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Abstract

Prostate biopsies are usually performed by urologists in the office setting using transrectal
ultrasound (TRUS) guidance. The current standard of care involves obtaining 10-14 cores from
different anatomical sections. These biopsies are usually not directed into a specific lesion as most
prostate cancers are not visible on TRUS. Color-Doppler, ultrasound contrast agents, elastography,
MRI, and MRI/ultrasound fusion are proposed as imaging methods to guide prostate biopsies.
Prostate MRI and fusion biopsy create opportunities for diagnostic and interventional radiologists
to play an increasingly important role in the screening, evaluation, diagnosis, targeted biopsy,
surveillance and focal therapy of the prostate cancer patient.

Introduction

Indications for prostate biopsy include a positive digital rectal exam (focal nodule, stiffness,
or asymmetry), clinical symptoms, high serum prostate specific antigen (PSA) or PSA
velocity (increase in PSA per year), and to monitor known cancers for transformation to a
more aggressive phenotype. The standard of care involves obtaining 10 — 14 cores from
different anatomical sections of the prostate. However, TRUS has low sensitivity and is
limited by significant overlap in the appearances of benign changes and malignancy (1-3).
Prostate cancer remains the only solid tumor where biopsy is not directed at visualized
lesions. There is rapidly growing interest in imaging methods to guide biopsy, which creates
opportunities for interventionalists to leverage their expertise in image-guided procedures to
contribute to this field.
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Until recently, PSA screening has been the primary determinant for prostate biopsies in the
general population but has resulted in over-diagnosis and over-treatment, without a definite
survival benefit (4-6). Recently, the role of PSA screening in prompting biopsies has been
called into question by the United States Preventive Task Force (7). PSA screening is now
performed on an individualized basis after discussion of the risks and benefits of screening.

Prior to imaging methods, the prostate biopsy was guided by direct palpation. The use of
TRUS began in the early 1970s with advent of ultrasound, and the original sextant biopsy
scheme (total of six cores from the base, middle, and apex bilaterally) improved detection
over digital guidance (8). Meta-analysis of 87 studies showed that doubling the number of
cores (to twelve, by obtaining medial and lateral cores in the traditional 6-sextant scheme)
improved cancer detection by 31% (9). Thus, the 12—-18 core systematic biopsy became the
standard in the 2000s. The increase in biopsy cores from six to twelve is not associated with
measurable increased post-biopsy morbidity (10). The logical extension of this was
saturation biopsy, which involves sampling the entire gland but is reserved for patients with
persistently rising PSA and a history of negative biopsies (11).

In an attempt to provide better image guidance of prostate biopsies, a number of ultrasound-
based technologies were introduced. These included Doppler-targeted strategies, real-time
elastography, and ultrasound contrast agents. Other ultrasound techniques include 3D
ultrasound (TargetScan, Envisioneering Medical Technologies, Pittsburgh, Pennsylvania,
USA) and tissue characterization algorithms (HistoScanning, Advanced Medical
Diagnostics SA/NV, Waterloo, Belgium).

MRI of the prostate appears to be the most sensitive method for detecting prostate cancer by
imaging. Direct biopsies under MR guidance have been attempted but prove to be inefficient
and uncomfortable for patients. Higher cancer detection rates were demonstrated when the
pre-biopsy MRI was fused to a real-time TRUS to guide biopsy to lesions seen on MRI (12).
Techniques for fusion guidance include electromagnetic tracking (UroNav, Invivo,
Gainesville, Florida, USA) image processing (Medical Image Management System, Canada
and Urostation, Koelis, La Tronche, France), optical tracking (Hologic, Bedford,
Massachusetts, USA), and encoded mechanical arm/passive robotic (Artemis, Eigen, Grass
Valley, California, USA).

Prostate anatomy and zonal distribution

The prostate gland is comprised of peripheral, transitional, and central zones. The peripheral
zone is disc-shaped and constitutes 70% of the prostate gland. Its ducts radiate laterally from
the urethra lateral and distal to the verumontanum (13). The central zone constitutes 25% of
the prostate gland, and surrounds the prostatic urethra. Its ducts arise close to the ejaculatory
duct orifices at the verumontanum and branch laterally near the prostate base. The
transitional zone, which is not separable from the central zone on MR imaging, is found
anterior and lateral to the prostatic urethra and constitutes the remaining 5% of the glandular
prostate. In benign prostatic hyperplasia (BPH), the central zones grow disproportionately
and eventually surpass the volume of the peripheral zone (3).
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Indications and contraindications for prostate biopsies

Indications for prostate biopsy include suspicion of prostate cancer, abnormal digital rectal
exam, elevated serum PSA, or PSA velocity. Detailed screening guidelines are available
from the National Comprehensive Cancer Network guidelines for early cancer diagnosis
(14). The benefit of PSA screening is higher in African-Americans, patients with a positive
family history, and patients taking 5-alpha reductase inhibitors (which increase the
predictive capacity of PSA). PSA is non-specific; in addition to prostate cancer, prostatitis
and BPH can cause the PSA level to rise (15). The American Cancer Society recommends
that average risk men expected to live at least ten more years should discuss screening for
prostate cancer at age 50 with their physician (16). Practically speaking, these
recommendations may be difficult to interpret or to translate into reall-ife guidance. The
benefits of PSA screening must be weighed against the risks of over-diagnosis.

The most commonly used threshold for prostate-specific antigen (PSA) is 4.0ng/mL.
Lowering the normal threshold for PSA to 2.5ng/mL has been suggested, but doubles the
number of men defined as abnormal and does not clearly result in a benefit (17). Use of PSA
velocity is also controversial. One study demonstrated an association between prostate
cancer and PSA velocity >0.75ng/mL/year (18), however, the data from the European
Randomized Study of Screening Prostate Cancer (ERSPC) in Rotterdam did not find that
PSA velocity improved detection (19).

Relative contraindications to prostate biopsy include coagulopathy, painful anorectal
conditions, significant immunosuppression, acute prostatitis, and an absent rectum.

Pre-procedural care and Antimicrobial Prophylaxis

The use of prophylactic antibiotics prior to transrectal prostate biopsies to reduce infection
risk is recommended by the American Urological Association Best Practice Policy
Statement on Urological Surgery Antimicrobial Prophylaxis guidelines (20). There is no
single standard protocol, and practice patterns vary widely, often by geography and relative
levels of bacterial antibiotic resistance in the community. However, fluoroquinolones are
generally preferred due to their broad-spectrum coverage against Escherichia coli, the most
likely infectious organism after biopsy. In addition, fluoroquinolones demonstrate excellent
tissue penetration in the prostate. Alternatives to ciprofloxacin include aminoglycosides with
metronidazole or clindamycin (20).

Quinolone resistance is responsible for the majority of infectious complications after
prostate biopsy, with overall rates varying between <1% and 5% (21). If patients present
with postprostate biopsy symptoms, empirical treatment with ceftriaxone, ceftazidime, or
amikacin is indicated since ~50% of etiologic agents will be quinolone-resistant (22). There
is currently no definite evidence for the superiority of a longer course of antibiotics (three
days vs. one day) or multiple-dose treatment over single dosing (23). The prescription of a
self-administered enema prior to biopsy is common, but the value of doing so is under
debate (24).
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Standard techniques

Nerve block

Bilateral nerve blockade facilitates the procedure immensely by helping to keep the patient
immobile, and markedly improving patient comfort for an otherwise uncomfortable
procedure. Blockade can be done quickly with ultrasound guidance targeting the lateral edge
of the peri-prostatic tissues in several injections on each side, taking care to infiltrate the
tissue planes surrounding the capsule, and adjusting the needle injections slightly to promote
broad distribution to the nerve plexus. The needle should be advanced and retracted to make
sure injections occur in multiple planes. Typical regimens include 10 ml of 1% lidocaine
delivered bilaterally with a 22G 20cm needle via the ultrasound needle guide slowly injected
in several different transrectal punctures. Aiming for the echogenic “fat triangle” between
the posterior-lateral surface of the prostate, and the seminal vesicles is a common landmark.
The anesthetic can also be administered adjacent to the apex, or into the Denonvilliers’
fascia (1).

Regardless of the site chosen, both sides of the periprostatic nerve plexus should be injected,
and several minutes should be given to allow the lidocaine to distribute and take effect. It
should be noted that injecting directly into the prostate gland is of no benefit (1). Care needs
to be taken not to move the ultrasound transducer with the needle deployed, or rectal mucosa
will be torn. Tracking the amount of the hub side of the needle outside the patient is the best
way to guarantee that the needle is not inserted in the rectum and that it is safe to move the
ultrasound probe. Topical lidocaine gel can also be used to reduce the discomfort of
ultrasound probe insertion and needle puncture. Since the patient is awake, the nerve block
can be repeated if inadequate.

Standard 12 core TRUS biopsy

Patients are generally positioned in the left lateral decubitus position with knees to the chest
and flexed hips on the table edge, allowing mobility of the ultrasound transducer. Core
biopsies are obtained using a disposable spring-loaded biopsy needle (e.g. Bard Biopsy
Systems, Tempe, Arizona, USA) inserted parallel to the end-fire ultrasound probe through
an attached disposable transrectal needle guide (CIVCO, Kalona, lowa, USA). The spring is
much stronger than from standard percutaneous coaxial biopsy Kits. Currently, the
conventional biopsy consists of twelve cores: the base, middle, and apex sextant regions are
sampled in both the lateral and medial aspects of each sextant region bilaterally (Figure 2).

Ultrasound guided biopsy

A standard TRUS guided biopsy begins with a brief survey of the prostate gland to identify
nodules, which are most often in the peripheral zone and usually hypoechoic, but may be
hyperechoic (Figure 3). Unfortunately, gray scale TRUS has low sensitivity and specificity
for prostate cancer compared with MRI.

To confirm the presence of a nodule, scanning should be performed in two planes, typically
the axial and sagittal planes. This can be accomplished by rotating the probe slowly while
maintaining the nodule in view (Figure 4). On sagittal imaging, imaging is typically in an
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extreme lateral plane because the image at this plane is composed almost entirely of
peripheral zone.

End-fire probes have curved array detectors on the probe tip while side-fire ultrasound
probes have longitudinal transducers. End-fire transrectal ultrasound probes are reported to
have higher cancer detection rates compared to side-fire ultrasound probes (25,26) which are
limited to a longitudinal biopsy trajectory. End-fire probes allow better sampling in lateral
and anterior aspects of prostatic tissue which are typically undersampled (26). However, in
one prospective study involving experienced urologists, ultrasound probe configurations did
not differ in cancer detection rates (27).

Calcifications and linear hypoechoic “bands” in the peripheral zone with very straight edges
(which are best visualized in only one plane) are common benign findings. Central region
nodules can have a wide variety of appearances but commonly represent BPH. In general,
TRUS is poor at determining the presence of extracapsular extension. Once the targets are
identified, core biopsies can be obtained with the TRUS biopsy guide electronically
superimposed over the ultrasound image. Movement of the TRUS probe should be carefully
considered as it is easy to become anatomically disoriented. TRUS manipulations should be
performed in one plane at a time. This allows for better control over the planning of the
needle pathway with real time imaging feedback, and it is easier to retrace steps to re-target
the biopsy if a systematic approach is used.

Saturation biopsy

Saturation biopsy refers to obtaining many cores (often 20+) throughout the prostate aiming
to sample virtually all of the tissue at regular intervals. Saturation biopsy is not used as the
initial form of prostate biopsy (11), and has been typically reserved for patients with
previous negative biopsies that continue to have a high degree of clinical suspicion for
prostate cancer. The risks of missing significant cancer should be balanced with the
possibility of detecting a clinically unimportant cancer. Surprisingly, the increased number
of cores does not appear to be associated with a detectable increased risk of complications
(11). However, the high cost (each biopsy is often separately billed) and requirement for
deeper levels of anesthesia in the hospital setting make it less attractive.

Fine needle aspiration

Most prostate biopsies are obtained as core samples. Although controversial, some studies
have shown that fine needle aspiration (FNA) biopsy of the prostate gland may be as
effective as core biopsies in cancer detection, but not in characterization or scoring (28).
However, since Gleason scoring is such an important part of prostate cancer management, it
is unlikely that FNA will replace core biopsies.

Transperineal biopsy

Although the majority of prostate biopsies are obtained transrectally, there are reasons to
consider the transperineal approach. Anatomically, the transperineal approach may identify
proportionally more anterior tumors (29). Moreover, biopsy does not entail crossing the
rectal mucosa with presumably lower rates of infections. Detection rates, cancer core rates,
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and complications are generally comparable between the transperineal and transrectal
approach (30). Transperineal biopsy may be used for patients who do not have rectal access
due to surgery.

One disadvantage is that transperineal biopsies may require spinal or general anesthesia, or
deep sedation, limiting its usage in the office setting. However, the transperineal approach
may be useful in guiding biopsies under MRI. A brachytherapy grid or stepper, which is a
plastic block with pre-drilled holes is used to direct the needles to the proper location.
Robotic or semiautomatic needle guide devices are also available for use with MRI guidance
via the transperineal approach (Invivo, Gainesville, Florida, USA).

Such approaches may also prove useful for focal laser ablation or cryo-ablation. When
thermal energy methods (e.g. laser ablation) are utilized, MR guidance can provide real time
thermometry of the treatment to the operator of the ablation device.

Complications

Prostate biopsy is generally considered to be safe. On initial biopsy, the risk of sepsis is
<0.1% and the risk of rectal bleeding is 2.1%. Mild hematuria and hematospermia are
common, occurring in 62% and 9.8% of patients respectively. The morbidity of repeat
biopsy does not differ significantly from the initial biopsy (31). Patients should be counseled
to hydrate well after biopsy and to expect to see blood in their urine for several days. Since
hematospermia is typically not clinically meaningful but may last many weeks, it should be
discussed to avoid anxiety. Persistent blood, dizziness, or fever should be reported
immediately. In a study of Medicare participants, the overall risk of hospitalization within
30 days of a prostate biopsy (6.9%) was significantly higher than randomly selected controls
(2.7%) (32). When a transrectal prostate biopsy is obtained, fecal matter may be introduced
into the prostate and presents an infection risk. While it is plausible that a self-administered
enema may reduce the fecal matter present, it has not been shown to decrease complication
rates and serious infections can occur not withstanding pre-procedure enemas (24).

Advanced biopsy guidance techniques

Doppler and Elastography

Color and Power Doppler are based on the frequency shift caused by the movement of
specular reflectors (typically red blood cells) relative to the ultrasound probe. Thus,
detection of the Doppler shift can show the direction and speed of blood flow. Flow is
usually minimal and symmetric in the normal prostate gland, although Color Doppler signal
may be seen in neurovascular bundles and pericapsular and periurethral arteries as well as a
web of peri-prostatic veins (1). Areas of focal or asymmetric hypervascularity within the
gland are more likely to demonstrate malignancy (Figure 5). However, the finding is non-
specific, as some tumors are hypovascular whereas some benign lesions, particularly
prostatitis, are hypervascular (33). Color Doppler can improve sensitivity, but the effect on
specificity is not as pronounced (34). The term “Color Doppler” refers to the peak Doppler
shift measured by the probe. The term “Power Doppler”, which is also displayed in color,

J Vasc Interv Radiol. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hong et al.

Page 7

refers to the area under the Doppler curve and tends to have better signal-to-noise ratios.
However, Power Doppler is not markedly more accurate than that of Color Doppler (35).

Cancerous tissue often has increased blood flow which can be seen with ultrasound contrast
agents. Ultrasound contrast agents are microbubbles with a thin membrane containing gas..
In one large retrospective study, the per-patient detection rate of contrast-enhanced Doppler
ultrasound targeted biopsy was 27%, compared to 23% with systematic biopsy, with a
detection rate of 31% when both modalities were combined (36). When contrast enhanced
Doppler targeted biopsy was positive, significantly higher Gleason scores were found (37).

Ultrasound elastography quantifies the stiffness of tissue during the manual compression of
the gland by the transducer (1). Tumors typically have increased stiffness compared to the
surrounding tissue. This can also be detected with shear-wave elastography, which analyzes
the ultrasound signal from a propagating a shear wave through tissue to measure the elastic
modulus in a quantitative and operator-independent way. Targeted sonoelastography may
improve cancer detection versus systematic biopsy, even with fewer cores obtained, by
having a significantly higher cancer detection rate per core (38).

Although the use of these techniques for targeted biopsy can potentially improve prostate
cancer detection rates, limitations include the requirement for technical expertise, lack of
updated equipment, subjective interpretive criteria, and inter-user variability.

MRI as diagnostic tool

For non-invasive detection of prostate cancer, MRI has superior soft tissue resolution and
better visualization of surrounding anatomy compared to conventional ultrasound. Classical
prostate MRI involves placement of an endo-rectal coil in the patient’s rectum to obtain
higher signal. Although a body or surface coil can be used instead, it reduces sensitivity and
specificity of MRI. Nonetheless, modern 3T MRI scanners can obtain excellent quality
imaging of the prostate with only multi-channel phased array surface coils. MRI relies on
multiple parameters to achieve its accuracy. Multi-parametric imaging (mpMRI) consists of
a combination of T2-weighted imaging, diffusion-weighted imaging (which generate
apparent diffusion coefficients maps), MR spectroscopy, and dynamic-contrast enhanced
MRI (Figure 6). As more of these parameters turn positive, a lesion can be assigned a higher
suspicion level (39,40) (Table 1).

To some extent, multiparametric MRI is predictive of tumor aggressiveness or grade. On
T2-weighted (T2W) imaging, prostate cancers typically demonstrate lower signal intensity
in comparison to the high signal intensity of normal prostate tissue, especially in the
peripheral zone where most cancers reside (41). Gleason and D’Amico clinical risk scores
are also negatively correlated with the apparent diffusion coefficients derived from
diffusion-weighted MRI (39). On MR spectroscopy, prostate cancer foci are associated with
decreases in citrate and an elevation of the choline peak, although this is the least commonly
used of the four MR sequences, and requires considerable off-line data processing (42).

The assignment of suspicion level on mpMRI correlates with both the D’ Amico risk
stratification in visible lesions in the prostate and the cancer detection rate (39,43,40) (Table
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1). In addition, mpMRI can be used to detect clinically significant anterior tumors, which
may be missed on TRUS biopsy (44). mpMRI has been shown to improve the classification
accuracy when used with standard clinical criteria for patient selection for active
surveillance when compared to radical prostatectomy pathology (45). MRI can be used to
accurately estimate tumor volumes (46), and in one study lesions localized on imaging had a
98% positive predictive value for prostate cancer as compared to whole gland histology,
with greater sensitivity for higher grade tumors (47). Scores for tumor visibility on T2W
MRI were also predictive of upgrading of Gleason scores on confirmatory biopsy when
compared to initial staging (48).

MRI-guided biopsies

Since regions suspicious for tumor may be visualized on MRI, it can also be used to guide
prostate biopsy (49). This may be particularly important in the setting of anterior or central
lesions as systematic biopsy only targets the lateral peripheral zone. MRI guidance has been
performed in both open and closed-bore MR systems. While open systems allow easy access
to the patient, closed-bore systems offer much higher signal-to-noise ratios and thus, clearer
prostate cancer visualization (3). Most in-gantry MRI guided biopsy studies have used a
transrectal approach with a closed-bore 3T MR imaging system and an endorectal applicator
(3). Diagnostic multiparametric MR imaging is performed prior to the biopsy for planning
purposes (50). The needle guide may be filled with gadolinium-based contrast material for
visualization on MR imaging, and there are commercial automated or robotic systems for
transrectal and transperineal access. However, all devices must be MR-compatible, and the
patient must be in the MRI gantry throughout the procedure, often in the uncomfortable
prone position. Since they may occupy up to four slots on an MRI schedule, they are costly
and burdensome on the limited resource of MRI. Urologists may also have limited access to
an MRI suite reducing their willingness to refer patients for guided biopsy. MRI/US fusion
has thus been developed to address these issues (51).

MRI/US fusion biopsies

MRI/US fusion superimposes pre-procedural diagnostic MRI images over a real-time
ultrasound obtained at a different time and place. This allows targeting of suspicious lesions
seen on MRI to be biopsied under real time ultrasound (Figure 7). The goal is to combine
the high soft tissue resolution of the MR image with the real-time visualization of TRUS, in
a more comfortable office setting without requiring the physical presence of the MRI gantry.
The operator can guide the biopsy needle to specific locations after co-registering the
imaging using electromagnetic sensors, which allow the system to determine the spatial
position of the ultrasound probe. The registration process requires that a volumetric
ultrasound image. Volumetric data can be obtained using by performing a fan-shaped sweep
(UroNav, Invivo, Gainesville, Florida, USA), by spinning an end-fire ultrasound probe
attached to a mechanical arm (Artemis, Eigen, Grass Valley, California, USA), or by using a
3D ultrasound probe (Urostation, Koelis, La Tronche, France). Co-registration with
automatic motion compensation can re-register ultrasound and MRI if the patient moves or
the prostate deforms.
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While some have attempted to perform “cognitive fusion”, i.e. use the human brain to
estimate the location of a lesion on TRUS, results are better with a standardized fusion
approach. Recent studies have shown that MRI/US fusion significantly increases the per-
core and per-patient cancer detection rates (12). In one cohort, the per-core detection rate
was 20.6% for MRI/US fusion in comparison with 11.7% for TRUS biopsy, and MRI/US
fusion biopsy in conjunction with TRUS biopsy achieved an overall per-patient detection
rate of 54.4% (12). The fusion between the two modalities is not exact and the error in one
fusion system was 2.4 + 1.2 mm in phantoms and patients, implying that small lesions may
still be missed (51). In a prospective study, cores obtained from MRI/US fusion had
approximately twice the detection rate of systematic TRUS biopsy overall, and were higher
risk cancers (12) (Figure 8). In addition, MRI/US fusion prostate biopsy is capable of
increasing detection rates in patients with enlarged prostates (52) and patients with a history
of negative standard biopsies (53), where detection rates are lower. The addition of targeted
cores upgrades the Gleason score over standard biopsy in 32% of cases (54). The targeted
biopsies detected 67% more Gleason =4+3 tumors, but missed 36% of the Gleason <3+4
tumors. By targeting the suspicious lesions with this platform, it is possible to selectively
sample areas more likely to contain malignancy and preferentially detect higher grade
tumors more likely to warrant intervention. However, as a relatively new technique, long
term outcomes of MRI/US fusion biopsy are not well studied.

Repeat biopsy after initial negative biopsy

The decision whether to accept a negative biopsy result is dependent on the pre-test
probability of a positive result, as well as the effect of a positive biopsy result on clinical
management. The presence of clinical symptoms, palpable lesions, rising PSA levels, MR-
visible lesions, or a strong family history of prostate cancer should prompt further
exploration of an initial negative TRUS biopsy. In addition, there is a greater chance of
achieving a survival benefit by pursuing cancer detection and treatment in younger and
healthier patients.

In a study of sequential systematic biopsies, the detection rates of the first, second, third, and
fourth biopsy were 22%, 10%, 5%, and 4% respectively, and the third and fourth biopsy
attempts had slightly higher complication rates and detected lower grade tumors (55).
Saturation biopsy may be able to increase detection rates in patients with prior negative
biopsies (11). Most studies of MRI-guided fusion biopsy involve patients who have
undergone at least one negative conventional TRUS biopsy. In this population, detection
rates range from 38 — 59% (3). In a cohort of 195 men with prior negative biopsies, 37% of
subjects were found to have cancer using a combination of TRUS-guided and MR/US fusion
biopsy (53). High grade (Gleason 8+) cancer was found in 11% of subjects, and 55% of
these high grade cancers were missed on standard biopsy. Pathological upgrading occurred
in 39% as a result of fusion biopsy.

Discussion

Multimodality MRI, ultrasound, and image guided procedures such as fusion biopsy are
altering the standard of care for prostate cancer. This review highlights the importance of
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imaging and fusion approaches for accurate diagnosis and characterization. Advanced
imaging like MRI has not yet been broadly applied to screen, diagnose, or target biopsy for
prostate cancer. However, there is great interest in these methods as it is recognized that
standard biopsies may create more problems than they solve. Specific indications and patient
selection have not yet been well defined for when to use MRI or fusion technology.
Consensus on the ideal techniques should become clearer as data emerges on when to use
which approach. Possible clinical indications include T1c lesions, prior negative TRUS
biopsy with high clinical suspicion, or MRI-identified lesions.

The standard method for “blind” TRUS biopsy has a low sensitivity and specificity for
prostate cancer. This “blind” systematic TRUS supposedly distributes the biopsies evenly,
but the distribution of these needles is highly variable and operator-dependent In one
autopsy study, the sensitivity of detecting cancer by obtaining six cores from each of the
medial and lateral peripheral zones was estimated at 53% (56). Beyond 12 cores, the
diagnostic yield seems to depend more on the biopsy site than the number of cores obtained
(56). This is concordant with the observation that saturation biopsy does not improve
detection rates when used as an initial technique (11). This imposes a fundamental limitation
to the sensitivity of “blind” techniques, since the amount of un-sampled tissue dwarfs the
amount that is obtained.

The fusion approach has not yet been widely adopted, but has become widely available
commercially, with at least three companies offering competing products. Cancer detection
thus depends on malignancy being present in anatomical regions that were selected a priori,
which may explain why some patients with high suspicion for prostate cancer can have
repeatedly negative biopsies. The role of imaging guidance with MRI, MRI/TRUS fusion,
and advanced ultrasound tools offers interventional and diagnostic radiologists new
opportunities to contribute to the field of prostate biopsy. In all likelihood, the impact of
MRI/TRUS fusion technology will rely upon multi-disciplinary teamwork, where
radiologists interpret the MRI images, which are then used by urologists or interventional
radiologists to perform office-based fusion biopsy. The best procedures will leverage the
skill sets of both urologists and radiologists in a collaborative team approach. The use of
real-time navigation systems for spatial cancer mapping could improve the diagnostic yield
of biopsy and could play a major role in the screening, evaluation, diagnosis, surveillance
and management of the prostate cancer patient.
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Figure 1.
Normal anatomy of prostate on axial (a) and sagittal (b) view.

by arrows.
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Figure 2.
Coronal view of standard extended 12-core prostate biopsy scheme, dots estimate planned

biopsy sites.
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Dist 1.43cm A
Dist 0.884 cm Bx 12.8cm

Figure 3.
Axial image demonstrating central calcifications and a hypoechoic lesion (cursors)
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A
Bx 12.4cm

Figure 4.
Hypoechoic lesion (cursors) on axial view (a), and ultrasound probe was rotated to show

lesion (arrows) on sagittal view (b)
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Bx 13.3cm

Figure 5.
Region of the left base peripheral zone demonstrates hypervascularity (arrow).
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Figure 6.
MRI of the prostate in a 63-year-old male with prostate cancer. Axial T2W image

demonstrates a right sided low signal intensity lesion at the peripheral zone (arrow) (a), the
lesion demonstrates diffusion restriction on corresponding apparent diffusion coefficient
map of DWI MRI (b) (arrow); lesion shows increased enhancement on axial TIW DCE-MR
image, whereas color coded kep map delineates the lesion (arrow) (d). MR spectroscopy
demonstrates increased choline to citrate ratio within the right peripheral zone lesion (g).
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This lesion was biopsied under TRUS/MRI fusion system guidance and was found to
include Gleason 8 (4+4) tumor.
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Cursor

Figure 7.
MRI registered with ultrasound visualized in the axial plane (a) and sagittal plane (b). A

biopsy target is located in the left apical mid area of the prostate and visualized in red.
Needle trajectory is shown by the red dots, and the orange line maps the biopsy location for
archiving and later use.
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Figure 8.
Cancer detection rates for biopsy cores were compared between standard 12-core TRUS

biopsy alone and MRI/US fusion guided biopsy alone (Reproduced with permission from
Pinto et al. Magnetic resonance imaging/ultrasound fusion guided prostate biopsy improves
cancer detection following transrectal ultrasound biopsy and correlates with
multiparametric magnetic resonance imaging. J Urol 2011; 186:1281-5)
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Table showing a validated method of assigning suspicion levels for lesions based on positive sequences on

mp-MRI
T2-weighted ADC maps from MR DCE Suspicion Level
DWI Spectroscopy

Negative Negative Negative Negative  Negative
Positive Negative Negative Negative Low
Positive Positive Negative Negative  Low
Negative Positive Negative Negative Low
Negative Negative Positive Negative  Low
Negative Negative Negative Positive  Low
Positive Negative Positive Negative ~ Moderate
Positive Negative Negative Positive ~ Moderate
Negative Positive Positive Negative ~ Moderate
Negative Positive Negative Positive ~ Moderate
Positive Positive Positive Negative ~ Moderate
Positive Positive Negative Positive ~ Moderate
Negative Negative Positive Positive ~ Moderate
Positive Positive Positive Positive  High
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