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ABSTRACT. Transrectal ultrasound (TRUS) was first developed in the 1970s. TRUS-
guided biopsy, under local anaesthetic and prophylactic antibiotics, is now the most
widely accepted method to diagnose prostate cancer. However, the sensitivity and
specificity of greyscale TRUS in the detection of prostate cancer is low. Prostate cancer
most commonly appears as a hypoechoic focal lesion in the peripheral zone on TRUS
but the appearances are variable with considerable overlap with benign lesions.
Because of the low accuracy of greyscale TRUS, TRUS-guided biopsies have become
established in the acquisition of systematic biopsies from standard locations. The
number of systematic biopsies has increased over the years, with 10–12 cores currently
accepted as the minimum standard. This article describes the technique of TRUS and
biopsy and its complications. Novel modalities including contrast-enhanced modes and
elastography as well as fusion techniques for increasing the sensitivity of TRUS-guided
prostate-targeted biopsies are discussed along with their role in the diagnosis and
management of prostate cancer.
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Over 35 000 new cases of prostate cancer are diagnosed
per annum in the UK and there are over 10 000 deaths
annually [1–4]. It is the most common cancer in males in
the UK, and causes 13% of all cancer deaths in males. The
lifetime risk of being diagnosed with prostate cancer is
one in nine. It has been estimated from post-mortem data
that approximately half of all males in their fifties have
prostate cancer, which increases to 80% by the age of
80 years, but only 1 in 26 men will die from their
disease—supporting the fact that males are more likely
to die with prostate cancer than from it [5, 6].
Over the last 20–30 years the incidence of prostate

cancer has quadrupled, largely because of the introduc-
tion of widespread prostatic-specific antigen (PSA)
testing, although the incidence in the UK may now have
reached a plateau (UK Prostate Cancer Statistics, 2008
[7]). In the USA, the incidence peaked in 1992, and death
rates have been decreasing since 1998 [8]. In the UK there
has been a significant decline in the age-standardised
mortality rate between 1993 and 2005, but the overall
mortality rates have remained largely unchanged, as the
decreasing mortality rate is counteracted by the aging
population.
Risk factors for prostate cancer include age, a posi-

tive family history, abnormal digital rectal examination
(DRE), raised PSA level and ethnicity. Black African and
Caribbean men have two to three times the risk of being
diagnosed with and dying of prostate cancer than white
men, whereas Asian men have the lowest risk.

Prostate cancer can be divided into low-, intermediate-
and high-risk disease, depending on the aggressiveness of
the tumour. Since the 1970s there has been a marked
change in the presentation of prostate cancer. Before
PSA testing and transrectal ultrasound (TRUS) became
widely available, most patients presented with cancer-
specific symptoms owing to locally advanced disease and
the cancers were diagnosed by DRE, so that the majority
were diagnosed at stage T2 (Table 1) or more. Nowadays,
most cases (.90%) are diagnosed at an asymptomatic
early stage (stage T1) because the advent of widespread
PSA testing and TRUS-guided biopsy has enabled early
diagnosis, with nearly half of all newly diagnosed patients
falling into the ‘‘favourable risk’’ group. Over the past
20 years the proportion of males with low- vs high-risk
disease at diagnosis has shifted significantly from 29.5%
vs 36.6% (1989–1992) to 46.8% vs 16.0% (2000–2002) [9].
Liberal screening with PSA testing (Table 2), however,
does have its disadvantages, with a significant false-
positive rate (only 30% of males with an elevated PSA
level will have cancer) and a recognised false-negative
rate (15% of men with PSA,4 ngml21 will have a cancer
focus). It is also unable to distinguish between aggressive
and indolent cancers.

Currently there is no formal national screening policy
for prostate cancer, although opportunistic screening in
primary care does occur in males presenting with lower
urinary tract symptoms.

Two recent reviews of several randomised controlled
trials concluded that there was insufficient evidence to
support the use of PSA testing to screen for prostate cancer
and its use may potentially cause harm [10, 11]. Screening
for prostate cancer does not have a significant impact on
either overall mortality or death from prostate cancer.
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Screening helps to diagnose prostate cancer at an earlier
stage but the benefit-to-risk ratio remains uncertain
because of significantmorbidity associatedwith treatment.

Transrectal ultrasound

Normal appearances

TRUS was pioneered in the early 1980s [12]. Modern
transducers typically are end-firing probes scanning at
frequencies of 5–10 MHz. The prostate is divided into
distinct anatomical zones (Figure 1) and these can be
depicted by TRUS [13, 14] (Figure 2). The peripheral zone

(PZ) is echogenic relative to the central zone (CZ) and the
transition zone (TZ), which are echopoor. The CZ is
difficult to distinguish from the TZ in a healthy adult. In
young males the PZ constitutes 75% of the gland volume,
the CZ 20% and the TZ 5%, but these ratios will change
with age and the onset of benign prostatic hypertrophy
(BPH). BPH starts in the TZ and can eventually occupy
most of the gland, stretching and thinning the PZ. Within
the central gland, the ejaculatory ducts can be visualised
as echogenic tramlines on longitudinal scans. These can be
traced posteriorly to the ampulla of vas, where the
seminal vesicles join. Between the seminal vesicles the
vas deferens can be seen arising from the ampulla of vas.
The bladder neck (fuses with the prostate) and external
urethral sphincter (distal to the prostatic apex) can be seen
as slightly echopoor structures (owing to anisotropy from
orientation of smooth muscle fibres) relative to the
prostate. The prostate does not have a true capsule, but
a clear boundary can be seen around the prostate–fat
interface and this has been termed the prostatic capsule. It
is normally smooth and regular. The neurovascular
bundles can be identified posterolateral to the prostate
in the fat-filled echogenic triangular-shaped space
between the seminal vesicles and the prostate. This is of
relevance to the sonologist as this is the site where local
anaesthesia may be introduced and also is a site of
potential capsular weakness prone to local tumour
spread. The levator ani muscles are seen as linear
structures lateral to the prostatic bed.

The gland volume is calculated using an ellipsoid
formula by measuring the maximum anteroposterior,
craniocaudal and transverse distances and multiplying
the product of these by p/6 (Figure 3). Inspection of the
gland should focus on identifying asymmetry, areas of
increased vascularity, hypoechogenicity and the presence

Table 1. Tumour–node–metastasis (TNM) staging for prostate cancer

T Tumour

T0 No evidence of primary tumour
T1 Tumour neither palpable on DRE nor seen on imaging
T1a Positive incidental histological finding in ,5% of the tissue resected
T1b Positive incidental histological finding in .5% of tissue resected
T1c Cancer identified on biopsy performed because of elevated PSA level
T2 Tumour palpable on DRE and confined to the gland
T2a Tumour involves ,0.5 of one lobe
T2b Tumour involves .0.5 of one lobe but not both lobes
T2c Tumour involves both lobes
T3 Tumour extends through prostatic capsule and/or involves the seminal vesicles
T3a Extracapsular extension (unilateral or bilateral) including microscopic bladder neck involvement
T3b Tumour invades seminal vesicle(s)
T4 Tumour is fixed or invades adjacent structures other than seminal vesicle: external sphincter,

rectum, levator muscles and/or pelvic wall
N Regional lymph nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
M Distant metastasis
MX Distant metastasis cannot be assessed
M0 No metastasis
M1 Distant metastasis
M1a Metastases to non-regional lymph nodes (outside of the pelvis)
M1b Metastases to bones
M1c Metastases to other distant organs such as lungs, liver or brain

DRE, digital rectal examination; PSA, prostatic specific antigen.

Table 2. Prostatic specific antigen (PSA)

Age (years) Normal range of PSA (ngml21)

40–49 0.0–2.5
50–59 0.0–3.5
60–69 0.0–4.5
70–79 0.0– 6.5

PSA is a kallikrein-like serine protease secreted by epithelial
cells in the prostate gland and measured in the blood.

Serum levels rise when there is disruption of the basal layer/
basement membrane due to infection, inflammation, mali-
gnancy or after prostate manipulation. Therefore, PSA is
organ- but not cancer-specific.

An age-specific normal level can be defined.
Levels outside this range denote a raised risk of cancer, the risk
rising with the level of PSA. PSA ,10ngml21 has a positive
predictive value (PPV) of 25%, whereas PSA .10ngml21 has
a PPV of 58% for prostate cancer.

A cut-off of 4 ngml21 confers a sensitivity of 67.5–80.0% in
screening for prostate cancer.
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of focal bulges, irregularity or breaches of the capsule.
These features are associated with the presence of cancer
and should be documented, but are not sufficiently
reliable to make a diagnosis without obtaining a biopsy.

Transrectal ultrasound biopsy

Current indications for prostate biopsy are given in
Table 3. Absolute contraindications to TRUS biopsy
include surgical absence of rectum, ilio-anal pouch,
inflammatory bowel disease (especially Crohn’s disease)
and severe bleeding diatheses. It is recommended that
patients on anticoagulation should have their international
normalised ratio (INR) corrected to #1.3. Relative contra-
indications to biopsy are acute prostatitis, perianal inflam-
mation and severe haemorrhoids. Written consent should
be obtained. The patient’s bladder should ideally be empty
before the procedure. Prophylactic antibiotics should be
administered according to local protocol (see below).
The patient is then positioned in the left lateral

decubitus or lithotomy position, an endorectal probe
with the biopsy guide is inserted and local anaesthetic
administered around the prostate.

Anaesthesia
The application of local anaesthetic is now standard

practice [15–17]. 10ml of 1% lidocaine is administered via a
long 22-G Chiba needle (Cook Medical, Bloomington, IN)
[18]. The anaesthetic may be administered around the
neurovascular bundle between the base of the gland and
the seminal vesicles (Figure 4), adjacent to the apex or into
Denonvilliers’ fascia. None of the sites has been shown to be
superior but it is the authors’ practice to inject 2.5ml at the
base and apex bilaterally. It should be noted that injecting
directly into the gland is of no benefit. Potential complica-
tions of local anaesthesia use include pain caused by needle
puncture, systematic lidocaine toxicity, temporary urinary
incontinence (because of anaesthesia of the external urethral
sphincter), artefact formation on the TRUS image (from air
introduced during injection), periprostatic infection and
erectile dysfunction [19]. The incidence of all these is very
low and other studies have found no significant complica-
tion rates with the use of local anaesthesia [20, 21].

Antibiotic prophylaxis
Antibiotic prophylaxis is standard because of the po-

tential for infection, with Escherichia coli, anaerobes and

(a) (b)

(c) (d)

Figure 1. Anatomy of the prostate gland and surrounding structures. (a, b) Axial and coronal views of the prostate gland and its
close anatomical relationships. (c) Zonal model of the prostate. (d) Fascial planes around the prostate. A, artery; AFS, anterior
fibromuscular stroma; CZ, central zone; ED, ejaculatory duct; N, nerve; PZ, peripheral zone; TZ, transition zone; U, urethra; V,
vein. Reproduced with permission from [14].
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(a) (b)

(c) (d)

Figure 2. Axial transrectal ultrasound (a–c) and longitudinal images of the normal prostate (d). CZ, central zone; ED, ejaculatory
duct; NVB, neurovascular bundle; PZ, peripheral zone; SV, seminal vesicle; TZ transition zone; U, urethra; V, vas deferens.

(a) (b)

Figure 3. Method of measurement of prostatic volume on axial (a) and sagittal planes (b).
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Gram-positive organisms being the most commonly identi-
fied [22].
Post-biopsy infection rates without antibiotic prophy-

laxis are quoted as 1–6%, resulting in septicaemia re-
quiring hospitalisation in 0–4% (pooled data) [23].
Lee et al [24] found that the quinolones (predomi-

nantly ciprofloxacin) are the most commonly used
prophylactic antibiotics. Current guidelines recommend
a minimum of one oral antibiotic, such as a quinolone
[25]. This is best commenced a few hours before the
biopsy on the day of the procedure and may be con-
tinued for 3–5 days afterwards [26]. Shorter courses of
quinolones, with intravenous gentamicin at the time of
the biopsy, may also be used. Additional prophylaxis is
required in patients at risk of endocarditis. Worryingly, a
rise in antibiotic-resistant organisms has been recently
reported in patients after TRUS biopsy [27]; therefore,
infection rates and local patterns of resistance should be
regularly audited.

Complications and side-effects

The overall complication rate of TRUS-guided prostate
biopsy remains low. The risks of infection and rectal bleed-
ing are 0–4% and 1.3–5.8%, respectively, in pooled data [23,
27, 28].
Complications of TRUS-guided biopsy are shown in

Table 4, with the range of reported incidences. Increasing
the number of biopsies has been associated with an

increase in urinary retention and epididymitis. Urinary
retention is thought to be due to prostatic oedema and
may occur in the absence of haematuria.

Haemorrhage
The incidence of haemorrhage increases with the

number of biopsies. Severe haemorrhage requiring hospi-
talisation is rare: it is almost always per rectum from a
rectal vein or artery, and may occur some hours after
biopsy. Hospitalisation and transfusion are often necessary,
and urgent proctoscopy to cauterise any bleeding points is
indicated for suspected arterial bleeds. Direct compression
of the rectal mucosa with the TRUS probe or a rectal
balloon may help as a temporary measure.

Aspirin and non-steroidal anti-inflammatory drugs have
not been conclusively shown to increase the frequency or
severity of haemorrhagic complications [29]. Warfarin
should be stopped until the INR is ,1.3. Similarly,
clopidogrel must also be stopped for 7 days prior to
biopsy. Anticoagulants are restarted 24h after biopsy. If
anticoagulation/antiplatelet agents cannot be safely dis-
continued, the patient should be converted to heparin and
biopsied as an inpatient. Haematuria is the commonest
form of haemorrhage, but haemospermia can last longest.

Biopsy number and technique

18G (Tru-Cut) core biopsy needles (Tru-Core
Angiotech, Gainesville, FL) are currently accepted as
standard for the histological diagnosis of prostate cancer.
The number of biopsies has increased since the original
sextant biopsy developed by Hodge et al [30]. 10 or 12
cores are now the standard in the UK and Europe,
carried out in a systematic way according to number
(Figure 5) [25, 31]. The increasing number of biopsies
reflects the isoechoic nature of the occult, small, multi-
focal cancers commonly encountered in modern practice.
Thus, sampling is systematic and not random with the
biopsies sampling the PZ, as this is the most likely site of
cancer. However, there is still wide variation in the
number of cores taken, direction of needle and area
targeted. This is reflected in large variations in cancer
detection between centres and also in the fact that
increasing the number of cores will increase both cancer
detection and complication rates [32]. In the ProtecT
study [28] cancer detection rates varied from 23% [95%
confidence interval (CI) 14–36%] to 53% (CI 40–65%)
across eight centres. It should also be noted that the
current systematic biopsy protocols do not sample the
inner gland because of its lower cancer rate and lower
metastatic potential. Eichler et al [33] analysed 87 studies
(20 698 patients) and concluded that schemes of 12 cores
that included posterior/laterally directed cores struck a
balance between detection rate and adverse events.

Interpreting biopsy results

Prostate biopsy is used to confirm the clinical diag-
nosis of malignancy and stratify tumour aggressiveness.
The Gleason grading system characterises the ‘‘aggres-
siveness’’ of prostate cancer and is central to the

Table 3. Current indications for prostate biopsy

Elevated total PSA
Free PSA ,20%
PSA velocity .0.75 ngml21 per year
Abnormal digital rectal examination
Previous negative biopsies, but continuing high suspicion for
prostate cancer

PSA, prostatic specific antigen.

Figure 4. The various methods for anaesthetising the prostate
gland. In (1) the needle is positioned just outside the apex and
the local anaesthetic is injected to create a pool around it. In (2)
the injection has been made into Denonvilliers’ fascia, just
beyond the rectal wall. In (3) the local anaesthetic has been
introduced around the neurovascular bundle, between the
base of the gland and the seminal vesicle. Any of these sites can
be used, as none is of proven superiority, but both sides should
be injected for maximal effect. Reproduced with permission
from [14].
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management and risk stratification of all prostate
cancers. A five-point scale is used to categorise the
cellular architecture within a biopsy core from very well
differentiated to undifferentiated. Because of the multi-
focal nature of prostate cancer, and the heterogeneity of
the cellular architecture, the Gleason score or sum is
derived by adding together the two most common
Gleason grades across the cores. The worst score should
be incorporated into the score even if this constitutes
,5% of the cancer. The combined score ranges from 2 to
10. A score of ,4 is an indolent well-differentiated
tumour; 5–7 is of intermediate risk; and a score of 8–10
places the tumour as clinically aggressive. Most cancers
currently diagnosed are scored either 6 or 7. Within these
scores the predominant grade of cell (the first number) is
important, e.g. a Gleason grade of 4+3 is more aggressive
than a grade of 3+4, although both are Gleason score 7.

In a proportion of men prostate biopsy is falsely
negative: either the tumour is located in the central part
of the gland or the cancer focus is small. A false-negative
result may be suspected if an initial biopsy has shown
numerous foci of high-grade prostate intra-epithelial
neoplasia (HGPIN) (Table 5), if the PSA level continues

to rise or if the DRE remains suspicious. The appropriate
treatment in these cases is repeat biopsy, usually taking
more cores including biopsy of the central gland. In some
cases, a saturation biopsy protocol is necessary.

However, HGPIN as an isolated finding is no longer
considered an indication for repeat biopsy [25]. A repeat
biopsy should therefore be prompted by other clinical
features, such as DRE findings and PSA level. If HGPIN
is extensive (i.e. multifocal biopsy sites), this is an
indication for careful surveillance or early repeat biopsy
because of the increased risk of prostate cancer.

Other surrogate indicators of tumour volume are the
number of positive biopsies (especially if bilateral), the
percentage of each core involved and the presence of
perineural invasion or capsular breach.

Prostate cancer detection

TRUS remains the first modality of choice for imaging
the prostate. Yet, despite technological advances in high-
frequency wideband probes, greyscale ultrasound has an
accuracy of only 50–60% with a positive predictive value

Table 4. Complications associated with transrectal ultrasound biopsy

Complication % of biopsies

Haematospermia 37.4
Bleeding from urethra, urinary bladder (.1 day) 14.5
Fever 0.8
Urosepsis 0.3
Rectal bleeding ,2 days 2.2
Rectal bleeding .2 days requiring surgical intervention 2.2
Urine retention 0.2
Prostatitis 1.0
Epididymitis 0.7
Other complications requiring hospitalisation 0.3

Percentage given per biopsy session, irrespective of number of cores.
Adapted from National Comprehensive Cancer Network. Clinical practice guidelines in oncology. Prostate cancer early
detection, v.2.2010. Fort Washington, PA: NCCN; 2010. p. 15. Available from: http://www.nccn.org/professionals/physician_gls/
PDF/prostate.pdf

(a)

(b)

Figure 5. Principles behind prostate
biopsy. (a) The various biopsy
schemes used, in the coronal plane.
The first is the classic sextant pat-
tern, which misses about 25% of
cancers. The next three schemes
illustrate the octant, 10-core and
12-core regimes, respectively. In cur-
rent practice the 10- or 12-core
regime is favoured. (b) Prostate
biopsy is a systematic sampling tech-
nique and the diagram shows that
the cores are preferentially targeted
onto the peripheral zone as most
cancers occur here. Note how the
trajectories are aimed anterolater-
ally to maximise peripheral zone
sampling. Reproduced with permis-
sion from [14].
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as low as 6% for the detection of prostate cancer. Its
accuracy for local staging is also relatively poor.
Classically 70% of cancers originate from the PZ, 10%

from the CZ and 20% from the TZ [34]. 60–70% of cancers
are echopoor (Figure 6), but only 17–57% of echopoor foci
are malignant. 30–40% of cancers are isoechoic and a
small percentage are echogenic. Of sonographically visible
cancers 30% appear as a focal nodule, whereas a focal
lesion is accompanied by an infiltrative component in 50%
and an infiltrative pattern predominates in approximately
20%.
Studies employing targeted biopsies of focal lesions

have given variable results. Gosselaar et al [35] studied
1840 males in whom 532 cancers were detected, but only
3.5% of visible cancers were detected solely by the ad-
ditional biopsy.
Toi et al [36] reviewed 7426 biopsies and found that the

presence of a sonographic lesion significantly increased
the likelihood of cancer detection (50.7% vs 30.8%), with
positive biopsies from lesions having a greater percentage
of the core involved with cancer (50% vs 10%), and they
were more likely to have Gleason score $7 (69.0% vs
28.3%).
However, TRUS is limited in detecting prostate cancer

because of the variability in ultrasound appearances, the
poor specificity of sonographic abnormalities, the fact
that tumours are frequently multifocal and the signifi-
cant proportion of isoechoic cancers which cannot be

differentiated from benign changes [37]. In addition to
this, the mixed echo pattern of BPH may mask any
central gland tumour as it is indistinguishable from BPH
[38]. Underdetection of anterior tumours is also a
problem, especially in the setting of BPH.

The traditionally described echopoor lesion in the PZ
has become a less frequent finding, with most contem-
porary prostate cancers tending to be either isoechoic or
showing non-specific echo-irregularity, which may be
the result of increased PSA testing and downward stage
migration of prostate cancer at presentation. A correla-
tion with PSA level and tumour sonovisibility has been
noted [13]. If the PSA level is .20 ngml21, .75% of
tumours are seen, whereas ,30% are seen at a PSA level
,10ngml21 (the current situation in modern practice).
Although the appearances of tumour are variable, the
following are strongly suspicious of carcinoma: echopoor
nodule in the PZ; diffuse echopoor change in the PZ;
nodule with surrounding altered echogenicity; and a
hypervascular echopoor nodule in the PZ [13, 34]. A
capsular bulge associated with an echopoor or isoechoic
nodule or an irregular capsule margin may also be signs
of a cancer (Figure 7). However, these findings are not
specific and hyperplasia, HGPIN, prostatitis (Figure 8)
and necrosis can all have similar appearances. Re-
cognised areas of increased incidence of cancer are the
posterolateral horns, the prostate base close to the
seminal vesicle and the apex, which are relative ‘‘blind’’

(a) (b)

Figure 6. A prostate cancer is seen as a focal echopoor lesion (arrow) with capsular invasion on axial transrectal ultrasound (a).
T2 weighted axial MRI (b) confirms stage T3a with capsular invasion sparing the left seminal vesicle (arrow).

Table 5. Prostate intra-epithelial neoplasia

Excessive cellular proliferation is seen within ducts, ductules and acini, with an intact basal membrane. It can be graded as low or
high grade (HGPIN), but only the latter is clinically relevant

HGPIN is postulated to be a precursor to prostate cancer, with studies suggesting it pre-dates frank cancer by approximately
10 years. When found on biopsy the concern is that it may already be associated with cancer and 30–50% of patients with
HGPIN will have concurrent cancer

However, HGPIN as an isolated finding is no longer considered an indication for repeat biopsy [25]. A repeat biopsy should
therefore be prompted by other clinical features, such as digital rectal examination findings and PSA level. If HGPIN is
extensive (i.e. multifocal biopsy sites), this is an indication for careful surveillance or early repeat biopsy because of the
increased risk of prostate cancer

HGPIN, high-grade prostate intra-epithelial neoplasia; PSA, prostatic specific antigen.
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areas (Figure 9) [14]. These areas should be carefully
assessed in two planes comparing greyscale and vascu-
larity with the contralateral side.

The accuracy of TRUS for local staging is poor, with
sensitivity, specificity and accuracies of 50–92%, 46–91%
and 58–86%, respectively, for extracapsular extension
(T3 disease). TRUS signs of extracapsular extension are
focal bulges, irregularity of the capsule and echopoor
stranding of the periprostatic fat. For seminal vesicle
involvement (Figure 10) the sensitivity, specificity and
accuracies are 22–60%, 88% and 78%, respectively [14].
This compares badly with a sensitivity and specificity of
MRI for staging of 91% and 96%, respectively.

Role of colour and power Doppler

The normal prostate gland has little flow, but what is
present is usually symmetrical. However, strong Doppler
signal may be seen in the neurovascular bundles and
pericapsular and periurethral arteries. Initially, it was
thought that the use of colour/power Doppler techniques
increased the detection of cancer, but it transpired that
it had a poor specificity with some cancers appearing

hypovascular and some benign lesions showing increased
vascularity [39]. Although more sensitive than colour
Doppler, power Doppler has not been shown to be
significantly better [40]. Turgut et al [41] found that
spectral waveform analysis of the capsular and urethral
arteries of the prostate using power Doppler may be
useful in differentiating cancer from benign hypertrophy.
Three patterns of flow changes have been noted in cancer:
focal flow (Figure 11), increased flow around a nodule
and asymmetrical flow on the cancerous side with an
increase in the size and number of vessels. Overall, the use
of conventional Doppler increases the specificity by about
5–10% [42]. Thus, conventional Doppler techniques are
not specific and sensitive enough to replace the systematic
biopsy protocol. However, targeted biopsies of focal
vascular areas, when present, should be performed in
addition to systematic sampling and especially in those
undergoing repeat biopsy.

Ultrasound microbubbles

Angiogenesis is known to be essential for tumour
growth and invasion. Pathological analysis of prostate
tumours demonstrates increased microvessel density
compared with the surrounding normal parenchyma
[43].

Imaging techniques that allow quantification of blood
flow in these microvessels may provide the opportunity to
significantly improve prostate cancer detection and char-
acterisation [44, 45]. Despite changes in biopsy practice and
technological advances which have improved detection
rates, there are still significant false-negative rates that have
prompted the evaluation of microbubble contrast agents
(Figure 12). The aspiration is to use targeted biopsy instead
of the systematic multicore approach, so reducing the
potential adverse effects of multiple biopsies, and to
diagnose aggressive tumours that are clinically important
and exclude indolent cancers.

Tumour vessels are of the order of 10–50 mm in dia-
meter, which is well below the 1-mm resolution limit of
conventional Doppler techniques. Microbubble-specific
techniques allow imaging of vessels down to 50–100 mm
in diameter [46, 47]. In addition, since microbubbles are
vascular tracers, by following the passage of a bolus
injection through a tissue of interest, time–intensity

Figure 7. Transrectal ultrasound appearances suspicious for
cancer. Reproduced with permission from [14].

Figure 8. Prostatitis mimicking carcinoma. A 68-year-old
male with an incidental raised prostatic specific antigen level
but no urinary symptoms. Axial transrectal ultrasound shows
multifocal echopoor lesions with increased vascularity
(arrows) that were thought to represent carcinoma sono-
graphically. Biopsy revealed multifocal acute inflammation
with no malignancy.

Figure 9. Common locations of prostate cancer. Reproduced
with permission from [14].
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curves may be generated (Figure 13) from which many
functional indices [47–50] can be derived, including
bolus arrival time, time to peak intensity, area under the
curve and washin/washout curves as well as more
complex indices. The indices derived can be used to
construct true functional images by displaying them on
a pixel-by-pixel basis as an overlay on the greyscale
image (Figure 14) [49]. Grossen et al [50] showed that the
time to peak enhancement was the most predictive
parameter for the localisation of the malignant lobe of the
prostate, with 78% of patients correctly diagnosed.
Quantitative methods can be employed based on the
destruction of microbubbles and observing the effects on
contrast enhancement (reperfusion kinetics). Intermittent

high-power ultrasound pulses may be used to destroy
microbubbles within a beam, and the rate of replenish-
ment in the field can be used to calculate microbubble
flow rate, a surrogate of perfusion and fractional
vascular volume [51].

Halpern et al [52], using contrast-enhanced real-time
and intermittent harmonic imaging in addition to power
Doppler, showed a significant increase in sensitivity
from 38% to 65% while specificity was maintained at 80%
in cancer detection. These results have also been found
by other workers [53]. Using LevovistH contrast agent
(Schering AG, Berlin, Germany) and a colour Doppler-
based targeted biopsy protocol, Frauscher et al [54]
showed that positive biopsy rates were significantly

(a) (b)

Figure 10. Stage T3b right Gleason 4+4 cancer on axial transrectal ultrasound (a) showing seminal vesicle invasion (arrow),
confirmed on axial T2 MRI (b).

(a) (b)

Figure 11. Prostate cancer. (a) Greyscale transverse ultrasound section of a prostate with no focal abnormalities visible. (b)
Power Doppler (unenhanced) of the same section shows a focal hypervascular area (arrow) demonstrated to be a carcinoma on
biopsy. Reproduced with permission from [44].
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improved with targeted cores vs sextant cores. In a study
of 230 patients comparing contrast-enhanced biopsies
with sextant biopsies, targeted biopsies were again found
to be superior to systematic biopsy (positive biopsy rates
10.4% vs 5.3%, respectively) [55]. Other studies have
confirmed that contrast-enhanced ultrasound improves
cancer detection [56].

Aigner et al [58] compared contrast-enhanced ultra-
sound targeted biopsies with 10-core systematic biopsies
in 44 patients. Contrast-enhanced ultrasound targeted
biopsies were positive in 47% with false positives in 20%
of patients, compared with positive biopsies in 9% of
systematic biopsies. There was no difference in Glea-
son score. Mitterberger et al [59] studied 690 patients

(a) (b)

(c) (d)

(e)

Figure 12. Prostate cancer (arrows) in a patient with a prostatic specific antigen level of 3.46 shown on greyscale (a), colour
Doppler (b), three-dimensional colour Doppler (c), seen as an area of increased stiffness on elastography (d) and as a focal
enhancing lesion following intravenous SonovueH (Bracco, Milan, Italy) microbubbles using microbubble-specific imaging (e).
Biopsy confirmed a Gleason 7 (3+4) prostate cancer.
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comparing contrast-enhanced ultrasound targeted biop-
sies with systematic biopsies and found significantly
higher Gleason scores in the targeted group (Gleason
score 6.8 vs 5.4). Mitterberger et al [60] in a retrospective
single-centre study of 1776 patients showed that the
cancer detection rate for 5 targeted cores guided by
contrast-enhanced colour Doppler ultrasound was sig-
nificantly better than for 10 systematic biopsy cores
(10.8% vs 5.1%).
Sedelaar et al [61] demonstrated a correlation between

increased microvessel density in foci of prostate cancer
and three-dimensional contrast-enhanced power Doppler
imaging. Unal et al [62] showed that contrast-enhanced

power Doppler could be used to discriminate between
BPH and cancer with an accuracy of 81%.

Demonstration of blood flow changes have been used to
help identify cancers. In a study using dutasteride (a dual
5a-reductase inhibitor), which was administered prior to
biopsy, a reduction in blood flow was shown in benign
tissue compared with cancer [63]. Enhanced Doppler has
also been used to monitor response to treatment. In a
study of 68 patients followed up during treatment with
enhanced power Doppler the majority showed a decrease
in vascularity within a day or so following commence-
ment of anti-androgen therapy, which parallelled falling
PSA levels [64] (Figure 15). Interestingly, in two cases,
there was a discrepancy in that the vascularity remained
high despite a fall in PSA level. These patients had
escaped from hormonal control at 6-month review.
Failure 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 contrast-enhanced ultrasound could
provide a quantitative tool to monitor these agents.

Another exciting application of microbubbles is their
use as targeted agents by attaching a ligand onto their
surface directed against endothelial targets, e.g. to high-
light activated endothelium and newly formed blood
vessels [65]. This technique can be used to render a tissue
more conspicuous or deliver a payload of genes or
drugs to a target site. Targeted microbubbles are under
development that bind to specific markers or tissues,
which would dramatically improve sensitivity. In a
study comparing BR55 (a new antivascular endothelial
growth factor receptor 2-specific bubble) and non-
labelled SonovueH (Bracco, Milan, Italy) in rat prostate
cancer, both bubbles provided information in the early
vascular phase, but BR55 had a late-phase binding to
tumour endothelium allowing an extended window for
biopsy [66]. Non-labelled Sonovue washed out and no
significant accumulation of bubbles was seen in healthy
prostate tissue.

Figure 13. Transverse image of the prostate, following a
bolus injection of microbubbles, with a low mechanical index
mode (Micro Flow ImagingTM; Toshiba, Tokyo, Japan)
showing regions of interest drawn on three areas in the
prostate with their time–intensity curves above. Courtesy of
Professor Fisher, Necker University Hospital, Paris, France.
Reproduced with permission from [56].

(a) (b)

Figure 14. Functional imaging of the prostate. (a) Axial B-mode ultrasound depicting a carcinoma (arrow). (b) Corresponding
section of prostate with a functional overlay image (Toshiba, Tokyo, Japan) superimposed showing contrast medium bolus
arrival time following an intravenous injection of microbubbles. The cancer (arrows) demonstrates an earlier arrival time than
the rest of the prostate. The colour scale shows the arrival time in seconds. Reproduced with permission from [44].
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Overall contrast-enhanced ultrasound targeted biopsies
improve the sensitivity of the detection of prostate cancer
despite a lack of specificity, but not sufficiently to avoid
systematic biopsies; therefore, the place of contrast-
enhanced ultrasound is still under debate [58, 67–70].

Future promising developments include three- and
four-dimensional imaging, which may depict the cancer
neovascularity that is only transiently seen in the arterial
phase during contrast-enhanced ultrasound.

Currently the results of large multicentre trials are
awaited comparing targeted post-contrast biopsies with
systematic biopsies to ascertain whether the promise of
contrast-enhanced ultrasound of the prostate can be
translated into clinical practice.

Elastography

This is a novel techniquewhereby the stiffness (Young’s
modulus) of a tumour can be imaged and quantified by
measuring its strain under an applied stress (compression
by transducer). Shear wave elastography may also be of
potential value as this technique allows true quantifica-
tion of Young’s modulus rather than strain (a surrogate
index of stiffness), as measured by current commercially
available strain elastography systems [71]. In tumours, the
stiffness is usually increased (Figure 12). Pallwein et al
[72], in a study of 230 patients using two independent
examiners, performed elastography-directed targeted
biopsies followed by 10 systematic biopsies. The detection
rate for elastography-targeted biopsies was significantly
higher than for systematic biopsies (12.7% vs 5.6%). In
another study, real-time elastography detected cancer in
men with PSA values ranging from 1.25 to 4.00ngml21

with significantly fewer biopsy cores than systematic
biopsy, with a cancer detection rate per core of 4.7-fold
greater than for systematic biopsy [73].

In a study comparing elastography with T2 weighted
endorectal MRI similar sensitivity rates and negative
predictive values were obtained for the detection of

prostate cancer [74]. Large trials are under way to
determine whether elastography-targeted biopsies can
replace systematic biopsies.

MR fusion biopsy techniques

MRI has a moderately high sensitivity and specificity
for the detection and staging of prostate cancer. Recently,
a new technique has emerged which allows a pre-
performed MRI to be coregistered to landmarks so that
real-time virtual ultrasound-guided biopsied can be
performed [75–78]. Experience is limited, but this is a
very promising development that would overcome the
limitation of TRUS in detecting cancer while retaining
the flexibility and convenience of TRUS-directed needle
biopsy (Figures 16 and 17). Visualising the needle and
tumour simultaneously increases the accuracy of tar-
geted biopsy or ablative therapy.

The technique allows multiplanar biopsy planning,
and Xu et al [77] showed an accuracy of 2.4¡1.2mm in
phantom and canine studies. Hadaschik et al [78] in a study
of 106 males demonstrated that, in highly suspicious MR
lesions, the perineal biopsy detection rate was 95.8% with a
significantly higher positivity rate than non-targeted cores.
They quoted that the procedural targeting error of the first
2461 biopsy cores was 1.7mm. Further multicentre trials
are necessary to evaluate this technique in cancer detection.

Conclusion

Prostate cancer is a major cause of morbidity and
mortality in the UK. TRUS remains the first modality of
choice to image and biopsy the prostate. However, TRUS
has a poor accuracy in detection and staging of prostate
cancer.

Contrast-enhanced ultrasound shows promising
results allowing an assessment of tumour microvascu-
larity, but further trials are in progress to evaluate its

(a) (b)

Figure 15. Two cases of carcinoma of the prostate showing differential response to anti-androgen therapy on contrast-
enhanced ultrasound. (a) Sequence of contrast-enhanced power Doppler images taken from the peak in enhancement at
baseline and intervals after commencement of therapy. Note the marked decrease in signals after the first week indicating good
response to therapy, which was observed clinically. (b) Sequence of contrast-enhanced power Doppler images of a different
patient taken from the peak in enhancement at baseline and intervals after commencement of therapy. Note in this case the
signals do not decrease over the treatment period. This patient escaped from hormonal control at 6-month review. Courtesy of
Dr Eckersley, Department of Imaging, Hammersmith Hospital, London, UK. Reproduced with permission from [44].
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role. Molecular techniques depicting tumour neovascu-
larity are an exciting prospect on the horizon.
Real-time elastography has been demonstrated to

improve cancer detection based on changes in tissue
stiffness. In addition, a novel MR/ultrasound fusion
mode is under evaluation. These new techniques may
help target prostate cancer, allowing fewer biopsy cores
to be performed and facilitating the detection of the
important life-threatening aggressive cancers rather than
indolent cancers.
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