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Abstract

Background: Acquiring multiparametric magnetic resonance images of the prostate is
not a simple “push-button” approach.
Objective: To show how image acquisition of prostate multiparametric Magnetic Reso-
nance Imaging (mpMRI) can be optimized.
Design, setting, and participants: Image protocols, magnetic field strength choice, and
the use of receiver coils are discussed. In addition, patient preparation and the recogni-
tion, prevention, and mitigation of artifacts are evaluated.
Surgical procedure: Based on expert prostate MRI technologists (MRI radiographers)
opinion, the optimal protocol is reviewed, and potential artifacts are determined.
Measurements: The entire acquisition process is presented from initial patient prepa-
ration until the end of the imaging. The choice of the used equipment, pulse sequences,
and prevention of patient- and imaging-related artifacts are presented. This will be
shown in individual patients.
Results and limitations: Although the Prostate Imaging Reporting and Data System
guidelines (2012 and 2016) describe minimal and optimal acquisition protocols for
prostate mpMRI, these standards are not always met in daily practice. A major challenge
in mpMRI is to obtain high image quality and reduce its variability for radiologic
interpretations. A summary of evidence and guidelines for the acquisition of mpMRI
of the prostate can set a basic guideline to reduce these variabilities.
Conclusions: This article and an accompanying video can be used as a guide by MRI
technologists (MRI radiographers) to improve their image acquisitions by optimizing
protocols, magnetic field strength choice, and use of receiver coils. We also discuss
patient preparation and the recognition, prevention, and mitigation of artifacts.
Patient summary: In this first surgery-in-motion contribution, we will show how
optimized image acquisition is performed to detect prostate cancer. Both MRI-depen-
dent and patient related factors are discussed.
© 2019 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creati-
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1. Introduction

The success of multiparametric magnetic resonance imag-
ing (mpMRI) for reliably detecting and localizing clinically
significant (cs) prostate cancer (PCa) is highly dependent on
image quality [1–4]. However, due to the variability of
available MRI equipment including software levels and
prostate MRI technologists’ (MRI radiographers’) experi-
ence, it can be challenging to consistently achieve good-
quality images for detection, localization, staging, and
follow-up of PCa.

The first step to improve quality and reduce variability is
to implement optimized acquisition protocols. Therefore,
the European Society of Urogenital Radiology (ESUR)
published the Prostate Imaging Reporting and Data System
(PI-RADS) guidelines in 2012, which included recommen-
dations on minimal and optimal requirements for prostate
mpMRI. In 2016, this was revised, and more recently PI-
RADS v2.1 was published [5–7]. However, these require-
ments are only technical specifications, and did not describe
patient preparation or how to avoid the most common
artifacts that are known to affect image quality, which are
described herein.

2. Magnetic field strength

One of the most frequently discussed topics of prostate
mpMRI is whether to use 1.5T or 3T MRI field strength. The
use of 3T machines is recommended [6]. MRI of 1.5T field
strength should be considered when a patient has an MR-
conditional implanted device, but its presence still may

result in artifacts that could compromise image quality (eg,
metallic hip-prosthesis) [6].

The reason for 3T MRI being preferred to 1.5T MRI is the
increased “signal-to-noise ratio” (SNR), which results in
increased spatial resolution and thus better image quality.
The disadvantage of 3T MRI is the increased risk of artifacts,
especially susceptibility (resulting in geometric distortion)
and ghosting artifacts [8]. There are sequences that decrease
these artifacts, but these can result in increased imaging
time and/or decreased SNR.

A comparison between the 1.5T and 3T MRI by Ullrich
et al [9] showed that the SNR and “contrast-to-noise ratio”
(CNR) for T2-weighted images (T2WI) are comparable for
both field strengths. However, for diffusion-weighted
images (DWI), the SNR and CNR are significantly lower at
1.5T. As DWI is especially important for recognizing csPCa in
the peripheral zone (PZ), 3T scanning is preferred. Further
investigations are required to understand whether 1.5T has
the same diagnostic value as 3T MRI on modern MRI
systems for clinical decision making such as the need for
biopsy and biopsy yields. Therefore, the use of 3T MRI for
prostate imaging is recommended until further investiga-
tions shows, that the diagnostic value of 1.5T MRI is
sufficient (Table 1). An example of 1.5T versus 3T MRI of the
prostate in the same patient is shown in Figure 1.

3. Gradient strength

The SNR and CNR of images are also dependent on the
maximum value- and rise-time of the magnetic field
gradients. This is especially the case for DWI, where image

Table 1 – Summary of evidence and guidelines for the acquisition of mpMRI of the prostate [36].

Summary of recommendations Level of evidence Grade

Magnetic field strength 3T MRI is preferred to 1.5T MRI 3 B
Gradient strength Use the strongest gradients possible to increase image quality, especially DWI 3 B
Receiver coils Use a body phased array and spine coil; an ERC is not necessary 1 A
Patient preparation Check for MRI-related contraindications 2 B

Administer antispasmodic agents unless there are contraindications 2 B
Fasting is not necessary 5 D
Consider the use of micro-enema prior to a prostate mpMRI examination 3 B
Use a rectum catheter prior to a prostate mpMRI examination in patients with
air in the rectum

5 D

Ask the patient to refrain from ejaculation during 3 days prior to the MRI
examination

2 B

Acquisition protocol T2WI should always be obtained in the axial plane and at least one other
orthogonal plane (sagittal or coronal)

3 B

The prostate-rectal interface on the sagittal image can be used as a guide for
angulation of the coronal plane

3 B

The axial plane should be positioned perpendicular to the coronal plane 3 B
DWI is acquired in the axial plane with a small shim box in exactly the same
position and same phase encoding direction as the T2WI

3 B

DWI sequence consists of multiple b values, typically b50–100, b400-500,
b800 and a high b value* of at least b1400s/mm2

3 B

DCE-MRI is acquired in the axial plane, in exactly the same position and phase
encoding direction as the T2WI and the DWI

3 B

DCE-MRI is acquired with a high temporal resolution of <15 s 3 B
MRI technologist (MRI radiographer) training Trained technologists (radiographers) specifically for prostate MRI are highly

recommended
5 D

DCE = dynamic contrast enhanced; DWI = diffusion-weighted imaging; ERC = endorectal coil; mpMRI = multiparametric MRI; MRI = magnetic resonance
imaging; T2WI = T2-weighted imaging.
* A high b value image can also be calculatyed from the DWI-series.
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quality highly depends on the gradient strength [10–
13]. Stronger gradients allow shorter echo time (TE),
enabling a higher SNR and thus better DWI quality
[14,15]. However, scanners with higher gradient strength
are more expensive, and as a result, many MRI scanners do
not fulfill the requirement for short TE times for DWI
sequences. As a result, a 3T scanner with low gradient
strength will produce lower-quality DWI compared with a
1.5T scanner with high gradient strength. Therefore, strong

gradients are preferred over higher magnetic field strength
for prostate mpMRI (Table 1).

4. Receiver coils

The most commonly used receiver coil is a body phased
array coil in combination with a spine coil. Many centers
also employ an additional endorectal coil (ERC). An ERC is a
receiver coil in a small balloon that is inserted in the rectum

[(Fig._1)TD$FIG]

Fig. 1 – Magnetic field strength 3T versus 1.5T MRI: (A,B) 3T axial and coronal T2WI; (C,D) 1.5T axial and coronal T2WI (anterior TZ lesion [circle]); (E)
3T axial ADC map; and (F) 1.5T axial ADC map. Biopsy showed a GG1 (GS 3 + 3) anterior TZ cancer (c.: Professor A. Padhani).
ADC = apparent diffusion coefficient; GG = grade group; GS = Gleason score; MRI = magnetic resonance imaging; T2WI = T2-weighted imaging;
TZ = transition zone.
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before the MRI examination. The value of an ERC coil for
prostate MRI has been studied extensively [16–18]. Its value
seems to be for lower field strengths and older MRI
machines, where they can improve image quality due to
increased SNR. However,major disadvantages of the ERC are
artifacts. Research conducted by Husband et al [19] and
Sosna et al [20] showed that ERC artifacts are the major
causes of decreased image quality.

Recently, there have been multiple improvements in
hardware and software, which allow good-quality prostate
mpMRI to be obtained without using ERCs [6,21]. Many
modern 1.5T MRI scanners do not require an ERC to ensure
acceptable image quality. Accordingly, the PI-RADS Com-
mittee does not prescribe the use of ERC, stating that
reliable, satisfactory results can be obtained with both 1.5T

and 3T without the use of an ERC [6]. This position is
supported by a systematic review performed by Fusco and
colleagues [21] who concluded that new 1.5T and 3T MRI
machines can obtain acceptable image quality without the
use of an ERC. Figure 2 displays an example of a patient who
underwent mpMRI of the prostate both with and without
the use of an ERC. Without ERC there are no artifacts and
prostate compression. Therefore, mpMRI of the prostate
without an ERC is recommended (Table 1).

5. Patient preparation

PI-RADS v2 does not specify patient preparation, mention-
ing only image quality improvement through the use of
antispasmodic agents, preparation enema, a rectum cathe-

[(Fig._2)TD$FIG]

Fig. 2 – ERC versus non-ERC MRI of the prostate. This image shows a patient who underwent 3T MRI (A,C,E) with ERC and (B,D,F) without ERC. (A,B)
T2WI sagittal, (C,D) T2WI axial, and (E,F) calculated b1400 images are shown. The images with the use of an ERC show image artifacts at the rectal-
prostate interface, and the prostate is noticeably compressed. Whereas the images without an ERC are free from artifacts.
ERC = endorectal coil; MRI = magnetic resonance imaging; T2WI = T2-weighted imaging.
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ter, and by refraining from ejaculation for 3 days prior to the
MRI [6]. The different patient preparation methods for
mpMRI of the prostate are discussed below. A summary of
recommendations can be found in Table 1.

5.1. Contraindications

Before undergoing MRI, the patient must be screened for
contraindications for MRI to prevent harm. Most important
is to check for implants, metal foreign bodies, contrast
allergies, and renal function. Shellock and Crues [22]
published a review article describing the MR biologic
effects and safety guidelines of MR procedures. A list of
potential contraindications is listed in Table 2. In case of
potential contraindications, this should be discussed with
the radiologist. Guidelines concerning contraindications of
contrast agents and renal function are described in the ESUR
guidelines on contrast media [23].

Postbiopsy hemorrhage is no contraindication for
mpMRI of the prostate; a study of Rosenkrantz et al [24]
showed that extensive hemorrhage and short delay after
biopsy did not negatively impact the accuracy for cs tumor
detection using mpMRI. However, the most recent Europe-
an Association of Urology (EAU) prostate guidelines
recommend performing MRI prior to biopsy [25].

5.2. Antispasmodic agents

The administration of an antispasmodic agent such as
hyoscine butyl bromide (Buscopan, Boehringer, Ingelheim,
Germany) or Glucagon (GlucaGen, Novo Nordisk A/S,
Bagsvaerd, Denemarken) can prevent blurring of images
by decreasing bowel motility. This has the effect of
decreasing peristalsis for a short time (usually around
15–20 min), which is just long enough to acquire the
required images [15]. The effect of antispasmodic agents on
mpMRI was investigated by Slough et al [26]. The patient
group using the antispasmodic agent had significantly
higher T2WI quality. Owing to the use of antispasmodic
agents, there were less motion artifacts and blurring on the
T2WI. However, there was no significant improvement in
DWI image quality, or in the degree of DWI distortion or
other artifacts. Thus, administration of antispasmodic

agents improves image quality of the T2WI and is
recommended as patient preparation for prostate MRI.
Alternatively, Glucagon may be used when Buscopan is not
available/licensed or contraindicated. Contraindications
and side effects of antispasmodic agents should be
considered. Always consult the medication leaflet before
using antispasmodic agents to rule out contraindications
and to warn the patient for side effects.

5.3. Fasting

Fasting is another patient preparation method used for
abdominal MRI. However, fasting was not mentioned as a
preparation method for prostate mpMRI in PI-RADS v2.
Evidence for the use of fasting to decrease rectal air or bowel
movement is lacking. Fasting is therefore not recommended
as a patient preparation method for prostate mpMRI.

5.4. Preparation enema

Caglic and colleagues [27] investigated the effect of rectal
distension on prostate mpMR image quality. Rectal disten-
sion had a significant negative effect on the quality of both
T2WI and DWI. Thus, to optimize image quality, bowel
preparation prior to prostate mpMRI should be considered.
Lim et al [28] showed that preparatory cleansing enemas
did not improve image quality or reduced artifacts in 3T
prostate mpMRI. However, van Griethuysen et al [29]
investigated the use of a preparatory microenema shortly
before the DWI sequence. The microenema consisted of a
5 ml solution (Microlax, McNeil Healthcare, Ireland) that
was self-administered by the patient �15 min prior to
acquisition. Apart from the microenema, no bowel prepa-
ration or spasmolytic agentswere applied. This significantly
reduced both the incidence and the severity of gas-induced
artifacts. As gas-induced artifacts especially decrease DWI
quality, the use of a microenema prior to a prostate mpMRI
examination could be considered where suitable toileting
facilities are available.

5.5. Rectum catheter

Air within the rectum can cause susceptibility artifacts that
distort DWI. Caglic et al [27] also reported on a strong
positive correlation between increased rectal feces and air
and DWI distortions/artifacts. Therefore, another option to
reduce these artifacts is to decrease the amount of air in the
rectum by inserting a rectal catheter prior to the MRI
examination and to remove the air with a syringe as
suggested by F. Cornud (Paris, France). Figure 3 shows the
effect of using such a rectal catheter. Further investigations
are required to evaluate whether the use of a rectum
catheter could reduce both the incidence and the severity of
gas-induced artifacts.

5.6. Refraining from ejaculation

Another preparation mentioned in the PI-RADS recom-
mendations without consensus is the request to refrain

Table 2 – Potential contraindications to MRI examination.

Potential contraindications

MRI-unsafe pacemakers, ICDs, neurostimulation systems, cochlear implants,
or medication pumps
Metallic foreign bodies, for example, fragments (in the eye), bullets, or
shrapnel
Ferromagnetic metallic vascular clips
Metal dental brace/implants
(Severe) claustrophobia
For gadolinium chelate contrast agent:

� Earlier contrast reaction to MRI contrast agent
� Poor kidney function (GFR < 30 ml/min/1.73 m2)

GFR = glomerularfiltration rate; ICD = implantable cardioverter defibrillator;
MRI = magnetic resonance imaging.
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from ejaculation during 3 days prior to the MRI
examination. Several articles have examined the influ-
ence of ejaculation prior to the MRI examination of the
prostate. The main findings were a significant reduction
in seminal vesicle (SV) volume after ejaculation and,
therefore, decreased diagnostic evaluation of potential SV
invasion in patients with known cancers [30–32]. In
addition, a significant reduction of prostate apparent
diffusion coefficient (ADC) value and significantly de-
creased T2-value of the PZ have been reported
[31,32]. Concluding from these articles, it is reasonable
to request that patients refrain from ejaculation for 3 days
prior to the MRI examination.

6. Acquisition protocol

According to the PI-RADS v2.1 recommendations, the
minimal protocol consists of a combination of high-
resolution T2WI in at least two planes, always including
an axial plane, and two functional MRI techniques: axial
DWI and dynamic contrast enhanced (DCE) MRI [7]. To
distinguish the position of a lesion on mpMRI of the
prostate, it is important to use similar voxel, slice thickness,
and slice positioning for matching between the different
sequences. In addition, this will help determine the exact
biopsy location. An overview of setting recommendations is
presented in Table 1, and Table 3 presents an overviewof the
recommended minimal sequence parameters for 3T and
1.5T MRI scanners.

6.1. T2-weighted imaging

T2WI shows the prostate’s anatomy and is used for the
detection, localization, and staging of PCa. In the PZ, PCa can

be recognized as a round or ill-defined lesion with low
signal intensity on a background of high signal intensity of
the normal PZ. Transition zone (TZ) PCa can be more
difficult to recognize because low signal intensities of
benign prostate hyperplasia can mimic PCa. High-quality
T2WI is very important to classify TZ lesions, to evaluate
extraprostatic extension, and for planning of fusion biop-
sies.

T2WI should always be obtained in the axial plane and
at least one orthogonal plane (sagittal or coronal), and
should include the whole prostate, irrespective of its size
and shape, and a minimum of two-thirds of the SV.
Angulation of the coronal and axial plane is crucial
(although straight axial planes may be more helpful for
fusion biopsy planning). For the coronal plane, the
prostate-rectal interface on the sagittal image can be
used as a guide. When the scan box is parallel to this line,
the prostate is “heart shaped” on the coronal plane
(Figure 4). This angulation enables optimal visualization
of the tumor extension to the SV and comparison of
whole-mount section radical prostatectomy slices with
(axial) T2WI. The axial plane should be positioned
orthogonal to the rectum, that is, perpendicular to the
coronal plane [5].

To prevent mismatch between the T2WI axial
plane and DWI axial plane, it is important to have a
homogenous magnetic field in the prostate itself. To
achieve this and to minimize influence of air or bowel
movement, a small shim box is applied around the
prostate (Figure 5).

The phase encoding direction is an important parameter
for the T2WI sequence. A phase encoding direction from left
to right is used in the coronal and axial planes to prevent
overprojection of motion artifacts from the bowel into the
prostate.

[(Fig._3)TD$FIG]

Fig. 3 – Rectum catheter versus no rectum catheter. This image shows a patient who underwent MRI of the prostate (A) without and (B) with the use
of a rectum catheter. This demonstrates that, especially in the DWI (right column), susceptibility artifact is present distorting the images where the
rectum catheter was not used (arrows), which is considerably improved when the rectum catheter was used.
DWI = diffusion-weighted imaging; MRI = magnetic resonance imaging; T2WI = T2-weighted imaging.
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6.2. Diffusion-weighted imaging

DWI is an essential sequence for detection and is a
predictor of tumor aggression. It reflects the random
motion of water molecules and is a key component of the
prostate mpMRI examination [6]. PCa demonstrates high
signal intensity on DWI at high b values (factor of strength
and timing of gradients to generate DWI) and low signal
intensity on ADC maps. As mentioned above, DWI is
acquired in the axial plane with a small shim box in exactly
the same position and same phase encoding direction as
the T2WI [5]. A typical DWI sequence consists of multiple b
values, typically b50–100, b400-500, b800, and a high b
value of at least b1400 s/mm2. This high b value can be
acquired separately, but can also be calculated from the
lower b-value images with monoexponential fitting of the
signal decay curve. For the DWI, the ADC map is always
calculated using b values <1000 s/mm2. The reason for
preferably starting with a b50 instead of a b0 is to prevent

shine-through of the vessels, that is, to exclude the
vascular signals. High b-value images are a valuable
diagnostic tool in csPCa detection and crucial for mpMRI
interpretation [33]. According to the PI-RADS v2.1 stan-
dard, a b value of �1400 s/mm2 must be used for
interpretation provided that SNR is sufficient [7].

The image quality of DWI depends on the SNR and the
influence of artifacts. With an increased SNR more detailed
images can be acquired. The SNR is affected by the following
factors: magnetic field strength, proton density of tissues,
voxel volumes, TR, TE, flip angle, number of excitations
(NEX; also known as the number of signal averages or
acquisitions), receiver bandwidth, and coil type [14]. In-
creasing the b values naturally decreases the SNR mono-
exponentially. To compensate for signal losses in higher b
values, it is important to increase the NEX with increasing b
value; for example, we use three NEX for b50, eight NEX for
b400, and twelve NEX for b800 to maintain the SNR. Note
that this does not alter ADC value calculations.

Table 3 – Minimal requirements for 3T and 1.5T mpMRI of the prostate.

Sequence T2 TSE sagittal T2 TSE coronal T2 TSE axial EPI DWI axial DCE axial

Requirements for 3 T mpMRI of the prostate
TR (ms) 5590 5000 5660 3200 3.62
TE (ms) 101 101 104 63 1.27
Flip angle (�) 160 160 160 – 14
Freq FOV (mm; phase FOV) 180 192 192 256 192
Matrix size 320 320 320 128 224
# Slices/thickness(mm) 19/3 15/3 19/3 19/3 26/3
Gap (%) 20 20 20 20 –

Voxel size (mm) 0.6 � 0.6 � 3 0.6 � 0.6 � 3 0.6 � 0.6 � 3 2 � 2 � 3 0.9 � 0.9 � 3
Averages/NEX 2 2 2 b50—3 –

b400—8
b800—12

Phase enc dir H� F R� L R� L R� L R� L
ffiBW (Hz/Px) 200 200 200 1502 490
b values (s/mm2; directions) – – – b50 –

b400
b 800
b 1400 (calc.)

Measurements 1 1 1 1 45
ffiTime 2:31 2:15 2:33 4:50 2:50
Requirements for 1.5 T mpMRI of the prostate
TR (ms) 6700 6500 6400 3700 4.36
TE (ms) 108 146 146 73 1.76
Flip angle (�) 160 160 160 – 12
Freq FOV (mm; phase FOV) 200 200 200 200 260
Matrix size 320 320 320 100 192
# Slices/thickness (mm) 19 /3.5 15/3.5 19/3 19/3 22/3
Gap (%) 20 20 20 20 –

Voxel size (mm) 0.6 � 0.6 � 3.5 0.6 � 0.6 � 3.5 0.6 � 0.6 � 3 2 � 2 � 3 1.4 � 1.4 � 3
Averages/NEX 2 2 2 b50—4 –

b400—7
b800—18

Phase enc dir H� F R� L R� L R� L R� L
ffiBW (Hz/Px) 200 200 200 1428 300
b values (s/mm2; directions) – – – b50 –

b400
b800
b1400 (calc.)

Measurements 1 1 1 1 40
ffiTime 2:22 3:07 3:26 4:33 3:10

BW = band width; DCE = dynamic contrast enhanced; DWI = diffusion-weighted imaging; EPI = echo-planar imaging; FOV = field of view;
mpMRI = multiparametric MRI; MRI = magnetic resonance imaging; NEX = number of excitations; Phase enc dir = phase-encoding direction; PX = pixel;
TE = echo time; TR = repetition time; TSE = turbo spin echo.

E U RO P E AN URO L OGY 7 7 ( 2 0 2 0 ) 4 57 – 4 6 8 463

Author's Personal Copy



DWI is very sensitive for artifacts that are caused by field
inhomogeneities. These inhomogeneities can be caused bya
metal hip prosthesis or air in the rectum. Such artifacts can
be minimized by using short TE, but they cannot be avoided
completely [15]. However, it should be remembered that
echo times should not be too short, in order to allow water
diffusion to occur prior to the image being acquired. An

example of good versus bad high b-value DWI image quality
can be seen in Figure 6.

6.3. Dynamic contrast enhanced MRI

DCE-MRI during the administration of a gadolinium-
containing contrast agent shows tissue vascularity and

[(Fig._4)TD$FIG]

Fig. 4 – Angulation of the coronal plane. (A) Angulation of the coronal plane (yellow line). (B) Heart-shaped coronal view of the prostate with the
correct angulation.

[(Fig._5)TD$FIG]

Fig. 5 – Angulation of the axial plane. Angulation of the axial plane (yellow box) and the application of a small shim box around the prostate (green
box).
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microvessel permeability [5]. Before administrating gado-
linium, contrast allergies and renal function should be
checked. DCE-MRI is a series of sequential T1-weighted
images acquired in the axial plane, in exactly the same
position and phase encoding direction as the T2WI and the
DWI. A high temporal resolution of <15 s is used to show
the earlier enhancement of cancer compared with the PZ of
the prostate [7]. Contrast enhancement alone is not
definitive for csPCa, and absence of early enhancement
does not exclude the possibility csPCa. Its value is
diminished in TZ assessments. DCE-MRI should be included
in all prostate mpMRI examinations so as not to overlook
small csPCa [6]. However, the value of mpMRI for detecting
csPCa prostate without DCE-MRI is debated [34]. Short MRI
protocols without the use of a contrast agent can improve
prostate MRI accessibility [35].

7. Artifact prevention

The most common artifacts in mpMRI of the prostate are
motion, coil, or patient related. Motion causes blurring of

images or ghosting artifacts, and is caused by bowel
peristalsis, gland motion, bladder distension, or patient
movement. Several approaches can be used to minimize
artifacts. One of the most effective ways is good patient
preparation. Make the patient as comfortable as possible, a
pillow under the knees can help relax the patient and
decrease movement of the legs. Clear instructions and
communication are the key. Especially tensing of the
buttocks and moving of the legs and feet can results in
blurred images. As mentioned above, administration of an
antispasmodic agent can decrease bowel movements.
Decreasing acquisition time per sequence can also prevent
motion artifacts. This can be done, for example, with the use
of parallel imaging techniques. An example of a motion
artifact is shown in Figure 7.

Susceptibility artifacts are another common type of
artifacts in prostate MRI that cause distortion of the
prostate, especially in DWI. The distortion is caused by
local magnetic field inhomogeneities due to rectal air or
metal implants (eg, metallic hip prosthesis) [15]. Figure 8
shows an example of distortion caused by rectal air. To

[(Fig._6)TD$FIG]

Fig. 6 – DWI image quality. (A) DWI b1400 axial image of the prostate with acceptable image quality. (B) DWI b1400 axial image of the prostate with
no acceptable image quality because of a lot of noise and a susceptibility artifact.
DWI = diffusion-weighted imaging.

[(Fig._7)TD$FIG]

Fig. 7 – Motion artifact. (A) T2W axial image of the prostate with a motion artifact. (B) T2W image of the prostate in the same patient without motion
artifacts.
T2W = T2 weighted.
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[(Fig._8)TD$FIG]

Fig. 8 – Distortion caused by rectal air. A large amount of air in the rectum is visible on the (A) T2 sagittal and (B) T2 axial images. The (C) DWI shows
distortion of the prostate caused by rectal air. To decrease the distortion, (D) readout-segmented multishot (RESOLVE) DWI is scanned in the same
patient.
DWI = diffusion-weighted imaging.

[(Fig._9)TD$FIG]

Fig. 9 – Influence of hip prosthesis on image quality. The (A) T2WI sagittal, (B) T2WI axial, and (D) DCE show good image quality to evaluate the
prostate. The hip prostheses are displayed as black holes; however, they do not influence the quality of the image in the prostate itself. (C) The DWI is
greatly degraded by artifacts and cannot be used for diagnosis.
DCE = dynamic contrast enhanced; DWI = diffusion-weighted imaging; T2WI = T2-weighted imaging.
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prevent susceptibility artifacts caused by rectal air, air can
be removedwith a small rectal catheter (see section 5.5) but
also by a small shim box around the prostate. Such a shim
box creates a homogenous field in the prostate and prevents
susceptibility artifacts.

Susceptibility artifacts caused by metal, for example, hip
prosthesis, result in a black hole on T2WI and DWI
distortions. Newer image techniques such as readout-
segmented DWI might reduce these artifacts. They can also
beminimized by using short TE as discussed above, but they
cannot be avoided completely [15]. An example of a prostate
MR image in a patient with a hip prosthesis is shown in
Figure 9. An overview of recommendations for artifact
reduction is presented in Table 1.

8. MRI technologists’ training

Besides proper patient preparation and technical issues,
knowledge and dedication of the performing MRI technol-
ogist (MRI radiographer) play a major role in obtaining
optimal mpMRI of the prostate. To achieve good image
quality, it is important that technologists (radiographers)
are properly trained in prostate MRI. Knowledge of
anatomy, pathology, and recognizing specific artifacts and
technical knowledge will improve the image quality.

9. Conclusions

It is essential that mpMRI scans are PI-RADS v2 compliant
and are performed by trained MRI technologists (MRI
radiographers) using a standardized protocol consisting of
T2WI, DWI, and DCE-MRI. Modern scanners allow obtaining
more consistent and high-quality images. Owing to these
improvements, an ERC is no longer regarded as necessary,
which improves patient comfort and reduces costs. The PI-
RADS v2.1 standard gives no specific advice regarding
patient preparation. Proper patient preparation and pros-
tate MRI–trained technologists (MRI radiographers) are
essential for optimal image quality, and thereby increasing
the diagnostic value. It is essential to make patients feel
comfortable, with clear instructions and communication
before and during the scanning procedure. The use of
antispasmodics is recommended, as well as removing air
from the rectum where possible. Artifacts can still degrade
mpMRI images. By employing modern machines and
-techniques, faster image protocols, and optimal patient
preparation, these artifacts can be reduced to obtain the
best images possible for any given patient. The better the
image quality, the easier and better the interpretations by
radiologists.
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Abstract

Background: There is large variability among radiologists in their detection of clinically signifi-
cant (cs) prostate cancer (PCa) on multiparametric magnetic resonance imaging (mpMRI).
Objective: To reduce the interpretation variability and achieve optimal accuracy in assessing
prostate mpMRI.
Design, setting, and participants: How the interpretation of mpMRI can be optimized is
demonstrated here.Whereas part 1 of the “surgery-in-motion” paper focused on acquisition,
this paper shows the correlation between (ab)normal prostate anatomical structures and
image characteristics on mpMRI, and how standardized interpretation according to Prostate
Imaging Reporting and Data Systemversion 2 (PI-RADS v2) should be performed. This will be
shown in individual patients.
Surgical procedure: To detect csPCa, three mpMRI “components” are used: “anatomic” T2-
weighted imaging, “cellular-density” diffusion-weighted imaging, and “vascularity” dynamic
contrast-enhanced MRI.
Measurements: Based on PI-RADS v2, the accompanying video shows howmpMRI interpre-
tation is performed. Finally, the role of mpMRI in detecting csPCa is briefly discussed and the
main features of the recently introduced PI-RADS v2.1 are evaluated.
Results and limitations: With PI-RADS v2, it is possible to quantify normal and abnormal
anatomical structures within the prostate based on its imaging features of the three mpMRI
“components.”With this knowledge, a more objective evaluation of the presence of a csPCa can
be performed. However, there still remains quite some space to reduce interobserver variability.
Conclusions: For understanding the interpretation of mpMRI according to PI-RADS v2,
knowledge of the correlation between imaging and (ab)normal anatomical structures on
the three mpMRI components is needed.
Patient summary: This second surgery-in-motion contribution shows what structures can
be recognized onprostatemagnetic resonance imaging (MRI). Howa radiologist performs his
reading according to the so-called Prostate Imaging Reporting and Data System criteria is
shown here. Themain features of these criteria are summarized, and the role of prostate MRI
in detecting clinically significant prostate cancer is discussed briefly.
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1. Prostate multiparametric magnetic resonance
imaging

Magnetic resonance imaging (MRI) is a noninvasive imaging
technique that uses the interaction between radiofrequency
pulses, a strong magnetic field, and body tissue, to obtain
images of planes inside the body. Compared with other
imaging modalities, such as ultrasound and computed
tomography (CT) scanning, MRI is superior in soft tissue
imaging [1]. Unlike x-rays and CT scans, MRI uses no
radiation. The recommended technique of MRI in prostate
cancer (PCa) is multiparametric-MRI (mpMRI), which
includes high-resolution T2-weighted (T2W) images to
depict prostate anatomy and two functional MRI techni-
ques, including diffusion-weighted imaging (DWI) to
display cell density and dynamic contrast-enhanced MRI
(DCE-MRI) that shows vascularity.

Clinical indications for mpMRI of the prostate include
detection and localization of primary PCa for guidance of
MRI-directed biopsy (MRDB), local staging, assessment of
suspected PCa recurrence, active surveillance, and local
treatment (eg, surgery, radiation therapy, and focal
therapy) [2–7].

1.1. T2-weighted imaging

T2W imaging (T2WI) shows anatomic-morphologic fea-
tures of the prostate and morphologic-pathologic struc-
tures. T2W images are acquired preferably in three
perpendicular planes (axial, coronal, and sagittal). These
show the anatomic prostate zonal anatomy and the relation

of the prostate to its surrounding structures. T2WI is ideal to
differentiate between the high-signal peripheral zone (PZ),
the heterogeneous mixed-signal transition zone (TZ), and
the low-signal central zone (CZ). The high-signal of the PZ is
caused by cystic degenerationwith high fluid content and is
usually surrounded by a thin hypointense rim that
represents the pseudocapsule. This rim is an important
landmark for tumor staging [8]. The TZ usually has a
heterogeneousmixed signal due to the various stages of the
benign prostatic hypertrophy (BPH) nodules (Fig. 1). BPH
can be degenerative or can show cellular hypertrophy. On
T2WI, this BPH-changed TZ is often referred to as
“organized chaos.” The CZ has more dense fibrous tissue
and, therefore, a low signal on T2WI.

On T2WI, lesions can be anatomically localized, and their
shape, form, and size are assessed. Zonal distinction of the
prostate is important as approximately 70–75% of PCa cases
arise from the PZ, and the Prostate Imaging Reporting and
Data System (PI-RADS) assessment is zonal based [9–
11]. The high-signal PZ may be disrupted as an area of a
lower signal due to the presence of PCa. However, PCa can
also present as isosignal areas or nonfocal mildly hypoin-
tense abnormalities. Low-grade PCa or nonmalignant
conditions, such as scar tissue, hemorrhage, atrophy,
postradiation changes, and (granulomatous) prostatitis,
frequently have a low signal intensity; thus, based on its
signal on T2WI, it cannot be differentiated from clinically
significant (cs) PCa [12,13]. To some extent, using anatomic-
morphologic structures for the differentiation of csPCa from
low-grade PCa and benign pathology is possible [7]. A focal,
round, or irregular structure is more likely to be csPCa,

[(Fig._1)TD$FIG]

Fig. 1 – PI-RADS 1 (BPH) assessment of a patient aged 56 yr, having cT0, PSA 13, 219 cc, PSAd 0.06. (A) Axial, (E) sagittal, and (F) coronal T2W images
show well-circumscribed nodules in the TZ, which are surrounded by a low-signal rim. Normal (bright) PZ. Some nodules show restricted diffusion:
“dark” on (B) axial ADC map and” white” on (C) b 1400 (arrows). For BPH, this is normal. (D) Axial DCE images show minimal “pop-corn”
enhancement that is typical for BPH nodules. This is scored as “–”. Thus the score T2W/DWI/DCE is 1/1/–, with PI-RADS v2.1 category 1 (BPH). TRUS
biopsy revealed no abnormalities. ADC = apparent diffusion coefficient; BPH = benign prostatic hypertrophy; DCE = dynamic contrast enhanced;
DWI = diffusion-weighted imaging; PI-RADS = Prostate Imaging Reporting and Data System; PSA = prostate-specific antigen; PSAd = PSA density;
PZ = peripheral zone; TRUS = transrectal ultrasound; T2W = T2 weighted; TZ = transition zone.
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whereas prostatitis is marked by awedge-shaped and more
diffuse appearance (Fig. 2) [14,15]. The diagnosis of csPCa in
the TZ imposes a greater challenge than in the PZ. Features
indicative of TZ cancers are ill-defined margins; focal
homogeneous T2 intermediate-low signal (“erased charcoal
drawing sign”); noncircumscribed, lenticular, or fusiform
shape; and invasion of the surrounding structures (“disrup-
tion of organized chaos”; Fig. 3) [7]. To determine whether
an abnormal region is suspicious for csPCa, T2WI should be
used in conjunction with the other two functional imaging
techniques.

1.2. Diffusion-weighted imaging

On T2WI, differentiation of csPCa from low-grade PCa,
fibrous tissue, inflammation, postbiopsy hematoma, and
glandular BPH nodules is difficult. Thus, DWI is needed for
further evaluation of tissue characteristics. DWI is the most
important functional imaging technique because it corre-
sponds to histopathologic findings [16–19]. DWI shows the
velocity (diffusion) of intracellular water. In dense cellular
tissue, this velocity is reduced; therefore, diffusion is
restricted. This is visible as a low signal (black) on the
DWI-derived velocity map: the apparent diffusion coeffi-
cient (ADC) map [20,21]. Low cell density has a high signal
(white) on the ADCmap. Another DWI-derived image that is
used is the high b-value (�1400 s/mm2) image. On these
images, high cell density has a high signal (white) and low
cell density is dark [22,23]. On DWI, the normal PZ has a
high signal (white) due to its high content of fluid-filled

glandular structures and high velocity of water molecules
[24,25]. Clinically significant PCa replaces healthy glandular
tissue and has high cell density; therefore, it is visible as a
low signal on the ADCmap (restricted diffusion). There is an
inverse relationship between ADC value and Gleason score
(GS), that is, decreasing ADC values (low signal) correlate
significantly with increasing GSs [26–28]. However, in the
TZ, BPH can also show restricted diffusion; hence, DWI is
more accurate for csPCa detection in the PZ than in the TZ
[29]. A focal lesion is more likely to be csPCa than a more
diffuse lesion (eg, prostatitis). Finally, DWI is highly
susceptible to artifacts. Bowel peristalsis, total hip prosthe-
sis, or gas in the rectum (susceptibility artifacts) can limit
DWI quality.

1.3. DCE and T1-weighted imaging

DCE-MR images are T1-weighted (T1W) images that show
tissue enhancement (vascularization) after bolus injection
of an MR contrast agent. Owing to tumor angiogenesis and
higher vessel permeability, both low-grade PCa and csPCa,
cellular-BPH, and inflammation show earlier and more
pronounced enhancement compared with other prostate
tissue [30,31]. Thus, accurate differentiation of benign
prostate structures such as (highly vascularized) prostatitis
in the PZ or (highly perfused) cellular BPH in the TZ from
csPCa is limited. DCE-MRI is of essential value for the
detection of local recurrences (eg, postradiotherapy or after
radical prostatectomy) [4,32]. In untreated patients, DCE-
MRI helps identify prostatitis and is of value in “equivocal”

[(Fig._2)TD$FIG]

Fig. 2 – PI-RADS 2 (prostatitis) assessment of a patient aged 61 yr, having cT0, PSA 5.1, 63 cc, PSAd 0.08. (A) Axial, (E) sagittal, and (F) coronal T2W
images show linear and wedge-shaped mild hypointensities of the right PZ (orange circle). (B) Indistinct diffuse minimal hypointense signal on ADC
map and (C) no “high signal” on b 1400 (orange circles). (D) DCE images show early enhancement (bright signal) of the right PZ (orange circle). Score:
T2W/DWI/DCE: 2/2/+. This results in PI-RADS v2.1 category 2 (prostatitis). TRUS biopsy showed chronic inflammation. ADC = apparent diffusion
coefficient; DCE = dynamic contrast enhanced; DWI = diffusion-weighted imaging; PI-RADS = Prostate Imaging Reporting and Data System;
PSA = prostate-specific antigen; PSAd = PSA density; PZ = peripheral zone; TRUS = transrectal ultrasound; T2W = T2 weighted; TZ = transition zone.
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findings in the PZ. Unenhanced (precontrast) T1W imaging
is the only technique to identify postbiopsy hemorrhage by
its high T1W signal [33].

2. MRI interpretation

2.1. PI-RADS version 2

In 2012, the prostate MR working group of the European
Society of Urogenital Radiology (ESUR) initiated a guideline
(PI-RADS v1) to standardize mpMRI acquisition, and interpre-
tation and reporting of mpMRI scans [14]. A second version of
PI-RADS (v2) was developed by a joint steering committee of

the ESUR, the American College of Radiology, and the
AdMeTech Foundation [7]. More recently, an updated version
(v2.1) was published [34]. This updated version aimed to
further simplify the assessment and reporting, as well as to
reduce interpretation variability of prostate mpMRI.

PI-RADS is a risk assessment tool based on a standard-
ized evaluation method to predict the likelihood that csPCa
is present. Each detected lesion is scored separately using a
standardized description for the three individual MRI
techniques: T2WI, DWI, and DCE-MRI. Thereafter, they
are combined to give an overall assessment category score,
from 1 (csPCa is highly unlikely to be present) to 5 (csPCa is
highly likely to be present; Table 1). PI-RADS v2.1

[(Fig._3)TD$FIG]

Fig. 3 – PI-RADS 5 TZ lesion: disruption of BPH (“organized chaos”) by ISUP grade 3 PCa (“erased charcoal”). (A) Axial T2W image through midprostate
shows a normal bright PZ. (B) BPH in the TZ is visible as “organized chaos” (blue area, magnified in box). (C) Ventral to the BPH a homogeneous
intermediate signal “erased charcoal” area is visible (white, magnified in box). (D). This area (TZ PI-RADS 5 lesion; ISUP grade 3 on targeted biopsy) shows
“disruption of organized chaos” (arrows). BPH = benign prostatic hypertrophy; ISUP = International Society of Urological Pathology PCa = prostate cancer;
PI-RADS = Prostate Imaging Reporting and Data System; PZ = peripheral zone; T2W = T2 weighted; TZ = transition zone.

Table 1 – PI-RADS v2 assessment categories and risk of (cs)PCa.

PI-RADS v2 categories Risk of csPCa % PCa [36,40,42,43,46,48,59,60] % csPCa (ISUP grade �2)

1–2 (Very) low 13–24 3–12
3 Equivocal 34–50 4–27
4 High 60–77 32–60
5 Very high 91–97 67–83

csPCa = clinically significant prostate cancer; ISUP = International Society of Urological Pathologt PCa = prostate cancer; PI-RADS v2 = Prostate Imaging
Reporting and Data System version 2.
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emphasizes the dominant role of DWI as the parameter for
any suspicious lesion(s) found in the PZ and T2WI, in
combinationwith DWI in TZ lesions (Fig. 4). DCE-MRI scores
are a binary assessment, and its role is limited to upgrading
DCE-MRI–positive lesion(s) in the PZ from PI-RADS category
3 to 4. A more precise division of prostate sectors was
proposed [15,34].

2.2. How to score lesions (video)

For optimal reading, a dedicated workstation should be
used that shows all images in one view: triplanar T2WI,
axial ADCmap, axial high b-value DWI, and axial (cine-loop)
DCE-MRI. In addition, a cross-correlation tool, such as a
“cross-hair” should be used, which enables a specific area in
one view to be evaluated on all images.

First, image quality must be assessed. If the quality is
insufficient, either this should be reported (as PI-RADS
category X) or the patient must undergo additional
imaging to obtain better images. Feedback should be
given to the technologist and corrective measures should
be implemented. Then the maximal prostate dimensions
on T2WI are measured in three perpendicular planes

(anterior-posterior [AP], left-right [LR], and cranial-caudal
[CC]), and prostate volume (AP � LR � CC � 0.52) and
prostate-specific antigen (PSA) density (PSAd = PSA divid-
ed by prostate volume) are calculated. After appropriate
adjustments of the contrast and brightness (so-called
“window” and “center”) of the images, suspicious lesions
are looked for on all T2WI planes.

Before any lesion is scored (characterized), it needs to be
detected. PI-RADS is agnostic about lesion detection method.
We suggest that T2WI, high b-value DWI, and early post–
contrast enhancement images be evaluated initially for any
lesion(s) that could represent csPCa, based on morphologic
findings, signal characteristics, or enhancement patterns.
These features need not be confined to those described for
scoring purposes; lesions or regions that could be abnormal
need to be detected prior to PI-RADS v2.1 characterization.
However, special attention should be placed onTZ lesions that
show “erased charcoal” or “disruption of organized chaos,”
and PZ lesions that are “black” on the ADC-map and “white”
on the high b-value DWI. These should be evaluated for a
likelihood of csPCa using PI-RADS.

Location assessment of a lesion in either the PZ or the TZ/
CZ is of utmost importance, as these zones have a different

[(Fig._4)TD$FIG]

Fig. 4 – Prostate zonal anatomy and PI-RADS v2.1 assessment. ADC = apparent diffusion coefficient; AFS = anterior fibromuscular stroma; DCE = dynamic
contrast enhanced; DWI = diffusion-weighted imaging; PI-RADS = Prostate Imaging Reporting and Data System; SV = seminal vesicle; PU = prostatic
urethra; PZ = peripheral zone; T2W = T2 weighted; TZ = transition zone.
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“dominant” sequence according to PI-RADS. If a lesion is
identified on T2WI, its signal intensity, size, and appearance
should be determined on the ADCmap and the high b-value
(b � 1400s/mm2) DWI.

A focal mass in the PZ with a low signal on the ADC map
and a high signal on the high b-value DWI has a PI-RADS 4 or
5 assessment, with the distinction being determined by size

(cutoff: 15 mm) or extracapsular extension (Fig. 5–7). If a TZ
has an “erased charcoal” appearance and/or there is
“disruption of organized chaos” on T2WI, or if an anterior
TZ lesion has a “lenticular shape,” then the PI-RADS
assessment is also 4 or 5 (Fig. 6). Usually, a csPCa located
in the TZ also has a low signal on the ADC map and a high
signal on high b-value DWI. However, cellular BPHmayhave

[(Fig._5)TD$FIG]

Fig. 5 – PI-RADS 5 assessment of a patient aged 74 yr, with cT2 on the right side, PSA 7.1, 64 cc, PSAd 0.11). (A) Axial, (E) sagittal, and (F) coronal T2W
images show low-signal lesion midprostate, PZ, 6–9 o’clock (orange circles). ADC shows a (B) focal “black” area with a low ADC value (600) and (C)
focal “white” area on b 1400. (D) On DCE image, this lesion shows early focal enhancement. (A) axial T2W image shows extracapsular extension
(arrows) MRI stage T3a. (E) Sagittal T2W image shows seminal vesicle infiltration (arrows) MRI stage T3b. Transperineal fusion biopsy showed PCa ISUP
grade 3. Score: T2W/DWI/DCE: 5/5/+. This results in PI-RADS v2.1 category 5 (high risk for csPCa). ADC = apparent diffusion coefficient; csPCa = clinically
significant prostate cancer; DCE = dynamic contrast enhanced; DWI = diffusion-weighted imaging; ISUP = International Society of Urological Pathology;
MRI = magnetic resonance imaging; PCa = prostate cancer; PI-RADS = Prostate Imaging Reporting and Data System; PSA = prostate-specific antigen;
PSAd = PSA density; PZ = peripheral zone; T2W = T2 weighted.
[(Fig._6)TD$FIG]

Fig. 6 – Same patient as in Fig. 5, lesion #2: PI-RADS 5. (A) Axial, (E) sagittal, and (F) coronal T2W images show a low-signal lesion apex to midprostate, TZ,
11–1 o’clock (orange circles), with diameter >15 mm. (B) ADC shows a focal “black” area with a low ADC, which is (C) a focal “white” area on b 1400. (D)
DCE image does not show early focal enhancement. Score: T2W/DWI/DCE: 5/5/–. This results in PI-RADS v2.1 category 5. Transperineal fusion biopsy showed
PCa ISUP grade 2. ADC = apparent diffusion coefficient; DCE = dynamic contrast enhanced; DWI = diffusion-weighted imaging; ISUP = International Society
of Urological Pathology; PCa = prostate cancer; PI-RADS = Prostate Imaging Reporting and Data System; T2W = T2 weighted; TZ = transition zone.
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similar appearance on DWI, and the corresponding T2WI
should therefore be determinant. In the TZ, partially
encapsulated or circumscribed, encapsulated nodules
(T2WI score of 2) with clearly restricted diffusion (DWI
score 4 or 5) receive a final score of PI-RADS 3. TZ lesions
with a T2WI score of 3 and a DWI score of 5 (ie,>1.5 cm) are
assessed as PI-RADS 4 lesions (Fig. 4).

Finally, the DCE-MRI sequence must be evaluated to see
whether early enhancement in the PZ matches with a
wedge-shaped or diffuse intermediate signal ADC lesion (ie,
prostatitis), or a detected/undetected focal lesion. If a lesion
in the PZ is scored 3 on DWI but shows early focal
enhancement, the final PI-RADS assessment is 4 (Fig. 7).

Up to four lesions are assessed. The lesion with the
highest PI-RADS score is called the “index lesion.” Its
location, size, lowest ADC value, and risk of extraprostatic
extension (either extracapsular extension or seminal vesicle
infiltration) are reported.

2.3. Clinical parameters

Although the PI-RADS v2.1 score is assigned solely on the
mpMRI assessments, clinical (risk) factors should also be
considered, as these are of importance for decision
making. The following clinical information should be
available to radiologists at the time of reporting: digital
rectal examination findings, family history, PSA history
and most recent PSA level, previous biopsy status (in case
of a prior biopsy, date and histopathologic findings), prior
prostate and/or pelvic surgery, and medication affecting
the PSA level.

The MRI-derived PSAd is important to know during the
interpretation of the images. If the PSAd is above a certain
cutoff level (eg, �0.15 ng/ml/ml), the radiologist should be
very cautious not to miss a csPCa and should seek an
explanation for the elevated PSAd, for example, prostatitis
or csPCa [35]. It is important to remember that diagnostic
decisions regarding the need for a biopsy should take into
account all clinical variables and the overall PI-RADS
imaging assessment.

2.4. Nonsuspicious mpMRI (PI-RADS categories 1 and 2)

Circumscribed low-signal or mixed-signal (encapsulated)
nodules on T2WI represent normal BPH (PI-RADS 1; Fig. 1).
Protruding or exophytic BPH nodules can occasionally be
found in the PZ, often without continuity with BPH within
the TZ [12,36–38]. In these cases, interpretation can be
difficult. Assessment of the other T2WI planes (coronal and
sagittal) can aid in verifying its nature. The most common
benign abnormality in the PZ is acute or chronic prostatitis
(PI-RADS 2). Prostatitis appears as a nonfocal intermediate
signal on the ADC map, often with concurrent diffuse
enhancement on DCE-MRI (Fig. 2). Postprostatitis scar
tissue has a wedge-shaped or band-like appearance.

Recent prospective, multicenter trials show that mpMRI
can obviate unnecessary biopsies by 21–49% in biopsy-
naïve men [39–42]. Reported negative mpMRI lesions (PI-
RADS 1–2 lesions) should be assessed by the urologist in
combination with other clinical parameters and, if deemed
necessary, discussed at multidisciplinary team (MDT)
meeting. Results from an expert prostate MRI center show

[(Fig._7)TD$FIG]

Fig. 7 – PI-RADS 4 assessment of a patient aged 70 yr, with cT0, PSA 9.8, 115 cc, PSAd 0.08. (A) Axial, (E) sagittal, and (F) coronal T2W images show a
3T 5 T 8 mm3 small focal low-signal-intensity lesion at midprostate, PZ, 4–5 o’clock (lesion is within orange circles). DWI shows (B) no focal low
signal on ADC map and (C) a focal high signal intensity on b 1400. (D) The DCE-MRI shows marked early focal enhancement. Score: T2W/DWI/DCE: 4/3/
+. This results in PI-RADS v2.1 category 4 (at risk for csPCa). MR-TRUS fusion biopsy showed PCa ISUP grade 4. ADC = apparent diffusion coefficient;
csPCa = clinically significant prostate cancer; DCE = dynamic contrast enhanced; DWI = diffusion-weighted imaging; ISUP = International Society of
Urological Pathology; MRI = magnetic resonance imaging; PCa = prostate cancer; PI-RADS = Prostate Imaging Reporting and Data System; PSA = prostate-
specific antigen; PSAd = PSA density; PZ = peripheral zone; TRUS = transrectal ultrasound; T2W = T2 weighted.
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that in only 3%, csPCawas found by a systematic biopsy (SB;
predominantly International Society of Urological Patholo-
gy [ISUP] grade 2) in men with nonsuspicious mpMRI
[41]. Therefore, a “safety net” was provided—a half-yearly
PSA test. After 1 yr of follow-up, an additional 1% of csPCa
was found, resulting in anmpMRI-negative predictive value
(NPV) of 96%. This final 4% figure of false negatives is lower
than the recent Cochrane systematic review average (8%),
5% of which are ISUP grade 2 and 3% ISUP grade �3,
reflecting the expertise of central readings [43].

Regardless, it is clear that template mapping biopsies
remains the “gold standard” for the likely pathologic state of
the disease. The Cochrane systematic review also analyzed
the performance of MRI with template mapping biopsies as
a reference standard. The pooled NPV for csPCa (ISUP grade
�2, prevalence of 30%) was 91% (95% confidence interval:
86–94%) [44]. The PROMIS trial also used transperineal
template mapping biopsies and found a lower NPV (76%)
[40]. The difference between the pooled and PROMIS data
might be attributable tomultiple factors including (imaging
on 1.5 T MRI and nonadherence to PI-RADS v2 recommen-
dations for imaging), clinical Likert score rather than rule-
based imaging PI-RADS assessments, and/or a higher csPCa
prevalence [7].

Therefore, when there is a high clinical suspicion of
csPCa and negative mpMRI, an SB should be considered and
should be discussed with the patient as part of shared
decision making [45]. Men with negative mpMRI without a
high clinical suspicion (eg, low PSAd) need not undergo
immediate biopsy and be safely discharged to their general
practitioner (GP), if an adequate safety net of PSA
surveillance is implemented, with roles and responsibilities
being clearly defined [41,46–48]. Our approach is to advise
patients with negative MRI scans who do not undergo
immediate biopsy to have 6-monthly PSA tests. If clinical
suspicion persists, a re-referral for repeat MRI or an SB
should be made.

2.5. Equivocal mpMRI (PI-RADS category 3)

Prevalence rates of PI-RADS 3 assessment in biopsy-naïve
men varies between 6% and 39% [41,49]. It is reported that
experienced readers have significantly lower rates of PI-
RADS 3 scores; thus, the percentage of PI-RADS 3 scorings
can be an indicator of reader quality [50]. Radiologic
reviews at MDTmeetings of equivocal lesions often showed
up- or downgrade reclassification [51]. On an individual
patient basis, each PI-RADS 3 lesion should be discussed at
MDT meetings.

Equivocal lesions pose a diagnostic challenge because
even though the proportion of csPCa in this group is low, a
considerable percentage of men still have csPCa. The
prevalence of csPCa (defined as ISUP grade �2) in this
category is 4–27% [41,49,52–54]. Similar to PI-RADS 1–2
lesions, clinical risk stratification parameters can aid in
decision making on the need to perform a biopsy or rather
followup the lesionwith repeatedmpMRI and repeated PSA
measurements. Elevated PSAd (eg, �0.15 ng/ml/ml) has
been demonstrated to predict the presence of csPCa for

PI-RADS 3 lesions [53–58]. Blood-based and urinary
biomarker–incorporated risk models might improve risk
stratification, but there is currently insufficient information
to advice on the optimal strategy of these men. When
decisions are made not to biopsy men with PI-RADS
3 lesions, a “safety net” of imaging and PSA surveillance
similar to PI-RADS 1–2 category should be implemented
with urologic clinic follow-up (as opposed to GP).

2.6. Suspicious mpMRI (PI-RADS categories 4 and 5)

Using PI-RADS v2, mpMRI can predict the presence of csPCa
with high diagnostic accuracy [41,59,60]. On average, in
biopsy-naïve men, csPCa (ISUP grade �2) is diagnosed in
32–60% for PI-RADS category 4 and 67–83% for PI-RADS
category 5 [39,41,42,48,49,54,61,62]. Therefore, PI-RADS 4–
5 lesions should always be considered for biopsy if patients
are likely to be treated. Whether to perform an SB in
addition to an MRDB or only a targeted MRDB in biopsy-
naïve men is still debated [47]. The most recent European
Association of Urology guideline recommended performing
an SB in addition to anMRDB [2]. This approach is supported
by a growing body of evidence showing increasing yields
with the combined approach in biopsy-naïve men (but not
after a prior negative biopsy) [42,63–69]. However, a “focal
saturation” approach (ie, multiple cores per suspicious
lesion) has been proposed by the PI-RADS Steering
Committee as an alternative, which might show similar
detection rates of csPCawith the advantages of reducing the
detection rates of low-grade PCa and the number of biopsy
cores [41,70–74]. In the repeat-biopsy setting, the European
and American urological guidelines recommend a target
biopsy (in case of PI-RADS scores �3), or a case-specific
decision, respectively [2,75].

Current literature does not show a significant advan-
tage of one targeted biopsy technique over the others
[54,76,77]. However, it should be remembered that these
studies were not sufficiently powered to detect differ-
ences between techniques for lesions at different loca-
tions and by size. Therefore, MR in-bore guided, MR-
transrectal ultrasound fusion, or cognitive biopsies can be
performed with due consideration of lesion character-
istics (size and location), equipment availability, and
operators’ preference.

Biopsy methods and histopathologic findings should be
discussed at MDT meetings attended by radiologists,
urologists, and pathologists. Radiologic-pathologic correla-
tions must be performed, and in case of csPCa, appropriate
metastatic imaging techniques can be selected according to
risk status. Suspicious mpMRI lesions with negative
explanatory pathology/low-grade cancer must be re-evalu-
ated, and follow-up with PSA/mpMRI or repeat biopsy
should be discussed [12,38]. Insufficient mpMRI quality and
reader performance, inaccurate targeting of lesions (sam-
pling error), or undersampling can attribute to undetected
csPCa or risk-classification errors [78,79]. False-positive
mpMRI (eg, granulomatous prostatitis and reader error) can
also occur. In a large retrospective study, follow-up of
patients with a negative biopsy after suspicious mpMRI
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resulted in the detection of csPCa (defined as ISUP grade�2)
in 1.7% of men [35].

3. Limitations, challenges, and future
developments

Implementation of mpMRI as a triage test before prostate
biopsy in biopsy-naïve men has its challenges. Studies
showed that mpMRI as triage test is a cost-effective
diagnostic approach; however, this is highly dependent
on the quality of mpMRI (subsequent MRDB) and health
care system [80–82]. PI-RADS (v2) improved standardiza-
tion of image acquisition and reporting of mpMRI
[59,60,83]. However, there remains considerable variation
in inter-reader reproducibility, but this is highly dependent
on radiologists’ experience and training [41,84–88]. Wheth-
er the recently published PI-RADS v2.1 improves this needs
to be investigated. An appropriate education program, with
quality control, is needed for radiologists and urologists.
With high-quality standard image acquisition and reading,
the proportion of nonsuspicious mpMRI (PI-RADS 1–2) will
increase and the number of equivocal lesions will reduce
[50,89], although this also is dependent on the csPCa
prevalence.

Furthermore, MDT meetings are crucial to discuss
radiologic (eg, double read) and histopathologic findings,
diagnostic decision making, and choice of an adequate
safety net. Prebiopsy multivariate risk stratification using
risk calculators, which include PI-RADS, clinical data,
pathology, and genomics, needs to be developed and
validated. Moreover, guideline recommendations for clini-
cal decision making for each PI-RADS v2.1 category and
subsequent biopsy results are needed. Availability and
capacity of mpMRI and dedicated radiologists can limit the
availability of mpMRI in daily clinical practice [45]. To
shorten examination time, biparametric MRI (ie, omitting
DCE-MRI) to exclude csPCa in biopsy-naïve men is
increasingly being investigated, with promising initial
results [90–92]. Biparametric MRI could reduce scan times
and save cost for contrast agent injection, but data of
prospective multireader trials in nonexpert centers are
missing to routinely recommend this approach.

4. Conclusions

In addition to the previous “surgery-in-motion” video that
shows how optimal mpMR images are acquired, this video
also shows how the radiologists perform their interpreta-
tions. To enhance standardization, lesions must be scored
using the PI-RADS assessment system. TZ lesions that show
“erased charcoal” or disruption of “organized chaos,” and PZ
lesions that are “black” on the ADC map and “white” on the
high b-value DWI should be evaluated for a likelihood of
csPCa using the PI-RADS system. When mpMRI is of good
quality and is evaluated according to the PI-RADS v2.1
recommendations, this technique adds valuable informa-
tion to other clinical data and can be used to reliably exclude
csPCa, and so to avoid a biopsy and indicate where MRDB

cores should be targeted. The next video discusses these
biopsy options (MR-targeted biopsy video).
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Abstract

Background: After a lesion has been assessed adequately on multiparametric magnetic resonance
imaging (mpMRI), magnetic resonance (MR)-guided biopsy (MRGB) is the logical next step. The
choice of the MRGB technique, however, is difficult.
Objective: To show the advantages and disadvantages of the three commonly used MRGB techni-
ques—MRI-ultrasound fusion MRGB (fus-MRGB), direct in-bore MRGB (inbore-MRGB), and cognitive
MRGB (cog-MRGB), and to determine when each of the techniques can be used.
Design, setting, and participants: Based on expert opinion and literature overview, the advantages,
disadvantages, and challenges of fus-MRGB, inbore-MRGB, and cog-MRGB are evaluated. Further, the
clinical setting of each biopsy strategy is assessed.
Surgical procedure: Based on expert opinion and literature data, the three biopsy procedures are
evaluated, and the important pros and cons are determined.
Measurements: The basic concept of each biopsy technique is reviewed, which would result in a
clinical recommendation. This will be shown in individual patients.
Results and limitations: The accompanying video shows how fus-MRGB and inbore-MRGB are
performed in our hospital. An important advantage of fus-MRGB is its generally availability; however,
it has fusion-error limitations. Although not supported by evidence, inbore-MRGB seems to be better
suited for smaller lesions, but is rather expensive. Cog-MRGB is easy to use and inexpensive, but is
more operator dependent as it requires knowledge about both ultrasound and MR images. Readers
should be aware that our MRGB approach is largely based on expert opinion and, where possible,
supported by evidence.
Conclusions: This article and the accompanying video show different MRGB techniques. The advan-
tages and disadvantages of the three biopsy techniques, as well as the clinical setting in which each
biopsy strategy is being used in our hospital, are discussed. Fus-MRGB is our first choice for prostate
biopsy. Direct inbore-MRGB is used in difficult lesions but is mainly used as a “problem solver” (eg, a
negative biopsy with a high suspicion for clinically significant prostate cancer). In our opinion, cog-
MRGB is best for sampling larger and diffuse lesions.
Patient summary: This third surgery in motion contribution shows our approach in magnetic
resonance (MR)-guided biopsy (MRGB). Fusion MRGB is our first choice for prostate biopsy. In-bore
MRGB is used in selected, difficult cases, mainly as a problem solver. In our point of view, cognitive
MRGB seems to be best for sampling larger lesions and diffuse processes.
© 2019 The Authors. Published by Elsevier B.V. on behalf of European Association of Urology. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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1. Introduction

High-level evidence demonstrates that multiparametric
magnetic resonance imaging (mpMRI) and subsequent
magnetic resonance (MR) targeted biopsy (MRGB) are able
to increase the detection of clinically significant prostate
cancer (csPCa), while at the same time, decrease the
detection of clinically insignificant prostate cancer
(insignPCa) [1–5].

Although mpMRI is accurate in detecting and localising
suspicious csPCa lesions, pathological confirmation is
necessary to confirm a cancer diagnosis and assess cancer
aggressiveness. Since the introduction of prostate mpMRI,
several targeted biopsy strategies have emerged as options
for precision diagnosis. In this manuscript, we will describe
the advantages and disadvantages, and discuss the chal-
lenges of visual/cognitive targeted biopsy (cog-MRGB),
software-assistedMRI-transrectal ultrasound (TRUS) fusion
biopsy (fus-MRGB), and direct in-bore MRI targeted biopsy
(inbore-MRGB). The clinical setting of patients that
determines biopsy strategies will be discussed. The
accompanying video briefly demonstrates how to perform
MRGB and MRI-TRUS fusion biopsy.

2. MRI targeted biopsy

An important prerequisite for a successful MRGB starts with
good-quality images and interpretations of mpMRI. These
topics are described in the previous “surgery-in-motion”
articles and videos [36,37].

All MRGB strategies have in common that mpMRI
information is analysed and used to target one or more
biopsy needles into a tumour suspicious region of interest
(ROI). Since image postprocessing and reading of the images
require time, the mpMRI and subsequent MRGB are usually
performed in two separate sessions with gland and target
delineations after image interpretations.

Suspicious lesion(s) identified onmpMRI can be targeted
under either direct ultrasound or MRI guidance. With
ultrasound guidance, there should be some combination of
the information of the mpMRI and ultrasound images
(image registration). This image registration can be done
cognitively or with the help of registration software. In
inbore-MRGB, near-real-time MR images are used to direct
the biopsy needle towards the suspicious ROI. Thus, with
inbore-MRGB, there is no need for image registration.

2.1. Cognitive MRI-ultrasound fusion

In cog-MRGB (visual targeted), the ultrasound operator
simply directs the biopsy needle towards the suspicious
lesion identified on MRI. The performing operator cogni-
tively correlates thempMRI- and the real-time TRUS images
to sample the identified ROIs. To improve the biopsy
accuracy, anatomical landmarks can be used as internal
fiducials. Examples of such anatomical fiducials are benign
prostatic hyperplasia (BPH) nodules, cysts or calcifications,
gland contours, seminal vesicle position, urethra, etc. Such

fiducials are often seen on both mpMRI and TRUS (Fig. 1).
Cog-MRGB requires knowledge of appearances of cancers
and prostatic structures on both TRUS and mpMRI. As cog-
MRGB is usually performed by urologists, education of
mpMRI interpretation, and gland and target contouring is
important for success.

2.1.1. Disadvantages and advantages of cognitive fusion

Biopsy accuracy can be limited in the absence of internal
fiducials, especially for smaller lesions located anteriorly, at
the apex or the base of the prostate, where TRUS biopsy is
known to be challenging (Fig. 2) [6]. Furthermore, there is
no image confirmation that the biopsy was done accurately
because cog-MRGB usually does not allow tracking and
recording of biopsy and target coordinates.

There are additional important constraints of the
cognitive fusion technique. Differences in patient position-
ing and the use of a rectal ultrasound probe can distort the
anatomy and result in sampling error. Cog-MRGB requires
good understanding and experience in reading of mpMRI
and TRUS imaging in real time. Clear communication
between radiologists and biopsy operators is mandatory,
so that the biopsy operator knows which glandular region
should be sampled. These challenges make cognitive fusion
highly operator dependent [7] and challenging, often
requiring additional biopsy cores to counteract targeting
errors for smaller lesions.

The most important advantage of cog-MRGB is,
however, that there is no need for specialised and often
expensive registration software enabling deployment in
the clinical routine. In addition, the performing operator
can combine targeted biopsy and systematic TRUS biopsy
in one session [3,8,9]. Unfortunately, published results of
cog-MRGB show inconsistent results. Several studies
demonstrated superiority versus systematic TRUS biopsy,
while others showed that it is not better [10–14]. Moreover,
a recently conducted multicentre randomised controlled
trial by Wegelin et al [5], comparing the three MRGB
strategies, was not able to end this discussion as it
hampered underpowering.

2.1.2. Role of cognitive fusion (cog-MRGB)

In our opinion, based on the mentioned advantages and
disadvantages in section 2.1.1, cog-MRGB seems to be most
useful for sampling large lesions or diffuse abnormalities
located at the peripheral zone of the prostate, where it
continues to be a practical and lower-cost option. In many
countries, without the availability of expensive fusion
equipment, the introduction of cog-MRGB is potentially
the first step-up in improving biopsy accuracy. Larger
lesions and more aggressive cancers, especially located in
an mpMRI T2-weighted (T2W)-hyperintense peripheral
zone, can often easily be identified on the ultrasound
images with prior mpMRI knowledge. In such cases, it is
unnecessary to target such lesions with MRI-fusion
techniques or inbore-MRGB. Fig. 3 represents a lesion that
should definitely be biopsied with cog-MRGB. However, the
introduction of a variety of fus-MRGB methods has resulted
in a decline in the use of cog-MRGB fusion.
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2.2. MRI-TRUS fusion (fus-MRGB)

Working towards a more accurate biopsy strategy using
MRI-TRUS fusion image registration, several manufacturers
have introduced fusion software packages in the market.
Using software-based platforms, previously obtained
mpMRI information, often T2W images are fused with
real-time TRUS images. As with cog-MRGB, the diagnostic
mpMRI and the MRI-TRUS fusion biopsy are performed in
separate sessions.

There are multiple implementations of fus-MRGB.
Available systems differ, for example, in tracking mecha-
nisms (eg, electromagnetic or mechanical arm), biopsy
routes (eg, transperineal or transrectal), or the imaging
overlay (eg, side by side or superimposed). The most
important difference, however, is the use of the image
registration algorithms being either rigid or elastic
[15]. Owing to deformations of the prostate on TRUS, for
example, caused by the introduction of the ultrasound
probe or by bowel gas, adjustments are needed to

[(Fig._1)TD$FIG]

Fig. 1 – Internal fiducials seen on MRI and ultrasound. Example of internal fiducials in a 73-yr-old male (PSA 4.3 ng/ml), with a PZ PI-RADS 3 lesion at
7 o’clock (red arrows; score 3/3/–). These fiducials can be used for image registration for MRI-TRUS fusion or for cognitive fusion biopsy. (A) T2WI of a
cyst (arrowhead) and two BPH nodules (white arrows) are seen. (B) US image of the cyst (arrowhead) and the BPH nodules (white arrows) are
reproduced. The suspicious lesion is after fusion of the images also visible on ultrasound. This turned out to be prostatitis. BPH = benign prostatic
hyperplasia; MRI = magnetic resonance imaging; PI-RADS = Prostate Imaging Reporting and Data System; PSA = prostate-specific antigen; PZ = peripheral
zone; T2WI = T2-weighted image; TRUS = transrectal ultrasound; US = ultrasound.
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[(Fig._3)TD$FIG]

Fig. 3 – Prostate cancer affecting half of the prostate. A biopsy-naïve 63-yr-old male (PSA 21.0 ng/ml) with PI-RADS 5 lesion (score 5/5/+) covering the
left half of prostate. Direct inbore-MRGB would be a waste of resources. Adequate sampling can be performed with cog- or fus-MRGB. This example is
exceptional and prostate cancer would also be discovered by systematic TRUS biopsy. Fus-MRGB demonstrated Gleason 5 + 4 PCa. (A) T2WI. B)
Calculated ADC map. ADC = apparent diffusion coefficient; cog-MRGB = cognitive MRGB; fus-MRGB = MRI-TRUS fusion MRGB; inbore-MRGB = in-bore
MRGB; MRGB = magnetic resonance–guided biopsy; MRI = magnetic resonance imaging; PCa = prostate cancer; PI-RADS = Prostate Imaging Reporting
and Data System; PSA = prostate-specific antigen; T2WI = T2-weighted image; TRUS = transrectal ultrasound.

[(Fig._2)TD$FIG]

Fig. 2 – Lesion located anteriorly in prostate. A 67-yr-old male (PSA 8.9 ng/ml) with a PI-RADS 4 anterior TZ lesion at 11 o’clock (red arrows; score 4/4/
+). After uploading T2WI on the ultrasound machine and coupling for MRI-TRUS fusion biopsy, the lesion was not visible on the ultrasound images (E).
Now the operator needs to completely rely on the coupling software and biopsy of the region of interest within the green circle. Biopsy revealed
Gleason 3 + 3 PCa. (A) T2WI. (B) DCE. (C) Calculated high b-value image. (D) Calculated ADC map. (E) MRI-TRUS fusion after rigid image registration.
ADC = apparent diffusion coefficient; DCE = dynamic contrast enhanced; MRI = magnetic resonance imaging; PCa = prostate cancer; PI-RADS = Prostate
Imaging Reporting and Data System; PSA = prostate-specific antigen; T2WI = T2-weighted image; TRUS = transrectal ultrasound; TZ = transition zone.
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adequately fuse the different image sets (Fig. 4). Some
software packages offer elastic image registration algo-
rithms that allow for surface contour matching by stretch-
ing of mpMR images so that these fit the boundaries of the
prostate seen on TRUS imaging. Examples of platforms
offering such elastic image registration include UroNav
(Invivo Corp., Gainesville, FL, USA) and Urostation (Koelis,
Grenoble, France) [3,16]. With rigid registration, prostate
boundaries are preserved on MRI. Therefore, image
registration may be suboptimally aligned despite efforts
at alignment. To improve registration and biopsy accuracy,
internal fiducials are used for cognitive fusion, as described
above (Fig. 1). Biopsee (Pi Medical, Athens, Greece), Smart
Fusion (Canon Medical Systems, Otawara, Japan), and
Virtual Navigator (Esaote, Genoa, Italy) are examples of
software platforms based on rigid image registration
[12,17,18]. In Table 1, an overview of the manufacturers of
fusion software is shown.

2.2.1. Image registration and movement tracking

Although the different software platforms come with their
own specifications and applications, in general, all plat-
forms follow the same procedural steps. First, the prostate
mpMR images must be acquired and the lesion must be
assessed. In the next step, the prostate outline and
suspicious lesions are segmented on mpMRI and uploaded
into the ultrasound equipment (often the T2W images).

Thereafter, image registration takes place by either con-
touring the prostate boundaries or using internal fiducials
(BPH, cysts, etc.; Fig. 1). Urostation, for example, is a system
that requires to delineate the prostate and the suspicious
lesion on multiple T2W slices to produce a three-
dimensional (3D) volume. This information is then sent
to the biopsy machine. After that, the boundaries of the
prostate are determined via a sweep of the entire prostate
with the TRUS probe. The TRUS-acquired 3D volume of the
prostate is then automatically segmented and fused with
the MRI-acquired 3D volume.

In our hospital, Smart Fusion (CanonMedical Systems) is
used as a TRUS biopsy and fusion platform. The Smart
Fusion is a platform that uses rigid image registration
software. We import T2W images on the ultrasound
machine where they are coupled with the real-time TRUS

[(Fig._4)TD$FIG]

Fig. 4 – Deformation of the prostate by the US probe. A 57-yr-old male (PSA 6.3 ng/ml) with prostate contour—especially PZ—is deformed by the US
probe (line in between the white arrows). The cyst (arrowhead) was used as an internal fiducial. The biopsy operator has to retract the US probe a
little to release pressure and has to be aware of any mismatch between both images. (A) T2WI uploaded on the US machine. B) US image at
corresponding level. PSA = prostate-specific antigen; PZ = peripheral zone; T2WI = T2-weighted image; US = ultrasound.

Table 1 – Overview of platforms offering fusion biopsy.

Rigid Elastic

Virtual Navigator (Esaote) Urostation (Koelis)
Smart Fusion (Canon Medical Systems) Artemis (Eigen)
Uronav (Philips/Invivo) Uronav (Philips/Invivo)
Real-time Virtual Sonography (Hitachi)
Biopsee (Pi Medical/Medcom)
Biojet (D&K)
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images using landmarks seen on both imaging modalities,
such as cysts, BPH, or calcifications (Fig. 1). To reduce
registration inaccuracies, a landmark as close to the ROI as
possible is chosen for image coupling (Fig. 5). After the
images are fused, there should be a cognitive enhancement
by the operator, who continuously performs mental
verifications of the correct orientation of the probe relative
to the prostate and ROI.

Movement tracking is done by a small electromagneti-
cally (EM) tracking field generator in combination with a
sensor on the ultrasound probe. The EM field generator is
placed as close as possible to the ultrasound probe where
there is an implanted EM tracking sensor. MR and TRUS
images are displayed side by side for cognitive monitoring
of the registration and biopsy procedure [19].

An alternative for movement tracking is a mechanical
arm or a stepper device. Artemis, for example, uses a
mechanical arm that scans the prostate, and tracks the
position of the ultrasound probe and the biopsy needle by

angle-sensing devices built in the “joints” of the arm [20]. In
addition, amechanical stepperwith position sensors is used
as a tracking method (Biopsee) [21]. However, Biopsee
requires a transperineal biopsy approach. In a recent paper
by Marra et al [22], the advantages and disadvantages of a
transperineal versus a transrectal biopsy approach is
discussed. They concluded that the transperineal biopsy
route may offer advantages in terms of infectious-related
complications; however, biopsy accuracy and patients’
tolerability are comparable.

2.2.2. Disadvantages and advantages of fus-MRGB

Compared with cog-MRGB, fus-MRGB is more time
consuming and expensive to implement in clinical practice.
It requires, at the bedside, expensive coupling software and
adequate training to correctly use the MRI-TRUS fusion
equipment, as there is a clear learning curve for fus-MRGB.
A recent study by Gaziev et al [23] demonstrated a learning
curve for fusion biopsy. A total of 340 patients were divided

[(Fig._5)TD$FIG]

Fig. 5 – Landmark near the suspicious lesion. An 81-yr-old male (PSA 8.3 ng/ml). The cyst is an internal fiducial (arrowhead), as close as possible to the
PI-RADS 5 lesion (red arrows; score 5/5/+). This cyst can be used for cognitive fusion after coupling of images in MRI-TRUS fusion. Notice prostate
deformation by the US probe (white arrow). Fus-MRGB revealed Gleason 3 + 4. Fus-MRGB = MRI-TRUS fusion MRGB; MRGB = magnetic resonance–guided
biopsy; MRI = magnetic resonance imaging; PI-RADS = Prostate Imaging Reporting and Data System; PSA = prostate-specific antigen; TRUS = transrectal
ultrasound; US = ultrasound.
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in cohorts representing different consecutive time intervals.
The prostate cancer detection rate increased from27% in the
first cohort to 63% in the last cohort. In addition, we think
that fus-MRGB is less accurate than inbore-MRGB. Unfortu-
nately, publications reporting on the comparison of these
techniques are hampered by insufficient study power
[5,19]. On the contrary, fus-MRGB seems to be more
accurate than cognitive fusion [24,25]. An overview of
papers comparing cog-MRGB and fus-MRGB is demonstrat-
ed in Table 2.

Additional advantages of fus-MRGB are its relative ease
of implementation, lower costs, and less time needed than
for the most expensive option, which is inbore-MRGB.
Furthermore, just as in cog-MRGB, additional sampling of
biopsy cores can be performed in the same session for
systematic sampling or to improve targeting accuracy.

2.2.3. Role of fus-MRGB

In our view, fus-MRGB should be the workhorse of prostate
biopsy. The advantages of improved detection of csPCa
using mpMRI targeted biopsy, better accuracy, and better
reliability compared with cog-MRGB, in combination with
the advantages of being easy to use in the outpatient setting,
make it an ideal first option. Fus-MRGB should be the first
step for most suspicious lesions. Different fus-MRGB
platforms do not showmaterial differences in the detection
of csPCa [14,26,27]. Therefore, costs, usability, and avail-
ability should direct the choice between the use of rigid or
elastic image registration.

2.3. Direct inbore-MRGB

Inbore-MRGB uses mpMRI visualisation to direct the biopsy
needle. AlthoughmpMRI is used both for diagnostics and for
needle guidance, acquisition of the diagnostic mpMRI and
inbore-MRGB are done in separate sessions. Regardless of
improved MRI scanners and fast image acquisition, proce-
dure times are typically in the order of 30–60 min per
patient, depending on how many ROIs are biopsied [28].

2.3.1. In-bore MRGB

In our institute, the most frequently used inbore-MRGB
approach is transrectal. In special circumstances, for
example, in patients who have had an abdominoperineal
rectal resection, the transperineal or transgluteal approach
can be used. During the biopsy procedure, patients are
placed head first and prone in the scanner with a rectally
inserted needle guide (Fig. 6). Then, axial T2W images and
diffusion-weighted images are obtained to reproduce the
previously determined location of the lesion. Using axial
and sagittal true fast imaging with steady-state free
precession images (TrueFISP), the position of the needle
guide can be visualised. To direct the needle towards the
suspicious lesion, a physician needs to walk into the MRI
scanner room and move the patient partially out of the
magnet, in order to (re)adjust the needle guide; after which
a new TrueFISP image (Fig. 7) is acquired. This procedure
has to be done for several times until the needle guide is
placed correctly towards the direction of the suspicious
area. To overcome this time-consuming approach, an MR-
compatible robotic device named the Remote Controlled
Manipulator (Soteria Medical B.V., Arnhem,
The Netherlands) has been developed [29,30].

After the needle guide is correctly directed towards the
lesion, preferably the part of the lowest apparent diffusion
coefficient (ADC) value, the lesion is usually biopsied. At
least two 18-gauge needle biopsies are obtained per lesion.
With the biopsy needle in situ, a confirmation scan is made
to confirm correct needle placement. As the maximum
target distance from the tip of the rectal needle guide to an
ROI is 5.4 cm, some lesions at the base of very large
prostates can be challenging. However, this is rare and can
easily be solved by using either a non-MRI compatible
biopsy needle (without making a confirmation scan) or the
transperineal biopsy approach.

2.3.2. Disadvantages and advantages of inbore-MRGB

Although efforts are made to shorten its procedure time,
inbore-MRGB still requires at least 30–60 min per proce-

Table 2 – Overview of studies comparing cognitive and fusion biopsy.

Author Year of
publication

Journal Conclusion

Delongchamps et al [14] 2013 Journal of Urology Cancer detection rates of rigid and elastic system targeted biopsies were higher than the
random biopsy rate. Visual targeted biopsy did not perform better than random biopsy.

Oderda et al [33] 2016 Urology International Fusion biopsies achieve an increased cancer detection rate compared with cognitive
biopsies.

Puech et al [12] 2013 Radiology No difference between fusion and cognitive targeted biopsy.
Wysock et al [34] 2014 European Urology Fusion biopsy was more often histologically informative than visual targeting but did not

increase cancer detection.
Valerio et al [35] 2015 Urologic Oncology The diagnostic ability of software-based targeted biopsy and visually directed targeted

biopsy seems almost comparable, although utility and efficiency both seem to be slightly in
favour of the software-based strategy.

Wegelin et al [25] 2017 European Urology No significant advantage of usage of any one technique (fusion, cognitive, or in-bore) for the
detection of clinically significant prostate cancer.

Wegelin et al [5] 2019 European Urology No significant difference in the detection of clinically significant prostate cancer among
MRGB, fusion, and cognitive biopsy. However, the analyses should be interpreted with
caution due to small sample size.

MRGB = magnetic resonance–guided biopsy.
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dure, depending on how many lesions should be biopsied.
On the contrary, fus-MRGB takes only 10–20 min. In the
most recent cost-effectiveness study from our hospital,
costs formpMRI and subsequent fus-MRGB or inbore-MRGB
were estimated at s800 and s1400, respectively, while
TRUS biopsy (without mpMRI) is estimated at s500

[31]. Besides its higher costs, scheduling is an issue.
Therefore, not every patient can be offered an inbore-
MRGB. In addition, although not reported in literature, there
is a clear learning curve for inbore-MRGB.

On the contrary, of the three biopsy methods, inbore-
MRGB is likely to be the most accurate approach, as there is
no need for image fusion and needle location can be
confirmed with direct visibility of the ROI. Unfortunately,
publications comparing the three biopsy techniques are not
conclusive, due to lack of adequate power [5,19,25].

Furthermore, inbore-MRGB is able to direct the needle
towards the area within the suspicious lesion with the
lowest ADC value (and likely themost aggressive part in the
tumour). This can be important considering the heterogenic
nature of prostate cancer [32].

2.3.3. Role of inbore-MRGB

Despite the limited availability of inbore-MRGB, it has an
important role in the detection of csPCa. In our opinion,
inbore-MRGB should be used for selected cases in which
fus-MRGB may be more challenging. This is the case, for
example, for very small suspicious lesions, and in cases
where the coupling system of the fus-MRGB fails (too many
calcifications, no available fiducials) or when there is a high
clinical suspicion for csPCa, fus- or cog-MRGB is negative or
shows insignPCa. In our hospital, the method chosen is
discussed in the multidisciplinary team meetings.

[(Fig._6)TD$FIG]

Fig. 6 – Inbore-MRGB. Positioning head first and prone. A dorsal pelvis
body phased-array coil is placed. Biopsy device is in between the legs,
with rectally inserted needle guide attached. inbore-MRGB = in-bore
magnetic resonance–guided biopsy.

[(Fig._7)TD$FIG]

Fig. 7 – Needle positioning in inbore-MRGB. An 80-yr-old male (PSA 9.7 ng/ml). Axial true fast images with steady-state free precession (TrueFISP) for
needle positioning. (A) The needle guide (white arrow) is not directing towards the PI-RADS 5 lesion (red arrows; score 5/5/+). To direct the needle
towards the suspicious lesion, a physician needs to enter the MRI room, withdraw the patient from the magnet, adjust the needle guide, and make a
new TrueFISP image. (B) This has to be done several times until the needle guide is placed correctly in the direction of the lesion. To overcome this
time-consuming process, an MR-compatible remote controlled manipulator can be used. The green arrow is showing the biopsy needle within the
lesion (red arrows). Pathology revealed Gleason 3 + 4 PCa. inbore-MRGB = in-bore magnetic resonance–guided biopsy; MRI = magnetic resonance
imaging; PCa = prostate cancer; PI-RADS = Prostate Imaging Reporting and Data System; PSA = prostate-specific antigen.
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3. Conclusions

The previous two “surgery-in-motion” articles and videos
addressed the acquisition and interpretation of prostate
mpMRI. This paper about MRGB is the last of this triptych.
We described the use of cog-MRGB, fus-MRGB, and inbore-
MRGB. The (dis)advantages of these biopsy procedures and
the proposed role are presented.

To summarise, fus-MRGB is our first choice in prostate
biopsy suited for most patients. Direct inbore-MRGB is used
in selected, difficult cases and is mainly used as a “problem
solver” in patients with a negative fus-MRGB outcome and a
persistent high suspicion for csPCa. Cog-MRGB seems to be
best for sampling larger lesions and diffuse processes.
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