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Transrectal ultrasound (TRUS)-guided systematic biopsy, the current gold standard for the detection of prostate cancer, suffers
from low sensitivity for clinically significant cancer. The use of diagnostic multiparametric MRI has increased the relevance
of targeted biopsy techniques such as MRI-TRUS fusion biopsy and direct (in-bore) MRI-guided biopsy, which have higher
detection rate for clinically significant cancer. Although primarily used in patients who remain at high clinical suspicion for
prostate cancer despite a negative systematic biopsy, with the increasing use of upfront diagnostic MRI, these biopsies are
expected to replace routine systematic biopsies. This pictorial essay aims to enhance our understanding of the concepts of

these biopsy techniques so that they can be performed safely and provide maximum diagnostic yield.
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INTRODUCTION

Prostate cancer is the second most common cancer in
men worldwide (1). Unlike other cancers, non-targeted
systematic transrectal ultrasound (TRUS)-guided biopsy
has remained the gold standard for the detection of
prostate cancer in the past three decades. TRUS-guided
systematic biopsy has low sensitivity for cancers in the
apex and anterolateral peripheral zone as well as in high-
volume glands (2). Due to its high intrinsic contrast
and multiparametric capabilities, magnetic resonance
imaging (MRI) has been extensively used to localize early
prostate cancer. Many urologists now prefer to perform
upfront diagnostic MRI to categorize the risk of clinically
significant prostate cancer and reserve biopsies for lesions
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score of 3 or more. MRI has also been used for targeting
biopsies, primarily in patients with a negative TRUS biopsy
result who remain at high clinical suspicion of clinically
significant prostate cancer. Compared to TRUS-guided
biopsy, MRI-guided biopsy (fusion and in-bore techniques)
increases the detection rate of clinically significant cancers
and reduces the number of required biopsy cores (3). Large
trials such as the PROMIS and PRECISION have validated
the increased detection rate of clinically significant cancers
for MRI-guided biopsy with an associated reduction in the
overdiagnosis of clinically insignificant cancers (4, 5). MRI-
TRUS fusion biopsy enables accurate real-time targeting
and biopsy site documentation. In-bore MRI-guided biopsy
provides the advantage of direct targeting and confirmation
of needle placement prior to sampling (6). This article
describes the various MRI-targeted biopsy techniques in a
pictorial representation to increase our understanding of
the concepts and procedures of these techniques.

Biopsy Indications and Planning
Prostate biopsy is currently recommended for men

aged 50-69 years with elevated serum prostate specific
antigen (PSA) levels (> 3 ng/mL) or abnormal digital rectal
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examination findings (nodules, induration, and asymmetry)
(7). For patients with a prior negative biopsy result, the
indications for repeat biopsy are persistent rise in serum
PSA, suspicious digital rectal examination findings, or
presence of atypical small acinar proliferation (8).

The patient is generally instructed to take a single
oral dose of ciprofloxacin as a prophylactic antibiotic a
few hours before the procedure (9). Additional anaerobic
coverage with tinidazole or clindamycin may be provided
if required. A cleansing enema may be provided on the
morning of the biopsy.

MRI-TRUS Fusion Biopsies

Cognitive Fusion Biopsy

Using this technique, the radiologist reviews the
previously acquired MR images and determines the location
of the target lesion relative to normal anatomical landmarks
or other fiducials. While performing TRUS, the operator
cognitively determines the target lesion site using these
fiducials and performs tissue sampling. This biopsy method
does not require sophisticated equipment and is relatively
inexpensive. The recent FUTURE trial revealed no significant
differences in the detection rates of clinically significant
prostate cancers between cognitive fusion, software fusion,
and MR in-bore biopsies (10). However, some researchers
have reported that cognitive fusion is inferior compared
to software-based fusion technology since it can miss a
significant number of prostate cancers (11, 12). Thus,
the validity of cognitive fusion biopsy is debatable. The
consensus statement of the American Urological Association
(AUA) and Society of Abdominal Radiology (SAR) justifies
cognitive fusion biopsies in resource-poor settings but
recommends software fusion wherever the expertise and
facility are available (13).

Software-Assisted Fusion Biopsy
Several commercial software-assisted MRI-TRUS fusion
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biopsy platforms are currently available with minor
differences in the procedural techniques (Table 1). However,
all systems essentially comprise five key steps (Fig. 1).
Since the experience of the authors is with the Artemis™
(Eigen, Grass Valley, CA, USA) system, the procedural
description in the subsequent sections is primarily based on
the same.

Step 1: MRI Acquisition and Segmentation

First, the acquired MR images are uploaded onto a
segmentation software for mapping the suspicious lesion.
The radiologist segments the prostate gland and the target
lesion separately on the T2-weighted axial images. The
adequacy of the segmented volume can also be verified on
the sagittal and coronal images (Fig. 2). The segmented
volumes are then fed to the fusion biopsy system.

Step 2: TRUS Acquisition and Segmentation

The fusion biopsy system consists of a workstation with
monitor, an articulated robotic arm, and a transducer holder
(Fig. 3). Subsequently, the transducer attached to the
articulated arm is used to perform a mechanically stabilized
real-time TRUS sweep of the gland and the prostate is
segmented manually (Fig. 4).

TRUS acquisition and segmentation
)

MRI-TRUS fusion
e | |\

Periprostatic nerve block

= Ifl

Probe tracking, biopsy route and technique

Fig. 1. Step-by-step workflow of software-assisted MRI-TRUS
fusion biopsy. TRUS = transrectal ultrasound

Table 1. Summary of Currently Available MRI-TRUS Fusion Biopsy Platforms and Basic Differences in Their Workflow

Fusion Biopsy System TRUS Technique

Probe-Tracking Method Biopsy Route Fusion Method

Artemis™ (Eigen)
BiopSee™ (Pi Medical)
RVS™ (Hitachi)

UroNav™ (Invivo)
Urostation™ (Koelis)
Virtual Navigator™ (Esaote)

Mechanically stabilized sweep
Motorized sweep
Freehand sweep
Freehand sweep

3D probe
Freehand sweep

Mechanical arm with encoders TR, TP Elastic
Stepper with encoders TR, TP Rigid
Electromagnetic TR, TP Rigid
Electromagnetic TR, TP Elastic
TRUS-TRUS registration TR, TP Elastic
Electromagnetic TR Rigid

TP = transperineal, TR = transrectal, TRUS = transrectal ultrasound, 3D = three-dimensional
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Step 3: MRI-TRUS Fusion Navigator™, Esaote, Florence, Italy) or non-rigid (Artemis™;
The system fuses the MRI and TRUS volumes and Urostation™, Koelis, Meylan, France; UroNav™, Invivo,
presumptively identifies the location of the target lesion Gainesville, FL, USA). These methods compensate for the
on the ultrasound images (Fig. 5). Software-based differences in orientation and position of the prostate
fusion can be rigid (RVS™, Hitachi, Tokyo, Japan; Virtual gland between the TRUS and MRI acquisitions. While rigid
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Fig. 2. Prostate and target lesion segmentation on Profuse™ (Eigen), proprietary segmentation software available with Artemis™
(Eigen) platform. Radiologist separately segments prostate gland (outlined in yellow) and target lesion (outlined in pink) on axial T2-weighted
images (left panel). Adequacy of segmentation can also be verified on synchronized coronal and sagittal images (middle and right panels).
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Fig. 3. Artemis™ MRI-TRUS fusion biopsy system. System consists of workstation with monitor, articulated robotic arm, and holder to
which TRUS transducer is attached.
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Fig. 4. Prostate gland segmentation of TRUS volume. Transducer attached to articulated arm is used to perform mechanically stabilized
craniocaudal sweep of gland. Prostate gland (red outline) is then manually segmented on axial and sagittal TRUS images.

fusion compensates only for the rotational and translational
differences in the orientation of the gland, the technically
superior non-rigid fusion method also compensates for the
geometrical differences in the gland between the MRI and
TRUS volumes (14). Once the fusion is complete, the biopsy
can be performed.

Step 4: Periprostatic Nerve Block

The periprostatic nerve block is provided by injecting the
local anesthetic into the echogenic triangle between the
base of the prostate and the seminal vesicle. Approximately
5 mL of local anesthetic (1% lignocaine) is injected on each
side (15) (Fig. 6).

2 % Step 5: Real-Time Probe Navigation and Biopsy
Fig. 5. System fuses MRI (bottom left panel) and TRUS (bottom Real-time sampling is performed with the aid of probe-
right panel) volumes and presumptively identifies location ki hnol h i Lti N
of target lesion on US images. 3D US volume is generated with tracking technology that provides real-time navigation
lesion labeled on it (top right panel). US = ultrasound, 3D = three- (Figs. 7, 8). For this purpose, the Artemis™ uses angle-

dimensional sensing position encoders attached to the mechanical

Injected local
anesthetic

Fig. 6. Periprostatic nerve block. Local anesthesia is provided by injecting 1% lignocaine into echogenic triangle between base of prostate
and seminal vesicle. Approximately 5 mL is injected on each side.

1090 https://doi.org/10.3348/kjr.2019.0817 kjronline.org



MRI-Targeted Prostate Biopsy

arm. A 26-cm-long 18-gauge automatic spring-loaded
biopsy gun is used to obtain the tissue cores. For all fusion
biopsies, the AUA-SAR recommendation suggests obtaining
two spatially distributed samples from the target lesion in
addition to systematic 12-core sampling (13). The biopsy
samples are separately labeled with location descriptors

Plans Loaded  (Cick o show plar) Biopsy Plan Sites Shot Biopsies. ROI Sites

M Show Site Labels.

otion COmpensatio
-
S

Fig. 7. Probe-tracking technology of Artemis™ fusion biopsy
system. Various cores to be obtained are marked numerically. Nos.
1-12 denote sites for systematic biopsy, whereas no. 13 represents
core to be obtained from target lesion (labeled in red), which was
mapped onto 3D US volume after fusion with segmented magnetic
resonance image. Probe-tracking technology enables real-time
navigation of probe towards target site. Artemis™ uses angle-sensing
position encoders attached to mechanical arm for probe tracking.
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Baseplate

Fig. 9. DynaTRIM™ (Invivo) in-bore MRI-guided biopsy system. System consists of baseplate, clamp stand, adjusting knobs, and needle
sleeve with attachment site for needle guide.
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before dispatching. The fusion biopsy platforms also enable
recording the location of biopsy cores for future reference.

Direct (In-Bore) MRI-Guided Biopsy
In the direct (in-bore) technique, the radiologist performs

the biopsy by direct visualization of the target area. The
final position of the needle within the target is confirmed

before the biopsy gun is fired. The most common platform
used is the DynaTRIM™ (Invivo). The biopsy system consists
of a baseplate, clamp stand, adjusting knobs, and a needle

Fig. 8. Real-time TRUS image set for biopsy. System displays
scale and red bowtie. Target lesion is outlined in purple. Bowtie
indicates site for needle tip positioning immediately prior to firing.
Red horizontal bar is set at 2 cm from bowtie, which is throw-

length of biopsy gun. These markers ensure accurate positioning and
sampling of target lesion, and prevent overshooting of biopsy needle.

\4

Adjusting knobs
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sleeve with an attachment site for the needle guide (Fig. 9).

The patient is positioned prone on the table, and a phased-
array coil is placed on the dorsal aspect. The needle guide
is gently introduced into the rectum. A preliminary T2-
weighted image is acquired in the axial and sagittal planes
to locate the needle guide (Fig. 10). The target area is

Needle guide

I—

locate needle guide.

Y oo - 3 -
= e Sl e =
reen  Save MPR  Delete Save Graphics  Color Window Capture Save Print  Restant
Layout - Layout - Al Al Overday  Overay - Image Resuhts -

6.9.P11.3, H 26.2

Unlock  Print

Das et al.

subsequently marked on the DynaCad™ (Invivo) software,
which calculates the coordinates of the target lesion
relative to the needle guide (Fig. 11). The needle guide is
then positioned in accordance with the values generated by
the software by adjusting the knobs for left/right rotation,

anteroposterior angulation, and head/foot movement. Once

Fig. 10. Needle guide localization on preliminary T2-weighted images. T2-weighted images are acquired in axial and sagittal planes to

movement
angulation
Left/right

Fig. 11. Biopsy planning on DynaCad™ (Invivo) software, which calculates coordinates of target lesion relative to needle guide.
Software generates values to which knobs are adjusted for left/right rotation, antero/posterior angulation, and head/foot movement so that

needle guide is correctly placed for biopsy.
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Fig. 12. Confirmation of needle slot placement on T2-weighted images prior to firing. Once needle guide is appropriately positioned,
18-gauge double-shot core-biopsy gun is inserted through needle guide and triggered. Repeat T2-weighted axial, sagittal, and oblique coronal
images parallel to needle and guide are then acquired to confirm correct placement of needle slot (arrow) within target site.

the needle guide is appropriately positioned, an 18-gauge replace standard systematic biopsies. A thorough knowledge
double-shot core-biopsy gun is inserted through the needle  of the principles of the various targeted biopsy techniques
guide and triggered. Repeat T2-weighted axial, sagittal, is essential to obtaining maximum diagnostic yield and

and oblique coronal images parallel to the needle and guide  performing these procedures safely.
are acquired to confirm correct placement of the needle
slot within the target site (Fig. 12). The biopsy gun is then  Conflicts of Interest

fired and the tissue is sampled. Unlike fusion biopsy, with The authors have no potential conflicts of interest to
in-bore biopsy, additional systematic biopsies need not be disclose.
performed.
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