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ABSTRACT

Objective Although the feasibility of transperineal biopsy
under local anesthesia has been demonstrated, little

is known regarding the application of MRI/ultrasound
software fusion targeted biopsy for transperineal biopsy
under local anesthesia. The objective of our study is to
describe our initial experience with in-office transperineal
MRI/ultrasound software fusion targeted biopsy (Idea,
Development, Exploration, Assessment, Long-term Follow-
up [IDEAL] Stage 2a).

Methods Between October 2017 and July 2019, 33 men
underwent in-office transperineal MRI-targeted biopsy
using the Artemis (Eigen, Grass Valley, CA, USA) fixed-
robotic arm system. The indication for biopsy was elevated
prostate specific antigen (PSA) (n=14), prior negative
biopsy (n=10), active surveillance (n=6), and surveillance
after partial gland cryoablation (n=3). We prospectively
captured patient demographic and clinical characteristics,
biopsy outcomes, and complications. Complications were
classified according to Common Terminology Criteria for
Adverse Events (CTCAE) V.5.0.

Results The median patient age was 67 years (IQR
61-71) and the median serum PSA level was 7.0 ng/mL
(IQR 5.1-11.4). The median duration of in-office MRI-
targeted transperineal biopsy was 26 min (IQR 23-28).
Overall, transperineal MRI-targeted biopsy detected
prostate cancer in 18 (54.6%) men, with 8 (24.2%) being
clinically significant (Gleason Score >3+4, Grade Group
>2). Clinically significant prostate cancer was detected in
four (28.6%) biopsy naive men, two (20.0%) men with a
prior negative, one (16.7%) man on active surveillance and
one (33.3%) man following partial gland ablation. Three
(9.1%) men experienced complications: two hematuria and
one urinary retention.

Conclusion Our findings demonstrate the feasibility of the
fixed-robotic arm fusion platform for in-office transperineal
MRI-targeted biopsy and a low rate of adverse events.
However, larger prostate size precludes MRI/ultrasound
software fusion and pubic arch interference hindered the
transperineal MRI-targeted approach in 9.1% of men.
Pubic arch interference was overcome by a free-hand
approach with software fusion guidance.

INTRODUCTION

The transrectal approach to prostate biopsy
is the gold standard approach for detecting
prostate cancer. However, a drawback of the

Key messages

What is already known about this subject?

» Transperineal biopsy, traditionally performed un-
der general anesthesia, does not require antibiotic
prophylaxis and has a significantly lower risk of
infection compared with the traditional transrec-
tal approach. There have been a few single-centre
series that describe a transperineal approach under
local anesthesia using ultrasound targeting (IDEAL
2) and one published series of transperineal MRI/ul-
trasound software fusion targeted biopsy performed
under general anesthesia.

What are the new findings?

» This is the first series of in-office transperineal MRI/
ultrasound software fusion targeted prostate biopsy
using local anesthesia. We demonstrate that cancer
detection and complication rates are similar to tran-
srectal MRI/ultrasound software fusion targeted bi-
opsy outcomes with an infectious complication rate
of 0% (without antibiotic prophylaxis).

How might these results affect future

research or surgical practice?

» We demonstrate that in-office MRI/ultrasound soft-
ware fusion targeted biopsy is feasible and incorpo-
rates the advances of contemporary image guidance
for greater accuracy as well as local anesthesia for
widespread, cost-effective dissemination. Moreover,
the significantly lower infection risk without antibi-
otic prophylaxis compared with the traditional tran-
srectal approach improves patient outcomes as well
as antibiotic stewardship.

transrectal approach is the translocation of
rectal flora with each biopsy needle pass into
the prostate, which contributes to infectious
complications. The complication rate of
urinary tract infections and sepsis has been
reported to be as high as 5.2% and 3.1%,
respectively.' > With the recent rise in infec-
tious complications to be as high as 7.0% of
all transrectal biopsy, strategies to prevent
infection are of paramount importance.”
The transperineal approach is a percuta-
neous technique for prostate biopsy needle
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passage that avoids translocating rectal bacteria into the
sterile urinary tract altogether. The rate of cancer detec-
tion with transperineal biopsy is similar to transrectal
biopsy.”® Systematic reviews of transperineal biopsy under
general and local anesthesia also demonstrate lower
rates of infectious complication, with reported rates of
urinary tract infection and sepsis as low as 0%-1.6% and
0%."”* However, with transperineal prostate biopsy under
general anesthesia, many men received intravenous anti-
biotic prophylaxis. Moreover, some studies demonstrate
similar rates of infectious and non-infectious complica-
tions between transperineal and transrectal biopsies.”
Whereas transrectal biopsies are commonly performed
with local anesthesia, transperineal biopsies have tradi-
tionally been performed under general anesthesia to
avoid patient discomfort.” 7 This practice brings into
question the clinical utility of transperineal biopsy as a
ubiquitous approach, as general anesthesia is more costly
and has associated risks. Moreover, transperineal biopsy
under general anesthesia is typically reserved for satura-
tion biopsy after prior negative biopsies.

The use of transperineal biopsy with ultrasound guid-
ance under local anesthesia has been described in a few
studies, attaining IDEAL Stage 2b.>'" However, there is
only one series that assesses the efficacy of a commer-
cially available transperineal MRI/ultrasound software
fusion targeted biopsy platform. In this IDEAL Stage 2a
series, 32 men underwent general anesthesia for transper-
ineal MRI/ultrasound fusion targeted biopsy.'* Another
study exists that evaluates transperineal MRI/ultrasound
targeted biopsy using cognitive rather than software
fusion."”

There is recent high-level evidence demonstrating the
superiority of MRI/ultrasound fusion targeted biopsy
over ultrasound-guided biopsy.'* Moreover, there is
greater detection of clinically significant prostate cancer
with MRI/ultrasound software fusion over cognitive
fusion during transrectal biopsy.'” Given these benefits
with MRI/ultrasound software fusion targeting during
transrectal biopsy, our objective is to describe our tech-
nique and assess early outcomes for transperineal MRI/
ultrasound software fusion targeted (henceforth MRI-
targeted) prostate biopsy under local anesthesia (IDEAL
Stage 2a). Such studies are needed to evaluate the poten-
tial for widespread adoption of in-office, transperineal
MRI-targeted biopsy.

METHODS

Data were prospectively collected for 33 men who under-
went in-office transperineal MRI-targeted biopsy during
October 2017 to July 2019 with the Artemis platform
(Eigen, Grass Valley, CA, USA). Our study was approved
by the Weill Cornell Institutional Review Board. Patients
were informed as part of the consent process that the
transperineal approach is associated with lower risk of
infections; however, the novel use of an MRI-targeted
approach had yet to be studied with this biopsy approach.

-

Figure 1 In-office transperineal probe placement utilizing
the Artemis MRI-ultrasound fusion platform for prostate
biopsy under local anesthesia.

Moreover, patients were informed that evidence demon-
strates a similar rate of cancer detection using the trans-
perineal approach under local anesthesia.” '

Men underwent a Fleet enema to optimize transrectal
ultrasound visualization of the prostate; however, no prophy-
lactic antibiotics were given. Patients were positioned into
the lithotomy position with yellow-fin stirrups supporting
the knee and hips at right angles. A surgical towel was
used to tape the scrotum anteriorly, and the perineum was
shaved and prepped with chlorhexidine (figure 1). For the
local anesthetic block, 10 mL of 1% lidocaine was injected
into the perineal subcutaneous tissue. In all, 60 mL of lube
was then injected into the rectum prior to insertion of the
ultrasound probe to guide the deeper anesthetic block. The
Hitachi C41L47RP endorectal transducer (Hitachi Medical
Systems America, Twinsburg, OH, USA) was then latched
to the Artemis cradle and paired with the Hitachi Noblus
ultrasound system. We then performed the anesthetic block
of the pelvic floor and prostate apex as described by Kubo
et al'” The Artemis ultrasound cradle was then rotated away
from the midline bilaterally to visualize the pelvic floor
muscles and the interface between the apex of the prostate
and the pelvic floor where a total of 10mL of 1% lidocaine
was injected. A total of 20mL of 1% lidocaine was used.

The ultrasound probe was rotated using the Artemis
cradle to scan the prostate. The Artemis assembled the
ultrasound images and segmentation of the prostate was
performed. DJM performed prostate segmentation prior
to biopsy and the MRI was incorporated into the TRUS
through image registration, similar to transrectal MRI-
targeted biopsy.18 The Artemis transperineal system has 2
degrees of freedom of movement. These include rotation
of the probe within the Artemis cradle, and needle angu-
lation along a fulcrum mounted on top of the carriage
to hold the ultrasound probe in place. Prior to biopsy,
the carriage is advanced such that the needle guide is
in contact with the perineal skin. Using a combination
of these two movements, targeted biopsies of regions of
interest (ROI) were performed first (figure 2), followed
by systematic biopsies.

2 Tzeng M, et al. BMJ Surg Interv Health Technologies 2019;1:¢000025. doi:10.1136/bmjsit-2019-000025



| £
I
Transverse View

HITACHI Weill Cornell Urology

Urology 09-OCT-17 16:04:46

63y M R e AV 0.5]T1S<0.4

B

Time: 03:45:13 PM |
Procedure: 09:55

Figure 2 Transperineal MRI/ultrasound software fusion and targeting of an anterior Prostate Imaging-Reporting and Data

System four lesion for biopsy.

Prospectively captured data included patient demo-
graphics, duration of transperineal biopsy, prostate
specific antigen (PSA), MRI findings, biopsy results, and
complications. PSA values for three men were unavail-
able. We measured pain using a visual analogue scale
(VAS) in the first 10 subjects.19 After ensuring tolerability,
this was not continued. Complications were classified
according to Common Terminology Criteria for Adverse
Events (CTCAE) V.5.0.%

Technical modifications

Initially, we performed the prostate anesthetic block along
the neurovascular bundles, injecting from base to apex.
However, for Case 8, we adopted the technique described
by Kubo et aland continued with this anesthetic approach.'”
Additionally, we initially used an endocavity balloon (Civco
Coralville, Iowa, USA) to cover the ultrasound transducer.
However, at Case 16, we switched to applying 60 mL of lube

using a catheter tip syringe, which achieved a similar effect
at greater efficiency and lower cost.

The Artemis software froze following acquisition of
targeted biopsy cores for one man (Case 15), requiring
the systematic cores to be performed free-hand. In
three men (Cases 16, 18, and 32), pubic arch interfer-
ence prevented the acquisition of some of the system-
atic cores while it prevented targeted biopsy in another,
who was excluded from analysis (table 1). In these three
cases, the ultrasound carriage was unclasped to flip the
needle guide away and biopsies were performed free-
hand with the ultrasound probe resting in the Artemis
cradle. In one patient with a 253 mL prostate, the prostate
was too large to be captured completely in one sagittal
view of the ultrasound, and therefore MRI-ultrasound
software fusion could not be performed. In this patient,
cognitive MRI targeting and free-hand systematic biopsy
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Table 1 Biopsy duration, complications, and technical
problems
Case Duration (min) Complications Technical problems

1 32

2 29

8 31 Significant needle

deflection

4 29

5 28

6 30 Hematuria

7 27

8 28

9 27
10 29
11 26
12 27 Hematuria
13 25 Artemis software froze
14 28
15 24
16 26 Pubic arch interference
17 25
18 28 Pubic arch interference
19 24
20 26
21 28
22 23
23 25
24 23
25 22 Urinary retention

requiring
catheterization

26 23
27 25
28 20
29 22
30 21
31 24 Pubic arch interference
32 20
33 21

were performed. This patient was also excluded from
analysis. Finally, care must be taken regarding the bevel
orientation of the biopsy needle relative to the sagittal
ultrasound-imaging plane. The bevel tip cuts tissue at an
angle and deflects in the direction of the bevel. This may
be overcome with the use of symmetric tip biopsy needles.

RESULTS

The median age was 67 years (IQR 61-71), median PSA
was 7.0ng/mL (IQR 5.1-11.4), and median prostate
volume was 47mL (IQR 39-66). Indication for prostate
biopsy was an elevated PSA in 14, prior negative biopsy

3

in 10, active surveillance in 6 and surveillance following
partial gland ablation in 3. The median number of system-
atic and targeted cores sampled per patient were 9 (IQR
2-12) and 4 (IQR 2-6), respectively. A total of 47 ROI in
32 patients were demonstrated on MRI using the Prostate
Imaging-Reporting and Data System (PI-RADS) v2.0: 16
(34.0%) were PI-RADS 3, 25 (53.2%) were PI-RADS 4, and
6 (12.8%) were PI-RADS 5. One post-partial gland cryoab-
lation patient did not have ROI on post-ablation MRI. In
this case, the treated areas underwent targeted biopsy
using the pretreatment MRI along systematic biopsy
(table 2). The two other post-partial gland cryoablation
patients obtained biopsies in the context of targeting
suspicious MRI findings (PI-RADS 4 and 5).

The majority (n=27, 81.8%) of men underwent both
systematic and targeted biopsies; however, six patients
underwent targeted biopsy alone: two had a prior nega-
tive, two were on active surveillance for low-grade cancer
diagnosed 12 months prior, and two were biopsy naive
(table 3). Only targeted cores were taken from the biopsy
naive patients due to older age (1) and patient prefer-
ence (1).

The median duration of in-office MRI-targeted trans-
perineal biopsy was 26 min (IQR 23-28). A subanalysis of
the 27 men who underwent both targeted and systematic
biopsy also showed a median duration of 26min (IQR
23-28). The median VAS pain score during the first 10
cases in the series was 3 (IQR 2-4).

Overall, transperineal MRI-targeted biopsy detected
prostate cancer in 18 (54.6%) men, with 8 (24.2%) being
clinically significant (Gleason Score =3+4, Grade Group
>2). Clinically significant prostate cancer was detected in
four (28.6%) biopsy naive men, two (20.0%) men with a
prior negative biopsy, one (16.7%) man on active surveil-
lance and one (33.3%) man following partial gland abla-
tion. Indolent prostate cancer was detected in five (35.7%)
biopsy naive men, three (30.0%) men with a prior nega-
tive biopsy, one (16.7%) man on active surveillance and
one (33.3%) man following partial gland ablation.

In biopsy naive men, a Gleason Grade Group one was
detected in five (35.7%) patients. The detection rates for
clinically significant prostate cancer for PI-RADS 3, 4, and
5 lesions in biopsy naive men were 0%, 42.9%, and 33.3%,
respectively.

Overall, three (9.1%) patients experienced complica-
tions: two (6.1%) patients reported hematuria (CTCAE
Grade 1). Of note, this was hematuria in which patients
contacted the provider to report; patients were reas-
sured without sequelae. One (3.0%) patient experienced
urinary retention requiring catheterization in the emer-
gency room (CTCAE Grade 2). There were no infectious
complications (table 1).

DISCUSSION

To the best of our knowledge, this is the first series of
in-office transperineal MRI-targeted prostate biopsy using
local anesthesia. Overall and clinically significant prostate
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Table 2 Patient demographics, MRI results, and biopsy
results

Total patients 33
Patients with any prostate cancer, n (%) 18 (54.6)
Patients with clinically significant prostate 8 (24.2)
cancer, n (%)

Median (IQR) prebiopsy PSA level, ng/mL 7.0 (6.1-11.4)

Median (IQR) prebiopsy prostate volume, mL 47 (39-66)

Median (IQR) age, years 67 (59-71)

Race/ethnicity, n (%)

Decline 11 (33.3)
White 11 (33.3)
Black 2(6.1)
Asian 3(9.9
Other 6(18.2)

Clinical history, n (%)

Biopsy naive 14 (42.4)
Active surveillance 6(18.2)
Prior negative biopsy 10 (30.3)
Post-partial gland cryoablation 3(9.1)

Median (IQR) systematic cores taken 9 (2-12)

Median (IQR) targeted cores taken 4 (2-6)

Tumor characteristics

Number of ROls, total 47

MRI Grades (PI-RADS v2 Score), total, n (%)

3 16 (34.0)
4 25 (53.2)
5 6(12.8)

Highest Gleason Grade Group, n (%)

Benign 15 (45.6)
1 10 (30.3)
2 6(18.2)
3 1(3.0)
4 0(0)

5 1(3.0)

Complications, n (%) 3(9.1)
Hematuria 2 (6.1)
Urinary retention 1(3.0)

PI-RADS, Prostate Imaging-Reporting and Data System; PSA,
prostate specific antigen.

cancer detection rates of 54.6% and 24.2% were observed.
These findings are similar to the previously published
detection rates of transrectal MRI-targeted biopsies and
support evidence demonstrating that transperineal biop-
sies have fewer infectious complications.'”

Sources of inaccuracy during MRI-targeted biopsy
include image registration as well as patient movement.
During transrectal MRI-targeted biopsy with the Artemis
platform, there is considerable movement and pres-
sure of the end-fire ultrasound probe on the prostate
that causes deformation of the prostate shape. This is

Table 3 Types of cores taken, by clinical history.

Targeted+  Targeted
Clinical history systematic only
Biopsy naive 12 2
Active surveillance 4 2
Prior negative biopsy 8 2
Post-partial gland cryoablation 3 0

overcome by software elastic registration. In contrast,
with the transperineal MRI-targeted biopsy approach,
the only movement of the ultrasound probe is rotation.
However, the distance to targets from the skin is farther
than the distance from the rectum to targets during tran-
sperineal versus transrectal MRI-targeted biopsy. Patient
motion during transperineal MRI-targeted biopsy is over-
come by motion compensation, which allows real-time
adjustment of MRI-ultrasound image registration. This
is similar to transrectal MRI-targeted biopsy using the
Artemis platform.

In regard to adverse events, there were no infectious
complications and only one man (3.0%) experienced
urinary retention. This aligns with the 1.6% to 11.4% rate
of urinary retention that has been previously described
by the National Institute for Health and Clinical Excel-
lence.”’ There were no complaints of perineal bruising
or wound issues. Transperineal biopsies may be the
preferred approach in patients with high risk of infec-
tion and should be considered in light of increasing
rates of infectious complications after transrectal biop-
sies.”*** Some studies report the mean duration of tran-
srectal MRI-targeted biopsies to be 20 min.*** This offers
an advantage compared with transperineal MRI-targeted
biopsies, which we found to have a median duration of
26 min.

Despite refinements to transperineal biopsy, signifi-
cant challenges must be surmounted before widespread
adoption. MRI-targeted transperineal biopsy systems cost
$150000-$250 000 and their outcomes remain unproven.
Additionally, in vivo trials demonstrating efficacy were
not required for Food and Drug Administration approval
of transperineal MRI-targeted platforms, due to the exis-
tence of a predicate device. This is noteworthy, given the
greater distance the transperineal biopsy needle must
traverse through the skin, subcutaneous fat, Colles’ fascia
and the pelvic floor muscles to reach the prostate as
compared with transrectal biopsy. The greater distance
and traversing more anatomic structures pose significant
challenges in terms of accurate targeting. For instance,
an in vivo study demonstrated an average needle deflec-
tion error of 9mm with the MRI-targeted transperineal
approach.”® The median maximal diameter of targets
on MRI-targeted biopsy is 1.2mm.* In contrast, studies
of transrectal targeted biopsy platforms demonstrate an
error 8distance of 1-3mm from the biopsy needle to the
ROL
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Our findings must be interpreted in the context of
the study design. This is an early, single-arm series that
demonstrates feasibility of the fixed robotic tracking arm
Artemis system for MRI-targeted biopsy. The indication
for biopsy was varied and larger numbers are needed to
compare to published transrectal MRI-targeted biopsy
series. For instance, a significant proportion of men in
the study had a prior negative biopsy, were on active
surveillance or underwent prior partial gland cryoabla-
tion so the overall detection rate of clinically significant
prostate cancer is lower that what may be expected in a
pure series of biopsy naive patients. Moreover, the chal-
lenges observed with pubic arch interference and the
inability to scan and segment larger prostates may be over-
come with future version of MRI-targeted transperineal
biopsy platforms. This raises the question of what is the
learning curve for this procedure. However, we previously
reported a learning curve of 98 cases for transrectal MRI-
targeted biopsy.*® Moreover, JCH performed more than
750 MRI-targeted transrectal biopsies, and the software
interface for MRI-ultrasound fusion with the transperi-
neal approach is the same as transrectal. Therefore, there
was no learning curve for interfacing with software image
registration during transperineal MRI-targeted approach.
Future IDEAL Stage 2b studies for transperineal MRI-
targeted biopsy will define the learning curve for this
novel procedure and explore the impact of needle deflec-
tion on the accuracy of transperineal MRI-targeted biopsy.
Finally, although we did not abort any procedures due to
pain or discomfort, we did not measure patient-reported
outcomes measures in all men. Kubo et al demonstrated
similar pain for transrectal and transperineal biopsy
under local anesthesia.'” Prospective, comparative studies
during MRI-targeted biopsy are needed.

CONCLUSION

In-office transperineal MRI-targeted prostate biopsy using
local anesthesia appears to be a feasible approach with
few complications that builds on the in-office approach
to transperineal biopsy that has been described. Compar-
ative studies are needed with the transrectal-targeted
biopsy approach, and quantitative studies regarding
needle deflection and sampling error are needed to
refine the approach. Finally, our findings have significant
implications for MRI-targeted transperineal partial gland
ablation approaches that employ laser, cryotherapy, and
other energy sources. Similar challenges such as pubic
arch interference and obstacles to MRI-ultrasound soft-
ware fusion, such as large prostate size, must be overcome
for accurate and successful ablation.
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