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prostate cancer has increased through the usage of prostate specific antigen and biopsies.
Traditionally, prostate biopsies are done using transrectal ultrasound with 10-12 cores
obtained in a sextant pattern. Advances in prostate imaging with multiparametric magnetic
resonance imaging has led to image guided targeted prostate biopsies. This can be done
with cognitive fusion, MRI-fusion, and in-bore MRI. This article will review the indications,
techniques, and outcomes for targeted image guided prostate biopsies using in-bore MRI
and MRI fusion.
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Introduction

Prostate cancer is the second most common cancer in the
United States making up 13.1% of new cancer diagnoses.

Approximately 12.5% of men will be diagnosed with prostate
cancer during their lifetime.1 Additionally, this is the leading can-
cer diagnosis of men in Europe and the second most common
cause of cancer death for men.2,3 Screening for prostate cancer
has become widespread using prostate specific antigen (PSA)
with AUA guidelines recommending shared decision making
and PSA screening for gentleman ages 55-69.4 There is no con-
sensus for a PSA level at which point a biopsy should be obtained
and varied recommendations. The European Randomized Study
of Screening for Prostate Cancer showed a reduction of mortality
in men with a PSA level of 3 ng/ml or greater.5,6 The most recent
AUA recommends considering a prostate biopsy in men ages 55-
69 with elevated PSA. The AUA does not specify a threshold PSA
value for biopsy but recommends considering other possible
benign factors which could elevate PSA, such as an enlarged pros-
tate, inflammation of the prostate, and older age.4 Alternatively,
the National Comprehensive Cancer Network updated guidelines
recommends work-up for biopsy be considered with a threshold
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of 3 ng/ml for those under 75 and 4 ng/ml for those over the age
of 75.7

There are several ways that prostate biopsies can be per-
formed. Traditionally, transrectal ultrasound guided pros-
tate biopsies (TRUS) are performed with 10-12 cores
obtained in a sextant pattern � peripheral base, mid-
gland, and apex.8 However, TRUS biopsies can miss up to
a third of clinically significant prostate cancer.9,10 TRUS
offers the ability to acquire imaging in real time but is lim-
ited by poor spatial resolution and low sensitivity for pros-
tate cancer, as lesions can often appear isoechoic on TRUS
imaging, making them difficult to distinguish from back-
ground tissue. TRUS biopsies tend to miss anterior clini-
cally significant prostate cancer which can represent up to
41% of prostate cancers.11,12 This has led to a joint rec-
ommendation from the AUA and SAR that any man with
a prior negative biopsy, elevated PSA, and MRI Prostate
Imaging Reporting and Data System (PI-RADS) of 3-5
undergo an image guided prostate biopsy.13 Additionally,
multiple studies have shown the benefit of MRI guided
prostate biopsies over TRUS even in biopsy naïve
patients.14-17 MRI guided prostate biopsies can also be uti-
lized for patients who are candidates for focal therapy to
determine not only eligibility and treatment, but for fol-
low-up.18 MRI targeted biopsies can be performed utiliz-
ing multiple techniques; In-Bore transrectal MRI guided
biopsy, In-Bore transperineal MRI guided biopsy, and
MRI-fusion biopsy. This article will review the techniques
and specific indications for each of these modalities.
1

http://crossmark.crossref.org/dialog/?doi=10.1016/j.tvir.2021.100777&domain=pdf
mailto:Claire.Kaufman@gmail.com
https://dx.doi.org/10.1016/j.tvir.2021.100777


2 C.S. Kaufman et al.
In-Bore Transrectal MRI Guided
Biopsy
Clinical Evaluation and Indications
All patients undergoing MRI guided prostate biopsy must
have a diagnostic quality prostate MRI prior to undergoing
MRI guided prostate biopsy with a targetable lesion identified
on the MRI (PI-RADS 3-5). The clinical indication for biopsy
may vary, as described above, but includes biopsy naïve men
with an elevated PSA and concerning lesion on MRI, or ele-
vated PSA with prior negative TRUS biopsy. Contraindica-
tions for the procedure include active infection/prostatitis,
absent rectum or rectal stricture, and uncorrectable coagul-
opathy. Relative contraindications include markedly enlarged
prostate with anterior lesion, inability to hold anticoagula-
tion, and inability to tolerated transrectal probe.
Figure 2 The patient is positioned prone on the MRI table with the
Equipment Needed
We utilize a 1.5 Tesla MRI Scanner; however, this can be
done on any clinical MRI scanner. In-bore transrectal MRI
guided prostate biopsies are performed prone utilizing the
DynaTRIM prostate biopsy system and DynaCAD software
(Fig. 1) (Phillips, Invivo, Gainesville, FL). This accommo-
dates the specified 18-gauge 150 mm and 175 mm biopsy
devices with or without an additional 1 cm spacer.
DynaTRIM baseplate positioned between the patient’s legs and cen-
tered to the midline of the patient. A surface coil is placed on the
patient’s lower back and buttock to improve image quality. (Color
version of figure is available online.)
Procedural Steps

The morning of the procedure the patient is instructed to
undergo a Fleet enema to clear the rectum of excess stool. The
Figure 1 The DynaTRIM prostate biopsy system includes the needle
guide and base plate. (Color version of figure is available online.)
patient is given 1 gram of Rocephin pre-procedure. Most pro-
cedures were done under moderate sedation (fentanyl and
versed) unless otherwise desired by the patient. The patient is
positioned prone on the MRI table with the DynaTRIM base-
plate positioned between the patient’s legs and centered to the
midline of the patient (Fig. 2). A digital rectal exam is per-
formed to ensure no rectal strictures that would prohibit pas-
sage of the biopsy needle guide. The needle guide is
subsequently inserted into the rectum until minimal resistance
is met. Care should be made to inject significant lidocaine jelly
into the tip of the needle guide as this not only aids in patient
comfort but as a fiducial marker on T2 imaging. The needle
guide should not be advanced so far as to significantly indent
the rectum, as this creates difficulty with movement of the
needle in the future. The needle guide should then be leveled
on the clamp stand so the lock will easily slide into place. The
initial settings should be confirmed (0 right to left, 45 � head
to foot, 0 � anterior to posterior). An additional surface coil is
placed posteriorly on the patient. Confirmatory T2 weighed
sagittal and axial imaging is obtained.

The needle guide is set as the fiducial marker and the tar-
geted lesion identified (Fig. 3). If difficulty is had identifying
the lesion on T2 weighted images additional diffusion weight
imaging can be performed and fused to the T2 weighted
sequence (Fig. 4). The necessary adjustments as determined
by the DynaCAD software for left/right, anterior/posterior,
and head/foot movement is made in that order. Of note, one
often has to overcorrect for the projected left/right movement



Figure 3 (A) Dynacad software demonstrated the desired coordinates for biopsy including Right/Left, Anterior/Poste-
rior, and Head/foot. (B) Corresponding imaging on the confirmatory MRI demonstrating the needle guide to be aligned
with the desired lesion prior to biopsy. (Color version of figure is available online.)

Image-guided targeted prostate biopsies 3
by several degrees to get the actual desired positioning. Obli-
que coronal confirmatory imaging is then performed off of
the needle guide to confirm appropriate targeting. If needed,
the needle guide can be re-adjusted and repeat confirmation
imaging performed. Once confirmed the pre-determined
length of 18-gauge Titanium MRI compatible needle (Invivo,
Gainesville, FL) with or without spacer is inserted and 3 core
samples obtained. The needle guide is then removed.
Overcoming Technical Challenges
Several issues may arise while performing the in-bore trans-
rectal MRI guided prostate biopsies. First, if the needle guide
is inserted too deeply and indents the prostate it is difficult
to accurately adjust the needle guide as it will move the pros-
tate with it. If this occurs the needle guide should be
retracted so as not to cause indentation to the prostate and
repeat imaging obtained. Difficulty can arise with patients
with a large abdominal girth as due to the required height
the needle guide cannot be leveled. This can be mitigated by
elevating the whole DynaTRIM baseplate with a pad or tow-
els. Finally, difficulty can arise with biopsies of anterior
lesions in very large prostates. The Invivo MRI compatible
needle only comes in a 150 mm and 175 mm. The software
will occasionally recommend a 200 mm needle. There are 2
options for this. First, you are able to select a shorter needle
length on the dropdown and the software will re-adjust the
coordinates. Second, you can use a 20 cm non-MRI compati-
ble 18-gauge biopsy needle, such as the Biopince (Argon
Medical, Frisco TX), however care needs to be taken not to
get this needle too close to the MRI gantry as it is not MRI
compatible. We have not had issues using it with the patient
pulled all the way out of the gantry however one should note
you cannot image the patient with this needle in the needle
guide.
In-Bore Transperineal MRI
Guided Biopsy
Indications
MRI-guided trans-perineal prostate biopsy is an emerging
prostate gland biopsy technique that can decrease a patient’s
infection risk by avoiding trans-rectal access, while accom-
plishing targeted lesion sampling under direct visualization,
and hence avoiding the image misregistration pitfalls of MRI-
ultrasound fusion biopsies. Specific indications for this tech-
nique include: suspicious anterior lesions difficult to access
from a posterior trans-rectal approach; surgically absent rec-
tums or rectal strictures that preclude trans-rectal access;
patients for whom the trans-rectal infection risk is clinically
unacceptable or undesirable. But, because this technique can
be used for both targeted and systematic prostate biopsies,
virtually any patient without uncontrollable coagulopathy,
who can safely undergo an MRI, is a candidate for MRI-
guided trans-perineal prostate biopsy. Institutional limita-
tions in cost, scanner availability, and proceduralist experi-
ence are the current barriers to widespread adoption of this
technique.
Equipment Needed
Patients can typically undergo MRI-guided in-bore trans-per-
ineal prostate biopsy with locally injected lidocaine anesthe-
sia. As procedure time can exceed 1-hour, moderate sedation



Figure 4 T2 weighted intraprocedural MRI with diffusion weighted imaging overlay shows the target lesion. This can be
helpful for target lesions best seen on diffusion. Of note, this patient also had a left inguinal lymph node which was
enlarged and seen to have restricted diffusion. (Color version of figure is available online.)

Figure 5 The MRI-compatible stirrup device used for patient posi-
tioning and procedure planning during transperineal in-bore MRI
biopsy. (Color version of figure is available online.)
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with IV fentanyl and midazolam should be available for
patients who might have difficulty remaining in lithotomy
position in the scanner bore for such periods. General anes-
thesia may be needed for patients who cannot remain still or
have claustrophobia issues. Anticoagulation medications
should be held and any coagulopathies adequately corrected.
No bowel preparation or pre-procedural antibiotic regimen
is necessary. A single dose of an IV antibiotic for treating uri-
nary tract infections is given at the time of the procedure.
These biopsies require a scanner with 1.5T or 3T magnet

strength and a wide gantry diameter. The patient is placed in
lithotomy position with legs elevated to permit access to the
perineum for localizer grid placement and needle insertion,
and thus an MRI-compatible stirrup device is necessary.
While this previously required a custom-made device,19 at
least 1 MRI-compatible stirrup device is now commercially
available in versions compatible with commonly used MRI
scanners (Uni-Lift, Noras, Hoechberg, Germany). At our
institution, biopsies are performed in a 1.5T scanner with a
70 cm diameter gantry using standard matrix body coils
(Magnetom Aera, Siemens, Malvern, PA). The MRI-compati-
ble stirrup device made for this scanner is used for patient
positioning and procedure planning (Fig. 5). This device
contains a reusable perineal localizer grid and marker block
with a small reservoir to be filled with liquid such as water,
to serve as a visible reference marker for each procedure
(Fig. 6).
Once a patient is positioned, a standard MRI-compatible

single-use biopsy kit is used to mark and sterilize the
patient’s skin and then drape the procedure area. Lidocaine
anesthetic is administered in the skin of the targeted entry
sites using either a 22 g or 25 g needle, followed by deeper
administration up to the gland capsule using a 22 g or 25 g
spinal needle. Small skin incisions are made using an #11
blade. Biopsies are then performed using an MRI-compatible
18g or larger bore needle device. At our institution, a fully
automatic titanium 175 mm long 18g biopsy device (Invivo,
Gainesville, FL) is placed coaxially within a 4 French sidearm
sheath (Pinnacle, Terumo, Somerset, NJ) (Fig. 7). This sheath
permits maintenance of access to a particular biopsy location
while the biopsy device is removed for sample collection, as
an MRI-compatible introducer needle is not yet available for
co-axial technique. An MRI-compatible procedural light
aimed from behind and over the operator’s shoulder at the
procedure area is helpful for visualization.



Figure 6 The reusable perineal localizer grid and marker block used
during transperineal in-bore MRI biopsy. (Color version of figure is
available online.)
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Procedural Steps
The previously obtained diagnostic contrast-enhanced multi-
parametric prostate MRI scan is reviewed before proceeding
with biopsy, to confirm unobstructed trans-perineal access
to any suspicious lesions and to bilateral peripheral zones if
systematic biopsy is needed. Informed consent is obtained,
the patient is placed supine in the MRI scanner gantry with a
body coil beneath his pelvis, and his legs are positioned
within the leg rests of the stirrup device (Fig. 8). Padding is
placed at any pressure points between the patient’s legs and
Figure 7 The fully automatic titanium 175 mm long 18g bio
within a 4 Frenchsidearm sheath (Pinnacle, Terumo, Somerse
from the target lesion. (Color version of figure is available onlin
the stirrup device surfaces. The genitalia are taped up away
from the perineum. The reservoir of the marking block is
filled with water or oil, and the block is inserted into the
localizer grid. The plastic localizer grid in the stirrup device
is then positioned against the perineum as snugly as possible
(Fig. 8).

Non-contrast T2-weighted (T2W) imaging is then per-
formed of the pelvis, making sure to include the entire pros-
tate gland, the bladder base, the rectum (if present), and the
localizer grid including the liquid-filled marking block.
Using the diagnostic MRI scan images for confirmation, the
targeted lesions are identified on the current T2W images,
as are bilateral entry points into peripheral zone tissue if
needed for systematic biopsy. The 3-dimensional coordi-
nates of each target are then recorded, and 3-dimensional
distances to these targets are measured from the T2-hyper-
intense fluid within the marking block where it contacts the
perineal skin. The marking block is then removed, the point
where the marking block contacted the perineal skin is
marked, and then skin entry points are measured and
marked. The perineal skin and adjacent positioning device
surfaces are then sterilely prepped and draped. A commer-
cially available sterile single-use guiding needle block is
available that can be plugged into the localizer grid to help
with needle placement (Invivo, Gainesville, FL). However, if
this block is to be used, the localizer grid needs to be kept
in place and sterilely prepped as well, which can be chal-
lenging. Additionally, the desired needle entry sites are
sometimes blocked by the septa of the localizer grid. For
these reasons, at our institution we remove the localizer
grid altogether just after marking the patient’s skin, and
instead advance the biopsy needles using free-handed tech-
nique without the guiding needle block.

The needle entry sites and underlying soft tissue are then
anesthetized and small skin incisions are made. At our insti-
tution, the biopsy needle device is placed coaxially within a
coaxial 4F slim vascular sheath, and are advanced into the
patient together as a unit. Images are obtained as the needle
is advanced, with sequence parameters adjusted to optimize
visualization of the biopsy needle using its metallic artifact.
psy device (Invivo, Gainesville, FL) is placed coaxially
t, NJ) to allow for a co-axial system and multiple cores
e.)



Figure 8 Patient positioning for the procedure with a body coil beneath the pelvis and legs positioned within the leg rests of
the stirrup device. The plastic localizer grid is positioned against the perineum. (Color version of figure is available online.)
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T1 gradient echo imaging can have the advantages of faster
image acquisition and better needle visualization and is better
suited for systematic biopsy needle passes, but suspicious
lesions that are T2 hypointense will not be delineated. On
the other hand, T2W images will give excellent visualization
of suspicious peripheral zone lesions and adequate needle
visualization, but acquisition times can be longer. Axial imag-
ing often provides better initial needle tracking, whereas cor-
onal or sagittal images can be more useful for confirming
adequate targeting of focal lesions. Once a biopsy sample is
taken and the needle is removed to collect the sample, the
sidearm sheath functions like an introducer needle by
remaining in place to maintain access. At least one 18g core
is obtained from each targeted lesion, with cores then also
obtained if indicated from bilateral apical, mid, and base
regions of the prostate gland. Once all desired specimens are
obtained, the needle(s) and sheath(s) are removed, the
patient is removed from the positioning device, the perineum
is cleaned, and a sterile gauze pad is placed within a dispos-
able undergarment. Post-procedure imaging is obtained to
look for any immediate complications such as hemorrhage.
Tissue samples are placed in standard formalin solution vials.
Overcoming Technical Challenges
The procedure can be ergonomically challenging for the pro-
ceduralist, and some find that moving one’s head within the
scanner’s magnetic field can cause dizziness. One should
confirm that neither of these potential issues will pose a
problem before embarking on in-bore trans-perineal prostate
biopsies. As the biopsy needle is advanced, whether using
free-hand technique or a guiding needle block, the needle
will commonly be deflected by structures such as the inferior
pubic rami or prostatic capsule. Bevel-steering technique can
be used, whereby the bevel angle of the needle is oriented
away from the desired direction of needle advancement, so
that as the needle is pushed in further, the tip is deflected
towards the target. For cases when samples will be taken
from more than 1 site, simultaneously advancing 2 separate
biopsy needles towards different sites is straightforward and
can save substantial time. When performing systematic biop-
sies, it is important to realize that the typical 2.5 cm biopsy
needle throw coming from an inferior-to-superior approach
can sample the entire extent of the gland from apex to base.
Such a single core can make localization of any detected
malignancy challenging. Hence it is advisable to obtain sepa-
rate specimens with the needle centered at the apex, mid,
and base regions of the gland, respectively. Careful labeling
of all vials with specimen locations is critical.
MRI Fusion Biopsy
Indications
Indications and contraindications are similar to in-bore tar-
geted MRI prostate biopsies. MRI fusion biopsies have the
added advantage similar to the in-bore transperineal
approach that a templated biopsy can be performed at the
same time as the targeted biopsy.
Equipment Needed
A good quality prostate multiparametric 3 Tesla (3T) prostate
MRI (mpMRI) or 1.5T with endorectal coil consisting of
T2W, diffusion-weighted, and dynamic contrast enhanced
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sequences is utilized. Utilizing T2W imaging, the prostate is
semiautomatically contoured with DynaCad software (Phil-
lips, USA) and targets defined on multiple slides to produce
a 3-dimensional (3D) volume. There are several fusion sys-
tems that can be utilized and are reviewed in Luijtelaar, et al.
Expert Review of Anticancer Therapy, 2019.20 No head-to-
head clinical trials exist, and due to variations in patient and
system-specific variables (workflow and technique) it is diffi-
cult to compare these in retrospective studies.21

Differences exist in the image registration being either rigid
or non-rigid (elastic). Rigid image registration occurs by
aligning the mpMRI on the TRUS images while not account-
ing for movements by the patient, and without adjustment
for possible deformation of the prostate by the pressure on
the prostate by the TRUS probe. Non-rigid image registration
matches corresponding point landmarks, and happens
during the procedure by accounting for any real-time
changes of the prostate and patients’ movements. As non-
rigid registration is compensating for the deformation
during the biopsy, it is likely that non-rigid image regis-
tration would be more accurate compared to rigid but
this has not yet been shown.22 We utilize the UroNav R3
System (Invivo, Gainesville, FL) which utilizes the T2W
images. Fusion of pre-procedural acquired MRI images
with real-time TRUS allows alignment of the biopsy nee-
dles under ultrasound guidance.
A transrectal (TR) or transperineal (TP) approach can be

utilized for fusion biopsies. For the transrectal approach we
utilize a sidefire probe, and for the transperineal approach
we utilize a biplanar endfire probe. The transperineal
approach can be performed in the clinic as a “free-hand” pro-
cedure (with x2 skin punctures) or in the operating room
using a disposable brachytherapy-like Civco grid template
which requires a custom-designed, articulating stepper sys-
tem, and the option for either a mobile (wheeled) stepper
stand or a rail-mounted stepper support. The transperineal
approach to biopsies has the added benefit of a more direct
anterior approach, and minimizing the risk of infection.
However, the TP approach requires more time in the clinic
or general anesthesia in the case of a grid template due to
multiple needle punctures.
For either TR or TP approach we utilize a probe sensor

which attaches to the ultrasound probe directly. For the TP
approach, we additionally have the disposable PrecisionPoint
Transperineal Access System which allows the ability to
maintain your needle in the sagittal plane at all times. The
stepper allows the operator to move the needle up or down
to accommodate for the height of the prostate. The TRUS 3D
model is then segmented semiautomatically (with manual
adjustments if necessary) and “fused” to the prostate MRI
with registration software (Fig. 9).
The major technological challenge with MRI TRUS fusion

biopsy is the registration process that fuses MRI to the US
image. The prostate contours are simply manipulated to
allow for rotation or translational alignment between images
using a mathematical algorithm. In elastic registration, the
software algorithm stretches or “warps” the MRI image pros-
tate shape to match the TRUS prostate contour.
Procedural Steps
Here we will focus on describing the office-based approach
and point out important differences when compared to an
operating room-based approach. In summary, MR image
acquisition and lesion segmentation, ultrasound prostate seg-
mentation, and image registration, followed by fusion-guided
biopsy.

Probe preparation: Good probe preparation is critical. A
condom and ultrasouond (US) jelly are used to prepare the
probe (Fig. 10). Care is taken to remove all bubbles from the
condom as this can obscure the US images enough that the
prostate sweep is difficult to perform, and lateral borders of
the prostate are hard to delineate.

Patient preparation and positioning: The patient is asked to
perform an enema at home the morning of the procedure.
For a TR approach, patients are seen earlier in the week for a
rectal swab to direct antibiotic administration. The morning
of the procedure they either receive culture-specific PO or IV
antibiotics. For an OR TP approach we give ancef to cover
skin flora due to the increased number of skin punctures.

The patient is placed supine and moved to a dorsal lithot-
omy position. The scrotum is tacked up to the abdominal
wall using a towel and tape. A rectal exam is performed and
documented. The perineum is then cleaned with betadine.
The TR probe is inserted and borders of the prostate are
delineated. The perineal muscles are identified on each side
of the prostate.

Local anesthesia administration: A location about 1 cm
above and 1 cm lateral to the superior aspect of the anal verge
is infiltrated with 5 cc of 50% one to two percent lidocaine to
create a weal. These medications have an onset of action of
<2 minutes and can last up to 2 hours, with a max dose of
4.5 mg/kg. A spinal needle is used to infiltrate deeper tissues
including the muscles of the pelvic floor which are inner-
vated by branches of the pudendal nerve. Using a sagittal
view one can see the boundaries of the periapical triangle,
which is bounded by the medial edge of the levator ani mus-
cle, the urethral rhabdosphincter and the external anal
sphincter muscle.23 Usually, 1-2 needle punctures are
required per side.

Fusion biopsy: After local anesthetic administration a pros-
tate sweep using 8.5 Hz probe is performed in the sagittal
plane ensuring that minimal pressure is exerted on the pros-
tate and the probe is maintained parallel to the detector. The
prostate boundaries are then marked on the Uronav system
and 3D US representation of the prostate is compared to that
annotated on the MRI. The image can then be aligned using
anatomical anchors such as the bladder neck, and/or prostate
benign prostatic hyperplasia nodules (“internal fiducials”).
Elastic deformation can be performed to account for the
prostate deformation created by the pressure of the ultra-
sound. This can be turned on and off during the actual pro-
cedure. The target lesion is then identified and at least 3-4
biopsies taken of the lesion depending on the lesion size.

Standard template prostate biopsy: 83% of prostate cancer is
multifocal and index lesions are much larger than secondary
tumors.24 After completion of the fusion biopsy a standard
template TP or TR biopsy is performed. These biopsies can



Figure 9 The target lesion in the left peripheral zone “fused” to the ultrasound images to allow for MRI fusion targeted biopsy.
(Color version of figure is available online.)
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also be tracked in the Uronav system and saved for compari-
son in future biopsies.
Overcoming Technical Challenges
Misregistration: The prostate US sweep is a critical portion of
the procedure and subsequent steps dependent on this.
Probe positioning, minimizing bubbles, and movement while
performing the sweep are critical. The lateral borders of the
prostate, apex and base should be clearly visible to be able to
properly perform the fusion biopsy. Large prostates can be
challenging as the entire prostate can sometimes be difficult
to register or sweep. In these cases, the base of the prostate/
median lobes are not registered.
Anterior lesions/pubic symphysis: Pubic symphysis can be

encountered in very anterior lesions using a TP approach.
The patient can be asked to increase the degree of lithotomy
but this can be challenging in the clinic. The needle can be
inserted in a more inferior position and lesion targeted from
an apical to anterior approach.
Recognizing and Treating
Complications
The most common complications after prostate biopsies are
bleeding and infection. Infection rates after prostate biopsy
range in the literature from 0.1%-7%.25-27 Trans-perineal
approach and limited sampling with MRI guided prostate
biopsies has been shown to have decreased rates of infection.
The trans-perineal route for prostate biopsy has specifically
been found to decreases the risk for bacterial prostatitis, uri-
nary tract infection, and urosepsis. Infection rates after trans-
perineal biopsy range from 0.0%-0.7%, with hospital
admission rates for sepsis ranging from 0.0%-0.7%. This is
compared to infection rates ranging from 0.1%-7% and hos-
pital admission rates for sepsis ranging from 0.6%-6.9% with
trans-rectal prostate biopsy.28 Periprocedural antibiotics
should be given to help decrease the risk of infection, how-
ever there is controversy on the ideal protocol given increas-
ing fluoroquinolone resistance. In the event of post-biopsy
urinary tract infection, a course of antibiotic can be adminis-
tered in accordance with current urological societal guide-
lines. As progression to urosepsis can be rapid, any sign of
urinary tract infection after biopsy should be taken seriously
and acted upon swiftly.

Blood can be seen in urine, semen, or stool however
should be self-limited. Significant bleeding can be seen in
1%-4% of patients.29 Retroperitoneal bleeding rates in pros-
tate biopsies overall are so low as to be infrequently reported.
As MRI imaging of the patient’s pelvis is obtained every sev-
eral minutes during in-bore MRI guided biopsies, any such
bleeding can be detected early and monitored actively.

Hematuria after biopsy itself is common and typically self-
limited. Rarely (less than 1%), when hematuria is severe or
persistent, consultation with a urologist should be obtained
with consideration given to an adjunctive embolization or
cystoscopic procedure as needed. Hematospermia after
biopsy is also common, and typically self-limited with no
additional therapy needed.28 Rectal bleeding can be seen in
the trans-rectal prostate biopsy, but is not reported for the
trans-perineal approach.

Urinary retention is another uncommon complication,
although this may be slightly more with the trans-perineal
approach. Retention can result from compression on the
prostatic urethra from swelling or hematoma after a biopsy,
or from hematuria severe enough to cause clot formation
that obstructs the bladder outlet. Patients should be warned
that if they are unable to urinate post procedure to go to the



Figure 10 The transrectal ultrasound probed used to guide the MRI-
fusion biopsy. (Color version of figure is available online.)
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closest emergency room as urinary retention is an emergency.
A urinary catheter must be placed to decompress the bladder,
which is typically left in place for up to a week before a void-
ing trial is attempted.
Apart from the management of any complications, follow-

up after biopsy is necessary to discuss further management
of any detected prostate cancer. This is often done by our
urology colleagues. MRI-guided biopsy achieves similar over-
all cancer detection rates as TRUS-guided biopsy, with
increased sensitivity for clinically significant cancers and
decreased sensitivity for clinically insignificant cancers.30
Expected Outcomes
Targeted image guided prostate biopsies are used for diagno-
sis, monitoring patients undergoing active surveillance, or to
guide focal therapy. The trend has been moving towards
more targeted biopsies with the increased utilization of pros-
tate MRI (with or without the traditional non-targeted sys-
tematic cores) rather than the traditional TRUS biopsy alone.
The published positive biopsy rates for in-bore and fusion
biopsies range from 54.2%-85%.31-34 It is important for
interventional radiologists to be aware of these procedures so
as to best be able to assist and collaborate with our urology
colleagues in the care of this patient population.
References
1. Bethesda M (ed): SEER Cancer Stat Facts: Prostate Cancer, National

Cancer Institute, 2021 https://seer.cancer.gov/statfacts/html/prost.html
[Accessed June 20, 2021]

2. Ferlay J, Colombet M, Soerjomataram I, et al: Estimating the global can-
cer incidence and mortality in 2018: GLOBOCAN sources and meth-
ods. Int J Cancer 144:1941-1953, 2019. https://doi.org/10.1002/
ijc.31937. Epub 2018/10/24PubMed PMID: 30350310

3. Siegel RL, Miller KD, Jemal A: Cancer statistics, 2018. CA Cancer J Clin
68:7-30, 2018. https://doi.org/10.3322/caac.21442. Epub 2018/01/
10PubMed PMID: 29313949

4. Carter HB, Albertsen PC, Barry MJ, et al: Early detection of prostate can-
cer: AUA Guideline. J Urol 190:419-426, 2013. https://doi.org/10.1016/
j.juro.2013.04.119. Epub 2013/05/11PubMed PMID: 23659877;
PubMed Central PMCID: PMCPMC4020420

5. Schroder FH, Hugosson J, Roobol MJ, et al: Prostate-cancer mortality at
11 years of follow-up. N Engl J Med 366:981-990, 2012. https://doi.
org/10.1056/NEJMoa1113135. Epub 2012/03/16PubMed PMID:
22417251; PubMed Central PMCID: PMCPMC6027585

6. Schroder FH, Hugosson J, Roobol MJ, et al: Screening and prostate-can-
cer mortality in a randomized European study. N Engl J Med
360:13208, 2009. https://doi.org/10.1056/NEJMoa0810084. Epub
2009/03/20PubMed PMID: 19297566

7. National Comprehensive Cancer Network. NCCN Guidelines Version
2.2021 Prostate Cancer Early Detection 14, 2021 https://www.nccn.
org/guidelines/guidelines-detail?category=2&id=1460

8. Greene KL, Albertsen PC, Babaian RJ, et al: Prostate specific antigen best
practice statement: 2009 update. J Urol 189(1 Suppl):S2-S11, 2013.
https://doi.org/10.1016/j.juro.2012.11.014. Epub 2012/12/19PubMed
PMID: 23234625

9. Rajinikanth A, Manoharan M, Soloway CT, et al: Trends in Gleason
score: Concordance between biopsy and prostatectomy over 15 years.
Urology 72:177-182, 2008. https://doi.org/10.1016/j.urol-
ogy.2007.10.022. Epub 2008/02/19PubMed PMID: 18279938

10. Serefoglu EC, Altinova S, Ugras NS, et al: How reliable is 12-core pros-
tate biopsy procedure in the detection of prostate cancer? Can Urol
Assoc J 7:E293-E298, 2013. https://doi.org/10.5489/cuaj.11224. Epub
2012/03/09PubMed PMID: 22398204; PubMed Central PMCID:
PMCPMC3668408

11. Schouten MG, van der Leest M, Pokorny M, et al: Why and where do
we miss significant prostate cancer with multi-parametric magnetic res-
onance imaging followed by magnetic resonance-guided and transrectal
ultrasound-guided biopsy in biopsy-naive men? Eur Urol 71:896-903,
2017. https://doi.org/10.1016/j.eururo.2016.12.006. Epub 2017/01/
09PubMed PMID: 28063613

12. Abdelsayed GA, Danial T, Kaswick JA, et al: Tumors of the anterior
prostate: Implications for diagnosis and treatment. Urology 85:1224-
1228, 2015. https://doi.org/10.1016/j.urology.2014.12.035. Epub
2015/02/16PubMed PMID: 25681835

13. Rosenkrantz AB, Verma S, Choyke P, et al: Prostate magnetic resonance
imaging and magnetic resonance imaging targeted biopsy in patients with
a prior negative biopsy: A consensus statement by AUA and SAR. J Urol
196:1613-1618, 2016. https://doi.org/10.1016/j.juro.2016.06.079. Epub
2016/10/25PubMed PMID: 27320841; PubMed Central PMCID:
PMCPMC6364689

14. van der Leest M, Cornel E, Israel B, et al: Head-to-head comparison of
transrectal ultrasound-guided prostate biopsy versus multiparametric
prostate resonance imaging with subsequent magnetic resonance-

https://seer.cancer.gov/statfacts/html/prost.html
https://doi.org/10.1002/ijc.31937
https://doi.org/10.1002/ijc.31937
https://doi.org/10.3322/caac.21442
https://doi.org/10.1016/j.juro.2013.04.119
https://doi.org/10.1016/j.juro.2013.04.119
https://doi.org/10.1056/NEJMoa1113135
https://doi.org/10.1056/NEJMoa0810084
https://www.nccn.org/guidelines/guidelines-detail?category=2&id=1460
https://www.nccn.org/guidelines/guidelines-detail?category=2&id=1460
https://doi.org/10.1016/j.juro.2012.11.014
https://doi.org/10.1016/j.urology.2007.10.022
https://doi.org/10.1016/j.urology.2007.10.022
https://doi.org/10.5489/cuaj.11224
https://doi.org/10.1016/j.eururo.2016.12.006
https://doi.org/10.1016/j.urology.2014.12.035
https://doi.org/10.1016/j.juro.2016.06.079


10 C.S. Kaufman et al.
guided biopsy in biopsy-naive men with elevated prostate-specific anti-
gen: A large prospective multicenter clinical study. Eur Urol 75:570-
578, 2019. https://doi.org/10.1016/j.eururo.2018.11.023. Epub 2018/
11/28PubMed PMID: 30477981

15. Ahmed HU, El-Shater Bosaily A, et al: Diagnostic accuracy of multi-
parametric MRI and TRUS biopsy in prostate cancer (PROMIS): A
paired validating confirmatory study. Lancet 389:815-822, 2017.
https://doi.org/10.1016/S0140-6736(16)32401-1. Epub 2017/01/
24PubMed PMID: 28110982

16. Kasivisvanathan V, Rannikko AS, Borghi M, et al: MRI-targeted or stan-
dard biopsy for prostate-cancer diagnosis. N Engl J Med 378:1767-
1777, 2018. https://doi.org/10.1056/NEJMoa1801993. Epub 2018/03/
20PubMed PMID: 29552975

17. Rouviere O, Puech P, Renard-Penna R, et al: Use of prostate systematic
and targeted biopsy on the basis of multiparametric MRI in biopsy-naive
patients (MRI-FIRST): A prospective, multicentre, paired diagnostic
study. Lancet Oncol 20:100-109, 2019. https://doi.org/10.1016/S1470-
2045(18)30569-2. Epub 2018/11/25PubMed PMID: 30470502

18. Nassiri N, Natarajan S, Margolis DJ, et al: Targeted prostate biopsy: Les-
sons learned midst the evolution of a disruptive technology. Urology
86:432-438, 2015. https://doi.org/10.1016/j.urology.2015.07.001.
Epub 2015/07/15PubMed PMID: 26166671; PubMed Central PMCID:
PMCPMC4569505

19. Penzkofer T, Tuncali K, Fedorov A, et al: Transperineal in-bore 3-T MR
imaging-guided prostate biopsy: A prospective clinical observational
study. Radiology 274:170-180, 2015. https://doi.org/10.1148/
radiol.14140221. Epub 2014/09/16PubMed PMID: 25222067; PubMed
Central PMCID: PMCPMC4334270

20. van Luijtelaar A, Bomers J, Futterer J: A comparison of magnetic reso-
nance imaging techniques used to secure biopsies in prostate cancer
patients. Expert Rev Anticancer Ther 19:705-716, 2019. https://doi.org/
10.1080/14737140.2019.1641086. Epub 2019/07/07PubMed PMID:
31277551

21. Rastinehad AR, Durand M: A comparison of magnetic resonance imag-
ing and ultrasonography (MRI/US)-fusion guided prostate biopsy
devices: Too many uncontrolled variables. BJU Int 117:548-549,
2016. https://doi.org/10.1111/bju.13344. Epub 2016/02/19PubMed
PMID: 26890277

22. Venderink W, de Rooij M, Sedelaar JPM, et al: elastic versus rigid image
registration in magnetic resonance imaging-transrectal ultrasound
fusion prostate biopsy: A systematic review and meta-analysis. Eur Urol
Focus 4:219-227, 2018. https://doi.org/10.1016/j.euf.2016.07.003.
Epub 2017/07/30PubMed PMID: 28753777

23. Basourakos SP, Allaway MJ, Ross AE, et al: Local anaesthetic techniques
for performing transperineal prostate biopsy. Nat Rev Urol 18:315-317,
2021. https://doi.org/10.1038/s41585-021-00443-7. Epub 2021/03/
03PubMed PMID: 33649503

24. Wise AM, Stamey TA, McNeal JE, et al: Morphologic and clinical signifi-
cance of multifocal prostate cancers in radical prostatectomy specimens.
Urology 60:264-269, 2002. https://doi.org/10.1016/s0090-4295(02)
01728-4. Epub 2002/07/26PubMed PMID: 12137824
25. Loeb S, Carter HB, Berndt SI, et al: Complications after prostate biopsy:
data from SEER-Medicare. J Urol 186:1830-1834, 2011. https://doi.org/
10.1016/j.juro.2011.06.057. Epub 2011/09/29PubMed PMID: 21944136

26. Liss MA, Chang A, Santos R, et al: Prevalence and significance of fluoro-
quinolone resistant Escherichia coli in patients undergoing transrectal
ultrasound guided prostate needle biopsy. J Urol 185:1283-1288, 2011.
https://doi.org/10.1016/j.juro.2010.11.088. Epub 2011/02/22PubMed
PMID: 21334021; PubMed Central PMCID: PMCPMC4063558

27. Nam RK, Saskin R, Lee Y, et al: Increasing hospital admission rates for
urological complications after transrectal ultrasound guided prostate
biopsy. J Urol 183:963-968, 2010. https://doi.org/10.1016/j.
juro.2009.11.043. Epub 2010/01/22PubMed PMID: 20089283

28. Borghesi M, Ahmed H, Nam R, et al: Complications after systematic,
random, and image-guided prostate biopsy. Eur Urol 71:353-365,
2017. https://doi.org/10.1016/j.eururo.2016.08.004. Epub 2016/08/
21PubMed PMID: 27543165

29. Bjurlin MA, Wysock JS, Taneja SS: Optimization of prostate biopsy:
Review of technique and complications. Urol Clin North Am 41:299-
313, 2014. https://doi.org/10.1016/j.ucl.2014.01.011. Epub 2014/
04/15PubMed PMID: 24725491; PubMed Central PMCID:
PMCPMC4151475

30. Wegelin O, van Melick HHE, Hooft L, et al: comparing three different
techniques for magnetic resonance imaging-targeted prostate biopsies:
A systematic review of in-bore versus magnetic resonance imaging-
transrectal ultrasound fusion versus cognitive registration. Is there a pre-
ferred technique? Eur Urol 71:517-531, 2017. https://doi.org/10.1016/j.
eururo.2016.07.041. Epub 2016/08/30PubMed PMID: 27568655

31. Wegelin O, Exterkate L, van der Leest M, et al: The FUTURE trial: A
multicenter randomised controlled trial on target biopsy techniques
based on magnetic resonance imaging in the diagnosis of prostate can-
cer in patients with prior negative biopsies. Eur Urol 75:582-590, 2019.
https://doi.org/10.1016/j.eururo.2018.11.040. Epub 2018/12/
14PubMed PMID: 30522912

32. Prince M, Foster BR, Kaempf A, et al: In-bore versus fusion MRI-tar-
geted prostate biopsy of PI-RADS category 4 or 5 lesions: A retrospec-
tive comparative analysis using propensity score weighting. AJR Am J
Roentgenol 2021 https://doi.org/10.2214/AJR.20.25207. Epub 2021/
03/02PubMed PMID: 33646819

33. Venderink W, van der Leest M, van Luijtelaar A, et al: Retrospective
comparison of direct in-bore magnetic resonance imaging (MRI)-guided
biopsy and fusion-guided biopsy in patients with MRI lesions which are
likely or highly likely to be clinically significant prostate cancer. World J
Urol 35:1849-1855, 2017. https://doi.org/10.1007/s00345-017-2085-
6. Epub 2017/09/06PubMed PMID: 28871396; PubMed Central
PMCID: PMCPMC5693982

34. Costa DN, Goldberg K, Leon AD, et al: Magnetic resonance imaging-
guided in-bore and magnetic resonance imaging-transrectal ultrasound
fusion targeted prostate biopsies: An adjusted comparison of clinically
significant prostate cancer detection rate. Eur Urol Oncol 2:397-404,
2019. https://doi.org/10.1016/j.euo.2018.08.022. Epub 2019/07/
07PubMed PMID: 31277776

https://doi.org/10.1016/j.eururo.2018.11.023
https://doi.org/10.1016/S0140-6736(16)32401-1
https://doi.org/10.1056/NEJMoa1801993
https://doi.org/10.1016/S1470-2045(18)30569-2
https://doi.org/10.1016/S1470-2045(18)30569-2
https://doi.org/10.1016/j.urology.2015.07.001
https://doi.org/10.1148/radiol.14140221
https://doi.org/10.1148/radiol.14140221
https://doi.org/10.1080/14737140.2019.1641086
https://doi.org/10.1111/bju.13344
https://doi.org/10.1016/j.euf.2016.07.003
https://doi.org/10.1038/s41585-021-00443-7
https://doi.org/10.1016/s0090-4295(02)01728-4
https://doi.org/10.1016/s0090-4295(02)01728-4
https://doi.org/10.1016/j.juro.2011.06.057
https://doi.org/10.1016/j.juro.2010.11.088
https://doi.org/10.1016/j.juro.2009.11.043
https://doi.org/10.1016/j.juro.2009.11.043
https://doi.org/10.1016/j.eururo.2016.08.004
https://doi.org/10.1016/j.ucl.2014.01.011
https://doi.org/10.1016/j.eururo.2016.07.041
https://doi.org/10.1016/j.eururo.2016.07.041
https://doi.org/10.1016/j.eururo.2018.11.040
https://doi.org/10.2214/AJR.20.25207
https://doi.org/10.1007/s00345-017-2085-6
https://doi.org/10.1007/s00345-017-2085-6
https://doi.org/10.1016/j.euo.2018.08.022

	Image-Guided Targeted Prostate Biopsies
	Introduction
	In-Bore Transrectal MRI Guided Biopsy
	Clinical Evaluation and Indications
	Equipment Needed
	Procedural Steps
	Overcoming Technical Challenges

	In-Bore Transperineal MRI Guided Biopsy
	Indications
	Equipment Needed
	Procedural Steps
	Overcoming Technical Challenges

	MRI Fusion Biopsy
	Indications
	Equipment Needed
	Procedural Steps
	Overcoming Technical Challenges

	Recognizing and Treating Complications
	Expected Outcomes
	References


