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Ultrasound imaging of the prostate is commonly used to assess the size of
the gland and for needle placement during systematic biopsy. Ultrasound
evaluation of prostate cancer is limited by difficulty in distinguishing benign
from malignant tissue. Although Doppler techniques may provide some
improvement in the detection of prostate cancer, targeted biopsy based on
conventional ultrasound with Doppler is not sufficient to replace systematic
biopsy. Contrast-enhanced ultrasound imaging techniques that employ
microbubble contrast agents represent an innovative approach to imaging of
the neovascularity associated with prostate cancer. This review describes the
application of contrast-enhanced ultrasound to improve detection and
assessment of prostate cancer.
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Imaging of the prostate is central to the diagnosis, detection, and treatment of
prostate cancer. In 2005, an estimated 230,000 new prostate cancer cases oc-
curred in the United States.1 Over the past few decades, the prostate has been

the leading site for a new diagnosis of cancer in American men. Although it is
difficult to detect the presence of prostate cancer with conventional ultrasound
imaging, ultrasound-guided biopsy of the prostate is the primary method of
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diagnosis for prostate cancer. This ar-
ticle reviews various imaging strate-
gies for detecting cancer of the
prostate, with particular emphasis on
contrast-enhanced ultrasound imag-
ing of prostate cancer.

Approach to Imaging 
of Prostate Cancer
An intelligent approach to the imag-
ing of prostate cancer begins with an
understanding of the histologic
growth patterns of this disease. The
most common location of origin for
prostatic adenocarcinoma is along the
outer portion of the prostate, within
the glandular tissue of the peripheral
zone.2,3 In contrast to visceral neo-
plasms in other organs, prostate can-
cer does not generally present as a
solitary round mass. In 85% of cases,
prostate cancer is multifocal,4 and it
tends to grow along the capsule of the
gland with an oblong shape.5 Con-
ventional imaging techniques that are
optimized for well-defined, round
tumor masses may be less effective
for the prostate.

On a microscopic level, the features
that distinguish prostate cancer from
benign prostate tissue are loss of the
normal glandular architecture, in-
creased cellular density, and altered
microvasculature. The loss of normal

glandular architecture, most charac-
teristic of high-grade prostate cancer,
results in fewer reflective interfaces
and reduced echotexture on conven-
tional ultrasound (Figure 1A). In-
creased cellular density is related to
increased firmness of the tissue and
a corresponding reduction in elastic-
ity, which may be visualized with
real-time elastography (Figure 1B).6

Changes in cellular volume and den-
sity are also related to altered tissue
relaxation times that may be visible
with magnetic resonance imaging

(MRI).7 Changes in cellular metabo-
lism of prostate cancer may be de-
tected on MR spectroscopy.8,9 Finally,
increased perfusion of prostate cancer
is related to increased microvessel
density (neovascularity).10,11 Increased
local perfusion may be visualized
with contrast-enhanced computed to-
mography12 or MRI.13-15 Changes in
prostate perfusion are visible in larger
feeding vessels on conventional
Doppler ultrasound (Figure 1C). Al-
though the flow within intratumoral

neovessels (10-40 �m diameter) is
below the resolution of conventional
Doppler ultrasound, this flow may be
visualized during contrast-enhanced
ultrasound imaging of prostate cancer
(see Figures 2 to 4).

Numerous published studies have
described the sensitivity and speci-
ficity of various imaging techniques
for detection of prostate cancer. Un-
fortunately, it is impossible to deter-
mine the true sensitivity or specificity
of an imaging technique unless a
study includes an evaluation of thin-

section, whole-mount prostatectomy
specimens from all study partici-
pants. Without a complete pathologic
evaluation, one does not know how
many cancers have been overlooked.
Furthermore, studies of prostate
imaging rarely include long-term fol-
low-up to demonstrate which lesions
were clinically significant. Thus, it is
likely that most published studies
overestimate the sensitivity of imag-
ing methods for the detection of
prostate cancer.

Figure 1. An 80-year-old man with biopsy cores demonstrating Gleason 9 and Gleason 10 cancer in the left midgland: transverse images through the midgland of the prostate.
A. Conventional gray scale image shows a hypoechoic mass extending exophytically from the prostate (arrows). The hypoechoic appearance is the classic description for prostate
cancer. B. Real-time elastography shows reduced tissue elasticity (darker blue color) in the region of the mass (arrows). C. Color Doppler shows increased flow within and
around the mass (arrows).
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It is impossible to determine the true sensitivity or specificity of an imaging
technique unless a study includes an evaluation of thin-section, whole-
mount prostatectomy specimens from all study participants.
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Figure 2. A 75-year-old man with prostate-specific antigen of 5.1 and Gleason 8 cancer in the left base: transverse images through the base of the prostate. A. Conventional
gray scale image shows a hypoechoic area in the left base (arrows). B. Power Doppler image shows no significant increase in flow in this hypoechoic area. C. Harmonic gray
scale during contrast infusion shows a clearly defined area of focal enhancement, corresponding to the cancer (arrows). D. Harmonic gray scale with intermittent imaging shows
a less well-defined, larger area of parenchymal enhancement around the cancer. E. Contrast-enhanced color Doppler image shows increased flow associated with the cancer.
F. Contrast-enhanced power Doppler image also shows increased flow associated with the cancer.
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Figure 3. A 78-year-old man with prostate-specific antigen of 5.6 and Gleason 8 cancer in the left midgland: transverse images through the midgland of the prostate. A. Con-
ventional gray scale image shows no focal lesion. B. Power Doppler image shows only minimal flow along the left side of the prostate. C. Continuous harmonic gray scale dur-
ing contrast infusion shows a defined area of focal enhancement, corresponding to the cancer (arrows). D. Harmonic gray scale with intermittent imaging shows the same area
of enhancement with better definition. E. Contrast-enhanced color Doppler image shows increased flow on the side of the cancer, but does not localize the lesion as well as the
harmonic gray scale. F. Contrast-enhanced power Doppler image also shows increased flow on the side of the cancer.
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The process of screening for
prostate cancer is complicated by the
definition of “significant disease”
that requires therapy. Conservative
management may be reasonable for
lower-grade, localized prostate can-
cer.16 Tumor volume (stage), tumor
grade (Gleason score), and microves-
sel density17,18 are all predictors of
significant disease. An ideal ap-
proach to the diagnosis of prostate
cancer should limit the number of
patients subjected to needle biopsy
and should detect significant disease
with a limited number of targeted
biopsy cores. As described in more
detail below, a tailored approach to
prostate biopsy based on contrast-
enhanced ultrasound represents an
innovative approach to detecting sig-
nificant disease with fewer biopsy
cores.

Conventional Ultrasound 
Imaging
The classic gray scale ultrasound de-
scription for cancer of the prostate is
a hypoechoic lesion.19 However,
prostate cancer may appear echogenic
or isoechoic.20 Approximately half of
prostate cancer lesions are invisible
by gray scale imaging.21 Furthermore,
2 common forms of prostate pathol-
ogy—prostatitis and benign prostatic
hyperplasia—mimic the gray scale ap-
pearance of prostate cancer. Prostati-
tis may result in a heterogeneous ap-
pearance in the prostate peripheral
zone and can present with hypoe-
choic lesions that are indistinguish-
able from cancer. Although most hy-
perplastic prostatic nodules develop
in the transition zone (inner gland),
benign prostatic hyperplasia may also
occur in the peripheral zone of the

prostate.22-26 One study suggests that
benign prostatic hyperplasia is pre-
sent in the outer portion of the gland
in up to 18.5% of prostate speci-
mens.27 Furthermore, since the pe-
ripheral zone wraps around the tran-
sition zone, hyperplastic nodules from
the transition zone may protrude into
the peripheral zone. Given the diverse
appearance of prostate cancer and the
potential for benign processes to
mimic the gray scale appearance of
prostate cancer, conventional prostate
ultrasound has little advantage over
digital rectal examination for detect-
ing malignant areas.28

Ultrasound Doppler techniques
demonstrate the presence of blood
flow by detecting a frequency/phase
shift in the ultrasound radiofrequency
signal reflected from moving blood.
Since prostate cancer is associated

C
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Figure 4. A 60-year-old man with prostate-specific antigen of 7.4 and Gleason 6 cancer in the left base, found only by targeted biopsy: transverse images through the base of
the prostate. A. Conventional gray scale image shows no focal lesion. B. Color Doppler image shows only minimal flow within capsular vessels along the margin of the prostate.
C. Power Doppler image shows only minimal flow within capsular vessels along the margin of the prostate. D. Continuous harmonic gray scale during contrast infusion shows
a defined area of focal parenchymal enhancement, corresponding to the cancer (arrows). E. Contrast-enhanced color Doppler image shows increased flow, corresponding to the
cancer (arrows). F. Contrast-enhanced power Doppler image also shows increased flow corresponding to the cancer (arrows).
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with increased perfusion, the sensitiv-
ity of ultrasound for detection of
prostate cancer may be increased with
color Doppler imaging of blood flow
within the prostate.29-31 The color
Doppler signal correlates positively
with both stage and grade of a
prostate tumor, as well as with the
risk of recurrence after treatment.32

Power Doppler, a newer Doppler tech-
nique for demonstrating the presence
of blood flow, reflects the amplitude
of the Doppler signal. Although
power Doppler does not demonstrate
directionality of flow, this technique
is more sensitive to small amounts of
low-velocity flow. Several small stud-

ies have suggested that power
Doppler may be even more useful
than color Doppler in detecting
prostate cancer.33,34 Nonetheless, the
sensitivity of gray scale and Doppler
ultrasound-guided targeted biopsy is
not sufficient to eliminate the need
for systematic biopsy.35-38

Contrast-Enhanced Ultrasound
Prostate cancer tissue is associated
with increased microvessel density
due to the proliferation of neovessels.
The microvascular blood supply to
prostate tissue is more uniform in ma-
lignant than in benign tissue.39 Mi-
crovessels in malignant tissue are
smaller than those of benign prostate
tissue.40 In terms of the prognosis of
prostate cancer, there is a clear asso-
ciation between increased microvessel
density and metastases,41 stage of dis-
ease,42-44 and disease-specific sur-
vival.45,46 Quantitative assessment of
microvascular density can provide
important data to guide therapeutic
decisions.47 Unfortunately, the mi-

crovessels that proliferate in prostate
cancer are below the resolution of
conventional Doppler imaging; only
the larger feeding vessels are visual-
ized by this type of imaging. 

Microbubble contrast agents pro-
vide a practical solution to the prob-
lem of imaging microvasculature in
the prostate.48,49 Microbubble ultra-
sound contrast agents have intravas-
cular residence times of several min-
utes, pass through the pulmonary
circulation, and may be used for
intravascular or parenchymal organ
enhancement. Microbubbles show
enhanced acoustic reflectivity with a
nonlinear frequency response. Specif-

ically, the reflected ultrasound signal
from microbubbles contains harmonic
frequencies of the original transmit-
ted signal. Microvessels that are
below the limits of resolution for a
conventional ultrasound Doppler sys-
tem may be visualized by the intense
reflected signal from microbubbles
within these vessels. Several clinical
studies have demonstrated selective
Doppler enhancement of regions with
increased microvessel density50,51 and
significant improvement in Doppler
detection of prostate cancer with mi-
crobubble contrast agents.52,53 With
contrast-enhanced targeted biopsy, a
larger number of prostate cancers
may be detected with fewer needle
biopsy cores.54,55

Two basic ultrasound technologies
are available to image microbubble
contrast agents: Doppler and gray
scale harmonic imaging (Figures
2–4). Color and power Doppler imag-
ing, techniques that are available on
most modern ultrasound systems, use
relatively high energy levels that

destroy a large proportion of the mi-
crobubbles as they are imaged. An
intense Doppler signal is generated as
the microbubbles burst during the
Doppler imaging. Gray scale har-
monic imaging is a technological ad-
vance that permits low-energy gray
scale imaging of contrast agents.56,57

Higher harmonics of the insonating
frequency are produced by resonance
of the microbubbles in ultrasound
contrast agents. As a result of these
harmonic signals, a substantial pro-
portion of the acoustic reverberations
created by microbubbles differ from
the frequency of insonation.58 Be-
cause the preponderance of reflected
sound from tissue is at the funda-
mental frequency of insonation, most
harmonic signals received during
contrast infusion come from contrast
material. 

The earliest ultrasound systems for
harmonic imaging used a narrow-
bandwidth technology to insonate tis-
sue with a narrow range of funda-
mental frequencies. To achieve an
image from reflected harmonic sig-
nals, the fundamental frequencies are
filtered out of the received signal. A
narrow bandwidth is required to per-
mit ample separation between the
transmitted fundamental signal fre-
quency and the received harmonic
frequency. However, the narrow
bandwidth results in a loss of spatial
resolution. More recently, broad-
bandwidth harmonic imaging has be-
come possible with phase inversion
(pulse inversion) technology. Two
short ultrasound pulses are transmit-
ted 180 degrees out of phase, result-
ing in cancellation of ultrasound en-
ergy reflected at the fundamental
frequency of insonation. Harmonic
signals, reflected back at double the
transmit frequency, will be back in
phase and not subject to cancellation.
This type of broad-bandwidth har-
monic imaging allows high-resolu-
tion, gray scale harmonic imaging of

The microvessels that proliferate in prostate cancer are below the resolution
of conventional Doppler imaging; only the larger feeding vessels are visual-
ized by this type of imaging.
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ultrasound microbubble contrast
agents.

The intrinsic resolution of gray
scale harmonic imaging is greater
than that of conventional Doppler
imaging. Because harmonic gray scale
uses lower energy levels than conven-
tional Doppler, harmonic gray scale
imaging results in less bubble de-
struction and allows microbubble
agents to progress further into the mi-
crovasculature for imaging.59,60 Con-
trast-enhanced imaging with color or
power Doppler demonstrates flow pri-
marily in larger feeding vessels, as
most microbubbles are destroyed by
the process of Doppler imaging before
they reach the neovasculature. Con-
trast-enhanced gray scale harmonic
imaging demonstrates parenchymal
enhancement based on imaging of
microbubbles that travel into the mi-
crocirculation. To further improve the
survival of microbubbles in the circu-
lation, harmonic gray scale imaging
can be used with a reduced mechani-
cal index or in an intermittent imag-
ing mode. Intermittent imaging em-
ploys a reduced frame rate to lower
the energy deposition into tissue, im-
prove the survival time of microbub-
ble contrast, and increase the
parenchymal enhancement provided
by ultrasound contrast agents.61-63

When used during contrast-en-
hanced targeted biopsy of the
prostate, harmonic gray scale has sev-
eral additional advantages over color
and power Doppler (Table 1). There is
no blooming of the harmonic gray
scale enhancement around a vessel, in
contrast to intense blooming with
color or power Doppler imaging. The
superior spatial and temporal resolu-
tion of harmonic gray scale allows
better visualization and placement of

the biopsy needle. Finally, there is
substantial color flash artifact around
the biopsy needle in the color or
power Doppler image, which limits
the ability to see the needle as it is ad-
vanced into the prostate. No such ar-
tifact is present with harmonic gray
scale imaging.

Clinical Trials with Contrast-
Enhanced Ultrasound
Several clinical trials at the Jefferson
Prostate Diagnostic Center of Thomas
Jefferson University have demon-
strated the efficacy of microbubble
contrast imaging for the detection of

prostate cancer. An early phase II trial
of the ultrasound contrast agent Ima-
gent (Alliance Pharmaceutical Corp;
San Diego, CA) was performed be-
tween June 1998 and January 1999.64

Twenty-six patients with suspected
prostate cancer were referred for con-
trast-enhanced imaging during
biopsy. Gray scale and power Doppler
enhancement were demonstrated in
the prostate gland of all patients after
administration of Imagent. Selective

gray scale enhancement of malignant
foci was also demonstrated. This was
the first published study to suggest
that gray scale harmonic imaging
could be optimized to selectively en-
hance neovascularity associated with
prostate cancer.

A subsequent study included 100
subjects with suspected cancer of the
prostate between October 1999 and
November 2000. This study correlated
harmonic gray scale enhancement
with sextant biopsy.65 The microbub-
ble agent used in this study was
Definity (DuPont Pharmaceuticals;
North Billerica, MA; now part of

This was the first published study to suggest that gray scale harmonic imag-
ing could be optimized to selectively enhance neovascularity associated with
prostate cancer.

Table 1
Comparison of Ultrasound Techniques for Detection of Prostate Cancer

Spatial Temporal Sensitivity Imaging Blooming Flash
Resolution Resolution to Flow Neovessels Artifact Artifact

Conventional gray scale +++ +++ – – – –

Color Doppler + + + – ++ ++

Power Doppler + + + – ++ ++

Harmonic gray scale with microbubbles +++ +++ +++ +++ – –

Color Doppler with microbubbles + + +++ ++ +++ ++

Power Doppler with microbubbles + + +++ ++ +++ ++

Symbols represent a scale where “-" equals none/poor and “+++" equals greatly increased/optimal.
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Bristol Myers Squibb). Based on can-
cers detected by needle biopsy, this
study demonstrated a significant im-
provement in sensitivity for cancer
detection, from 38% at baseline to
65% after infusion of Definity. Fur-
thermore, those lesions detected by
contrast enhancement were generally
larger and with a higher Gleason
sum—that is, they were the more clin-
ically significant cancers. The last 40
subjects in this study were evaluated
with additional targeted biopsies
directed toward areas of intense con-
trast enhancement. A statistically sig-
nificant increase in the positive
biopsy rate was found for these tar-
geted biopsy sites.66

A study correlating whole-mount
prostatectomy specimens with con-
trast-enhanced imaging of the mi-
crobubble agent Sonazoid (Amersham
Health; Oslo, Norway) was performed
between January and October of
2000.67 Thirty-one foci of cancer were
correlated between contrast-enhanced
sonography and whole-mount patho-
logic inspection. Contrast-enhanced
imaging doubled the sensitivity for
detection of cancer in the peripheral
zone of the prostate, but did not im-
prove the detection of inner gland
cancer. The contrast-enhanced detec-
tion of cancers in the inner gland was
limited by intense enhancement in
areas of benign prostatic hyperplasia.
False-positive diagnoses of prostate
cancer were suggested in both the
inner and outer parts of the gland in
areas of benign hyperplasia. Interest-
ingly, prostatitis was not a significant
cause of false-positive diagnoses with
contrast enhancement.

A recently completed clinical trial
used microbubble-enhanced imaging
with Imagent to direct targeted biopsy
of the prostate. This study evaluated
301 subjects with harmonic gray
scale, color Doppler, and power
Doppler ultrasound.68 Cancer was de-
tected in 363 biopsy cores from 104 of

301 subjects (35%), including 15.5%
(175/1133) of cores targeted to areas
of contrast enhancement and 10.4%
(188/1806) of sextant cores (P � .01).
Among subjects with cancer, targeted
cores were twice as likely to return a
positive biopsy (odds ratio [OR] � 2.0,
P � .001). Although targeted biopsy
detected 11% (11/104) of cancers not
found by the sextant approach, tar-
geted biopsy failed to detect 20%
(21/104) of cancers. The majority of
cancers missed by the targeted ap-
proach were at the apex of the
prostate. The low proportion of cores
targeted to the apex suggests that
contrast enhancement is less effica-
cious at the apex. Based on these
findings, we recommended a con-
trast-enhanced targeted biopsy strat-
egy with additional cores at the apex

of the prostate, in order to maximize
cancer detection and minimize the
number of biopsy cores.

Given the association of false-pos-
itive areas of enhancement with be-
nign prostatic hyperplasia, one might
expect to improve the specificity of
contrast-enhanced ultrasound by
pretreatment with a 5-alpha-reduc-
tase inhibitor to suppress perfusion to
areas of benign prostatic hyperplasia.
In a 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 tak-
ing the 5-alpha-reductase inhibitor
dutasteride (0.5 mg/day).69 Doppler
flow suppression occurred in all 11
subjects after 1 week (P � .01). Fur-
ther suppression was noted after 2
weeks in 8 subjects (P � .04). Sup-
pression of flow was greatest in the

peripheral zone and least obvious in
the periurethral zone. Cancer was de-
tected in 20% (8/40) of targeted cores
and 7.6% (5/66) of sextant cores.
Cancer was detected in 4 subjects by
targeted biopsy and in 3 of 4 by sys-
tematic biopsy. In the 4 men with
cancer, targeted cores were 5.9 times
more likely to be positive (P � .027).
Selective suppression of flow in be-
nign tissue was observed in 2 of the
4 subjects with cancer.

Conclusion
Microbubble contrast-enhanced stud-
ies demonstrate a clear association
between contrast enhancement in the
prostate and the diagnosis of clini-
cally significant cancer. Sensitivity
for the diagnosis of prostate cancer is
increased by targeted biopsy of the

prostate with contrast-enhanced ul-
trasound. However, false-positive foci
of enhancement are frequent and are
often related to the presence of be-
nign prostatic hyperplasia. Based on
preliminary studies, it seems possible
that targeted biopsy of the prostate
with a microbubble contrast agent
after short-term therapy with a 5-
alpha-reductase inhibitor may selec-
tively identify moderate to high-
grade, clinically significant cancers in
areas of contrast enhancement. As
suggested in this review, most
published research on microbubble-
enhanced imaging of the prostate
has focused on developing a cost-
effective strategy for improving the
detection of prostate cancer. If these
microbubble-based techniques are
successful, future applications of mi-
crobubble agents will likely expand to
include the staging of prostate cancer

We recommended a contrast-enhanced targeted biopsy strategy with addi-
tional cores at the apex of the prostate, in order to maximize cancer detec-
tion and minimize the number of biopsy cores.
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and the monitoring of response to
therapy.
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Main Points
• Given the diverse appearance of prostate cancer and the potential for benign processes to mimic the gray scale appearance of

prostate cancer, conventional prostate ultrasound has little advantage over digital rectal examination for detecting malignant
areas.

• A tailored approach to prostate biopsy based on contrast-enhanced ultrasound represents an innovative approach to detecting
significant disease with fewer biopsy cores.

• When used during contrast-enhanced targeted biopsy of the prostate, harmonic gray scale has several advantages over color and
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