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Abbreviations

BPH Benign prostatic hyperplasia 
CBI Continuous bladder irrigation 
DRE Digital rectal exam
IPSS International prostate symptom score 
JP Jackson–Pratt
LUTS Lower urinary tract symptoms 
OSP Open simple prostatectomy 
PSA Prostate-specific antigen
RSP Robotic simple prostatectomy 
SHIM Sexual health inventory for men 
TRUS Transrectal ultrasound
TURP Transurethral resection of the prostate 
UTI Urinary tract infection

Introduction

Surgical treatment for BPH is indicated in patients with moderate-to-severe lower urinary tract 
symptoms (LUTS), who have failed medical therapy or desire a more effective treatment option, 
and for patients who develop BPH-related complications such as acute urinary retention, recur-
rent urinary tract infection (UTI), renal insufficiency, gross hematuria, and bladder stone(s) sec-
ondary to BPH. Bladder diverticulum associated with recurrent UTI and bladder dysfunction is 
also an indication for surgical intervention [1].

Robotic Simple Prostatectomy
Carlos Eduardo Schio Fay, Sameer Chopra, Monish Aron

C.E.S. Fay, M.D., S. Chopra, M.D., M.S, M. Aron, M.D. ()
Catherine & Joseph Aresty Department of Urology, USC Institute of Urology, Keck School of Medicine, University of Southern 
California, 1441 Eastlake Ave. STE 7416, Los Angeles, CA 90089, USA
e-mail: monish.aron@med.usc.edu
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2 • CUT TING EDGE - UROLOGY

The type of surgery recommended to the patient will depend on patient and prostate anatomy, 
patient comorbidities, surgeon’s experience and training. Transurethral resection of the prostate 
(TURP) remains the gold standard for the treatment of prostates less than 80 g, and open simple 
prostatectomy (OSP) has been the gold standard for the treatment of prostates larger than 80 g [2]. 
However, OSP is associated with a significant risk for complications [3, 4].

In 2002, laparoscopic simple prostatectomy was first described as a minimally invasive alter-
native to OSP to reduce perioperative complications, especially blood loss, blood transfusions, 
reoperation, and to decrease the length of hospital stay [5–7]. Robotic simple prostatectomy (RSP) 
was first described in 2008 and since then its role for surgical treatment of BPH is increasing [8, 9].

Using robotics has demonstrated benefit in providing stereoscopic magnified 3-D vision, 
tremor filtration, seven degrees of freedom wristed instruments, and enhanced ergonomics. The 
benefits of these have resulted in a shorter learning curve for RSP than for laparoscopic simple 
prostatectomy [4]. We have previously reported on our experience of using the transperitoneal 
approach [4, 10]. The transperitoneal approach is usually preferred, which is reflective of the sur-
geon’s background experience with robotic radical prostatectomy.

Preoperative Preparation

Preoperative Evaluation

Preoperative evaluation includes history, physical examination, digital rectal exam (DRE), and 
laboratory testing including kidney function tests, urinalysis, reflex culture, and prostate-specific 
antigen (PSA). We also administer the International Prostate Symptom Score (IPSS) and Sexual 
Health Inventory for Men (SHIM) questionnaires, and obtain uroflowmetry with peak flow rate 
(Qmax) measurement, transrectal ultrasound to estimate prostate size, and perform a bladder 
scan to assess post-void residual volume. A transrectal prostate biopsy is performed, to rule out 
prostate cancer, if the patient has an elevated PSA or abnormal DRE, if clinically indicated.

Patients are counseled as to all treatment alternatives and surgical options. Risks and benefits, 
potential complications, and the possibility of conversion to open surgery are discussed. Informed 
consent is obtained.

Antiplatelet and anticoagulant medications are discontinued or bridged before surgery, as 
clinically indicated. Medical and anesthesia clearance are obtained if necessary. No bowel prepa-
ration is usually required unless the patient is habitually constipated, and the patient is made 
NPO after midnight on the day of surgery. Prophylactic intravenous antibiotics are administered 
at induction of anesthesia prior to skin incision and are usually discontinued 24 h after surgery.

Operative Room Setup

For RSP, we use a four-arm robotic technique. The additional arm allows for the need of only one 
assistant who is positioned on the patient’s left side. The scrub technician is positioned on the 
patient’s left side as well with video monitors on both sides of the patient for easy viewing by the 
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ROBOTIC SIMPLE PROSTATEC TOMY • 3 

surgical team. A Mayo stand is placed next to the assistant where frequently used instruments are 
placed. The da Vinci® Surgical System (Intuitive Surgical, Inc., Sunnyvale, CA) will be docked in 
between the patient’s legs for the Si robot (Fig. 1) or on the right side of the patient for the Xi robot.

Fig. 1: Operating room setup for robotic simple prostatectomy. Schematic demonstrating the typical operating room 
setup for robotic simple prostatectomy utilized at our institution.
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4 • CUT TING EDGE - UROLOGY

Patient Positioning

Under general endotracheal anesthesia, the patient is placed in a modified lithotomy position (Fig. 
2) over a nonskid foam pad. The patient is secured using the Yellofin® stirrups and an upperbody 
warming blanket is applied. Care is taken to adequately pad all pressure points to avoid position-
ing injuries. The abdominal skin is shaved with clippers, and the patient is prepped and draped in 
standard sterile fashion for a transperitoneal pelvic robot-assisted surgery. An 18-French urethral 
catheter is inserted and an orogastric tube is placed. A standard time-out is called prior to incision.

Instrumentation and Equipment List

Equipment

zz Si or Xi da Vinci®
zz 0° robotic scope (Intuitive Surgical, Inc., Sunnyvale, CA)
zz Monopolar Scissors (Intuitive Surgical, Inc., Sunnyvale, CA) × 1
zz ProGrasp™ Forceps (Intuitive Surgical, Inc., Sunnyvale, CA) × 2
zz Needle Drivers (Intuitive Surgical, Inc., Sunnyvale, CA) × 2
zz Clip Appliers (Intuitive Surgical, Inc., Sunnyvale, CA) × 2
zz Tenaculum Forceps (Intuitive Surgical, Inc., Sunnyvale, CA) × 1

Fig. 2: Patient positioning. For robotic simple prostatectomy, the patients are positioned in lithotomy and modified 
Trendelenburg.

Cutting EDGE_Urology(SUN)_final.indd   4 27-Mar-18   10:00:26 AM



This
 P

DF be
lon

gs
 to

 

matt
he

w.ho
os

on
@

sp
rin

ge
r.c

om

ROBOTIC SIMPLE PROSTATEC TOMY • 5 

Trocars

zz 12 mm trocars × 2 (1 for the Xi)
zz 8 mm trocars × 3 (4 for Xi)

Assistant Instruments

zz Suction irrigator device (Bariatric length)
zz Laparoscopic spoon forceps
zz Hem-o-lok applier (Teleflex Medical, Research Triangle Park, NC)
zz Medium (purple) Hem-o-lok clips (Teleflex Medical, Research Triangle Park, NC)
zz Laparoscopic needle driver
zz Laparoscopic scissor
zz 10 mm specimen entrapment bag

Step-by-Step Technique (Videos 21.1, 21.2, 21.3, 21.4, 21.5, 21.6, 21.7, 
21.8, and 21.9)

Step 1: Pneumoperitoneum and Trocar Placement

The first incision is made approximately 1–2 fingerbreadths above the umbilicus. Through this 
incision we establish pneumoperitoneum to 15 mmHg with a Veress needle. A 12-mm port (8 
mm for the Xi) is inserted through this incision into the peritoneal cavity. The peritoneal cavity is 
then inspected using the 0° scope to ensure absence of any intra-abdominal injury from the Veress 
needle or the trocar. Four additional trocars are then inserted under direct vision. The 8-mm da 
Vinci® working trocars are all placed at the horizontal level of the umbilicus with a separation of 
8–10 cm between trocars. We prefer to keep the fourth robotic arm on the right side of the patient. 
A 12-mm assistant trocar is placed in the left upper quadrant in the midclavicular line taking care 
to avoid being too close to the camera trocar or the left robotic arm. Thus, a 4-arm, 5-trocar trans-
peritoneal approach is employed (Fig. 3).

At this point, the patient is placed in Trendelenburg position, and the da Vinci® is docked 
(Fig. 4) between the legs for the Si or from the right side of the patient for the Xi. The instruments 
are inserted into the peritoneal cavity under direct vision. We initially start with a ProGrasp™ in 
the left and fourth arm and a monopolar scissor in the right arm.

Step 2: Cystotomy (Table 1)

The sigmoid colon is initially mobilized out of the pelvic cavity for better exposure of the target 
anatomy (Fig. 5a–d). The bladder is filled with approximately 200 mL of saline through the ure-
thral catheter and a vertical midline cystotomy is created with monopolar scissors gaining access 
to the bladder lumen (Fig. 6a, b).
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6 • CUT TING EDGE - UROLOGY

Fig. 3: Trocar placement. For transperitoneal robotic simple prostatectomy, a five-trocar placement is utilized. This 
placement is identical to that for robotic radical prostatectomy.

Table 1: Instrumentation required for step 2: cystotomy.

Surgeon instrumentation Assistant instrumentation

Left arm Right arm Fourth arm • Laparoscopic suction irrigator

• ProGrasp™ forceps • Monopolar scissors • ProGrasp™ forceps

• Endoscope lens: 0°

a

b
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ROBOTIC SIMPLE PROSTATEC TOMY • 7 

Fig. 4: Robot docking. With the patient placed in lithotomy position and modified Trendelenburg, the da Vinci® Si is 
docked in between the patient’s legs.

Fig. 5: (a–d) Mobilization of the sigmoid colon. The sigmoid colon (SC) is mobilized to allow for better exposure of 
the bladder (BL).
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8 • CUT TING EDGE - UROLOGY

Step 3: Deploying Stay Sutures (Table 2)

All the fluid is suctioned out and 2–4 stay sutures are deployed to keep the edges of the cystotomy 
widely retracted. These stay sutures are 2-0 Polyglactin sutures, 6-in. long, on a CT-1 needle with 
a medium Hem-o-lok clip tied into the end of the suture. The stay suture is passed outside-in 
through the bladder wall at the edge of the cystotomy, anchored laterally to the abdominal wall, 
then pulled taut and secured with an additional Hem-o-lok clip (Fig. 7a, b).

Typically, a large prostatic adenoma that bulges into the bladder is immediately apparent. A 
2-0 Polyglactin suture on a CT-1 needle stay suture is placed in the median lobe to provide trac-
tion and countertraction during the procedure using the ProGrasp forceps in the fourth robotic 
arm (Fig. 8). Bilateral ureteral orifices are then carefully identified and care is taken to keep them 
safe throughout the procedure.

If simultaneous bladder diverticulectomy is to be performed, or if the intravesical adenoma is 
extremely large and very close to the ureteral orifices, ureteral double J stents can be placed using 
a 2 mm mini-port deployed in the suprapubic area. A 0.035-in. guide wire is inserted through the 
miniport, floppy end first, and then a 4.8–6 French ureteral stent is advanced over the wire (Fig. 
9a–d).

Table 2: Instrumentation required for deploying stay sutures.

Surgeon instrumentation Assistant instrumentation

Left arm Right arm Fourth arm • Hem-o-lok applier

• Needle driver • Needle driver • ProGrasp™ forceps • Laparoscopic scissors

• Endoscope lens: 0°

Fig. 6: (a, b) Midline vertical cystostomy. A midline vertical cystostomy is created to gain access to the anterior 
portion of the bladder.
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ROBOTIC SIMPLE PROSTATEC TOMY • 9 

Fig. 7: (a, b) Exposing the operative space of the bladder. A 2-0 Polyglactin suture on a CT-1 needle stitch with a Hem-
o-lok at the end is passed through the bladder, anchored laterally to the abdominal wall, then pulled and secured with 
a Hem-o-lok to expose the bladder and keep open the operative space.

Fig. 8: Prostatic median lobe control. A large prostatic adenoma is identified from within the bladder and a 2-0 Vicryl 
on a CT-1 needle stay suture is placed within the median lobe (ML) to provide traction and countertraction during 
the procedure.
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10 • CUT TING EDGE - UROLOGY

Step 3: Adenoma Dissection (Table 3)

The urethral catheter is pulled back into the urethra after deflating the balloon, and a stay suture 
is used to elevate the median lobe using the fourth robotic arm. With the median lobe retracted 
anteriorly, a mucosal incision is made at the junction between the median lobe and the trigone 
using hot monopolar scissors. This incision is deepened to reach the plane of the adenoma at the 
junction between the adenoma and the compressed peripheral zone and capsule of the prostate 
(Fig. 10).

Table 3: Instrumentation required for step 3: adenoma dissection.

Surgeon instrumentation Assistant instrumentation

Left arm Right arm Fourth arm • Laparoscopic suction irrigator

• ProGrasp™ forceps • Monopolar scissors • ProGrasp™ forceps

• Tenaculum forceps

• Endoscope lens: 0°

Fig. 9: Insertion of bilateral ureteral stents. (a) A 2-mm mini-port is inserted into the suprapubic area. (b) Guide 
wire insertion and left ureteral stent placement. (c) Right ureteral stent placement. (d) Final aspect showing bilateral 
ureteral stents.
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ROBOTIC SIMPLE PROSTATEC TOMY • 11 

Fig. 10: Bladder mucosa incision. With traction stitch retracted with fourth arm, bladder mucosa is incised between 
median lobe and bladder trigone.

After a plane of dissection has been established posteriorly, the surgeon progresses both lat-
erally and distally using a combination of blunt and sharp dissection (Fig. 11a). Bleeding vessels 
are coagulated concurrently using monopolar electrocautery. Once the posterior aspect of the 
adenoma has been separated from the compressed peripheral zone and prostate capsule, the dis-
section proceeds along the lateral surface of the prostate adenoma, mobilizing the lateral aspect 
of the adenoma (Fig. 11b). The plane of dissection should hug the pearly white surface of the 
adenoma. Care should be taken to avoid transgressing the compressed peripheral zone and the 
prostate capsule. Once enough of the adenoma has been freed up, the previously placed stay suture 
in the median lobe is removed and the adenoma is grasped with a robotic tenaculum forceps 
brought in under vision through the fourth robotic arm. The tenaculum provides an excellent 
grip on the adenoma, and allows excellent traction and countertraction to aid in the dissection 
of the adenoma. During dissection of the adenoma, we maintain a ProGrasp™ in the left arm and 
the monopolar scissors in the right arm. As the dissection of the lateral aspect of the adenoma 
progresses distally, the previously made posterior mucosal incision is carried laterally in a circum-
ferential fashion. The lateral aspect of the adenoma is mobilized down towards the apical tissue 
where the lateral shoulders of the adenoma start tapering medially towards the membranous 
urethra. The anterior aspect of the adenoma mobilization is done last and the anterior bladder 
neck mucosa is incised with hot scissors at the 12 o’clock position and the dissection progresses 
distally along the anterior surface of the adenoma (Fig. 11c, d).

The dissection continues distally to the point the urethra is visualized (Fig. 12). The urethra 
is then sharply transected using cold scissors. The adenoma is completely released from the 
prostate and then placed in a 10-mm specimen entrapment bag. The prostate fossa is examined  
for any residual adenoma, which can be excised separately and removed with a laparoscopic 
spoon forceps.
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12 • CUT TING EDGE - UROLOGY

Fig. 12: Urethral exposure. The urethra is exposed.

Fig. 11: Adenoma dissection. (a) Posterior dissection (b) Dissection of the lateral aspect of the adenoma (c, d). 
Anterior dissection. Pc prostate capsule, Bl bladder, Ad adenoma
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ROBOTIC SIMPLE PROSTATEC TOMY • 13 

Step 4: Hemostasis (Table 4)

The key to excellent hemostasis is being in the correct plane during enucleation of the adenoma 
and obtaining concurrent hemostasis while the adenoma is being enucleated. This will signifi-
cantly decrease the amount of time spent in obtaining hemostasis after the adenoma has been 
anchored laterally to the abdominal wall, then pulled and secured with a Hem-o-lok to expose the 
bladder and keep open the operative space enucleated. Post-enucleation hemostasis is obtained 
using a combination of electrocautery and sutures. Discrete arterial bleeders can be point coagu-
lated with the monopolar scissors while venous bleeding is best secured with sutures. We use 
either 2-0 V-loc™ sutures or figure-of-eight, 2-0 Polyglactin sutures for hemostatic suturing in 
the prostatic fossa (Fig. 13a–d). Small bleeders near the sphincter are suture ligated with 4-0 
Polyglactin sutures. The suturing is done with robotic needle drivers in the left and right robotic 
arm. The fossa is thoroughly irrigated to ensure excellent hemostasis.

Step 5: Retrigonization

We do not routinely retrigonize the prostatic fossa. If retrigonization is considered appropriate, 
we do this after carefully obtaining perfect hemostasis and a clean prostatic fossa. This is accom-
plished using a 2-0 V-loc™ suture on a GS-21 needle placed at the 6 o’clock position in the bladder 
neck mucosa and advancing it into the prostatic fossa at a convenient location, usually in the 
midfossa. The stitch is then advanced along the left side of the bladder neck to advance the lateral 
mucosa down into the prostatic fossa. An additional 2-0 V-loc™ suture on a GS-21 needle is used 
for the advancement of the right-sided bladder neck mucosa. The goal of retrigonization is to 
cover the raw surface of the prostatic fossa and theoretically decrease the risk of postoperative 
hemorrhage and irritative symptoms. Retrigonization is done with robotic needle drivers in the 
left and right robotic arm.

Step 6: Bladder Closure (Table 5)

A 22-French 3-way hematuria catheter is inserted into the bladder via the urethra and 30 mL 
of sterile water is used to inflate the balloon. The previously placed stay sutures are now cut and 
removed. The Hem-o-lok clips on the stay sutures, on the bladder wall and the abdominal wall, 

Table 4: Instrumentation required for step 4: hemostasis.

Surgeon instrumentation Assistant instrumentation

Left arm Right arm Fourth arm • Laparoscopic suction irrigator

• Laparoscopic needle driver• Needle driver • Needle driver • ProGrasp™ forceps

• Monopolar scissors (for pinpoint 
coagulation)

• Endoscope lens: 0°

Cutting EDGE_Urology(SUN)_final.indd   13 27-Mar-18   10:00:28 AM
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14 • CUT TING EDGE - UROLOGY

are removed by the assistant using a laparoscopic spoon forceps. The midline cystotomy is now 
closed in two layers; the first is an inner full thickness layer using 2-0 V-loc™ sutures on a GS-21 
needle (Fig. 14) and the second layer is also a full thickness layer using the same sutures (Fig. 15). 
After the first layer is complete, the bladder is filled with 200 mL of saline to ensure the closure 
is watertight and also to avoid hitting the urethral catheter balloon with the second layer closure.

Table 5 : Instrumentation required for step 5: bladder closure.

Surgeon instrumentation Assistant instrumentation

Left arm Right arm Fourth arm • Laparoscopic suction irrigator

• Needle driver • Needle driver • ProGrasp™ forceps • Laparoscopic spoon—to remove 
Hem-o-lok clips from stay sutures

• Laparoscopic needle driver

• Endoscope lens: 0°

Fig. 13: Hemostasis. (a–d) Hemostatic sutures are placed at bleeding sites within the fossa to provide hemostasis. 4-0 
Vicryl sutures and spot coagulation are performed to complete this step.
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ROBOTIC SIMPLE PROSTATEC TOMY • 15 

Fig. 14: First layer of bladder closure. (a–c) First layer of bladder closure. A 2-0 V-loc suture on a GS-21 needle is used 
to perform the first layer of bladder closure. (d) Final aspect of the first layer of bladder closure.

Fig. 15: Second layer of bladder closure. (a, b) Second layer of bladder closure. A 2-0 V-loc suture on a GS-21 needle is 
used to perform the second layer of bladder closure. (c) Final aspect of the second layer of bladder closure.
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16 • CUT TING EDGE - UROLOGY

To confirm a watertight closure, the bladder is now distended with 300 mL of saline and con-
tinuous bladder irrigation (CBI) is now commenced after irrigating out any clots. CBI is titrated 
to ensure a clear return of irrigant.

Hemostasis is now confirmed in the peritoneal cavity and a 19-French Jackson–Pratt (JP) 
drain is placed in the retrovesical space and brought out through the right lateral 8-mm trocar site 
and affixed to the skin using 2-0 Nylon. Robotic instruments are now removed under vision and 
the robot is undocked.

The midline camera trocar incision is now enlarged as needed to allow extraction of the 
adenoma specimen within the specimen entrapment bag. The fascia of the extraction site is closed 
using 0 PDS figure-of-eight stitches. The 12-mm assistant trocar site is closed using the Carter-
Thomason Port Closure System® and 0 Polyglactin sutures. Subcutaneous tissue is reapproximated 
using 3-0 Polyglactin suture and the skin is closed using 4-0 Monocryl® in subcuticular fashion. 
Dermabond® is applied over the incisions. The patient is then extubated and transferred to 
recovery room.

Special Considerations

Potential Bladder Tumor

To rule out a potential bladder tumor in smokers or patients with a history of hematuria, a flexible 
cystoscopy is performed either at the time of preoperative office visit or at the start of the case. The 
presence of a bladder tumor is a contraindication to opening the bladder.

Previous Open Abdominal Surgery

In a patient with a prior midline abdominal incision from an open procedure, pneumoperito-
neum is obtained either with a Veress needle away from the incision, or with the open (Hasson) 
technique. The cavity is carefully inspected, and adhesions, if present, are taken down laparoscopi-
cally prior to docking the robot.

Bladder Diverticulum

A bladder diverticulectomy can be performed at the same time as a RSP. We prefer to place a 
JJ stent on the side of the diverticulum to protect the ipsilateral ureter during dissection of the 
diverticulum. Also the vertical cystotomy is moved slightly off center away from the side of the 
diverticulum to avoid having the two suture lines very close together.

Bladder Calculi

Bladder calculi can be easily and expeditiously removed at the time of RSP since the bladder is 
wide open.
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Potential Complications

The most common complication from this procedure is ongoing hematuria. This can lead to 
prolonged CBI, prolonged length of stay, and even potential clot retention and possible bladder 
rupture. The best way to avoid this is to spend the necessary amount of time in the operating room 
to get perfect hemostasis prior to bladder closure.

If there is persistent ongoing hematuria which looks arterial, it may become necessary to take 
the patient back to the operating room. Often it is a simple matter to address this cystoscopically 
and fulgurate the arterial bleeder with a resectoscope loop.

Rarely, if the urethral catheter gets blocked and is not recognized in a timely fashion, the 
bladder closure may give way and there can be an intraperitoneal leak. In this situation, the best 
approach is to go back robotically, open the bladder, wash it out, get hemostasis, and close the 
bladder again.

Transient incontinence and erectile dysfunction can occur rarely, in less than 5 % of patients. 
Some patients have symptoms of overactive bladder and dysuria for a few weeks to months after 
surgery. Most of these are self-limiting and resolve spontaneously.

Rarely, if residual adenoma is left behind at the apex, patients may not be able to void well 
postoperatively. This can be diagnosed at the 3-month visit and confirmed with an office cystos-
copy. Residual adenoma at the apex associated with poor flow and high IPSS score can be treated 
with a TURP directed at this residual tissue. 

Follow-up

Intermittent compression stockings and subcutaneous heparin are used during the hospital stay 
to prevent thromboembolic events. Continuous bladder irrigation is stopped on the first post-
operative day if the urine is clear or light pink. The JP drain is removed prior to discharge after 
confirming absence of urine leak. The median length of hospital stay in our experience is 3 days. 
The urethral catheter is removed on postoperative day 7 with a voiding trial. A follow-up visit is 
scheduled at 3 months for symptom check, uroflowmetry, postvoid residual urine measurement, 
and administration of IPSS and SHIM questionnaires.
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Indications for Baseline Biopsy

PSA and/or rectal examination suspects remain the main indications for biopsy [1–4]. A prostate 
biopsy may be indicated for PSA values that exceed the thresholds of common use and almost 
always for values above 10 ng/ml; in this regard it is suggested to always repeat the PSA before 
making a decision. PSA level should be verified after a few weeks using the same assay under 
standardized conditions (i.e., no ejaculation, manipulations, urinary tract infections, prostate 
inflammation, and trauma) in the same laboratory [2, 3]. Empiric use of antibiotics in an asymp-
tomatic patient in order to lower the PSA should not be undertaken [4].

Age, comorbidity of the patient, and therapeutic consequences are variables to consider  
when prescribing this procedure. Risk stratification is a potential tool for reducing unnecessary 
biopsies [1].

The transrectal ultrasound is considered the standard method to guide prostate biopsy and 
the removal of frustules done with transperineal or transrectal technique.

In rare cases, such as rectal amputation, it may require a transperineal guide.
It suggests a careful informed consent that explains to the patient the consequences of a pos-

sible clinical diagnosis of cancer before the biopsy [5].

Preparation for Prostate Biopsy

Sampling of the frustules of the prostate can result in bleeding inside the lodge and bladder. This 
occurrence is more frequent and severe in patients taking medications that interfere with clotting. 
For this reason it is wise to suspend, whenever possible, these drugs before the biopsy (aspirin, 
ticlopidine). In particular, the Coumadin and the Sintrom must be replaced by low molecular 
weight heparins [5].

Interventional Ultrasound: Transperineal and 
Transrectal Prostatic Biopsy
Andrea Fandella, Pietro Pepe

A. Fandella ()
Unit of Urology, Casa di Cura Giovanni XXIII, Monastier di Treviso, TV, Italy
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To minimize the risk of infections, it is appropriate to take an antibiotic before the examina-
tion; oral or intravenous antibiotics are state of the art. Quinolones are the drugs of choice, with 
ciprofloxacin being superior to ofloxacin [6]; prophylaxis should be made taking into account the 
proportion of bacterial resistance in the region where biopsy is performed, and then the patient 
choose the antibiotic accordingly. In addition, the patient should be questioned about previous 
urinary infections and if he/she has taken antibiotics for 3 months prior to biopsy. If this occurs, 
he/she should choose an antibiotic different from the previous.

Increased quinolone resistance [7] is associated with a rise in severe post-biopsy infection [8].
In cases of doubt, and if there has already been a prostatitis, the resistance of the intestinal 

germs by culture obtained by rectal swab should be tested [9–12]. Furthermore, to reduce the risk 
of infections, the preparation involves running the morning of an enema to clear the rectum [5].

How to Do the Biopsy?

Biopsy without complications does not require hospitalization. The overall duration of the proce-
dure is less than 30 min.

Based on the operator’s preferences, the patient is encouraged to take the following positions: 
the side (Fig. 1), gynecological, and knee-chest positions. The first two positions are the most 
frequently used.

In Fig. 2, the instruments needed are biopsy gun, syringe with anesthetic, 18 cm needle, and 
sterile container for the samples.

The next stage involves the introduction of an ultrasound probe in the rectum. This tool will 
allow the operator to view the loggia, the prostate, and the bladder. In particular, the operator will 
proceed to the measurement of the volume of the prostate. The most important function of the 
ultrasound probe is to provide an image of the area and to drive accurately the operator in the 
selection of the different areas in which to execute withdrawal prostate.

A biopsy gun with a hook cutting edge (crypt) is able to take small frustules of suspicious 
tissue. The quick-snap mechanism with which the needle is pushed and withdrawn from the pros-
tate minimizes the feeling of discomfort.

Fig. 1: Patient in positions on the side ready for 
transrectal biopsy.

Fig. 2: Instruments: biopsy gun 25 cm 18 gauge needle, 
syringe with anesthetic with a 25 cm 22 gauge echogenic 
needle tip, and the sterile cassettes for the samples.
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The biopsy needle may reach the prostate through the rectum (transrectal approach) or the 
skin of the area located between the testicles and anus (transperineal approach). Both of these 
methods have proved particularly effective and safe. The choice essentially depends on the opera-
tor’s preference.

Transrectal Approach

The procedure can be performed both in the lateral decubitus position (lying on your side and 
with your legs bent) (Fig. 1) and in gynecological position.

Before any operation is practiced, rectal examination to rule out the presence of concomitant 
abnormalities of the rectal wall should be performed.

Transrectal biopsy is performed under local anesthesia. The ultrasound probe introduced 
into the rectum is provided with a channel for the passage of fine needles. So with an 18 gauge 25 
cm needle, it is possible to reach every part of the prostate (Figs. 3, 4, and 5).

Only patients with high comorbidity may require the procedure in the operating room under 
sedation or anesthesia.

Local Anesthesia Prior to Biopsy

Ultrasound-guided periprostatic block is state of the art [13] (Video 26.1). It is not important 
whether the depot is apical or basal. Intrarectal instillation of local anesthesia is inferior to 
periprostatic infiltration [14].

Transperineal Approach

The procedure is performed in gynecological position. The doctor performs a rectal examination 
to rule out the presence of concomitant abnormalities of the rectal wall. The patient is asked to 
raise a hand with the testicles, or claims are with gauze fixed with patches to “hammock” groin. 

Fig. 3: Transrectal biopsy in the peripheral rear area. Fig. 4: Transrectal biopsy in the apex.
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The skin located between the testicles and the anus is shaved and disinfected. The entry point of 
the needle is located 1.5 cm above the anus. At this level, it injects a few ml of local anesthetic with 
a needle thin and short. In point prior anesthesia, a thin needle of greater length that allows the 
injection of the local anesthetic around the prostate is then introduced.

A thin metal channel cable is introduced along the path anesthetized until reaching the sus-
pected area. This system will make it easy and not annoying for the patient because of the repeated 
passage of the needle biopsy. The ultrasound probe allows the patient to see at any time the areas 
that are reached by the needle biopsy. When the procedure is performed, a mild compression 
dressing is performed with the entry of the needle.

Transperineal prostate biopsy has come to the foreground as a result of lower incidence of 
sepsis, better detection rate for anterior prostate cancer (PCa), and the opportunity to perform 
the template-guided prostate biopsy [15, 16]. Transrectal and transperineal prostate biopsy pro-
cedures require different techniques and are recommended with the same level of evidence [17]. 
Candidates for transperineal biopsy should be studied with coagulation blood tests and receive 
antibiotic prophylaxis; if sedation is required (saturation or template-guided biopsy), both blood 
tests and cardiologic evaluation are recommended. Transperineal biopsy needs multifrequency 
linear or biplanar probes to show perineal passage of the needle; this approach is recommend-
ed for patients that have been previously subjected to abdominoperineal amputation or that are 
affected by severe disease of the rectum (Figs. 6 and 7).

Transperineal and transrectal prostate biopsy provides similar detection rates for prostate 
cancer (PCa) both for first procedure (34–40 %) and for repeat procedure (22–43 %) performing 
at least 12 (extended biopsy) vs. >20 (saturation biopsy) cores, respectively [18–31]. Transperineal 

Fig. 5: Transrectal biopsy in the peripheral right area.

Cutting EDGE_Urology(SUN)_final.indd   22 27-Mar-18   10:00:29 AM



This
 P

DF be
lon

gs
 to

 

matt
he

w.ho
os

on
@

sp
rin

ge
r.c

om

INTERVENTIONAL ULTRASOUND: TRANSPERINEAL AND TRANSREC TAL PROSTATIC BIOPSY • 23 

route allows for easier access to the anterior zone of the gland, where incidence of PCa is from 10 
to 20 % at repeat biopsy [32–36]. Transperineal template-guided biopsy, utilizing 30–60 cores, is 
suggested for men with previously negative biopsies and persistent suspicious of cancer, in local 
PCa staging and in the re-evaluation of patients enrolled in active surveillance (AS) protocols 
[37–40].

Despite ultrasound sensitivity improvement through combined use of color power Doppler 
(CDU) and a contrast medium agent [41–43] or elasto-sonography [44], the accuracy of trans-
perineal and transrectal approach in the diagnosis of PCa performing targeted biopsies has not 
improved. On the contrary, combined use of multiparametric MRI (magnetic resonance imaging) 
and MRI/TRUS transperineal fusion targeted biopsy has high accuracy in detecting significant 
PCa [44–51]. In fact, multiparametric MRI/TRUS targeted biopsy produces a higher detection 
rate of PCa for each single core compared to extended biopsy schemes (15–20 % vs. 5–10 %) [50, 
51] (Video 26.7) (Figs. 8, 9, 10, and 11); multiparametric MRI/TRUS transperineal targeted biopsy 
improves diagnosis of significant PCa most notably in AS protocols [44, 48–52].

Prostate biopsy is the gold standard in re-evaluation of men enrolled in AS protocols, and 
the highest percentage of patients being reclassified at confirmatory prostate biopsy repeat biopsy 
(25–30 % of the cases) [48] following unfavourable histology results (i.e., Gleason score >6, number 
of positive cores >2, greatest percentage of cancer “GPC” >50 %). Despite the fact that both the 
appropriate number of biopsy cores (extended vs. saturation vs. template-guided schemes) and the 
approach (transrectal vs. transperineal) [43–55] have not been established, transperineal biopsy 
seems more accurate in the identification of patients at risk of PCa in AS protocols [48], resulting 
in a lower incidence of adverse definitive histology specimens compared to transrectal approach 
[53– 56]. Multiparametric MRI/TRUS fusion targeted biopsy has improved staging in AS giving 
10 % reassignment [57] in patients undergoing standard biopsy [58, 59]; moreover, MRI/TRUS 
fusion transperineal targeted biopsy has good accuracy in the diagnosis of anterior PCa [59–63] 
and in the re-evaluation of micro-focal cancer (a single positive core of Gleason score equal to 6 

Fig. 6: Transperineal prostate biopsy (longitudinal scan): 
the needle (18 gauge tru-cut) is used to perform the 
biopsy in the periphery of the gland.

Fig. 7: Transperineal prostate biopsy (longitudinal scan): 
the needle (18 gauge tru-cut) is used to perform the 
biopsy in the anterior zone of the gland.
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Fig. 8: 3.0 Tesla pelvic multiparametric MRI/TRUS fusion imaging (axial scan) (ACHIEVA 3.0 Tesla; Philips Healthcare 
Best, the Netherlands – Logiq E9 General Electric; Milwaukee, WI): multiparametric MRI/TRUS fusion procedure and 
the application of markers.

Fig. 9: 3.0 Tesla pelvic multiparametric MRI/TRUS fusion imaging (longitudinal scan) (ACHIEVA 3.0 Tesla; Philips 
Healthcare Best, the Netherlands – Logiq E9 General Electric; Milwaukee, WI).
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Fig. 10: Visual and quantitative analysis of SonoVue® concentration in the prostate after intravenous administration 
of ultrasound contrast medium: the markers evaluate the concentration of SonoVue® in different areas of the gland.

Fig. 11: 3.0 Tesla pelvic multiparametric MRI/TRUS/elasto-sonography fusion imaging (ACHIEVA 3.0 Tesla; Philips 
Healthcare Best, the Netherlands – Logiq E9 General Electric; Milwaukee, WI): ultrasound evaluation of multiparametric 
MRI suspicious lesion (marker) is also conducted using elasto-sonography.
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and GPC <5 %) [64] at risk for clinically insignificant PCa. Highest diagnostic accuracy of clini-
cally significant PCa in the re-evaluation of men in AS [65] is still, at present, obtained through 
extended or saturation prostate biopsy schemes combined with MRI/TRUS targeted biopsy.

Finally, the transperineal approach reduces the incidence of sepsis (at most 0.07 %) compared 
with 1–2 % for the transrectal approach [11, 61, 66–74].

In conclusion, the transperineal approach could be recommended in persistent suspicion of 
PCa following one or more negative transrectal biopsies as this approach increases the detection 
of anterior PCa; furthermore, the transperineal route significantly reduces the incidence of sepsis 
in patients with previous prostatitis and/or recurrent urinary tract infection [75–77].

Sampling Sites and Number of Cores

On baseline biopsies, the sample sites should be bilateral from apex to base as far as posteri-
orly and laterally as possible in the peripheral gland (Videos 26.2, 26.3, 26.4, 26.5, and 26.6). 
Additional cores should be obtained from suspect areas by DRE/TRUS and MRI (Video). Sextant 
biopsy is no longer considered adequate. Ten to 12 core biopsies are recommended [78], with >12 
cores not being significantly more conclusive [79, 80].

Transition Zone Biopsy

Transition zone sampling during baseline biopsies has a low detection rate and should be confined 
to repeat biopsies [81].

Indications for Re-biopsy

After a Previous Negative Biopsy

Indications include (a) persistent increase in PSA, (b) suspicious DRE, (c) ASAP (atypical small 
acinar proliferation), and (d) extended PIN (prostatic intraepithelial neoplasia). The number  
of frustules taken must be higher than the first biopsy; you should also perform the transitional 
zone biopsy.

Alternatively, the re-biopsy can be done by technical saturation (20–24 samples). 
Approximately, 20 % re-biopsies are positive.

Repeat Biopsy After Previously Negative Biopsy

Isolated high-grade PIN in one or two biopsy sites is no longer an indication for repeat biopsy 
[82–85].
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After a Previous Positive Biopsy

The re-biopsy is provided in most of the protocol for the patient in the active surveillance.

Possible Complications of Biopsy

The prostate biopsy is a safe procedure and generally associated with few complications.
During the execution of the biopsy, with both transperineal and transrectal approaches, 

the patient may experience pain even after executing anesthesia. Rarely, the patient may experi-
ence a general malaise characterized by increased sweating and feeling of loss of consciousness. 
Exceptional is the appearance of allergic reactions to the local anesthetic.

After the procedure, a rare complication (less than 2 % of cases) can be represented by the 
inability to empty the bladder spontaneously. In such a case, the placement of a urinary catheter 
which may be held in place for a few days or removed immediately is necessary.

For a few weeks after the biopsy with transrectal approach, you can assist in the loss of blood 
from the rectum (rectal). Such event is observed in 10–40 % of cases. The presence of blood in 
urine (hematuria) and/or urethrorrhagia is common in both the transrectal and the transperineal 
biopsies. Both are observed in approximately 30–60 % of cases; they persist for some days and 
generally disappear spontaneously.

Table 1: Complications following transperineal prostate biopsy in 3,000 patients submitted to 
12 vs. 18 vs. >24 needle cores.

Complications 12 cores*
915 pts

vs. 18 cores*°
1330 pts

vs. >24 cores°
630 pts

Hematuria 92 (8.1 %)  130 (9.7 %)  66 (10.4 %)

Urethrorrhagia 20 (2 %)  30 (1.5 %)  19 (3 %)

Hematospermia 98 (10.7 %)  280 (21 %)  192 (30.4 %)

Acute urinary retention 38 (4.1 %)  95 (7.1 %)  70 (11.1 %)

Prostatitis 6 (0.6 %)  10 (0.7 %)  6 (0.9 %)

Sepsis –  –  –

Orchiepididymitis 4 (0.4 %)  7 (0.5 %)  4 (0.6 %)

Urinary tract infection 27 (3 %)  30 (2.2 %)  16 (2 %)

Perineal hematoma 3 (0.3 %)  4 (0.3 %)  5 (0.8 %)

Vagal syndrome 9 (0.9 %)  –  –

Fever 4 (0.4 %)  8 (0.6 %)  5 (0.8 %)

Systemic adverse eventsa,b 1 (0.1 %)  –  –

Hospital admission (within 20 days) 9 (1 %)  18 (1.3 %)  10 (1.6 %)

Emergency department visit (within 20 days) 55 (6 %)  128 (9.6 %)  91 (14.4 %)
a Prostate biopsy performed under local anesthesia (*) or sedation (°) [72]
b Acute cardiac ischemia
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Prostate biopsy is considered a safe technique, with incidence of severe complications <1 %; 
among these are the most dangerous infections of antibiotic-resistant germs. Severe postprocedural 
infections were initially reported in 1 % of cases, but have increased as a consequence of antibiotic 
resistance [8–11].

Low-dose aspirin is no longer an absolute contraindication [86]. Percentage of complications 
per biopsy session, irrespective of the number of cores, are as follows: hematospermia 37.4 %, 
hematuria >1 day 14.5 %, rectal bleeding <2 days 2.2 %, prostatitis 1 %, fever >38.5 °C 0.8 %, 
epididymitis 0.7, rectal bleeding >2 days +/− surgical intervention 0.7 %, urinary retention %, and 
other complications requiring hospitalization 0.3 % [11].

After transperineal biopsy, seldom is the formation of a hematoma at the site of entry of 
the needle (less than 0.5 % of cases). The clinical complications following transperineal prostate 
biopsy in men submitted to extended vs. saturation biopsy are listed in Table 1 [68].

In less than 1 % of cases, it is possible to observe the onset of high fever with shivering that 
may require hospitalization.

After the “execution of the procedure is an appropriate observation period of about a” time 
to highlight the appearance of any immediate complications. After transperineal biopsy, a mild 
compression level with the entry of the needle could be instituted.

References
1. Roobol MJ, Steyerberg EW, Kranse R et al (2010) A risk-based strategy improves prostate-specific antigen driven 

detection of prostate cancer. Eur Urol 57(1): 79–85.
2. Richie JP, Catalona WJ, Ahmann FR et al (1993) Effect of patient age on early detection of prostate cancer with 

serum prostate-specific antigen and digital rectal examination. Urology 42(4):365–374.
3. Carvalhal GF, Smith DS, Mager DE et al (1999) Digital rectal examination for detecting prostate cancer at prostate 

specific antigen levels of 4 ng/mL or less. J Urol 161:835–839.
4. Okotie OT, Roehl KA, Han M et al (2007) Characteristics of prostate cancer detected by digital rectal examination 

only. Urology 70(6):1117–1120.
5. Eastham JA, Riedel E, Scardino PT, Polyp Prevention Trial Study Group et al (2003) Variation of serum prostate-

specific antigen levels: an evaluation of yearto-year fluctuations. JAMA 289(20):2695–2700.
6. Stephan C, Klaas M, Muller C et al (2006) Interchangeability of measurements of total and free prostate specific 

antigen in serum with 5 frequently used assay combinations: an update. Clin Chem 52(1):59–64.
7. Fandella A, Benvenuto S, Guidoni E, Giampaoli M, Bertaccini A (2014) Empiric antibiotics therapy for mildly 

elevated prostate-specific antigen: helpful to avoid unnecessary biopsies. Arch Ital Urol Androl 86(3):202–204.
8. Bertaccini A, Fandella A, Prayer-Galetti T, Scattoni V, Galosi AB, Ficarra V, Trombetta C, Gion M, Martorana G, 

Italian Group for Developing Clinical Practice Guidelines on Performing Prostate Biopsy (2007) Systematic 
development of clinical practice guidelines for prostate biopsies: a 3-year Italian project. Anticancer Res 
27(1B):659–666.

9. Liss MA, Peeples AN, Peterson EM (2011) Detection of fluoroquinolone resistant organisms from rectal swabs by 
use of selective media prior to a transrectal prostate biopsy. J Clin Microbiol 49:1116.

10. Cuevas O, Oteo J, Lázaro E, Spanish EARS-Net Study Group et al (2011) Significant ecological impact on the 
progression of fluoroquinolone resistance in Escherichia coli with increased community use of moxifloxacin, 
levofloxacin and amoxicillin/clavulanic acid. J Antimicrob Chemother 66(3):664–669.

11. Loeb S, Carter HB, Berndt SI et al (2011) Complications after prostate biopsy: data from SEERmedicare. J Urol 
186(5):1830–1834.

12. Duplessis CA, Bavaro M, Simons MP et al (2012) Rectal cultures before transrectal ultrasound-guided prostate 
biopsy reduce postprostatic biopsy infection rates. Urology 79:556–563.

13. von Knobloch R, Weber J, Varga Z et al (2002) Bilateral fine-needle administered local anaesthetic nerve block for 
pain control during TRUS-guided multi-core prostate biopsy: a prospective randomised trial. Eur Urol 41(5):508–
514; discussion 514.

Cutting EDGE_Urology(SUN)_final.indd   28 27-Mar-18   10:00:30 AM



This
 P

DF be
lon

gs
 to

 

matt
he

w.ho
os

on
@

sp
rin

ge
r.c

om

INTERVENTIONAL ULTRASOUND: TRANSPERINEAL AND TRANSREC TAL PROSTATIC BIOPSY • 29 

14. Adamakis I, Mitropoulos D, Haritopoulos K et al (2004) Pain during transrectal ultrasonography guided prostate 
of lidocaine-prilocaine cream. World J Urol 22(4):281–284.

15. Acher P, Dooldeniya M (2013) Prostate biopsy: will transperineal replace transrectal? BJU Int 112:533–534.
16. Pepe P, Aragona F (2014) Prostate biopsy: results and advantages of the transperineal approach – twentyyear 

experience of a single center. World J Urol 32:373–377.
17. Mottet N, Bellmunt J, Briers E, van den Bergh RCN, Bolla M, van Casteren NJ, Cornford P, Culine S, Joniau S, Lam T, 

Mason MD, Matveev V, van der Poel H, van der Kwast TH, Rouvière O, Wiegel T (2015) Prostate cancer guidelines. 
European Association of Urology.

18. Ravery V, Goldblatt L, Royer B, Blanc E, Toublanc M, Boccon-Gibod L (2000) Extensive biopsy protocol improves 
the detection rate of prostate cancer. J Urol 164:393–396.

19. Eskew LA, Bare RL, McCullough DL (1997) Systematic 5 region prostate biopsy is superior to sextant method for 
diagnosing carcinoma of the prostate. J Urol 157:199–202.

20. Beurton D, Izadifar V, Barthelemy Y, Desgrippes A, Fontaine E (2000) 12 systematic prostate biopsies are superior 
to sextant biopsies for diagnosing carcinoma: a prospective randomised study. Eur Urol 37:296–299.

21. Scattoni V, Raber M, Abdollah F, Roscigno M, Dehò F, Angiolilli D, Maccagnano C, Gallina A, Capitanio U, Freschi 
M, Doglioni C, Rigatti P, Montorsi F (2010) Biopsy schemes with the fewest cores for detecting 95 % of the 
prostate cancers detected by a 24-core biopsy. Eur Urol 57:1–8.

22. Pepe P, Aragona F (2005) Prostate needle biopsy: 12 vs. 18 cores – is it necessary? Urol Int 74:19–22.
23. Cormio L, Scattoni V, Lorusso F, Perrone A, Di Fino G, Selvaggio O, Sanguedolce F, Bufo P, Montorsi F, Carrieri 

G (2014) Prostate cancer detection rates in different biopsy schemes. Which cores for which patients? World J 
Urol 32:341–346.

24. Abdollah F, Novara G, Briganti A, Scattoni V, Raber M, Roscigno M, Suardi N, Gallina A, Artibani W, Ficarra V, 
Cestari A, Guazzoni G, Rigatti P, Montorsi F (2011) Trans-rectal versus trans-perineal saturation rebiopsy of the 
prostate: is there a difference in cancer detection rate? Urology 77:921–925.

25. Remzi M, Fong YK, Dobrovits M, Anagnostou T, Seitz C, Waldert M, Harik M, Marihart S, Marberger M, Djavan B 
(2005) The Vienna nomogram: validation of a novel biopsy strategy defining the optimal number of cores based 
on patient age and total prostate volume. J Urol 174:1256–1260.

26. Shen PF, Zhu YC, Wei WR, Li YZ, Yang J, Li YT, Li DM, Jia Wang J, Zeng H (2012) The results of transperineal versus 
transrectal prostate biopsy: a systematic review and meta-analysis. Asian J Androl 14: 310–315.

27. Stewart CS, Leibovich BC, Weaver AL, Lieber MM (2001) Prostate cancer diagnosis using a saturation needle 
biopsy technique after previous negative sextant biopsies. J Urol 166:86–91.

28. Rabets JC, Jones JS, Patel A, Zippe CD (2004) Prostate cancer detection with office based saturation biopsy in a 
repeat biopsy population. J Urol 172:94–97.

29. Fandella A, Bertaccini A, Consonni P, Introini C, Gunelli R, Gruppo Italiano Biopsia Prostatica (2005) Prostate 
biopsy: re-biopsy after first negative biopsy. Arch Ital Urol Androl 77:39–49.

30. Pepe P, Aragona F (2007) Saturation prostate needle biopsy and prostate cancer detection at initial and repeat 
evaluation. Urology 70:1131–1135.

31. Pepe P, Dibenedetto G, Pennisi M, Fraggetta F, Colecchia M, Aragona F (2014) Detection rate of anterior prostate 
cancer in 226 patients submitted to initial and repeat transperineal biopsy. Urol Int 93:189–192.

32. Mabjeesh NJ, Lidawi G, Chen J, German L, Matzkin H (2012) High detection rate of significant prostate tumours 
in anterior zones using transperineal ultrasound-guided template saturation biopsy. BJU Int 110:993–997.

33. Seles M, Gutschi T, Mayrhofer K, Fischereder K, Ehrlich G, Gallé G, Gutschi S, Pachernegg O, Pummer K, Augustin H 
(2015) Sampling of the anterior apical region results in increased cancer detection and upgrading in transrectal 
repeat saturation biopsy of the prostate. BJU Int 117(4):592–597. doi:10.1111/bju.13108.

34. Orikasa K, Ito A, Ishidoya S, Saito S, Endo M, Arai Y (2008) Anterior apical biopsy: is it useful for prostate cancer 
detection? Int J Urol 15:900–904.

35. Galosi AB, Tiroli M, Cantoro D, Conti A, Muzzonigro G (2010) Biopsy of the anterior prostate gland: technique 
with end-fire transrectal ultrasound. Arch Ital Urol Androl 82:248–252.

36. Hossack T, Patel MI, Huo A, Brenner P, Yuen C, Spernat D, Mathews J, Haynes AM, Sutherland R, del Prado 
W, Stricker P (2012) Location and pathological characteristics of cancers in radical prostatectomy specimens 
identified by transperineal biopsy compared to transrectal biopsy. J Urol 188:781–785.

37. Fernandez Gomez JM, Garcia Rodriguez J (2014) Optimization of prostate biopsy in patients considered for 
active surveillance. The role of the confirmatory biopsy and transperineal techniques. Arch Esp Urol 67:409–418.

38. Symons JL, Huo A, Yuen CL, Haynes AM, Matthews J, Sutherland RL, Brenner P, Stricker PD (2013) Outcomes of 
transperineal template-guided prostate biopsy in 409 patients. BJU Int 112:585–593.

Cutting EDGE_Urology(SUN)_final.indd   29 27-Mar-18   10:00:30 AM



This
 P

DF be
lon

gs
 to

 

matt
he

w.ho
os

on
@

sp
rin

ge
r.c

om

30 • CUT TING EDGE - UROLOGY

39. Bittner N, Merrick GS, Butler WM, Bennett A, Galbreath RW (2013) Incidence and pathological features of prostate 
cancer detected on transperineal template guided mapping biopsy after negative transrectal ultrasound guided 
biopsy. J Urol 190:509–514.

40. Taira AV, Merrick GS, Bennett A, Andreini H, Taubenslag W, Galbreath RW, Butler WM, Bittner N, Adamovich E 
(2013) Transperineal template-guided mapping biopsy as a staging procedure to select patients best suited for 
active surveillance. Am J Clin Oncol 36:116–120.

41. Pepe P, Patanè D, Panella P, Aragona F (2003) Does the adjunct of ecographic contrast medium Levovist improve 
the detection rate of prostate cancer? Prostate Cancer Prostatic Dis 6:159–162.

42. Pepe P, Candiano G, Pennisi M, Aragona F (2010) Can Sonovue targeted biopsy replace extended or saturation 
biopsy in prostate cancer diagnosis? Our experience at primary and repeat biopsy. Arch Ital Urol Androl 82: 
155–159.

43. Taverna G, Morandi G, Seveso M, Giusti G, Benetti A, Colombo P, Minuti F, Grizzi F, Graziotti P (2011) Colour 
Doppler and microbubble contrast agent ultrasonography do not improve cancer detection rate in transrectal 
systematic prostate biopsy sampling. BJU Int 108:1723–1727.

44. Pinto PA, Chung PH, Rastinehad AR, Caccala AA Jr, Kruecker J, Bejamin CJ (2011) Magnetic resonance imaging/
ultrasound fusion guided prostate biopsy improves cancer detection following transrectal ultrasound biopsy 
and correlates with multiparametric magnetic resonance imaging. J Urol 186:1281–1285.

45. Aboumarzouk OM, Ogston S, Huang Z, Evans A, Melzer A, Stolzenberg JU, Nabi G (2012) Diagnostic accuracy 
of transrectal elastosonography (TRES) imaging for the diagnosis of prostate cancer: a systematic review and 
meta-analysis. BJU Int 110: 1414–1423.

46. Hara R, Jo Y, Fujii T, Kondo N, Yokoyoma T, Miyaji Y, Nagai A (2008) Optimal approach for prostate cancer 
detection as initial biopsy: prospective randomized study comparing transperineal versus transrectal systematic 
12-core biopsy. Urology 71:191–195.

47. Kuru TH, Saeb-Parsy K, Cantiani A, Frey J, Lombardo R, Serrao E, Gaziev G, Koo B, Roethke M, Gnanapragasam V, 
Warren A, Doble A, Hadaschik B, Kastner C (2014) Evolution of repeat prostate biopsy strategies incorporating 
transperineal and MRI-TRUS fusion techniques. World J Urol 32:945–950.

48. Komai Y, Numao N, Yoshida S, Matsuoka Y, Nakanishi Y, Ishii C, Koga F, Saito K, Masuda H, Fujii Y, Kawakami 
S, Kihara K (2013) High diagnostic ability of multiparametric magnetic resonance imaging to detect anterior 
prostate cancer missed by transrectal 12-core biopsy. J Urol 190:867–873.

49. Mozer P, Rouprêt M, Le Cossec C, Granger B, Comperat E, de Gorski A, Cussenot O, Renard-Penna R (2015) 
First round of targeted biopsies with magnetic resonance imaging/ultrasound-fusion images compared to 
conventional ultrasound-guided transrectal biopsies for the diagnosis of localised prostate cancer. BJU Int 
115:50–57.

50. Pepe P, Garufi A, Priolo G, Candiano G, Pietropaolo F, Pennisi M, Aragona F (2013) Prostate cancer detection  
at repeat biopsy: can pelvic phased-array multiparametric MRI replace saturation biopsy? Anticancer Res 
33:1195–1199.

51. Quentin M, Biondin D, Klasen J, Schek J, Buchbender C, Miese FR, Antoch G, Barski D, Albers P, Arsov C (2012) 
Evaluation of a structured report of functional prostate magnetic resonance imaging in patients with suspicion 
for prostate cancer or under active surveillance. Urol Int 89:25–29.

52. Hoeks CM, Somford DM, van Oort IM, Vergunst H, Oddens JR, Smits GA, Roobol MJ, Bul M, Hambrock T, Witjes 
JA, Fütterer JJ, Hulsbergen-van de Kaa CA, Barentsz JO (2014) Value of 3-T multiparametric magnetic resonance 
imaging and magnetic resonanceguided biopsy for early risk restratification in active surveillance of low-risk 
prostate cancer: a prospective multicenter cohort study. Invest Radiol 49:165–172.

53. Scott S, Samaratunga H, Chabert C, Breckenridge M, Gianduzzo T (2015) Is transperineal prostate biopsy more 
accurate than transrectal biopsy in determining final Gleason score and clinical risk category? A comparative 
analysis. BJU Int 116(Suppl 3):26–30. doi:10.1111/bju.13165.

54. Bul M, Zhu X, Valdagni R, Pickles T, Kakehi Y, Rannikko A, Bjartell A, van der Schoot DK, Cornel EB, Conti GN, Boevé 
ER, Staerman F, Vis-Maters JJ, Vergunst H, Jaspars JJ, Strölin P, van Muilekom E, Schröder FH, Bangma CH, Roobol 
MJ (2013) Active surveillance for low-risk prostate cancer worldwide: the PRIAS study. Eur Urol 63:597–603.

55. Chung PH, Darwish OM, Roehrborn CG, Kapur P, Lotan Y (2015) Histologic upgrading in patients eligible for 
active surveillance on saturation biopsy. Can J Urol 22:7656–7660.

56. Thompson JE, Hayen A, Landau A, Haynes AM, Kalapara A, Ischia J, Matthews J, Frydenberg M, Stricker PD (2015) 
Medium-term oncological outcomes for extended vs. saturation biopsy and transrectal vs. transperineal biopsy 
in active surveillance for prostate cancer. BJU Int 115:884–891.

57. Phan KN, Porter CR, Odem-Davis K, Wolff EM, Jeldres C, Wei JT, Morgan TM (2015) Transperineal template guided 
prostate biopsy selects candidates for active surveillance: how many cores are enough? J Urol 194:674–679.

Cutting EDGE_Urology(SUN)_final.indd   30 27-Mar-18   10:00:30 AM



This
 P

DF be
lon

gs
 to

 

matt
he

w.ho
os

on
@

sp
rin

ge
r.c

om

INTERVENTIONAL ULTRASOUND: TRANSPERINEAL AND TRANSREC TAL PROSTATIC BIOPSY • 31 

58. Katz DJ, Pinochet R, Richards KA, Godoy G, Udo K, Nogueira L, Cronin AM, Fine SW, Scardino PT, Coleman JA 
(2014) Comparison of transperineal mapping biopsy results with whole-mount radical prostatectomy pathology 
in patients with localized prostate cancer. Prostate Cancer 2014:781438. doi:10.1155/2014/781438, Epub 2014 
May 11.

59. Ouzzane A, Renard Penna R, Marliere F, Mozer P, Olivier J, Barkatz J, Puech P, Villers A (2015) Magnetic resonance 
imaging targeted biopsy improves selection of patients considered for active surveillance for clinically low risk 
prostate cancer based on systematic biopsies. J Urol 194:350–356.

60. Kamrava M, Kishan AU, Margolis DJ, Huang J, Dorey F, Lieu P, Kupelian PA, Marks LS (2015) Multiparametric 
magnetic resonance imaging for prostate cancer improves Gleason score assessment in favorable risk prostate 
cancer. Pract Radiat Oncol. pii: S18798500 (15)00154X. doi: 10.1016/j.prro.2015.04.006. [Epub ahead of print].

61. Radtke JP, Kuru TH, Boxler S, Alt CD, Popeneciu IV, Huettenbrink C, Klein T, Steinemann S, Bergstraesser C, 
Roethke M, Roth W, Schlemmer HP, Hohenfellner M, Hadaschik BA (2015) Comparative analysis of transperineal 
template saturation prostate biopsy versus magnetic resonance imaging targeted biopsy with magnetic 
resonance imaging-ultrasound fusion guidance. J Urol 193:87–94.

62. Kuru TH, Roethke MC, Seidenader J, Simpfendörfer T, Boxler S, Alammar K, Rieker P, Popeneciu VI, Roth W, 
Pahernik S, Schlemmer HP, Hohenfellner M, Hadaschik BA (2013) Critical evaluation of magnetic resonance 
imaging targeted, transrectal ultrasound guided transperineal fusion biopsy for detection of prostate cancer. J 
Urol 190:1380–1386.

63. Fascelli M, George AK, Frye T, Turkbey B, Choyke PL, Pinto PA (2015) The role of MRI in active surveillance for 
prostate cancer. Curr Urol Rep 16:42.

64. Kim TH, Jeong JY, Lee SW, Kim CK, Park BK, Sung HH, Jeon HG, Jeong BC, Seo SI, Lee HM, Choi HY, Jeon SS (2015) 
Diffusion weighted magnetic resonance imaging for prediction of insignificant prostate cancer in potential 
candidates for active surveillance. Eur Radiol 25:1786–1792.

65. Guo R, Cai L, Fan Y, Jin J, Zhou L, Zhang K (2015) Magnetic resonance imaging on disease reclassification 
among active surveillance candidates with lowrisk prostate cancer; a diagnostic meta-analysis. Prostate Cancer 
Prostatic Dis 18:221–228.

66. Pepe P, Dibenedetto G, Garufi A, Priolo G, Pennisi M (2015) Multiparametric pelvic MRI accuracy in diagnosing 
clinically significant prostate cancer in the re-evaluation of biopsy microfocal tumor. Anticancer Res 35:395–399.

67. Volkin D, Turkbey B, Hoang AN, Rais-Bahrami S, Yerram N, Walton-Diaz A, Nix JW, Wood BJ, Choyke PL, Pinto 
PA (2014) Multiparametric MRI and subsequent MR/ultrasound fusion-guided biopsy increase the detection of 
anteriorly located prostate cancers. BJU Int 114(6b):E43–E49. doi:10.1111/bju.12670.

68. Pepe P, Aragona F (2013) Morbidity following transperineal prostate biopsy in 3,000 patients submitted to 12 VS 
18 VS more than 24 needle cores. Urology 81:1142–1146.

69. Grummet JP, Weerakoon M, Huang S, Lawrentschuk N, Frydenberg M, Moon DA, O’Reilly M, Murphy D (2014) 
Sepsis and ‘superbugs’: should we favour the transperineal over the transrectal approach for prostate biopsy? 
BJU Int 114:384–388.

70. Minamida S, Satoh T, Tabata K, Kimura M, Tsumura H, Kurosaka S, Matsumoto K, Fujita T, Iwamura M, Baba 
S (2011) Prevalence of fluoroquinolone-resistant Escherichia coli before and incidence of acute bacterial 
prostatitis after prostate biopsy. Urology 78:1235–1239.

71. Pinkhasov GI, Lin YK, Palmerola R, Smith P, Mahon F, Kaag MG, Dagen JE, Harpster LE, Reese CT, Raman JD et al 
(2012) Complications following prostate needle biopsy requiring hospital admission or emergency department 
visits – experience from 1000 consecutive cases. BJU Int 110:369–374.

72. Ehdaie B, Vertosick E, Spaliviero M, Giallo-Uvino A, Taur Y, O’Sullivan M, Livingston J, Sogani P, Eastham J, 
Scardino P, Touijer K (2014) The impact of repeat biopsies on infectious complications in men with prostate 
cancer on active surveillance. J Urol 191:660–664.

73. Chang DT, Challacombe B, Lawrentschuk N (2013) Transperineal biopsy of the prostate – is this the future? Nat 
Rev Urol 10:690–702.

74. Rosario DJ, Lane JA, Metcalfe C, Donovan JL, Doble A, Goodwin L, Davis M, Catto JW, Avery K, Neal DE, Hamdy FC 
(2012) Short term outcomes of prostate biopsy in men tested for cancer by prostate specific antigen: prospective 
evaluation within ProtecT study. BMJ 344:d7894. doi:10.1136/bmj.d7894.

75. Yuan LR, Zhang CG, Lu LX, Ruan L, Lan JH, Feng SQ, Luo JD (2014) Comparison of ultrasound-guided transrectal 
and transperineal prostate biopsies in clinical application. Zhonghua Nan Ke Xue 20:1004–1007.

76. Merrick GS, Taubenslag W, Andreini H, Brammer S, Butler WM, Adamovich E, Allen Z, Anderson R, Wallner KE 
(2008) The morbidity of transperineal template-guided prostate mapping biopsy. BJU Int 101:1524–1529.

77. Nam RK, Saskin R, Lee Y, Liu Y, Law C, Klotz LH, Loblaw DA, Trachtenberg J, Stanimirovic A, Simor AE, Seth A, 
Urbach DR, Narod SA (2010) Increasing hospital admission rates for urological complications after transrectal 
ultrasound guided prostate biopsy. J Urol 183:963–968.

Cutting EDGE_Urology(SUN)_final.indd   31 27-Mar-18   10:00:30 AM



This
 P

DF be
lon

gs
 to

 

matt
he

w.ho
os

on
@

sp
rin

ge
r.c

om

32 • CUT TING EDGE - UROLOGY

78. Donovan J, Hamdy F, Neal D, ProtecT Study Group et al (2003) Prostate Testing for Cancer and Treatment 
(ProtecT) feasibility study. Health Technol Assess 7(14):1–88.

79. Eichler K, Hempel S, Wilby J et al (2006) Diagnostic value of systematic biopsy methods in the investigation of 
prostate cancer: a systematic review. J Urol 175(5):1605–1612.

80. Shariat SF, Roehrborn CG (2008) Using biopsy to detect prostate cancer. Rev Urol 10(4):262–280.
81. Pelzer AE, Bektic J, Berger AP et al (2005) Are transition zone biopsies still necessary to improve prostate cancer 

detection? Results from the Tyrol screening project. Eur Urol 48(6):916–921; discussion 921.
82. Epstein JI, Herawi M (2006) Prostate needle biopsies containing prostatic intraepithelial neoplasia or atypical 

foci suspicious for carcinoma: implications for patient care. J Urol 175(3 Pt 1):820–834.
83. Merrimen JL, Jones G, Walker D, Leung CS, Kapusta LR, Srigley JR (2009) Multifocal high grade prostatic 

intraepithelial neoplasia is a significant risk factor for prostatic adenocarcinoma. J Urol 182(2):485–490; 
discussion 490.

84. Kronz JD, Shaikh AA, Epstein JI (2001) High-grade prostatic intraepithelial neoplasia with adjacent small atypical 
glands on prostate biopsy. Hum Pathol 32(4):389–395.

85. Moore CK, Karikehalli S, Nazeer T et al (2005) Prognostic significance of high grade prostatic intraepithelial 
neoplasia and atypical small acinar proliferation in the contemporary era. J Urol 173(1): 70–72.

86. Giannarini G, Mogorovich A, Valent F et al (2007) Continuing or discontinuing low-dose aspirin before transrectal 
prostate biopsy: results of a prospective randomized trial. Urology 70(3):501–505.

Source: Andrea Fandella, Pietro Pepe. Interventional Ultrasound: Transperineal and Transrectal Prostatic Biopsy. In: P. Martino, A.B. 
Galosi (eds). Atlas of Ultrasonography in Urology, Andrology, and Nephrology. 1st ed. Switzerland: Springer International Publishing; 
2017, pp 313-326. DOI 10.1007/978-3-319-40782-1_26. © Springer International Publishing Switzerland 2017.

Cutting EDGE_Urology(SUN)_final.indd   32 27-Mar-18   10:00:30 AM



This
 P

DF be
lon

gs
 to

 

matt
he

w.ho
os

on
@

sp
rin

ge
r.c

om
Introduction

Until recently, the diagnosis of prostate cancer (PCa) has been based on blinded, systematic, 
template-based sampling strategy under transrectal ultrasound (TRUS) guidance. This test has 
undergone considerable modification in order to improve the sampling efficiency: from the origi-
nal six cores [1] to the standardized 12 cores [2, 3]. Nevertheless, 12-core TRUS biopsy conferred 
an incremental benefit in terms of detection; there is a wide consensus that it remains prone to 
errors. These principally comprise undersampling of significant and oversampling of insignificant 
PCa [4–6].

The introduction of multiparametric magnetic resonance imaging (mp-MRI) has made it 
possible to change the way in which prostate biopsy is done, allowing to direct biopsies to suspi-
cious lesions rather than randomly. The subject of this chapter relates to the use of a software to 
assist in targeting an MRI-derived suspicious lesion.

Interpretation of Multiparametric MRI

The MRI acquisition and reporting by the radiologist is the initial step of all MRI targeted biopsy 
strategies. mp-MRI includes three components: high-resolution T2-weighted MR images (T2WI) 
and at least two functional MRI techniques including diffusion-weighted imaging (DWI) and 
dynamic contrast-enhanced MRI (DCE-MRI) [7–9] (Fig. 1). MR spectroscopic imaging (MRSI) 
remains an optional technique in most centers. The use of an endorectal coil (ERC) to increase the 
spatial resolution of the technique is still under debate, especially with the recent improvement in 
signal-to-noise ratios achieved by the use of the 3-T scanner [10].

To describe suspected lesions diagnosed by MRI in a standardized manner, radiologists use 
standardized suspicion scores and graphical templates to show locations. The most used scores 
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are the 1–5-point Likert scale (based on radiologist’s subjective score) or the prostate imaging 
reporting and data system (PI-RADS) score (based on determined criteria) [11–13]. In particular, 
concerning PI-RADS score, the interreader agreement performs well, and the inter-reader repro-
ducibility improves with increasing experience.

MRI-Guided Targeted Biopsy

An MRI targeted biopsy can be performed in three ways: in-bore MRI targeted biopsy, MRI/US 
fusion visual targeted biopsy, and MRI/US fusion software-based targeted biopsy. These three 
approaches are all informed by tumor location diagnosed by the MRI. It is just the manner in 
which the target volume is “represented” to the operator that differentiates them.

Concerning in-bore MRI targeted biopsies, needles are introduced only into the areas of 
interest by performing a transrectal or transperineal biopsy. Serial MRI scans are performed to 
confirm biopsy needle placement (Fig. 2). Multiple studies demonstrated that in-bore MRI tar-
geted biopsies are feasible with a median detection rate significantly higher than random biopsies. 
Moreover, this approach reduces the number of sampled cores with a real-time feedback of its 
placement, allowing a high likelihood of hit target [14, 15]. Nevertheless, in-bore MRI targeted 
biopsy is time-consuming and costly, not commonly available, and performed in prone position 
under general anesthesia.

The simplest targeted strategy concerns the use of MRI/US fusion visual targeted biopsies 
directed to the suspicious areas highlighted on the MRI. The first step, as in the other strategies, is 

Fig. 1: Images from a 59-year-old male with serum PSA 7.92 ng/mL, and one previous biopsy underwent an mp-MRI. 
The MRI demonstrated a PI-RADS 5 right posterior apex to mid-peripheral zone lesion (white arrow) on axial T2W (a), 
DWI (b), ADC (c), and DCE (d, e). MRI/US fusion software-based targeted biopsy demonstrated Gleason score 7 (3 + 4) 
prostate cancer (67 % in three cores).
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represented by the detection of suspicious lesions on MRI. Then the urologist performs a standard 
US-guided biopsy, either by a transrectal or a transperineal approach, trying to direct the needles 
toward the areas suspicious on mp-MRI. Many authors suggest better efficiency and accuracy 
compared to standard biopsy [16, 17]. The most important disadvantage relates to the learning 
curve and reproducibility of this strategy. This approach requires an experienced urologist to 
translate the information of the mp-MRI onto real-time US, which can be challenging according 
to the deformation and the anatomical characteristics of the prostate.

Finally, MRI/US fusion software-based targeted biopsies represent a novel approach devel-
oped to improve the accuracy of prostate biopsy, allow dissemination of the technique, and permit 
the storage of images for future resampling. MRI/US fusion software-based targeted biopsy devices 
allow to align the pre-biopsy MR images with intraoperative TRUS in order to enable the urologist 
to perform targeted biopsy directed toward MR-visible lesions. This approach combines the high 
diagnostic accuracy of MRI for detecting PCa with TRUS, which represents a procedure well mas-
tered by urologists. The process of coregistration of MRI and US images is automatized by the use 
of a fusion device, and therefore the results are likely to be more consistent across different centers.

Coregistration of MRI and US Images

MRI to US cognitive fusion is complicated by the significant deformation of the prostate shape 
that occurs between TRUS and MRI (with or without an endorectal coil). The software-based 
registration method corrects this effect to achieve better diagnostic accuracy [18].

There are two different methods to register MR images to live TRUS: rigid and elastic regis-
tration. Both of them aim to align the MR and US images through the identification of landmarks 
present on both corresponding images. The outer shape of the prostate is used to match the MRI 
contour to the live US image.

Fig. 2: In-bore biopsy. (a) Needle-in control scans are performed in two different planes (axial and coronal); (b) 
targeted cores are taken from each lesion using an MRI-compatible, 18G, fully automatic biopsy gun.
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Elastic registration allows deformation, warping, and dimensional changes between images, 
based on mathematical algorithms. As every prostate is different in density and elasticity, these 
calculations are estimations. Rigid registration permits only rotational and translational varia-
tions between images, without changing the images themselves. The urologist needs to make some 
adjustments in case of error due to the rigid registration, using manual correction of the alignment 
and targeting or using different degrees of pressure/insertion depth of the US probe (Fig. 3) [19].

While overlapped images obtained from rigid registration usually have discontinuous borders 
looking less pleasant to the eye than elastic registration, it is difficult to define which method is 
able to achieve better accuracy. Elastic registration should guarantee better matching, but some 
experts think the cognitive adjustment might overcome the issues encountered with rigid regis-
tration and allow better spatial precision, especially in patients having unusual gland dimensions.

Fusion Platforms

MRI/US fusion software-based targeted biopsy first of all requires a diagnostic mp-MRI with a 
report scheduling all the suspicious lesions edited by an expert uro-radiologist (Fig. 4). mp-MRI 
images are loaded in the specific software and regions of interest are then outlined. The patient is 
positioned, and a TRUS is performed, with MR images superimposed on real-time US images (Fig. 
5). Targeted biopsies directed to mp-MRI-suspicious lesions are then performed (Figs. 6 and 7).

A standardized report of the biopsy session should be provided, including a detailed notifica-
tion of MRI/US fusion software-based targeted biopsies, and eventually standard biopsies, that 
were performed. It can be done in the same manner as for mp-MRI, using a standardized diagram 
of the prostate, including drawings of the sampled lesions. The report must underline how good 
the MRI/US fusion software-based targeted biopsy matched the mp-MRI one (e.g., visibility of the 
lesion). All this information will be useful for analyzing the final histopathology results (Fig. 8).

Fig. 3: Elastic and rigid methods to register MR images to live TRUS. (a) MRI/US registration with minimal US-
probe deformation and use of an endorectal coil (ERC) for MRI; (b) MRI/US registration with increased manual US-
probe deformation that can mimic ERC deformation. In middle images in (a) and (b) is shown the simple overlap 
of US and MR images, resulting in reduced correlation between imaging modalities. Rigid registration permits only 
rotational and translational variations between images. Elastic registration allows local deformation, e.g., caused by 
an endorectal coil or TRUS probe. ERC endorectal coil (Reproduced from Logan et al. [19]).
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Fig. 4: mp-MRI report scheduling all the suspicious lesions classified by PI-RADS score.

Fig. 5: Superimposition of MR and US images: the outer shape of the prostate is used to match the MRI contour to the 
real-time US image. (a) Longitudinal view; (b) transversal view.
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The different devices currently in use to allow MRI/US fusion software-based targeted biopsy 
are reported in Table 1. To date, there are no available studies directly comparing the different 
platforms in terms of accuracy, nor detection rate.

Fig. 6: Targeted biopsies directed to mp-MRI-suspicious lesions: transrectal approach.

Fig. 7: Targeted biopsies directed to mp-MRI-suspicious lesions: transperineal approach.
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Indications of MRI/US Fusion Software-Based Targeted Biopsy

Main Indications

zz Re-biopsy in men with persistent suspicion of PCa after first negative prostate biopsy: per-
sistently increased PSA and/or positive digital rectal examination (DRE) [20–25] and/or 
diagnosis of extensive high-grade prostatic intraepithelial neoplasia (HG-PIN) or atypical 
small acinar proliferation (ASAP) of the prostate [26]. As expected, a number of studies have 
shown that in this subgroup of men, MRI/US fusion software-based targeted biopsy allowed 
the detection of more clinically significant PCa than standard biopsy [27].

zz Follow-up of patients under active surveillance (AS). Many authors evaluated fusion systems 
to perform confirmatory targeted biopsy in patients under AS. Hu et al. recently proved in 
a series of 113 patients that confirmatory MRI/US fusion software-based targeted biopsy 
resulted in reclassification in 36 % of men, ranging from 24 to 100 % according to the MRI 
score, from low to high grade, respectively [28]. Sonn et al. demonstrated that in a series of 
171 patients, MRI/US fusion software-based targeted biopsy was three times more likely to 
identify cancer than standard biopsy (21 % versus 7 %, respectively), and of the men with 
clinically significant PCa initially enrolled for AS, 38 % had disease detected only on targeted 
biopsies [29]. Moreover, MRI/US fusion software-based targeted biopsy permits to track the 
location of all biopsy cores, allowing the urologist to perform a re-biopsy in the same suspi-
cious areas, which is mandatory in the correct follow-up of patients under AS.

Other Indications

Other indications, as recommended by many authors but to be confirmed by further studies, 
could be:
zz The follow-up of men suspicious for local recurrence after local treatment [30]
zz The guidance of focal therapy [31]
zz The characterization of suspicious lesions even at the first biopsy [32, 33]

Results of MRI/US Fusion Software-Based Targeted Biopsy

Standard Biopsy Versus MRI/US Fusion Software-Based Targeted Biopsy

The two approaches did not differ significantly in overall detection of PCa. When considering a 
core-by-core analysis, Rastinehad et al. reported an increased detection rate of MRI/US fusion 
software-based targeted biopsy with respect to standard biopsy (37.9 % vs 12.5 %, respectively, 
p < 0.001) [34]. The detection rate of clinically significant PCa seems higher performing a MRI/
US fusion software-based targeted biopsy than performing a standard biopsy. In the study of 
Siddiqui et al., MRI/US fusion software-based targeted biopsy diagnosed 30 % more high-risk 
cancers versus standard biopsy (p<0.001) and 17 % fewer low-risk cancers (p = 0.002) [35]. On 
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Table 1: Summary of MR/TRUS fusion software-based targeted biopsy platform specifications.

MRI/US fusion 
software 
(manufacturer)

US image 
acquisition

Method of 
registration

Tracking 
system

Manipulation Sampling 
route

Year 
of FDA 
approval

Artemis (Eigen) Manual Elastic Mechanical arm 
with encoders

Via mechanical 
arm

Transrectal or 
transperineal

2008

BioJet (D&K 
Technologies)

Manual Rigid (elastic 
for minor 
deformations)

Stepper with 
digital encoders

Via stepper Transrectal or 
transperineal

2012

BiopSee 
(MedCom)

Manual Rigid (elastic 
for minor 
deformations)

Stepper with 
digital encoders

Via stepper Transrectal or 
transperineal

NR

Real-time virtual 
sonography 
(Hitachi)

Manual Rigid Electromagnetic Freehand Transrectal or 
transperineal

2010

UroNav (Invivo/
Philips)

Manual Rigid Electromagnetic Freehand Transrectal or 
transperineal

2005

Urostation 
(Koelis)

Automatic Elastic 3D ultrasound Freehand Transrectal 2010

Virtual Navigator 
(Esaote)

Manual Rigid Electromagnetic Freehand Transrectal 2014

MRI/TRUS magnetic resonance imaging/transrectal ultrasound, FDA Food and Drug Administration, NR not reported

the other hand, two recently published randomized controlled trial (RCT) concluded that detec-
tion rates for any cancer and clinically significant PCa did not significantly differ between the two 
approaches, [36, 37].

Concerning the length of biopsy positive cores, Puech et al. reported a statistically significant 
longest core cancer length in MRI/US fusion software-based targeted biopsy compared to stand-
ard biopsy (mean: 7.3 mm ± 3.8 vs 4.6 mm ± 3.1, respectively; p = 0.0001) [38].

In all studies reporting the data, MRI/US fusion software-based targeted biopsy necessitates 
fewer cores to diagnose PCa compared to standard biopsies. In the systematic revision of Valerio 
et al., MRI/US fusion software-based targeted biopsies detected more clinically significant cancers 
using fewer cores compared with standard biopsy (median, 9.2 vs 37.1, respectively) [27].

Finally, in terms of more accurate grading of PCa, Lanz et al. published a study including 125 
men undergoing radical prostatectomy for PCa diagnosed both by MRI/US fusion software-based 
targeted and standard biopsy. Targeted biopsy detected 126 lesions in 115 patients. The primary 
Gleason grade, secondary Gleason grade, and Gleason score of the 126 individual tumors were 
determined accurately in 114 (90 %), 75 (59 %), and 85 (67 %) cases, respectively [39].

Template Systematic Biopsy vs MRI/US Fusion Software-Based Targeted Biopsy

Radtke et al. reported a comparative analysis of 294 consecutive patients undergoing systematic 
transperineal biopsy and MRI/US fusion software-based targeted biopsy. The authors reported 
that sampling efficiency was in favor of the second method, with 46.0 % of MRI/US fusion 
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software-based targeted biopsy versus 7.5 % of systematic biopsy cores detecting PCa with a 
Gleason score ≥7. However, as 12.8 % Gleason score ≥7 was missed by the targeted approach, the 
authors concluded that the gold standard for cancer detection is a combination of systematic and 
targeted cores [40].

MRI/US Fusion Visual Targeted Biopsy vs MRI/US Fusion Software-Based Targeted 
Biopsy

Only two studies directly compared MRI/US fusion software-based targeted biopsy with MRI/ 
US fusion visual targeted biopsy [37, 40], thus indicating the need for further studies. In details, 
Puech et al. reported that in 79 MR imaging targets among 95 patients, positivity for cancer was 
47 % with cognitive and 53 % with MRI/US fusion software-based targeted biopsy (p = 0.16) [38]. 
The same results were reported in a prospective study in 125 consecutive men by Wysock et al. 
concluding that MRI/US fusion softwarebased targeted biopsy was more often histologically 
informative than visual targeting but did not increase cancer detection [41]. Moreover, Cool et al. 
reported the results of 225 simulated targeted biopsies on suspected lesions on MRI, with MRI/
US fusion visual targeted biopsy sampling the 45–48 % of clinically significant lesions compared 
with 100 % obtained with MRI/US fusion software-based targeted biopsy [42]. Delongchamps 
et al. indirectly compared various targeted biopsy approaches in a consecutive series of patients. 
They reported that rigid and elastic MRI/US fusion software-based targeted biopsies performed 
significantly better than standard biopsies (p = 0.0065 and 0.0016, respectively), while MRI/US 
fusion visual targeted biopsy did not perform better (p = 0.66) [32]. Finally, in a preliminary study 
including 32 consecutive patients, Mouraviev et al. divided 32 consecutive patients into three 
groups based on the method used to target the suspected lesion. They concluded that MRI/US 
fusion software-based targeted biopsy (using two different platforms) increases diagnostic accu-
racy compared with MRI/US fusion visual targeted biopsy [43].

In-Bore MRI Biopsy vs MRI/US Fusion Software-Based Targeted Biopsy

Recently, Arsov et al. compared in a prospective randomized trial the PCa detection between 
inbore MRI biopsy and MRI/US fusion software-based targeted biopsy + 12-core standard biopsy 
in 210 patients with at least one negative standard biopsy. They reported that PCa detection (p = 
0.7), detection rates for significant PCa (p = 0.7), and the highest percentage tumor involvement 
per biopsy core (p = 0.4) were similar between the arms [44].

Future Perspectives

The most important issue that will have to be addressed with the current use of MRI/US fusion 
software-based targeted biopsy concerns its role in the diagnostic pathway. The actual scenario 
is represented by an existing test, the standard 12-core biopsy. The new test, the MRI/US fusion 
software-based targeted biopsy, could add on or replace the existing test. In most studies, patients 
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underwent standard prostate biopsy in combination with MRI/US fusion software-based target-
ed biopsies in the same session. The first high-quality study with a very large sample size that 
examined the utility of MRI/US fusion software-based targeted biopsy against standard biopsy 
combined was published by Siddiqui et al. In this paper, there was little utility to include stand-
ard biopsy in the protocol as 200 men would be needed to be additionally sampled in order to 
diagnose one additional high-risk PCa, missed by MRI/US fusion software-based targeted biopsy. 
Further, the two combined approaches lead to a change in Gleason score risk stratification in 15 % 
of cases, of which 2 % increased to high-risk PCa [35]. Two RCT were recently published compar-
ing MRI/US fusion software-based targeted biopsy and standard biopsy. In the study by Baco et al. 
[36], including 175 patients, the 2-core MRI/US fusion software-based targeted biopsy was com-
parable to 12-core standard biopsy in terms of clinically significant PCa detection (38 % vs 49 %, 
respectively, p = 0.2) and was more effective for MRI-detected PCa with a PI-RADS score of 4–5 
[36]. They concluded that the traditional biopsy may be replaced by two-core MRI/TRUS targeted 
biopsy. Tonttila et al. reported similar results for one-/two-core MRI/US fusion software-based 
targeted biopsy and 12-core standard biopsy in terms of any cancer (64 % vs 57 %, respectively, p = 
0.5) and clinically significant (55 % vs 45 %, respectively, p = 0.8) PCa [37]. Further evidence about 
the role of MR/US fusion software-based targeted biopsy in the pathway of PCa diagnosis will be 
acquired in the near future when the results of ongoing trials will be available [45–47].

The next aspect to evaluate before adopting the new procedure as a new standard of care will 
be cost-effectiveness. Certainly, the time spent to coregister MRI and US images and to perform 
the biopsy is longer for MRI/US fusion software-based targeted prostate biopsies compared to the 
standard approach. Recently, Shoji et al. reported that the number of cases to perform an MRI/US 
fusion software-based targeted prostate biopsy within 20 min was five [48]. With regard to cost, 
while the fusion biopsy itself has some intrinsic expenses, the greatest increase in cost is due to the 
necessity to perform MRI on each patient. Nevertheless, some initial studies have shown that the 
overall cost-effectiveness might be still in favor of a software-based approach [49].

Conclusions

In men at risk with mp-MRI-suspicious lesion, the MRI/US fusion software-based targeted 
approach seems to have valuable features to be added in the standard diagnostic pathway of PCa 
for achieving accurate risk stratification. Although it seems to detect more clinically significant 
PCa as compared to standard biopsy, whether this approach should replace or support the TRUS-
guided random biopsy will be determined by ongoing trials. 
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