Robotic Assisted Interventions

A. Patriciu, M. Muntener, L. Kavossi, and D. Stoianovici

Introduction

The field of medical robotics emerged in the early 1980s.
According to their functionality, surgical robots can be classi-
fied into two main categories [1]: surgical assistants and sur-
gical CAD/CAM systems (as for the computer aided design
and manufacturing paradigms).

Surgical assistants augment surgeon’s motion capabilities
from simple tasks such as camera holders to complex remote
manipulation such as telesurgical systems. The early AESOP
robot (formerly developed by Computer Motion, Inc.), for
example, can passively hold and orient a laparoscopy cam-
era [2] using a foot or voice control. On the other side of
the spectrum are Zeus (former Computer Motion Inc.) and
daVinci (Intuitive Surgical Inc.), which is perhaps the most
successful surgical robot today. Both systems have three
manipulators controlled from a surgeon console [3].

Surgical assistants rely on the surgeon’s guidance to
manipulate the instruments. These systems are currently less
complex than image-guided systems. This does not mean that
surgical robots such as daVinci are simple, but they are inde-
pendent and self-contained, thus allowing for their isolated
development and testing, which perhaps explains the head
start of this category.

The second category is of the more complex surgical
CAD/CAM systems. In a typical CAD/CAM workflow,
images of the patient are acquired before the procedure, and
a preoperative plan is developed. The target is defined in a
set of images acquired intraoperatively. An instrument (usu-
ally a needle) is inserted into the body using image feedback.
Image-guided operations require registration of the robot
with respect to the image. This is the building of a transfor-
mation from the image to the robot space, which is specific
for each type of imager and system used.
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The general workflow of a minimally invasive robotic
assisted procedure is shown in Fig. 36.1. Several systems use
preoperative images to define the clinical target and plan and
the intraoperative images for online robot guidance. This pre-
post imaging approach, however, requires an additional reg-
istration of the two sets of images. The research on image-to-
image registration methods is rich and well beyond the scope
of this chapter. The interested reader is referred to the excel-
lent review articles published by Vandenelsen et al. [4], Hill
et al. [5] and Pluim et al. [6].

The layout of the following sections is structured accord-
ing to the imaging modality used for intraoperative feedback,
as these have a great influence on the structure of minimally
invasive robotic system. It can be argued that the imaging
modality dictates the algorithms used for robot registration
and positioning and, up to a certain degree, it influences the
robotic design. Also, the quantity of the image information
determines the required accuracy of the system. For exam-
ple, a 3D set of computed tomography (CT) slices is much
easier to use and interpret than a projective X-ray image. It is
this reason perhaps that made the computed tomography the
favourite modality for image-guided robotic assisted inter-
vention.

Preoperative
Images

Preoperative
Treatment Plan

Preoperative Steps

Interventional
Images

Update
Treatment Plan Treatment Plan

Therapy
Instrument

Surgical
Robot

Intraoperative Steps

Deliver Therapy
According with the
Treatment Plan

Fig. 36.1 Procedural steps in a CAD/CAM system
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CT Guided Robotic Assisted Interventions

While some systems have been developed to work with a spe-
cific imaging device, others can interface with a large array of
systems. To date, CT is likely the favourite imaging modality
for robotic assisted procedures.

The output of a CT is a collection of image slices of a 3D
volume [7]. The 3D position of an individual image pixel is
specified in a coordinate frame attached to the image. The
problem of placing an instrument at a specified CT target
is decomposed in two subtasks. First, the robot is registered
with the CT image space; in other words, a 6 degrees of free-
dom (DOF) transformation from the image to the robot space
is constructed. With this transformation, the target specified
in the image can be interpreted to the space of the robot for
the instrument positioning task.

Initial CT registration methods were developed for stereo-
tactic neurosurgery and radiosurgery. The first methods were
developed in early 1980s using three of N-shape fiducial
rods [8]. The nine points resulting from the intersection
of a CT image with the frame are used to compute the
6DOF registration transformation. The method exhibits high
redundancy giving robustness. The transformation can be
computed using a closed form formula (does not require
numerical estimation methods, has fast solutions).

The Brown–Roberts–Wells (BRW) frame was employed
for CT-robot registration providing excellent registration
accuracy [9] in ex vivo tests. The method was generalized
by Lee et al. [10] to a general registration method between a
fiducial line pattern and an intersection plane. While the ini-
tial BRW frame requires for the image to intersect all 9 bars,
the later method works with only six intersecting fiducials.
While the accuracy of the previous described methods makes
them suitable for CT guided percutaneous interventions, they
require additional hardware on the robot end-effector which
may be cumbersome in some clinical applications.

One of the first systems for minimally invasive surgery,
Minerva, was developed for stereotactic neurosurgery. Since
the skull provides a stable reference frame, neurosurgery is
well suited for the application. Minerva was developed at the
Micro-engineering Laboratory of the Swiss Federal Institute
of Technology Centre and operates under surgeon control in
conjunction with a CT scanner [11, 12].

Masamune et al. developed a minimally invasive surgical
system for neurosurgery [13]. The system operates with a
CT, is more compact than the previous systems and presents
three stages. The first is a Cartesian (translational) stage. The
second module has 2DOF and implements a virtual sphere;
the instrument is pivoted around a remote centre. The last
stage is the instrument translation. Also, the system design
allows for the sterilization of the parts that are close to the
patient. The electric parts are covered by a sterile drape.

Our URobotics group at Johns Hopkins has developed
a miniature robot, PAKY-RCM, for image-guided percuta-
neous interventions [14]. The system has 3DOF, two rota-
tions and one translation. The two rotations implement a
remote centre of motion (RCM) concept, allowing for the
orientation of a needle while maintaining the location of the
needle tip. The third degree of freedom is a needle transla-
tion. The entire PAKY-RCM ensemble is attached to a pas-
sive arm allowing for the positioning of the robot.

This robot evolved into a more complex interventional
system, AcuBot (Fig. 36.2), by augmenting a Cartesian stage
and a “bridge” mount over the table. This was added for
facilitating the fine adjustment of the initial robot placement.
The system was designed to work in conjunction with a CT
scanner. The target is defined by the physician in intraop-
erative CT images. The registration transformation from the
CT image coordinate system to the robot coordinate system
is computed using a laser-based registration technique [15].
The CT target coordinates are converted in robot space coor-
dinates using the registration transformation. Then, the robot
can accurately place an instrument (biopsy needle, radio-
frequency (RF) probe, etc.) at the specified anatomical target.
The system was successfully used clinically for kidney and
liver radio-frequency ablations and biopsies under CT guid-
ance [16].

Another approach in performing CT guided interventions
was proposed by Loser et al. [17]. The method uses a visual-
servoing algorithm to align the needle to a desired target. The
image feedback is constructed using the fluoroscopy feature
of special CT scanners. This method uses only the needle for
the registration procedure but involves a significant amount
of radiation since the X-ray is on during the alignment pro-
cess. The method was tested ex vivo with good accuracy but
clinical tests were yet not reported.

Fig. 36.2 AcuBot robot used in a liver tumour RF ablation
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X-ray Guided Robotic Assisted Interventions

A widely available medical imager is the X-ray fluoro-
scopic unit, the C-Arm. This device provides real-time X-
ray projective images. Sometimes two C-Arms are built into
the same unit for bi-planar fluoroscopy providing two dif-
ferent (normally orthogonal) projections of the same 3D
space.

The methods used in C-Arm guided robotic interventions
can be classified into complete, full registration methods and
asymptotic methods. In full registration methods, the 6DOF
transformation from the robot space to the C-Arm space
is computed and used to specify the desired target. This
requires additional hardware for removing image distortion,
C-Arm calibration and registration. During the calibration,
the mathematical parameters of the perspective transforma-
tion are computed and can be used afterwards to calculate
the target position.

The first full-registration method for C-Arm guided inter-
ventions was developed for bi-planar fluoroscopy [18]. The
first two steps of the algorithm are the distortion correc-
tion and the fluoroscope calibration. Then, the registration
is built by moving a marker attached to the robot in several
workspace positions. The marker is imaged in each position,
and the robot position is mapped to its image. Then, when a
target is given, the previously constructed map is used to find
the desired robot position. As an alternative to the tedious
process of building the registration map by sequentially mov-
ing the robot in several points, others proposed a special reg-
istration device with multiple markers attached to the robot
end-effector [19].

Another system – Neuromate – was developed for neuro-
surgery by Lavallee et al. [20]. The system uses preoperative
magnetic resonance imaging and intraoperative orthogonal
X-ray pictures to orient an interventional instrument. The
system was clinically used with good results for placing elec-
trodes in the brain.

Another medical robot was developed for hip joint
replacement by Taylor et al. [21, 22]. In these procedures, the
femur needs to be cut out in order to receive the implant. The
robot performs bone cutting based on a preoperative plan.
The robot is registered to the actual position of the femur
using implanted markers or by touching the femur in sev-
eral places. The system was initially tested on dogs and then
clinically used.

In short, full registration methods are mathematically
intensive algorithmic procedures. On the other hand, asymp-
totic methods use special techniques to interactively find out
part of the required transformations or to directly estimate
the motion required for the instrument to achieve its target.
These operate somewhat similar to the way that experienced
physicians intuitively handle the instruments under image
feedback.

Asymptotic methods are normally based on visual ser-
voing, which is a method originally employed in industrial
robotics to increase robot performances. The first use of
visual servoing in medical interventions was made by Loser
and Navab [17]. The authors used visual servoing in two dif-
ferent C-Arm orientations to align a needle to the target. One
C-Arm position was used to find a plane in the robot space
that contains the target and the needle tip and is projected as
a line. In order to do so, the needle is rotated in two arbi-
trary but dissimilar planes until it is aligned with the target.
The two positions computed at the first step define a plane.
With the needle restricted to move in this plane, a second C-
Arm view is used to complete the alignment and to compute
the insertion depth using cross-ratios. This approach does not
require any C-Arm calibration or registration. However, the
errors are dependent on the relative orientation of the arbi-
trary planes.

Two different methods for robotic assisted C-Arm guided
interventions were developed by Patriciu et al. [23, 24]. Both
methods are based on real-time image feedback. The first
method requires two dissimilar C-Arm orientations for per-
forming the needle alignment, while the other method was
derived from the needle-superimposing technique.

The first C-Arm servoing method [23] uses a conical
motion of the needle around its tip in order to find two differ-
ent needle positions that projected collinear with the target.
These two needle positions define a plane containing the tar-
get and the tip of the needle. Full target alignment is achieved
by moving the needle in the plane found in the first C-Arm
orientation and observing the image feedback from a second
C-Arm’s view. The second C-Arm view is also used for nee-
dle insertion feedback.

The automatic needle superimposition technique [24]
starts with a needle and C-Arm positioned in a way that
the needle point is at the desired entry point, and the tip of
the needle is over the target in the C-Arm image. Then, the
needle is automatically rotated around its tip under C-Arm
feedback until the distal end of the needle is superimposed
over its head and over the target. At this point, the needle is
fully aligned with the target. A lateral C-Arm view is used to
observe the needle insertion. The method was successfully
implemented on the AcuBot robot and tested using a Percu-
taneous Kidney Slab (Limbs and Things Inc.) as shown in
Fig. 36.3.

Ultrasound Guided Robotic Assisted
Interventions

For its accessibility and markedly improved image quality
in the recent years, ultrasound has become the instrument
of choice for a number of minimally invasive procedures.
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Fig. 36.3 Automatic needle alignment under C-Arm guidance – kidney mock-up tests

The advantages of ultrasound are its lack of radiation,
low cost, and the real-time imaging. Disadvantages are its
impermeability through air pockets (i.e. lungs) and, espe-
cially important for image-guided robotic control, its the low
signal-to-noise ratio. This makes target identification tasks
more difficult to achieve automatically. Another possible
drawback is the fact that an ultrasound provides only local-
ized image with a relatively low depth of penetration.

The ultrasound however is the most common imaging
modality for some organs, such as the prostate. The first
surgical robot to use ultrasound images was developed by
Davies et al. [25]. This robot (PROBOT) was designed to
perform transurethral resection of the prostate (TURP). In a
TURP, the instrument is introduced through the urethra and
advanced to the level of the prostate which encompasses the
innermost part of the urethra. The prostate is then resected in
small pieces using a cutting sling that is moved in and out of
the instrument’s shaft. PROBOT was devised as a small robot
with goniometric arcs attached to a bigger positioning frame.
PROBOT can perform the prostate resection using a preop-
erative plan based on ultrasound images. The ultrasound is
attached to the robot, thus, the image and the robot have the
same coordinate system. PROBOT was used on patients dur-
ing the initial stage of the procedure and completed manually
afterwards.

MR Guided Robotic Assisted Interventions

In recent years, a growing effort was devoted to build robots
that can work with magnetic resonance imaging (MRI). This
is particularly challenging due to the strong magnetic field
present in the MR which can reach 4 T [7] in human imagers
and exceed 10 T experimentally.

Massamune et al. designed, perhaps, the first MRI-
compatible needle driver [26] for neurological interventions.
The robot was built from non-ferromagnetic materials and
actuated with ultrasonic motors (using piezoelectric effects,
without magnetism). However, further applications of the
system were not reported to date.

Chinzei et al. [27] developed an MR-compatible robot
that can work in open MR. The system also uses ultrasonic
motors that can actively orient and provide a guide for a
biopsy probe or other instruments. The system was tested
with good results on ex vivo models, but thus far no patient
studies have been reported.

Kaiser et al. developed a system for breast biopsy [28].
The system uses ultrasonic motors for actuation and a com-
bination of laser range sensors, as well as custom built opti-
cal rotation code transducers for position feedback. The sys-
tem was tested with promising results on a body mock-up but
clinical tests are still to be made.

A needle guide built within a transrectal MR coil was
developed by Krieger et al. [29, 30] at the Johns Hopkins
University. The device presented in Fig. 36.4 was designed
for transrectal prostate biopsy. The position of the guide in
MR coordinates is computed using specially designed posi-
tion coils which give its real-time position directly in imager
coordinates. Thus device is manually positioned and adjusted
until the desired trajectory is achieved. The system was ini-
tially used on animal experiments. The system is presently
undergoing clinical trials at the National Institutes of Health
(NIH).

Several versions of MR-compatible robots were devel-
oped at the Institute for Medical Engineering and Bio-
physics, Forschungszentrum Karlsruhe, Germany [31]. Over
the years, the systems used ultrasonic or hybrid ultrasonic-
pneumatic actuation. Recently, a commercial version was
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Fig. 36.4 MR-compatible device for transrectal prostate biopsy. Cour-
tesy by Axel Krieger and Louis L. Whitcomb, Johns Hopkins Univer-
sity, Mech. Eng. Department

developed by INNOMEDIC Inc. (Germany) and received
limited clearance for clinical use in the European Union.

Systems using ultrasonic actuation are a compromise
for MR compatibility, because even though magnetism
is eliminated, piezoelectric actuation requires the use of
high-frequency electricity which typically interferes with the
functionality of the imager. As such, the systems need to
be deactivated during imaging and located distally (>0.5 m)
from the imaging field.

The first fully MRI-compatible robot to be reported [32]
was recently developed in our URobotics lab. In fact, this
robot is designed for multi-imager compatibility [33], so
that it may be used in all classes of imaging equipment.
This includes uncompromised compatibility with MRI of the
highest field strength, size accessibility within closed-bore

tunnel-shaped scanners and clinical intervention safety. For
MRI compatibility, the robot is exclusively built of nonmag-
netic and dielectric materials such as plastics, ceramics and
rubbers and is electricity free. The system utilizes a new
type of pneumatic stepper motors (PneuStep) specifically
designed for this application [34]. These motors uniquely
provide easily controllable precise and safe pneumatic actu-
ation. Fibre optical encoding is used for feedback, so that all
electric components are distally located outside the imager’s
room (Fig. 36.5).

The robot is designed to accommodate various end-
effectors for different percutaneous interventions such
as biopsy, serum injections or brachytherapy. The first
end-effector developed is customized for fully-automated
brachytherapy seed placement. Initial in vitro tests showed
outstanding motion accuracy (<0.1 mm), and seed placement
in gelatin models show that very uniform (<0.5 mm), com-
puter controlled patters can be easily achieved Fig. 36.6.
Present experiments are concentrated on brachytherapy ani-
mal trials, and new injectors for biopsy and serum injections
will be developed next.

Future Directions and Discussion

A major source of errors and limitation of robotic assisted
image-guided minimally invasive procedures thus far has
been related to respiratory motion and soft tissue deflec-
tions. Current needle placement algorithms assume that the
target does not move between the time instance when the
image was acquired and the time when the needle/instrument
is inserted. While this is a reasonable assumption for rela-
tively immobile organs such as the brain, it does not hold
for most organs located close to the diaphragm. These organs
are known to significantly shift with breathing. While several

Fig. 36.5 URobotics MRI-compatible robot; (a) robot system, (b) robot in MRI scanner
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Fig. 36.6 Brachytherapy seeds automatically deployed with MR robot

N
o.

 o
f 

Pa
pe

rs

250

200

150

100

50

0
1970 1975 1980 1985 1990 1995 2000 2005

Year

Fig. 36.7 The number of robotic publications in medical literature

practical solutions such as breath hold and respiratory gating
have been employed to deal with this problem, no widely
acceptable solution has yet been reached.

A count of robotics publications in the medical literature
(Fig. 36.7) reveals that the impact of medical robotics has
exponentially grown since its inception in late 1980s. Robots
do not only augment physician’s manipulation capabilities
but also establish a digital platform for integrating medical
information. Medical imaging data, in particular, gives robots
abilities unattainable to humans, because, unlike humans,
robots and imagers are digital devices.

Image-guided interventions expand clinical practice
above and beyond traditional diagnosis, and do so with the
use of modern tools. The initial success of surgeon–assistant
systems is expected to be followed by the more promising
field of image-guided systems for real-time interventions.
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Chapter 37

Future Directions – New Developments in Ultrasound

G.A. Schwartz and M.A. Averkiou

Overview

Medical diagnostic ultrasound has been an important imag-
ing tool for the urologist for the last two or three decades.
Its well-known advantages are the relatively low cost, lack
of ionizing radiation, real-time imaging, and wide vari-
ety of special-application transducers. Moreover, in recent
years, developments in technology and urologic practice
point the way to increased utility and utilization of medical
ultrasound.

Medical ultrasound imaging in oncologic practice and
urology in particular has grown beyond diagnostics to con-
tribute more broadly to the care cycle. With the push to detect
neoplastic disease at ever earlier stages, and the widespread
use of screening tests, imaging plays an essential role in
screening follow-up and with the arrival of more specific
indicators may take a significant role in screening itself.

At the therapeutic end of the care cycle, imaging has been
a key enabler in the development and expansion of minimally
invasive urologic procedures. Image-guided therapy comple-
ments the hands and instruments of the interventionalist with
vision. Further developments promise to provide image guid-
ance based not only on anatomic images but physiologic,
functional images.

Ultrasound imaging technology is evolving to pro-
vide greater access, better image quality, real-time three-
dimensional images, and perfusion imaging with the aid of
contrast agents. These advances have come as a result of
miniaturization, electronic beam control, image processing,
microbubble development, and contrast imaging techniques.
The combination of these developments has contributed a
variety of emerging applications of particular importance in
urologic oncology.
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This review will look at the recent technology trends with
a particular focus on perfusion imaging and quantification,
perhaps the most important capability that is enabled by the
convergence of these trends.

Technology Trends

Transducers

Modern ultrasonic imaging is implemented with transducers
composed of arrays of piezoelectric elements, each of which
can convert electrical signals into acoustic signals, and back
again. Very small, uniform elements are driven with care-
fully timed signals in order to form and steer the resulting
acoustic beam. For the first two to three decades these elec-
tronic arrays were utilized; they were one dimensional, thus
the term “linear arrays.” While this simplicity meant they
were easy to manufacture, it also meant that the beam was
electronically controlled in only one dimension, providing a
single plane of imaging.

Miniaturization of the arrays has provided endo-cavity
imaging for endorectal and endovaginal imaging and led to
transducers integrated into catheters for intravascular and
intracardiac use. These have also been shown to be useful for
imaging from within the urethra, the bladder, and the ureters.
Ultimately these may be combined with therapy delivery
systems to provide image-guided therapy at the end of the
catheter.

The one-dimensional arrays have been integrated into
mechanical assemblies that sweep the single plane through
a volume. This technique yields a volume scan which can
be used for three-dimensional imaging, or reconstruction
of image planes with any orientation in the volume. More
recently, two-dimensional arrays have been developed, ini-
tially for cardiac imaging, that can provide real-time volu-
metric images [1]. Real-time three-dimensional imaging is
helpful since it can present dynamic views that are more
useful for the surgeon, yet unattainable under typical inter-
ventional conditions. The biplane mode with two real-time
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orthogonal planes is showing particular value in image-
guided therapy. Since the acoustic beams are electronically
controlled in two dimensions, these systems are capable of
much better resolution and higher rate imaging than the ear-
lier mechanical designs.

Image Quality Improvements

Better acoustic beam control has yielded great advances
in the spatial resolution of ultrasound systems, but the
increased processing power of modern computers has
enabled signal processing that can address two other limita-
tions of ultrasound imaging, limited contrast resolution, and
acoustic artifacts.

The coherent nature of ultrasound imaging means that
it exhibits a noise pattern termed speckle, which limits the
contrast resolution and dynamic range of the image. This
means that subtle changes in tissue state might be obscured
by speckle noise. By employing a wide range of acoustic
frequencies simultaneously (termed “frequency compound-
ing”), and combining the result, the noise can be reduced,
and better lesion conspicuity can be achieved.

The compounding concept also has a spatial version,
with electronic steering providing a multiplicity of look
angles that are combined to produce an image that exhibits
less acoustic artifacts, such as speckle and shadowing,
and provides increased contrast resolution and tissue
uniformity (Fig. 37.1).

Once the image has been formed, image processing
techniques can be employed to further enhance detail and
reduce artifact. Adaptive filters look at the image content and
vary the processing characteristics based on local features in
the image.

Elastography

The digital examination has been an important tool in screen-
ing and assessment of prostate tumors. Ultrasound elastogra-
phy has the potential to measure the mechanical properties
of tissue by imaging the displacement (strain) while under
stress [2]. This “strain imaging” may be a means to locate
and characterize prostate lesions [3].

Image Fusion

As minimally invasive procedures grow in practice, the
importance of image guidance is growing. Combinations
of imaging modalities as in “fusion” imaging have the
potential to provide more complete, integrated anatomic
and physiologic information [4]. By registering anatomic
features, or by sensing the position of the ultrasound
transducer, ultrasound images can be embedded or overlaid
other imaging modalities such as CT or MR. Since real-time
imaging is so important in procedure guidance, ultrasound
has a particular advantage.

Perfusion Imaging with Ultrasound
Contrast Agents

Introduction

While the recent advances in diagnostic ultrasound have
improved the quality, accessibility, and range of application
of ultrasonic imaging, the challenge of lesion detection and
characterization can only be met with the use of ultrasound

(a) (b)

Fig. 37.1 (a) The improved contrast resolution from spatial compound-
ing helps present the subtle texture changes due to testicular torsion. (b)
Adaptive filtering further enhances both the contrast resolution and the

detail resolution for improved tissue uniformity and depiction of small
structures
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contrast agents. Contrast agents are gas-filled microbubbles
with diameters in the low-micron range. After intravenous
injection they enhance the backscattered signals from blood
and make possible the detection of blood flow in both the
macro- (larger vessels) and microvasculature (capillaries).
It is noted that blood flow in the capillaries is well below
the detection threshold of Doppler techniques and may not
be measured with conventional ultrasound without contrast
agents. The development of neoplastic disease is usually
associated with neovascularization, also referred to as angio-
genesis, and may be imaged and quantified with ultrasound
only with the use of contrast agents.

Microbubble Properties: Nonlinearity
and Bubble Destruction

Imaging techniques have been developed to best utilize
microbubble contrast agents. These techniques are based on
two main properties of the microbubbles: nonlinear oscilla-
tion [5] and destruction due to the ultrasound field. When an
acoustic wave encounters a microbubble, it alternately com-
presses the microbubble on the positive pressure and expands
it on the negative pressure. On the positive portion of the
wave, the microbubbles are compressed in a different fashion
than the way they expand in the negative portion. This results
in an asymmetric, nonlinear bubble oscillation. Instead of
producing a sinusoidal echo with a clean frequency spectrum
like the transmitted signal in Fig. 37.2a, it produces an odd-
looking echo with asymmetric top and bottom as shown in
Fig. 37.2b. It is this asymmetry that produces harmonics and
can be utilized to enhance the signals from the bubbles. In
Fig. 37.2c the frequency spectrum of the bubble echo (b) is
shown. The first major hump is the fundamental, and the sub-
sequent ones are the second, third, and fourth harmonics.

Bubbles in a liquid tend to diffuse and disappear unless
they are stabilized by some form of a shell. Once the shell
is disrupted the gas inside will diffuse into the surrounding
fluid. The mechanical index (MI), originally defined to pre-

(a) (b) (c)

frequencytimetime

Fig. 37.2 (a) Incident acoustic wave; (b) nonlinear bubble echoes; (c)
frequency spectrum of bubble echoes

dict the onset of cavitation in fluids, also gives an indication
of the likelihood of bubble destruction. The MI is defined as

MI = peak negative pressure/SQRT (ultrasound fre-
quency)

or equivalently
MI = peak negative pressure ∗ SQRT (period of ultra-

sound wavelength)
The harder you try to expand the bubble (peak negative

pressure) and the longer you expand it (period of ultrasound
wavelength), the more likely it is to break. It has been well
established that the acoustic power level used during routine
examinations destroys the contrast microbubbles.

Harmonic Imaging

The bubbles’ nonlinear behavior can be utilized to enhance
the contrast relative to tissue. Harmonic imaging relies on
transmitting at a fundamental frequency f0 and forming
an image from the second harmonic component 2 f0 of
the backscattered echoes by the use of filters to remove
the fundamental component. Originally it was believed
that harmonic imaging would allow complete separation
of contrast from tissue, as it was assumed that tissue was
completely linear. However, it was soon found that tissue did
produce significant harmonic energy and the high sensitivity
and bandwidth of modern ultrasound equipment could detect
it [6]. In fact, the harmonic image produced by tissue alone
has beneficial qualities such as reduced clutter in the image
and improved resolution. Therefore, a tissue image is present
even in the absence of a contrast agent, so that perfect
separation was not achieved at the normal tissue imaging
conditions (MI∼1.0).

Agent Detection Imaging (ADI)

When microbubbles are interrogated and destroyed with
high MI ultrasound, the backscattered signal is very large
and has a broad bandwidth (many harmonic components).
Studies have shown that the destruction of the bubbles
allows for a great separation between tissue and contrast sig-
nals. The contrast signal during bubble destruction changes
rapidly from pulse to pulse and Doppler techniques are well
suited for detecting these changes. Power harmonics (power
Doppler at the harmonic frequency) was developed for con-
trast agents to detect pulse to pulse changes in the signal
returned from microbubbles. It is effectively a topographic
image of the destruction of microbubbles, thus indicating
the regions where bubbles were present. In recent years the
high MI/destruction imaging technique has been referred to
as agent detection imaging (ADI). ADI is displayed as a color
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overlay over a grayscale tissue image. One clinical appli-
cation that uses ADI is liver metastasis detection. Contrast
agents tend to stick in the liver parenchyma after the vascular
phase and collect in the normal liver but not in the metastases
[7]. A region in the liver may only be scanned once (just one
frame) because once the bubbles are destroyed ADI images
will have no signals at all. ADI is performed by sweeping
the whole liver and then freezing the system and going back
frame by frame to find any possible lesions.

Nonlinear Pulsing Schemes

One widely used approach of imaging contrast agents is
to use a low mechanical index (MI) nonlinear imaging
technique to avoid bubble destruction, and image both the
macro- and micro-circulation in real time. Another impor-
tant advantage of low MI imaging is that tissue is eliminated
as it does not produce a nonlinear component at low acoustic
power. Various pulsing schemes have been developed for the
detection of nonlinear echoes from contrast microbubbles.
These are pulse inversion [8], power modulation, and their
combination. For a discussion of nonlinear pulsing schemes
see [9, 10]. Figure 37.3 shows the behavior of a splenic
hemangioma with pulse inversion (PI) at a low MI.

Microvascular Imaging (MVI)

It has been known for some time that malignant tumors force
the host to grow new blood vessels to supply nutrients to sup-
port the rapid growth and spread of the tumor [11]. This pro-
cess of angiogenesis starts with very small microvasculature,
growing larger feeding vessels over time as the tumor grows.
The ability to image angiogenesis is important in cancer
diagnosis, as well as therapy assessment research. In some of

these micro-vessels the flow rate is so low that a bubble may
pass through only every few seconds. It might be visible for
several frames, but still gives only a fleeting glimpse of the
vasculature as shown in Fig. 37.4a. Microvascular imaging
(MVI) has recently been developed to capture and track the
bubbles as they go through these small vessels. MVI mea-
sures changes in the image from frame to frame, suppress-
ing any background tissue signal and capturing the bubbles
as they pass through the vasculature. It enhances vessel con-
spicuity showing tracks of single bubbles flowing through the
microvasculature as shown in Fig. 37.4b.

Clinical Applications in Contrast Radiology

The largest application for contrast agents in radiology at
present is liver lesion detection and characterization. [12, 13]
Certain lesions may be seen with ultrasound before injec-
tion of contrast agents, but often lesions are not seen at all
without them. A more difficult task is to characterize lesions
(benign or malignant), and it requires the use of contrast
agents. The characterization process requires observation of
the different vascular phases [arterial, portal venous, and late
phase (parenchymal uptake)], the nature of vessels inside the
lesion, and rate of filling. With ultrasound contrast agents,
hepatocellular carcinoma (HCC), metastasis from a primary
tumor at some other location, hemangioma, and focal nodular
hyperplasia (FNH) are detected and characterized in the liver.
This is only possible because with contrast agents it is possi-
ble to image the perfusion bed. Tumor detection with contrast
agents is also possible for other organs like kidney, breast,
prostate, and ovaries. Figure 37.5 shows an example of liver
metastasis with Levovist and the ADI technique, which is
based on bubble destruction. In Fig. 37.6 an example of an
FNH scanned with low MI PI is shown.

(a) (b)

Fig. 37.3 A splenic hemangioma (indicated by the arrow) shown in power pulse inversion. (a) Initial bubble arrival and (b) peripheral filling
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(a) (b)

Fig. 37.4 Breast ductal carcinoma showing (a) individual bubbles in still frame of live loop and (b) processed MVI image capturing tracks of
many bubbles

Fig. 37.5 Examples of metastases with Levovist in ADI. The black holes in the image indicate metastases

Fig. 37.6 Example of focal nodular hyperplasia with SonoVue in pulse
inversion

Quantification: Kidney Transplant Perfusion

By destroying the contrast within the scan plane (once it
is fully perfused with contrast microbubbles), a “negative
bolus” of contrast is created locally. Then, the time it takes
for contrast to refill the scan plane is an indicator of the local
blood flow velocity. This has been proposed as a method
for quantification of myocardial perfusion [14] and is under
investigation for general imaging applications such as kid-
ney transplant perfusion and angiogenesis quantification and
monitoring. This process is illustrated in Fig. 37.7 and a
replenishment curve is shown in Fig. 37.8. The smooth line
shown in Fig. 37.8 is the best fit to the equation A∗(1 – exp
(–βt)), in which A is related to contrast blood volume, and
the time constant β is related to blood flow velocity.
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(a) (b) (c)

(d) (e)

Fig. 37.7 Quantification of kidney transplant perfusion. (a) Stable perfusion prior to flash. (b) High MI flash to destroy agent. (c, d) Contrast is
re-entering the region of interest. (e) Seconds later contrast has been replenished in the kidney

time

Fig. 37.8 Replenishment curves showing image intensity versus time
from the image sequence of Fig. 37.7 and curve fit to C(t) = A∗(1 – exp
(–βt))

New Opportunities: Targeted Agents
and Therapeutic Agents

With microbubble ultrasound contrast agents new opportuni-
ties open for further developments in the areas of molecular
imaging and therapy. Microbubbles provide the vehicle to
targeting molecular events and thus combining imaging with
pathophysiology and ultimately therapy. New therapeutic
strategies for the treatment of cardiovascular and neoplastic
diseases are being developed [15]. Methods of microbubble
targeting include targeting by intrinsic properties of the
shell or by ligand conjugation. One clinical application
will be targeted imaging of inflammation. Microbubble
agents have been targeted to selectins (P-selectin) and to

immunoglobulin-family receptors [15] and thus adhering
to inflammation sites. Ultrasound-mediated gene transfec-
tion is another new area of research in the recent years.
Ultrasound-mediated destruction of microbubbles directs
plasmid transgene expression to the heart and is a promising
method for cardiac gene therapy [16]. Efforts for the devel-
opment of viral and non-viral vectors, giving efficient gene
transfer and sustained expression to targeted tissues, are
underway. The use of ultrasound for various forms of drug
delivery has also been suggested recently [17]. The local
blood–brain barrier opening is an advantageous approach
for targeted drug delivery to the brain and has been shown
to be possible with the use of ultrasound and microbubble
contrast agents [18]. The above is a small example of some
of the new opportunities that are opening today in the area
of ultrasound, and they have the potential to dramatically
change today’s medical practice.

References

1. Suematsu Y, Marx GR, Stoll JA, DuPont PE, Cleveland RO, Howe
RD, et al. Three-dimensional echocardiography-guided beating-
heart surgery without cardiopulmonary bypass: a feasibility study.
J Thorac Cardiovasc Surg. 2004;128(4):579–87.

2. Ophir J, Cespedes I, Ponnekanti H, Yazdi Y, Li X. Elastography: a
quantitative method for imaging the elasticity of biological tissues.
Ultrason Imaging. 1991;13:111.



37 Future Directions – New Developments in Ultrasound 379

3. Konig K, Scheipers U, Pesavento A, Lorenz A, Ermert H, Senge T.
Initial experiences with real-time elastography guided biopsies of
the prostate. J Urol. 2005;174(1):115–7.

4. Steggerda M, Schneider C, van Herk M, Zijp L, Moonen L,
van der Poel H. The applicability of simultaneous TRUS-CT
imaging for the evaluation of prostate seed implants. Med Phys.
2005;32(7):2262–70.

5. Leighton TG. The acoustic bubble. London, UK: Academic Press;
1994.

6. Averkiou MA, Roundhill DN, Powers JE. New imaging technique
based on the nonlinear properties of tissues. Proc IEEE Ultrason
Symp. 1997;2:1561–6.

7. Albrecht T, Blomley MJ, Burns PN, Wilson S, Harvey CJ, Leen E,
et al. Improved detection of hepatic metastases with pulse-inversion
US during the liver-specific phase of SHU 508A: multicenter study.
Radiology. 2003;227(2):361–70.

8. Hope Simpson D, Chin CT, Burns PN. Pulse inversion Doppler:
a new method for detecting nonlinear echoes from microbubble
contrast agents. IEEE Trans Ultrason Ferroelectr Freq Control.
1999;46(2):372–82.

9. Averkiou M, Powers J, Skyba D, Bruce M, Jensen S. Ultrasound
contrast imaging research. Ultrasound Q. 2003;19(1):27–37.

10. Averkiou MA, Bruce M, Jensen S, Rafter P, Brock-Fisher T, Powers
J. Pulsing schemes for the detection of nonlinear echoes from con-
trast microbubbles. 9th European Symposium on Ultrasound Con-
trast Imaging, Rotterdam, The Netherlands, Jan 2004.

11. Folkman J, Beckner K. Angiogenesis imaging. Acad Radiol.
2000;7(10):783–5.

12. Leen E. The role of contrast-enhanced ultrasound in the char-
acterisation of focal liver lesions. Eur Radiol. 2001;11 Suppl 3:
E27–34.

13. Harvey CJ, Blomley MJ, Eckersley RJ, Cosgrove DO, Patel N,
Heckemann RA, et al. Hepatic malignancies: improved detec-
tion with pulse-inversion US in late phase of enhancement
with SH U 508A-early experience. Radiology. 2000;216(3):
903–8.

14. Wei K, Jayaweera AR, Firoozan S, Linka A, Skyba DM, Kaul S.
Quantification of myocardial blood flow with ultrasound-induced
destruction of microbubbles administered as a constant venous
infusion. Circulation. 1998;97(5):473–83.

15. Lindner JR. Microbubbles in medical imaging: current applications
and future directions. Nat Rev Drug Discov. 2004;3:527–32.

16. Bekeredjian R, Shuyuan C, Frenkel P, Grayburn PA, Shohet
RV. Ultrasound-targeted microbubble destruction can repeatedly
direct highly specific plasmid expression to the heart. Circulation.
2003;108:1022–6.

17. Tachibana K, Tachibana S. The use of ultrasound for drug delivery.
Echocardiography. 2001;18(4):323–8.

18. Sheikov N, McDonald N, Vykhodtseva N, Jolesz F, Hynynen K.
Cellular mechanisms of the blood-brain barrier opening induced
by ultrasound in presence of microbubbles. Ultrasound Med Biol.
2004;30(7):979–89.



Chapter 38

Future Directions – Contrast Media

S.D. Allen, C.J. Harvey, M. Blomley, and P. Dawson

Introduction

The field of contrast agents in all three imaging modalities of
computed tomography, magnetic resonance, and ultrasound
has undergone dramatic developments, with huge advances
being achieved in the understanding of the chemical prop-
erties of these agents, their physiological effects, and their
place in the technological developments in each modality.
This chapter describes these advances along with future
directions.

CT Contrast Media

Over the last decade, low-osmolality iodinated contrast
agents have largely replaced the high-osmolality variety due
to their better safety and tolerance [1]. The original “low-
osmolality” contrast agents were categorized as non-ionic
monomeric (three iodine atoms per molecule) (Fig. 38.1)
and ionic dimeric (ioxaglate) (six iodine atoms per molecule)
(Fig. 38.2). The former has an iodine to particle number
ratio of 3:1 and the latter one of 6:2 (=3:1), twice that of
the classical or conventional ionic agents. Although osmo-
lality is relatively low in these agents, it remains more than
twice that of plasma. There are now several representatives of
the low-osmolar non-ionic monomeric agent class, including
iohexol, iopamidol, and ioversol (Fig. 38.3). Clinical trials
have shown that if administered in equivalent administra-
tion protocols and iodine concentrations, then there is no sig-
nificant difference of opacification efficacy or in regard to
safety [2].

Over the last few years, iso-osmolar non-ionic dimeric
agents such as iodixanol (Fig. 38.4) have become widely
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available and are now competing with the monomeric ionic
compounds that have been the “workhorses” for the majority
of CT investigations in many departments. These molecules
like the ionic dimeric variety carry six iodine atoms but they
do not dissociate in solution and hence maintain an iodine
to particle ratio of 6:1. They are naturally hypo-osmolar with
respect to plasma but are formulated with extra ions to render
them iso-osmolar [3, 4].

The iso-osmolality confers a number of advantages on
this type of contrast agent, many of which are relevant to
urographic imaging. They induce a lesser osmotic diuresis,
resulting in greater urinary concentrations and denser pyelo-
grams [5, 6].

CT angiography and venography examinations are
increasingly utilized in the assessment of urological cancer
and have benefited from this iso-osmolality since there is
osmotically driven self-dilution in the circulation (1,3) and
since the larger molecules diffuse more slowly across the ves-
sel walls and hence remain in the vascular space for longer,
the result being better vessel opacification [7]. A similar
vessel opacification to that produced by the “low-osmolar”
agents can thus be obtained with a lower iodine load with
some cost saving [8]. This is advantageous in patients with
impaired renal function. Nephrotoxicity in patients at risk has
been claimed in any case to be lower in patients receiving this
group of agents [9, 10], though other studies contradict this
finding [11, 12].

The superior opacification of the excretory pathway has
considerable application in dedicated CT urographic exami-
nations. In particular, better filling and density of the calyces,
more frequent detection of a papillary blush, and better
opacification of the renal pelvis have been shown [13].

The higher associated viscosity of these agents may be
minimized by preheating to 37◦C when it approaches the vis-
cosity of the “low-osmolality” agents. This is an important
consideration with regard to CT angiography and venogra-
phy examinations, particularly with respect to the homogene-
ity of vascular enhancement. At lower viscosities there is a
more turbulent flow pattern which allows for a greater mix-
ing of fluids and hence a more uniform vessel opacification.

J.J.M.C.H. de la Rosette et al. (eds.), Imaging in Oncological Urology, 381
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Fig. 38.1 Monomeric non-ionic agents. Reproduced with permission from Dawson P, Cosgrove DO, Grainger RG. Textbook of contrast media.
Oxford: ISIS Medical Media; 1999

Fig. 38.2 Ioxaglic acid (ionic dimer). Reproduced with permission
from Dawson P, Cosgrove DO, Grainger RG. Textbook of contrast
media. Oxford: ISIS Medical Media; 1999

Studies have shown that the effect of the slightly higher
viscosity associated with the warmed iso-osmolar agents is
small relative to the effect of the osmolality and not signifi-
cant in determining vessel opacification [14, 15].

Iso-osmolar agents have also been shown to be better tol-
erated by patients compared to monomeric non-ionic agents,
with a reduced incidence of pain and heat on administra-
tion [16, 17]. There is also a lower incidence of cardiac
side effects, particularly a reduced incidence of tachycardia
[18, 19].

With the evolution of multidetector CT, and its increas-
ing application in urological oncological imaging, further
demands are being placed upon the capabilities of contrast
agents. Scanning times have been dramatically decreased,
with a renal CT study commonly now possible in less than
10 s (collimation and slice number depending), and this is
likely to fall to less than 5 s as flat panel technology is
implemented (128 and 256 slice) [20]. In order to obtain

Fig. 38.3 Structures of non-ionic monomers: iopramidol, iohexol, and iopromide. Reproduced with permission from Dawson P, Cosgrove DO,
Grainger RG. Textbook of contrast media. Oxford: ISIS Medical Media; 1999
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Fig. 38.4 Non-ionic dimmers: iotrolan and iodixanol. Reproduced with permission from Dawson P, Cosgrove DO, Grainger RG. Textbook of
contrast media. Oxford: ISIS Medical Media; 1999

multiphasic imaging of the urological system, with adequate
organ enhancement in such a short space of time, the same
total dose of iodine within the iodinated contrast has to be
delivered much more quickly yet still at an even rate. In order
that lesions are detected, the scan has to be completed prior
to the equilibrium phase of contrast enhancement. The com-
mencement of this phase depends on the flow rate and con-
trast concentration. Increases in injection rates are limited by
the gauge of the venous access cannula and associated deliv-
ery systems but are undoubtedly a simple method of increas-
ing contrast flux into the circulation. Given realistic flow
rates (4–5 ml/s for arterial phase imaging), modifications of
total iodine dose, and hence improved organ enhancement,
require an increase in iodine concentration. High concentra-
tion contrast (400 mgI/ml) has been shown to improve both
aortic and liver enhancement, which may be further raised
by a saline bolus “chaser” post-infusion [21, 22]. However,
streak artifact can be a limitation if iodine concentrations
are too high. High concentration contrast agents, although
mainly studied so far in liver imaging, seem likely to have
a future role in urological imaging. An additional phase of
hepatic imaging has been tested in order to maximize the
sensitivity for detection of small hypervascular tumors: arte-
rial and portal venous inflow phases are supplemented by a
dedicated “hepatic venous” phase. Due to the speed of the
multidetector scanner, the whole liver was imaged in three

separate phases of vascular enhancement [23]. This tech-
nique could easily be applied to urological imaging in the
assessment of small renal tumors which could be assessed
in an additional phase to the standard cortical and medullary
phases.

As well as being dependent on the iodine flux (i.e., the
rate X concentration of contrast administration), a number
of patient factors are recognized as being important in deter-
mining vascular concentrations and imaging timing. Various
cardiovascular conditions causing a reduced cardiac output
delay peak enhancement (aortic and organ) and, counter-
intuitively, result in increased vessel iodine concentrations;
however, there is little effect on organ enhancement since
this is a function predominantly of total iodine dose. Patient
body mass may have a significant effect on reducing the mag-
nitude of enhancement and so a higher total dose may be
appropriate.

With multidetector CT technology and high concentration
contrast media, high contrast concentrations allow higher
quality arterial phase imaging. This has application not
just in CT angiography but also in the detection of small
hypervascular urological parenchymal tumors. With accu-
rate contrast bolus timing, standard CT angiography can be
performed with reduced total iodine doses. Although total
iodine is reduced, a high flow rate and high concentration
of contrast must be maintained for optimal imaging [24]. A
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reduction in contrast dose may be possible for CT angiogra-
phy, though this is unlikely to be translated into parenchymal
urological imaging, as organ enhancement is determined by
total iodine dose.

Nephrotoxicity

In a study of 16,248 patients receiving iodinated contrast
media the incidence of acute renal failure was 1% [25]. The
most important risk factor for contrast-induced acute renal
failure was the presence of chronic renal impairment. Other
risk factors include diabetes mellitus, cardiac failure, dehy-
dration, hypovolemia, multiple myeloma, ventricular dys-
function, and the use of other nephrotoxic agents [26]. The
mechanisms of nephrotoxicity may include renal vasocon-
striction, decreased vasodilatation (induced by nitric oxide),
increased free radical production, increased oxygen con-
sumption observed during ischemia, an increase in intratubu-
lar pressure due to diuresis, tubular obstruction, hypervis-
cosity, and alterations of red blood cells [27]. The outer
medullary tubular cells of the kidney are very sensitive to
hypoxia. In this region the balance between perfusion and
oxygen consumption is easily disrupted leading to cellular
hypoxia [27].

In at-risk patients multiple strategies have been used to
reduce the incidence of contrast media-induced nephropa-
thy. In such high-risk patients, serum creatinine levels should
be measured before and after the administration of con-
trast media. Contrast media dose and frequency are both
known risk factors for nephroxicity. Whenever possible an
interval of several days should be allowed between admin-
istrations. The osmolality of the contrast agent is also an
important consideration. Many studies have shown that “low-
osmolality” contrast agents (LOCM) (600–800 mosm/kg)
have a lower renal toxicity than do high-osmolality agents
(≥1500 mosm/kg) [28, 29]. Therefore LOCM should be used
for high-risk patients. There has been considerable debate
regarding the use of iso-osmolar contrast agents (osmolal-
ity ∼ 300 mosm/kg). One study demonstrated that iodixanol
has a better renal safety profile compared with a LOCM [9]
but other studies contradict this finding [11, 12]. The need for
further studies to clarify the situation, the high cost of iodix-
anol, and the claimed prothrombotic actions of this agent [30]
precludes its widespread use.

In low-risk patients oral hydration and salt intake is suf-
ficient precaution prior to iodinated contrast media. In high-
risk patients intravenous water and sodium should be admin-
istered in the form of isotonic saline 12 h prior to contrast.
In addition, a recent study showed that intravenous sodium
bicarbonate may be more effective at preventing acute renal
failure than sodium chloride [31].

A number of pharmacological agents have been evalu-
ated in the prevention of contrast media-induced nephropa-
thy. These have proved disappointing. One study showed
that mannitol was no more effective in preventing con-
trast agent-induced nephropathy than was saline [32]. This
study also showed that furosemide was ineffective and may
increase the risk of nephrotoxicity. Weisberg et al. [33]
showed that dopamine and atrial natriuetic peptide (ANP)
may significantly increase the risk of acute renal failure
in the presence of severe renal impairment. Acetylcys-
teine, a free radical scavenger, initially seemed to demon-
strate efficacy in the prevention of contrast media-induced
nephropathy, but subsequent studies have shown that it
does not significantly reduce the risk of nephropathy [34–
36]. Nevertheless it is still frequently used in high-risk
patients.

In patients at risk of contrast agent-associated nephro-
toxicity, carbon dioxide (CO2) gas may have a role as an
alternative to iodinated contrast media. CO2 is an estab-
lished effective angiographic contrast agent that can be deliv-
ered by pump or hand injection. In a recent study in a rat
model, although injection of CO2 markedly affected regional
renal blood flow and oxygenation, there were qualitatively
different effects in the cortex and outer medulla compared
with those seen after injection of ioxaglate. The pronounced
decrease in medullary blood flow and oxygenation observed
after injection of ioxaglate was absent in the animals injected
with CO2. This might suggest beneficial effects of the use
of CO2 instead of iodinated contrast media in patients with
increased risk of developing renal failure [37]. Another study
has shown that the risk of impairment of renal function is
lower after injection of CO2 with small amounts of added
ioxaglate compared with injection of a larger amount of
ioxaglate alone. The amount of injected CO2 did not cor-
relate with an increase in serum creatinine level, though the
amount of injected iodine did significantly correlate with an
increase in serum creatinine level and a decrease in estimated
creatinine clearance after 2 days [38]. However its efficacy
in vascular mapping prior to partial nephrectomy for pre-
sumed renal cell carcinoma was shown to be inferior to that
achieved with iodinated contrast agents, albeit only in one
small study [39].

Gadolinium-based contrast agents have also been used in
patients at risk of acute renal failure, but mainly in the set-
ting of conventional angiography. In the largest study to date,
gadolinium-based contrast agents did – rarely – cause acute
renal failure in patients with underlying chronic renal insuf-
ficiency, despite reports of negligible nephrotoxicity in many
other studies [40]. A study assessing gadolinium-enhanced
CT angiograms suggested the use of at least 16-detector
row CT technology for high-quality angiography; the doses
administered did not alter the renal function except tran-
siently in one patient [41].
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MR Contrast Agents

The first-generation MR contrast agents are “non-specific”
small molecular weight gadolinium chelates that distribute
into the intravascular and interstitial (extracellular) spaces
(Fig. 38.5) [42]. This still allows for physiological eval-
uation of renal function, and kidney-specific anatomy, in
an approach referred to as MR renography [43]. Gadolin-
ium diethylenetriamine pentaacetic acid (Gd-DTPA) is most
commonly used for this purpose. The kidney is a target organ
for such extracellular fluid space marker agents due to their
virtually exclusive excretion by glomerular filtration. Current
improvements in functional renal imaging relate to improved
spatial and temporal resolution of current MR systems rather
than advances in contrast agents.

More recently tissue-specific contrast agents have been
developed, most notably liver-specific agents, which are
classified as hepatocyte or reticuloendothelial system (RES)
specific. Some of these agents have shown considerable
promise in the characterization of focal liver lesions [44, 45],
such as metastases from urological cancer. Gadobenate

dimeglumine (Gd-BOPTA, multihance, Bracco) distributes
to the extracellular space but is selectively taken up by func-
tioning hepatocytes and biliary excreted [46]. Hepatobiliary
contrast enhancement is prominent at 1–2 h and when com-
pared to gadopentate dimeglumine images were equivalent in
the dynamic phase but showed additional information in the
delayed phase of imaging [47]. Another hepatocyte-specific
agent is Mangafodipir (teslascan, Amersham Health). The
manganese ion is a powerful T1 relaxation agent, and this
has been shown to be an effective positive liver enhancer,
and only a very small amount of agent (5 μmol/kg) can
significantly improve contrast between focal liver lesions
and healthy parenchyma [48].

RES-specific compounds are largely superparamagnetic
iron oxide (SPIO) particles that induce dramatic magnetic
field disturbances, which translate into strong T2 and T2*

effects. These nanoparticles rapidly target the Kuppfer cells
of the liver causing a decrease in T2 signal in healthy
parenchyma, but not in metastases.

Smaller SPIOs or ultrasmall SPIO nanoparticles (USPIO)
generally circulate longer in the blood space, before passing

Fig. 38.5 Chemical structures of some common clinically used extra-
cellular gadolinium chelates: 1. gadopentate (Magnevist); 2. gado-
diamide (Omniscan); 3. gadoversetamide (Optimark); 4. gadoterate

(Dotarem); 5. gadoteriol (Prohance); 6. gadobutrol (Gadovist). Repro-
duced with permission from Dawson P, Cosgrove DO, Grainger RG.
Textbook of contrast media. Oxford: ISIS Medical Media; 1999
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into the interstitial space and finally accumulating in the
macrophages of lymph nodes, liver, and spleen. They have
found increasing application as intravenous MR lympho-
graphic agents, as they homogeneously reduce the signal
intensity of normal nodal tissue due to their T2* suscepti-
bility effect. In lymph nodes containing metastases, there is
less USPIO uptake, leading to relative hyperintensity (i.e.,
no enhancement). A focal area of relative signal hyperinten-
sity may represent an area of segmental malignant infiltration
within the node. This has led to an improved detection of
metastatic tissue in normal-sized nodes in a number of can-
cers [49]. High-resolution, GRE, T2*-weighted sequences
(pre- and post-contrast) are essential for evaluation of USPIO
uptake, and thus for the detection of small metastases. The
optimal time for evaluation post-contrast is 24–36 h, allow-
ing sufficient USPIO to accumulate within the nodes (early
imaging would result in a significant false negative rate [49]).
This has been evaluated to good effect in prostate cancer,
with the sensitivity of detection of nodal metastases vastly
superior to conventional MR imaging [50]. A prospective
study evaluating 216 nodes in 36 patients with genitouri-
nary malignancy resulted in an accuracy level of 98.6% in
distinguishing normal and metastatic lymphadenopathy [51].
This technique is unique in its ability to non-invasively detect
nodal metastases without the use of multimodality fusion
imaging.

MR angiography (MRA) has increasing application, par-
ticularly in surgical planning for urological cancer. However,
the extracellular agents rapidly pass out of the intravascular
space, and so require rapid dynamic imaging in order to pro-
vide a sufficient contrast to noise ratio (vessel to background
on MR). Gadobutrol is a newer extracellular agent currently
licensed in Europe but not the USA and has double the con-
centration of gadolinium as conventional extracellular agents
[52]. This has been shown to be efficacious in pulmonary
imaging [53]. Due to the reduced volume required for the
same dose of gadolinium, it has been proposed as an agent
for MRA. It may certainly be of use in patients with poor
vascular access or in pediatric patients.

However, there has been a drive for “blood-pool” com-
pounds that remain in the intravascular space for longer,
rather than rapidly passing into the interstitial space, allow-
ing a greater window of opportunity for MRA. This does not
just allow for high-resolution MRA but also enables evalua-
tion of multiple selective vascular regions during the same
examination, without the need for additional injections of
contrast agent or concerns about timing. This also allows for
quantification of organ and tumor blood volume and perfu-
sion, which can be assessed pre- and post-therapy to assess
tumor response to treatment. A number of agents are in clin-
ical development, such as gadolinium bound to serum albu-
men (gadofosveset, EPIX Medical), which has so far shown
efficacy in enhancing the blood in both first-pass and steady-

state MRA [54]. Another type of blood-pool agent is the
macromolecule, which because of its size remains for longer
in the intravascular compartment. Gadolinium, manganese,
and iron-based compounds are being developed. Gadomer-
17 (Schering AG) is one of the most advanced compounds,
and is small enough to undergo glomerular filtration within
24 h, but remains for long enough intravascularly to produce
excellent angiograms and perfusion studies [55]. USPIOs
such as ferumoxtran-10 (Sinerem, Guerbet) are also likely
to be of use in MRA as well as in MR lymphography. As
mentioned previously, they remain in the intravascular space
for a considerable time before passing into the interstitium
and then ultimately the lymphatics and lymph nodes. Fur-
ther research into the T2* effects on first-pass imaging are
needed prior to USPIOs being used clinically as an agent
for MRA. SPIOs may also be used but are engulfed faster
by macrophages and hence remain in the blood pool for less
time [56].

A potential limitation of these agents is in the equi-
librium phase, in certain anatomical locations, where
differentiating arteries from intimately associated veins
may be difficult. Another concern is the biological half-life
of these agents, as they should be designed not just for
efficacy but also for timely elimination as potential toxicity
is an anxiety [57]. Hybrid compounds will no doubt be
produced in the future that are a combination of polymeric
compounds and small agents, providing all the imaging
advantages without the concerns regarding slow biological
clearance.

Molecular imaging can be defined as the imaging of tar-
geted molecules and will undoubtedly play an increasing role
in urological cancer imaging in the future. This can broadly
be separated into imaging a labeled molecule or the target
(receptor) of that molecule. Currently USPIO nanoparticles
are preferred to gadolinium chelates, as the latter have rel-
atively low relaxivity and a rather uncertain toxicity profile.
USPIOs are well suited in this regard due to their favorable
recycling properties, their ability to produce significant sig-
nal change per unit of iron, their ease of chemical linkage
due to their dextran coating, and the demonstration of vari-
able magnetic properties with particle size [58]. MR lym-
phography using USPIOs is an example of molecular imag-
ing, with the nanoparticles targeting the macrophages of the
lymph nodes. However, the remit of USPIOs has extended
much further; they have been used to label stem cells and T
cells and can be conjugated to a range of enzymes, antibod-
ies, and peptides for a variety of advanced imaging applica-
tions [59, 60]. Stem cell imaging is particularly interesting,
especially with the increased interest and success of stem cell
transplantation. This success depends on the ability of stem
cells to migrate from the site of injection to the target. MR
tracking of magnetically labeled cells following transplanta-
tion is an excellent, non-invasive method of determining the
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distribution of these cells, and hence evaluating the success
of the procedure.

The new generation of highly specific MR contrast agents
is not just limited to defining anatomy and pathology, but
can quantify physiology and metabolic activity of cells. The
new agents are synthesized by labeling cells with magnetic
particulate agents. This can be achieved by linking the mag-
netic particles to a peptide, by creating a macromolecule such
as magnetodendrimer, or by internalizing a magnetic parti-
cle within a cell [61]. In broad terms these new agents can
be classified as non-specific, targeted, or activated (or smart)
agents [62]. The non-specific agents can quantify many phys-
iological processes such as perfusion and blood volume, but
provide no information on cellular processes. Targeted agents
combine an imaging agent with a molecule such as an anti-
body or protein that specifically targets tumor cell surface
receptors. For example, magnetically labeled (USPIO) mon-
oclonal antibodies have already been used in vivo for imag-
ing lung cancer [63]. Once the appropriate monoclonal anti-
bodies are labeled, these agents are likely to have a future
role in the imaging of urological cancers. A potential draw-
back of this technique is that background noise may be high.
Activated agents are only detectable after interaction with
the target receptor; they are not detectable in their native
state. Compared with targeted agents, this results in a sig-
nificant reduction in background noise and an increase in
signal and contrast to noise ratio. Examples of these agents
include magnetic nanosensors that interact with DNA or
RNA sequences [64].

The perfect contrast agent for the urologist and urologi-
cal oncologist is the tumor-specific agent that allows specific
detection of urological tumors at an early stage of disease.
This agent is still far from development. The ultimate agents
are likely to be monoclonal antibodies labeled with paramag-
netic atoms or superparamagnetic nanoparticles, with current
studies in small animals achieving an appropriate concentra-
tion of magnetic label at the target [65–67]. So far this con-
centration is nowhere near translatable into humans; biotech-
nology has much further to advance for this to be used clin-
ically. Specifically the low expression of receptors and the
limited sensitivity of the relaxation time enhancers are fac-
tors. However current and future advances in contrast media,
particularly in biotechnology, are likely to extend the role of
MR imaging in urological oncology beyond recognition over
the next decade.

The gadolinium-based agents have long been held to be
much less nephrotoxic than iodinated contrast agents. How-
ever, in higher doses this may not be true and recently
nephrogenic systemic fibrosis, a rare multi-system disorder,
has come to light [68, 69]. This disorder principally affects
the skin in patients with renal insufficiency and occurs most
frequently, but not exclusively, following the administration
of gadodiamide.

The Food and Drug Administration (FDA) recommend
checking for renal impairment by history or laboratory tests.
The FDA recommends avoidance of all gadolinium contrast
media in patients with renal insufficiency grades 4 and 5
(glomerular filtration rate <30 mL/min per 1.73 m2) or any
grade of acute renal failure in liver transplantation patients or
candidates. The European Medicines Agency (EMEA) dif-
ferentiates between agents and advises avoidance of only
gadodiamide and gadopentetate in the same patient cate-
gories. Other gadolinium contrast media should only be used
after careful consideration of risks versus benefits. Post-
procedural haemodialysis is only indicated in patients on
regular dialysis. All published cases to date received gado-
diamide, gadopentetate or gadoversetamide, which are con-
sidered to be less stable due to a linear molecular struc-
ture. The aetiological significance of stability differences
between the non-ionic linear, ionic linear and macrocyclic
agents remains to be shown but the EMEA have classified
the gadolinium-containing contrast agents into three groups
on the basis of their likelihood of releasing free gadolin-
ium ions. The least likely (safest) to release free gadolinium
ions Gd3+ in the body have a cyclical structure and include
gadoterate (Dotarem), gadobutrol (Gadovist) and gadoteriol
(Prohance). The intermediate group have an ionic linear
structure and include gadopentate (Magnevist), gadobenate
(MultiHance), Primovist and Vasovist. The most likely to
release Gd3+ have a linear non-ionic structure; gadodiamide
(Omniscan) and gadoversetamide (OptiMARK).

Ultrasound Microbubble Contrast Agents

Ultrasound, unlike all other imaging modalities, has lacked
effective contrast agents until comparatively recently. This
was rectified with the introduction of microbubbles in the
1990s. These have revolutionized clinical and research appli-
cations in this field [70–72]. Microbubbles are less than
10 μm in diameter so they can cross capillary beds and
are safe, effective echo enhancers (Fig. 38.6). When admin-
istered intravenously, microbubbles remain within the vas-
cular compartment, unlike CT and MR contrast agents
(Table 38.1). To be effective as clinical tools, microbub-
bles must after intravenous injection survive passage through
the cardiopulmonary circulation to produce useful sys-
temic enhancement. An ingenious range of methods are
employed to achieve stability and provide a clinically use-
ful enhancement period. Microbubbles consist of a gas (air
or a perfluorocarbon) which is stabilized by a shell (dena-
tured albumin, phospholipid or surfactant or cyanoacrylate)
(Table 38.1). Microbubbles produce marked augmentation of
the ultrasound signal for several minutes after an intravenous
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bolus or for 15–20 min after an infusion with enhancement
in gray-scale and Doppler signals of up to 25 dB (greater
than 300-fold increase). The most widely used is Sonovue
(Bracco, Italy) which is licensed in Europe and Asia and con-
sists of sulfur hexafluoride gas surrounded by a phospholipid
shell (Fig. 38.7).

Interactions of Microbubbles
with Ultrasound Waves

The interactions of microbubbles with an ultrasound beam
are complex [73, 74]. Since a microbubble is more com-
pressible than soft tissue, when it is exposed to an oscil-
lating acoustic signal, alternate expansion and contraction
occur. At low acoustic power (< 100 kPa) these oscilla-
tions are equal and symmetrical (linear behavior) and the
frequency of the scattered signal is unaltered, with the
scattering intensity linearly related to that of the incident
beam. As the acoustic power increases (100 kPa to 1 MPa),
more complex non-linear interactions occur as the expan-
sion and contraction phases become unequal because the
microbubbles resist compression more strongly than expan-
sion. Microbubbles resonate (in the diagnostic range (1–
20 MHz)) and behave like a musical instrument emitting har-
monic signals at multiples (or fractions) of the insonating fre-
quency. These harmonic signals are microbubble specific and
may be regarded as a signature or fingerprint unique to that
agent. At still higher powers (although within accepted lim-
its for diagnostic imaging) highly non-linear behavior occurs
with disruption or scintillation that may be imaged with a
number of bubble-specific modes which allow differentiation
of contrast signal from background tissue.

Fig. 38.6 Quantison microbubbles under electron microscopy. Repro-
duced with permission from Dawson P, Cosgrove DO, Grainger RG.
Textbook of contrast media. Oxford: ISIS Medical Media; 1999

Real-Time Imaging

When US contrast agents were initially introduced they were
imaged using conventional available B-mode and Doppler
mode techniques. While the acoustic powers were in the
diagnostic range, these were largely destructive modes. Fol-
lowing the development of non-destructive, low-mechanical-
index (MI) contrast-specific modes and the availability of
more stable microbubbles (e.g., SonoVue), real-time imag-
ing can be performed allowing clear visualization of contrast-
containing vessels, microvessels, and tissue vascularization.
In the kidneys, the peripheral vasculature of the renal cortex
can be seen up to the renal cortex.

An added opportunity offered by the latest contrast-
specific modes is the use of a destructive (high MI) pulse
to destroy the bubbles in the particular scan plane and to
observe reperfusion of the lesion. The rate of replenishment
in the field allows calculation of indices such as microcir-
culatory flow rate, a measure of tissue perfusion, and this
idea has been applied to the myocardium and kidney [75].
These techniques which can demonstrate flow in vessels
down to 100 μm in diameter also permit characterization of
tumor vascularity and differentiation of benign and malig-
nant lesions [76]. Three-dimensional displays can be con-
structed demonstrating anatomical vascular structure which
may prove important in defining tumor grade and response
to therapy. These methods have great potential, especially
with the recent interest in monitoring response to angiogen-
esis inhibitors [77].

Clinical Applications of Ultrasound
Microbubbles in Urological Oncology

In kidneys microbubbles are useful in differentiating renal
tumors from pseudotumors such as a column of Bertin. In
pseudotumors the vasculature exhibits regular and smooth
branching compared to the chaotic pattern seen in malig-
nancy [78]. Microbubbles are also useful in the assessment
of renal cysts and can reliably distinguish hemorrhagic and
inflammatory cysts from solid renal tumors [79, 80]. The
presence of septal or mural nodular enhancement is sug-
gestive of malignancy. Microbubbles have not been shown
to significantly improve detection of renal cell carcinoma
but may be useful to assess tumor vascularity and extent of
necrosis and to identify enhancement in tumor thrombus.

In carcinoma of the prostate US contrast has shown
promising results but its role in detection, staging, and treat-
ment is still under evaluation [81].

Halpern et al. [82] using contrast-enhanced real-time and
intermittent harmonic imaging in addition to power Doppler
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Table 38.1 Classification of ultrasound microbubbles

Microbubble Gas Stabilization Company
Blood-pool agents
Levovist (SHU 508A) ∗ ∗ Air Palmitic acid Schering
Echovist∗ Air None Schering
Albunex∗∗ Air Sonicated albumin Tyco
Quantison Air Dried albumin Andaris Ltd
Imavist (Imagent, AFO150) Perfluorohexane Surfactant Schering
Optison∗ (FS069) Perfluoropropane Sonicated albumin Tyco/Amersham
Echogen (QW3600) Dodecafluoropentane Liquid droplet, surfactant Sonus
SonoVue (BR1) ∗ Sufhur hexafluoride Phospholipids Bracco
Definity (DMP115) Perfluoropropane Phospholipids Bristol-Myers Squibb
BR14 Perfluorobutane Phospholipids Bracco
Liver-specific agents
Levovist (SHU 508A)∗ Air Palmitic acid Schering
Sonavist (SHU 563A) ∗∗ Air Cyanoacrylate Schering
SonazoidTM (NC100100) ∗∗ Perfluorocarbon Not public information Amersham
∗Licensed for clinical use
∗∗No longer commercially available

Fig. 38.7 Structure of Sonovue microbubble (Bracco, Italy)

showed a significant increase in sensitivity from 38 to 65%
while specificity was maintained at 80%. These results
have also been reproduced by other workers [83]. Using
Levovist contrast agent and color Doppler-based targeted-
biopsy protocol, Frauscher [84] showed positive biopsy rates
were significantly improved with targeted cores vs sextant
cores (13 vs 4.9%, respectively). In a study of 230 patients
comparing contrast-enhanced biopsies to sextant biopsies,
targeted biopsies were again found to be superior to system-
atic biopsy (10.4 vs 5.3%, respectively) [85]. Other studies
have confirmed that contrast-enhanced US improves cancer

detection, although no advantage of power or color Doppler
has been shown [86].

Sedelaar et al. [87] demonstrated a correlation between
microvessel density and three-dimensional contrast-
enhanced power Doppler imaging. Unal et al. [88] showed
that contrast-enhanced power Doppler could be used to
discriminate between BPH and cancer with an accuracy of
81%. The association between the increased microvessel
density and prostate cancer survival suggest that this line of
research may yield valuable indices in the determination of
tumor aggressiveness, treatment response, and prognosis.
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Enhanced Doppler has also been used to monitor response
to treatment. In a study of 68 patients followed up dur-
ing treatment with enhanced power Doppler, the majority
showed a decrease in vascularity within a day or so following
commencement of anti-androgen therapy which paralleled
falling prostate-specific antigen (PSA) levels [89]. Interest-
ingly in two cases there was a discrepancy in that the vas-
cularity remained high despite a fall in PSA. These patients
had escaped from hormonal control at 6-month review. Fail-
ure to switch off neovascularity may be an early indicator
of relapse which could prompt a treatment adjustment. The
emergence of angiogenesis inhibitors is also interesting and
enhanced US could provide a quantitative tool to monitor
these agents.

Novel Applications of Microbubbles

Quantitation and Functional Studies

Quantitation methods can be divided into “passive” and
“active.” In the passive approach the passage of a con-
trast bolus is recorded with minimal microbubble disruption
and so low insonating energies are employed. With active
approaches, microbubbles are deliberately destroyed so that
replenishment of a tissue bed can be measured. Quantifica-
tion is dependent on the finding that relative microbubble
concentration is linearly related to Doppler signal intensity.

Following a bolus injection of microbubbles, their pas-
sage through a tissue of interest such as a tumor or organ can
be quantified, using low acoustic power, to generate transit
time curves, as with nuclear medicine, CT, and MR; from
these, functional information can be derived to yield indices
such as bolus arrival time, time to peak intensity, area under
the curve, wash-in/wash-out characteristics as well as more
complex deconvolution indices. Since ultrasound contrast
agents are confined to the vascular space (unlike CT and MR
agents which diffuse into the interstitial space) they may pro-
vide unique functional information not obtainable by other
means.

Time intensity curves can be drawn for an area of inter-
est to document microbubble transit through, for example, a
tumor bed.

Active quantitation methods are based on the destruc-
tion of microbubbles and observation of the effects on
contrast enhancement (“reperfusion kinetics”). Intermittent
high-power ultrasound pulses are used to destroy microbub-
bles within the beam and tissue refill observed with non-
destructive low MI imaging to demonstrate tissue perfusion
in real time. The rate of this refilling can be used to calcu-
late indices such as microcirculatory flow rate, a measure

of tissue perfusion, and has been used in the assessment of
ischemic myocardium and in renal transplants.

Wei et al. applied the principle to the measurement of
myocardial blood flow in dogs [90] by infusing microbubbles
while scanning intermittently. They observed an exponential
relationship between pulsing interval (PI) and video intensity
(VI):

VI = VImax(1 − e−β.PI)

where VImax is the maximal video intensity seen at long puls-
ing intervals (PI) and β is the constant describing the rate of
rise of VI. The initial upslope of this curve is proportional
to microbubble speed as they refill the slice being insonated.
The VImax is proportional to the fractional vascular volume.
The product of VImax and β is an indirect measure of tissue
perfusion.

This method is time consuming and may be modified by
switching the scanner to a low acoustic power mode after the
destructive burst and observing the reperfusion in real time.
The equation describing the reperfusion is identical to the
above.

Future Applications of Microbubbles

Extensive research is also directed toward development of
the next generation of microbubbles, which are capable of
encapsulating therapeutic agents and releasing them when
exposed to high MI or specific US signals. Therapeutic
agents could include genes, thrombolytics, and oncological
drugs, and this technique has the clinical potential to increas-
ing the therapeutic efficacy while decreasing systemic side
effects [91].
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Chapter 39

Virtual Imaging

M.J. Stone and B.J. Wood

Introduction

Imaging urological pathology does not stop at routine axial
techniques. Direct endoscopic visualization of pathology
has become a standard tool in urology, and now virtual
endoscopy (or virtual reality imaging) and three-dimensional
(3D) depictions of pathology may facilitate screening, train-
ing, planning interventions, or diagnosis, in addition to the
practice and evaluation of clinicians in the performance of
procedures for certification. Improvements in radiological
imaging techniques facilitate non-invasive diagnosis. Image
processing tools may also enhance the planning of urologic
interventions.

Virtual imaging of lumens is now easily performed from
CT or MRI source data and shows promise for several spe-
cific clinical scenarios. Virtual colonoscopy has pioneered
endocavitary image processing and is rapidly emerging from
the research world to become an accepted screening method
to augment standard colonoscopy [1]. Virtual reality imaging
has been used to examine many lumens and cavities includ-
ing the tracheobronchial tree, biliary tree, blood vessels, and
the paranasal sinuses [2–4]. Physicians may now fly into just
about any anatomic cavity or lumen using CT or MRI and
the personal computer. Virtual reality and 3D image process-
ing are tools that have been underutilized in urology and may
enhance communication of patient issues in specific settings
and may prove useful for screening or planning as well.

Techniques

In virtual reality imaging, 3D images are created from axi-
ally acquired source images or 3D source data. Several types
of algorithms are available to generate 3D images, includ-
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ing shaded surface display (surface rendering), maximum
intensity projection (MIP), and 3D volume rendering. Three-
dimensional volume rendering has the advantage of retaining
the entire data set; however, it requires much more processing
power and time than shaded surface display. The difference
in these algorithms may account for increased detection of
bladder tumors less than 5 mm in size with volume rendering
as compared to shaded surface display [5].

Virtual reality imaging can be employed to create views
not otherwise available with the axial source images alone.
A surface model can be created to view the pertinent internal
anatomy in reference to the skin surface. The surface can be
removed to reveal the internal structures. This 3D model can
be rotated to allow for different views for improved diagnosis
or treatment path planning. The user can use virtual reality to
further zoom in on pathology and the user can also employ
a “fly through” technique to visualize the inside of a lumen
as shown in Fig. 39.1b. The workstation can be designed to
show simultaneous virtual reality endoscopic, axial, coronal,
and sagittal reformatted views as shown in Fig. 39.2. The
virtual reality flight path, viewpoint, and viewing direction
are identified on all windows.

Virtual cystoscopy (Figs. 39.3 and 39.4) has shown
promise as both a screening technique for bladder neoplasms
and a minimally invasive and inexpensive technique to mon-
itor treatment response and follow-up after tumor resection.
Positioning during the scan is of importance, as demon-
strated by several studies. The patient must be scanned in
both the supine and the prone positions for increased sensi-
tivity [5, 6]. Lesions on the anterior wall may be missed on
the prone view, while lesions on the posterior wall may be
missed on the supine view, due to obscuration by residual
urine [5, 6]. A prominent limitation of virtual cystoscopy is
in detection of flat tumors or carcinoma in situ. These tumors
are seen as submucosal color changes on conventional cys-
toscopy, but may not be identified on virtual cystoscopy. This
actually represents a major weakness of virtual imaging for
application to transitional cell carcinoma, which typically
grows in thin sheets. However, an advantage of virtual cys-
toscopy over conventional cystoscopy in screening is the

J.J.M.C.H. de la Rosette et al. (eds.), Imaging in Oncological Urology, 395
DOI 10.1007/978-1-84628-759-6 39, c© Springer-Verlag London Limited 2009



396 M.J. Stone and B.J. Wood

Fig. 39.1 (a) Virtual reality image demonstrating a stone in the collecting system. (b) Virtual reality uroscopic image viewed from within a dilated
renal pelvis after virtual electronic stone removal. Endoscopic views can show anatomy with stone or tumor removed prior to actual removal

Fig. 39.2 Virtual reality workstation with triplanar and virtual endoscopic views
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Fig. 39.3 Virtual cystoscopy showing extrinsic impression from an
enlarged uterus which could be erroneously interpreted as tumor

visualization of blind spots, namely the bladder neck and in
diverticular sacs [5]. Several contrast techniques have been
studied in virtual cystoscopy, including insufflation of the
bladder with air [5–8] or intravenous contrast administration
[8–10], with delayed imaging in the excretory phase. Vir-
tual cystoscopy via intravenous contrast administration may
be superior to air virtual cystoscopy because tumors may be

Fig. 39.4 Virtual cystoscopy of extrinsic bowel impression simulating
tumor, but easily diagnosed with the addition of the source CT axial
images

obscured by residual urine in air contrast studies. Intravenous
contrast virtual cystoscopy also allows concomitant intra-
venous urography study [8] and may prove to be the initial
diagnostic study of choice for evaluation of hematuria in the
future. Contrast allergy and nephrotoxicity issues should be
considered when designing techniques. The exact threshold
of detection for tumors is technique dependent and has not
been broadly validated. Magnetic resonance (MR) technol-
ogy is also being examined in virtual cystoscopy (Fig. 39.5)
and appears to have similar diagnostic efficacy to CT cys-
toscopy [11–13]. MR cystoscopy may prove to be favorable
over CT given its lack of ionizing radiation and less nephro-
toxicity. However, the accuracy of MR has been questioned,
and large-scale studies are needed [14].

Virtual reality imaging has also been investigated in both
ureteroscopy (Fig. 39.6) and urethroscopy (Fig. 39.7) with
promising early results. CT voiding urethrography and vir-
tual urethroscopy may be equivalent to conventional diag-
nostic methods in evaluating patients with urethral stricture,
injury, and hypospadias [15]. Diagnosis of urethral divertic-
ula has also been accomplished with virtual CT urethroscopy
and could prove to be superior to conventional urethroscopy
[16] and is less invasive. Virtual reality is also valuable for
imaging the ureter. In particular, virtual ureteroscopy has
been used to effectively evaluate strictured ureteral lumens
on follow-up after placement of ureteral metallic stents
[17]. Virtual ureteroscopy also shows promise for detect-
ing ureteral tumors as small as 1 mm with currently avail-
able techniques [18]. MR can also be used in ureteroscopy
(Fig. 39.8).

The upper urinary tract, including the renal calyces,
pelvis, and ureteropelvic, junction can also be evaluated
using virtual endoscopy (Figs. 39.2, 39.9, and 39.10).
Calyceal obstruction has been readily visualized using CT
virtual endoscopy, which quickly demonstrates the precise
location, morphology, and sometimes the cause of the steno-
sis [19]. This information can be valuable in diagnosis, as
well as pre-procedure planning. MR virtual endoscopy of the
upper urinary tract has been shown to be a feasible technique
to evaluate neoplasia, stenosis, stricture, and compression of
the ureter in patients with urinary tract dilation [20]. Virtual
endoscopy has also been investigated as a promising aid in
ureteropelvic stenting [21].

Hydronephrosis/CT Urography

IV urography (IVU) has largely been replaced by unen-
hanced CT in the evaluation of stone disease and enhanced
for tumor obstruction. CT urography may provide functional
information on renal perfusion, excretion, and urinary system
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Fig. 39.5 Virtual cystoscopy. (a) CT virtual cystoscopy shows bladder catheter and very subtle, non-specific wall thickening from a flat tumor. (b)
MR virtual reality image shows subtle bladder wall mass

Fig. 39.6 Virtual imaging of the urothelium in the ureter. (a) Axial
CT image. (b) Same patient as a, Virtual ureteroscopy demonstrates a
bulky finger-like projection of tumor in the same patient. (c) Differ-
ent patient: representative example of normal smooth urothelium seen

in ureteroscopy. (d) Compare to c: Irregular urothelium seen in transi-
tional cell carcinoma (TCC) diagnosed by ureteroscopy. Although no
longer smooth, a similar appearance may be seen in normal patients
from weeping urothelium or lack of tight contrast/urothelial contact
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Fig. 39.7 Virtual imaging in the urethra. (a) Standard axial CT image demonstrates a mass in the urethra. (b) Virtual urethroscopy demonstrates a
tumor in the urethral lumen

Fig. 39.8 Magnetic resonance (MR) virtual reality image demonstrates
hydroureter with the obstructing tumor in the distance

Fig. 39.9 Three-dimensional pyelogram demonstrating a filling defect
caused by a tumor

Fig. 39.10 Virtual reality image demonstrating urothelial thickening at
the origin of the infundibulum, viewed from within the renal pelvis (vir-
tual perspective demonstrated by inset in lower right corner)

plumbing. The addition of contrast-enhanced 3D models
may enhance detection and characterization of hydronephro-
sis and its underlying cause as well, which may be a weak-
ness of axial imaging, with or without contrast. Excretory
phase images may then be processed to allow virtual or 3D
models to be built of the urinary lumens or to delineate sites
of neoplastic obstruction.

Spatial and 3D relationships as well as mild hydronephro-
sis are possibly better depicted and easier perceived with
3D models than with axial imaging. The model’s similar-
ity to traditional IVU is easier for the urologist and non-
radiologist to digest. The distended collecting system is
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Fig. 39.11 Hydronephrosis. (a) Unilateral hydronephrosis with normal
right collecting system. (b) Left hydronephrosis from staghorn stone
and small right stones with decompressed right collecting system status
post-right ESWL and ureteral stenting. (c) Unilateral hydronephrosis is
easily diagnosed with CT urography 3D view

easily flown through with virtual uroscopy, which may depict
anatomical detail from within, or even better distinguish
obstruction from tumor versus from stone. These models
may be more sensitive for unilateral, asymmetric, or segmen-
tal hydronephrosis than axial imaging alone (Fig. 39.11).

Case Studies

Bladder and collecting system tumors may be diagnosed and
characterized with virtual reality endoscopic models. These
models are interactive and the “pilot” may fly into the blad-
der, ureters, or collecting systems to see tumors, stones, wall
thickening, or strictures from up close and inside.

Future cystoscopic or nephroscopic interventions may be
practiced and planned from this “simulation endoscopy.”
Virtual reality methods may assist in the follow-up surveil-
lance of patients with transitional cell carcinoma, in the eval-
uation of areas difficult to see on cystoscopy, in the analysis
of the mucosal and surface detail of bladder tumors, and in
the differentiation of blood clot from tumor. This informa-
tion may be provided without catheterization, and its risks of
trauma or infection.

Several cases shown here demonstrate the benefit of 3D
CT over axial images alone. Figure 39.12 shows an axial
CT slice where a transitional cell bladder tumor was initially
missed (a). However, the tumor is easily diagnosed with 3D
imaging. Zoomed, narrow angle lens can be employed for
close-up view (Fig. 39.4c). The next case compares IVU,
axial CT, and 3D imaging. In Fig. 39.13, an IVU shows
a filling defect but fails to make the definitive diagnosis.
Axial CT of the same patient also shows the filling defect,
but fails to distinguish between blood clot and tumor. Three-
dimensional CT better depicts the cancer and provides a firm
diagnosis.

Virtual imaging can also be used to rule out malignancy
(Fig. 39.14). A fluoroscopic spot film shows a dilated ureter
and raises the possibility of blockage. Two-dimensional
reformat CT shows dilated ureterovesicular junction (UVJ)
but does not give the diagnosis. VR cystoscopy depicts
edema at the UVJ which is further characterized on the close-
up view. This view shows a lack of mucosal irregularity seen
in neoplastic growth and fixes the diagnosis as edema as a
result of passing a stone.

Figure 39.15 demonstrates another case where axial imag-
ing alone was insufficient to arrive at the correct diagno-
sis. The question of prostate tissue pressing into the bladder
versus a bladder mass cannot be answered on axial imag-
ing (Fig. 39.15a). However, VR cystoscopy (Fig. 39.15b and
c) clearly shows polypoid tumor and multiple bladder diver-
ticuli. Three-dimensional imaging must not be used as the
only imaging technique, as demonstrated in the case shown
in Fig. 39.16. Bladder wall thickening is seen on CT scan
(Fig. 39.16a). VR cystoscopy (Fig. 39.16b and c) shaded sur-
face models show irregular mucosa, but viewed alone can-
not depict surface depth, demonstrating why axial source
images must be simultaneously reviewed. “Perspective vol-
ume imaging” can depict tissues behind a surface and may
be a better way to examine questionable abnormalities than
shaded surface display.

Virtual reality imaging can also be employed to evaluate
malignancy in an ileal loop neobladder (Fig. 39.17). Virtual
imaging allows the viewer to not only see the tumor in stan-
dard axial CT but to “fly through” the ileal loop, to better
visualize the tumor.

These cases demonstrate many of the potential future
applications of virtual imaging in urologic malignancy.

Teaching/Training/Pre-procedure
Planning/Telemedicine

Learning procedures requires repetition for mastery,
although the learning curve may be influenced by diffi-
culty of the task, hand–eye coordination, and availability
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Fig. 39.12 CT versus 3D. (a) Tumor initially missed on review of axial CT alone. (b)Three-dimensional model readily demonstrates the tumor
and the extension of growth toward the ureteral orifice. (c) Close-up view of b. (d) Virtual view from the other side of the tumor

of training tools to simulate the task. The OR was once
accepted as the main learning environment for surgical
trainees’ procedural skills. However, concern for patient
safety and limitation on resident work hours have caused
many to question this system and whether surgical residents
can expect to reach clinical competencies under the current
system. Use of cadavers has been proposed for surgical
training, but they lack realistic conditions and environment
of operating on a live subject. Animal surgery for training
is limited by differences in anatomy and potential ethical
issues. Virtual reality in training may offer an additional
tool for procedural training [22, 23]. In the same way, VR
could be used to test, certify, or recertify core competencies
for surgical procedures [24]. Virtual reality may never fully
replicate the experience of performing the procedure, but it
may be an ideal bridge in the training cycle for patient safety
and physician competence.

Imaging relies upon the recognition of familiar sym-
bols and relationships. Radiologists are repeatedly trained
to mentally convert axial or 2D images produced in CT
and MR imaging into 3D models associating the anatomy

and pathology. However, non-radiology general practioners
without repeated exposure may have difficulty processing or
“mental 3D model building” from axial, 2D images when
trying to interpret imaging (or plan therapeutic interven-
tions). Three-dimensional models may be rotated, “flown”
into and around, and viewed as a fly-through movie for
better understanding of the pertinent anatomical relation-
ships. These 3D depictions of the same data are acquired
non-invasively, enhance spatial awareness, and give a life-
like representation which may be more easily communi-
cated to or among physicians. Utilizing these 3D models
may allow planning of the treatment. This may produce a
“patient-specific medicine” approach to therapeutic proce-
dures where each patient’s anatomy may be mapped and even
practiced prior to the actual procedure. However, 3D imag-
ing will not obviate the need for radiologists to examine the
source axial images as some pathology is best depicted in
conventional 2D images, and derived images (such as 3D
or virtual reality) may introduce false findings, and inaccu-
racies, since there is always the risk that processed images
will have less integrity. In actuality, even the axial source
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Fig. 39.13 IVU versus CT versus 3D imaging. (a) Axial CT demon-
strating a non-specific filling defect. (b) IVU demonstrating filling
defect. (c) Three-dimensional image clearly depicts the tumor, which
has a more suspicious geometry than expected from a stone, blood clot,
or fungus ball

images are “derived” images with volume averaging and bor-
rowing data from adjacent slices (broadening of the slice
sensitivity profile). False positive findings may be created
in the derived 3D models, such as indentation of the lumen
by abutting bowel or uterus, or layering of mucous along a
lumen wall, which may simulate tumor. Finally, virtual real-
ity shows initial promise for use in the burgeoning field of
telemedicine [25].

Limitations

Obstacles to the full implementation of this technology
include further development of the proper software, over-
coming the learning curve for image interpretation, as well
as dissemination of software and hardware into standard
practice.

Conclusion

Three-dimensional and virtual reality models are exciting
new tools with which to evaluate the urinary tract. How-
ever, their exact role is yet to be clarified, and many
potential urological applications need further clinical inves-
tigation. Virtual reality and 3D models may be applied to
urology training, evaluation, treatment planning, practicing
invasive procedures, and complementing communication or
diagnosis. The life-like models provide a depiction that is
readily digested by physicians and patients alike, who may
find spatial relationships easier to conceptualize than from
axial images alone.

Whether these models can facilitate identification of mild
hydronephrosis, screening for recurrent transitional cell car-
cinoma, better evaluate the patient with urological malig-
nancy, or provide “one-stop shopping” imaging is yet to be
seen.
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Fig. 39.14 Edema versus neoplasm. (a) Fluoroscopic spot film depicting a dilated ureter. (b) Two-dimensional reformat CT image depicting dilated
ureterovesicular junction without extra soft tissue. (c) Virtual cystoscopy with smooth edges gives the likely diagnosis of edema, not malignancy.
(d) Close-up view. Recent passage of a stone caused swelling that could have been mistaken for malignancy
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Fig. 39.15 Prostate tissue versus bladder mass. (a) Axial CT image
demonstrating apparent filling defect in the bladder (arrow). (b) Virtual
cystoscopy depicts polypoid tumor and multiple bladder diverticuli. (c)
Close-up of b to better appreciate the polypoid shape of the mass. A
median lobe of Alberans can also have this appearance

Fig. 39.16 CT versus 3D in bladder wall thickening. (a) Bladder wall
thickening seen on CT scan. (b) Virtual reality-shaded surface display
model fails to demonstrate wall thickening depth, demonstrating the
value of viewing axial images in conjunction with the virtual studies.
(c) Close-up view of b to see possibly irregular mucosal detail
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Fig. 39.17 Ileal loop neobladder tumor. (a) CT shows soft tissue filling
defect within the ileal loop neobladder, consistent with tumor. (b) Vir-
tual looposcopy shows view from within loop facing tumor. (c) Close-

up view of b. (d) Three-dimensional CT loopogram model of loop
lumen shows defect from tumor
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Chapter 40

Optical Imaging and Diagnosis in Bladder Cancer

M. Grimbergen, M.C. Aalders, and T.G. van Leeuwen

Introduction

In this chapter we will review currently used and new optical
imaging techniques that have been applied in bladder cancer
diagnosis. While some of these techniques are still exper-
imental and some are advancing toward in vivo use, oth-
ers are commercially available to the urologist. The work-
ing mechanisms of these techniques will be discussed along
with their potential to solve specific clinical questions that
face the practicing urologist. Future prospects of biomedical
optics applied to the field of urology are discussed according
to the latest technical advances in optical engineering.

Optical Diagnosis

The challenge in optical diagnosis of tissue (in oncology)
is threefold: detection, i.e., finding the location of interest;
staging, i.e., assessing the state of tumor progression through
the layers of the bladder wall; and grading, i.e., obtaining
the state of differentiation of the cancer cells. Optical diag-
nostic techniques have the potential to improve on tradi-
tional methods in various ways. Some techniques increase
sensitivity and specificity of endoscopic imaging and there-
fore increase their diagnostic value. Other techniques objec-
tively quantitatively analyze the acquired data and therefore
show potential in reducing the variation in tissue classifica-
tion reporting. However, the challenge for optical diagnostics
is to develop a technique capable of reliably discerning non-
normal and malignant change at an early stage to minimize
recurrence and prevent progression of tumor invasion. Opti-
cal diagnosis in general relies on detecting a change in the
nature of light induced by the interaction with the subject of
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interest. Changes in the nature of light that can occur or can
be induced by incident light are as follows:

� Spatial: the distribution of light is altered by local absorp-
tion, reflection, and/or scattering (white light imaging,
confocal imaging, diffuse reflectance spectroscopy, opti-
cal coherence tomography, etc.)

� Spectral: the spectrum of detected light is altered by
absorption, with or without subsequent emission of flu-
orescence or by inelastic (Raman) scattering; (autofluo-
rescence, fluorescence, Raman spectroscopy)

� Temporal: the propagation time of light through tissue
is altered by reflection, absorption, and/or elastic scatter-
ing or by delayed emission of fluorescence. (Fluorescence
lifetime imaging)

Tissue Optical Properties

Light can be described as a large number of packages of
energy that are known as photons. When light is directed at
tissue, some photons are absorbed by individual molecules
within the tissue. Absorption can provide a clue as to the
chemical composition of a tissue and serve as a mechanism
of optical contrast during imaging. Absorption depends on
the wavelength of light and the type of molecules present.

Scattering of light occurs in media which contain fluctu-
ations in the refractive index (n). Scattering depends on the
structural components of tissue and whether fluctuations in
refractive index are discrete steps or more continuous varia-
tions. Tissue scattering mainly depends on the size of nuclei,
the presence of collagen fibers, and the status of hydration in
the tissue and density of lipid membranes in the cells.

The bladder wall consists of several layers of tissue each
containing different constituents with particular optical prop-
erties. Tissue optical properties are dependent on tissue con-
stituents like oxy and deoxyhemoglobin, nicotinamide ade-
nine dinucleotide hydride (NADH), flavins, collagen, and
water.

J.J.M.C.H. de la Rosette et al. (eds.), Imaging in Oncological Urology, 407
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White Light Endoscopy

White light endoscopy (WLE) of the bladder remains the
modality of choice for confirmation of the diagnosis of blad-
der cancer. The technique is based on spatial variations in
reflection and absorption of incident light, which are per-
ceived by the observer as color differences. Variations in
the optical properties and structural changes of the bladder
wall are related to biochemical and morphological changes
of neoplastic bladder wall tissue.

Illumination

In standard endoscopy the incident light is produced by an
illumination source, with a broad optical bandwidth emit-
ting a smooth optical intensity spectrum. The deep UV and
near-infrared (NIR) parts of the spectrum are usually rejected
in order to prevent carcinogenic and heating effects, respec-
tively. The color temperature of the light, determined by the
type of source, xenon, halogen, or tungsten filaments, causes
a particular reflection spectrum, resulting in different visual
perception of an object by the observer (Fig. 40.1).

Imaging

Both color and structural information is used in tissue
diagnosis. The level of structural information that can be

Fig. 40.1 White light source for cystoscopy (from Karl Storz web-
site). Transmission curves for various liquid lightguides (from Lumatec
website)

observed with an optical instrument is determined by its
image quality. A number of factors determine the image qual-
ity as presented to the observer. Contrast and resolution are
two optical parameters, which are closely related and form
a more distinctive description of the optical performance of
an imaging system. Because of the relation between contrast
and resolution, the contrast level is often defined at a spe-
cific resolution. A graphical presentation of the contrast level
for a range of frequencies is the modulation transfer function
(MTF) curve. Generally, the contrast will decrease as the fre-
quency increases. The contrast (as a function of frequency)
and the smallest detectable object are the main characteristics
of an optical system.

Endoscopic Imaging Systems

In white light endoscopic imaging the observer’s eye may
serve as the image detector. In today’s urology, however,
video recording and intermediate monitor display have
become common practice. Both the charge coupled device
(CCD) and the image representation techniques become part
of the chain of optical components. A typical endoscopic
imaging system consists of an endoscope, a digital image
sensor, video processor, and a display. Each of these com-
ponents has a characteristic frequency response. The image
quality of the total system is a multiplication of the MTF’s of
the individual components.

Flexible Versus Rigid Cystoscopes

The level of detail that can be observed by flexible fiber-
scopes and rigid Hopkins endoscopes greatly differs due to
the difference in image transfer to the camera or eye.

Typical fiber bundles for use in cystoscopy exhibit a diam-
eter of 4–6 mm containing over 30.000 individual fibers. The
spatial resolution of these devices is determined by the num-
ber of fibers as the number of pixels in the image corresponds
to the number of fibers. Individual fibers are made as small
as possible with a physical limit of the transmitted wave-
length. The rigid endoscopes usually give brighter images
with higher contrast (Fig. 40.2).

Chip-on-the-Tip Technology

Distal video sensor chips have recently been introduced into
clinical endoscopy. A number of flexible cystoscopes with
this “chip-on-the-tip” technology have since emerged.

The optical performance of these devices is solely
dependent on the size of the image sensor and image
processing.
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(a)

(b)

Fig. 40.2 White light endoscopy images of urologic features (UMCU
Department of Urology) (a) flexible scope, (b) Karl Storz 24F rigid
cystoscope

A recent study described a single blinded in vitro compar-
ison of fiber-equipped cystoscopes of four major manufac-
turers with two digital cystoscopes. The image quality was
assessed by determining correct interpretation of text at a
fixed distance from the cystoscope through dyes with differ-
ent concentrations [1]. Significant improvement of the digital
scopes over the fiber scopes was observed at higher concen-
trations.

Confocal Imaging

Confocal imaging has emerged in microscopy and has
rapidly gained interest because of its relatively easy incorpo-
ration in optical systems. Confocal microscopy allows opti-
cal cross-sectional imaging of tissue with μm resolution.
This optical sectioning is obtained by placing small apertures
at the focal plane of both the illumination and the detection
pathways. The illumination pinhole limits the illumination
of the sample to a single spot. The aperture in the detection
path is used to block light from objects out of the focal vol-
ume, i.e., above or below the spot of interest. By scanning the
focal volume through the tissue, two- or three-dimensional
images of a slice/volume within the sample can be obtained
(Fig. 40.3).

Targeting specific anatomical structures with fluorescent
dyes is used to image subsurface cellular structures in vivo,
such as subcutaneous melanoma, subcutaneous vessels and
nerves, or microvascular changes in colitis (Fig. 40.4).

D’Hallewin reported the feasibility of performing endo-
scopic fiber-optic confocal microscopy imaging of the blad-
der in the rat. This study showed that in vivo assessment of
different types of cells is feasible by means of contrast dyes
[2]. This technique can also provide depth assessment in case
of cancer invasion.

Diffuse Reflectance Spectroscopy

Diffuse reflectance spectroscopy (DRS), also known as elas-
tic scattering spectroscopy, is a non-invasive optical tech-
nique based on wavelength-dependent absorption and elastic
scattering of photons, to produce a characteristic reflectance
spectrum, providing information about the structure and
composition of the medium. In biological tissues, scatter-
ing depends on the ultra-structure of a tissue, the density of
lipid membranes in the cells, the size of nuclei, the presence
of collagen fibers, the status of hydration in the tissue, and
other factors. An important parameter for diagnosis is the
size of the nucleus, which is often enlarged in neoplastic tis-
sue. These enlarged nuclei cause a relatively lower scattering
intensity at longer wavelengths. In addition, other parameters
like the change in polarization or angular dependence of the
scattering may be assessed to obtain diagnostic information.

Mourant et al. developed an optical biopsy system
(OBS) for patients with suspected bladder cancer. Elastic-
scatter spectra over the wavelength range 250–800 nm were
obtained using a fiber-optic probe through one of the lumen
of a urological cystoscope. Measurements were done and
biopsies were taken from apparently normal areas and areas
of uncertain abnormality, as well as those suspected to be
cancerous. A diagnostic algorithm for distinguishing malig-
nant from nonmalignant tissue based on the values of the
slopes over the wavelength range 330–370 nm has a sensitiv-
ity of 100% and a specificity of 97% for the limited number
of patients in this study [3].

In a similar investigation, the potential of diffuse
reflectance spectroscopy for the detection of neoplasma of
the bladder was performed by Koenig et al. This method was
based on the difference in blood absorption brought about by
the presence of neovasculature in neoplastic tissue. Only the
total amount of blood proved to be a useful parameter for the
differentiation between neoplastic and benign bladder areas.
The sensitivity and specificity for the detection of neoplas-
tic tissue was 91 and 60%, respectively. The relatively low
specificity is a result of inflammatory areas also exhibiting
an increased blood concentration [4].
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Fig. 40.3 (a) Schematic of a Fibered Confocal Microscopy setup (from J Vasc Res. 2004;41:400–411) and (b) Insertion of a confocal mini-probe
through a flexible endoscope (from Mauna Kea Technologies)

Fig. 40.4 Rat bladder. (a), transurethral Cell-vizioTM images show
intensely fluorescing spot corresponding to AY-27 tumor, where small
inflammatory cells surrounding tumor were less fluorescent. Field of

view 600×500 μm. (b) Frozen section from same spot. H & E, reduced
from ×10

More recently Demos et al. showed that near-infrared
(NIR) polarized elastic light scattering can be used to dif-
ferentiate between benign and malignant tissue in vitro.
Cross-polarized light-scattering images of the samples were
recorded under near-infrared polarized illumination at 700,
850, and 1000 nm. They found significant differences in
intensity between normal and cancer tissue in 700 nm cross-
polarized light-scattering images of in vitro tissue samples
[5]. The combination of this technique with autofluorescence
(see below) under different excitation wavelengths further
enhanced these differences (Fig. 40.5).

Fluorescence-Guided Endoscopy

Fluorescence diagnostics or photodetection (PD) is widely
used in various clinical disciplines for localization and
identification of neoplastic tissue. The technique is based
on concentration differences of fluorescent molecules (the

fluorophore) in normal versus neoplastic tissue. When
illuminated by light of a specific wavelength (excitation
light), the fluorophores will be promoted to a higher energy
(excited) state. Relaxation of the excited molecules to the
ground state is accompanied by emission of fluorescence.
The distribution of the fluorescence can then be used to
demarcate the area of pathologic cells. The emitted “fluo-
rescence” photon is less energetic than the incident photon
originally absorbed by the molecule. As the energy of light
is inversely proportional to its wavelength, the fluorescent
light will have a longer wavelength than the excitation light.
Fluorescent and excitation light can easily be distinguished
by this change in wavelength.

For optimal detection, the amount of excitation light
which is scattered back to the detector, e.g., a CCD camera,
is decreased by optical filtering to a level where fluorescence
becomes visible. Variations in fluorescence intensity are,
besides on the differences in concentration of fluorophores,
also influenced by the tissue optical properties.
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I

II

Fig. 40.5 Images of two human bladder tissue specimen I & II. (a)
Crosspolarized light scattering under 700-nm illumination. (b) NIR flu-
orescence images under 532-nm and (c) 632.8-nm laser excitation. (d)
Ratio of the autofluorescence image under 632.8-nm excitation over that
under 532-nm excitation. e) Interimage ratio of a cross-polarized scat-
tering image recorded under illumination at 700 nm over the fluores-
cence image under 532-nm excitation. (f) H&E, stained section of the
same specimen. (from Demos et al.)

In order to exploit fluorescence as a modality for tissue
diagnosis, a difference in fluorescent properties between nor-
mal and pathological tissue is required. In cells and the ultra-
structure of tissue there are a number of constituents that
have natural fluorescent characteristics. Endogenous fluores-
cence relies on discerning local variations in the presence
of these naturally occurring fluorescent molecules. Another
strategy is to exogenously apply a fluorescent dye, which is
predominantly absorbed by tumor cells to attain the desired
contrast.

Autofluorescence

When intrinsic tissue fluorescence is used (autofluores-
cence), fluorescence is emitted by naturally occurring tissue

elements like NADH, porphyrins, flavins, and collagen. Vari-
ations in concentration of these elements may be used to
characterize tissue. Autofluorescence is usually induced with
wavelengths in the UV part of the spectrum (<400 nm).
Unfortunately, information is only obtained from a very
superficial tissue layer, as the penetration of UV/blue light
in most tissue types is limited to the upper 500 μm. Autoflu-
orescence imaging requires sensitive equipment, which was
only recently developed. Commercial devices are currently
available for the detection of early stage cancer of the GI
tract, ENT, and lung (e.g., the Xillix LifeTM systems). Inter-
pretation of the autofluorescence images is difficult because
of the large influence of tissue optical properties, particularly
scattering, and the imaging geometry. Currently, autofluores-
cence is still an experimental technique.

In a comprehensive study of laser-induced fluorescence
spectroscopy in the urinary bladder, Anidjar et al. [6] used
excitation wavelengths of 308, 337, and 480 nm. They stated
that by using 308 nm, one could obtain more information
to discriminate cancer from normal tissue than with the
longer excitation wavelengths (480, 337 nm). They calcu-
lated a ratio of the obtained fluorescence maxima at 360 and
440 nm and found higher mean fluorescence ratios (I360:I440)
for tumors (3.04) than for normal (0.87) and/or inflamma-
tory (1.28) bladder lesions. Using a threshold value to dif-
ferentiate between cancer and normal tissue, they were able
to discriminate all malignant lesions from the correspond-
ing benign sites correctly without any false-negative results,
suggesting a 100% sensitivity and specificity for the detec-
tion of bladder cancer. However, the investigation was based
on a limited number (n = 66) of biopsies, which were
mainly taken from visible carcinomas (n = 31), normal tis-
sue (n = 22), and only few inflammatory areas (n = 13).

A recent publication by Zheng et al. [7] determined the
optimal excitation and emission wavelengths for autofluo-
rescence diagnosis of bladder cancer in 52 tissue samples.
Fluorescence excitation wavelengths varying from 220 to
500 nm were used to induce tissue autofluorescence, and
emission spectra were measured in the 280–700 nm range.
Significant changes in fluorescence intensity were found
at the excitation wavelengths of 280 and 330 nm. A diag-
nostic algorithm based on the combination of the fluores-
cence peak intensity ratios of I350/I470 at 280 nm excitation
and I390/I470 at 330 nm excitation yielded a sensitivity of
100% [95% confidence interval (CI) 0.95–1.0] and a speci-
ficity of 100% (95% CI 0.90–1.0). However, excitation of
tissue with UVB light always bears a problem associated
with UV irradiation: the carcinogenic risk. The UV radiation
exposure limit for continuous wave radiation at 308 nm on
skin has been determined as 120 mJ/cm2 for 8 h of exposure
on the skin [8]. Kochevar [9] showed that the photobiologic
effects on epithelial cells using continuous wave radiation
and pulsed excimer laser irradiation are the same. Therefore,
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the same exposure limit was assumed reasonable. If fluores-
cence imaging is to be performed similar to video endoscopy,
larger surfaces will have to be irradiated for longer times.
This might result in undesirable high dose exposure to UV
light.

Exogenous Fluorescence

To increase the fluorescent signals, administration of a fluo-
rescent dye to the patient that will accumulate preferentially
in neoplastic tissue can be performed. The success of pho-
todetection with exogenously administered photosensitizers
depends on the differential gradient of the concentration of
the dye in tumor versus host tissue. The dye should be tumor
selective, with a rapid clearance from the body after the diag-
nostic procedure and minimal side effects, like photosensiti-
zation of the skin. The first photosensitizers applied in PD
were hematoporphyrin derivatives (HPD) and its more puri-
fied form photofrin. These dyes have relatively low tumor
specificity and cause a prolonged skin photosensitization in
the patient. Despite these disadvantages, photofrin is still
widely used in clinical PDT. Second-generation photosensi-
tizers are now also available, of which the most commonly
used is aminolevulinic acid.

Aminolevulinic Acid

Aminolevulinic acid (ALA) is a precursor of protoporphyrin
IX (PpIX) in the heme synthesis, and it is naturally available
in the human body in small concentrations. Adding excess
amounts of (exogenous) ALA leads to much higher concen-
trations of PpIX, which selectively accumulates in neoplas-
tic tissue. This selective accumulation of PpIX is thought
to be due to an altered activity of heme biosynthetic path-
way enzymes in neoplastic tissue. Excess PpIX production
after administration of ALA also occurs in normal tissue,
with a preference for mucosa, e.g., in stomach, intestines,
skin, and bladder. Despite the concurrent accumulation of
PpIX in normal tissue, useful tumor to normal concentration
ratios are obtained with most investigated tissue types (e.g.,
bladder, skin, cervix, esophagus, brain). The tumor selectiv-
ity, short half-life (< 24 h), and mild photosensitization at
lower dosages make ALA an attractive fluorescent dye for
PD applications [10–14].

Kriegmair et al. were the first to describe intravesical ALA
application in humans. A total of 68 patients with bladder
cancer were instilled with a 3% ALA solution for 1–3 h,
followed by blue light examination of the bladder [15]. A
sensitivity and specificity of 100% and 68.5%, respectively,
were obtained. In a larger series (106 patients), these results

were further confirmed [16]. The largest published series to
date was presented by Zaak et al. and included 1012 cys-
toscopies and 552 biopsies containing dysplasia, CIS, and/or
papillary tumors [17]. The sensitivity (92.4%) and specificity
(65%) were comparable to prior published data. Further-
more, approximately one third of the false-negative results
consisted in GII dysplasia, and about 50% small Ta tumors.

Other studies later also reported similar results [18, 19].
None of the earlier mentioned authors observed skin pho-
tosensitization, and Filbeck et al. could not observe any
changes in minimal phototoxic dose after UVA light expo-
sure before or after ALA administration [20]. A mixture of
ALA and lubricant was found to induce PpIX fluorescence
in urethral tumors [21].

All reports on ALA-induced PpIX-guided fluorescence
detection confirm the high sensitivity to detect bladder can-
cer (>90%), including carcinoma in situ. Minor discrepan-
cies can be attributed to different factors such as instillation
time, the interval between instillation and blue light excita-
tion, different levels of experience and skill in white light
endoscopy (e.g., suspicious versus inflammatory) or blue
light endoscopy. Photobleaching is dependent on the concen-
tration of photosensitizer, fluence and fluence rate [23, 24].
In the conditions applied during fluorescence cystoscopy,
photobleaching results in the absence of fluorescence after
30 min illumination [24, 25]. Finally, the sensitivity will be
dependent on the number of biopsies performed and the num-
ber of patients included in the study.

The specificity however varies greatly from study to study,
ranging from 71% [16], 57% [26] to 33% [27]. In the most
ideal conditions, however, still one third of positive results
must be considered false. This is partly due to inexperience
in blue light endoscopy. PpIX can be detected in normal
mucosa, although at a five- to tenfold lesser concentration
[28]. When normal mucosa is excited by a parallel beam, a
high amount of red fluorescence will result from the excita-
tion of a large amount of normal cells, containing a minimal
dose of PpIX but resulting in a strong fluorescence, compa-
rable to tumoral fluorescence when excited with a perpendic-
ular beam. This results in false-positive fluorescence, which
can be observed in bladder neck, trigone, diverticular under
“experienced” observation, but also whenever the excitation
is not strictly perpendicular to the inspected tissue. The pres-
ence of an inflammatory reaction, due to transurethral manip-
ulation, bacterial, chemical, or radiocystitis or scar tissue,
induces false-positive results [16, 27, 29].

On the other hand, in case of hyperplasia, a benign con-
dition sometimes resulting in false-positive fluorescence,
monosomies, or partial deletions of chromosome 9 could
be detected in 70% of the cases, together with p53 alter-
ations [30, 31]. Those alterations are believed to be an early
event in the development of bladder cancer [32], since they
can be detected in papillary and flat bladder carcinoma in
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situ [24, 25]. Longer follow-up of the patients and bladder
sites presenting false-positive results should provide more
information.

Although the mechanisms of selective fluorescence are
not fully understood, the clinical relevance of the tech-
nique of fluorescence is now generally accepted. Blue light
endoscopy has been proven to give more information as com-
pared to white light cystoscopy [33]. The best sensitivity
estimate for white light endoscopy is 46.7% (95% confi-
dence intervals 39.4–54.3) as compared to 93.4% (95% con-
fidence intervals 90–97.3) for fluorescence endoscopy. Not
only the detection rate is increased but also a significant
reduction in recurrence rate of 20% is observed at control
cystoscopy [22].

Hexyl-aminolevulinic Acid

Recent studies have shown that only limited amounts of ALA
enter the target cells or penetrate through the tissue when
topically instilled, which consequently limits the amount of
PpIX in the targeted tissue [34]. Almost all of the possible
disadvantages accompanying the use of ALA can be ascribed
to the physical–chemical properties of the molecule itself.
Applied under physiological conditions, ALA is a zwitte-
rion [35]. Because the lipid bilayer of biological membranes
is relatively impermeable to charged molecules, the cellular
uptake of ALA is shallow. Consequently, in order to increase
the transport across cellular membranes, fairly high drug
doses and long administration times have to be used. This
deficiency results in a low penetration depth [36–38] and
an ALA-induced PpIX distribution that is not optimized for
the PDT of the deep layers of, e.g., nodular lesions in the
urothelium [39, 40] after topical ALA application. System-
atic studies have shown that the modification of a drug to
an ester, an amide, or a urethane by the addition of a long-
chain hydrocarbon improves penetration through biological
barriers [41–43].

Hexyl esters of ALA reduce the incidence of false-
positive results but without significantly improving the speci-
ficity [28]. The results from the first European multicen-
ter study conducted in 19 centers in 286 patients con-
firmed the advantages of hexaminolevulinate fluorescence
cystoscopy over standard white light cystoscopy in the detec-
tion of bladder cancer. The second multicenter phase III
study at ten centers in Germany and the Netherlands in 146
patients with known or suspected bladder cancer was suc-
cessfully completed in March 2003. The independent blind
reviewer acknowledged that imaging with hexyl aminole-
vulinate would result in better treatment options in every fifth
patient compared with standard cystoscopy [44].

Hypericin

Hypericin is a hydroxylated phenantroperylene quinone
which emits red fluorescence at 594 and 642 nm when illu-
minated with blue light. Hypericin-induced fluorescence is
limited to the epithelium and the specificity for malignant
cells was 95% in the study of D’Hallewin et al. (Fig. 40.6).

Eighty-seven patients with known TCC/CIS or positive
urine cytology were studied, using hypericin-induced fluo-
rescence cystoscopy [45]. An instillation time of 2 h was used
and no photobleaching occurred. In this population the sen-
sitivity and specificity for detecting CIS was 94% and 95%,
respectively. Numerous investigators assessing the potential
clinical efficacy of hypericin as a method for PDT showed,
in vitro and in vivo, potent photocytotoxic activity for hyper-
icin. Recent data from an in vitro study also detailed the type
of cell death (apoptosis versus necrosis) and the biochemical
background of the phototoxicity induced by photo-activated
hypericin. These aspects suggest a promising clinical poten-
tial for hypericin in whole bladder wall PDT.

Fig. 40.6 Bladder with resection loop under white light inspection (left) and fluorescence inspection (right) [44]
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Raman Spectroscopy

Inelastic scattering is a fundamental interaction in which
energy is exchanged between light and matter. In Raman
scattering, photons can lose or gain energy, which corre-
sponds to the difference in the initial and final vibrational
energy levels of the scattering molecule. The probability for
a photon to be subject to inelastic scattering is rare, affecting
roughly one in every million elastically scattered photons.
A Raman spectrum is an intensity plot of scattered photons
as a function of the energy difference between the incoming
and scattered photons, also known as the Raman shift. Typi-
cally Raman peaks are spectrally narrow and in many cases
can be associated with the vibration of a particular chemical
bond in a molecule. Therefore, Raman spectroscopy provides
chemical information of the tissue.

Biological tissue structures consist of many Raman active
molecules. A tissue Raman spectrum therefore is a sum-
mation of the intensity at each shift of the biological tis-
sue structures probed by the technique. In recent years, the
diagnostic value of this technique [46] is being explored,
because the molecular specific information can provide infor-
mation to differentiate between tissue types. Several biolog-
ical molecules such as nucleic acids, proteins, and lipids
have distinctive Raman features that yield molecular-specific
structural and environmental information. Thus the transi-
tional changes in tissues that occur with disease progres-
sion yield characteristic Raman features that allow differenti-
ation, e.g., between precancers and cancers. One of the more
prominent changes that occur with cancer and precancer is
increased cellular nucleic acid content that can be sampled
by Raman spectroscopy. Based on these biochemical differ-
ences, several groups have studied the potential of vibra-
tional spectroscopy for cancer diagnosis in various organ
sites. These groups have shown that features of the vibra-
tional spectrum can be related to molecular and structural
changes associated with neoplastic transformation.

Raman spectroscopy has been applied to in vitro detec-
tion of cancers of epithelial and mesenchymal origin such as
breast, colon, esophagus, and gynaecologic tissues. A recent
study of Raman spectroscopy in diagnoses of bladder disease
pertains to the in vitro assessment of the bladder wall compo-
sition in relation to bladder outlet obstruction [47]. Bladder
outlet obstruction leads to loss of bladder function as a result
of structural damage. The authors present the first results of
Raman spectroscopy, applied for the detection of changes in
molecular composition of the bladder wall to asses the diag-
nostic value. Raman spectroscopic mapping of unfixed sec-
tions of damaged and undamaged bladder wall from a guinea
pig model of bladder obstruction was used to detect changes
in composition of bladder muscle tissue. Collagen infiltra-

tion in muscle fibers was clearly visualized. Other compo-
sitional changes that are revealed include the accumulation
of glycogen in obstructed bladder wall as well as an appar-
ent but as-yet unknown change in protein composition. These
initial findings show that Raman spectroscopy can be a valu-
able diagnostic tool for evaluation of the extent of bladder
structure loss.

An in vitro sample study was performed by Crow et al.
[48] to determine the sensitivity and specificity of Raman
spectroscopy in a confocal microscopy setup. Bladder
samples collected during cystoscopic procedures were snap-
frozen and a section was taken for histological examination.
Samples were classified as normal, cystitis, carcinoma in situ
(CIS), TCC, and squamous cell carcinoma (SCC). Scanning
was carried out on an optimized Raman system, using an
acquisition time of 10 s. In all, 1685 spectra were recorded
from 76 patients (590 benign and 1095 malignant spectra).
These spectra were analyzed using principal-component-fed
linear-discriminant analysis to construct a diagnostic algo-
rithm. The algorithm was tested for its accuracy in predicting
the histological diagnosis. The accuracy achieved by the
algorithm for normal, cystitis, CIS, TCC, and SCC were,
respectively (sensitivity), 91%, 79%, 86%, 84%, and 98%
and (specificity) 96%, 92%, 97%, 96%, and 100%.

Combined Fluorescence and Raman
Spectroscopy

To improve the low specificity of fluorescence imaging and to
provide in vivo pathology, optical biopsy by means of Raman
spectroscopy after region selection by fluorescence imag-
ing was proposed. Raman spectra were recorded and eval-
uated from bladder wall biopsy samples obtained from both:
white light endoscopy (WLE) and 5-ALA fluorescence-
guided endoscopy. The spectral features in NIR Raman spec-
tra of biopsies with and without ALA were evaluated and
have not been shown to be significantly different. Principal-
component-fed linear-discriminant analysis was used to con-
struct a diagnostic algorithm based on the WLE data. To
determine the influence of the fluorescent marker on the per-
formance of the diagnostic algorithm it was used to pre-
dict pathology class of the 5-ALA FGE biopsies. A similar
algorithm developed from the FGE group showed a train-
ing performance of 82%. The combination of NIR Raman
spectroscopy after region selection by 5-ALA-induced fluo-
rescence diagnosis in bladder cancer diagnosis proves to be
feasible in vitro. Future research is concentrated on applying
this technique in vivo.
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Fig. 40.7 A schematic drawing of an OCT setup. Light emitted by a
light source (ls) is split by a beam splitter (BS) into two beams, trav-
eling through the reference arm or the sample arm. Via mirror (m), the
light in the sample arm is focused into a sample (S) using a lens (L). In

the reference arm, the light is directed to a translating reference mirror
(RM). Backreflected light from both arms is recombined by the beam
splitter (BS) and the interference signal is monitored by the detector (d)

Optical Coherence Tomography

Since its introduction in the early 1990s, OCT has become
a powerful method for imaging the internal structure of bio-
logical systems and materials [49]. OCT is analogous to B-
mode ultrasound, except that it uses light rather than sound.
Whereas in ultrasound the location of reflecting object is
determined by measuring echo delay times, in OCT depth
resolved measurement of the backscattered light is achieved
through low-coherence interferometry. The heart of the OCT
setup is a Michelson interferometer (Fig. 40.7); light emitted
by a light source is split by a beam splitter in two beams.
One is directed into the reference arm and is reflected by
a translating reference mirror. The other beam is directed
into the sample arm and is reflected by a tissue sample. The
backreflected beams recombine at the beam splitter and are
guided to a detector. It is important to note that interference
between the two light beams will only be detected when the
difference in optical path lengths traveled by the light in both
arms is less than the so-called coherence length of the light
source. This phenomenon is used to determine the optical
path length the light has traveled in the sample arm: if inter-
ference is observed while scanning the path length in the ref-
erence arm (i.e., moving the reference mirror), the backscat-
tered light from different positions within the sample (i.e.,
in depth) can be measured (“coherence gating”). Conse-

quently, the axial resolution is directly related to the coher-
ence length of the light source, which is inversely related
to the bandwidth of the light source. The transverse reso-
lution for OCT imaging is determined by the focused spot
size, as in microscopy [50]. In contrast to conventional con-
focal microscopy, the lateral resolution is decoupled from the
axial resolution. Furthermore, OCT provides cross-sectional
images of structures below the tissue surface in analogy to
histopathology. Standard-resolution OCT can achieve axial
resolutions of 10 μm.

In accordance with the terminology of ultrasound imag-
ing, a measurement of reflectivity versus depth is called an
A-scan. The OCT image, or B-scan, is constructed from adja-
cent A-scans, with the reflectivity now plotted as a gray or
color scale. The contrast of an OCT image is determined
by differences in the optical properties (e.g., scattering and
absorption) [51] of different tissue layers and their com-
ponents (Fig. 40.8). The imaging depth is also determined
by the optical properties of the tissue [52]. Using wave-
lengths in the near-infrared, where hemoglobin and melanin
absorption are low and scattering is reduced, permits imag-
ing depths of up to 2 mm in tissues [53, 54]. Although
this depth is shallow compared with other clinical imaging
techniques like ultrasound, the image resolution of OCT is
1–2 orders of magnitude better than conventional ultrasound
imaging, magnetic resonance imaging, or computed tomog-
raphy. Recently, using state-of-the-art lasers as light sources,
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Fig. 40.8 Optical coherence tomography of chronic nonproliferative
cystitis (a and c) with corresponding histological findings (b and d).
Diffuse cellular infiltration (CI) of submucosa is indicated by inhomo-
geneous and spotted pattern. Boundary between mucosa and submucosa
is blurred due to diffuse infiltration of transitional epithelium (Ep) and
submucosa (c)

ultrahigh-resolution imaging with axial resolutions as fine as
1–2 μm has been demonstrated (Table 40.1) [55].

Table 40.1 Overview of light sources and their specifications. The cen-
ter wavelength (λ) is proportional to the imaging depth (di). The band-
width of the light source (�λ) is inversely proportional to the coherence
length (lc). The maximal power (Pmax) is also given. SLD: super lumi-
nescent diode; AF: autofluorescent fiber; Ti:Al2O3: titanium sapphire
laser

Light source λ (nm) �λ (nm) Pmax (mW) lc (μm) di (mm)

SLD 825 ∼ 25 ∼ 5 ∼ 12 0.5–1.0
SLD 1300 ∼ 50 ∼ 5 ∼ 15 1.0–2.0
AF 1300 ∼ 60 ∼ 20 ∼ 12 1.0–2.0
Ti:Al2O3 800 ∼ 100–250 ∼ 1000 ∼ 1–3 0.5–1.5

Most OCT systems for biomedical applications use
single-mode fiber, which allows the use of OCT catheters and
endoscopes.

Fluorescence and Confocal or OCT

Xie et al. have demonstrated a combined endoscopic imag-
ing technique that allows for simultaneous front-view surface
fluorescence imaging and high-resolution cross-sectional
OCT of the tissue (e.g., urinary bladder) under examina-
tion [56]. A two-dimensional OCT image (at 5 frames/s) and
an ALA fluorescence image (at 8 frames/s) were simultane-
ously displayed on a computer monitor for instant compar-

Fig. 40.9 Combined ALA fluorescence imaging and OCT

ison and guidance. Preliminary results based on rat blad-
der carcinogenesis studies demonstrate that ALA fluores-
cence imaging is highly effective and sensitive and cov-
ers a large area (diameter 30 mm) of the bladder surface,
whereas OCT provides only a cross-sectional scan of, in
this case, 5 mm × 32.8 mm. However, because of the supe-
rior resolution and the ability to delineate bladder micro-
morphology (e.g., the normal uroepithelium, submucosa, and
upper muscularis layer), OCT can detect both neoplastic
lesions (Fig. 40.9b) and precancerous lesions (Fig. 40.9a). In
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addition, the technique can differentiate inflammatory
lesions that may be wrongly positively classified by fluores-
cence. This suggests that a new cystoscope with ALA fluo-
rescence imaging to guide OCT may substantially enhance
the efficiency and sensitivity for rapid diagnosis of early
bladder cancers. Because of the complex nature of bladder
carcinogenesis, further, more detailed studies are needed to
carefully compare the difference between the biochemical
and the morphological characteristics provided by fluores-
cence and OCT imaging.

New Imaging Modalities

Two state-of-the-art imaging techniques, which cur-
rently are under development for clinical application, are
described with their potential to overcome difficulties
posed by currently available imaging and optical diagnostic
techniques.

Nano-particles and Quantum Dots

Optical imaging has strong potential for sensitive cancer
diagnosis; however it greatly relies upon the use of sensitive
and stable optical probes. Recent advances in nanomateri-
als have produced a new class of fluorescent labels by con-
jugating semiconductor quantum dots with bio-recognition
molecules. These nanometer-sized conjugates are water sol-
uble and biocompatible and provide important advantages
over organic dyes and lanthanide probes. In particular, the
emission wavelength of quantum-dot nanocrystals can be
continuously tuned by changing the particle size, and a sin-
gle light source can be used for simultaneous excitation of
all different-sized dots. Unlike the traditional organic flu-
orescent probes, high-quality dots are also highly stable
with respect to photobleaching and have narrow, symmetric
emission spectra [57]. These novel optical properties render
quantum dots ideal fluorophores for ultrasensitive diagnostic
imaging [58].

Nanoparticles bearing tissue-targeting ligands can more-
over improve the focused delivery of a photosensitizer pay-
load to malignant cells, making photodynamic diagnosis
or treatment more effective for both imaging and treating
of, e.g., infiltrating cancers or those growing near sensi-
tive normal structures. Recent attempts to deliver photosen-
sitizers to cells using nanoparticles have produced limited
photodynamic efficacy; e.g., in one case, sequestering of the
photosensitizer within a stable nanoparticle kept it from the
most sensitive cellular targets. The technology is based on
the mechanisms of photodynamic action and identification

of the relevant anti-apoptotic proteins as immediate molecu-
lar targets of nanoparticle photosensitizer.

Life-Time Fluorescence Imaging

Spectrally resolved fluorescence imaging has a reasonable
sensitivity for the detection of cancer but lacks the required
specificity for tissue diagnosis. Emission spectra of many tis-
sue fluorophores overlap which limits the obtainable con-
trast. Life-time fluorescence imaging allows distinction of
intrinsic tissue fluorophores by their particular rate of flu-
orescence intensity decay, which can be used to differenti-
ate between normal and neoplastic tissue in several organs.
The FLIM technique is based on gated optical image inten-
sifier technology. The sample is excited with a very short
laser pulse and a gated optical intensifier coupled to a CCD
camera is used to record the intensity of the fluorescence
at some chosen time after the excitation pulse. In the past
high-speed wide-field FLIM setups did not comply with clin-
ical demands of resolution and frame rate. Real-time FLIM
endoscopy with rigid and flexible scopes was recently shown
to be feasible [59, 60]. Technical improvements of the cur-
rent FLIM systems should allow clinical applications in the
near future.

Diagnostic Value of Optical Techniques

In this chapter, an overview of presented techniques and their
specific (optical) characteristics and capabilities with respect
to the clinical task at hand in bladder cancer diagnosis has
been discussed.

The diagnostic value of any modality is determined
with respect to histopathology, the gold standard. In
table 40.2, the specific information of imaging and optical
biopsy systems is presented. However, the presented calcu-
lated diagnostic values should not be compared between the
imaging and biopsy techniques because of their intrinsic dif-
ferent subjective and objective nature, respectively. In imag-
ing, sensitivity and specificity expresses the contrast between
normal and pre-malignant tissue as perceived by the observer
in the locations that are biopsied, as the imaging prediction
is compared to histopathology.

Combination of wide-field imaging techniques and either
or both optical diagnosis and microscopic imaging will likely
provide the necessary diagnostic detail to enable in vivo tis-
sue diagnosis.
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Table 40.2 Overview of optical charateristics and diagnostic value of imaging and optical biopsy modalities

Aim Field of view Time domain Sensitivity1 Specificity1

White light endoscopy Imaging Optics related Video rate 40 60
Autofluorescence imaging Imaging Optics related Video rate
Exogenous fluorescence imaging Imaging Optics related Video rate 80–90 40–60
Fiber-optic confocal microscopic

imaging
Microscopic
imaging

Max 500∗600 μm Max 12 fr/s nca nca

Diffuse reflectance spectroscopy Imaging Optics related Video rate nca nca
Raman spectroscopy Diagnosis Single point 1–5 s >95% >90%
Optical coherence tomography Microscopic

imaging2
5 × 30 mm 5–15 fr/s nca nca

Fluorescence life-time imaging Imaging and
diagnosis

Optics related 5–15 fr/s nca nca

Nano-particle fluorescence
imaging

Imaging Optics related Video rate nca nca

nca = no clinical assessment
1 Sensitivity and specificity average of published papers
2 Cross-section
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Chapter 41

Elasticity Imaging

R. Souchon

Introduction

It has been noticed since the early days of medicine that a sig-
nificant number of pathologic conditions are associated with
changes in the elastic properties of biological tissues. Nowa-
days palpation is routinely used in most medical specialties,
and many breast or prostate cancers are primarily detected by
this means.

Still, palpation remains a highly subjective practice; it
is usually limited to organs that are close to the surface of
the body and only detects large abnormal masses. Unfortu-
nately none of the many imaging modalities available today
(ultrasound B-scans, MRI, CT) provide direct information
about the elastic properties of soft tissues. As a consequence
research in elasticity imaging has received a growing interest
in the scientific community since the late 1980s, and several
new elasticity imaging techniques have emerged over the fol-
lowing decade.

In 2005, most of these new techniques were available in
specific research laboratories only. However some of them
are reaching the stage of clinical evaluation, and the first
applications envisioned are often in prostate and breast can-
cer detection. It is therefore of interest to present them in this
book.

In a very simple approximation, the elastic properties of
a medium can be characterized by two elastic constants,1

the bulk modulus and the shear modulus. Two related con-
stants, the Young’s modulus and the Poisson’s ratio, are also
widely used in the literature. Palpation detects contrasts in
shear modulus. However none of the new imaging modali-
ties is able to measure an elastic modulus directly. Instead, a
mechanical stimulus is applied to the body and the response
of the tissues is measured using ultrasound or MRI. There

1In the most general case, mechanical properties are determined by a
set of 81 parameters called the elastic constants or elastic moduli.
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exist two groups of methods that differ in the type of stimu-
lus. The first group uses a static force and measures the inter-
nal strains or displacements generated inside the tissues to
create an image. Methods in the second group use a dynamic
stimulus, which is often – but not always – a cyclic vibration.

Static Methods

Quasi-static Elastography

Ultrasonic elastography [1] appears as a simple and cost-
effective imaging technique because it uses a standard ultra-
sound scanner and a compression (or expansion) of the organ
that can be as simple as manually pushing with the tip of the
transducer. The principle is to apply a quasi-static force to
the organ being imaged and to form an image of the local
internal strains (i.e., percentage deformations) undergone by
the tissues (Fig. 41.1). The resulting strain image is called
an elastogram. In a first approximation, the local deforma-
tion is inversely proportional to tissue stiffness. Stiff masses
therefore appear as low strain areas, in contrast to the higher
strains visible in softer tissues.

Two radio-frequency (RF) images are acquired, one
before the compression is applied (the pre-compression

Force

I

Little deformation

Stiff

Soft,
not visible

Stiff

High strain

Fig. 41.1 Principle of quasi-static elastography. (Left) A three-layer
phantom. (Right) A force is applied onto the phantom; the soft inter-
nal layer undergoes higher strain than the stiff surrounding layers
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image) and one after (post-compression). Each RF image
is formed by the set of A-lines.2 The pre-compression RF
image is divided into small windows, and a correlation-based
algorithm detects where each window has moved during the
compression by finding the corresponding pattern in the post-
compression image. This process provides an image of tis-
sue displacements. Strain is the ratio of the change in length
divided by the initial length; it is directly estimated from
the gradient of the displacements, and the resulting strain
elastogram is displayed. It is also possible to measure lat-
eral strains. The ratio between the lateral and axial strains
has been used to form static and dynamic images of tissue
compressibility (Poisson’s ratio) which is an intrinsic tissue
parameter [1].

The whole process can be accomplished in real time
(≥10 frames/s). The accuracy of the measurement depends
on the direction of the compression, which must be aligned
with the direction of propagation of the ultrasonic beam to
obtain a high-quality elastogram. Using a large compres-
sion surface is preferable to ensure that the elastogram is
representative of the underlying elastic properties, but small
compressors such as the tip of an end-fire transducer can
also be used, provided their influence on the elastogram is
compensated for [2].

An advantage of elastography is the immediate avail-
ability of the corresponding sonogram, allowing simulta-
neous display on the scanner. Image registration is perfect
because both images are calculated from the same acquisi-
tion data. While assessing the potential of elastography to
detect prostate cancer, König et al. [3] encountered clas-
sification problems during examination directly after acute
prostatitis and in patients with chronic prostatitis. They rec-
ommended that “real-time elastography should not be inter-
preted without considering the conventional sonogram at the
same time.”

Several studies showed the potential of this technique
for kidney imaging (Fig. 41.2) [4] and for the detection
of prostate cancer (Figs. 41.3–41.5) [2, 3, 5, 6]. In a study
conducted in 151 patients with prostate cancer, König
et al. [3] concluded that “real-time elastography [. . .] is a
cost-effective and safe new method for detecting prostate
cancer, which achieves a high sensitivity rate of 84% in
comparison to 64% when using conventional diagnos-
tic modalities.” In 2005, at least three major ultrasound
companies propose commercial scanners with real-time
elastographic capabilities. Clinical evaluation is ongoing and
their results will in the near future provide a first insight into
the role of elastography in urologic oncology as well as in
other medical specialties.

2 A-line: the raw ultrasonic signal received by the scanner after beam-
forming.

Acoustic Radiation Force Imaging (ARFI)

Biological tissues, like other composite materials, have a
hierarchical structure and the mechanical properties associ-
ated with the material depend on the scale used to make
the measurements. ARFI is an ultrasound-based technique
that images elastic properties of biological tissue on a small
scale by exerting a highly localized compression inside the
organ [7]. Localized compression is achieved non-invasively
using the acoustic radiation force generated by an ultrasonic
transducer. The volume of tissue to which significant force
is applied is the focal zone of the transmitting transducer,
typically 1–8 mm3. The same transducer is used in standard
A-mode to measure the amplitude of local displacements,
typically on the order of 10 μm, with a correlation-based
technique identical to that used in elastography. The dis-
placement images are correlated to local variations in tissue
stiffness and to eventual variations in ultrasonic absorption
and/or reflectivity.

When ultrasound propagates through an object, a force is
produced. Acoustic radiation force is a unidirectional force
that is applied to absorbing or reflecting targets in the propa-
gation path of an acoustic wave. This phenomenon is caused
by a transfer of momentum from the acoustic wave to the
propagation medium. In a first approximation the radiation
force is entirely in the direction of wave propagation, and
its amplitude is proportional to the temporal average acous-
tic intensity of the wave. ARFI interleaves “pushing” beams
up to 1 ms in duration with standard A-mode beams to push
the tissues and track their displacements. Displacement esti-
mation is performed with a correlation algorithm that com-
pare pre- and post-displacement A-line, as in elastography.
An image of the local displacement amplitudes is created
by electronically moving the focus of the transducer array.
The amplitude of the radiation force depends on the absorp-
tion and reflection encountered along the path of the acoustic
beam and is therefore uncontrollable and unknown in a clin-
ical situation. If the force is not constant when the focus is
moved, the displacement images must be interpreted care-
fully because the variations in local displacements may not
be representative of the underlying elastic properties.

By firing several tracking beams after the initial push-
ing beam, ARFI can also measure the displacement as a
function of time. The excitation and recovery velocities, as
well as the peak in displacement amplitude, can be deter-
mined from these measurements.

In practice, an advantage of ARFI is its easy imple-
mentation using only a standard ultrasound scanner whose
firing sequences have been modified to include alternating
“pushing” and “tracking” beams. No external compression
device is necessary. Because of their high intensity and long
duration, the “pushing” beams have a high thermal index
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Fig. 41.2 Ovine kidney ex vivo: (a) sonogram, (b) elastogram, and (c) pathology showing the internal structure of the organ ([4], courtesy
Pr. Jonathan Ophir)
Reprinted with permission from World Federation of Ultrasound in Medicine and Biology

Fig. 41.3 Prostate ex vivo: the zonal anatomy was visible in (a) the
strain elastogram (dark is stiff) and (c) gross pathology, but not in (b)
the sonogram [5]
Reprinted with permission from World Federation of Ultrasound in
Medicine and Biology

(TI). Nevertheless examination is feasible within the AIUM
guidelines. Feasibility of ARFI was recently demonstrated
in vivo in the abdomen, bicep, thyroid, and breast [8], but no
application has been reported to date in the field of urologic
oncology.

Dynamic Methods

Many dynamic methods rely on the transmission of shear
waves (also called transverse waves) into the body, i.e.,
mechanical vibrations wherein particle displacement is per-
pendicular to the direction of propagation of the wave. It

Fig. 41.4 Prostate ex vivo: left posterior cancer (bottom right in the
images) and BPH shown in (a) the strain elastogram, (b) the correspond-
ing sonogram, (c) gross pathology [5]
Reprinted with permission from World Federation of Ultrasound in
Medicine and Biology

Fig. 41.5 Corresponding (a) elastogram and (b) sonogram of a prostate
cancer in vivo [6]
Reprinted with permission from World Federation of Ultrasound in
Medicine and Biology

appears therefore of interest to introduce shear waves before
the various dynamic imaging modalities are presented. You
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can get an approximate idea what a shear wave is by dropping
a stone into still water and observing the water surface3: the
wave propagates horizontally, while the oscillating motion
is vertical. In biological tissues, low-frequency vibrations
mostly propagate as shear waves, whereas high-frequency
vibrations (such as MHz-range ultrasonic pulses generated
by ultrasound scanners) mostly propagate as compression
waves. Shear waves are relatively slow (1–10 m/s) com-
pared to compression waves (∼1500 m/s). The speed of shear
waves is approximately proportional to the square root of
the shear elastic modulus, which is the parameter of inter-
est in elasticity imaging [9]. The speed of the wave can be
estimated using either ultrasound or MR, and the shear elas-
tic modulus is calculated based on the estimated speed. A
modulus image is created by measuring the local speed of
the wave in each position in the imaging plane. As opposed
to strain or displacements that represent the behavior of the
tissues, the shear modulus is an intrinsic property of the
tissues.

Sono-elasticity Imaging

In sono-elasticity [9, 10], a low-frequency vibration is
applied to the surface of the body using a mechanical vibra-
tor (Fig. 41.6). The vibration is typically 50–500 Hz in fre-
quency and 100 μm in amplitude. The amplitude of the
vibration is measured from Doppler signals using a standard
ultrasound scanner and is displayed in a vibration ampli-

Fig. 41.6 Experimental setup for the acquisition of sono-elasticity
images in phantoms (courtesy Pr. Kevin J. Parker)
Reprinted with permission from the Rochester Center for Biomedical
Ultrasound at the University of Rochester, Rochester, NY

3 These water waves are in reality surface waves, not shear waves, and
serve only here as illustration.

Fig. 41.7 (a) Sonogram and (b) corresponding sono-elasticity image
in a prostate phantom with two stiff inclusions, one of which was not
visible in the sonogram. Dark corresponds to low-amplitude vibration
(i.e., stiff), and highlighted areas to “normal” vibrations (courtesy Pr.
Kevin J. Parker)
Reprinted with permission from the Rochester Center for Biomedical
Ultrasound at the University of Rochester, Rochester, NY

Fig. 41.8 Sono-elasticity image (3D) of the prostate phantom showing
the inclusions in pale red (courtesy Pr. Kevin J. Parker)
Reprinted with permission from the Rochester Center for Biomedical
Ultrasound at the University of Rochester, Rochester, NY

tude image (Figs. 41.7 and 41.8). Stiff regions undergo low-
amplitude vibrations that are easily detected in the image.
The Doppler signals can be further processed to estimate
the phase of the shear wave, and the speed of the wave
can be measured from the resulting phase maps. Finally the
shear elastic modulus is directly estimated from the speed
of the wave, and a shear modulus image can be displayed.
However refraction and reflection of the propagating wave
occur at internal tissue boundaries, and can induce a bias
in the vibration amplitude image and in the shear modulus
estimates.

The first experiments were conducted with the imaging
transducer facing the vibrator. Alternatively, the imaging
transducer and the vibrator can be positioned side by side,
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allowing easy clinical implementation. Rubens et al. [11]
compared sono-elasticity images to standard ultrasound in
10 prostate cancer specimens in vitro. They displayed “nor-
mal” vibration amplitude as a green tag overlay on the sono-
gram. Stiff non-vibrating regions were displayed as normal
B-mode. They reported that “sensitivity and specificity with
sono-elasticity imaging were 85% and 84%, respectively,
and 30% and 100% with standard ultrasound when com-
pared to pathologic findings.” Moreover “64% of patholog-
ically confirmed tumors visible in sono-elasticity imaging
were isoechoic on conventional ultrasound images.” Initial
in vivo experience has been reported in ophthalmology, but
so far not in urology.

Transient Elastography

Transient elastography uses a shear wave of short duration
to avoid the formation of standing waves, and to remove
corresponding measurement artifacts. Transient elastogra-
phy, or pulsed elastography, was proposed by Catheline
et al. [12] in 1999. This technique uses a short-duration
shear wave (typically 20 ms), as opposed to sinusoidal shear
waves used in sono-elasticity. The propagation of the wave
in the imaging plane is tracked using a specific ultrafast
ultrasonic imaging system operating at very high frame rate
(up to 10,000 frames/s). This frame rate enables to follow the
evolution of the pulsed wave on a few centimeters into the
tissues with millimetric resolution. The pulsed shear wave
induces a transient displacement whose axial component
is measured from consecutive A-lines. The shear modulus
is calculated from the displacement estimates using the
wave propagation equation, and a shear modulus image is
displayed. This technique requires sophisticated hardware
but it offers significant advantages: The acquisition takes
place before unpredictable wave reflections occur, and the
elastic modulus can therefore be estimated without a priori
knowledge of boundary conditions.

In early experiments, the shear waves were generated at
the surface of the body by two electromagnetic vibrators
aligned on each side of a linear transducer array. However
the success of the imaging technique was very sensitive to
the positioning of the imaging probe and penetration depth
was limited because shear waves are rapidly attenuated.
These early problems were soon eliminated by supersonic
shear imaging (SSI), a transient elastography technique that
uses the radiation force generated by the imaging transducer
to induce the pulsed shear wave deep within the body [13].
Another advantage of supersonic shear imaging is its easy
clinical implementation: The examination can be performed
with a standard transducer array connected to the ultrafast
system.

The first clinical images reported with transient elastogra-
phy were breast adenocarcinomas. These images were ini-
tially acquired with the vibrators [14] and later with SSI
[13]. Breast adenocarcinomas were 3–5 times stiffer than
normal surrounding tissues and were clearly visible in the
modulus images. In 2005 no image has been reported in
urology yet.

Magnetic Resonance Elastography (MRE)

MRE is a technique that images propagating mechanical
waves using MRI [15]. In the presence of magnetic field
gradient, the motion of nuclear spins causes a phase shift
in a nuclear magnetic resonance (NMR) signal. The phase
shift is proportional to the displacement amplitude. In MRE
motion-sensitizing gradient sequences are synchronized with
mechanical vibrations (shear waves) of the body, and a
“snapshot” of the instantaneous amplitude of tissue displace-
ment is created from the phase shift. Extremely small dis-
placements can be measured using this technique (∼100 nm).

The propagating wave can be observed at various points
in time by adding a synchronous delay between the gradi-
ent sequence and the vibration, thus providing “snapshots”
of the wave during one oscillatory cycle. Compiling the dis-
placement images together in time order makes a “movie”
of the propagating wave. The displacement “movies” can be
processed to estimate and display the shear modulus of the
tissues.

The motion-sensitizing gradients can be placed along any
axis, so with multiple acquisitions it is possible to acquire
all components of the displacements. The use of three-
dimensional displacements leads to a mathematical formula-
tion that accounts for eventual reflections or standing waves.
MRE has the advantage of sensitive motion detection in
all directions with equal sensitivity, but it is slower than
ultrasound-based methods.

Fig. 41.9 (a) Magnitude MR image and (b) elasticity distribution (in
kPa) superimposed inside the prostate gland in vivo. The peripheral por-
tion appears stiffer than the central zone (Kemper et al. [16], courtesy
Dr. Ralph Sinkus)
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The technical feasibility of in vivo MRE of the prostate
gland was shown by Kemper et al. [16] in healthy volunteers.
They noted in their study that the modulus images correlated
with the zonal anatomy of the prostate: the central portion
was 30% softer than the peripheral portion (Fig. 41.9). The
existence of a contrast between the two zones of the prostate
was previously observed by Souchon et al. [6] using quasi-
static elastography, but with an inverse contrast (i.e., softer
peripheral zone). This observation suggests that the static
properties and the dynamic properties of biological tissues
may be different, and thus static and dynamic elasticity imag-
ing methods may provide complementary information.

Ultrasound-Stimulated Vibro-Acoustography

Vibro-acoustography [17] uses a cyclic and highly localized
acoustic radiation force4 to image the acoustic response of a
material to a mechanical vibration. Two transducers (or two
groups of elements from the same transducer array) are used
to transmit two tone bursts (i.e., a few sine cycles) of slightly
different frequencies f1 and f1+� f . The difference in fre-
quency � f is small, typically in the range of kHz, whereas
the central frequency of the transducers and the frequency f1

are in the range of MHz. The transducers are positioned so
that their beams intersect within an object. The interaction of
the two beams produces a beat5 at the frequency � f , result-
ing in a low-frequency radiation force f effectively vibrating
the object in the selected region. The vibrated target acts as
a local sound source and produces an acoustic field that can
be measured some distance away by a sensitive microphone
(or a hydrophone in water). An image of the amplitude (or
of the phase) of the acoustic field is formed by probing the
region of interest point by point by raster scanning. By this
means, vibrations of extremely small amplitudes (as low as a
few nanometers) can be detected.

The amplitude and phase of the acoustic field are deter-
mined by the mechanical properties of the object, but also
by its geometry and by the amplitude of the applied force. In
most medical applications, the mechanical properties and the
amplitude of the radiation force are unknown. Estimating the
elastic modulus from the amplitude image is therefore diffi-
cult, and a more practical approach is to display and interpret
qualitative amplitude images directly.

Vibro-acoustic spectrography is able to detect the res-
onance frequencies of an object by varying the frequency

4 We refer the reader to the section on acoustic radiation force imaging
(ARFI) for details on radiation force.
5 Similar to the low-frequency oscillation heard when striking two gui-
tar strings that are slightly out of tune with each other.

� f of the vibration. Detection of the resonance frequencies
can be used to distinguish between objects made of identi-
cal materials but having different geometries, such as tuning
forks [17]. Small objects whose resonance frequencies are
known a priori can be detected with high contrast by vibro-
acoustography [18].

One of the first applications of vibro-acoustography was
the detection of calcifications in human arteries and vessels
[17]. The technique was later applied in vivo to detect breast
arterial calcifications, but its potential in urologic applica-
tions has yet to be investigated.

Conclusion

Pathological conditions are often associated with changes in
tissue elasticity. The detection of abnormal masses by palpa-
tion is a standard practice, but many nodules elude detection
by palpation by virtue of their small size or of their deep
location within the body. Elasticity imaging techniques open
up new opportunities in medical imaging. Quantitative infor-
mation about tissue stiffness is now available with high res-
olution and high penetration depth. Some of the techniques
already operate in real time. It is expected that the resulting
images convey clinically significant information that is cur-
rently unavailable with existing imaging modalities such as
MRI, CT scans, or standard B-mode ultrasound.

Elasticity imaging also opens up exciting possibilities that
extend beyond strain or modulus imaging: Viscosity, perme-
ability (the ease with which fluids flow within an organ), non-
linear elasticity (elastic properties changing under load), and
tissue connectedness (i.e., how a tumor is attached to sur-
rounding tissues) are some of the new parameters that may
be explored with elasticity-based techniques.

As of 2005, initial clinical evaluation of most elasticity
imaging described in this chapter was already beginning. The
next challenges will be to assess their clinical benefits. In the
field of urologic oncology, and specifically for prostate can-
cer detection, clinical evaluation of ultrasonic elastography
and MRE is now only beginning.
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Chapter 42

Future Directions

D. Cosgrove

Remarkable improvements in medical imaging over the past
few decades have rendered it an essential component of
almost every part of medical practice, none more so than
in oncology, including urological oncology. Many hospitals
now use multidisciplinary meetings, where clinicians join
with diagnosticians such as pathologists and imagers, to dis-
cuss the findings of their patients and to formulate the best
patient care plans; this represents a significant improvement
on the old system where the consultant in charge often took
these decisions in isolation.

As well as the major impact that diagnostic imaging has
made on oncology, it has also improved several aspects
of therapy by providing image guidance for external beam
radiotherapy and for minimally invasive procedures such as
interstitial ablation. The role of the traditional surgeon and
the imager is fusing, a trend that is likely to continue since
this approach is kinder to patients and is cost-effective.

Many of these established methods are described in this
section as well as new methods both as potential diagnostic
tools and as ways to improve treatment.

Improved Imaging: Contrast Agents, Image
Fusion, Virtual Imaging, and Robotics

An area where major improvements have been developed is
the field of contrast agents (Chapter 38). Non-ionic dimeric
iodinated agents have improved the safety of contrast-
enhanced CT while at the same time improving image quality
by providing denser pyelograms.

New families of agents for MR have opened new fields
of application. An important example in urology is the use
of nanoparticle superparamagnetic iron oxides (SPIOs) for
imaging pelvic lymph nodes: normal lymphoid tissue takes

D. Cosgrove (B)
Imaging Sciences Department, Imperial College, Hammersmith
Hospital, Du Cane Road, London W12 0NN, UK

up the particles over a 24–36 h period but metastatic tis-
sue does not. The iron quenches the T2∗ signals so that the
metastases show as foci of high signal, allowing the detection
of metastases in normal-sized nodes with high accuracy. This
may be considered a form of molecular imaging (see below).

Ultrasound contrast agents in the form of microbubbles
that resonate in the sound field and produce unique signals
that can be separately displayed alongside the reference gray
scale image have had a major impact on oncological imag-
ing. They have two special properties that make them useful.
Being much larger than the molecular scale agents generally
used for CT and MR, they remain in the cavity into which
they are administered and so behave as blood pool agents
following intravenous injection, and they can be destroyed
by ultrasound at the high end of the FDA-permitted power
range, thus permitting destruction-reperfusion imaging and
quantification. In uro-oncology they have proved useful in
characterizing renal and prostatic masses but in general
abdominal imaging their main uses are for focal liver lesions
where the combination of arterial perfusion hemodynamics
and the liver-specific late phase caused by their phagocyto-
sis by Kupffer cells allows both detection of metastases and
characterization of masses.

An important trend in modern imaging is the fusion of
information from two (or more) modalities with comple-
mentary characteristics. The best-known example is positron
emission tomography (PET) with CT, in which the functional
information on tumor metabolism provided by imaging the
distribution of 19F-deoxy glucose (FDG) with PET comple-
ments the excellent anatomical imaging of CT. By combin-
ing the two in a single hybrid scanner, the color-coded PET
images can be superimposed on the CT images and this so
improves the detection of metastases that it is rapidly becom-
ing routine, despite its high initial and running costs. PET-
MRI systems have also been proposed, though the technical
challenges of maintaining adequate image quality for both
modalities are formidable. New and promising PET trac-
ers are being developed that will be especially relevant to
oncology.

J.J.M.C.H. de la Rosette et al. (eds.), Imaging in Oncological Urology, 429
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Fusion of CT or MRI with ultrasound is also attractive
because the real-time and interactive nature of ultrasound
is so useful for interventional procedures such as biopsies
and interstitial ablation. Many of these systems are experi-
mental but a commercial device (Virtual Navigator, Esaote,
Florence, Italy, http://www.esaote.com/products/brochures/
Navigator/Navigator.pdf) makes use of prescanned 3D data
sets to provide an updated resliced view of the entire cross-
sectional image of the patient in the plane of the real-time
ultrasound scan which is superimposed upon it. Fiduciary
markers align the two image sets, and the position of the
ultrasound transducer is tracked with electromagnetic sen-
sors. The ability to “see” the whole field while observing the
needle pathway in real time simplifies and improves the accu-
racy of the procedure. Anticipated advances will include cor-
rections for movement such as breathing and the effects of
the intervention.

Virtual imaging (Chapter 39) in which 3D image sets
from CT or MRI are redisplayed so as to emulate the endo-
scopist’s view has been further advanced as a replacement
for colonoscopy but can also be used for viewing the bladder
and ureters in a way that may be more familiar to the sur-
geon than tomographic slices. The field is advancing rapidly
because of the development of fast computers and elegant
display algorithms, many owing their development to the
PC games industry. The addition of i.v. contrast for CT and
obtaining scans in both supine and prone positions improves
the detection of tumors so that virtual cystoscopy might even-
tually be used instead of conventional cystoscopy. A limita-
tion that seems to be insuperable is the inability to visualize
non-raised lesions such as in situ bladder tumors.

Another development that relies on fast computing is
robotic surgery (Chapter 36), either to assist the surgeon who
controls the position of the surgical instrument remotely with
image guidance or to perform the procedure according to a
presurgical plan. The original development of such aids was
in neurosurgery where the rigid skull facilitates the planning
and implementation of the procedure. More recently, robots
that can operate inside a CT scanner with guidance that is
updated by repeated scanning have been developed. Simi-
larly, MRI-controlled systems have been developed, despite
the formidable challenges of devising pneumatic motors and
avoiding the use of electronics to ensure MR compatibility.

New Imaging Techniques: Optical Imaging
and Elastography

Optical imaging (Chapter 40) makes use of visible light
in one of several modes (e.g., reflectance, coherent tomog-
raphy) or of fluorescence, the best established being flu-
orescence retinal angiography. A general limitation is the

depth of tissue that the light can penetrate, which, for short
wavelengths needed to obtain useful spatial resolution, is
restricted to around 0.5 mm. Thus, optical imaging in urology
is most promising for the urothelium. Using conventional
endoscopes, spectral filtering can highlight pathologies that
are not as well seen with white light. More detailed infor-
mation can be obtained by confocal tomography in which
both the illuminating and the viewing light beams are passed
through a small pinhole. Only a very restricted depth of tis-
sue is imaged; to create an image, the light is scanned across
the surface and the image is built up in a raster fashion.
Highly detailed images result and the method can be per-
formed through a fiber endoscope to interrogate the super-
ficial layers of the bladder. Many native molecules such as
collagen and NADH autofluoresce and this can be exploited
to form images of the bladder surface but background sig-
nals degrade the contrast. This can be improved by adding
fluorescent dyes, of which aminolevulinic acid (ALA) and
even better, hexyl ALA, is one of the most promising because
the porphyrin it forms accumulates preferentially in malig-
nancies. It can be instilled into the bladder and imaged
under ultraviolet illumination with excellent sensitivity but
less high specificity. Fluorescence indicates abnormal tissue,
including in situ changes and even abnormalities of the pro-
tein p53, which induces apoptosis and controls the devel-
opment of many cancers. Hypericin is another promising
fluorochrome.

Inelastic imaging is a method in which incident photons
are frequency shifted and so is exquisitely sensitive to the
local chemistry. The resulting Raman shifts indicate local
chemical composition with great precision, though the pro-
cess is inefficient and therefore noisy. Chemical changes can
be detected and the method has been applied to the blad-
der wall with high sensitivity to transitional cell carcinomas.
Many of these methods can be combined in hybrid imaging
techniques that are being explored.

New optical techniques are very exciting. In one, quan-
tum dot imaging, a new class of nanometer fluorochromes is
used; they have the key advantage that their emission wave-
length can be tuned by changing the particle size. Another
potentially important technique is a temporal approach in
which the decay of fluorescence is monitored to provide a
temporal rather than an intensity indicator of activity. Fluo-
rescence lifetime imaging (FLIM) can distinguish the numer-
ous intrinsic natural fluorescing molecules by measuring the
rate of decay of the fluorescence.

In elastography (Chapter 41), an image of the tissue’s
stiffness is created. The method is promising in oncology
and elsewhere simply because palpation for stiffness is a
well-tried basic clinical method. The concept is simple: two
images are created, one before and one after the tissue is dis-
torted by an applied force, and the difference is used to form
an image of the tissue’s response to the stress. The resulting
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elastogram or strain image can use MR or ultrasound but the
latter has been the most exploited to date. It has the advan-
tage that, in the simplest systems, the transducer can be used
to apply the stress, either manually or via a motor. There are
commercialized manual systems, and promising results have
been reported for the breast while early work on the prostate
is also promising.

More complex systems have also been developed. In one,
vibro-elastography, two ultrasonic beams with slightly differ-
ent frequencies are sent simultaneously. The frequencies are
chosen so that the interference frequency is a few kilohertz
and this vibrates the tissue. Imaging can use MR or ultra-
sound, both of which are sensitive to the changes induced
by tissue compression to produce elastograms. Another
approach, transient elastography, uses an acoustic transducer
to send a focussed beam into the tissue to generate a shock
wave that travels at right angles away from it. Ultrasfast ultra-
sound scanning is used to image the tissue compression pro-
duced by the shock wave and create an elastogram. Both
these methods have the advantage that they generate the tis-
sue compression internally and so can be used in organs that
are inaccessible from the skin, such as the brain.

Molecular Imaging and Drug/Gene Delivery

The role of nanoparticle SPIOs as molecular imaging agents
for lymph node macrophages has already been mentioned,
and similar nanoparticles may be tagged with agents that
bind specifically to cell surface receptors. Examples include

monoclonal antibodies to cancers, but this application is not
straightforward because the targeted receptors are scanty and
non-specific binding serves to reduce the signal to back-
ground ratio.

Microbubbles can also be targeted for imaging of molecu-
lar processes such as with integrins for the activated endothe-
lium of inflammation. Targeting tumors may be more dif-
ficult because they may not cross the capillary walls, but
two factors are in their favor of this potential application:
the increased permeability of the poorly formed neovascu-
larization of tumors and the fact that disruption of microbub-
bles produces local rupture of the capillary endothelium. An
extension of this approach that could prove to be of great
clinical value is the possibility of loading targeted microbub-
bles with anti-tumor drugs or small interfering RNA (siRNA)
and then using higher power ultrasound to release them at
high local concentration for improved therapeutic ratios.

Conclusions

Recently developed and upcoming imaging methods con-
tinue to improve patient care, especially in oncology, which
is dependent on them for detection, diagnosis, treatment
planning, and follow-up monitoring. Advances promise to
improve many of these aspects as well as to improve treat-
ment, both conventional and minimally invasive, as well as
working with new treatments such as stem cell therapy and
novel anticancer approaches such as antiangiogenesis and
targeted gene therapy.
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Buschke–Löwenstein tumor, 322

C
C-11 Methionine PET, 33–35

in lower urinary tract urothelial cell carcinoma, 203
Calcification, 127

in renal cysts, 53
Carbocholine (11C-Choline) radiotracer, 156–157

for prostate cancer, 257–258
Carcinoma in situ (CIS), 205, 323–324
Carcinosarcoma, 195
C-Arm guided robotic interventions, 367
Cameron, D. F., 125
Can, C., 85–86, 95
Caoili, E., 150
Catheline, S., 425
Cavernosography, in penis carcinoma, 335
Central nervous system (CNS) MRI for GCTs, 290–291
Cervical cancer in partner, 322
Charged coupled device (CCD), 205
Cheng, S., 225
Cher, M. L., 252
Chemical shift imaging, description, 7, 10–11
Chest radiographs, in testicular cancer, 285
Chinzei, K., 368
Chip-on-the-tip technology, 408–409
Choline

fluorocholine (FCH) radiotracer for prostate cancer, 257–258
in MRI analysis, of prostate carcinoma, 237–238

Chybowski, F. M., 250
Circumcision, 321
Cisplatin, 330
Citrate level in MRI analysis, of prostate carcinoma, 237
Color Doppler US technique

in prostate cancer, 221–227
clinical application, 223–225
diffuse flow pattern, 223
focal flow pattern, 223
surrounding flow pattern, 223

Compounding concept, 374
Computed tomography (CT), 9

CT guided robotic assisted interventions, 366
CT imaging of prostate cancer, 229–231

detection of recurrent disease, 230–231
imaging findings, 230
local tumor staging, 230

CT urography, 145–147
CT appearances, 147–148
CT staging, 148–149
principal of, 145
radiation dose issues, 150–151
validation of, 149–150

in GCTs, 287, 292–297
abdominal CT scans, 292–295
chest CT, 292, 295–296
follow-up strategies, 294, 298
oral and intravenous (i.v.) contrast, 292
pelvic CT scans, 295, 298
and pulmonary changes due to drug toxicity, 299
and radiation risk, 297–298



Index 435

relapse, 297
response evaluation, 296–297
restaging in SGCT, 297
staging at presentation, 292–296

lower urinary tract, 185–190
of penis carcinoma, 325–326
renal cell carcinoma, 61–63
in testicular tumors, 279
transitional cell carcinoma, 145–153
unenhanced attenuation, 9
UUTTS, 157–160
washout of contrast, 9
See also under Lower urinary tract, urothelial carcinoma of

Confocal imaging, bladder cancer, 409–410
Conn’s syndrome, see Primary hyperaldosteronism
Contrast agents, 429–430
Contrast media, 381–390

contrast media-induced nephropathy, 384
CT contrast media, 381–384
Gadolinium-based contrast agents, 384
ioxaglic acid, 382
MR contrast agents, 385–387
nephrotoxicity, 384
non-ionic dimmers, 383
non-ionic monomers, 382
real-time imaging, 388
ultrasound microbubble contrast agents, 388–390

Contrast radiology, clinical applications in, 376
Contrast toxicity, 130–131
Contrast washout, 9
Contrast-enhanced transrectal ultrasonography,

in prostate cancer, 270–271
Cosgrove, D. O., 364, 382–383, 385, 388
Creatine level in MRI analysis, of prostate carcinoma, 237
Cross-sectional imaging techniques

of adrenal masses, 5–23
of lower urinary tract, 185–197
in penile cancer, 337–345, 354–355

See also under Penis carcinoma
for prostate carcinoma, 229–244

characterization, 238–239
CT imaging of prostate cancer, 229–231
diagnosis, 238–239
prostate cancer staging, 239–240

renal cell carcinoma, 61–80
See also under Germ cell tumors

Crow, P., 414
Cryptorchidism, imaging of, 288–289
Cubilla, A. L., 325
Cushing’s syndrome, 21–23

imaging features of adrenal glands, 22–23
ACTH-dependent, 22
ACTH-independent macronodular hyperplasia, 23
adrenal carcinoma, 22
adrenocortical adenoma, 22
primary pigmented nodular adrenocortical disease, 22–23

Cutaneous horn, 322
Cystic renal mass lesions, 63–66

D
D’Amico, A. V., 216
D’Hallewin, M. A., 409, 413
Daling, J. R., 322
Davey, P., 201
Davies, B. L., 368
Dawson, P., 382–383, 385, 388

De Jong, B. W., 207
De Jong, I. J., 158, 203
De Santis, M., 315
Demos, T. C., 410–411
Dibb, M. J., 181
Diet, in prostate cancer, 215
Diffuse reflectance spectroscopy (DRS), bladder cancer, 409–410
Digital rectal examination, of prostate carcinoma, 238
Dillner, J., 322
Divgi, C. R., 99
Donohue, J. P., 283
Doppler flow patterns, in prostate cancer, 221–227
Doppler ultrasonography technique, in prostate cancer, 270
Double-contrast pyelography, 132
Drug/gene delivery, 431
Drieskens, O., 158
Dynamic contrast-enhanced MRI (DCE-MRI)

for prostate carcinoma, 232, 235–236
Dynamic methods, in elasticity imaging, 423–426

magnetic resonance elastography (MRE), 425–426
sono-elasticity imaging, 424–426
transient elastography, 425
ultrasound-stimulated vibro-acoustography, 426

Dynamic sentinel node biopsy (DNSB), 357

E
Edgren, M., 88
Effert, P. J., 256
Elasticity imaging, 421–426

ARFI, 422–423
dynamic methods, 423–426
quasi-static elastography, 417–418
static methods, 421–423

Elastography, 374, 430–431
in prostate cancer, 271

Endoluminal ultrasonography, 125
Endoscopic imaging systems, in bladder cancer, 408
Enhancement washout, 9
Erythroplasia of Queyrat, 323–324
Etomidate, 33
Exogenous fluorescence, bladder cancer, 412

aminolevulinic acid (ALA), 412–413
hexyl-aminolevulinic acid, 413
hypericin, 413

Extragonadal primaries, 289
primary retroperitoneal germ cell tumors, 289

F
Familial influences, in prostate cancer, 213–214
Familial prostate cancer, 214
Ferumoxtran-10, 386
Filbeck, T., 412
Filling defect, 128–129
Fine-needle aspiration cytology (FNAC), 356
Flamen, P., 88
Flexible versus rigid cystoscopes, in bladder cancer, 408
Fluorescence and Raman spectroscopy, of bladder cancer, 414–415
Fluorescence-guided endoscopy, bladder cancer, 410–411
18-Fluorodeoxyglucose (FDG), 31–33, 85–88, 155

characterization of a renal mass with, 86
clinical management, 99
distant metastases, 94–99

lesion-based detection, 97
patient-based detection, 96

lymph node metastases, 93–94
in PET of GCT, 305–307



436 Index

18-Fluorodeoxyglucose (FDG) (cont.)
false negative FDG PET results, 306
false positive FDG PET results, 306
NSGCT, 306–307
physiologic FDG uptake, 306
SGCT, 306–307

in prostate cancer, 256
PET using, 202–203

Fluorodihydrotestosterone (FDHT) radiotracer for prostate cancer, 258
[18F] Fluorethyl-desethyl-etomidate, 35
Fluorothymidine (FLT) radiotracer for prostate cancer, 258
‘Fly through’ technique, 395
Focal nodular hyperplasia (FNH), 377
Forced diuresis protocol, 156
Frauscher, F., 389
Frequency compounding, 374
Furosemide, 384

G
Gadobutrol, 386
Gadolinium diethylenetriamine pentaacetic acid (Gd-DTPA), 385
Gadolinium-based contrast agents, 384

for germ cell tumors MRI, 287
Gallium-67 tumor imaging

in lower urinary tract urothelial cell carcinoma, 201
Gamma camera imaging, penis carcinoma, 348–349
Ganglioneuroblastoma, 23
Ganglioneuroma, 19
Gels, M. E., 298
Genetic influences, in prostate cancer, 213–214
Germ cell tumors (GCT)

cross-sectional imaging techniques for, 287–298
CT, 287, 291–298
MRI, 287–288, 290–291
See also Positron emission tomography (PET)

cryptorchidism, 288–289
extragonadal primaries, 289
imaging of primary tumors, 288–290
liver metastases, 291
primary mediastinal GCTs, 289–290
TNM classification, 293

distant metastasis, 293
primary tumor, 293
regional lymph nodes, 293
serum tumor markers, 293

undescended testis, 288–289
whole-body MRI, 291

Giant condyloma accuminatum, 323
Goblet sign, 132
Goldberg, B. B., 86, 87
Grainger, R. G.., 382–383, 385, 388
Granulomatous disease, 19
Gray-scale US technique

in prostate cancer, 221–227
clinical application, 223–224

Guiding treatment using Indium-111-CP
radioimmunoscintigraphy, 262–263

H
Hain, S. F., 310
Half-Fourier acquisition single-shot turbo spin echo (HASTE), 152
Halpern, E. J., 225–226, 388–389
Hara, T., 203
Harisinghani, M. G., 193
Harisinghani, M., 315
Harmonic imaging, 375

Harney, J. V., 202
Harvey, M. L., 298
Hatcher, P. A., 71
Heicappell, R., 202
Heijmink, S. W., 226
Hellberg, D., 321, 322
Hemangioma, 18
Hennings, J., 34
Henriksson, C., 90
Hepatocellular carcinoma (HCC), 376
Hereditary prostate cancer, 214
Hexyl-aminolevulinic acid, 413
Hexylester Hexylaminolevulinic acid (Hexvix R©), 205
High-grade prostatic intraepithelial neoplasia (HGPIN), 214–215
High-intensity-focused ultrasound (HIFU) therapy,

for prostate cancer, 225
Hill, D. L. G., 365
Hilton, S., 295
Hodge, C. V., 223
Hoehn, W., 56
Hofer, C., 256
Hoh, C. K., 101
Horenblas, S., 328–329
Human Papillomavirus (HPV) infection, 322
Hydronephrosis/CT urography, 397–400
Hypericin, 413

I
Image fusion, 374, 429–430
Imaging

in prostate cancer, 269–274
contrast-enhanced transrectal ultrasonography, 270–271
elastography, 271
in detection, 269–271
in intraprostatic localization, 269–271
locally advanced disease detection, 272
MRI, 271
MRSI, 271–272
SLN, 273
SPECT, 273
in systemic metastases detection, 273–274
transrectal ultrasonography (TRUS), 269–271

in testis carcinoma, 315–316
Incidental adrenal mass, 19–20

hormonal evaluation, 20
imaging and treatment algorithm, 19–20

Indium-111-CP radioimmunoscintigraphy, 261
guiding treatment using, 262–263
preoperative staging using, 261–262

Infection, in prostate cancer, 214–215
Inflammation, in prostate cancer, 214–215
Inguinal lymph node metastases, 324

treatment of, 327–329
Intraoperative lymph node mapping (IOLM), 328
Intraprostatic localization of prostate cancer, 269–271
Intravenous pyelography, 125–131

advantages, 129–130
disadvantages, 130–131
history, 125–126
imaging features, 127–129

calcification, 127
delayed nephrogram, 127
filling defects, 128–129
phantom calyx, 128
pyelocaliectasis, 128
renal contour, distortion of the, 127



Index 437

renal size, increased, 127
stipple sign, 129
ureteral deviation, 129
ureteral dilation or narrowing, 129

technique, 126
Intravenous urography, 53–54, 178–181
Invasive carcinoma of penis, 324

natural history, 324
presentation, 324–325

Iodixanol, 383
Iohexol, 382
Iopamidol, 381
Iopromide, 382
Iotrolan, 383
Ioxaglic acid, 382
Iso-osmolality, 381

J
Jackson classification of penile cancer, 338
Jackson staging system, penis carcinoma, 326
Jadvar, H., 96–98
Jhaveri, F. M., 252

K
Kaiser, W. A., 368
Kamel, E. M., 157
Kane, C. J., 252
Kang, D. E., 85–87, 93, 95–99, 101
Kattan, M. W., 216, 238
Kemper, J., 425
Kidney transplant perfusion, 377
Kidney, ultrasonography, 121
Klein, E. A., 252
Kochevar, I. E., 411
Koenig, F., 409
Koga, S., 90
König, K., 422
Kosuda, S., 157, 202
Koyama, K., 157
Krebs, T. L., 243
Krieger, A., 368–369
Kriegmair, M., 412
Kroon, B. K., 350
Kumar, R., 86
Kurhanewicz, J., 237
Kvols, L., 88

L
Lang, O., 100
Langen, K. J., 88
Lassen, U., 307
Lasser, E. C., 130
Lauenstein, T. C., 243
Lavallee, S., 367
Lee, S., 366
Leventis, A. K., 226
Lichtwitz, Leopold, 125
Lichen sclerosis et atrophicus (LSA), 322
Life-time fluorescence imaging, 417
Lingham, R. K., 21
Liu, I. J., 158
Liver metastases, 291, 92
Local treatment of primary penis carcinoma, 327
Local tumor staging using CT, for prostate carcinoma, 230
Localized prostate cancer, treatment of, 215–217
Locally advanced disease detection, in prostate cancer, 272

Locally advanced prostate cancer, 216–217
Lont, A. P., 354
Lopes, A., 328
Loser, M., 366–367
Lower urinary tract, cross-sectional imaging of the, 185–197

CT
accuracy of, 190
appearance of bladder tumors, 185–188
distant metastases, 189
metastases, 189
pitfalls of, 189

MRI
appearance of bladder cancer, 190–192
distant metastases, 192–193
metastases, 192
MR urography, 193
optimizing mr images, 194
recent advances, 194–195
staging accuracy, 193
ureteral neoplasms, 196–197

role, 185
Lower urinary tract, urothelial carcinoma of, 169–173

carcinoma in situ, 172–173
classification, 170
conventional imaging techniques, 177–182

intravenous urography, 178–181
plain abdominal film, 178
transabdominal ultrasound, 181–182

diagnosis, 170–171
epidemiology, 169
follow up, 173
high-grade, non-muscle invasive, 172
muscle invasive and metastatic disease, 173
pathology, 169
and PET, 202–203

considerations, 205–208
narrow band imaging (NBI), 205
optical coherence tomography (OCT), 206
photodynamic diagnosis (PDD), 205
white light endoscopy (WLE), 206

radionuclide imaging, 201–203
role of radiology, 173
treatment, 171

Lymph node metastases, 93, 291, 358–359
detection of, 95

MRI role in, 240–242
in small pelvis, 272–273

Lymphangiography in testicular cancer, 283–285
Lymphoma, 17–18
Lymphoscintigraphy, see Sentinel node lymphoscintigraphy
Lymphotropic nanoparticle-enhanced MRI (LNMRI), 344

M
Magnetic resonance (MR) contrast agents, 385–387

ferumoxtran-10, 386
Gadobutrol, 386
Gadolinium diethylenetriamine pentaacetic acid (Gd-DTPA), 385
molecular imaging, 386–387
MR virtual reality imaging, 395–397
SPIO, 385
USPIO, 385

Magnetic resonance elastography (MRE), 425–426
Magnetic resonance imaging (MRI), 10, 221, 287–288

chemical shift, 10–11
in germ cell tumors, 287–298

for CNS imaging, 290–291



438 Index

Magnetic resonance imaging (MRI) (cont.)
gadolinium, 289
restaging after chemotherapy, 290
staging at presentation, 290

lower urinary tract, 190–197
MR guided robotic assisted interventions, 368–369
MR urography, 152–153

T1-weighted excretory, 153
T2-weighted, 152–153

MRI protocol, 341
of penis carcinoma, 325
in penis carcinoma, 340–341

staging of, 341–343
of prostate carcinoma, 232–238, 271

choline level, 237
citrate level, 237
creatine level, 237
dynamic contrast-enhanced MRI (DCE-MRI), 232
high-resolution T2-weighted imaging, 232
imaging sequences, 232
normal prostate gland appearance on, 233–234
T1-weighted images, 235
T2-weighted images, 235
TI-weighted axial imaging of pelvis, 232
See also under Recurrent prostate cancer

renal cell carcinoma, 66
transitional cell carcinoma, 151–152

Magnetic Resonance Spectroscopic Imaging (MRSI),
229, 271–272

for prostate carcinoma, 232–238
chemical shift imaging, 232
1H-MRSI techniques, 232

Magnetic resonance tomography (MRT)
in testicular tumors, 279

Maiche, A. G., 325, 354
Majhail, N. S., 96–98
Malamitsi, J., 201
Mann, B., 264
Manyak, M J., 206
Masamune, K., 366
Maurea, S., 32
Mead, G. M., 298
Mental 3D model building, 401
Metastases, 8

versus adenoma, 9
Metastatic bone lesions

PET versus bone scintigraphy for, 259–260
Metastatic prostate cancer monitoring, 217

radioisotopic treatment of bone pain, 254
serial bone scans in, 253

Methionine (11C-Methionine) radiotracer for prostate cancer, 258
Methotrexate, 330
Methylene diphosphonate, 90–91
Microbubbles, 375, 378

interactions with ultrasound waves, 388
See also Ultrasound microbubble contrast agents

Microvascular imaging (MVI), 376
Mitterhauser, M., 35
Miyake, H., 180
Miyakita, H., 85–87
Miyauchi, T., 87
Mohs micrographic surgery, 327
Molecular imaging, 431
Monoclonal antibodies, 88–89
Montravers, F., 85–88, 93, 95–96
Müller-Matheis, V., 307

Multilocular cystic nephroma, 54
Myelolipoma, 15–16

N
Nachtsheim, D. A., 285
Nano-particles, 417

quantum dots, 417
Narrow band imaging (NBI), in lower urinary tract urothelial cell

carcinoma, 205
Navab, N., 367
Nephron sparing surgery, 79–80
Neuroblastoma, 18–19, 23
Neuromate, 367
Nodal drainage pathway in testicular cancer, 283
Nodal staging, penis carcinoma, 343–344
Non-bilharzial squamous cell carcinomas, 195
Non-invasive GCT staging, PET for, 306
Non-ionic dimmers, 383
Non-ionic monomers, 382
Nonlinear pulsing schemes, 376
Nonmuscle invasive bladder cancer (NMIBC), 205
Non-seminomatous germ cell tumors (NSGCT), 285, 307

clinical stage I, 306
clinical stage II disease, 308
post-chemotherapy residual masses in, 308

Normal prostate gland appearance on MRI, 233–234
NP-59, 30

O
Oesterling, J. E., 251
Ogura, K., 235
Oosterwijk, E., 99
Occult metastases detection using radioimmunoscintigraphy, 262
Oncocytoma, 54
Ophir, J., 423
Optical coherence tomography (OCT)

of bladder cancer, 411
in lower urinary tract urothelial cell carcinoma, 206

Optical imaging, 364, 430–431
and diagnosis in bladder cancer, 407–418

See also under Bladder cancer
Osborne, E. D., 125–126
O’Sullivan, J. M., 299
Osmolality, 381, 384
Oyen, R. H., 230

P
Papillary lesions, 171
Parker, K. J., 424
Partin, A. W., 216
Patriciu, A., 365
Pelvis, ultrasonography, 121–122
Penis carcinoma, 321–330

anatomy, 337
Buck’s fascia, 337
Colles’ fascia, 337
corpora spongiosum, 337
Tunica albuginea, 337
Tunica dartos, 337

Balanitis xerotica obliterans (BXO), 323
biopsy, 325
Bowen’s disease, 323–324
Bowenoid Papulosis, 322–323
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