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Most of us have heard the statement “We shot at the heart and hit the prostate”. Robotic sur-
gery has certainly represented the most striking technological innovation in the surgical field 
over the past 20 years, and urology as specialty has led the field in the implementation of this 
technology on large scale worldwide. Robotic-assisted laparoscopic radical prostatectomy 
(RALP) has become de facto the new standard for the surgical treatment of prostate cancer, the 
most common cancer in the male population. In the USA, over 80% of radical prostatectomy 
procedures are nowadays done robotically, and similar figures have been reached worldwide. 
Thus, not surprisingly, the field of robotic surgery has been largely fueled by this single surgi-
cal procedure. Many years have gone by since the first pioneering reports of radical prostatec-
tomy procedures by Dr. Abbou and Dr. Vallancien in Paris and Dr. Binder in Frankfurt, soon 
followed by the establishment of the first structured robotic prostate surgery program by Dr. 
Menon in Detroit. Over 5000 daVinci systems are now installed worldwide, and currently 
available robotic platforms are undeniably much better than the one used by those pioneers, 
and this has made the procedure safer, easier to learn and more reproducible. Moreover, new 
robotic systems are coming to the market, and upcoming competition will drive further innova-
tion. As robotic surgical technology evolved, many advances were made in terms of knowledge 
of the surgical anatomy, building on the foundations of early studies reported by Dr. Walsh in 
the 1980s, and further advances brought by laparoscopic surgery in the early 2000s. A better 
understanding of prostate cancer biology allowed to improve patient selection. Modern diag-
nostic pathways with the introduction of MRI-based biopsy techniques allowed to better risk- 
stratify patients and aid surgical planning. All this translated into never-ending refinements of 
surgical techniques and, ultimately, into improved outcomes.

The idea behind this book was to provide a comprehensive high yield and user-friendly 
educational tool for urologists and trainees alike. With this aim in mind, we asked opinion 
leaders across the globe to contribute with state-of-the-art chapters on a variety of topics 
related to the ever-evolving field of robotic prostate cancer surgery. We would like to thank 
these esteemed colleagues and their teams for their outstanding work, which is testament to 
their commitment to foster future generations of robotic urologic surgeons and, ultimately, to 
their dedication to provide better care to prostate cancer patients. This effort is even more valu-
able if one considers this book was conceived and prepared in the middle of a pandemic that 
has unfortunately changed our lives. We are confident to have accomplished what we initially 
planned; enjoy the reading!

Sincerely,

Chicago, IL, USA Riccardo Autorino  
Guangzhou, China  Di Gu  
London, UK  Senthil Nathan  
Trieste, Trieste, Italy  Nicola Pavan  
Shanghai, China  Shancheng Ren  
Hatfield, UK  Ashwin Sridhar   
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1A Historical Perspective of RALP

Giacomo Rebez and Maria Carmen Mir

 Introduction

In the current chapter we endeavored to provide the reader 
with a historical perspective on the milestones for RARP fur-
ther envisioning future technological improvements.

 Brief History of Radical Prostatectomy

Radical prostatectomy was initially described over a 
100 years ago: the first perineal prostatectomy was accom-
plished by Proust in France in 1901. In the USA, in 1904, 
4  years later, Young [1] begun to perform the surgery on 
patients affected by prostate cancer. Mortality and morbidity, 
often related to a lack of medical technology, were relevant 
during the early years with 30% mortality rates [2]. From the 
late 1940s improvements in technique and technologies were 
made; Millin’s retropubic prostatectomy was used for pros-
tate cancer by Memmelaar and others. In the last four decades 
we have achieved the highest standard of surgical interven-
tions through improved disease staging, better patient’s 
selection, and improvement in medical technology [3]. In the 
late 1980s the open “anatomic” RP was described by Walsh 
[4]. The early control of Santorini’s plexus, and the possibil-
ity to spare the neurovascular bundles, facilitating functional 
recovery turned this surgery the gold standard in the 80s, 
leading to the abandonment of perineal prostatectomy. Later 
on, the new standard was challenged by laparoscopic RP 
(LRP), which was developed as a “minimally-invasive” 
alternative in the early 1990s. Schuessler et al. [5] reported 
the first LRP, however, later the surgery was abandoned due 
to its technical challenges and surgical time. The challenge 
of laparoscopy moved across the Atlantic Ocean to France, 
where Guillonneau and Vallancien and others described the 

standardized Montsouris technique [6]. LRP proved to pro-
vide similar oncological and functional results as open RP, 
although this was initially hotly disputed. However, LRP 
implies a rather long learning curve. For this reason, its 
adoption was not universal, and many urologists stuck to the 
still “gold standard” of open RP [7] until the early 2000s 
when robotic surgery was introduced in urology.

 Robotic Surgery Historical Perspective

The first industrial robot was developed in 1937, while [8] 
the history of robotics in surgery begins with the Puma 560, 
a robot used in 1985 by Kwoh et  al. [9] to perform brain 
biopsies. This system eventually led to the development of 
PROBOT, a robot designed specifically for transurethral 
resection of the prostate [10]. Concomitantly, Integrated 
Surgical Supplies Ltd. of Sacramento, CA, developed [11] a 
surgical robot able to precisely core out the femoral shaft 
with 96% precision, whereas a standard surgery provided 
only 75% accuracy. It was named RoboDoc and it was [11] 
the first surgical robot approved by the FDA.  A group of 
researchers at the National Air and Space Administration 
(NASA), working on virtual reality, became interested in 
using this new information on robotic surgery to develop 
telepresence surgery. In the late 1980s, the concept of tele-
surgery became one of the main driving forces behind the 
development of surgical robots. In the early 1990s, several of 
the scientists from the NASA-Ames team joined the Stanford 
Research Institute (SRI). Working with SRI’s other roboti-
cists and virtual reality experts, these scientists developed a 
dexterous tele manipulator for hand surgery. The US Army 
became interested in the possibility of decreasing wartime 
mortality by “bringing the surgeon” to the wounded sol-
dier—through telepresence [11–13]. With funding from the 
US Army, a system was devised whereby a wounded soldier 
could be loaded into a vehicle with robotic surgical equip-
ment and be operated on remotely by a surgeon at a nearby 
Mobile Advanced Surgical Hospital (MASH). This system, 

G. Rebez 
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it was hoped, would decrease wartime mortality by prevent-
ing wounded soldiers from exsanguinating before they 
reached the hospital. During the research several of the sur-
geons and engineers working on surgical robotic systems for 
the Army eventually formed commercial ventures that lead 
to the introduction of robotics to the civilian surgical com-
munity [12]. Especially, Computer Motion, Inc. of Santa 
Barbara, employed seed money provided by the Army to 
develop the Automated Endoscopic System for Optimal 
Positioning (AESOP), a robotic arm controlled by the sur-
geon voice commands to manipulate an endoscopic camera. 
Shortly after AESOP was marketed, Integrated Surgical 
Systems (now Intuitive Surgical) of Mountain View, CA, 
licensed the SRI Green Telepresence Surgery system. That 
system after an extensive redesign will be reintroduced later 
as the Da Vinci surgical system. In 1996 Buess and Schurr 
pioneered the first tele-surgical laparoscopic porcine chole-
cystectomy using the ARTEMIS-System [14]. Despite vari-
ous promising experimental trials in abdominal and cardiac 
surgery, the device never made it beyond the experimental 
state [15]. The first clinically used robot was ZEUS 
(Computer Motion, USA) with the surgeon seated at an open 
console on a high-backed chair with arm-rests controlling 
instruments of two robotic arms by use of chop-stick-like 
handles [16]. The right and left robotic arms replicate the 
arms of the surgeon, and the third arm was a voice-controlled 
robotic endoscope for visualization AESOP [17]. The system 
used both straight shafted endoscopic instruments similar to 
conventional endoscopic instruments and jointed instru-
ments with articulating end-effectors and 4 degrees of free-
dom (jaw, pitch, insertion, rotation). The ZEUS system was 
developed for cardiovascolar surgery [16] and was rarely 
used in Urology [18]. The da Vinci Surgical system (Intuitive 
Surgical, Sunnyvale, United States) was also initially 
designed for robot-assisted coronary artery surgery [19]. The 
da Vinci and Zeus systems were very similar in their capa-
bilities but different in their approaches to robotic surgery. 
Both systems were composed of master–slave surgical robot 
with multiple arms operated remotely from a console with 
video assisted visualization and computer enhancement [13]. 
The tele-presence effect was abandoned due to the long- 
distance transmission delay and FDA approved Da Vinci 
platform in 2000. From 2004 to 2016, there was no active 
opponent for Intuitive Surgical based on the fact, that 
Intuitive acquired Computer Motion, assigning all patents 
concerning the principle of ZEUS.  Intuitive built a practi-
cally insurmountable competitive moat blocking the entrance 
of other companies into the market by developing a superior 
product, protecting its intellectual portfolio, and gaining sur-
geons’ trust [20]. In 2019 some of the key-patents of Da 
Vinci 2000 and ZEUS expired enabling other companies to 
enter the market. Currently, other than the da Vinci systems, 
five robotic surgical systems are commercially available: 

Senhance has regulatory approval for human use in the USA, 
Europe, and Japan; Versius and Avatera hold a CE Mark cer-
tification for use in Europe, whereas Revo-I and Hinotori are 
available in the Korean and Japanese markets, respectively.

 Major Technical Improvements for RARP 
Overtime

In 2000, the first robotic prostatectomy was performed at 
the Department of Urology of Frankfurt University in 
Germany [21] by Binder and Kramer while Abbou in France 
published a case report on his first RALP in the same year 
[22]. Then in the US, in 2002, Menon et al. [23] published 
the first prospective trial comparing the results of RALP 
with those of open retropubic RP achieving a breakthrough 
in urologic surgery subsequently obtaining the FDA 
approval for the use of the system for prostatic surgery. The 
first robotic technique was described in 2003, by Menon 
et al. [24]: the Vattikuti Institute Prostatectomy (VIP). The 
main principles of the VIP included development of the 
extraperitoneal space, lymph node dissection if indicated, 
incision of the endopelvic fascia, dorsal vein complex con-
trol, bladder neck transection, posterior dissection, control 
of the lateral pedicles, release of the neurovascular bundles, 
retrograde apical dissection, division of the dorsal venous 
complex and urethra, vesical-urethral anastomosis, speci-
men retrieval, and completion. This technique incorporated 
an incremental nerve preservation, the “Veil of Aphrodite” 
with the development and preservation of the lateral pros-
tatic fascia (i.e., veil of Aphrodite). It involves the releasing 
of cavernous nerve tissue extending along the posterolateral 
aspects of the prostate bilaterally, up to the fibrous stroma of 
the dorsal vein complex anteriorly overlying the apex of the 
prostate.

Excellent oncological and functional outcomes were 
reported by many authors [23, 25–27] leading to an expan-
sion in the application of RARPs worldwide. Since the initial 
introduction of RALP, various groups have reported modifi-
cations to the original VIP technique (see Fig. 1.1). The Van 
Velthoven anastomosis, consisting of a double-running 
suture, was reported for both laparoscopic and robotic pros-
tatectomy in 2003 [28] and is now a standard technique used 
in RALP. The preservation of the high lateral prostatic fascia, 
reported by Kaul et al. [29]; led to improved potency rates, 
probably related to intra-operative tension reduction on the 
neurovascular bundles. The avoidance of thermal injury of 
the neurovascular bundle has been highlighted by many 
authors [30], with short-term results showing a difference in 
potency rates between cautery and non-cautery techniques.

The Rocco stitch was first described in radical retropubic 
prostatectomy by Rocco in 2007 [31] and has been reported 
by Tewari et al. [32] for its use in RALP. This is a posterior 
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reconstruction to support the urethral sphincter, and it has 
been used in combination with the Pagano stitch, which adds 
further reinforcement to the posterior bladder neck. Tewari 
et  al. [32] reported an earlier return to total urinary conti-
nence with 83% continence rate at 6 weeks.

The Retzius sparing (or Bocciardi approach) robot 
assisted radical prostatectomy RS-RARP was described in 
2010. The anatomic rationale of this technique stems from 
the preservation of the anterior structures involved in conti-
nence and potency preservation, such as pubo-vesical liga-
ments, puboprostatic fascia, NVBs, accessory pudendal 
artery, and dorsal vein complex. This approach encompasses 
incising the parietal peritoneum at the anterior surface of the 
vesicorectal pouch, at the level of the seminal vesicles. After 
having dissected the vasa deferentia and the seminal vesicles 
and retracted them by means of two sutures placed transab-
dominally, dissection of the prostate is carried out in an ante-
grade fashion [33]. The Denonvilliers fascia is separated by 
the posterolateral surface of the prostate, and the prostatic 
apex is reached. The RCT by Dalela et al. [34] showed an 
earlier return to continence with the Retzius-sparing RARP 
(RS-RARP) technique than with the anterior approach 
(71%—48% 1 week after catheter removal).

The distinction between an ascending, retrograde dissec-
tion and a descending, antegrade dissection is still debated 
[35]. Extraperitoneal approach (EP) and transperitoneal 
approach (TP) were developed in the early years, but the use 
of the transperitoneal approach vastly outnumbers the extra-
peritoneal. There are advantages in extraperitoneal approach 
since it does not violate the peritoneal cavity, which might be 
useful especially in obese patients, those who have had 
abdominal procedures in the past and those with bowel diver-
sion. One distinct disadvantage of the EP approach is the 

limited space available for robotic movements which might 
be a limitation for performing extended pelvic lymph node 
dissection. The rational of use behind TP approach is its fast 
performance and shorter learning-curve. However, in experi-
enced hands, one is able to do a very comparable job. Though 
the TP approach would continue to be the premium approach 
for robotic and laparoscopic radical prostatectomy, the EP 
approach has its indications and might be a useful skill. Only 
two RCTs have evaluated the extraperitoneal versus trans-
peritoneal approach [36, 37]. Both trials, even if limited by 
their small sample size, demonstrated similar outcomes of 
the two approaches, with one showing reduced time to solid 
diet when the extraperitoneal approach was chosen [30]. 
Among the newest robotic approaches there is the partial 
resection of the prostate, thanks to the advances in the 
mpMRI field [38, 39]. Regarding the partial prostatectomy 
techniques, functional outcomes are expected to be optimal 
in a few selected patients. Potentially, in addition to RCTs, a 
novel definition of PSA response after the procedure would 
likely be required in an effort to assess the oncological suc-
cess of the procedure.

The use of extended pelvic lymph node dissection (PLND) 
has been demonstrated in RALP and was shown to be feasi-
ble with respect to both surgical technique and number of 
lymph nodes removed [40]. The indications and clinical ben-
efit of this in open, laparoscopic, or robotic-assisted 
approaches remain unclear, although an increased number of 
positive nodes are found when extended PLND is performed 
[41]. Refinements in the mostly transabdominal technique, 
improvements in nerve-preservation, technical developments 
(fourth arm), and the development of the extraperitoneal 
approach, brought more complexity but also improved 
results and reduced complications with RALP.

1 A Historical Perspective of RALP
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 Single Port Robotic Radical Prostatectomy

Single port (SP) robotic assisted laparoscopic surgery was 
approved by the FDA for urologic surgery in 2018. The sys-
tem enables a camera and three separate instruments, with 
fully wristed motions, to be placed through a single 25 mm 
port. It was designed to perform complex surgery in narrow 
deep spaces [42] providing benefit in select clinical situa-
tions over the conventional four-arm da Vinci robotic sys-
tems. The experience of the authors with the SP system 
includes mainly radical prostatectomies through the trans 
perineal and Retzius-sparing approaches. Both procedures 
could be safely performed without conversion and accept-
able operative time. The latest review on single port surgery 
showed similar intraoperative and perioperative outcomes 
to those obtained with the standard multiport da Vinci sys-
tem [43].

The handling of the robotic instruments through the con-
sole is similar to the previous da Vinci systems. The down-
side is the working space of the assistant’s instruments 
which is limited owing to collisions with the bulky multi-
channel port and extracorporeal robotic arm. According to 
Lenfant, patients with high-risk localized prostate cancer 
and limited treatment options due to a complex abdominal 
surgical history (i.e., frozen pelvis) may be suitable candi-
dates for single- port radical perineal prostatectomy [44]. 
The costs for SP and MP prostatectomy are comparable. 
The higher SP cost for consumable surgical materials is off-
set by the lower cost associated with hospitalization, which 
was largely due to a shorter hospital stay after SP surgery. 
Moreover, a comparative study between pure single-site 
single-port extraperitoneal prostatectomy and multi-port 
showed a shorter length of stay as well as a decreased need 
for postoperative pain medication and narcotic administra-
tion for single port, with comparable postoperative compli-
cation and readmission rate [45].

Consequently, the SP system appears to be an option, 
with an easy learning curve for expert robotic surgeons, 
allowing minimally invasive treatment in few selected 
patients.

 Currently Available Platforms for Radical 
Prostatectomy

 Da Vinci XI/DaVinci X

Da Vinci surgical platform will be described in detail on a 
full chapter. Briefly, in 2014, Intuitive Surgical launched the 
Da Vinci XI-system with an 8 mm-3D-HD-camera that can 
be moved at all four ports, especially helpful during a kidney 
surgery. The robotic arms are finer than Si model, to mini-

mize instrument clashing, and the OR-table can be moved 
while the robotic arms are connected [46]. Additionally, the 
system can provide a feature in combination with a specific 
OR-table (Trumpf-Medical, Germany), which enables to 
move the table without the need to undock the arms. Recently, 
the company introduced the X-system, a new version of the 
robot designed to be a little easier on the budget, while still 
providing most of the abilities of the flagship model. The da 
Vinci X takes the thinner, more capable arms and instru-
ments of the Xi and moves them onto a cart like the Si model. 
That means the system sacrifices some of the versatility of 
the higher-end model, like the ability to perform procedures 
in several parts of the body at once, but that’s the trade-off 
for the lower price [46]. Thus, the main purpose for introduc-
tion of this device is to reduce the costs for those hospitals, 
where General Surgery does not play an important role with 
respect to robotics, because it seems to be very useful for 
urologic and gynecologic applications.

 Versius

The Versius surgical system (Cambridge Medical Robotics 
Ltd., Cambridge, UK) received the European CE Mark in 
March 2019. It was created following the idea of indepen-
dent robotic arms with separate functional units [47]. With 
an open console and advanced robotic joints, it provides a 
more human-like range of arm movements. A haptic feed-
back system, which is a relevant innovation, is featured in 
this platform. Moreover, the surgeon can choose to operate 
in a sitting or a standing position while controlling the sys-
tem through joystick handles. The company adopted a dif-
ferent marketing strategy in the form of a managed-service 
contract system [48] without an upfront capital payment. A 
recent study on the feasibility of the Versius platform for 
renal and prostate procedures in a preclinical setting 
reported that the system is ready to be tested in live human 
studies [49].

 Revo-i

The Revo-i (Meere Company Inc., Yongin, Korea) surgical 
platform is a master–slave system, which received approval 
for human use from the Korean Ministry of Food and Drug 
Safety in August 2017. The system, which is quite similar to 
da Vinci Si system, consists of a control console, a four-arm 
robotic cart, a vision cart with high-definition quality, and 
multi-use endoscopic instruments [50, 51]. The 3D endo-
scope is 10  mm in diameter. The instruments are fully 
wristed, providing 7 degrees of freedom, with a 7.4  mm 
diameter, and are reusable for up to 20 times [52]. The safety 
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and feasibility of fallopian tube reconstruction, cholecystec-
tomy, and partial nephrectomy were assessed in animal pre-
clinical studies [53–55]. In 2018 the first human trial using 
Revo-i in Retzius-sparing robot-assisted radical prostatec-
tomy (RS-RARP) reported promising results [52]. Further 
studies are needed to gain more solid results, but the  platform 
seems to be valid, and would probably be a strong competi-
tor for Da Vinci system.

 Senhance (Telelap ALF-X)

In October 2017 FDA-approved ALF-X (Senhance; Trans- 
Enterix®, Morrisville, USA) is a new multiport robotic sys-
tem. It was first developed by an Italian company (Sofar, 
Milan, Italy) and received the CE Mark certification in 2016 
for all abdominal and noncardiac thoracic procedures. In 
October 2017, Senhance received the FDA clearance; how-
ever, they did not include urologic procedures [56]. The sur-
geon is ergonomically seated in an open console, called the 
“cockpit,” and a monitor provides 3D high-definition visual-
ization thanks to polarized glasses. The camera manipulation 
is controlled by the surgeon’s eye movements through an 
infrared eye-tracking system [57]. The advantages are totally 
independent surgical arms, haptic feedback, and eye tracking 
systems [58, 59] while the downsides are the need of polar-
ized glasses and a spacious operative room for the indepen-
dent surgical arms. The use of Senhance for extraperitoneal 
radical prostatectomy [60] and different urological proce-
dures was described in eastern Europe [61]. Further solid 
clinical trials are needed to better assess the performance of 
this platform on urologic surgeries.

Even though the da Vinci system brought to the market 
many different robots with significant developments for each 
generation, there has been no significant improvement in the 
console. The closed console design envelops the face of the 
surgeon and decreases the awareness of the surrounding 
operative theatre. The communication is mainly verbal 
through the microphone of the console and the speakers of 
the system, and an experienced surgical team with excellent 
communication skills is needed. Two platforms, Senhance 
and Versius, offer an open-console design, allowing verbal 
and nonverbal communication between the surgeon and the 
surgical team [58, 62] but also Avatera system features an 
microscope like eyepiece that provides an easier communi-
cation [63]. Haptic feedback is one of the biggest flaws of the 
da Vinci platform, which hopefully will be assessed in the 
future. Robotic surgeons have compensated for this limita-
tion by developing a “pseudo-haptic” ability, which relies on 
optical cues to assess the tension on tissues [64]. The haptic 
feedback is featured in Senhance and Versius thanks to a 
mechanism that translate the force and its direction applied 
from the tips of the instruments on tissues in counter- 

movements in console handles [60]. The haptic feedback 
could provide additional advantages like improved tissue 
manipulation and might reduce the learning curve of robotics 
[65]. All new companies attempted to reduce the instru-
ments’ diameter of their platforms to promote less tissue 
trauma and invasiveness and move toward better cosmesis. 
Revo-I utilizes 7.4-mm instruments, but the port size remains 
at 8 mm [20]. Versius and Avatera use instruments of 5 mm 
in diameter [49, 63]. Senhance, except for the 5-mm instru-
ments, offers the option of micro laparoscopy with 3-mm 
instruments, although the lack of articulation is a significant 
drawback [66]. The question is, even if most of these new 
robotic systems receive FDA/CE mark approval, how many 
of them will commercially succeed. Unavoidably, each 
emerging system has to compete with the existing gold stan-
dard while generating data to evaluate potential safety and 
efficiency. New companies have carefully studied the fea-
tures lacking in the established system, in the attempt to 
implement new technologies to try to improve the capabili-
ties of the existing platform.

 Future Perspectives on Robot-Assisted 
Radical Prostatectomy

As a result of several factors such as improvements of early 
continence and potency rates, short learning curve, improved 
surgeon/console ergonomics, market-driven forces and the 
patients “choice”, the robotic system is likely to gain even 
more popularity in the foreseeable future. The hegemony of 
the da Vinci surgical systems is subject to change as a hand-
ful of platforms for robot-assisted laparoscopic surgical pro-
cedures are available in the market worldwide. The innovation 
of robotic surgery is still growing; new robotic systems are in 
the process of development and will approach the market, 
hopefully bringing new features and reducing costs. For 
example, the adoption of a glasses-free 3D display technol-
ogy will be an innovative step. Among the new technologies 
a DROP-IN gamma probe was recently introduced to imple-
ment radio guided surgery [67]. Through enhanced maneu-
verability and surgical autonomy, the DROP-IN promotes 
the implementation of radio guided lymphadenectomy com-
pared to traditional laparoscopic guide. This new feature is 
probably going to be implemented in the future.

As surgeons we are looking forward to welcoming new 
platforms and technologies that will improve patient care in 
a cost-effective manner. As more surgeons perform RALP 
and more platforms will be available, it is likely that further 
modifications of surgical technique will be made to improve 
both oncological and functional outcomes. Further develop-
ments may reduce the number of ports and implement the 
integrated use of three-dimensional reconstructions of pros-
tate MRI during surgery. Recent advances in 3D reconstruc-

1 A Historical Perspective of RALP
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tion from digitalized images have made possible to provide 
intraoperative surgical navigation. The 3D elastic augmented 
reality of Porpiglia et al. [68] approximate the deformation 
of the target organ creating a virtual overlapping of MRI 
imaging during RALP. The accuracy offered by this technol-
ogy is now allowing for “real-time” intraoperative tailoring 
of the robotic procedure to the specific anatomy of the patient 
and the specific location of the cancer.

 Conclusions

RALP has already proven an excellent performance and has 
brought surgery into the digital age. Robotic technology has 
revolutionized surgery by facilitating and expanding laparo-
scopic procedures, advancing surgical technology, changing 
the mentoring and the surgical techniques. Technology has 
been expanding the treatment modalities beyond the limits of 
human abilities. Telesurgery is still under validation even if 
not yet widely available in clinical practice due to long dis-
tance errors. Robotic is here to stay and will likely be 
improved in the foreseeable future. Open markets will turn 
these technologies making them available worldwide.
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2Surgical Anatomy of the Prostate

Anthony J. Costello and Daniel M. Costello

Before 1980 retropubic radical prostatectomy was a very 
hazardous operation for the patient. After the description of 
the retropubic approach by Millen in 1948 this was the way 
radical prostatectomy was performed by the open method 
[1]. Previously the perineal prostatectomy had been popular-
ised by Hugh Hampton Young but was abandoned in favour 
of the Millens approach which was a more familiar operative 
technique for the urologist than the perineal operation [2]. It 
was certainly daunting for the surgeon but it was the patient 
who suffered the almost inevitable consequence of loss of 
erectile function, with at least 50% chance of being inconti-
nent of urine. The surgery could be performed, but the qual-
ity of life outcomes and cancer outcomes were very poor. 
The surgical textbook Bailey and Love which the author 
used in the 1970s as a medical student, stated that surgery for 
prostate cancer has been tried without much success and the 
disease is eventually fatal within 3 years [3].

The anatomical insights published by Patrick Walsh and 
Peter Donker in the 1982 which allowed identification and 
preservation of the neurovascular bundles during open radi-
cal prostatectomy [4]. The operation was performed with 
consistent bleeding from the dorsal vein complex which was 
not secured at the beginning of the operation. Walsh reported 
in 1980 that the dorsal vein could be suture-ligated prevent-
ing the significant bleeding, which occurred from simply 

cutting the dorsal vein and using a balloon catheter tampon-
ade. Walsh reported the ability to tie the dorsal vein and 
secure it the surgeon simply cut the dorsal vein causing 
severe haemorrhage [5]. A number of other techniques were 
used in an attempt to control the dorsal venous bleeding 
including excision of the anterior pubic bone to improve 
access to the prostatic apex. A large catheter was placed to 
post operatively intraoperatively balloon inflated to 30 mL 
and heavy traction was applied to the dorsal vein complex. 
This traction also caused ischaemia of the skeletal muscle of 
the urinary sphincter and this clearly will contribute to poor 
sphincter function following radical prostatectomy. This 
report by Walsh rendered radical retropubic prostatectomy a 
much safer operation and almost certainly help improve con-
tinence post prostatectomy by controlling the bleeding and 
avoiding ischaemia of the striated muscle of the external 
sphincter from prolonged catheter balloon tamponade. The 
anastomosis between the urethra and bladder once the pros-
tate was removed was able to be fashioned without being 
obscured by a constant venous bleeding. The surgeon was 
able to see where sutures were to be placed in the urethra and 
bladder neck and potentially avoid pudendal nerve damage 
in this apical area. The pudendal nerve emerges from levator 
ani at the apex of the prostate and line sutures placed in an 
area could have caused damage to the pudendal nerve and 
thus compromise post-operative urinary continence. Careful 
dissection with visualisation of the neurovascular bundles 
was combined with careful the dissection of the external 
rhabdosphincter with much improved quality of life out-
comes of potency and continence.

This chapter on surgical anatomy of the prostate for the 
robotic radical prostatectomist will concentrate principally 
on three key anatomical issues, potency, continence and can-
cer control and how anatomy guides us to achieve the best 
possible outcomes in these three domains.

The advent of PSA testing in the 1980s Catalona gave a 
7–9 year lead time for diagnosis of early prostate cancer [6]. 
Prostate cancer could be diagnosed before it became palpa-
ble and was generally located inside the prostate. Prior to 
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1990 when PSA testing became accepted and urologists 
realised that PSA below 10 meant almost certainly organ 
confined disease. Before 1980 prostate cancer was diagnosed 
after digital rectal palpation and discovery of a lump or mass 
in the prostate. This induration was then biopsied using a 
finger-guided needle in the rectum. Prostate cancer when 
palpable is usually advanced. Most men who underwent sur-
gery to remove the prostate had their operation on an already 
advanced prostate cancer. Cure of the prostate cancer was 
unlikely because of late diagnosis when cancer was probably 
metastatic at diagnosis.

 Muller’s Description of the Neurovascular 
Bundles and Their Significance 1836

Surgeons in the twentieth century were unaware of the ana-
tomical dissections of Dr. Johannes Muller [7]. Muller dis-
sected the cavernous nerves and in 1836 and described them 
in a published work. This was later published in Gray’s anat-
omy in 1858 the first edition of that textbook. Dr. Robert 
Myers who has made a life’s work observing and reporting 
anatomical insights of the periprostatic and prostatic anat-
omy described these findings and commented on the work of 
Walsh and others in the most recent addition of Gray’s anat-
omy Chapter 75 2015. Muller’s discovery of the major and 
minor cavernous nerves was reported in the first edition of 
Gray’s Anatomy in 1858. It was interesting that Henry Gray 
illustrated the course of the autonomic nerves from pelvic 
plexus to prostatic plexus with continuation of the nerves 
supplying the erectile structures of the penis without attribu-
tion to Muller. Perhaps the reason Muller’s fine work 
remained unrecognised was that it was published in German 
and not translated into English or any other language. 
Surgeons in English-speaking countries or those who were 
not fluent in the German language were unaware of Muller’s 
work. It was not until Walsh and Donker in an elegant series 
of the sections dissections described neurovascular bundle 
anatomy 1982 [4]. This paper was truly ground-breaking as 
the operation clearly could be performed in 1836. The opera-
tion of radical prostatectomy was only popularised in the 
twentieth century. Walsh’s insights on neuromuscular bundle 
anatomy were then understood by surgeons performing the 
retropubic prostatectomy (Fig. 2.1).

 The Walsh Donker Contribution 
to Understanding of the Neurovascular 
Bundle Anatomy

The anatomical insights published by Patrick Walsh and 
Peter Donker in 1982 allowed surgeons to understand that 
neurovascular bundle could be visualised and preserved at 

retropubic prostatectomy. Before these anatomical dissec-
tions were performed, surgeons were unaware of the exis-
tence of the bilateral neurovascular bundles and simply cut 
or excised the nerves during the section. The accepted belief 
at that time was that the nerves ran through the prostate. Thus 
removing the prostate caused certain impotence. Division or 
excision of the neurovascular bundles made almost certain 
the patient would be impotent following the operation. 
Patients do suffer erectile dysfunction early after robotic 
radical prostatectomy and probably 50% recover potency 
over time [8]. The likely cause of the early erectile dysfunc-
tion following prostatectomy is neurapraxia with traction on 
the neurovascular bundles causing at least temporary loss of 
potency. Other mechanisms of nerve injury are except exces-
sive use of diathermy surgical division surgical excision and 
vascular injury. The nerves in the neurovascular bundle are 
0.02–0.4  mm in diameter. The human hair is 0.2  mm in 
diameter. Even a small amount of traction could cause neura-
praxia in such delicate and thin nerve fibres. Walsh demon-
strated that the neurovascular bundle ran in the groove 
between the rectum and the prostate and if it was preserved 
there was a real possibility of erectile recovery after 
surgery.

In the 1988 Dr. McNeal and Dr. Stamey from Stanford 
University described zonal anatomy of the prostate [9]. They 
described two anatomically and pathologically important 
zones from a surgical point of view. Their description of the 
transition zone and the peripheral zone in the prostate 
informed us that prostate cancer develops generally in the 
peripheral zone away from the urethra and the transition 
zone is the site of benign prostatic hypertrophy. Stamey also 
popularised transrectal ultrasound imaging of the prostate 
which was then combined with a targeted transrectal 

Fig. 2.1 Prostate and neurovascular bundle encased in fascial layers. P 
prostate, NVB neurovascular bundle, LA levator ani, PF prostatic fascia, 
ES external sphincter, DF Denonvilliers fascia, Rec rectum, LPF lateral 
prostatic fascia
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ultrasound- guided needle biopsy to improve accuracy of 
diagnosis [10]. The 1980s heralded a huge improvement in 
diagnosis, transrectal ultrasound guided biopsy (Stamey) 
surgical technique (Walsh) and PSA levels (Catalona) for 
oncologic and quality of life outcomes for radical retropubic 
prostatectomy [6, 9, 11].

 The Royal Melbourne Hospital Anatomic 
Studies of the NVB and Urinary Sphincter 
2004–2018

The work of Walsh and Donker published 1982, completely 
altered the way urologists approached the technique of radi-
cal retropubic prostatectomy. It was now possible to dissect 
and preserve the neurovascular bundles. There were reports 
in 1991 of animal experimentation with rats with nerve graft-
ing was performed after the single erectile nerve in the rat 
model had been excised to examine whether the rat regained 
potency [12]. In 2001 Kim published paper on bilateral nerve 
grafting during radical retropubic prostatectomy with 
extended follow-up [13]. In this article they described remov-
ing the sural nerve from the foot of the patient and fixing the 
nerve in the prostatic bed between the membranous urethra 
and vascular pedicle of the prostate. This report suggested 
potency restoration using this technique. The Senior Author 
was confused by the finding that one could take a somatic 
nerve the sural nerve, imbed it in the area of parasympathetic 
and sympathetic autonomic nerves and bring about nerve 
regrowth with restoration of potency. This article was viewed 
with the degree of scepticism in our department. This stimu-
lated our team to conduct detailed anatomical dissections to 
define the anatomy of the neurovascular bundle and at the 
same time examine the potential of sural nerve grafting onto 
autonomic nerves. Our sections were concentrated on defin-

ing the compartmental structure of the neurovascular bundle, 
the number of nerves which constituted the neurovascular 
bundle and the levels at which they ran [14].

We commenced anatomical dissection in anatomy 
Department at the University Melbourne medical school in 
2003. Twelve fixed male human adult cadaver’s were dis-
sected [14, 15]. The neurovascular bundle was bilaterally 
detected on each cadaver and its anatomical relationship to 
surrounding pelvic structures was documented photographi-
cally. Four cadaver specimens were hemisected and eight 
cadaver specimens were prepared en-bloc by pelvic resec-
tion. The branches of the pelvic plexus autonomic nerves 
were fastidiously dissected under six times magnification. 
The constituents of the neurovascular bundle were traced 
from the tips of the seminal vesicles to their target organs 
which included seminal vesicles prostate rectum and cavern-
ous tissue (Fig. 2.2). We recorded and documented the rela-
tionship of the neurovascular bundles to the surrounding 
pelvic structures. Particular care was taken in describing the 
relationship of the neurovascular bundle to the rectum pos-
terolateral prostate seminal vesicles and urethral apex. The 
sectioning enabled a description of all the branches of the 
autonomic nerve supply prostate.

The neurovascular bundle is comprised of sympathetic 
and parasympathetic components. These autonomic contri-
butions originate from the hypogastric nerve at T12-L1, 
which is sympathetic, which joins the parasympathetic con-
tribution S2–S4 at the level of the base of the prostate below 
the 9 o’clock area. The majority of the autonomic nerves are 
in fascial compartments below the 9 o’clock level. The num-
ber of nerves identified very between 6 and 16. Cavernosal 
nerves were traced to the proximal corpora cavernosa. There 
were 24 dissections in 12 pairs. The pelvic plexus was 
0.5–2 cm inferior to the level of the tip of the seminal vesical. 
These nerves were noted to be in three or four individual 

Fig. 2.2 Schematic and acutal dissection of neurovascular bundle. Note ganglion where sympathetic and parasympathetic nerves join is at the 
base of the prostate

2 Surgical Anatomy of the Prostate
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fascial compartments. There was a 3 cm separation between 
anterior and posterior nerves. Most of the neurovascular bun-
dle travelled posterior to the seminal vesical. Nerves con-
verge into several ganglia between base and mid prostate 
level to form a dense neurovascular bundle and this is where 
the parasympathetic nerve supply enters the neurovascular 
bundle. The nerves in diverge again at the prostatic apex and 
course in an upwards direction from the 9 o’clock level. Our 
dissection confirmed that the course true of the cavernosal 
nerves was in the posterolateral groove between prostate and 
rectum with the autonomic nerves generally in a separate 
fascial compartment.

Nerves travel intimately with vasculature both venous and 
arterial. We observed that there were nerves running in the 
neurovascular bundle which innovated rectum, prostate and 
levator ani muscle as well others continuing distally into the 
corpora cavernosa. The nerves which entered the posterior 
aspect of the prostate were intimately associated with a arter-
ies and veins of the prostate. The significance of this work 
was the discovery and the description of the course, number 
of nerves and the distinct fascial compartments within the 
neurovascular bundle. The constituents of the neurovascular 
bundle were in three to four fascial compartments. The com-
partment containing the cavernous nerves ran below nerves 
to the prostate (Fig.  2.3).

Superolaterally there is a component of nerves which 
travel to levator ani. This anatomical insights was important 
in surgical dissection because we found that there is a 
3–5 mm gap between the cavernous nerve compartment and 

the capsule of the prostate. In principle this could allow dis-
section 3–5 mm away from the prostate capsule whilst still 
facilitating preservation of the cavernous nerves in neurovas-
cular bundles. The concept of having to excise the whole 
neurovascular bundle because of a palpable abnormality in 
the prostate on digital rectal exam is probably incorrect. 
Epstein and Walsh described in multiple histological 
 examinations of removed prostate that the average capsular 
penetration is 3 mm of cancer through the prostatic capsule 
[16]. Hence the concept of incremental nerve sparing can 
been feasible as it appears anatomically valid. Before our 
report in previous publications the terms neurovascular bun-
dle and cavernosal nerves were often used synonymously. 
We have also have shown using specific collagen stains for 
the fascial layers around the prostate, the compartmental 
architecture of the neurovascular bundle. There is a separate 
discrete compartment for the cavernous nerves. As previ-
ously discussed, the concept of laying a somatic sural nerve 
in this region and expect parasympathetic and sympathetic 
growth along this nerve conduit to restore potency seems sci-
entifically difficult to reconcile [13].

In further anatomical studies in our department pub-
lished by Clareborough we examined the precise localisa-
tion of the sympathetic and parasympathetic nerves in the 
neurovascular bundle in their particular compartment [15]. 
By using specific antibodies to parasympathetic nerve, 
Nitric Oxide, we could identify the parasympathetics, and 
using tyrosine hydroxylase could identify the sympathetic 
nerves. Somatic nerves were stained separately. Findings 
showed that at the prostate base the parasympathetic nerves 
counted for 43% of all the nerve fibres present this increased 
to 45% of the prostatic apex. There are only very few nerves 
in the NVB between 4% and 6% of the total number of 
nerves between the base mid prostate regions which are 
above the level of 9 o’clock (Fig. 2.4). Key findings relate 
to the fact that most of the autonomic nerves run below the 
9 o’clock level until the apex of the prostate when they 
swing anteromedially adjacent to the urethra. The impor-
tance of this discovery for the surgeon performing robotic 
prostatectomy is that the apex of the prostate is where it is 
likely most damage can be done to the neurovascular bun-
dle by less than meticulous technique in dissection. The 
autonomic nerves, parasympathetic and sympathetic swing 
anteriorly and medially sub pubically to enter the cavern-
ous tissue of the penis (Fig. 2.4). It is most important for 
the robotic prostatectomist to understand this anteromedial 
direction of the cavernous nerves at the apex. Great care in 
the dissection must occur at the apical area, given that the 
parasympathetic and sympathetic autonomic nerves are in 
close proximity anteriorly at the apex. The pudendal nerve 
branches emerge from the levator ani at this position about 
5 mm away. The pudendal nerve also can be damaged here 
by inadvertent wider dissection. Thus both potency via the 

Fig. 2.3 Schematic of the neural compartments cavernous nerves pos-
terior medial below the prostatic nerve compartment
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Illustration 5 – Apical dissection

Fig. 2.4 Apical dissection. Text care at the apex where the autonomic nerves swing anteromedially. Note the proximity of cavernous nerves at the 
prostatic apex as they swing anteromedially on the urethra. The pudendal nerve pierces the levator in close proximity (shown in figure on the right)

autonomic nerves and continence via pudendal nerve 
branches can be impaired if dissection in this area is exces-
sive. The concept of a high fascial release or release of what 
was called the Veil of Aphrodite, the fascial layers which 
drape over the anterior prostate was popularised by Menon 
2004 in his early description of technique of robotic radical 
prostatectomy [17]. Although we have shown that there are 
very few parasympathetic and sympathetic nerves are 
above the 9 o’clock level at this point of dissection (base of 
prostate to mid prostate) it may be that high fascial release 
in this area allows for less traction on the neurovascular 
bundle and avoids neuropraxia to these nerves [15].

 The Anatomy of the Urinary Sphincter 
and Implications for Radical Prostatectomy 
and Continence Preservation

There are several key aspects to understanding the anatomy 
of the external striated muscle of the urinary sphincter in the 
male. Firstly the nerve supply to the sphincter is via the 
pudendal nerve which runs in the space between levator ani 
and obturator internus. The external sphincter is the principal 
muscle involved in maintenance of urinary continence. The 
so-called passive sphincter is the smooth muscle of the blad-
der neck and urethra. The urethral smooth muscles function is 
by coaption of the smooth muscle and mucosa which will 
maintain passive continence. Any exertion by the individual 
will cause the fast and slow twitch fibres of the external stri-
ated sphincter to contract and thus prevent stress urinary 

incontinence. The control of the urinary sphincter neurologi-
cally is by the pudendal nerve, which is a somatic nerve S2/3. 
There is no contribution to continence of the external sphinc-
ter by the autonomic nervous system. Careful nerve sparing 
surgery is probably not related to maintenance of post prosta-
tectomy urinary continence It is preservation of the pudendal 
nerve a somatic nerve which maintains continence post pros-
tatectomy. A meta analysis of the relationship between nerve 
sparing had radical prostatectomy and continence preserva-
tion was published by Reeves et al. in 2015 demonstrating no 
relationship between continence and nerve sparing [18].

 Mechanism of Striated Sphincter 
Contraction

Contraction of the skeletal muscle of the horseshoe shaped 
sphincter around the membranous urethra brings the anterior 
wall of the urethra to the posterior wall at the level of the 
membranous diaphragm. Denonvilliers fascia and rectoure-
thralis form a rigid posterior plate against which compres-
sion of the pliable urethral wall produces a transversely 
softened and occluded urethral lumen. In fact there are forces 
which are transmitted by several pairs of the skeletal muscle. 
These include the contribution from levator ani which seems 
to be a separate horseshoe shaped muscle discrete from leva-
tor ani, as well as contraction of puborectalis and the bulbo-
cavernosus muscles. At surgery when dissecting in the area 
of the apex of the prostate it does appear that there is a sepa-
rate muscle beyond the distal limit of a levator ani which 

2 Surgical Anatomy of the Prostate
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makes up the striated horseshoe-shaped skeletal muscle 
sphincter innervated by the pudendal nerve. This striated 
muscle is often described as part of the levator ani. The anat-
omy of urinary continence was elegantly described and illus-
trated by Stafford and his group in the Journal Urology in 
2013 [19]. For a comprehensive review of urethral sphincter 
function, Koraitim published a scholarly article the Journal 
of urology 2008 [20]. This manuscript is as a very helpful 
reference article for insights into the understanding of anat-
omy and function of the male external genitourinary 
sphincter.

 Anatomical Insights Regarding 
the Modifications in Robotic Surgery 
Without Evidence of Benefit

As previously discussed autonomic nerve sparing is not ana-
tomically associated with continence outcomes. Post prosta-
tectomy, men can be totally potent but incontinent and vice 
versa, a man patient can be potent and be incontinent. There 
are separate neural inputs, the neurovascular bundle being 
autonomic both parasympathetic and sympathetic and the 
striated external sphincter being supplied by the somatic 
pudendal nerve S2 and S3.

 Preservation of Urethral Smooth Muscle

As described in Nature Reviews Urology 2020 preservation 
of the smooth muscle of the urethra has been postulated to be 
linked to restoration of post-operative continence following 
radical prostatectomy [21]. As stated above, the smooth mus-
cle of the urethral sphincter supplies only passive continence 
and urinary continence is mediated by the pudendal nerve 
innovation of striated muscle. Unless urethral preservation 
length correlates with improved preservation of skeletal 
muscle fibres, which draped over the anterior prostate, there 
is no anatomical basis to contend that preservation of ure-
thral smooth muscle improves post-operative continence fol-
lowing radical prostatectomy.

 Suburethral Plication Stitch (The Rocco 
Stitch)

Several studies have suggested that a plication stitch placed 
suburethrally at the apex of the prostate beyond the fusion of 
the Denonvilliers fascia and the posterior median raphe of 
the urethra will improve post-operative urinary continence. 
If this is done the needle must be placed carefully because 
there is certain degree of risk of nerve entrapment of the neu-

rovascular bundle and potentially the pudendal nerve. In sub-
sequent studies comparing plication stitch versus no plication 
stitch there has been no long-term difference in continence 
outcomes [8]. The deployment of the stitch however does 
have utility as it draws the bladder neck distally to approxi-
mate the urethra and makes for a neater vesicourethral 
anastomosis.

 Seminal Vesical Sparing Prostatectomy

There were reports that seminal vesical sparing led to 
improved post-operative continence and potency after radi-
cal prostatectomy. This surgical maxim has been anecdotal 
not in published literature. No specific report in the literature 
supports this claim, which has been handed down for 
decades. A randomised controlled trial in 2017 reported no 
difference in the functional outcomes in sexual and urinary 
scores surgical margin status or PSA recurrence between the 
two groups [22]. The authors concluded that seminal vesical 
sparing prostatectomy was of little use. This conclusion is 
supported by the studies performed by our group at the Royal 
Melbourne Hospital in 2004, which demonstrated that the 
hypogastric nerve and the parasympathetic nerve are not in 
close proximity to the tips of the seminal vesicles. The S2–
S4 contribution of the parasympathetic nerves joined the 
ganglia at or below the base of the prostate, away from the 
seminal vesicles. The dissection of the seminal vesicles is 
unlikely to compromise autonomic function.

 Summary and Conclusion

The fundamental anatomical insights necessary for the 
robotic prostatectomist relate to the knowledge of several 
key structures in pelvic anatomy. These are, anatomy and 
fascial compartments of the neurovascular bundle, the stri-
ated muscle sphincter and the course of the pudendal nerve. 
In this chapter, we highlight the importance of dissection at 
the prostatic apex where it is most likely that inadvertent 
damage to autonomic nerves for erectile function, and injury 
to the nerves for control of continence of the striated external 
sphincter can occur.
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3Robotic Training for RALP

Nicholas Raison and Prokar Dasgupta

 Introduction

The structure and delivery of surgical training has undergone 
significant changes in recent years and continues to evolve. 
Changes have been driven by both external (economic, social 
and regulatory changes) and internal factors such as develop-
ments in the standards and constitution of medical education. 
Training programmes have been adapted to these new 
demands, partly as a result of the growing body of evidence 
supporting the use of simulation training. There has also 
been greater acceptance by the medical community of mod-
ern educational practices and recognition of the importance 
of focussed training over simpler time based models which 
rely predominantly on experience [1]. This has resulted in 
the expansion of competency based medical training which 
has been adopted by medical boards around the world. 
Across the majority of surgical specialities, rationalisation of 
the existing teaching frameworks with the newer models of 
competency and simulation-based training have resulted in 
gradual but major adaptions to existing programmes.

The relatively recent introduction of robotic surgery 
offers a unique opportunity to build effective training sys-
tems and embed evidence-based practices for training and 
assessment. Clinicians are recognising the important of 
establishing standards for practice to maintain patient safety. 
Increasingly training programmes are directed towards 
ensuring that surgeons can demonstrate minimum compe-
tency standards [2, 3]. The impact of learning curves on 

patient safety are also increasingly viewed as unacceptable, 
further driving the need for standardised and safe training 
programmes. This community of surgeons in leading the 
inclusion of simulation into education curricula and have 
embraced the need for a national and international standard 
for training [4].

The Halstedian system of a structured residency pro-
gramme has been used for over a century. Whilst being criti-
cised for the long, onerous hours especially in surgery, it 
remains an effective model for clinical training. Out of the 
Halstedian model of surgical apprenticeship, a three-stage 
process was broadly adopted for surgical skill acquisition. 
Initially trainees would just observe a number of surgical 
procedures. In the second stage they would perform the tech-
niques under close supervision. Finally, in the third stage 
they would undertake a more independent role as the main 
surgeon. Whilst not an accurate description, this process is 
widely known by the phrase “see 1, do 1, teach 1”.

Towards the end of the twentieth century various factors 
meant that this training model was increasingly questioned. 
Overly long working hours, even in medicine, were deemed 
unacceptable both for the health of the workers as well as 
concerns over errors and safety. Changes were made in the 
permitted working hours most significantly in Europe with 
the introduction of the European Working Time Directive. 
This limited workers to 48 h per week with further controls 
on rest periods. Similarly, working hours were reduced in the 
USA with guidelines limiting resident to 80  h per week. 
Another major factor on surgical training were the increasing 
concerns over medical errors and complications. Expectations 
for zero-complication surgery have led to the expansion of 
safeguards, standardisation of practices and ever-greater 
scrutiny of surgical outcomes. Publication of the report “To 
Err is Human” which highlighted that 10% of hospital 
patients suffered a complication led to increasing evaluation 
of clinical training [5]. This issue has been highlighted in the 
UK by the publication of surgical outcomes for a number of 
specialities. As a result, the effect of learning curves on sur-
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gical outcomes, specifically with regards to trainees, has 
been carefully scrutinised.

The importance of having a dedicated environment for 
surgical training, where possible, outside the operating room 
to promote safe clinical practice and efficient learning, is 
increasingly being realised. Likewise, the importance of 
focussed training. Achieving aptitude in everyday tasks to an 
acceptable level such as learning to drive or play recreational 
golf is relatively easy to achieve with limited training and 
practise. It has been estimated to take less than 50 h for most 
skills. At this stage, an automated state is reached in which 
the task can be executed relatively smoothly with infrequent 
errors. In contrast development of expertise rather than just 
aptitude in a particular skill or field is not solely a product of 
the length of experience or training. Success is reliant on 
continued engagement in focussed deliberate practice [6].

Simulation training is the key to addressing these prob-
lems. There is already a considerable breadth of literature 
evaluating the potential of simulation training in surgical 
education. In the initial stages of the learning curve, simula-
tion enables surgeons to gain the relevant experience before 
encountering their first “live patient”. Further along the 
curve, simulators provide the opportunity for deliberate 
practice, focussing practice on areas of weakness. Like an 
international violinist who will spend countless hours prac-
ticing difficult pieces, the surgeon is able to hone his skill 
outside the operating room. A number of high-quality sys-
tematic reviews have analysed effectiveness of simulation- 
based training. There is consistent evidence to support the 
use of simulation over no training although most data related 

to direct effects such as improvement in technical proficiency 
on the simulator [7, 8]. Significantly fewer studies evaluated 
downstream effects of surgical simulation but pooled analy-
ses have shown that simulation training can result in signifi-
cant improvements in operating room performance. Data on 
effects on patient outcomes is extremely limited.

Robot assisted laparoscopic surgery (hitherto referred to 
as robotic surgery) entered general surgical practice follow-
ing the US Food and Drug Administration (FDA) approval of 
robotically assisted surgical devices for human surgery in 
2000. At the time of writing, the Da Vinci surgical robot 
(Intuitive Surgical, Sunnyvale, CA, USA) remains the most 
commonly used surgical robot world-wide although other 
robots such the Versius system produced by CMR (CMR 
Surgical, Cambridge, UK) are rapidly gaining popularity. 
The Da Vinci surgical robot offers the surgeon a number of 
unique benefits such 3D vision, 7 degrees of freedom of lap-
aroscopic instruments, tremor damping, motion amplifica-
tion and camera stability (Fig.  3.1). It is argued such 
advantages makes the Da Vinci surgical robot superior to 
open and laparoscopic approaches particularly in delicate 
surgery such as radical prostatectomy.

 Simulation Training Tools for Robot Assisted 
Radical Prostatectomy

A wide variety of simulation tools are now available for 
robotic surgical training. These can be broadly divided into 
dry lab (synthetic models and virtual reality (VR) simula-

Fig. 3.1 The Da Vinci surgical robot
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tors) and wet lab tools such as live animal, human cadaveric 
and animal cadaveric models. Historically dry lab models 
have predominantly been used for basic skill training 
although they are also being applied to more advanced pro-
cedural skill training. For example, both synthetic and VR 
models have been developed for practicing the urethrovesi-
cal anastomosis. Wet lab simulation in the form of cadaveric 
or live animal models, as well as being one of the oldest 
“simulation” tools, represent the highest fidelity simulation 
available for training and is most commonly used for more 
advanced skills training.

Establishing routine non-technical skill (NTS) training 
for surgery has been relatively slow in comparison to other 
high-risk industries such as the aviation. Nevertheless, there 
is now widespread recognition of the importance of NTS 
alongside technical skills training. Major procedures like 
robotic surgery demand a variety of professionals working 
together with overlapping but differing skill sets, complex 
anaesthetic and surgical inventions and involve complex 
technology. Training of NTS may incorporate a number of 
different techniques such as lectures or demonstrations but 
simulated exercises are most commonly used. Whilst simu-
lated tasks are important like in technical simulation, feed-
back and discussion of the performance forms a central 
component of the training process. Rating systems are 
important to support structured feedback as well as assess-
ment of trainees.

 Virtual Reality Simulation

VR was first applied to surgical training with the develop-
ment of a general abdominal simulator by Dr. Satava in 
1991. VR simulation remains one of the most technologi-
cally advanced methods for surgical training. It has been 
enthusiastically embraced by units around the world but for 
a long period of time the medical community resisted its 
integration. Numerous high-quality studies demonstrating 
its effectiveness have helped to overcome this scepticism. A 
landmark study showed that VR training results in signifi-
cantly better operating room performances for laparoscopic 
cholecystectomy [9]. VR simulation training has success-
fully been applied to a wide variety of surgical specialities. 
In all cases VR simulation was found to be at least as effec-
tive as other training modalities or traditional surgical 
training.

A relatively large number of VR simulators have been 
developed for robotic training but importantly have under-
gone varying levels of validation [10]. The principal VR 
simulators available for robotic surgery are the Robotic 
Surgical Simulator (ROSS) (Simulated Surgical Systems, 
USA), the dV-Trainer (Mimic Technologies, USA), 
SimSurgery Educational Platform (SEP) Robot (SimSurgery, 

Norway), da Vinci Skills Simulator (dVSS) (Intuitive 
Surgical, USA), ProMIS (CAE Healthcare, Canada) and 
RobotiX Mentor (3D Systems Healthcare, Littleton, USA 
formerly Simbionix, Israel). Both simulator hardware and 
software vary considerably between the different models. 
The dVSS is the only simulator to work directly with the da 
Vinci robot. The dVSS backpack is attached directly onto the 
console, enabling the user to practice operating on the da 
Vinci robot in a virtual environment. All the others are stand-
alone simulators. Whilst mimicking the Da Vinci robot, the 
standalone dV-Trainer hand controls differ from those of the 
da Vinci system, with the master controllers connected via 
two tension cables as opposed to the jointed arms of the da 
Vinci robot. Likewise, the RobotiX Mentor, released in 2014, 
uses free-floating hand controls but otherwise closely repli-
cates the Da Vinci systems (Fig. 3.2). The SEP robot uses 
two motion-tracked hand controls that mimic rather than rep-
licate robotic control arms. Like the da Vinci robot, a clutch 
is incorporated, but the video feed is displayed by a 2D 
screen as opposed to the 3D video provided by the above 
simulators. Importantly a number of studies have reported 
evidence to support the consequences of VR robotic training. 
Notably Culligan et al. demonstrated that completing a train-
ing programme using the dVSS simulator led to successful 
completion of a supravesical hysterectomy equivalent to 
experienced robotic surgeons measured by blood loss, opera-
tive time and technical skills evaluation [11].

A number of VR simulators have been developed for radi-
cal prostatectomy training specifically. These range from 
more basic generic training modules to full procedure spe-
cific simulations. Tubes 3 module from Mimic (Mimic 
Technologies, Seattle, WA, USA) offer procedure specific 
training for UVA. Tube 3 simulates the running anastomosis 
technique that uses double-armed needles between the blad-
der neck and urethra. Procedure specific VR training mod-
ules have been developed for a number of simulators. Of the 
six VR simulators available for robotic surgery, procedural 
training is available for three (RoSS, the dV-Trainer, the 
RobotiX Mentor). Prostatectomy, cystectomy, and lymph 
node dissection training is available for the RoSS simulator. 
Mimic have developed an alternative system called Maestro 
which provides procedure-specific training through manipu-
lation of a 3D anatomical video. It should be noted that the 
programme does not allow full procedural training. The most 
advanced system is available on the RobotiX Mentor. This 
programme offers training for radical prostatectomy. A num-
ber of initial validation studies have been undertaken with 
one showing that structured procedural VR simulation is 
effective for robotic training with technical skills success-
fully transferred to a clinical task in cadavers [12]. The 
RobotiX Mentor software is also available as part of the 
SimNow simulation program from da Vinci (Intuitive 
Surgical Inc.).

3 Robotic Training for RALP
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Fig. 3.2 RobotiX Mentor (3D Systems Healthcare, Littleton, USA formerly Simbionix, Israel)

 Dry Lab Simulation Training

Dry lab models are widely used in surgical simulation par-
ticularly for open and laparoscopic training. In laparoscopic 
surgery box trainers (dry-lab simulation models) have been 
shown to be largely equivalent to VR simulation. They allow 
training using actual instruments and provide realistic haptic 
feedback. However they lack the objective performance 
assessment provided by VR simulation. The major advan-
tages of dry lab models are that they offer relatively low cost, 
effective training especially for basic skills that is easily 
accessible.

For robotic surgery, a number of dry-lab models have 
been developed for use with the da Vinci Surgical System but 
only two basic skills models have been formally validated. 
Anecdotally most dry lab training is undertaken using basic 
skills models such as suture pads. A set of three dry-lab mod-
els were reverse engineered from the Mimic Msim VR soft-
ware. Similarly Goh et al. developed four training exercises 
(suturing, dissection, peg transfer, and needle driving) for 
robot-assisted radical prostatectomy (RARP) [13]. Validation 
in both cases extended only to expert novice comparisons. 
Several procedure specific models have also been described 
in the literature albeit not for radical prostatectomy. The 

N. Raison and P. Dasgupta



23

SIMPLE partial nephrectomy model was developed using 
3D printing comparisons between performances on the 
model and in live surgery were shown to be equivalent dem-
onstrating relationships with other variables.

 Wet Lab Simulation Training

Both live animals and cadaveric human tissues provide 
unique opportunities for training. Anatomical fidelity and the 
ability to train complex procedure specific skills together 
with complication management mean that they continue to 
form an important component of surgical training. Aside 
from ethical concerns, further disadvantages are the exten-
sive facilities and costs necessary to provide such training. 
Ex-vivo and live animal models have undergone limited 
assessment in the literature to date.

For robotic surgery, whilst live animal training is regu-
larly provided by numerous centres across Europe and the 
US, there has been limited validation of training using either 
live animals or cadavers. Limited assessment of the use of 
live porcine models for robotic surgery has been undertaken 
and shows beneficial outcomes although the level of evi-
dence remains low [14]. Live porcine models forms part of 
the European Association of Urology (EAU) robotic training 
curriculum. Although specific data pertaining to their use as 
wet lab models are not available, the curriculum was shown 
to be effective overall good educational impact and accept-
ability [15]. This programme offers training for radical pros-
tatectomy (Fig. 3.3).

Similarly, cadavers have been using in surgical training 
around the world for many centuries, in many areas it 
remained proscribed forcing the ardent surgeon and anato-
mist to obtain specimens by various nefarious, if not illegal 
methods. Indeed, in the UK, it was not until 2006 that the 
Human Tissue Act 2004 came into force allowing surgical 

procedures to be performed on human cadavers. Prior to this, 
anatomical dissection was permitted but any rehearsal of sur-
gical techniques was strongly prohibited. This relaxation of 
the statute enabled the development of cadaveric training 
programmes in the UK for both surgeons and the many other 
healthcare professionals who continue to benefit from cadav-
eric simulation training. Following enactment, there was a 
rapid growth in cadaveric simulation training programmes 
within the UK.

Although most anatomical dissection is performed on 
embalmed cadavers, the reduction in the tissue quality 
caused by the embalming process and the resultant rigidity 
largely precludes the use of embalmed cadavers for surgical 
training. Fresh frozen cadavers are used most commonly for 
surgical training. Specimens are immediately frozen to pre-
serve tissue quality and then defrosted prior to the teaching 
event. This technique provides relatively realistic tissues but 
does come with a number of disadvantages. Principally spec-
imens must be used within a 24–48 h following thawing oth-
erwise tissue start to decompose. Nevertheless, it is frequently 
noted by participants that cadavers develop an unpleasant 
odour over the course of a training session which can be very 
off-putting. The very limited shelf life of cadavers also 
greatly limits their utility and necessitates cold storage facili-
ties which all result in increased costs. An alternative 
approach is Thiel embalming. This technique uses very low 
concentrations of formaldehyde alongside glycol and other 
salts. This form of “soft” embalming preserves tissue texture 
and colour whilst avoiding the need for refrigeration or other 
special storage. Studies have demonstrated overall good 
fidelity of Thiel embalmed tissues compared to live or cadav-
eric tissue. Preservation of tissues with the Thiel technique 
also means that specimens can be reused. The drawbacks of 
this technique are firstly that costs of preparing the speci-
mens are higher than either standard embalming or fresh fro-
zen and some tissues such as brain, eyes are not amenable to 
the technique.

The unique benefit of human cadaveric training, irrespec-
tive of the preservation technique is that it accurately imi-
tates real life operating and offers an excellent platform for 
training specific procedural skills. It is often considered the 
gold standard for simulation training as it most closely mod-
els live patients. The value cadaveric training has been shown 
for a number of modalities such as laparoscopy, endourology 
and open surgery. Studies have investigated the role of cadav-
eric training for procedural skills training however data are 
predominantly only qualitative [16]. The importance of the 
tissue quality and tissue planes have been highlighted as 
important factors missing in even high-fidelity VR simula-
tion. Similar findings have been found to a more limited 
extent in robotic surgery [17].

Fig. 3.3 Radical prostatectomy training module, RobotiX Mentor (3D 
Systems)
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 Assessment and Training

Technical skills assessment is an important component of 
simulation. Effective training requires more than just repeti-
tive practice. A central concept for effective training is delib-
erate practice. Introduced by Ericsson deliberate practice is 
characterised by a highly structured, goal orientated approach 
to training. It is based on a number of key principles; moti-
vated learners; repetitive performance of a particular task; 
well define objectives addressing relevant skills or topics; 
effective assessment with reliable data, informative feedback 
and performance evaluation [1]. Ericsson demonstrated that 
specialised training and feedback provide the optimum con-
ditions for nurturing performance improvement. Studies 
have demonstrated the effectiveness of deliberate practice 
and shown it be substantially superior to traditional methods 
of clinical training in a range of disciplines. A critical com-
ponent of mastery learning and deliberate practice is accu-
rate performance evaluation. Assessment before and after 
training is important to ensure that the necessary standards 
have been achieved and that training has been successful. 
Evaluation is also important for training in itself: feedback to 
learners helps to direct their learning, aids motivation and 
provides a standard against which progression can be 
checked.

A variety of assessment tools are available to the robotic 
surgeon. Validated global rating scales (GRS) are frequently 
used. For robotic surgery the Global Evaluative Assessment 
of Robotic Skills (GEARS) tool by Goh et al. is most widely 
used and validated [18]. Uniquely GEARS score have been 
shown to predict continence after robotic prostatectomy 
[19]. The major disadvantage of GRS is the need for expert 
reviewers to assess and mark performance, greatly limiting 
their application to routine training. A variety of approaches 
to avoiding the need for the labour intensive have been tri-
alled. An innovative approach that does offer great potential 
is the use of lay members of the public to assess proficiency. 
Crowd-Sourced Assessment of Technical Skills (C-SATS) 
which uses an online to recruit large numbers of untrained 
“crowd workers” has been used in various fields such as lap-
aroscopy and robotics. Whilst crowd-source GEARS scores 
have been shown to correlate with experts, limitations will 
likely prevent its use in summative assessment [20].

Checklists, whilst offering a more structured approach to 
assessment are used less frequently as they are more specific 
and, arguably, difficult to use. Lovegrove et al. used an inno-
vative approach to developing a comprehensive checklist for 
robotic prostatectomy training [21]. Using Healthcare 
Failure Mode and Effect Analysis (HFMEA) to identify the 
key, hazardous steps in robotic radical prostatectomy, the 
authors developed a detailed checklist for the procedure. 

Assessment of trainees using this checklist allowed learning 
curves for each of the key steps to be plotted.

 Non-Technical Skills Training

Recognition of the vital importance of NTS has resulted in 
the development of various NTS behavioural rating systems 
for surgery. Separate systems have been developed for 
assessment of the entire surgical team as well as individual 
team members such as surgeons, anaesthetists and scrub 
practitioners. To be effective such rating systems must accu-
rately capture relevant behaviours and notably there is sig-
nificant overlap in the NTS that the various tools identify and 
measure. These similarities help to demonstrate the general-
isability of NTS across both surgical specialities and surgical 
teams. Established systems such as Non-Technical Skills for 
Surgeons (NOTSS) taxonomy have also been applied to a 
variety of surgical specialties and environments outside the 
operating such as critical care. Alongside a validated behav-
ioural rating system, trained faculty with experience of NTS 
assessment are also important. The participants themselves 
must also be motivated and understanding of the learning 
process.

Robotic surgery demands significant adaptations to the 
standard operating room (OR) environment including team 
interaction. As a result, proficiency in robotic surgery 
requires specialist training in both technical and non- 
technical skills. Despite this, only recently have robotic sur-
gical curricula begun to incorporate NTS.  Furthermore, 
whilst generic systems such as NOTSS can be used in robotic 
surgery, the unique environment presents its own NTS chal-
lenges. In response specific rating systems for robotic sur-
gery such as the ICARS and RAS-NOTECHS have been 
developed [22, 23]. Further work is required on developing 
dedicated training programmes for developing NTS in 
robotic surgery.

 The Future for Simulation Training

Surgical training has already been greatly transformed by the 
introduction of simulation training but there is scope for fur-
ther improvement. The shift towards competency-based 
training is likely to increase. Focussing on technical skills 
performance rather than time-based programmes aims to 
improve training outcomes. Simulation will play a central 
role both as training tools and in the assessment of trainees to 
ensure technical and non-technical competencies have been 
achieved. A number of robotic skills curricula such as the 
European Association of Urology Robotic Training 
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Curriculum which provide a full structured programme for 
radical prostatectomy have already been developed. This 
includes theoretical sessions, skills training (dry and wet 
simulation), observation, and console mentoring to guide 
trainees from novice to competent surgeon. Such structure 
training is likely to be increasingly used to demonstrate pro-
ficiency and the ability to operate independently.

Incorporation of simulation tools in the ongoing assess-
ment and accreditation of robotic surgeons is also likely to 
grow in the future. There has been some application of 
licensing practices in American Hospital but the adoption of 
national and even international standards is likely to emerge 
in the future.

VR simulation tools are likely to continue to play an 
increasing role as the fidelity of procedural VR continues to 
improve. Whilst generic simulators will always be important 
for basic skills training, the possibility of full procedural 
training will mean that a wider variety of operations and 
advanced procedural skills will be able to be trained and 
assessed using VR simulators. The major exception to this is 
non-technical skills training in which the importance of 
physical training for the whole team is unlikely to be 
replaced.

Automated performance metrics is another exciting area 
of development. Currently aside from automatic metrics pro-
duced by VR simulators, assessing performance remains 
labour intensive requiring experienced, expert surgeons to 
assess performance using validated scoring schema. Initial 
work has shown than algorithms can be trained to distinguish 
good and bad performances using various data including 
video feeds, instrument tracking (accelerometers, force- 
torque monitors) and system metrics (endowrist movements, 
camera usage). These have been shown to be able to distin-
guish between different levels of expertise with correlation 
to clinical outcomes. Other technologies have been used to 
develop to utilise automatic anatomical and instrument iden-
tification during radical prostatectomy surgery and other 
procedures. Machine learning algorithms have been trained 
to use this data to predict a surgeons expertise [24]. As this 
technology matures it will allow both greater objective 
assessment of training and offer surgeons ongoing live feed-
back to help improve outcomes.

 Conclusion

Training programmes in surgery have undergone major 
transformation in recent years with the application of mod-
ern education practices and wider implementation of training 
tools such as simulators. Robotic surgery in particular has 
seen wide spread adoption of simulation-based training and 
there are now a variety of simulation tools and programmes 
available. Whilst other areas of surgery take up similar 

approaches, new technologies such as machine learning are 
already been applied to robotic radical prostatectomy train-
ing to drive further improvements.
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 Introduction

 Historical Notes

The diagnostic potential of magnetic resonance imaging 
(MRI) was largely unrecognized when the first scans were 
performed back in the 1980s [1]. MRI was mainly used in 
the research setting to explore prostate gland anatomy and 
cancer spectroscopic characteristics. Still, the additional 
information derived from MR images did not outweigh the 
costs associated with scanning, hence why applying it to the 
clinical practice was considered rather unrealistic. The use-
fulness of MRI in prostate cancer (PCa) diagnosis became 
evident only 30  years later, when researchers started inte-
grating imaging data from different MRI modalities in a 
single reading, the so-called “multiparametric acquisition” 
[2], mostly thanks to technology advances. In 2011, the first 
consensus meeting was published on the use of multipara-
metric MRI (mpMRI) in the clinical practice [3]. Another 
breakthrough came 1 year later, with the release of the first 
standardized algorithm for the reporting of prostate lesions 
at mpMRI, the “Prostate Imaging Reporting and Data 
System” (PI-RADS). PI-RADS provided a universal lan-

guage that urologists and radiologists can now use world-
wide for assessing PCa risk and for guiding therapy [2]. In 
the past decade, two other versions of PI-RADS have been 
released, and the acquisition technique has impressively 
advanced, so that mpMRI currently represents the state-of- 
the-art imaging in the workup of men at risk for PCa [4, 5]. 
The outstanding evolution of mpMRI and PI-RADS report-
ing is gradually shifting the workup of PCa from an approach 
based on conventional clinical parameters to an imaging- 
centered strategy.

 MRI in Prostate Cancer

Current international guidelines recommend that all men at 
risk for PCa undergo mpMRI compliant with PI-RADS 
scoring [4], given its very high negative predictive value in 
excluding clinically significant PCa (csPCa) [6, 7]. The cat-
egory at risk comprises men with PSA levels >3 ng/mL and 
those with a positive digital rectal examination (DRE). 
Additional factors identifying subjects at risk are the famil-
iarity for PCa, inherited predisposing mutations (BRCA1 
and BRCA2 being the most frequent) and African-
Caribbean ethnicity. mpMRI allows to stratify the risk of 
csPCa in these patients, ultimately directing them to either 
biopsy, preferably MRI directed biopsy (MRDB), or fol-
low-up [5]. As part of the evaluation, the radiologist should 
collect clinical data at the time of MRI acquisition, the 
most important being the latest PSA measurements, reports 
of previous biopsies, imaging exams performed and find-
ings during the clinical examination. This information 
should not interfere with PI-RADS category assignment; 
however, it may help decide the appropriate diagnostic and 
therapeutic strategy. For this purpose, it is fundamental that 
a good communication exists between the referring urolo-
gist and the radiologist, and that a multidisciplinary man-
agement is pursued [4, 8].
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 Prostate MRI

 Prostate Anatomy and MRI Semiology

The prostate gland is a chestnut-shaped pelvic organ located 
between the bladder neck and the urogenital diaphragm. It 
lies in close relation with the rectum, the bladder, the urethra, 
which crosses it for its entire length, and the seminal vesi-
cles. In the young adult, it measures approximately 
20–30 mL, with an average size of 3 × 4 × 2 cm. According 
to the conventional model, the prostate can be divided into 
three segments on the coronal plane: the base cranially, the 
mid-gland segment and the apex caudally. On the axial plane, 
four different anatomic zones can be identified:

 (a) peripheral zone (PZ)—outer posterior, lateral, and apex 
regions of the prostate, showing a relatively hyperin-
tense signal intensity (SI) on T2-weighted imaging 
(T2WI); 70% cancers arise in this region, due to the high 
percentage of glandular tissue;

 (b) central zone (CZ), bilaterally symmetric low-SI tissue 
on T2WI and apparent diffusion coefficient (ADC) 
images encircling the ejaculatory ducts;

 (c) transition zone (TZ), composed by a varying number of 
hyperplastic nodules and intervening tissue showing het-
erogeneous SI on T2WI; 20–30% cancers arise in this 
region;

 (d) anterior fibromuscular stroma (AFMS), bilaterally sym-
metric shape (“crescentic”) and with symmetric low SI 
(like that of obturator or pelvic floor muscles) on T2WI, 
ADC, and high b-value diffusion-weighted imaging 
(DWI).

The prostate is almost entirely bounded by the prostatic 
capsule, which appears as a thin hypointense ring in the mor-
phologic sequences. Owing to the dimensions of the field of 
view (FOV), mpMRI acquisition allows to assess also the 
pelvic nearby structures, including regional lymph nodes and 
iliac vessels.

A sector map of the prostate is used as reference model 
for reporting the imaging findings, consisting of 41 sectors 
including the seminal vesicles. This standardized segmenta-
tion scheme was purposely designed in the PI-RADS v2.1 
guidelines [8].

 MRI Acquisition Protocol

According to PI-RADS v2.1 standards of practice, a high 
field MRI scan is required (3 T/1.5 T), however a 3 T scan is 
preferred to achieve better signal-to-noise ratio (SNR) and 
high spatial resolution. The use of multi-channel surface 

phased-array body coils and strong gradients is recom-
mended to increase image quality. The use of surface phased- 
array coils is preferred to endo-rectal coils. No consensus 
exists on patient preparation. Notably, the presence of stool 
or air in the rectum might cause artefactual distortion of 
functional images, reducing the quality of the exam, thus the 
use of micro-enema might be considered. To reduce motion 
artefacts, antispasmodic agents could be administered during 
the examination, if no contraindications exist.

Acquisition protocol consists of morphologic T2WI, 
functional DWI and dynamic contrast enhanced (DCE) 
imaging [8]. Acquisition of at least one pulse sequence with 
a large FOV is recommended to evaluate pelvic nodes up the 
aortic bifurcation, for detecting the presence of hemorrhage 
within the prostate and seminal vesicles, and for the assess-
ment of bone lesions.

 T2-Weighted Imaging
T2WI consists of multiplanar Fast Recovery Fast Spin Echo 
(FRFSE) sequences that allow to depict the morphology and 
topography of the prostate gland thanks to the excellent spa-
tial resolution that they provide. On T2WI, the PZ generally 
appears more hyperintense with respect to the TZ, and the 
boundary between the two is well demarcated. This sequence 
allows for accurate delineation of all lesions, which tend to 
appear hypointense with respect to the surrounding tissue. 
Characteristics of malignant prostate lesions are an irregular 
contour, pseudo-nodular or plaque like morphology, marked 
hypointensity, and distortion of the surrounding parenchyma. 
Evidence of interruption or displacement of the prostate cap-
sule (capsular bulging) are signs indicative of csPCa, and 
have value in the pretreatment planning [8, 9].

 Diffusion-Weighted Imaging and Apparent 
Diffusion Coefficient Map
DWI is an Echo Planar Imaging (EPI) and relies on the study 
of micro-architectural alterations. By depicting the random 
or Brownian motion of water molecules within an examined 
region, DWI allows to distinguish pathologic from disease- 
free tissue. Images are acquired using multiple “b-values”; 
these generally range from 0–800–1000 to 2000 s/mm2. High 
b-values (defined as b value >1400  s/mm2) allow to accu-
rately detect foci of pathologic tissue, and to better charac-
terize the lesions identifiable at morphologic imaging. 
Malignant prostate lesions tend to display high restriction 
patterns on DWI, thus appearing hyperintense with regard to 
the surrounding dark background [8, 10]. DWI also allows 
for the elaboration of ADC maps. These can be seen as nega-
tive images of DWI images: lesions with high degree of 
restriction appear hypointense, in contrast to the bright back-
ground. The ADC map provides additional information to 
DWI, it allows for quantitation of the degree of restriction 
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within a region of interest (ADC ratio and ADC numeric 
 values), and, more importantly, can be used to further con-
firm or to exclude the malignant nature of a lesion [10]. 
While malignant lesions appear markedly hyperintense on 
DWI, and hypointense in the ADC map, this correspondence 
is not found for inflammatory or cystic lesions [8]. As a 
drawback of this imaging modality, spatial resolution is poor, 
and yields only dark-field images with no clearly recogniz-
able anatomic landmarks. In addition, DWI is highly suscep-
tible to signal artifacts, mostly due to air in the rectum, and 
presence of local (femoral) prosthetic joints [11].

 Dynamic Contrast Enhanced Imaging
DCE imaging is a T1WI Gradient-Echo sequences acquired 
after administration of a body weight-adjusted intravenous 
bolus of contrast medium (0.1 mmol/kg) using a temporal 
resolution of ≤15  s. DCE imaging depicts the kinetics of 
contrast flow, and thus the vascularization of a given tissue 
[12]. Malignant prostate lesions tend to display early and 
focal increased enhancement, appearing hyperintense on 
DCE imaging [8]. Of note, inflammatory lesions also display 
enhanced uptake, which may be misleading especially for 
unexperienced readers. In PI-RADS v2.1 recommendations, 
DCE imaging has a marginal role in PCa detection, since it 
only helps assess equivocal foci in the PZ of the gland. 
Nonetheless, different investigations reported that DCE may 
assist in the detection of csPCa (e.g. less experienced read-
ers, degraded DWI) as “safety net” to increase the sensitivity 
of the technique [13, 14].

 Prostate MRI Scoring and Reporting

 Principles of Prostate MRI Reporting

According to the standards set in PI-RADS v2.1 guideline, a 
structured prostate MRI report should include prostate gland 
volume, serum PSA level and PSA density (serum PSA level 
divided by prostate volume, expressed in ng/mL2). Prostate 
gland volume is usually calculated using the ellipsoid for-
mula. Single-lesion evaluation involves measuring the maxi-
mum diameters, locating the lesion within the sector map, 
and describing its morphology (either band-like, plaque-like, 
triangular, or pseudo-nodular). Every lesion is assigned a 
PI-RADS score, depending on its morphologic and func-
tional imaging characteristics. Up to four lesions can be 
reported in a single evaluation, identifying the most signifi-
cant one as the index lesion [8]. Along with these data, it is 
suggested to report the indications to perform the exam, 
which can range from early PCa detection (elevated serum 
PSA levels, DRE abnormalities or strong familiarity), to 
active surveillance of low-risk disease, to post-therapy evalu-

ation. The structured report should also include the assess-
ment of prostate capsule integrity and morphology, of nearby 
lymph nodes and structures (seminal vesicles, bladder, rec-
tum, bones). Any concomitant genitourinary/pelvic pathol-
ogy found at imaging should be accurately described.

 PI-RADS Category Assignment

PI-RADS v2.1 is currently the gold standard scoring for 
prostate MRI image assessment and reporting, recommended 
by the EAU guidelines [4]. PI-RADS is a standardized five- 
tier scoring system expressing the likelihood of radiological 
lesions being csPCa. According to the system:

• PI-RADS 1 category expresses very low risk of csPCa 
(csPCa is highly unlikely)

• PI-RADS 2 category expresses low risk of csPCa (csPCa 
is unlikely)

• PI-RADS 3 category expresses intermediate risk of csPCa 
(the presence of csPCa is equivocal)

• PI-RADS 4 category expresses high risk of csPCa (csPCa 
is likely)

• PI-RADS 5 category expresses very high risk of csPCa 
(csPCa is highly likely)

The score is obtained by combining the single scores 
from the three different imaging sequences. A standardized 
reporting scheme is applied to T2WI, to DWI/ADC and to 
DCE imaging separately. Each sequence is evaluated and 
scored from 1 to 5 (Figs. 4.1 and 4.2). A specific algorithm is 
then applied to draw an overall PI-RADS score from all sin-
gle sequence scores. Scoring varies depending on the loca-
tion of the lesion: in the PZ the dominant sequence is the 
DWI; in the TZ instead, the dominant sequence is T2WI [8].

 Scoring and Reporting of Peripheral Zone 
Findings

In the PZ the assessment of prostate lesions relies mainly on 
DWI and ADC map. The underlying rationale is that PZ can 
be involved in several different pathologies other than PCa 
(e.g., fibrosis, inflammatory processes, and chronic prostati-
tis). These may all display a similar appearance on T2WI, 
hence the assessment of csPCa cannot be made on the ground 
of the sole morphology but must rely on DWI evaluation. 
DCE imaging play a more marginal role in PI-RADS cate-
gory assignment. The scoring of a lesion is marked as only 
either positive or negative for contrast enhancement and 
serves as complementary in the evaluation of undetermined 
lesion or when the acquisition of DWI sequences is inade-
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a b

c d

Fig. 4.1 Multiparametric MRI of a 57-year-old-man with elevated 
serum PSA level (5.4 ng/ml). (a) T2WI shows a heterogeneous ectopic 
nodule extending toward the right peripheral zone at the mid-base of the 
gland. (b) DCE imaging shows early contrast enhancement of the nod-
ule. (c, d) DWI and ADC map show mild hyperintensity of the nodule 

in both sequences. The final assigned PI-RADS category was 2. PSA 
prostate specific antigen, T2WI T2 weighted imaging, DCE dynamic 
contrast enhancement, DWI diffusion-weighted imaging, ADC apparent 
diffusion coefficient, PI-RADS prostate imaging reporting and data 
system

a

d

b

c

Fig. 4.2 Multiparametric MRI of a 72-year-old-man with elevated 
serum PSA level (5.9 ng/ml) and family history. (a) T2WI shows a 
hypointense nodule at the right mid posterolateral peripheral zone (size 
<1.5 cm, between 7- and 9-o-clock position). (d) DCE MRI shows mild 
early contrast enhancement of the nodule. (b, c) DWI and ADC map 

show marked hyperintensity and marked hypointensity respectively. 
The final assigned PI-RADS category was 4. PSA prostate specific anti-
gen, T2WI T2 weighted imaging, DCE dynamic contrast enhancement, 
DWI diffusion-weighted imaging, ADC apparent diffusion coefficient, 
PI-RADS prostate imaging reporting and data system
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quate. Specifically, when early contrast enhancement is pres-
ent, the lesion classified as PI-RADS 3 will be upgraded to 
PI-RADS 4 category [8]. Characteristics of MRI findings for 
each PI-RADS category assignment of the PZ are displayed 
in Table 4.1.

 Scoring and Reporting of Transition Zone 
Findings

TZ is characterized by the presence of multiple hyperplastic 
nodules and intervening stroma, appearing as well-defined 
nodules of variable signal intensities at MRI. Malignant nod-
ules may develop in the context of this nodular heterogeneous 
background, making the diagnosis of csPCa in the TZ rather 

difficult, especially to unexperienced eyes. Benign hyperplas-
tic nodules can be accurately differentiated from csPCa in 
virtue of some of their morphologic characteristics. For this 
reason, T2WI is the dominant sequence for the PI-RADS 
assessment of TZ lesions. In TZ, lesions corresponding to 
csPCa are characterized by marked hypointensity compared 
to the surrounding benign hyperplastic nodules; the margins 
are typically ill-defined and infiltrative, and a proper nodular 
capsule cannot be recognized. Malignant lesions may display 
lenticular or plaque-like morphology, and often grow in the 
intervening tissue between adjacent benign hyperplastic nod-
ules. DWI assessment in the TZ is less reliable than in the 
PZ.  Hyperplastic nodules often display restriction at DWI, 
which however is less marked than that of csPCa lesions. 
DWI is used as complementary evaluation of TZ lesions, and 
is particularly useful in case of diagnostic uncertainty, and in 
the setting of equivocal PI-RADS 3 lesions. DCE imaging, 
instead, has limited utility in TZ PI-RADS scoring, due to the 
fact that hyperplastic nodules are functionally active and 
often display enhanced contrast uptake. Characteristics of 
MRI findings for each PI-RADS category assignment of the 
TZ are displayed in Table 4.1.

 Scoring and Reporting of Central Zone 
and Anterior Fibromuscular Stroma Findings

Occasionally, encountered lesions appear to originate in the 
CZ or involve the AFMS, and warrant special consideration. 
Most PCa foci found in the CZ usually arise in either the 
adjacent PZ or TZ and extend into the CZ.  Focal early 
enhancement and/or asymmetry between the right and left 
CZ onT2W, DWI/ADC is a finding that may indicate the 
presence of PCa, according to PI-RADS v2.1 [8].

PCa only rarely primarily originates in the AFMS, there-
fore when reporting a suspicious lesion in the AFMS, criteria 
for either the PZ or the TZ should be applied. Abnormalities 
with increased SI relative to the pelvic muscles on T2WI, 
high signal intensity on high b-value DWI, low signal on 
ADC and early enhancement can raise the suspicion of 
AFMS neoplastic involvement [15].

 Reporting Pitfalls in Prostate MRI

Several benign prostate diseases and anatomic variants may 
display imaging features that closely resemble PCa, leading 
to false positives and incorrect PI-RADS category assign-
ment [11, 16].

 Pitfalls Related to Prostate Benign Diseases
Benign diseases and conditions of the prostate include 
benign prostatic hyperplasia (BPH), chronic and acute pros-

Table 4.1 Summary table describing PI-RADS v2.1 scoring assess-
ment categories for peripheral and transition zone findings at 
T2-weighted and diffusion-weighted imaging

Score Peripheral zone—T2WI Transition zone—T2WI
1 Uniform hyperintense 

signal intensity (normal)
Normal appearing TZ (rare) or a 
round, completely encapsulated 
nodule (“typical nodule”)

2 Linear or wedge-shaped 
hypointensity or diffuse 
mild hypointensity, usually 
indistinct margin

Mostly encapsulated nodule OR 
a homogeneous circumscribed 
nodule without encapsulation. 
(“atypical nodule”) OR a 
homogeneous mildly 
hypointense area between 
nodules

3 Heterogeneous signal 
intensity or non- 
circumscribed, rounded, 
moderate hypointensity
Includes others that do not 
qualify as 2, 4 or 5

Heterogeneous signal intensity 
with obscured margins
Includes others that do not 
qualify as 2, 4 or 5

4 Circumscribed, 
homogeneous moderate 
hypointense focus/mass 
confined to prostate and 
<1.5 cm in greatest 
dimension

Lenticular or non-circumscribed, 
homogeneous, moderately 
hypointense, and <1.5 cm in 
greatest dimension

5 Same as 4, but ≥1.5 cm in 
greatest dimension or 
definite extraprostatic 
extension/invasive 
behavior

Same as 4 but ≥1.5 cm in 
greatest dimension or definite 
extraprostatic extension/invasive 
behavior

Peripheral zone/Transition zone—DWI
1 No abnormality (i.e., normal) on ADC and high b-value DWI
2 Linear/wedge shaped hypointense on ADC and/or linear/wedge 

shaped hyperintense on high b-value DWI
3 Focal (discrete and different from the background) hypointense 

on ADC and/or focal markedly hyperintense on high b-value 
DWI; may be markedly hypointense on ADC or markedly 
hyperintense on high b-value DWI, but not both

4 Focal markedly hypointense on ADC and markedly hyperintense 
on high b-value DWI; <1.5 cm in greatest dimension

5 Same as 4 but ≥1.5 cm in greatest dimension or definite 
extraprostatic extension/invasive behavior

4 Magnetic Resonance Imaging in Prostate Cancer
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tatitis, abscesses, cystic lesions, calcifications, hemorrhage 
and atrophic gland changes.

BPH generally presents as well-encapsulated nodules of 
variable intensity, with stromal nodules showing moderate/
marked hyperintensity. Because of their functional charac-
teristics, BPH lesions may display early contrast enhance-
ment on DCE and moderate restriction on DWI/
ADC. Ectopic BPH nodules (BPH nodule extending through 
the peripheral zone of the gland) may constitute diagnostic 
difficulties especially to unexperienced readers, however 
lesion morphology along with the presence of a well-delin-
eated capsule constitute important clues to recognize this 
pitfall [11].

The multi-faceted nature of chronic prostatitis produces 
a variety of atrophic and inflammatory changes which may 
be mistaken for cancer [17]. Lesions appear hypointense 
on T2WI sequences, sometimes with irregular margins or 
producing parenchymal distortion. The morphologies gen-
erally associated are band-like and triangular, but virtually 
all presentations are reported. Often lesions are multiple, 
restriction at DWI can be mild-to-moderate, and contrast 
enhancement is sometimes found, although rather delayed 
and diffuse [11, 18]. In some cases, the stigmata of long- 
standing chronic prostatitis can appear as a diffuse gland 
change, better defined with the term “dirty gland”. This 
pattern can make the assessment of the prostate gland 
more difficult, hampering the detection of significant 
lesions.

Acute prostatitis also can produce focal and diffuse 
gland changes with unpredictable presentation. These 
range from diffuse signal alterations to variable areas of 
hypointensity on T2WI, with or without focal abscesses. 
Early contrast enhancement is often present, and can 
involve the gland diffusely, producing a so-called 
Halloween sign (due to its similarity with a “Jack-o-
Lantern”) [19]. Because of the diagnostic challenge repre-
sented by prostatitis-related changes, the evaluation of 
serum PSA levels and the follow- up of lesions over time 
after antimicrobial therapy constitute extremely helpful 
tools for the clinical radiologist.

Hemorrhage may be encountered in the post-biopsy set-
tings, in acute prostatitis, or as incidental finding. It appears 
as a marked hyperintensity on T1-weighted imaging (T1WI), 
produced by the paramagnetic effect of methemoglobin, and 
a corresponding hypointensity on T2WI.  Post-biopsy 
changes may persist for longer than 4 months from the pro-
cedure [11, 19].

Periurethral calcifications are a frequent finding espe-
cially in older subjects. Due to their physical properties, cal-
cifications appear as markedly hypointense, minute lesions 
within the prostate gland. These changes may appear as 
hypointensity in the ADC map, however no restriction on 
DWI or hypointensity on T1WI matches this finding.

 Pitfalls Related to Anatomic Variants
Among the pitfalls associated to prostate anatomy, one of the 
most frequently encountered is produced by the hyperplastic 
gland stroma compressing the adjacent peripheral zone. 
When central zone hyperplastic nodules impinge on the PZ, 
peripheral symmetric hypointensity appear in the posterolat-
eral PZ, resembling multiple neoplastic foci. This pitfall 
goes under the name of moustache sign and can be differenti-
ated from PCa for its symmetric and regular appearance, and 
from the typical mid-gland/base localization. When instead a 
single large adenoma compresses the PZ, this produces a 
similar single hypointense lesion, also known as moustache- 
like sign. Other similar pitfalls can result from the presence 
of hyperplastic nodules, or a hyperplastic central zone 
impinging on the PZ, near the veru montanum. This imaging 
finding is also known as teardrop sign, and it appears as a 
moderately hypointense lesion involving paramedian and 
median PZ. Other important imaging findings which may be 
challenging to distinguish from PCa are produced by a 
hypertrophic periprostatic neurovascular plexus: this may 
appear as a markedly hypointense lesion, sometimes display-
ing mass-like morphology, involving the PZ in the pericap-
sular area [11, 18]. This pitfall is frequently found in men 
with active inflammation and is produced by engorgement of 
the venous plexus surrounding the PZ.  Other misleading 
anatomic variants may be represented by a thickened capsule 
separating the PZ from the TZ, sometimes referred as surgi-
cal pseudocapsule [19].

 Issue to Address and New Strategies

mpMRI has undergone an outstanding evolution in the last 
decade, gaining a central role in PCa diagnosis. The increas-
ing utilization of this technique on one side has brought new 
challenges to overcome, the first being the increasing demand 
for prostate MRI scans. The major challenge in the horizon 
of prostate mpMRI resides in the standardization of image 
quality across the world [20]. Until a few years ago prostate 
MRI was considered a niche diagnostic technique, performed 
only in high-volume centers and by top-level experts in the 
field. In few years, the landscape of PCa diagnosis has dra-
matically changed. mpMRI and PI-RADS are now consid-
ered the gold-standard for the workup of PCa and there are 
growing concerns about the lack of availability of qualified 
radiologists that would allow to face the upcoming large 
demand of prostate MRI.

Therefore, new strategies are being proposed, notably, the 
use of MRI without contrast medium (commonly referred to 
as “biparametric MRI”) is investigated to push toward a 
more personalized, less invasive, and highly cost-effective 
diagnostic workup. In regard to the diagnostic yield of unen-
hanced biparametric MRI, meta-analysis studies show that 
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this technique has comparable accuracy to mpMRI, with 
non-statistically significant differences [13, 20–22]. The 
PI-RADS committee recently recommended the use of risk 
grouping for the risk assessment of biopsy naïve men for 
whom contrast medium injection is advisable and for guid-
ing biopsy and/or focal treatment. However, the detection of 
a higher number of clinically insignificant cancers implies 
the need of the definition of patient subgrouping where the 
benefits and harms of contrast enhancement are aligned to 
their clinical priorities [23].

MRI image quality and reader expertise are of paramount 
importance to ensure high performance to the MRI-based 
diagnostic pathway. Recently, the Prostate Imaging—Quality 
(PI-QUAL) from the PRECISION trial, was created to offer 
clinicians a scoring system for evaluating and reporting the 
quality of their prostate MRI scans [24]. Also, consensus 
statements from the ESUR/ESUI working group were 
released on MRI images quality. Recommendations included 
to check and report on image quality, to visually assess 
images adequacy for determining diagnostic acceptability, to 
control image quality at 6 months intervals or in 5% of stud-
ies, and to standardize ADC measurements on phantom [25].

Among the most promising upcoming applications for 
non-contrast prostate MRI, the opportunistic PCa screening 
covers a main position [26, 27]. Indeed, the need for a more 
sensitive test to early diagnose csPCa follows the lack of rec-
ommendations for serum PSA thresholds in international 
guidelines.

 The Novel MRI-Based Pathway for Prostate 
Cancer Detection

In the past, prostate biopsies used to be performed by sys-
tematic sampling of the entire gland, bilaterally from apex to 
base, with a minimum of 8–10 cores. This whole-gland 
approach carried important inaccuracies. Currently, it is 
widely accepted that increasing the number of cores does not 
increase the rate of cancer detection, nor the negative predic-
tive value of the test [28]. Targeting specific lesions can be 
performed by MR-directed biopsy (MRDB) with different 
techniques: the visual cognitive biopsy, the software-assisted 
MRI-TRUS fusion biopsy and the MRI-guided in-bore 
biopsy. MRDB in the setting of the MRI pathway has dem-
onstrated a high diagnostic performance. A Cochrane meta- 
analysis of 18 studies on MR-guided targeted biopsy reports 
a pooled sensitivity of over 70% and a pooled specificity of 
96% in detecting csPCa [29]. The most valuable strength of 
targeted biopsy resides in its negative predictive value 
(NPV): MRDB can exclude the presence of csPCa with 
>90% accuracy [7].

Owing to its high diagnostic yield, the mpMRI and its 
“pathways” have been recognized as “state-of-the-art” man-
agement tools and the most cost-effective exams for PCa 
workup. Men referred for early PCa detection patients follow 
a precise protocol in which PI-RADS-compliant mpMRI 
serves as triage test for stratifying their risk and establishing 
the most appropriate treatment. The MRI pathway involves 
the identification of prostate lesions carrying the highest 
probability of being csPCa and allocating these to subse-
quent targeted biopsy. Compared to the traditional system-
atic approach, this protocol has significantly improved the 
rate of csPCa detection (12% higher rate), at the same time 
reducing the rate of insignificant cancer diagnosis by over 
40% [29]. Its accuracy has been evaluated in four major pro-
spective multicenter trials (the PRECISION trial [30], the 
MRI-FIRST trial [31], the 4M study and the PROMIS trial 
[32, 33]), and further validated in subsequent metanalyses 
[7, 29, 34]. The MRI pathway not only constitutes a strategy 
for early csPCa detection, but it provides accurate risk esti-
mation. It can be used, in fact, for guiding subsequent fol-
low- up (in intermediate risk-patients), or for avoiding further 
useless diagnostic procedures (low-risk patients) [5].

The MRI-pathway has been largely validated in the re- 
biopsy settings, however the evidence so far gathered is still 
not sufficient for endorsing its use alone in biopsy naïve 
patients [4, 29]. According to current EAU guidelines, 
mpMRI can be used in two possible pathways for the early 
detection of PCa [4]:

 (a) the MRI pathway, in which a targeted biopsy only is per-
formed, if significant lesions are detected on 
mpMRI. This pathway is recommended in patients with 
prior negative biopsies and persistent PCa suspicion;

 (b) the combined pathway, where pre-biopsy MRI is per-
formed, and if relevant foci are detected both systematic 
and MRI-targeted biopsies are performed. This approach 
is currently recommended in biopsy-naïve patients.

Overall the MRI pathway has brought revolutionary 
advances in PCa diagnosis, but there is still space for improve-
ment: despite its high NPV, this technique is estimated to miss 
roughly 10% clinically significant cancers, and the positive 
predictive value is still prone to wide variability [29].

 Other Applications of MRI in Prostate Cancer

 MRI for Local Staging and Therapy Planning

Multiparametric MRI is fairly accurate in assessing locally 
invasive disease and constitutes a key diagnostic exam for 
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estimating patient prognosis and for therapeutic planning. 
T1WI sequences and morphologic imaging allow for the 
accurate assessment of pelvic lymph nodes, and can distin-
guish between organ confined from locally advanced dis-
ease [4, 9].

In comparison to TNM staging, nomograms and other tra-
ditionally used prognostic tools, mpMRI has demonstrated 
an overall higher performance [35]. T2WI sequences in 
 particular carry a high specificity (>95%) for detecting extra- 
prostatic extension (EPE), seminal vesicle invasion (SVI) 
and overall T3-stage disease (periprostatic invasion, includ-
ing periprostatic fat, the neurovascular bundle and prostatic 
capsule). The weak point of mpMRI however resides in the 
sensitivity for locally extensive disease (approximately 
50%). Assessing EPE, in particular, can be difficult when the 
disease is minimally invasive, and is largely dependent on 
image quality (3 T machines are preferred to 1.5 T), patient 
anatomy and reader experience [35, 36]. Accurate local stag-
ing and assessment of microscopic EPE therefore still relies 
on definitive histology after radical prostatectomy. Although 
guidelines consider mpMRI as second-line investigation for 
the local staging, the use of this technique is recommended 
as pivotal step in therapy planning [4]. Prostate MRI finds 
important applications in the pre-surgical phase. It is funda-
mental in determining which patients are candidates to sur-
gery, and it aids in planning surgical strategies for 
neurovascular bundle preservation [9, 37]. The introduction 
of robotic-assisted surgery has allowed to dramatically 
improve the functional outcomes of PCa patients, reducing 
the risk of side effects such as erectile dysfunction and uri-
nary incontinence. With regard to robotic-assisted radical 
prostatectomy, mpMRI has shown to have a significant 
impact on treatment decision, leading to change the surgical 
strategy in up to 50% of cases, and reducing functional mor-
bidity [38, 39]. mpMRI-based assessment of T3 disease and 
EPE has recently been validated in a study as independent 
predictor of negative margin resection, and of nerve sparing 
utilization [40]. Information obtained from preoperative 
mpMRI also has important prognostic value, and correlates 
accurately with the occurrence of disease relapse. Among the 
novel applications, mpMRI has been used also in the setting 
of neoadjuvant therapy of locally invasive PCa with aggres-
sive phenotype. Recent studies demonstrate its efficacy in 
estimating residual cancer burden (RCB) and response to 
treatment, subsequent guiding the surgical therapeutic strat-
egy [41, 42]. In conclusion mpMRI allows to tailor therapies 
more accurately, and may be introduced as fundamental tool 
in guiding novel techniques such as partial gland ablation 
and focal therapy, and modulating radiation doses in radio-
therapy [38].

 MRI for Disease Monitoring

MRI has important applications also in the setting of active 
surveillance (AS) and assessment of patients with biochemi-
cal recurrence after whole-gland therapies.

Serial mpMRI is a key part of the follow-up protocol, 
together with clinical evaluation including PSA kinetics, and 
repeat prostate biopsy [4]. Multiple studies demonstrate that 
MRI-visible lesions are more likely to be upgraded, and that 
a correlation exists between radiological evolution and path-
ological progression [43]. Any suspicious finding at follow-
 up mpMRI should prompt a repeat biopsy, and any rise in 
PSA level or new clinical finding should be followed by 
mpMRI evaluation [4, 44]. Current guidelines recommend 
that MR-directed targeted biopsy combined with systematic 
sampling be used to confirm disease progression and initiate 
active treatment [4, 45]. On the other hand, serial mpMRI is 
being evaluated for its potential as tool to better stratify the 
risk of patients in AS, and could be used to select those 
lower-risk cases in whom a repeat biopsy can be safely 
avoided [46, 47]. For the purpose of optimal risk assessment 
and better tailoring of the therapeutic strategy, the Prostate 
Cancer Radiological Estimation of Change in Sequential 
Evaluation (PRECISE) recommendations have been released 
in 2017 [48]. According to these recommendations, lesions 
evaluated on serial mpMRI are assigned a score from 1 to 5, 
which summarizes the radiological evolution during the fol-
low- up time (Figs. 4.3 and 4.4). As additional tool, the quan-
titative estimation of the ADC ratio of radiological lesions on 
follow-up mpMRI has been shown to significantly correlate 
with disease progression. Progression to csPCa was associ-
ated with a significant reduction in the values of normalized 
ADC and ADC [49].

In patients experiencing biochemical recurrence, detec-
tion of local recurrence of PCa is crucial for proper patient 
management. Indeed, it is essential to provide a stepwise, 
multimodal approach that allows local and systemic restag-
ing of PCa, strictly depending on clinical priority. In this set-
ting, the role mpMRI becomes increasingly important for the 
detection of PCa local recurrence. mpMRI is a suitable 
modality to identify the presence of benign or malignant 
pathology at the level of prostatic bed after radical prostatec-
tomy, namely to distinguish expected post-therapy changes 
(e.g. distorted anatomy, fibrosis, artifacts from clips) from 
local recurrence, and to evaluate local tumor recurrence after 
radiation therapy [50–59]. A panel of international experts 
have recently released a standardized method to promote 
standardization and reduce variations in the acquisition, 
interpretation, and reporting of MRI for PCa recurrence and 
to guide therapy, called the Prostate MR Imaging for local 
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Fig. 4.3 Multiparametric MRI of a 71-year-old man with Grade Group 
1 prostate cancer enrolled in an active surveillance program. (a) T2WI 
shows bilateral band-like non-focal alterations (4-o-clock position); (d) 
DCE-MRI does not show significant post-contrast enhancement. (b) 
DWI shows mild hyperintensity at the left postero-lateral peripheral 
zone (4-o-clock position) with no corresponding and hypointensity on 

ADC map (c). The final assigned PI-RADS category was 3, and the 
patient initiated scheduled clinical visits and serial PSA testing. PSA 
prostate specific antigen, T2WI T2 weighted imaging, DCE dynamic 
contrast enhancement, DWI diffusion-weighted imaging, ADC apparent 
diffusion coefficient, PI-RADS prostate imaging reporting and data 
system

Recurrence Reporting (PI-RR) [60]. PI-RR uses a 5-point 
scoring system that indicates the level of suspicion for pres-
ence of PCa recurrence on mpMRI (Figs.  4.5 and 4.6). 
Pending clinical validation, PI-RR might be used as a clini-
cal guide to improve the care of men with recurrent PCa by 
providing a better diagnosis and more patient-tailored 
treatment.

 Conclusions

Prostate MRI has a leading role in the diagnostic pathway of 
PCa, providing a highly accurate detection of csPCa, direct-
ing targeted prostate biopsies and guiding therapy. Prostate 

MRI requires high image quality and reader expertise to 
reach its diagnostic potential, and the introduction of novel, 
individualized, risk-stratification strategies are warranted to 
meet the increasing demand for MRI-based pathways for 
both diagnosis and management of PCa. Artificial 
intelligence- based tools might be explored to ameliorate 
some critical issues of prostate MRI such as inter-reader 
agreement, accuracy of less experienced readers, and image 
reporting time. This becomes paramount when biparametric 
MRI is proposed as a screening tool. MRI has also shown 
utility as a tool for local staging and treatment planning as 
well as for monitoring patients under active surveillance and 
after radical treatment with curative intent at the time of bio-
chemical recurrence.
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Fig. 4.4 Surveillance multiparametric MRI of the same patient as in 
Fig. 4.3 after 1 year from initial MRI. The previous PI-RADS 3 lesion 
on the left showed more marked alterations on (a) T2, and on (b, c) 
DWI/ADC map with corresponding focal enhancement on DCE (d), 
classified as PI-RADS 4. On the right lobe, a new lesion scored as 
PI-RADS 4 was detected. The final assigned PRECISE score was 5 due 

to increase in size and higher conspicuity of the lesion on the left and 
the new lesion on the right. PSA prostate specific antigen, T2WI T2 
weighted imaging, DCE dynamic contrast enhancement, DWI diffu-
sion-weighted imaging, ADC apparent diffusion coefficient, PI-RADS 
prostate imaging reporting and data system
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Fig. 4.5 Multiparametric MRI of a 63-year-old man treated with radia-
tion therapy for Grade Group 3 prostate cancer in 2014, and presenting 
with a rising serum PSA value (1.06 ng/ml) in 2022. (a) T2WI shows a 
focal hypointensity area at the mid anterior right transitional zone. (b, c) 
DWI and ADC map show hyperintensity at high b values and hypointen-
sity of the same focal area, respectively. (d) DCE-MRI shows partial early 

enhancing focal area. The final assigned PI-RR score was 5 (primary 
tumor location unknown but matching of DWI/ADC and DCE). PSA pros-
tate specific antigen, T2WI T2 weighted imaging, DCE dynamic contrast 
enhancement, DWI diffusion-weighted imaging, ADC apparent diffusion 
coefficient, PI-RADS prostate imaging reporting and data system, PI-RR 
prostate imaging for local recurrence reporting
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Fig. 4.6 Multiparametric of a 74-year-old man treated with radical pros-
tatectomy for Grade Group 2 pT2c pN0 prostate cancer in 2010, and pre-
senting with a rising serum PSA value (0.48 ng/ml) in 2022. (a) T2WI 
shows an asymmetric focal hyperintensity in the perianastomotic area at 
the same side of primary tumor (white arrow, 4-o-clock position). (b, c) 
DWI and ADC map show marked hyperintensity and marked hypointen-

sity, respectively. (d) DCE-MRI confirms an early enhancing focal area 
after contrast injection (white arrow). The final assigned PI-RR score was 
5. PSA prostate specific antigen, T2WI T2 weighted imaging, DCE 
dynamic contrast enhancement, DWI diffusion-weighted imaging, ADC 
apparent diffusion coefficient, PI-RADS prostate imaging reporting and 
data system, PI-RR prostate imaging for local recurrence reporting
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5PET/CT for Detection of Biochemical 
Recurrence Post Radical Prostatectomy

Victoria Jahrreiss, Bernhard Grubmüller, Sazan Rasul, 
and Shahrokh F. Shariat

 Introduction

Prostate cancer (PCa) is the most common cancer in men in 
developed countries, and the second most cause of cancer 
death. Radical prostatectomy is often the primary treatment 
choice for the large majority of patients today, diagnosed 
with clinically non metastatic disease [1]. RP leads to dura-
ble local disease control with ever improving functional out-
comes [2–5].

After primary treatment of clinically non-metastatic pros-
tate cancer with curative intent, a substantial number of 
patients are diagnosed with cancer recurrence, mostly 
detected by rising prostate specific antigen (PSA) serum lev-
els without clinical evidence of metastases. 27–57% of 
patients who undergo radical prostatectomy for clinically 

non-metastatic prostate cancer eventually experience 
BCR.  Patients with BCR are at higher risk of developing 
local or distant recurrent disease [6–8]. Biochemical failure 
can precede metastatic disease by years [9]. Salvage treat-
ments in these patients can provide disease control and 
thereby prolong survival [10–15]. Patients with distant recur-
rences are often treated with androgen deprivation therapy 
(ADT), while patients with local recurrence are offered radi-
ation therapy alone or with ADT [10, 16].

Identifying patients who will profit from salvage treat-
ments, while avoiding overtreatment for others poses a chal-
lenge in clinical management. As disease control is highly 
depended on the site and extent of recurrence, accurate and 
sensitive imaging is of utmost importance in these cases.

Conventional imaging techniques have shown limited 
accuracy for the assessment and detection of disease recur-
rence in prostate cancer patients after primary treatment. 
Functional molecular imaging modalities, on the other hand, 
offer additional information by depicting molecular and cel-
lular processes of cancer recurrences [17].

 Abdominopelvic Contrast-Enhanced 
Computerized Tomography (CT) Scan/Bone 
Scan

A PSA threshold of >0.4  ng/mL has been found to most 
accurately predict systemic progression after RP [18, 19]. 
Furthermore, radiation therapies show the highest efficacy at 
PSA values <0.5  ng/mL [15, 20]. However, most imaging 
modalities have limited sensitivity in detecting disease, as 
well as distinguishing between local and distant recurrence 
at these thresholds. Studies found that abdominopelvic 
contrast- enhanced CT scans were positive in only 11–14% 
of patients with BCR [21–23]. Likewise, less than 5% of 
patients with BCR after RP had positive bone scans, when 
PSA values where below 7 ng/mL [23, 24].
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 PET CT

The development of molecular imaging modalities, using 
different tracers in positron emission tomography (PET), has 
led to improvements in the detection of recurrences in 
patients with BCR after RP [25]. PET imaging provides 
additional information by visualizing metabolic tumor activ-
ities [17]. Depending on the disease entity, different tracers 
are used. Most applied tracers in prostate cancer patients are: 
fluciclovine, choline, and prostate-specific membrane 
antigen.

 Choline PET/CT

Choline facilitates the synthesis of the phospholipids in the 
cell membrane and modulates transmembrane signaling. In 
tumor cells choline-kinase activity is upregulated, due to 
their enhanced proliferation [17]. Moreover, C-Choline 
shows minimal background activity on imaging in the pel-
vic area, making it a suitable isotope in PET/CT diagnos-
tics for recurrent PCa [26]. Choline PET/CT has a higher 
sensitivity and specificity for detecting bone metastases 
compared to the bone scan. However, its sensitivity is 
highly depended on PSA levels and its detection of lymph 
node metastases is limited due to the low sensitivity of the 
imaging modality [27–30]. At PSA levels below 1 ng/mL 
detection rates are between 5% and 24%, whereas detection 
rates rise to 67–100% at PSA levels above 5  ng/mL in 
patients with BCR [31–33]. Even though imaging with 
choline PET/CT provides better detection of PCa recur-
rence compared to contrast- enhanced CT and bone scan, 
there is still a need for more accurate imaging, especially at 
lower PSA levels [34, 35].

 Fluoride PET and Fluciclovine PET/CT

Fluciclovine is adopted into prostate cancer cells by different 
the amino acid transporters and therefore functions as a suit-
able tracer for the detection of recurrences in prostate cancer 
patients with BCR [36]. Compared to choline PET/C, 
18F-Fluciclovine PET/CT has shown higher sensitivity in the 
detection and localization of recurrences in patients with 
BCR. Similarly, to choline PET/CT, sensitivity of fluciclo-
vine PET/CT is dependent on the patient’s PSA levels [37].

18F-NaF PET/CT is a bone seeking agent, that mainly 
reflects osteoblastic activity. It has shown higher sensitivity 
in the detection of bone metastases than bone scan in detect-
ing bone metastases [38], however its specificity is low. 
Additionally, 18F-NaF PET/CT fails to detect soft tissue 
metastases [39].

 PSMA-PET/CT

Prostate-specific membrane antigen (PSMA) is transmem-
brane glycoprotein which is overexpressed in prostate cancer 
cells. Consequently, PSMA acts as a promising tracer in 
prostate cancer specific imaging [40]. A number of radiola-
beled tracers for PSMA PET imaging have been reviewed. 
While most studies assess imaging with 68Ga-PSMA-11, 
there is no conclusive data on the differences of tracers at the 
moment [41]. Compared to choline PET/CT, PSMA PET/CT 
has shown significantly higher specificity and sensitivity, 
especially at PSA levels below 1  ng/mL [25, 42, 43]. 
However, detection rates of the PSMA PET/CT are depen-
dent on PSA levels too and improve with increasing PSA. In 
a prospective study detection rates were 38% for PSA level 
below 0.5 ng/mL (n = 136), 57% for PSA levels between 0.5 
and 1.0 ng/mL (n = 79), 84% for PSA levels between 1.0 and 
2.0 ng/mL (n = 89), 86% for PSA levels between 2.0 and 
5.0 ng/mL (n = 158), and 97% for PSA 5.0 ng/mL and higher 
(n = 173, P < 0.001) [44].

 Conclusion

With the high rate of BCR after RP and the effective treat-
ment options for these patients, there is an urgent need for 
accurate imaging modalities that allow personalized shared 
decision making in the salvage setting. PET imaging has 
ushered with the new tracers the age of targeted therapy in 
the BCR setting. PSMA PET currently is the imaging tech-
nique with the highest sensitivity for detection of recurrences 
in PC patients with BCR after RP, especially at low PSA 
levels. Therefore, guidelines recommend performing a 
PSMA PET/CT in these patients, if the results will influence 
further treatment decisions [16]. Alternatively, fluciclovine 
PET/CT or choline PET/CT can be performed at PSA levels 
of 1  ng/mL or higher, if PSMA PET/CT is not available 
(Table 5.1).
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Table 5.1 Diagnostic performance of different imaging modalities in patients with biochemical recurrence after radical prostatectomy

Authors Imaging modality
N population 
size PSA level median

Sensitivity 
(%)

Specificity 
(%)

Positive 
predictive value 
(%)

Negative 
predictive value 
(%)

Tilki et al. 
[34]

18F-FEC PET/CT 156 6.0 ng/mL (IQR 
1.7–9.4 ng/mL)

39.7 95.8 75.7 83.0

Poulsen 
et al. [45]

FCH PET/CT 25 >10 ng/mL 100 95 75 100

Graute et al. 
[35]

[18F]fluorocholine PET/
CT

82 4.4 ng/mL (range 
0.03–36.0 ng/mL)

82 74 n.a. n.a.

Nanni et al. 
[37]

(11)C-choline PET/CT 89 3.35 ng/mL (range 
0.20–20.72)

32 40 90 3

Beheshti 
et al. [39]

18F fluorocholine PET/
CT

38 Mean 56 ± 64 ng/
mL

74 99 n.a. n.a.

Fendler 
et al. [44]

68Ga-PSMA-11 PET/
CT

2.1 (range 
0.1–1154.0)

92 n.a. 84 n.a.

Abufaraj 
et al. [46]

[68Ga]Ga-PSMA-11 
PET/CT(MRI)

65 1.4 ng/mL (IQR 
0.8–2.9 ng/mL)

72–100 96–100 95–100 93-100
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6Augmented Reality in RALP

Francesco Porpiglia, Stefano Granato, Michele Sica, 
Paolo Verri, Daniele Amparore, Enrico Checcucci, 
and Cristian Fiori

 Introduction

By Augmented Reality (AR) we mean a system able of 
acquiring a real scene enriching it with additional virtual 
information, both graphic and textual. In augmented reality, 
the user is therefore provided with information generated by 
software capable of improving the perception of reality, 
unlike what happens in virtual realities where all environ-
mental information is not real. It must be processed in an 
optimal manner so that the user has the perception of a single 
scene in which real and virtual tools coexist.

AR can be used in several fields of application: from 
music to sport, from architecture to entertainment up to med-
icine. AR adds a new dimension to entertainment allowing 
the people from the audience to become active participants 
of the show instead of passive viewers, bringing interactivity 
and engagement in the show merging the real world with the 
virtual one. It is estimated that by 2026, AR apps and hard-
ware will be an $80–162 billion market.

Focusing on application of AR in medicine, many fields 
can be interested: from anatomical and physiological educa-
tion to histopathology. For this last field, through some dedi-
cated software it is in fact possible to recognize some 
malignant characteristics of the tissues that are analyzed; 
Augmented Reality Microscope can be integrated with a tra-
ditional pathology workflow, which involves focusing on dif-
ferent parts of the slides under the microscope, moving the 
field of view around, zooming in and out, and iteratively 
making and improving diagnostic decisions.

Even if many examples can be made about the application 
of AR in medicine scenarios, surgery remains its greatest 
field of application.

As already said AR overlays digitally created content into 
the user’s real-world environment with the aim of enhancing 
real-word features. A visor and a smartphone or tablet pro-
vide spatial registration that can allow geometric persistence 
concerning placement and orientation within the real world. 
In this context, a real scene can be defined as the result of an 
optical projection of the real world onto an imaging sensor, 
as happens during surgical procedures with endoscopic view.

The main principle of a basic AR system is to superim-
pose a computer-generated image on a real-world imagery 
captured by a camera and displaying the combination of 
these on a computer, tablet PC, or a video projector. Another 
possibility is to use a special head-mounted display (HMD, 
sometimes referred to as “smart glasses”) which use special 
projectors, head tracking, and depth cameras to display digi-
tal images on the glass, effectively creating the illusion of 
augmented reality. Holograms can be visible to different 
users at the same time and from different angles with proper 
spatial registration. In 2015 Microsoft presented the 
HoloLens which allows one to see and interact with holo-
graphic 3D virtual objects via voice, gaze, and gestures, in a 
real environment.

At present, the applications of AR are limited by the 
essential requisite of preoperative 3D reconstructions of 
medical images.

 3D Reconstruction in Precision Surgery

The concept of “precision surgery” is nowadays intrinsic in 
the management of the genitourinary cancers. A detailed 
case-specific understanding of the surgical anatomy repre-
sents the key point for a tailored treatment planning. In this 
setting, the 3D reconstruction of the standard two-dimension 
cross-sectional imaging has known increasing diffusion as it 
allows a better representation and understanding of the surgi-
cal anatomy. Such technology is perceived as a useful tool in 
the surgical planning, the surgeon’s training and the patient’s 
counselling, because avoids the “building in mind” process 
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of the two-dimension cross-sectional imaging. It allows a 
better comprehension of anatomy, vascularization and posi-
tion of the organs, key steps in the surgical management of 
many urological malignancies, such as prostate cancer [1].

The creation of virtual prostate models is mainly based on 
the use of 2D multi-parametric magnetic resonance images 
(mp-MRI—1 mm thickness) which are evaluated by a bioen-
gineer using a DICOM viewer. In the past, the automatic ren-
dering of 2D images allowed to obtain low quality 3D 
reconstructions not so useful for an accurate preoperative 
planning or intraoperative navigation. Nowadays, thanks to 
technological innovations, the development of dedicated 
software and the collaboration between bioengineers, radi-
ologists, and urologists, it has been possible to obtain high- 
definition 3D models [2].

The first segmentation process is performed semi- 
automatically by dedicated software. At the end of the pro-
cess the three-dimensional reconstruction obtained is usually 
refined by a biomedical engineer under the supervision of the 
urologist. The aim is to obtain an hyperaccurate 3D model 
(HA3D™—Fig. 6.1), a detailed reproduction of the prostate 
and the surrounding structures: the virtual model is always 
focused on the tumor location relatively to the prostate cap-
sule, in order to enhance the location of tumor extracapsular 
extension, and on the shape and location of neurovascular 
bundles, in order to have a clear idea of the tissues to spare 
during the surgery. Final steps of the process are the creation 
of a transcription code for the visualization of the HA3D 
reconstruction in an interactive 3D-PDF format to improve 
the understanding of the relationships between the tumor and 
the surrounding structures and the conversion of each part in 
stereo-lithography (STL) format [3, 4].

Virtual 3D models allow the surgeon to simplify the plan-
ning and management of the treatment, reducing the risk of 
intra- and post-operative complications. Furthermore, they 
allow to influence the preoperative decision-making process 
during cognitive surgical procedures, thanks to the virtual 
reconstruction on a 2D screen, available for consultation 
both before and during surgery [5, 6].

 Augmented Reality RALP

Virtual 3D models can be used in augmented reality surgical 
procedures thanks to a specific system able to overlay virtual 
data over the real anatomical view of the organ of interest as 
taken by the endoscopic camera during surgery. The soft-
ware can display the 3D model of the patient’s organ and 
control its translation, rotation and scale transformation val-
ues. All transformations were applied starting from a specific 
landmark to accurately reproduce movements and rotations 
of the real organ during the robotic procedure: for the pros-
tate the apex of the organ. The tracking of prostate can be 
done by a professional operating the software application 
and using dedicated input devices to overlay the 3D model to 
the patient’s organ in real time. A six-degrees-of-freedom 
device is considered the most appropriate for this tracking 
task, with the possibility to pan, zoom and rotate the 3D 
model with one hand only. To maximize the surgeon’s aware-
ness about the intraoperative environment, the software 
application allows isolation of specific parts of the 3D model, 
modifying their transparency value to give a flexible control 
of the displayed surfaces [7].

In 2018, Porpiglia et al. published their initial experiment 
with AR during robot-assisted RP, using a software-based 
integration of rendered prostate virtual models inside the da 
Vinci surgeon console. Sixteen patients with cT2 prostate 
cancer underwent an intrafascial nerve-sparing technique, 
whereas 14 with cT3 tumours underwent standard nerves-
paring technique together with selective biopsies at the sus-
pected extra-capsular extension. The positive surgical margin 
rate was 30%, but no positive surgical margins were found in 
pT2 tumours. Selective biopsies guided by AR confirmed 
suspected extra-prostatic disease in 11 of 14 biopsies (78%). 
Finally, the authors scanned the prostate specimens, record-
ing a mismatch between the 3D reconstruction and the 
scanned prostate from 1 to 5 mm. The same group recently 
published an update of these experiments. Eleven patients 
had cT2 vs. 19 cT3 at preoperative MRI. In all the cases, the 
final pathology examination confirmed the location of the 
index lesion as indicated by 3D reconstruction. Noteworthy 
is that 15 out of 19 patients with suspected extra-capsular 
extension at preoperative MRI had confirmed pT3a stage 
(79%). In such cases, 11 out of 15 patients (73.3%) were 
found to have cancer cells at the neurovascular bundle adja-

Fig. 6.1 Prostate Hyper-accuracy 3D (HA3D™) reconstruction used 
intraoperatively for cognitive procedures
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cent to the extra-capsular extension. They concluded that this 
technology, when tested by expert prostate cancer surgeons, 
has a high rate of success, especially in key steps of the inter-
vention [7, 8].

 Elastic Augmented Reality RALP

In order to obtain a correct overlay of the images, we must 
consider that tissues and organs, during surgical maneuvers, 
are subjected to forces that could modify their appearance 
and shape. Due to their own elasticity, they are continuously 
subjected to traction and rotation forces that make a rigid 3D 
model inadequate for optimal anatomical overlap.

To overcome this problem, recent technological innova-
tions have led to the development of the concept of elastic 
augmented reality: using parametric transformation formu-
las, it is possible to twist, bend, stretch, and tape the model 
to create more functional and dynamic overlapping, which 

may be used during the intervention, especially in the 
nerve- sparing phase, in which the prostate shape is 
deformed by the traction exerted by the robotic arms 
(Fig. 6.2) [9].

In this scenario, Porpiglia ed. al., in 2019, introduced the 
3D elastic AR RARP thanks to the application of nonlinear 
parametric deformations, namely “bend” and “stretch”, to 
approximate the deformation of the target organ. The two 
deformers chosen turned out to be accurate in estimating 
prostate deformations during surgery. In fact, despite the 
traction exercised on the prostate by the robotic arms, thanks 
to the elastic 3D overlapping model, the lesion and CI loca-
tion were correctly identified during the dynamic nerve- 
sparing phase (100% of correct lesion identification). Forty 
patients prospectively enrolled underwent robotic prostatec-
tomy: 20 of them underwent 3D elastic augmented reality 
guidance, while the other 20 underwent 2D MRI guidance, 
placing a metallic clip at the level of suspicious extracapsular 
tumor extension. The pathological analysis evaluated the 

Fig. 6.2 3D Elastic Augmented Reality RALP: the 3D model allows to visualize the tumour location in a dynamic phase of the intervention
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presence of tumor at the level of the clip, confirming a statis-
tically significant difference (p = 0.002) in favor of elastic 
augmented reality technology [9, 10].

 Automatic Augmented Reality RALP

Even if great steps forward have been made in the last few 
years, with the introduction of real-time AR procedures and 
then with the introduction of elastic models able to dynami-
cally chase the real organs, we are still just at the beginning 
of the development of this technology.

In the near future, the possibility to automatically track 
organ movements during the procedure will permit auto-
matic overlap of the virtual model to real anatomy. To achieve 
this goal, different approaches have been proposed, follow-
ing two main strategies. The first is the application of endo-
scopic markers that can be detected by the AR software and 
then, thanks to this information, the models can be over-
lapped. The second approach, technically more challenging 
and time consuming, is a markerless strategy based on 
machine learning algorithms [11].

The first strategy consists of identifying some intraop-
erative landmarks that can be used to link a virtual land-

mark (created together with the 3D prostate virtual model). 
Once the landmarks are identified, a software to automati-
cally link the two landmarks (the real one and the virtual 
one) has to be developed. For this purpose, the landmark 
can be an anatomical structure or an extracorporeal land-
mark introduced into the abdominal cavity in order to be 
clearly identified by the software. With this purpose, the 
work recently published by Porpiglia et al. was focused on 
the final part of the robot- assisted radical prostatectomy, 
when the prostate has been removed from its place, and a 
catheter is introduced in the operative environment. Such 
an evident artificial reference object allows for a specific 
tracking method less costly from a computational point of 
view, with respect to the feature detection strategy of iden-
tification of the anatomical structure of the prostate, as 
proven by preliminary tests [12].

Once the automatic augmented reality overlay is per-
formed, is possible to see the position of the tumor lesion 
projected at the level of the prostatic lodge, and then send 
back to Da Vinci remote console monitor in real time 
(Fig.  6.3). After that, is possible to zoom-in or -out the 
endoscopic camera view and the model automatically 
modulates its scale and remains anchored properly. Then 
the transparency of the model can be changed, and the 

Fig. 6.3 3D Automatic 
Augmented Reality RALP: in 
final steps of prostatectomy, 
when the prostate has been 
removed from its place, a 
catheter is introduced and 3D 
virtual model automatically 
overlapped to identify the 
tumour extracapsular 
extension (ECE) at the level 
of preserved neurovascular 
bundles (NVBs)
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prostate and intraparenchymal portion of the tumor hid-
den, leaving projected on the in-vivo anatomy only the 
catheter and the extracapsular portion of the tumors. At 
this point a selective biopsy is performable at the level of 
the preserved neurovascular bundle where the automatic 
augmented reality images indicated the suspicious contact 
[12, 13].

In two recent studies Porpiglia evaluate the accuracy of 
the new automatic augmented reality system in order to 
identify the tumour extracapsular extension (ECE) at the 
level of preserved neurovascular bundles (NVBs) during 
robot assisted radical prostatectomy (RARP). Ten patients 
candidated to RARP were enrolled with suspicious ECE at 
preoperative high-resolution multi-parametric magnetic 
resonance imaging (mpMRI, 1-mm slices) according to 
dedicated protocol. The obtained 3D reconstruction was 
overlapped to endoscopic in-vivo anatomy and sent back 
to DaVinci robotic console. A metallic clip was placed at 
the level of suspected ECE as indicated by the virtual 
images. In eight cases the final pathology (pT3) confirmed 
the presence of ECE. At macroscopic assessment the pres-
ence of ECE at the level of metallic clip was recorded in 
100% of the cases; then the microscopic evaluation con-
firmed the cancer presence in all the cases and revealed a 
mean length of ECE of 4 mm, demonstrating that the 3D 
virtual images, automatically anchored to the catheter, are 
able to correctly identify the location of ECE at the level of 
NVBs [13].

 Conclusions

3D virtual technology has entered daily practice in some 
specialist clinics, especially for the management of urologi-
cal malignancies, including prostate cancer. It is perceived 
as a useful tool for surgical planning, physician education/
training, and patient counselling. Moreover, the integration 
of robotic platforms with 3D models and the possibility of 
performing augmented reality surgeries increase the sur-
geon’s confidence in treating the disease, with a potential 
benefit in terms of precision and tailoring of the procedures. 
Further researches are needed to reach the next stage of evo-
lution of such technology, and to maximize its potential 
applications.
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7The Bladder Neck Management

Walter Artibani, Giovanni Enrico Cacciamani, 
Alessandro Crestani, and Angelo Porreca

 Introduction

Bladder neck management represents one of the crucial steps 
during the robotic-assisted radical prostatectomy (RARP). 
The correct Identification of its anatomical landmarks guides 
the surgeon during the surgical procedure to achieve a proper 
dissection and, therefore, contribute to perform a watertight 
anastomosis with the urethral stump [1].

A correct bladder neck management might have a role in 
the continence recovery after RARP.  Anterior, lateral, and 
bladder neck preserving techniques have been extensively 
described in terms of surgical and functional pros and cons. 
However, the debate about which approach should be used is 
still open. The presence of prostate median lobe or previous 
transurethral resection or laser enucleation (TURP, HoLEP, 
ThuLEP) could make challenging the bladder neck manage-
ment. A detailed description of the desirable approaches to 
use could guide neophyte surgeons approaching this surgical 
procedure.

This book chapter will discuss the most commonly used 
approaches for bladder neck dissection step by step.

 Anatomical Considerations and Landmarks

Anatomical landmarks of the bladder neck have been 
described for guiding the surgeons in performing the so- 
called anatomical radical prostatectomy [2, 3]. The tissue 
that covers the prostate in part constitutes an extension of 

the anterior wall of the bladder beyond the bladder neck 
(the detrusor apron) [4, 5]. This structure covers the pros-
tate’s anterior surface, bladder neck, and the limits between 
the base of the prostate and bladder neck. Laterally to the 
anterior apron and bladder neck, a triangular “fatty” space 
is bounded by detrusor of bladder neck medially, prostate 
base caudally, and prostate pedicle/neurovascular bundle 
laterally. The dissection of this space exposes the anterior 
surface of seminal vesicles that represents the deep bound-
ary of dissection and are covered by a fibromuscular 
fascia.

This anatomical structure is frequently defined as the 
anterior aspect of Denonvilliers’ fascia. Indeed, some 
authors described this fascia as a muscular structure with 
the longitudinal disposition of the fibers tented between the 
outer layer of the bladder muscle and the prostate base. 
However, this structure is not the anterior layer of 
Denonvilliers’ fascia. Instead, it corresponds to the poste-
rior longitudinal fascia of the detrusor muscle externally 
stuffed by the bladder adventitia [6]. This concept was fur-
ther developed by Tewari et al. that focused their attention 
on a “retrotrigonal layer” consisting of some vertically ori-
ented fibers located posterior to the bladder neck, extending 
from the trigone (superiorly) to the base of the prostate 
(inferiorly). Finally, Walz et al. [2] proposed a different and 
intuitive terminology to describe this structure: the vesico-
prostatic muscle, and this, in our opinion, should be the 
preferred term.

Laterally, the retrotrigonal layer is extended to the proxi-
mal neurovascular pedicles and the effacing detrusor fibers 
on the prostatic capsule. The thickness of this layer is vari-
able, with the superior aspect adjacent to the bladder being 
the thickest and the inferior element at the prostatic base 
being the thinnest. Histologically it is principally composed 
of smooth muscular fibers interposed by small areas of con-
nective tissue with rare fascicles of nerves [7].
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 Anterior Approach to the Bladder Neck

 Prostate Defatting

The periprostatic fat is easily detachable from the anterior 
and lateral surface of the prostate, continuing cranially. It is 
adherent to the bladder wall when it becomes pericystium 
and is anchored by perivesical veins, which must be coagu-
lated and divided. The boundary between detachable fat and 
adherent fat already gives an indirect idea of the boundary 
between the anterior bladder wall and prostate.

 Tips for Bladder Neck Identification

First, grasping the bladder wall puts in tension and subtends 
the detrusor apron, which continues in front of the prostate 
towards the membranous urethra.

Second, moving the inflated Foley balloon alternately 
towards the prostate and towards/inside the bladder gives an 
idea of the bladder base and the insertion of the bladder wall 
on the anterolateral surface of the prostate; of note, in case of 
prostatic hypertrophy that lifts the bladder floor or middle 
lobe, the balloon is deflected asymmetrically and can be 
misleading.

Third, pinching allows an “optical palpation” of the blad-
der and prostate (Fig. 7.1a).

 Anterior Incision of the Bladder Neck

Perform a median incision of the detrusor apron, horizontal 
or inverted “V” (Fig. 7.1b, c), making visible the longitudi-
nal muscle fibers of the detrusor. The choice of the precise 
site of section (higher or lower) is dependent according to the 
oncological status of the prostatic base: very close to the 
prostate in case of oncological negativity, further towards the 
bladder in case of possible doubt of involvement of the blad-
der neck. As the section is deepened with the tip of the mono-
polar scissor, the cranial grip with the fourth arm is improved 
to increase the tension; a further tensioning effect is obtained 
with the Maryland or the Prograsp® in a flat position.

There are veins with a longitudinal course in the central 
area of the section (from the dorsal vascular complex to the 
bladder wall) that can be easily coagulated. The more the 
section goes sideways, the larger veins can be encountered, 
and therefore it could require control of bleeding. These lat-
eral veins are avoidable with the inverted “V” incision. The 
remaining part of the plane is avascular until it reaches the 
vesicourethral mucosa. Minor bleeding then occurs, which 

indicates that the mucosa has been approximated (Fig. 7.1d). 
The mucosa is now is dissected, and the bladder catheter is 
visible. The incision of the anterior half-circumference of the 
bladder neck is now completed.

 Examination of the Bladder Neck

The catheter balloon is deflated, and the catheter is with-
drawn and attracted to the operative field, clamped with the 
fourth arm, and pushed upwards in the direction of the 
abdominal wall. Outside, a counter-traction is applied to the 
external portion of the catheter (Fig. 7.1e). This double trac-
tion, internal and external, raises the prostate and highlights 
the open bladder neck and its posterior lip (Fig. 7.2a, b). In 
addition, the table aid clamps the anterior bladder wall and 
subtends it cranially. These combined traction maneuvers on 
the prostate and bladder help to expose the bladder neck.

The bladder neck and trigone are now visually explored 
as follow:

 – Opening the Maryland or Prograsp® inserted into the 
bladder facilitates the exploration.

 – The ureteral orifices and the interureteric line are 
identified.

 – The thickness of the bladder wall is assessed.
 – The conformation of the trigone is evaluated: regular flat; 

raised from the middle lobe; with an anterior notch 
towards the prostate (this last information is important 
because a common mistake of the beginner is to violate 
the trigone in section maneuvers between trigone and 
prostate).

 – The border-line between the prostate and bladder is out-
lined in cases where a TURP or a HoLEP/ThuLEP has 
been previously performed.

 Posterior Incision of the Bladder Neck

The posterior portion of the bladder neck is now incised 
(Fig. 7.2c, d), and the vesicoprostatic plane is developed by 
dissecting the vesicoprostatic muscle getting access to the 
vas deferens and the seminal vesicles:

 – The incision of the posterior lip can start from the center 
towards the outside or from the outside towards the 
mid-line.

 – The bladder wall must be sectioned full thickness.
 – The incision is deepened on the sides of the neck until the 

yellowish fatty tissue of the vesicular fossa is visible.
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Fig. 7.1 Anterior approach for management of the bladder neck. A 
linked video-clip is available scanning the QRcode on the right. For 
Apple users: Open the Camera app from your device’s. Hold your 
device so that the QR code appears in the Camera app’s viewfinder. 

Your device recognizes the QR code and shows a notification. Tap the 
notification to open the link associated with the QR code. For Android 
users: download a QRcode scanner app and follow the above 
instructions

 – Release the catheter that was kept in tension, withdrawing 
it into the urethra and clamp the posterior base of the 
prostate, attracting it cranially, thus putting tension on the 
vesicourethral muscle fibers.

 – During the vesicourethral muscle section, the incision 
direction is oblique towards the prostate, not towards the 
bladder (this avoids violation of the trigone) (Fig. 7.2d).

 – Once the vesicoprostatic muscle is dissected, the access to 
the vas deferens and the seminal vesicles is gained.

Of note, the bladder wall extends over the prostate both 
anteriorly and posteriorly. The anterior parietal extension 
corresponds to the detrusor apron, and it is necessary to 
incise it to reach the anterior portion of the bladder neck. 
The posterior parietal extension corresponds to the vesi-
coprostatic muscle, referred to in the past as the anterior 
leaflet of Denonvillier’s fascia [2, 3] and must be dis-
sected to have access to the vas deferens and seminal 
vesicles.

7 The Bladder Neck Management
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Fig. 7.2 Anterior approach for management of the bladder neck. A 
linked video-clip is available scanning the QRcode on the right. For 
Apple users: Open the Camera app from your device’s. Hold your 
device so that the QR code appears in the Camera app’s viewfinder. 

Your device recognizes the QR code and shows a notification. Tap the 
notification to open the link associated with the QR code. For Android 
users: download a QRcode scanner app and follow the above 
instructions

In the case of a Retzius sparing surgical approach accord-
ing to the Bocciardi technique [8–11] the technique is per-
formed backward: first of all, it is necessary to dissect the 
vesicoprostatic muscle to have access to the posterior portion 
of the neck, while the detrusor apron will then be fully pre-
served anteriorly.

 Preservation of Bladder Neck

In selected and oncologically adequate cases, it is possible to 
preserve the bladder neck and theoretically the so-called 
“genital sphincter.” The technique is similar to that described 
so far, except that the search for contact with the prostate is 
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maximum. By delicately following the profile of the pros-
tatic base, the bladder neck and part of the proximal prostatic 
urethra are circumnavigated and circumferentially delimited 
before dissecting it. It is still controversial whether neck 
preservation leads to improvement in terms of early recovery 
to continence. It certainly gives an advantage in having two 
congruent orifices for a head-to-head anastomosis with the 
urethral stump.

 Lateral Approach to the Bladder Neck

The catheter balloon previously filled to 10 mL is deflated or 
wholly inserted into the bladder to better identify the limits 
between the bladder neck and the prostate base. The anterior 
apron is transversely incised with monopolar scissor until the 
longitudinal fibers of the bladder neck and urethra are visual-
ized with attention to don’t injure the base of the prostate.

 Exposition of the “Lateral Triangle”

Identified this boundary, a gentle laterally traction of the 
bladder neck from left to right with the fourth arm (if placed 
on the right side) is performed to expose the left triangle 
between the base of the prostate, bladder neck, and prostate 
pedicles/neurovascular bundles (Fig.  7.3). This traction is 
maintained during dissection.

 Dissection to the Seminal Vesicle

Next, blunt, athermal dissection of fatty tissue is performed 
using Maryland bipolar forceps and monopolar scissor until 
the anterior surface of the left seminal vesicle. During this 

step, the assistant, with a suction device, maintains the dis-
section plane at the apex of the triangle created (Fig. 7.4).

 Opening of the Bladder Neck

Once it reaches the plane of the seminal vesicles, the anterior 
wall of the bladder neck could be opened, and the foley cath-
eter anteriorly tractioned better to expose the posterior wall 
of the bladder neck and to incise it (Fig. 7.5).

 Separation of the Bladder Neck 
from the Prostate

Subsequent, with attention to maintaining the retrotrigonal 
layer on the bladder neck side, lateral traction with the right 
arm allows separating the bladder neck from the prostate base 
(Fig. 7.6). During this step, the use of a 30° camera will enable 
us to visualize better the plane of dissection between the ret-

Fig. 7.3 Lateral traction of bladder neck with the fourth arm, exposure 
of “fatty triangle”

Fig. 7.4 Left triangle between bladder neck (BN), prostate pedicle/
neurovascular bundle (NVB), and the base of the prostate (PB)

Fig. 7.5 Section of the anterior wall of the bladder neck (BN)

7 The Bladder Neck Management
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Fig. 7.6 Dissection of the bladder neck maintaining retro trigonal 
layer (RL) of the right side over the trigone

rotrigonal layer, seminal vesicles, and the base of the prostate, 
decreasing the risk of trigonal damages. Once completed, the 
detachment of the bladder neck from the base of the prostate 
the traction with the fourth arm on bladder neck can release 
and seminal vesicles can be dissected and isolated.
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8Extrafascial (No-Nerve Sparing)

Dan Xia, Shuo Wang, Taile Jing, and Di Gu

 Introduction

Advances in task-specific surgical instrumentation, optics, 
digital video equipment, and computer and robotic technol-
ogy opened a new frontier for minimally invasive laparo-
scopic prostatectomy. Since the da Vinci system introduction 
in the United States in 2000, robotic-assisted laparoscopic 
radical prostatectomy (RALRP) has rapidly grown in popu-
larity with surgeons and patients alike. With rapid dissemina-
tion of robotic platforms into large tertiary referral centers 
and community hospitals, RALRP has become the dominant 
surgical approach for radical prostatectomy in the United 
States [1, 2]. Thanks to the vision magnification and the mil-
limetric instruments, more detailed understanding of precise 
periprostatic anatomy has been achieved [3, 4]. Anatomical 
studies ultimately translated into better tumor control and 
higher level of function preservation during prostatectomy. 
This chapter highlights the extra-fascial techniques for robot- 
assisted radical prostatectomy, describing the anatomical 
findings, surgical techniques and summarizing the current 
evidence supporting its implementation.

 Fascia of the Prostate

 Endopelvic Fascia

The endopelvic fascia includes the parietal endopelvic fascia 
and the visceral endopelvic fascia [4]. The visceral compo-
nent of the endopelvic fascia covers the pelvic organs includ-
ing prostate, bladder, and rectum, and it is fused with the 
anterior fibromuscular stroma of the prostate at the upper 

ventral aspect of the gland [4–6] (Fig. 8.1a). Along the pelvic 
sidewall at the lateral aspect of the prostate and bladder, the 
parietal and the visceral components of the endopelvic fascia 
are fused [4–6]. As a fascial condensation, this fusion is often 
recognizable as a whitish line and named the fascial tendi-
nous arch of the pelvis (FTAP) [4] (Fig. 8.1a). It stretches 
from the pubovesical/puboprostatic ligaments (PV/PPLs) to 
the ischial spine. The parietal endopelvic fascia includes fas-
cia of the levator ani muscle (Fig. 8.1a). The incision of this 
fascia immediately lateral to the fascial tendinous arch 
incises the levator ani fascia (LAF) and leaves the muscle 
fibers of the levator ani bare and the LAF adherent to the 
prostate [4, 7–9].

 Anterior Periprostatic Fascia

This periprostatic fascia (PPF) is not a discrete single- layered 
structure stretching over the lateral surface of the prostate [4, 
8]. Often it is ordered in several layers over the prostate and 
consists of both collagenous and adipose tissue elements [5]. 
The anterior periprostatic fascia as visceral endopelvic fascia 
is associated with the anterior surface of the prostate from 
approximately the 10-o’clock to 11-o’clock positions to the 
1-o’clock to 2-o’clock positions, where it covers the detrusor 
apron, dorsal vascular complex, and is fused in the midline 
with the anterior fibromuscular stroma of the prostate [3, 4] 
(Fig. 8.1).

 Lateral Periprostatic Fascia

Lateral periprostatic fascia, on the posterolateral prostate, 
extend from the anterior surface of the prostate posteriorly or 
dorsally to embrace or meet the neurovascular bundle (NVB) 
with the outer LAF passing lateral to the NVB to eventually 
become the pararectal fascia, which separates the rectum 
from the levator ani [4, 6, 8, 10] (Fig. 8.1a).
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Fig. 8.1 (a) Axial section of prostatic and periprostatic fascia at mid-
prostate. (b) Midline sagittal section of prostate, bladder, urethra, and 
striated sphincter. A apex, AFMS anterior fibromuscular stroma, B blad-
der, DA detrusor apron, DF Denonvilliers fascia, DVC dorsal vascular 
complex, FTAP fascial tendinous arch of pelvis, LAF levator ani fascia, 
M midprostate, NVB neurovascular bundle, PC pseudocapsule, PPF 
periprostatic fascia, PPF/SVF posterior prostatic fascia/seminal vesical 

fascia, PRS perirectal space, PZ peripheral zone, R rectum, SV seminal 
vesicle, TZ transition zone, U urethra, VEF visceral endopelvic fascia. 
CS colliculus seminalis (verumontanum), MDR medial dorsal raphe, 
PC pseudocapsule of prostate, PS pubic symphysis, RU rectourethralis 
muscle, SMS smooth muscle sphincter, SS striated sphincter, VEF vis-
ceral endopelvic fascia, VS vesical sphincter, VVPM vesicoprostatic 
muscle. (This figure is modified from Walz, J’s papers [3, 4])
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Fig. 8.2 Axial section of prostate and periprostatic fascias at midpros-
tate with three different dissection planes (intrafascial, interfascial and 
extrafascial) demonstrated. This schematic figure (prostate rotated 
counterclockwise) shows the classical posterolateral release of interfas-
cial dissection. C capsule of prostate, FTAP fascial tendinous arch of 
pelvis, LAF levator ani fascia, NVB neurovascular bundle, PEF parietal 
endopelvic fascia, PF prostatic fascia, VEF visceral endopelvic fascia. 
(This figure is modified from Walz, J’s papers [3, 4])

 Posterior Prostatic Fascia and Seminal Vesicles 
Fascia (Denonvilliers’ Fascia)

The posterior surface of the prostate and the seminal vesicles 
are tightly covered by a continuous layer of posterior pros-
tatic fascia (pPF) and seminal vesicles fascia (SVF), also 
known as Denonvilliers’ fascia [4, 9, 11]. The cephalad ori-
gin of the pPF/SVF is found anterior to the caudal end point 
of the peritoneal cul-de-sac (rectovesical pouch) [4]. The 
pPF/SVF then extends distally to the apex of the prostate to 
end at the prostatourethral junction in a terminal plate in 
 continuity with the central perineal tendon, which consists of 
collagenous, elastic, and numerous muscle fibers and varies 
from a fragile translucent layer to a dense single-layered 
membrane [4, 12, 13]. Muraoka et  al. investigated that 
although its configuration appeared to be a firm membranous 
structure, it was actually recognized as a fascicle of multiple 
leaves with interlacing branches, with multiple leaves mainly 
ventrally, and a disorderly, loose connective tissue mainly 
dorsally [3, 14]. They found a fusion between the pPF/SVF 
and the pseudocapsule near the base of the prostate at the 
insertion of the seminal vesicles [14]. The pPF/SVF extended 
and dispersed laterally into the neurovascular bundle (NVB), 
and periprostatic nerves ran between multiple leaves and 
appeared embedded in the fascial complex between pPF/
SVF leaves and the pseudo-capsule [3] (Fig. 8.1).

 Prostate Capsule

The prostate itself is surrounded by a capsule-like structure, 
which represents its outer limits [4]. This structure is not a 
clear capsule in an anatomical sense, but a layer of fibrous 
muscle bundles, mainly smooth muscle, which is an integral 

part of the prostate matrix [4, 15, 16]. At its apex, the prostate 
stroma blends with the muscle fibers of the urinary sphincter 
and at the base with the smooth muscle fibers of the bladder 
detrusor, so the prostate capsule cannot be identified at either 
the apex or the base of the prostate [4, 15, 17] (Fig. 8.2).
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 Neurovascular Bundle

The neurovascular bundle (NVB), situated between the fas-
cial layers covering the prostate, is composed of numerous 
nerve fibers superimposed on a scaffold of veins, arteries, and 
variable amounts of adipose tissue surrounding almost the 
entire lateral and posterior surfaces of the prostate [3, 4] 
(Fig.  8.2). Takenaka et  al. demonstrated a spray-like 
 distribution of the nerves on the lateral and anterolateral sur-
face of the prostate which was firstly described by Muller and 
draw a conclusion that the NVB is not a distinct structure but 
consists of multiple finely dispersed fibers [18]. Several stud-
ies demonstrated that only two thirds of all nerves on the lat-
eral aspect are present in the posterolateral location, and the 
remaining third lie on the anterolateral surface [4, 10, 19, 20]. 
Many reports showed that preserving the NVB to the prostate 
could contribute to preservation of postoperative sexual func-
tion and early return of postoperative continence [4, 21, 22].

 Surgical Technique

 Patient Position and Trocar Placement

After induction of general anesthesia, the patient is placed in 
the steep Trendelenburg position with the arms and hands 
carefully tucked and padded to avoid injury to the median 
and ulnar nerves. The patient’s legs are spread apart to allow 
for access to the rectum and perineum during vesicourethral 
anastomosis.

The Da Vinci Xi robotic surgical system (Intuitive 
Surgical Inc., Sunnyvale, CA, USA) is the predominant sys-
tem in use today. For a transperitoneal approach, pneumo-
peritoneum is established using either a Veress needle 
inserted at the base of the umbilicus or an open Hasson tech-
nique. Trocar configuration is shown in Fig. 8.3. Arm 3 metal 

8 mm trocar is initially placed above the umbilicus for inser-
tion of the stereo-endoscope. Three other 8 mm metal robotic 
trocars are placed under direct laparoscopic view while the 
assistant provides retraction, suction, and irrigation and pass 
clips and sutures via the 12  mm trocars placed along the 
patient’s right side.

 Extra-Fascial Dissection

Extra-fascial dissection is a dissection carried lateral to the 
LAF and posterior to the pPF/SVF [3, 4] (Fig. 8.2a, purple 
line). Firstly, endopelvic fascia needs to be dissected from 
the outside of FTAP (Fig. 8.4) and closing to the LAF to 
confirm the anterior rectal fat on the posterolateral side of 
the prostate (Fig. 8.2b). As for posterior prostatic fascia, it 
should be separated closing to the anterior Denonvilliers’ 
fascia in the perirectal space from the rear center section to 
both sides until to meet the anterior rectal fat on the pos-
terolateral side of the prostate (Figs. 8.2a and 8.5). In this 
case, the NVB along the posterolateral side of the prostate 
was completely removed, and LAF, PF and pPF/SVF 
remained on the prostate [4]. Compared with intra-fascial 
and inter- fascial dissections, this approach leads to the larg-

Assistant Port Arm 4 Arm 2

Arm 1

Arm 3 (Camera port)

Fig. 8.3 Demonstration of Port Placement: Arm 3 8 mm metal trocar 
is initially placed above the umbilicus for insertion of the stereo- 
endoscope. Three other metal robotic 8 mm trocars are placed under 
direct laparoscopic view while the assistant provides retraction, suction, 
and irrigation and pass clips and sutures via the 12 mm trocars placed 
along the patient’s right side

Fig. 8.4 FTAP fascial tendinous arch of pelvis, LAF levator ani fascia, 
LA levator ani, P prostate

Fig. 8.5 Dissection of posterior prostatic fascia: DF Denonvilliers fas-
cia, PRS perirectal space, SV seminal vesicle
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est number of resection of periprostatic tissue (Fig.  8.2). 
Therefore, it is the safest complete tumor resection with 
negative margin, but it may be accompanied by complete 
erectile dysfunction [4].

 Conclusion

Wide adaption of RALRP within the urological community 
has resulted in numerous novel approaches and cut-off edge 
techniques with the aims of preserving urine continence and 
sexual function while maintaining oncological success. 
Performing extra-fascia dissection during RALRP is the 
standard technique for urologists. This technique is useful on 
patients with locally advanced disease in oncological con-
trol. In this chapter, we summarized the current evidence 
concerning the prostatic fascia anatomy and briefly described 
the surgical extra-fascia techniques. Continued development 
of anatomical concepts and surgical approaches are still on 
the horizon. Indeed, we want to emphasize that the appropri-
ate technique is tailored to patient’s individual anatomy and 
takes into consider of tumor stage and function 
preservation.
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9Posterior Approach to Seminal Vesicles

William R. Visser and Lance J. Hampton

 Introduction

Variations in anatomy and patient body habitus affect surgi-
cal technique in all urologic procedures. This is magnified 
during radical prostatectomy due to limited working space 
within the pelvis and differences in the anatomy of the pros-
tatic lobes between patients. The posterior approach for sem-
inal vesicle (SV) dissection was first described for pure 
laparoscopy and was termed the Montsouris technique [1]. 
With development and implementation of the surgical robot, 
surgeons were able to implement this during transperitoneal 
robotic assisted radical prostatectomy. While dissection 
technique is surgeon dependent and largely a matter of pref-
erence, the posterior approach allows for improved visual-
ization and identification of the SVs initially and improves 
efficiency of the SV dissection [2].

 Surgical Technique

 Robotic System and Port Placement

The Da Vinci Xi robotic surgical system (Intuitive Surgical 
Inc., Sunnyvale, CA, USA) is the predominant system in use 
today. Robotic port placement and patient positioning are the 
same regardless to the approach to the seminal vesicle dis-
section. We use all four robotic arms for all of our prostatec-
tomies and two assistant ports (12  mm Airseal port in the 
right lower quadrant and a 5 mm port in the right upper quad-
rant). Patients remain in supine position with 20° of 
Trendelenburg positioning. With the Xi robot, split leg or 
lithotomy positioning is not needed. Upon entry and docking 
of the robot, initial inspection of the abdomen is performed 
to assess the anatomy.

 Seminal Vesicle Exposure

Initially, lysis of adhesions may need to be undertaken in 
order to free up the sigmoid colon from the left lateral body 
wall. This can be vitally important in that if the sigmoid is 
tethered, cephalad retraction will be difficult and can affect 
the posterior dissection. Once the sigmoid is free, it is 
retracted cephalad and the far-left arm (with the Prograsp 
grasper) is used to hold the sigmoid in place with gentle pos-
terior traction. This maneuver pulls the posterior cul-de-sac 
taut and will improve visualization. The posterior perito-
neum in the cul-de-sac is then incised midway between the 
bladder “fold” and the reflection of the peritoneum by the 
rectum. The assistant’s suction irrigator is placed in this 
space and retracted anteriorly (Fig. 9.1).

 Seminal Vesicle Dissection Via the Posterior 
Approach

At this point, using a combination of sharp and blunt dissec-
tion the bilateral vasa and seminal vesicle complex is dis-
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Fig. 9.1 An incision is made in the cul-de-sac of the peritoneum 
between the bladder (B) and rectum (R) using the curved monopolar 
scissors. The assistants laparoscopic suction irrigator (SI) can then pro-
vide retraction anteriorly to help develop the operative space

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
S. Ren et al. (eds.), Robot-Assisted Radical Prostatectomy, https://doi.org/10.1007/978-3-031-05855-4_9

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-05855-4_9&domain=pdf
mailto:william.visser@vcuhealth.org
mailto:lance.hampton@vcuhealth.org
mailto:lance.hampton@vcuhealth.org
https://doi.org/10.1007/978-3-031-05855-4_9


66

sected both anteriorly and posteriorly taking care not to 
dissect the vasa off of the seminal vesicles or from each other 
in the midline (Fig. 9.2). It is unnecessary to dissect the vasa 
away from the seminal vesicles and could, theoretically, lead 
to a positive margin for very high stage disease. It is very 
important to see both vasa deferentia and seminal vesicles 
before anything is cut. Patients with ectopic ureters or with 
extreme “J-Hooking” of the ureters may have an injury in 
this area if the complex is not dissected carefully (Fig. 9.3).

Once this posterior complex has been freely dissected, the 
vas on either side is cut as laterally as possible near the tip of 
the seminal vesicle. This maneuver also keeps as much tissue 
as possible on the vas/SV complex (Fig. 9.4). Immediately 
caudal to the vas lies the vasal artery. This can be cauterized 
easily with either monopolar or bipolar energy. Clips are 
unnecessary. The seminal vesicles will now be more freely 
mobile and can be gently pulled medially exposing the lat-
eral surface. Frequently, there are small vessels in this area as 
well which are easily identifiable and addressed with cauter-

ization. This dissection is carried caudally until the insertion 
of the vas/SV complex can be seen entering the posterior 
prostate. The same dissection is performed on the contralat-
eral side typically with the assistant pulling the left vas/SV 
complex medially. Counter traction should always be per-
formed by pulling the complex towards the midline to avoid 
the lateral nerve tissue which may be present in this area.

Once the entire vas/SV complex has been freed, the assis-
tant will grab the complex and lift anteriorly. The suction 
irrigator is placed posterior putting gentle traction in this 
area. This exposes Denonvillier’s fascia. At this point, the 
surgeon may decide to split the fascia to be as close to the 
prostate as possible or to purposefully enter Denonvillier’s, 
keeping all posterior fascial tissue on the posterior surface of 
the prostate (Fig. 9.5). This decision should be based on each 
patient’s individual pathology and preoperative imaging. 

Fig. 9.2 Blunt and electrocautery dissection are used to identify the 
right vas deferens (VD) on the course towards the right internal inguinal 
ring

Fig. 9.3 The right vas deferens (VD) is dissected both anteriorly and 
posteriorly prior to transection. This allows for identification of aber-
rant or ectopic ureters in this space

Fig. 9.4 The vas deferens is cut on the right side of the image depicting 
a lateral transection. The seminal vesicles and vas deferens are not sepa-
rated from this point on

Fig. 9.5 The seminal vesicles have been dissected free and are being 
lifted anteriorly by the assistant. The surgeon can then enter 
Denonvillier’s fascia (DF) posterior to the prostate
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Caudal dissection can then be performed with both sharp and 
blunt dissection as distal as possible. A 30° up lens can also 
be used at this point to facilitate this dissection if needed. At 
this point, the focus of the operation is shifted to the anterior 
side where the surgeon will start by dropping the bladder.

 Advantages

Knowledge of and ability to perform both the anterior and 
posterior dissection of the SV is crucial for a urologist that 
plans on performing radical prostatectomies. Each case may 
require a specific technique based on varying factors. 
Regardless, the posterior approach consistently offers sev-
eral key advantages when compared to the anterior dissec-
tion. Immediately, the surgeon will notice improved working 
area and visualization for the SV dissection. By performing 
the SV dissection first from a posterior approach, the bladder 
and prostate remain suspended to the anterior abdominal 
wall, which gives the surgeon improved visualization. 
Furthermore, the vas deferens can be seen coursing towards 
its exit through the interior inguinal ring allowing for ease of 
identification. The second noticeable benefit is decreased 
pooling of the blood in the rectoprostatic space. Posterior 
entrance affords improved suctioning by the assistant and a 
cleaner operative field. If performed first, the posterior dis-
section will then make for a safe and reliable bladder neck 
transection into the space created initially [3].

 Outcomes

Intraoperative choice of the posterior dissection technique is 
typically based on surgeon preference. Yasui et al. demon-
strated that the approach was safe and efficient in their retro-
spective analysis of 300 consecutive patients undergoing 
robot-assisted laparoscopic radical prostatectomy (RALP) 
with an initial posterior approach. In this study, the research-
ers found a median operative time 160  min, complication 
rate of 3.0%, and estimated blood loss, including urine, of 
200  mL.  At 6  months post-operative follow-up, approxi-
mately 82.4% of patients did not use more than one absor-
bent pad in 24  h [3]. The posterior SV dissection may be 
most beneficial for patients undergoing RALP who are found 
to have a large prostatic volume. Maddox et al. enrolled 404 
patients in a prospective study comparing anterior and poste-
rior seminal vesicle dissection. Of the patients enrolled, 187 
patients underwent a posterior surgical approach and 217 
were approached anteriorly. The investigators found no dif-

ference in console time, transfusion rate, positive margins, or 
complication rate. However, when each group was stratified 
based on prostate volume, the posterior approach was found 
to have statistically significant shorter operative times for the 
two highest quartiles of prostate volume (163.8 vs. 145.9 min 
and 183.8 vs. 166.2  min, p  =  0.02, p  =  0.04) [4]. Post- 
operative quality of life is important to consider in patients 
undergoing RALP as this procedure can be curative for a 
large population of men. Maruyama et  al. compared 201 
patients in a retrospective study where 146 underwent robot 
assisted radical prostatectomy with an anterior approach and 
55 with a posterior approach. The Expanded Prostate Cancer 
Index Composite (EPIC) score was used to assess HRQOL 
3 months pre-operatively and post-operatively at 2 weeks, 1, 
3, 6, and 12  months. There was no difference in HRQOL 
post-operatively between the anterior and posterior surgical 
approaches [5]. Surgeons can therefore choose either 
approach without the fear of a difference in long term quality 
of life issues and can focus on refining their operative 
technique.

 Conclusion

Performing a posterior SV dissection during RALP is the 
preferred method for many urologists. This method may be 
most useful on patients with exceptionally large prostate 
glands. It is both safe and effective and can assist with visu-
alization and identification of the structures posterior to the 
prostate. The ability to perform both the anterior and poste-
rior approach is crucial for surgeons performing RALP as 
variations in pelvic anatomy may be best suited by one or the 
other depending on several factors.

References

1. Guillonneau B, Vallancien G. Laparoscopic radical prostatectomy: 
the Montsouris technique. J Urol. 2000;163(6):1643–9.

2. Lee DI, Fagin R. The timing and route of seminal vesicle dissection 
during robotic prostatectomy. J Robot Surg. 2008;1(4):253–5.

3. Yasui T, Tozawa K, Okada A, Kurokawa S, Kubota H, Mizuno K, 
et al. Outcomes of robot-assisted laparoscopic prostatectomy with 
a posterior approach to the seminal vesicle in 300 patients. Int Sch 
Res Notices. 2014;2014:565737.

4. Maddox M, Elsamra S, Kaplon D, Cone E, Renzulli J, Pareek G. The 
posterior surgical approach to robot-assisted radical prostatectomy 
facilitates dissection of large glands. J Endourol. 2013;27(6):740–2.

5. Maruyama Y, Sadahira T, Araki M, Mitsui Y, Wada K, Tanimoto R, 
et al. Comparison of longitudinal health-related quality-of-life out-
comes between anterior and posterior surgical approaches to robot- 
assisted radical prostatectomy. J Robot Surg. 2020;14(2):255–60.

9 Posterior Approach to Seminal Vesicles



69

10Retrograde Release of Neurovascular 
Bundles with Preservation of the Dorsal 
Venous Complex

Jonathan Noël, Marcio Covas Moschovas, 
Rafael Ferreira Coelho, and Vipul Patel

 Introduction

Robotic-assisted laparoscopic radical prostatectomy (RALP) 
presents opportunities to use magnification and dexterity in a 
minimal access approach. Compared to open surgery, robot-
ics has allowed delicate dissection of the periprostatic fascia, 
with significantly less bleeding in the operative field [1], to 
enhance preservation of the neurovascular bundles (NVBs). 
However, in some series the return of erectile function can 
range from 62% to 80% [2, 3]. In an effort to improve rates 
of potency recovery, refinement in surgical technique along 
with consideration of the pelvic neuroanatomy can lead to an 
optimal outcome for the patient.

Prior to the landmark discovery by Walsh and Donker [4], 
open radical prostatectomy had been a curative procedure for 
prostate cancer, but carried a high incidence of post- operative 
impotence and overall morbidity. Surgeons of that time 
understood that nerves involved in potency, existed within 
the prostate, and so had to be sacrificed to treat cancer of the 
gland. Additionally, the venous plexus found anterolaterally 
on the prostate, would be entered and brisk bleeding hin-
dered the ability to identify key landmarks. This translated to 
poor outcomes and hesitancy of new patients to undergo sur-
gery. Walsh defined the complex arrangement of the dorsal 
venous plexus [5], which when controlled, made prostatec-
tomy a safe procedure, with shorter operative times and 
allowed anatomy to further be explored.

This formed the basis for the collaboration between Walsh 
and Donker, to define the autonomic innervation of the cor-
pora cavernosa. This was achieved by cadaveric examination 
of the male fetus, as dissection in the adult was difficult. In 
the anatomy laboratory of the Netherlands, the connective 

and adipose tissue was easily dissected away from the neuro-
vascular structures and they were nerves easily identifiable. 
The pelvic nerve plexus to the bladder, prostate and urethra 
formed the basis of roadmap that current surgeons use to aid 
in potency in patients following radical prostatectomy. The 
posterolateral prostatic margin must be carefully dissected to 
displace the NVB so it can be preserved. In this chapter, we 
discuss the anatomical and surgical details that have helped 
achieve trifecta after RALP.

 Pelvic Neuroanatomy

The autonomic innervation of the pelvis starts at its plexus, 
which is formed by sacral levels S2 to S4 (parasympathetic) 
and thoracolumbar levels T11 to L2 (sympathetic) nerve 
fibres. The pelvic (inferior hypogastric) plexus exists as a 
rectangular structure that is found in the retroperitoneum and 
pararectally [6] (see Fig. 10.1). It is close to the tip of the 
seminal vesicles (SV) and inferior vesical artery, the former 
must be cautiously handled during elevation and placement 
of a vascular clip inferiorly [7]. The NVB commences from 
an inferior branch of the plexus, that runs between the rec-
tum and the posterolateral surface of the prostate. Other 
major branches of the pelvic plexus includes an anterior 
branch that runs on the SV surface and inferior bladder 
aspect; and an anteroinferior branch to the prostatovesical 
junction and lateral prostate surface [6].

The NVB extends laterally to and within the lateral pelvic 
fascia (LPF). The LPF meets the pararectal fascia, as does 
the Denonvilliers’ fascia (DF) posteriorly. The pararectal 
fascia continues on the lateral rectal surface and the lateral 
pelvic fascia lies between the levator ani muscles/fascia and 
the lateral surface of the prostate. The DF separates the pros-
tate and the rectum and the NVB lies underneath and within 
it. Maintaining a plane between the prostate and DF is the 
first step to ensuring an optimal nerve spare RALP is carried 
out. This is confirmed from the colorectal experience in rec-
tal excision, where potency and urogenital function is opti-
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mised by leaving DF intact [8, 9]. In prostatectomy, to spare 
the NVB begins with staying superior to DF, medial the lat-
eral pelvic fascia (LPF) and superior to the pararectal fascia: 
leaving the triangular space intact. This space becomes 
 progressively narrow from the prostate base to the apex. The 
cavernosum, levator ani and rectal branches of the NVB 
meet at the mid prostatic level, which is a point where we 
focus during our lateral incision and plane development for 
nerve spare (NS) later. Authors have also previously 
described the importance of maintaining the arterial supply 
of the pudendal artery and its branches, such as an accessory 
pudendal artery to enhance postoperative potency [10].

Figure 10.1 shows the cavernosum nerve courses the mid- 
prostate gland to the prostatic apex. It is recognised that this 
nerve’s position is lateral to capsular vessels and gives nerve 
branches that travel intraprostatic. Therefore, once the mid-
portion of prostate has had the NVB spared by releasing the 
LPF, it allows a natural plane of retrograde separation for an 
otherwise difficult identification of the cavernosal nerves at 
the prostatic base and apex. There is usually no standard 
functional organization of the neural constituent at the base 

and apex, the nerves can spread over these areas while 
enclosed within their fascial planes. Delicate preservation of 
the cavernosum nerve off the apex, while the pudendal nerve 
is avoided 3–1.3  mm distal to supply the striated urethral 
sphincter [11]. This translates to the care in surgical apical 
dissection to achieve a balance of oncological cure versus 
functional outcome.

This cavernosal nerve regulates vasomotor tone of the 
cavernous arteries to be regulated through its autonomic 
function, by releasing acetylcholine, nitric oxide (NO) and 
cyclic guanosine monophosphate (cGMP) will decrease cal-
cium intracellularly [12]. The resultant decrease in smooth 
muscle vessel tone allows inflow of blood into the penis to 
achieve a rigid corpora (erection).

It is paramount to appreciate the injury of nerves by revis-
iting definitions. Neurapraxia is the least severe due to intact 
neural structural elements, but with ischemia and/or demye-
lination this affects conduction with resolution up to 
3  months. Axonotmesis involves disrupted of axons and 
myelin sheaths but the endoneurium left intact with conse-
quent Wallerian degeneration distal to the level of injury and 
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proximal axon degenerates. An intact endoneurium equates 
to incomplete recovery in months but may not be complete. 
Neurotmesis occurs when the endoneurial tubes and connec-
tive tissue components are disrupted with fibrosis, axonal 
regeneration cannot occur, thus inhibiting nerve recovery. 
Tissue trauma as a result of dissection from surgery will gen-
erate inflammation and response and oxidative stress further 
mitigating neuronal regeneration. The surgical technique 
chosen and delicacy of carrying out RALP will always dic-
tate the recovery of potency after NVB preservation.

 Veil of Aphrodite

The publication from Lunacek et al. [13] showed that cav-
ernous nerves can be displaced further anterolaterally than 
previously described. To compensate for this, the technique 
of releasing the lateral pelvic fascia from a high anterior 
release dissection, could preserve the neurovascular bundle 
with more surety. It is paramount for the reader to appreciate 
that the innervation to the pelvis and erectile tissue is com-
plex and varies according to previous published cadaveric 
work [14]. Eichelberg et al. [15] gathered histology on sec-
tions of post RP specimens which found median number of 
nerve was lower at apex compared to mid and basal part of 
the prostate gland. This group observed a significant count of 
nerves above a transverse line through the prostate, with 
21.5–28.5% of nerves from apex to base.

Menon et al. would publish this as the “Veil of Aphrodite” 
technique, in order optimise post prostatectomy functional 
outcomes [16]. Aphrodite was an ancient Greek goddess of 
love, beauty and fertility. In the “veil” procedure, a plane 
between the prostatic capsule and the prostatic fascia is 
developed cranially, from the base of the seminal vesicles. A 
plane between the prostatic fascia and the prostate is devel-
oped, with careful blunt peeling of the neurovascular bundle. 
Since this plane can have minimal bleeding up until the ante-
rior segment of the dorsal venous plexus (between the pubo-
prostatic ligaments) a resultant curtain of periprostatic fascia 
either side is left behind; similar to a veil. In this series pub-
lished in 2007, of 1142 patients (pre-operative SHIM score 
of >21) who underwent bilateral NS with at least 1 year fol-
low- up, 70% were able to achieve sexual intercourse after 
surgery with or without the use of PDF-5 inhibitors. This 
technique was refined, and a “superveil” approach was 
adopted to incorporate the puboprostatic ligaments and dor-
sal venous plexus, leaving a connected veil with a hood of 
anterior tissue. This did not require control of the dorsal vein 
with a suture oversew, for the most part [17]. In 85 patients 
who had the superveil approach to bilateral NS, 94% had 
erections sufficient for penetration on a median follow-up of 
18 months.

 Clipless Thermal Antegrade Approach

Chien et al. [18] developed an approach to robotic prostatec-
tomy that continued in standard method of a posterior plane 
developed between Denonvilliers fascia to elevate the pros-
tate off the rectum. Staying within the posterior plane, a 
blunt dissection approach to tease as much of the vascular 
pedicles away from the prostate (medial to lateral) as was 
feasible. Returning to an anterior vantage point, the vascular 
pedicle release was continued antegradely until the branch-
ing intraprostatic vessels were encountered. These distal 
small vessels were controlled with bipolar diathermy before 
division. Once the vascular supply had been controlled, the 
remaining NVB was sharply released along the line of the 
periprostatic dissection and prior released vascular pedicle. 
The release of thick pedicles, with each vessel being 
addressed individually, allowed the NVBs to be spared from 
excessive traction forces of an en masse pedicle clip. The 
authors of this technique managed to avoid monopolar elec-
trocautery and vascular clips during this dissection, but 
allowed selective bipolar coagulation. This ability to have a 
clipless approach, and precisely bipolar cauterise the intra-
prostatic branches of the pedicle, was attributed to the vision 
afforded by robotics, as well as pneumoperitoneal pressure. 
This technique avoids less optimal methods of overuse of 
monopolar cauterisation and imprecise bulk clipping of a 
prostatic pedicle.

To assess the outcome of this technical point, Zorn et al. 
followed 300 patients over 2 years [19]. Unilateral NS was 
performed in 79 patients and bilateral NS was performed 
in.179 patients. In the unilateral NS group, 52% of the 
patients were potent at the end of 6 months while 62% were 
potent at the end of 24 months while those with bilateral NS 
were 53% and 83% respectively.

 Clipless Athermal Antegrade Approach

Ahlering et  al. utilised an approach to their NS with the 
application of 30 mm vascular bulldog clamps to the vascu-
lar pedicle [20]. Initially posterior dissection is performed to 
create space between the prostate and the rectum, the pedicle 
clamp is applied and is followed by ligation for control, with 
a running 3-0 polyglycolic acid suture. The theory is this 
would protect the NVBs both from traction force and ther-
mal injury, as the dissection is strictly without the use of 
monopolar or bipolar cautery. When the clamp is removed, 
the suture is used to control any remaining pedicle vessels. 
Once the pedicle is controlled first and divided, the lateral 
pelvic fascia is dissected to allow the antegrade release of the 
NVBs down to the urethra. In 2009, Ahlering et al. selected 
58 patients aged less than 65  years with an International 
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Index of Erectile Function (IIEF)-5 score greater than 21. 
Potency (defined as erections sufficient for penetration with 
or without oral PDE-5 inhibitors) was 40% at 3 months and 
80% at 2 years for those unilateral NS, while for bilateral 
NS; the rate was 29.3% and 93% respectively [21].

 The Retrograde Release of the NVB

This chapter’s novel technique is the applicability of lessons 
from techniques discussed above, with that of the traditional 
open NS radical retropubic prostatectomy [22]. During the 
period of laparoscopic radical prostatectomy, Rassweiler 
et  al. [23] published their approach of periprostatic fascia 
incision at the prostatic apex and the NVB dissected off ret-
rogradely. All vascular branches entering the prostate were 
controlled by 5-mm titanium clips. The pedicles were con-
trolled with Hem-o-lok clips thereafter. Guillonneau and 
Vallancien [24] from Montsouris in Paris, France described 
the periprostatic fascia incision being made after the pros-
tatic pedicles were clipped and divided. Systematic bipolar 
coagulation of the arteries was utilised. After the pedicle was 
controlled, antegradely a pericapsular fatty space would be 
encountered to preserve the NVB. Small arteries are coagu-
lated with bipolar forceps and the plane is extended to the 
point of posterolateral exit of the nerve, to the periurethra.

In 2021, our technique has been heralded at a Society of 
Robotic Surgery Conference, by Professor Costello as that of 
a true anatomic nerve-sparing (NS). As mentioned, this was 
constructed on the knowledge of Walsh’s description of radi-
cal prostatectomy [25]. The forces exerted on the NVBs dur-
ing prostatectomy will result in erectile dysfunction and so to 
mitigate these, we first must appreciate what the risks are. 
Excessive traction and thermal application will cause the 
nerve to be directly damaged during dissection, resulting in 
neuropathies defined in the introduction: neurapraxia, axo-
notmesis, and neurotmesis.

Our experience dictates that NVB preservation from the 
prostate base to the apex (antegrade) or from the apex to the 
base (retrograde) makes a difference to potency. There is an 
earlier identification and release of the NVB at the time of 
posterior dissection and then anteriorly, starting at the mid 
prostate. This occurs before controlling the prostatic pedicle 
to optimally limit a misplaced clip, all performed without 
thermal energy use on intraprostatic branches. We compared 
antegrade or retrograde approaches on functional recovery 
after bilateral NS robot-assisted RP (RARP), we published 
this [26] and the technique is explained as follows.

After the bladder neck is opened, the pelvic plexus close 
to the tip of the seminal vesicle (SV) is protected, using an 
athermal reflection of the nerve rich ventral surface of 
Denonvillier’s fascia (DF) off the SV. The blood supply to 
the SV tip is taken with a clip while limiting traction and 

elevation of these structures by a sequence of robotic ather-
mal movements published by our Institution [7]. A right 
sided bedside assistant and robotic auxiliary left arm lift the 
divided vas deferens and SVs upward, to present the poste-
rior plane.

It is at this point that the commencement of nerve spare 
begins with careful separation of DF to achieve the appropri-
ate plane between it and the prostatic fascia (intrafasical) or 
within the multiple leaves of the DF and lateral pelvic fascia 
(interfascial). The plane both above and within DF is usually 
avascular; and to further develop this posterolateral dissec-
tion, the 30° camera is toggled upwards. It is this manoeuvre 
that gives the robotic surgeon an optimal vantage point, simi-
lar to looking carefully under “the hood” of an automobile. 
This approach with the robotic camera allows identification 
and release from medial to lateral, of the leaflet of the respec-
tive fascia (PF or DF) but underneath the prostate initially. 
The camera is placed anteriorly and 30° down, a plane 
between the prostate and the NVB is created at the level of 
the mid prostate, which is chosen for the reason of nerve 
confluence, discussed in the neuroanatomy subsection ear-
lier. The will isolate and protect the NVB completely, when 
the previously created posterior plane is in view. This method 
of mid release the NVB (prior to pedicle manipulation and 
division) minimises traction induced neuropraxia [27].

Prior to anterior mid prostate lateral incision, during a left 
retrograde release, a right sided bedside assistant will manu-
ally grasp the anterior cranial edge of the prostate and rotate 
it medially. Likewise, the robotic auxiliary left arm will 
grasp the prostate and rotate it medially, to optimise a right 
sided retrograde release of NVB.  The balance of pedicle 
control and avoiding the NVB at the base with an overzeal-
ous assistant’s clip gives little room for error. Costello et al. 
[6] published work on cadaveric dissection, confirming this 
point, as the prostatic base and seminal vesicles is where a 
NVB anterior to posterior distance can be up to 3 cm wide. 
The hybrid technique of releasing the NVB posteriorly then 
anteriorly; as well as rotating the prostate prior to clipping 
the pedicle should create more distance between the NVB 
and the pedicle base. When divided by NS approach in our 
comparative study of antegrade versus retrograde NS, the 
achievement of potency rates were significantly higher in 
retrograde group: 48.3% versus 64.5% at 3  months 
(p = 0.002), 52.9% versus 70.3% at 6 months (p = 0.001), 
66.3% versus 83.7% at 9 months p < 0.001) and 67.3% ver-
sus 86.0% at 12 months (p < 0.001) [21].

To further enhance our level of NS ability during postero-
lateral dissection described above, we investigated the role of 
a landmark (capsular) artery. This artery runs lateral to the 
prostate and can aid in preserving the NVB tissue lateral to 
it. They form a mesh throughout the thickness of the NVB 
with the most superficial recognized after opening the leva-
tor fascia. In the publication by Schatloff et al. [28] 73.3% of 
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Fig. 10.2 Kang SG, Shim JS, Onol F, Bhat KRS, Patel VR. Lessons 
learned from 12,000 robotic radical prostatectomies: is the journey as 
important as the outcome? Investig Clin Urol. 2020;61(1): 
1–10. https://doi.org/10.4111/icu.2020.61.1.1

cases the artery was observed and residual nerve tissue on 
the prostate was measured and compared to NS medial to the 
landmark artery (LA) and lateral to it. The median (inter-
quartile range) of histological nerve tissue on the specimen 
was 0 (0–3)  mm2 versus 14 (9–25)  mm2; (p  <  0.001) 
respectively.

Utilising this prostate vessel is a routine step in our per-
formance of retrograde release of NVB and the medial bor-
der of the LA can consistently result in a complete or near 
complete NS, whereas performing the NS on its lateral bor-
der results in several degrees of incomplete NS (see 
Fig.  10.2). When the LA is not easily visible due to its 
embedding in fatty tissue, the NVB fat forms an apron of 
support to the prostate on the postero-lateral aspects, and this 
should be identified as a plane of release retrogradely as 
described above.

 Dorsal Venous Complex Preservation

If we consider contemporary studies, a complex neural orga-
nization exists around the prostate, which is inclusive of the 
ventral surface in nearly 25% of patients assessed [29]. 
Electrophysiological stimulation of the prostate with bipolar 
electrodes ventrally, evoked increased cavernosal pressures, 
although it was weaker than the stimulated posterolateral 
zones [30]. As surgeons and experts in anatomy, we should 
accept that the direction of cavernosum nerve fibers will vary 
at times beyond the standard NVB location [31]. A study 
correlated that patients with no NVB identified on MRI, 
experienced inferior post-operative outcomes compared to 

patients with a NVB that was MRI visible. The authors sug-
gested that the nerves spread more anterolaterally in the for-
mer case of an MRI revealing lack of a macroscopic NVB 
[32].

These findings suggest that nerve-sparing (NS) tech-
niques, including sparing the anterior fibres, could contribute 
to functional recovery after RALP [10]. A landmark study 
from Costello et al. [33] demonstrated that parasympathetic 
and sympathetic nerve supply are present in electrophysio-
logical [27] and immunohistochemical [6, 30] (21.5–28.5%) 
amount at the 9–3 o’clock position of the prostate. To be pre-
cise, Costello’s group found at the anterolateral base, mid, 
and apex of the prostate: parasympathetic fibres accounted 
for 4%, 5% and 6.8% respectively. Whereas, the sympathetic 
nerves represented 15% of the total number of nerves antero-
laterally. It supported the basis for the modified prostate 
fascia- preserving (veil) nerve sparing or superveil to pre-
serve the dorsal venous complex (DVC) and puboprostatic 
ligaments. As stated prior, this resulted in a 94% potency 
recovery rate in their study, using this technique. With all 
findings above considered, our standard surgical approach of 
to the DVC of partially preserving and experience with pre-
serving further proximally, will be described in detail.

The DVC lies superior to the prostatic apex and urethral 
sphincter and so with an anterior approach, prophylactic 
ligation or incision and oversewing is usually performed. At 
the time of DVC en bloc suture ligation, the surgeon must 
take care to not incorporate the striated/external urethral 
sphincter (seen in Fig. 10.3) which will have obvious impacts 
on postoperative continence recovery. Ganzer et  al. [34] 
demonstrated that 37% and 30% of the urethral sphincter 
surface area is covered by the DVC at the apex and 0.5 cm 
distal to the apex, respectively. Hence, the approach to the 
DVC, in addition to apical dissection (Fig. 10.3, steps 3–5), 
will preserve sphincteric function or hinder it.

After performing the retrograde release of NVB, our 
modified approach to the apical complex of the pubopros-
tatic ligaments and apical endopelvic fascia is to leave these 
structures intact. We have shown that by avoiding the exag-
gerated lateral opening of the endopelvic fascia to expose 
levator ani muscles, these fibres can be left to blend with the 
rhabdosphincter, where important branches from the puden-
dal nerve run [35]. Apical dissection is performed by going 
under the puboprostatic ligaments with the aim of leaving 
the DVC undisturbed. The result is by avoiding the need for 
a DVC suspension or oversew suture, it preserves vasculari-
sation of the sphincter complex and apical NVB. This modi-
fication to our previous technique of RALP technique also 
resulted in better potency outcomes. Prior to this modifica-
tion, a periurethral suspension stitch was placed with a 12-in. 
monofilament polyglytone suture on a CT-1 needle and tied 
with a mild tension from pubic bone. Moschovas et al. [36] 
showed that the comparison of the suspension stitch to our 
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modification, allowed for a 6 week potency recovery increase 
from 21% to 44%; a 3 month potency recovery rate increase 
from 35% to 57%.

A further modification of preserving the DVC is the 
development of the plane between the prostate and the ante-
rior fascial layer proximally, as described by de Carvalho 
and Coelho. A plane that may pose risk of entering the pros-
tatic stroma in the early learning curve, and it is accepted that 
expert level mentoring is recommended. Once the initial 
incision is made correctly, detrusor apron can be tented up 
with left hand, while the prostate is manipulated away with 
the fourth arm or auxiliary left hand. This allows the right 
hand to advance the plane towards the apex and laterally. The 
lateral dissection will allow one to fall into the dissected free 
edge of the medial leaflet (PF or DF) from the previous pos-
terior dissection and NVB release. The NVB is spared and 
cleared retrogradely to the base, to precisely clip the pedicle 
(see Fig. 10.4c).

The innovation of this technique is to perform the early 
retrograde release of the NVBs without opening the endopel-
vic fascia and without ligating the dorsal venous complex 
(DVC).

Our technical modification is the release of the NVB 
starting at the level of the bladder neck, developing an avas-
cular plane underneath the DVC (Fig. 10.1b). This dissection 
continues laterally respecting the anatomical landmarks of 
the NVB described by Patel [28]. The prostatic apex is dis-
sected maximizing preservation of the urethral stump; this 
dissection is carried out underneath the DVC using blunt and 
sharp dissection, avoiding injury to the anterior vascular 
structures. Routinely, the periprostatic collar is continuously 
oversewn as a safety measure, with small bleeding points 
from the DVC sutured in interrupted fashion.

 Impact on Outcomes

Table 10.1 has summarised key papers earlier in the chapter. 
With the adoption of our retrograde approach to NVB pres-
ervation and the addition to proximal sparing of DVC, a case 
series of 128 consecutive patients from author R.C. was pub-
lished [38]. It is known that the anterior layer is thicker in 
smaller prostates, than in BPH, and so the majority of cases 
(70%), were 20–40 g prostate weight. This is important to 
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a b

c d

Fig. 10.4 Surgical steps. (a) The anterior bladder neck being incised 
with the endopelvic fascia and the dorsal venous complex preserved. 
(b) Retrograde release of the right neurovascular bundles. (c) Dissection 
of the right neurovascular bundles before ligation of the prostatic pedi-
cle. (d) The endopelvic fascia and periprostatic collar are reconstructed 
with a continuous suture. (From de Carvalho PA, Barbosa JABA, 

Guglielmetti GB, Cordeiro MD, Rocco B, Nahas WC, Patel V, Coelho 
RF. Retrograde release of the neurovascular bundle with preservation of 
dorsal venous complex during robot-assisted radical prostatectomy: 
optimizing functional outcomes. Eur Urol. 2020;77(5):628–35. 
https://doi.org/10.1016/j.eururo.2018.07.003. Epub 2018 July 21. 
PMID: 30041833

Table 10.1 Potency outcomes (adequate for penetration) following 
RALP

Study
Patient 
N

Mean 
age

Follow 
up 
months

% Potent 
unilateral 
nerve 
spare

% Potent 
bilateral 
nerve 
spare

% 
Potent 
overall

Patel 
[26]

172 57.8 12 — — 86

Chien 
[18]

56 58.9 12 44 50 40

Menon 
[37]

721 60.2 12 — 79.2 79.2

Ahlering 
[20]

58 57 3
24

40
80

29.3
93

32.1
89.7

Coelho 
[38]

128 62.6 3
12

— — 69
86

note for surgeons developing in their expertise and consider-
ing adopting this method: where the margin for error is 
greater in such patients. The rates of continence immediately 
was 85%, and 98.4% at 1 year which in itself attests to the 
impact of preserving endopelvic and levator ani fascia; while 
the potency was 86% at 1 year with or without PDE5i. The 
addition of our experience in retrograde release of NVB is 
objectively superior to an antegrade approach as mentioned 
earlier [14].

 Conclusion

Post RALP potency is dependent on numerous factors 
including age at surgery, preoperative potency status, co- 
morbidity (diabetes, hypertension, neurological disorder) 
and technique/extent of NS. Therefore it is incumbent on 
us to optimise the factor we can in the operating room: 
NS.

The reproducibility of outcomes can vary from surgeon 
to surgeon, such as the skill of an athlete to a rookie, 
where a similar series of movements will have different 
end results. Our aim is to share new strategies and combi-
nation of movements, with our retrograde NVB preserva-
tion. We also incorporated an anterior plane and DVC 
preservation, made possible with robotic technology. We 
have shown this helped patients in early recovery of con-
tinence and potency [32].

It is the senior authors’ collective view that after 15,000 
RALPs, the perfect outcome is still elusive but should be 
realised for patients in the future. Prospective evaluation of 
outcome data from differing techniques should be continu-
ously reviewed, compared and readers should consider inde-
pendent and thoughtful replication and development.

10 Retrograde Release of Neurovascular Bundles with Preservation of the Dorsal Venous Complex

https://doi.org/10.1016/j.eururo.2018.07.003


76

References

1. Ficarra V, Novara G, Artibani W, Cestari A, Galfano A, Graefen 
M, Guazzoni G, Guillonneau B, Menon M, Montorsi F, Patel V, 
Rassweiler J, Van Poppel H. Retropubic, laparoscopic, and robot- 
assisted radical prostatectomy: a systematic review and cumulative 
analysis of comparative studies. Eur Urol. 2009;55(5):1037–63. 
https://doi.org/10.1016/j.eururo.2009.01.036. Epub 2009 Jan 25. 
PMID: 19185977.

2. Rocco B, Matei DV, Melegari S, et al. Robotic vs open prostatec-
tomy in a laparoscopically naive centre: a matched-pair analysis. 
BJU Int. 2009;104:991–5.

3. Porpiglia F, Morra I, Lucci Chiarissi M, et  al. Randomised con-
trolled trial comparing laparoscopic and robot-assisted radical pros-
tatectomy. Eur Urol. 2013;63:606–14.

4. Walsh P, Donker P.  Impotence following radical prostatectomy: 
insight into etiology and prevention. J Urol. 1982;128:492–7.

5. Reiner WG, Walsh PC.  An anatomical approach to the surgical 
management of the dorsal vein and Santorini’s plexus during radi-
cal retropubic surgery. J Urol. 1979;121(2):198–200.

6. Costello AJ, Brooks M, Cole OJ.  Anatomical studies of 
the neurovascular bundle and cavernosal nerves. BJU 
Int. 2004;94(7):1071–6. PMID: 15541130. https://doi.
org/10.1111/j.1464- 410X.2004.05106.x.

7. Kalan S, Coughlin G, Palmer KJ, Patel VR. Robot-assisted lapa-
roscopic radical prostatectomy: an athermal anterior approach to 
the seminal vesicle dissection. J Robot Surg. 2008;2(4):223–6. 
Epub 2008 Nov 19. PMID: 27637791. https://doi.org/10.1007/
s11701- 008- 0117- 3.

8. Fang J, Zheng Z, Wei H.  Reconsideration of the anterior surgi-
cal plane of total mesorectal excision for rectal cancer. Dis Colon 
Rectum. 2019;62(5):639–41. PMID: 30964796. https://doi.
org/10.1097/DCR.0000000000001358.

9. Lindsey I, Guy RJ, Warren BF, Mortensen NJM.  Anatomy of 
Denonvilliers’ fascia and pelvic nerves, impotence, and implica-
tions for the colorectal surgeon. Br J Surg. 2000;87(10):1288–99. 
https://doi.org/10.1046/j.1365- 2168.2000.01542.x.

10. Castiglione F, Ralph DJ, Muneer A. Surgical techniques for man-
aging post-prostatectomy erectile dysfunction. Curr Urol Rep. 
2017;18(11):90. PMID: 28965315; PMCID: PMC5622908. https://
doi.org/10.1007/s11934- 017- 0735- 2.

11. Narayan P, Konety B, Aslam K, Aboseif S, Blumenfeld W, Tanagho 
E.  Neuroanatomy of the external urethral sphincter: implications 
for urinary continence preservation during radical prostate sur-
gery. J Urol. 1995;153(2):337–41. PMID: 7815577. https://doi.
org/10.1097/00005392- 199502000- 00012.

12. Saenz de Tejada I, Goldstein I, Azadzoi K, et  al. Impaired neu-
rogenic and endothelium-mediated relaxation of penile smooth 
muscle from diabetic men with impotence. N Engl J Med. 
1989;320:1025–30.

13. Lunacek A, Schwentner C, Fritsch H, et  al. Anatomical radical 
retropubic prostatectomy ‘curtain dissection’ of the neurovascular 
bundle. BJU Int. 2005;95:1226–31.

14. Tewari A, Peabody JO, Fischer M, et al. An operative and anatomic 
study to help in nerve sparing during laparoscopic and robotic radi-
cal prostatectomy. Eur Urol. 2003;43:444–54.

15. Eichelberg C, Erbersdobler A, Michl U, Schlomm T, Salomon 
G, Graefen M, Huland H.  Nerve distribution along the prostatic 
capsule. Eur Urol. 2006;51(1):105–10; discussion 110–1. PMID: 
16814455. https://doi.org/10.1016/j.eururo.2006.05.038.

16. Menon M, Shrivastava A, Kaul S, Badani KK, Fumo M, Bhandari 
M, Peabody JO.  Vattikuti Institute prostatectomy: contemporary 
technique and analysis of results. Eur Urol. 2007;51(3):648–58. 
https://doi.org/10.1016/j.eururo.2006.10.055.

17. Menon M, Shrivastava A, Bhandari M, Satyanarayana R, Siva 
S, Agarwal PK.  Vattikuti Institute prostatectomy: technical 
modifications in 2009. Eur Urol. 2009;56(1):89–96. https://doi.
org/10.1016/j.eururo.2009.04.032.

18. Chien GW, Mikhail AA, Orvieto MA, Zagaja GP, Sokoloff MH, 
Brendler CB, Shalhav AL. Modified clipless antegrade nerve pres-
ervation in robotic-assisted laparoscopic radical prostatectomy with 
validated sexual function evaluation. Urology. 2005;66(2):419–23. 
https://doi.org/10.1016/j.urology.2005.03.015.

19. Zorn KC, Gofrit ON, Orvieto MA, Mikhail AA, Zagaja GP, Shalhav 
AL.  Robotic-assisted laparoscopic prostatectomy: functional and 
pathologic outcomes with interfascial nerve preservation. Eur Urol. 
2007;51:755–62; discussion 763.

20. Ahlering TE, Eichel L, Chou D, Skarecky DW. Feasibility study 
for robotic radical prostatectomy cautery-free neurovascular bundle 
preservation. Urology. 2005;65:994–7.

21. Rodriguez E Jr, Finley DS, Skarecky D, Ahlering TE. Single insti-
tution 2-year patient reported validated sexual function outcomes 
after nerve sparing robot assisted radical prostatectomy. J Urol. 
2009;181:259–63.

22. Walsh PC, Lepor H, Eggleston JC.  Radical prostatectomy with 
preservation of sexual function: anatomical and pathological con-
siderations. Prostate. 1983;4:473–85.

23. Rassweiler J, Seemann O, Hatzinger M, Schulze M, Frede 
T.  Technical evolution of laparoscopic radical prostatectomy 
after 450 cases. J Endourol. 2003;17(3):143–54. https://doi.
org/10.1089/089277903321618707.

24. Guillonneau B, Vallancien G. Laparoscopic radical prostatectomy: 
the montsouris technique. J Urol. 2000;163(6):1643–9. https://doi.
org/10.1016/s0022- 5347(05)67512- x.

25. Walsh PC. Anatomic radical prostatectomy: evolution of the surgi-
cal technique. J Urol. 1998;160:2418–24.

26. Ko YH, Coelho RF, Sivaraman A, Schatloff O, Chauhan S, Abdul- 
Muhsin HM, et  al. Retrograde versus antegrade nerve sparing 
during robot-assisted radical prostatectomy: which is better for 
achieving early functional recovery? Eur Urol. 2013;63(1):169–77. 
https://doi.org/10.1016/j.eururo.2012.09.051.

27. Kowalczyk KJ, Huang AC, Hevelone ND, et al. Stepwise approach 
for nerve sparing without countertraction during robot-assisted 
radical prostatectomy: technique and outcomes. Eur Urol. 
2011;60:536–47.

28. Schatloff O, Chauhan S, Sivaraman A, Kameh D, Palmer KJ, Patel 
VR.  Anatomic grading of nerve sparing during robot-assisted 
radical prostatectomy. Eur Urol. 2012;61(4):796–802. https://doi.
org/10.1016/j.eururo.2011.12.048.

29. Eichelberg C, Erbersdobler A, Michl U, et  al. Nerve distribution 
along the prostatic capsule. Eur Urol. 2007;51:105–11.

30. Kaiho Y, Nakagawa H, Saito H, et al. Nerves at the ventral prostatic 
capsule contribute to erectile function: initial electrophysiological 
assessment in humans. Eur Urol. 2009;55(1):148–54. https://doi.
org/10.1016/j.eururo.2008.09.022.

31. Takenaka A, Soga H, Hinata N, et  al. Classification of the dis-
tribution of cavernous nerve fibers around the prostate by intra-
operative electrical stimulation during laparoscopic radical 
prostatectomy. Int J Impot Res. 2011;23:56–61. https://doi.
org/10.1038/ijir.2011.4.

32. Lee SE, Hong SK, Han JH, Han BK, Yu JH, Jeong SJ, et  al. 
Significance of neurovascular bundle formation observed on preop-
erative magnetic resonance imaging regarding postoperative erec-
tile function after nerve-sparing radical retropubic prostatectomy. 
Urology. 2007;69:510–4.

33. Costello AJ, Dowdle BW, Namdarian B, Pedersen J, Murphy 
DG.  Immunohistochemical study of the cavernous nerves in the 
periprostatic region. BJU Int. 2010;107(8):1210–5. https://doi.
org/10.1111/j.1464- 410x.2010.09711.x.

J. Noël et al.

https://doi.org/10.1016/j.eururo.2009.01.036
https://doi.org/10.1111/j.1464-410X.2004.05106.x
https://doi.org/10.1111/j.1464-410X.2004.05106.x
https://doi.org/10.1007/s11701-008-0117-3
https://doi.org/10.1007/s11701-008-0117-3
https://doi.org/10.1097/DCR.0000000000001358
https://doi.org/10.1097/DCR.0000000000001358
https://doi.org/10.1046/j.1365-2168.2000.01542.x
https://doi.org/10.1007/s11934-017-0735-2
https://doi.org/10.1007/s11934-017-0735-2
https://doi.org/10.1097/00005392-199502000-00012
https://doi.org/10.1097/00005392-199502000-00012
https://doi.org/10.1016/j.eururo.2006.05.038
https://doi.org/10.1016/j.eururo.2006.10.055
https://doi.org/10.1016/j.eururo.2009.04.032
https://doi.org/10.1016/j.eururo.2009.04.032
https://doi.org/10.1016/j.urology.2005.03.015
https://doi.org/10.1089/089277903321618707
https://doi.org/10.1089/089277903321618707
https://doi.org/10.1016/s0022-5347(05)67512-x
https://doi.org/10.1016/s0022-5347(05)67512-x
https://doi.org/10.1016/j.eururo.2012.09.051
https://doi.org/10.1016/j.eururo.2011.12.048
https://doi.org/10.1016/j.eururo.2011.12.048
https://doi.org/10.1016/j.eururo.2008.09.022
https://doi.org/10.1016/j.eururo.2008.09.022
https://doi.org/10.1038/ijir.2011.4
https://doi.org/10.1038/ijir.2011.4
https://doi.org/10.1111/j.1464-410x.2010.09711.x
https://doi.org/10.1111/j.1464-410x.2010.09711.x


77

34. Ganzer R, Stolzenburg JU, Neuhaus J, Weber F, Burger M, Brundl 
J. Is the striated urethral sphincter at risk by standard suture  ligation 
of the dorsal vascular complex in radical prostatectomy? An ana-
tomic study. Urology. 2014;84:1453–8.

35. Takenaka A, Hara R, Soga H, Murakami G, Fujisawa M. A novel 
technique for approaching the endopelvic fascia in retropubic radi-
cal prostatectomy, based on an anatomical study of fixed and fresh 
cadavers. BJU Int. 2005;95:766–71.

36. Moschovas MC, Bhat S, Onol FF, Rogers T, Roof S, Mazzone 
E, et  al. Modified apical dissection and lateral prostatic fascia 
preservation improves early postoperative functional recovery in 
robotic-assisted laparoscopic radical prostatectomy: results from a 

propensity score-matched analysis. Eur Urol. 2020;78(6):875–84. 
https://doi.org/10.1016/j.eururo.2020.05.041.

37. Badani KK, Kaul S, Menon M.  Evolution of robotic radi-
cal prostatectomy: assessment after 2766 procedures. Cancer. 
2007;110:1951–8.

38. de Carvalho PA, Barbosa JABA, Guglielmetti GB, Cordeiro MD, 
Rocco B, Nahas WC, Patel V, Coelho RF.  Retrograde release of 
the neurovascular bundle with preservation of dorsal venous com-
plex during robot-assisted radical prostatectomy: optimizing func-
tional outcomes. Eur Urol. 2020;77(5):628–35. Epub 2018 July 21. 
PMID: 30041833. https://doi.org/10.1016/j.eururo.2018.07.003.

10 Retrograde Release of Neurovascular Bundles with Preservation of the Dorsal Venous Complex

https://doi.org/10.1016/j.eururo.2020.05.041
https://doi.org/10.1016/j.eururo.2018.07.003


79

11The Hood Technique 
for Robotic- Assisted Radical 
Prostatectomy: Preserving Vital 
Structures in the Space of Retzius 
and the Pouch of Douglas

Ash Tewari, Vinayak Wagaskar, Parita Ratnani, 
Sneha Parekh, Adriana Pedraza, and Bhavya Shukla

 Introduction

Robotic-assisted radical prostatectomy (RARP) is the most 
common treatment for managing localized prostate cancer 
[1]. The Hood technique for RARP is unique in helping to 
accomplish three important but competing goals: cancer 
control, urinary continence, and recovery of sexual function 
[2]. While cancer control is the primary goal for prostate 
cancer treatment, preserving and providing better quality of 
life are equally important. Of the two most significant post- 
RARP quality-of-life issues, urinary incontinence and sexual 
dysfunction, the former has had a declining impact on survi-
vorship as, over time, several intra-operative technical modi-
fications have optimized continence after robotic-assisted 
radical prostatectomy [3]. In this chapter, we describe the 
novel Hood technique which was developed to help achieve 
early and better continence outcomes post-RARP.

 The Anatomical and Functional Foundations 
of Continence

Urinary continence in men depends on adequate bladder 
function and the urethral sphincter complex [4]. After sur-
gery, return of continence is influenced by the optimal angu-
lation and support of the vesicourethral junction; the length 
of the membranous urethra; and bladder compliance, along 
with the coordinated muscular contraction of the sphincter 
complex; and preservation of the neural hammock [5].

 Innervation of the Urethral Sphincter

Different neural pathway interactions allow coordinated 
responses between the bladder and the urinary sphincters. 
During the storage phase, the bladder maintains lower filling 
pressure through the activation of potassium channels that 
stimulate relaxation in response to the distention of the blad-
der wall. Additionally, the neurotransmitter norepinephrine 
(NE) is released by sympathetic fibers in the hypogastric 
nerve. NE acts on B3 adrenergic receptors potentiating relax-
ation of the detrusor muscle, and at the same time stimulat-
ing alpha-1 adrenergic receptors in the urethra to contract its 
smooth muscle. The pudendal nerve simultaneously releases 
Ach, which acts on nicotinic receptors to sustain the tonic 
contraction of the external urethral sphincter (EUS) [6]. 
Once the mechanoreceptors detect the fullness of the blad-
der, afferent myelinated Aδ and unmyelinated C-fibers 
within the pelvic nerve reach the maximal frequency of 
depolarization and transmit this information to the cortical 
centers [7]. Next, the pontine micturition center (PMC) trig-
gers the release of ACh by the parasympathetic fibers, which 
stimulate muscarinic (M3) receptors to contract the detrusor 
smooth muscle and initiate the micturition process. 
Meanwhile, nitric oxide (NO) is released to induce bladder 
neck and urethral relaxation, and the sympathetic system is 
inhibited [8].

The pelvic plexus is a fan-like structure located in the ret-
roperitoneum between the bladder and the rectum. It is 
formed by sympathetic fibers from the hypogastric nerve and 
parasympathetic fibers from the pelvic splanchnic nerve. 
Somatic fibers originating from cell bodies of the sacral spi-
nal cord (S2–S4) also travel within the pelvic plexus [8]. The 
exact anatomy of the periprostatic nerves is unknown. 
However, different studies have shown a complex distribu-
tion that is not limited to the posterolateral position. In fact, 
a trizonal “neural hammock” was described by Tewari and 
colleagues, to better approach these structures [9]. This ham-
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mock is composed of the proximal neurovascular plate 
(PNP) or pelvic plexus, the predominant neurovascular bun-
dle (PNB), and the accessory neural pathways (ANP). 
Preservation of the periprostatic nerves plays a key role in 
urinary continence given the autonomic and somatic inner-
vation of the urethral sphincter (US).

Somatic innervation of the US travels through the puden-
dal nerve or the pelvic plexus. Two pudendal pathways have 
been described, the extrapelvic and intrapelvic branches. 
Extrapelvic fibers penetrate the prostatic urethra at 9–12 
o’clock and 1–3 o’clock close to the prostatic apex, while the 
intrapelvic branches of the pudendal nerve penetrate the 
EUS at 5 and 7 o’clock. Some somatic fibers run with the 
autonomic nerves mainly in the posterior surface of the blad-
der and the anterolateral surface of the US [5].

Autonomic innervation of the US travels through the pos-
teromedial aspect of the prostatic apex and through the rec-
tourethral muscle [10]. Careful dissection of this complex 
“neural hammock” poses a challenge for achieving optimal 
functional outcomes while balancing the risk of tumoral 
extracapsular extension.

The Hood technique, however, which allows us to pre-
serve the anterolateral covering structures of the prostate, 
including the detrusor apron, puboprostatic ligaments, and 
associated fascia, helps avoid dissection of the majority of 
the nerves running postero-laterally and which are intermin-
gled between the layers of fascia [2]. Hence, we are able to 
preserve the antero-lateral structures that have a major ana-
tomic role in, and which provide structural support for, the 
mechanisms of sphincter contraction and relaxation during 
continence.

 Support Structures of the Sphincter Complex

Paraurethral skeletal and fibrous structures support the pros-
tatic musculoligamentous complex, which comprises mus-
cles like the levator ani and puboperinealis. Fibrous 
structures, including Retzius fibrous attachments, the detru-
sor apron, the arcus tendineus, the endopelvic fascia, the 
periprostatic fascia, puboprostatic ligaments, Denonvilliers’ 
fascia, urethropelvic ligaments, and the pelvic bones also 
play important roles in support of the sphincter complex 
[11].

The periprostatic fascia is composed mainly of two layers 
known as the (lateral/parietal) levator ani fascia and the 
(medial/visceral) prostatic fascia. Anteriorly, the fascia cov-
ers the detrusor apron; the dorsal venous complex (DVC) 
fuses with the anterior fibromuscular stroma (AFMS) in the 
midline, fuses at the lateral aspect of the bladder and pros-
tate, forms the Arcus tendineus, and posteriorly covers the 

seminal vesicles closely forming the Denonvilliers’ fascia. 
Posteriorly at the midline, the periprostatic fascia is in close 
conjunction with the prostate capsule. Posterolaterally, it has 
no significant adherence. The fascia is a dual/multi-layered 
entity with the neurovascular bundle (NVB) running between 
these layers. The parietal layer mainly covers the levator ani 
muscle forming the levator ani fascia lateral to the NVB and 
the inner visceral layer/prostatic fascia which is medial to the 
NVB and covers the underlying prostate capsule [12].

The puboprostatic ligaments are pyramid shaped conden-
sations of the endopelvic fascia extending from the pubic 
bone and attaching to the prostate, bladder, and membranous 
urethra leading to urethral stability. They are composed of a 
pubourethral component which runs deep from the symphy-
sis pubis and attaches to the membranous urethra; a pubo-
prostatic component which merges with the anterior prostatic 
capsule; a flimsy pubovesical section which travels to the 
anterior aspect of the bladder in alignment with muscle fibers 
of the bladder wall and constitutes the so-called detrusor 
apron; and a curved sickle-shaped extension, which fuses 
with the arcus tendinous [13].

The arcus tendineus is a lateral fibrous thickening of 
endopelvic fascia extending from the puboprostatic liga-
ments to the ischial spine.

The puboperinealis is a paired muscle that originates from 
the pubis, flanks the prostatic-urethral junction, and termi-
nates at the perineal body, the deep part of the external anal 
sphincter and bulbospongiosus muscles. The puboperinealis 
acts as a muscular hammock supporting the urethra posteri-
orly and serving as a dynamic sling responsible for the 
quick-stop phenomenon of urination. During surgery, it is 
important to identify the long pelvic nerve or levator ani 
nerve, which innervates the puboperinealis muscle [13].

The Denonvilliers’ fascia extends posteriorly covering the 
seminal vesicles and extending distally to the prostatic apex, 
ending at the prostatic-urethral junction. The Denonvilliers’ 
fascia separates the posterior bladder from the rectum.

The detrusor apron is a dense interwoven network com-
posed of three smooth muscle layers which cover the blad-
der circumferentially: an inner longitudinal layer, a middle 
circular layer, and an outer longitudinal layer [14]. Some 
anterior fibers of the outer longitudinal muscle layer travel 
anteriorly to the pubic bone covering the prostate antero- 
laterally to form the detrusor apron which merges with the 
puboprostatic ligaments, contributing to the sling conti-
nence mechanism. Preservation of the detrusor apron in 
RARP is important for better functional outcome. 
Additionally, a layer of the detrusor apron contributes to 
the formation of the anterior fibromuscular stroma and 
another layer joins the fascial sheath of the dorsal venous 
complex.
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 The Urethral Sphincter Complex

The urethral sphincter is a complex of muscles surrounding 
the urethra and controlling the flow of urine.

The proximal urethral (internal) sphincter or vesical 
sphincter is ring-shaped muscular tissue under involuntary 
control and which is compromised during surgery at the 
vesico-prostatic junction.

The distal urethral (external) sphincter at the prostato- 
urethral junction is a complex of external rhabdosphincter 
and inner lissosphincter muscles surrounding the membra-
nous urethra. The external sphincter is under voluntary con-
trol and is innervated by somatic pudendal nerves originating 
from the S2, S3, and S4 sacral nerve roots.

The external rhabdosphincter has outer striated fibers 
which become sparse posteriorly where the fibrous median 
raphe (the most anterior part of the perineal body) can be 
identified. Some of its anterior fibers are known to merge 
with the supporting fibrous structures that flank the urethra, 
providing continence through tonic contraction along with 
the puboperinealis sling through the quick-stop mechanism. 
Rabdosphincter contractions result in a kind of anterior loop 
rather than a true circumferential constriction of the urethra. 
Rabdosphinchter fibers extend up to the prostatic apex with 
inter-individual variability in the overlap of prostatic tissue 
that covers the sphincter circumferentially, symmetrically 
bilaterally, asymmetrically unilaterally, anteriorly only, or 
posteriorly only, or ending bluntly above the sphincter.

The inner smooth muscle layer (the lissosphincter) con-
sists of outer circular and inner longitudinal muscle fibers 
extending up to the verumontanum/seminal colliculus mak-
ing preservation of longer urethral length important for bet-
ter functional outcome [15].

The membranous urethra, the narrowest part of the ure-
thra, connects the prostatic and bulbar urethra extending 
from the prostatic apex and piercing the urogenital dia-
phragm. The membranous and prostatic urethra, together 
with the bladder neck, form a high-resistance channel. 
Preserving longer membranous urethral length (MUL) helps 
achieve early continence post RARP [16].

 The Role of the Vesicle Angle in Continence

The vesical angle is also a strong predictor of urinary conti-
nence after surgery. A recent study found that bladder neck 
angle fewer than 100°, measured between the bladder neck 
and the bilateral margin over the pelvic inlet, is related to 
poor urinary continence outcomes [17]. It has been hypoth-
esized that a narrow vesical angle may also decrease bladder 
compliance impacting intravesical pressure. Total anatomic 

reconstruction to provide anterior and posterior support to 
the sphincter complex has been described with a finding of 
better rates of urinary continence recovery at 1, 6, 12, and 
24 weeks after surgery [18]. MRI findings in patients before 
and after surgery have found a positive association between 
postoperative membranous urethral length and the depth of 
urethrovesical junction with urinary continence recovery, the 
latter measured as the craniocaudal distance from the most 
proximal margin of the symphysis pubis to the level of the 
urethrovesical junction [19].

 The Pathophysiology of Post-Radical 
Prostatectomy Urinary Incontinence (PPI)

Urinary incontinence following radical prostatectomy is 
attributed to sphincter and/or bladder dysfunction. 
Sphincter dysfunction, also known as intrinsic sphincter 
deficiency, is caused by injury to the sphincter mechanism 
during surgery. Sphincter dysfunction commonly presents 
as stress urinary incontinence and is the most common 
form of post-radical prostatectomy urinary incontinence 
(PPI) [20]. Bladder mobilization and incision of the arcus 
tendineus render the urethra hypermobile, descending from 
the pelvic floor. Shortening or thinning of the membranous 
urethra during partial excision of the sphincter, or devascu-
larization due to apical tumor location, damage sphincter 
mechanisms. Additionally, the posterior connections of the 
puboperinealis sling are disrupted during posterior apical 
dissection causing weakness in the dynamic sling mecha-
nism resulting in sphincter dysfunction [21]. Detrusor 
instability and decreased bladder compliance are associ-
ated with increases in detrusor pressure in urine storage 
resulting in bladder dysfunction and PPI. Classically, blad-
der dysfunction presents as incontinence urgency. Probable 
mechanisms of bladder dysfunction include disruption of 
anterior bladder wall fixations resulting in a collapsed blad-
der, and damage to the bladder nerve supply during bladder 
neck and seminal vesicle dissection. In addition, loss of 
retro trigonal support causes weakness at the posterior half 
of the bladder neck [22].

 The “Hood” Concept

The last decade has seen efforts, led by Dr. A.  Massimo 
Bocciardi, to preserve structures in the space of Retzius [23]. 
This approach preserves the entire space of Retzius and its 
contents by approaching the prostate and bladder neck 
through the pouch of Douglas. Convincing data provide sup-
port for the impact of this approach on the early return of 
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Fig. 11.1 A sketch 
demonstrating Hood surgical 
anatomy. Anatomical 
components of the hood 
surround and safeguard the 
membranous urethra and 
external urethral sphincter. 
Abbreviations: AFMS anterior 
fibromuscular stroma, DA 
detrusor apron, Pubo P 
ligament pubo-perinealis 
muscle and accompanying 
ligament, DVC deep venous 
complex, Plane of tunnel 
plane of development of 
retropubic space

continence, and many surgeons have embraced the space of 
Retzius preservation technique for robotic-assisted prosta-
tectomy. While there is considerable enthusiasm for this 
approach, the majority of robotic surgeons continue to per-
form robotic prostatectomy from the anterior aspect; more 
than one million such surgeries have been performed. 
Surgeons who prefer the anterior approach believe it to be a 
more versatile technique allowing for greater exposure by 
providing the ability to visualize the interior of the bladder 
(ureteric orifices and median lobes); perform simultaneous 
lymph nodal dissection; tailor grades of nerve sparing 
through access to the peri-prostatic space to place a suprapu-
bic catheter (if chosen) with a direct view without violating 
the pouch of Douglas where most of the neurovascular tissue 
travels to the penile and pelvic structures.

To address this concern, our team sought to modify the 
anterior approach to capture the benefits of space of Retzius 
preservation while maintaining the advantages of the con-
ventional anterior approach. We made modifications to the 
technique, defined and characterized the structures that con-
tribute to early continence following the space of Retzius 
sparing approach, reviewed the results of this modification in 
272 cases, and compared these results with our traditional 
anterior approach. Our novel Hood technique, inspired by 
the work of Dr. Robert Myers, preserves tissue after prostate 
removal takes on the appearance of a “hood” comprises of 
the detrusor apron, arcus tendineus, puboprostatic ligaments, 
anterior vessels, and some fibers of the detrusor muscle [14]. 

This hood surrounds and safeguards the membranous ure-
thra, the external sphincter, and supportive structures 
(Fig. 11.1).

 The Hood Surgical Technique

Because the Hood technique involves the anterior supporting 
structures, we excluded men whose biopsy was positive at 
the anterior prostate or whose pre-operative multiparametric 
Magnetic resonance imaging (MRI) showed an anterior 
prostatic lesion. While not a formal exclusion criterion for 
the technique, patients who received prior hormonal treat-
ment or radiotherapy for prostate cancer were also excluded 
from our study on the Hood technique.

 Surgical Steps

A four-arm da Vinci Xi System (Intuitive Surgical-ISRG, 
Sunnyvale, CA, USA) was used to perform the Hood tech-
nique for robot-assisted radical prostatectomy.

 1. Position and port placement. The patient was placed in 
the steep Trendelenberg position.

Pneumoperitoneum was induced by a Veress needle. 
Six laparoscopic trocars were placed as previously pub-
lished [13].
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 2. Development of the retropubic space. Using a 0° optic 
camera lens, the peritoneum was incised with an inverted 
U-shaped incision beginning high at the midline median- 
to- medial umbilical ligaments. We performed blunt and 
sharp dissection to expose the bladder and anterior prostate 
without exposing the puboprostatic ligaments (Fig. 11.2).

 3. Bladder neck transection. The bladder neck was incised 
and deepened until the Foley catheter was seen (Fig. 11.3). 
Visualization of the Foley catheter ensured that the ante-
rior bladder neck had been properly incised. The Foley 
catheter was grasped by the tip with firm anterior traction. 
Using the shaft of the catheter as a landmark, the mucosa 
at the posterior bladder neck was incised precisely. We 
then developed a plane behind the posterior wall of the 

bladder neck exposing a consistent fibromuscular layer, 
known as “the retrotrigonal layer” [24] (Fig.  11.4). 
Cutting this layer exposed the vasa and the seminal 
vesicles.

 4. Vas deferens and seminal vesicles dissection. The vas 
deferens were lifted one at time and dissected using an 
athermal technique to clip and cut the ends. The cut ends 
were then lifted up by the fourth arm of the robot. Then, 
we created a plane between the seminal vesicles and the 
surrounding fascia, which is called “the median avascular 
plane” (Fig. 11.5). This plane was followed proximally to 
identify the arteries that enter the seminal vesicles. These 
vesicles were cut using clips and sharp dissection. Every 
attempt was made to preserve the neurovascular bundles 

Fig. 11.2 Development of the retropubic space

Fig. 11.3 Bladder neck dissection

Fig. 11.4 Development of the retro-trigonal layer

Fig. 11.5 Dissection of seminal vesicles. Development of medial avas-
cular plane
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Fig. 11.6 Athermal plane created between prostate capsule and 
Denonvilliers’ fascia

Fig. 11.7 Circumferential apical dissection

Fig. 11.8 Control of dorsal venous complex

which are lateral to the seminal vesicles. Both the seminal 
vesicles and vas deferens were then pulled upwards.

 5. Lateral pedicle control. A plane was created between the 
prostatic capsule and Denonvilliers’ fascia athermally by 
sharp and blunt dissection, proceeding distally toward the 
apex and laterally on either side allowing us to access the 
lateral attachments where the perforating arteries enter 
the prostatic capsule (Fig.  11.6). We sharply cut these 
attachments and developed a plane between the capsule 
and the medial aspect of the pedicular vessels.

 6. Circumferential apical dissection. The prostate was lifted 
anteriorly towards the pubic symphysis. The camera lens 
was changed to 30° optic with upward direction. Using 
blunt dissection with monopolar scissors and retracting 
the apex from the urethra, we were able to gain 1–2 mm 
of ventral membranous urethral length prior to transec-
tion. The camera lens was changed again to 0° optic. The 
prostate was retracted to one side and anterolateral dis-
section was performed with the goal of preserving the 
urethral sphincter (Fig. 11.7). This process was repeated 
on the contralateral side.

 7. Control of the dorsal venous complex. The dorsal venous 
complex was ligated using a 2-0 Vicryl suture (Fig. 11.8) 
in continuous fashion followed by urethropexy.

 8. Development of “hood” and urethral transection. A plane 
was developed between the detrusor apron and the ante-
rior fibromuscular layer of prostate. This plane was fol-
lowed until we reached the prostatic apex. Using blunt 
dissection, we then mobilized the dorsal membranous 
urethral length. With a direct view, the anterior urethra 
was sharply cut and the prostate was freed. The specimen 
was then sent to Surgical Pathology where the margins 

were inked and examined under a microscope to assess 
the extra-capsular extension (Fig. 11.9).

 9. Total anatomical reconstruction and anastomosis. The 
first step in posterior reconstruction was creating a “mat-
tress” for anastomosis using V-lock sutures. This mattress 
consisted of the Denonvilliers’ musculo fascial plate and 
the posterior bladder neck (Fig. 11.10). Two-layer blad-
der neck reconstruction was then performed using V-lock 
sutures. Watertight, tension-free Urethro-vesical anasto-
mosis was performed using barbed sutures (Fig. 11.11). 
The arcus tendineus was sutured to partial thickness bites 
of the detrusor muscle which aided in stabilizing and 
positioning the vesico-urethral junction.
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Fig. 11.9 Urethral transection

Fig. 11.10 Posterior reconstruction. Consists of the Denonvilliers’ 
musculofascial plate and the posterior bladder neck

Fig. 11.11 Urethro-vesical anastomosis

Table 11.1 Preoperative and intraoperative parameters and surgical 
pathology outcomes of the study population

Overall
N = 330 
(%)

Non-Hood
N = 58 (%)

Hood
N = 272 
(%) P value

Median age in years 
[IQR]

64 (59, 69) 67 (62, 70) 63 (58, 68) 0.001

Median BMI in kg/m2 
[IQR]

27 (25, 29) 27(24, 29) 27 (25, 29) 0.9

PSA, ng/mL [IQR] 5.8 (4.5, 
8.7)

7.5 (5.1, 
15.0)

5.7 (4.5, 
8.0)

0.001

PSA density [IQR] 0.1 (0.1, 
0.2)

0.1 (0.1, 
0.3)

0.1 (0.1, 
0.2)

0.007

Prostate volume in mL 
[IQR]

52 (42, 65) 51 (43, 66) 52 (40, 65) 0.6

cT stage, n 0.0004
   T1 167 (51) 17 (29) 150 (55)
   T2 163 (49) 41 (71) 122 (45)
Nerve sparing pattern, n <0.0001
   Bilateral 249 (67) 28 (47) 221 (71)
   Monolateral 50 (24) 30 (27) 51 (23)
   Non-nerve sparing 31 (9) 15 (26) 16 (6)
Final pathology ISUP 
GGG

<0.0001

   1 45 (14%) 3 (5%) 42 (15%)
   2 156 (47%) 13 (22%) 143 (53%)
   3 85 (26%) 24 (41%) 61 (22%)
   4 9 (3%) 4 (8%) 5 (2%)
   5 35 (10) 14 (24) 21 (8%)
pTNM stage, n 0.045
   T2N0 252 (76%) 36 (62%) 216 (79%)
   T2N1 4 (1%) 0 (0) 4 (2%)
   T3N0 61 (18%) 17 (29%) 44 (16%)
   T3N1 13 (5%) 5 (9%) 8 (3%)
Surgical margins 0.004
   Negative 313 (95%) 50 (86%) 263 (97%)
   Positive 17 (5%) 8 (14%) 9 (3%)

IQR interquartile range, BMI body mass index, PSA prostate specific anti-
gen, ISUP International Society on Urologic Pathology Gleason grading 
group, pTNM stage pathological tumor, node and metastases stage

 Results

We compared our novel “Hood” technique with the “non- 
Hood” technique for RARP in 330 consecutive patients. 
The non-Hood technique was performed in patients who 
were not eligible for the Hood technique (as per the exclu-
sion criteria described above). We did not preserve the 
“hood” structures in any of the non-Hood technique 
patients. Of the 330 patients who underwent RARP, 272 
patients underwent the Hood technique and 58 patients 
underwent the non-Hood technique. Preoperative, intraop-
erative, and oncological outcomes of the study population 
are summarized in Table  11.1. The median age of the 
patients was 63 and 67 years for the Hood-technique and 
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Comparison of urinary continence in Hood and non-Hood
surgical techniques
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Fig. 11.12 Comparison of 
urinary continence rates of the 
hood technique and non-hood 
technique

non-Hood technique patients, respectively. Median body 
mass index was 27 for both groups. Median PSA was 
5.7 ng/dL and 7.5 ng/dL for Hood- technique and non-Hood 
technique patients, respectively; median prostate volume 
was 52 and 51 cc for Hood-technique and non-Hood tech-
nique patients, respectively. Bilateral nerve sparing, mono-
lateral nerve sparing, and non-nerve sparing was performed 
in 71%, 23%, and 6% patients of Hood-technique patients, 
respectively, and 47%, 27%, and 26% patients of non-Hood 
technique patients, respectively. Final pathology 
International Society of Urologic Pathology (ISUP) 
Gleason grades of 1, 2, 3, 4 and 5 were seen in 15%, 53%, 
22%, 2%, and 8% of patients who underwent the Hood 
technique, while ISUP Gleason grades 1, 2, 3, 4 and 5 were 
seen in 5%, 22%, 14%, 8%, and 24% patients who under-
went the non-Hood technique.

 Effect of Technique on Urinary Continence 
(Fig. 11.12)

Patients were followed up 1, 2, 4, 6 and 12 weeks after cath-
eter removal (which was performed at 1 week) as a part of 
standard protocol and additional third-party telephone inter-
views were conducted by urology fellow (V.G.W.). Patients 
were considered continent if they were pad free for 24  h. 
Urinary continence data has been verified independently by 
two other co-authors (U.F. and P.T.).

The continence rates with Hood technique at 1, 2, 4, 6, 12 
and 24 weeks after catheter removal were 21%, 36%, 83%, 
88%, 93% and 94% while continence rates with non-Hood 
technique at 1, 2, 4, 6, 12 and 24 weeks after catheter removal 
were 12%, 22%, 76%, 85%, 86% and 88% at 1, 2, 4, 6, 12 
and 24 weeks after catheter removal.

 Conclusion

The Hood technique has proven to achieve early return of 
continence, better functional outcomes, and improved qual-
ity of life and survival. The detrusor apron, puboprostatic 
ligaments, and surrounding fascia are the major components 
of the “hood,” providing attachment along the bladder, pros-
tate, and urethra to the surrounding pelvic muscles and bone. 
The anatomic and functional roles of all of these “hood” 
structures have an impact on the mechanism of continence 
through coordinated bladder and urethral sphincter contrac-
tions and relaxation. The Hood technique allows for preser-
vation of these important structures, while providing optimal 
post-operative cancer-free outcomes, functional outcomes, 
and better quality of life and survival.
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12Apical Dissection During 
Trans- Peritoneal, Anterior 
Robot-Assisted Radical Prostatectomy

Alexandre Mottrie and Carlo Andrea Bravi

 Introduction

The prostatic apex is a common location for tumor involve-
ment and the most common site of positive surgical margins 
(PSMs) after radical prostatectomy. Considering robot- 
assisted radical prostatectomy, which nowadays represents 
the most widely employed approach for PCa surgery in west-
ern countries [1], PSMs may be considered as an unsuccess-
ful outcome of prostate cancer surgery, since patients 
harboring PSMs on final pathology are at higher risk of bio-
chemical recurrence (BCR) [2], and require additional sal-
vage treatments that could impair functional outcomes and 
quality of life. Moreover, it has been demonstrated that api-
cal PSMs are associated with a higher risk of cancer recur-
rence [3, 4].

To obviate apical PSMs, the urethra could be transected 
farther from the prostatic apex, but this might impair urinary 
continence recovery due to a shortage of the urethra and 
damage of the urethral sphincter complex (USC). Therefore, 
apical dissection still remains the “Achilles heel” of PCa sur-
gery [5], since it may affect not only cancer control, but also 
postoperative urinary continence recovery [6]. Anatomical 
preservation of each component of USC, including the exter-
nal rhabdosphincter and the inner lissosphincter, is essential 
in order to optimize continence recovery [7]. Apical dissec-
tion should therefore represent a compromise between can-
cer control (avoiding apical PSMs) and urinary continence 
recovery (maximizing the urethral length).

 Anatomy

The urethral sphincter complex is composed of two morpho-
logically related but functionally unrelated components:

• Inner layer lissosphincter of smooth muscle: it forms a 
complete cylinder of circular and longitudinal muscle 
fibers around the urethra.

• Outer layer rhabdosphincter of skeletal muscle: is com-
posed of skeletal muscle fibers from the perineal mem-
brane to the prostatic apex that unite behind the urethra in 
a central fibrous raphe, while proximally they form a cap 
on the anterolateral side of the prostate [7, 8].

With high magnification (Fig. 12.1) it is possible to clearly 
recognize three different layers of musculature at the level of 
prostate-membranous urethra: the rhabdosphincter (light 
blue), the circular smooth muscles (dark blue), and the longi-
tudinal smooth muscles (red) which surround the urethral 
mucosa (yellow) [6].
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Fig. 12.1 Intraoperative anatomic definition of the three different mus-
cular layers at the level of the urethral sphincter complex
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The ventral part of the sphincter is covered by the deep 
venous complex (DVC) and ridges of rudimentary striated 
muscle fibers; the lateral and posterior aspects are sur-
rounded by the apex and neurovascular tissue [9]. The rhab-
dosphincter sometimes invades the pseudocapsule of the 
prostate and the glandular tissues at the level of the apex. 
Thus, dissection in this area may cause an inadvertent injury 
of the prostatic apex. In addition, some anatomical consider-
ations are noteworthy during apical dissection, including the 
lack of a capsule-like structure in the apex, variability of the 
prostatic apex shape [10], and variation in the structure of the 
USC [6]. Anatomic and functional studies have shown that 
an important functional part of the USC is located intra- 
prostatically between the prostatic apex and the colliculus 
seminalis [9, 11] due to the development of prostate at the 
onset of puberty. Koraitim clearly showed that continence at 
rest is primarily a function of the lissosphincter and that a 
minimal length of 1.5 cm of the USC is essential to maintain 
continence [7]. All these considerations, therefore, confirm 
the great importance of preservation of maximal urethral 
length at the time of radical prostatectomy in order to pre-
serve urinary continence.

 Surgical Technique

The visualization of the operative field and the ability to limit 
bleeding from the deep venous complex facilitate apical 
prostatic dissection during robot-assisted radical prostatec-
tomy. Up to this point in the operation, antegrade dissection 
has permitted complete mobilization of the lateral, base, and 
posterior prostate, leaving division of the DVC and urethra 
from the prostatic apex for last. It is critical to avoid entry 
into the anterior prostate during division of the deep DVC 
because this may result in an iatrogenic positive margin. 
Although the previously placed DVC stitch may become dis-
lodged or divided during this step, further sutures to secure 
the deep DVC can be easily placed. Also, bleeding from the 
deep DVC during attempts at re-suturing can be kept to a 
minimum by transiently increasing the CO2 insufflation pres-
sure to 20 mmHg to improve the tamponade effect on venous 
bleeding. Once the DVC is divided, there should be good 
visualization of the prostatic apex and its junction with the 
urethra.

The anatomy of the prostatic apex is variable and should 
be carefully inspected before division of the urethra. As 
much urethral length as possible should be maintained, but 
an overlying anterior lip of prostate must be recognized, as 
well as posterior extension of prostatic tissue beneath the 
urethra. Nevertheless, leaving a small rim of urethra along 
the prostatic apex may be advisable to reduce the incidence 
of apical positive margins because this does not appear to 

have an adverse effect on the return of urinary continence 
[12]. To prevent thermal injury to the external striated sphinc-
ter and nearby neurovascular bundles (NVB), sharp dissec-
tion with limited use of electrocautery is preferred during the 
prostatic apical dissection and division of the urethra.

Recently, the EAU Robotic Urology Section (ERUS) 
Scientific and Educational Working Groups established spe-
cific metrics for the assessment of intra-operative skills dur-
ing robotic radical prostatectomy [13]. These metrics 
comprise 12 phases and 80 procedural steps that represent a 
“good practice” in robotic radical prostatectomy. With 
respect to apical dissection, the panel of experts identified six 
steps which are described below:

 1. Instrument positioning. The additional arm should either 
be parked in a position that will avoid collision with the 
other instruments or can be used for traction on the 
prostate.

 2. Preservation of the urethra by releasing the prostate from 
the urethra. During this phase, rotation of the prostate 
helps with the dissection and delineation of the apex lat-
erally and posteriorly. Dissect the urethra away from the 
capsule of the prostate both anteriorly and posteriorly 
(taking care to optimize the urethral length).

 3. Transection of the urethra preserving urethral length and 
following the anatomy of the prostatic apex. The dissec-
tion of the prostatic apex can be carried out with a sharp 
and direct division of the membranous urethra at the level 
of the urethra-prostatic junction.

 4. Transection of any remnants of tissue attaching the pros-
tate staying close to the capsule of the prostate.

 5. Bagging of the prostate (and it may be sent for frozen 
section).

 6. Reduce pneumoperitoneum to look for bleeding. Suction 
irrigation to visualize NVB and DVC.  Control arterial 
and venous bleeding with combination of ligation of 
bleeders, point coagulation and/or clips, suturing or use 
of tissue coagulants.

 Collar Technique

A different technique for apical dissection has been described 
recently as the “collar” technique [14]. It consists in progres-
sively dissecting the three different muscular layers at the 
level of the urethral sphincter complex (rhabdosphincter, cir-
cular smooth muscle, longitudinal smooth muscle, and 
mucosa) in order to optimize the recovery of urinary conti-
nence while not increasing the risk on positive surgical 
margins.

The technique was describe in a series of 189 consecutive 
patients receiving robotic radical prostatectomy at a high vol-
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ume European center [14]. A 0° lens was used for the whole 
procedure. The DVC was sharply divided without any previ-
ous ligation, thus providing optimal visualization of the 
underlying urethra and preventing inadvertent cutting into the 
prostatic apex or damage of sphincteric apparatus. After com-
plete transection, the DVC was selectively sutured with a run-
ning V-Loc 3-0 barbed suture. At this point, the prostatic apex 
is fully exposed and the UCS is clearly visualized.

The collar technique for apical dissection consists of the 
following steps:

 1. The USC is circumferentially incised 2–3 mm distally to 
the prostatic apex, first at the level of the rhabdosphincter 
and then at the level of the circular smooth muscle, in 
order to stay farther from the prostatic apex and reduce 
PSM risk (Fig. A-a).

A a

 

 2. The underlying smooth longitudinal muscle is exposed 
with blunt and sharp dissection (Fig. B-b).

B b
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 3. Two to three millimeters of the rhabdosphincter and of 
the circular smooth muscle remain to cover the pros-

tate (Fig. C-c).

C c

 

 4. The longitudinal smooth muscle is sharply incised close 
to the prostatic apex in order to achieve maximal length 

of the functional lissosphincter (Fig. D-d).

D d
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 5. The underlying mucosa is exposed, and the catheter is 
visualized and retracted (Fig. E-e).

E e

 

 6. The mucosa of the posterior aspect of the urethra is 
incised just caudally to the colliculus, and the posterior 

aspect of the longitudinal smooth muscle is exposed (Fig. 
F-f).

F f
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 7. The posterior aspect of the longitudinal smooth muscle is 
sharply incised (Fig. G-g).

G g

 

 8. At the end of the dissection, lengths of the smooth longi-
tudinal muscle and the mucosa are preserved (Fig. H-h).

H h

 

Figure 12.2 shows the collar of peri-urethral tissue 
covering the prostatic apex in the final specimen; con-
versely, Fig. 12.3 demonstrates how the apex is not pro-
tected in the specimens resulting from standard apical 
dissection.

To investigate the oncologic and functional outcomes of 
this new technique, authors compared 108 individuals who 
received the “collar” technique with patients operated prior 
to the introduction of this novel technique (81 patients, con-
trol group), whose apical dissection was performed by sharp 
and direct division of membranous urethra at the level of the 

urethra- prostatic junction without dissection of the single 
components of the USC.

Overall, 20 out of 189 (10.6%) patients revealed PSMs at 
final pathology, without a significant difference between the 
two samples (13.6% in the control group and 8.3% in the 
collar technique group; p = 0.2). The vast majority of PSMs 
was found to be apical (7.4%), including 5.6% in the collar 
technique group and 9.9% in the control group (p  =  0.7). 
After stratifying PSMs according to pathologic stage, a sig-
nificant difference was noted between the two groups only 
when considering patients with pT2 disease (0% in the collar 
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Fig. 12.2 Macroscopic evidence of the collar of peri-urethral tissue covering the prostatic apex in the final specimen

Fig. 12.3 Final specimen of a procedure in which the collar technique was not employed: the apex is not protected by any collar of peri-urethral 
tissue

technique group vs. 8.9% in the control group; p  =  0.01). 
Similarly, patients treated with the collar technique experi-
enced significantly lower apical surgical margins compared 
with the control group, when considering individuals with 
organ-confined disease at final pathology (0% vs. 7.1%; 

p = 0.03). This was further confirmed on univariate analyses: 
considering patients with the suspicion of an index tumor 
located in the apical region at preoperative mpMRI (n = 43), 
men referred to the collar technique had a significantly lower 
risk of apical PSMs as compared with those who underwent 
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standard apical dissection (OR: 0.05, p = 0.009). With regard 
to intra- and post-operative complications, no significant dif-
ferences were found between the two groups.

Considering functional outcomes, the urinary continence 
recovery rates were comparable between the two groups: the 
rate of patients who utilized zero pads with no leakage of 
urine in the collar vs. standard technique was, respectively, 
42% and 54%, 46% and 60%, 74% and 84%, 94% and 88%, 
and 99% and 93% on catheter removal and at 1, 3, 6, and 
12 months after surgery (all p ≥ 0.052).

 Conclusions/Discussion

Apical dissection represents one of the most challenging 
steps during robot-assisted radical prostatectomy. Specific 
precautions have to be taken into consideration to balance 
the risk of positive surgical margins and the preservation of 
delicate structures involved in the recovery of urinary conti-
nence. In this regard, detailed surgical steps have been 
described and validated by experts. Moreover, the “collar” 
technique for apical dissection allows for a reduction of api-
cal positive surgical margins, especially in case of patients 
with prostate cancer located at the apex.
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13Intra-operative Assessment of Surgical 
Margins: NeuroSAFE

Eoin Dinneen and Greg Shaw

 Introduction

The aim of all cancer surgery ought to be to cure cancer 
where it is found and to leave as little evidence as possible of 
surgical intervention. In the case of radical prostatectomy 
(RP) for localised prostate cancer, this lofty ambition is often 
referred to by surgeons and researchers as the trifecta out-
come; cancer cure (or freedom from biochemical recurrence 
(BCR)), urinary continence and recovery of erectile function 
[1].

All advanced surgical techniques should aim to assist the 
surgeon during robot-assisted radical prostatectomy (RARP) 
to achieve these goals, and different surgical techniques will 
influence surgery and thus, potentially, benefit the patient in 
different ways. Intra-operative assessment of surgical mar-
gins during RP relates to the moments during RP upon which 
the patient’s functional and oncological outcomes may criti-
cally depend, i.e. decisions on the planes of dissection and 
the radicality of surgical resection. In RP, as a consequence 
of the unique position and relations of the prostate, these 
decisions and thus intra-operative margin assessment, can 
have considerable influence on a man’s recovery from RP.

Already in this book, there have been chapters on the sur-
gical anatomy of the pelvis, the prostate, and its intimate 
neighbours such as the neurovascular bundles (NVB). There 
are a variety of different techniques for applying intra- 
operative assessment to the surgical of the prostate using fro-
zen section, of which the NeuroSAFE technique is the most 
well-known. All intra-operative margin assessment tech-
niques (frozen section or other) share in common the aim to 
assist the surgeon with realtime feedback to optimise the bal-
ance between preservation and avoidance during RARP:

 – Preservation—of peri-prostatic structures that confer 
improved post-operative functional recovery.

 – Avoidance—of positive surgical margins (PSM) by 
checking for them during RARP.

To understand these simultaneous but sometimes compet-
ing surgical goals, it is helpful to briefly consider them sepa-
rately so that we may appreciate why they are independently 
advantageous, but also how they can be difficult to balance 
and achieve in certain patients.

 Preservation of the Peri-prostatic Structures

Preservation of all peri-prostatic structures will facilitate 
improved recovery, but particularly preservation of the NVB 
by way of “nerve-sparing” (NS) is one of the most important 
decisions for a man undergoing RARP.  Since the original 
description of these nerves by Walsh et al. in the 1980s [2] 
many other authors have characterised and improved our 
understanding of the course of the NVBs using cadaveric 
studies and, more recently, tensor diffusion tractography 
MRI [3, 4]. Now it is very well recognised that NS RARP is 
essential for recovery of erectile function [5, 6]. Some groups 
have also demonstrated that NS RARP is associated with 
improved time to recovery of urinary continence [7, 8]. The 
closer the dissection the plane to the prostate, the more neu-
ronal tissue can be preserved and thus the greater the oppor-
tunity for erectile function recovery. Thus, intrafascial NS 
where the dissection is made just outside the prostatic cap-
sule with the aim to maintain the complete neural hammock 
is associated with the best opportunity for recovery of erec-
tile function [9].

Elsewhere on the prostate, dissection in close proximity 
to the prostate may preserve structures that contribute to the 
recovery of urinary continence such as the bladder neck [10], 
the maximal functional length of membranous urethra 
[11], and anterior structures such dorsal venous complex 
[12]. Again, preservation of these anatomical structures 
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requires intimate dissection as close to the prostate as possi-
ble without entering the prostate itself or the disease within.

 Avoidance of PSM

PSM will reduce the likelihood of cure from surgery and 
leave a man at increased risk of BCR and as such avoidance 
of PSM is a surgical imperative [13]. At the postero-lateral 
margin of the prostate, extra-prostatic extension (EPE) 
reduces the distance from the tumour to the NVBs [14], and 
therefore can increase the chance of PSM if the dissection 
plane is close to the capsule. Even in the absence of EPE, 
capsular incision into malignant glands giving intra-pros-
tatic PSM seems also increase the risk of BCR [15]. 
Intuitively, this is more likely to occur when the surgical 
dissection plane is very close to the prostatic capsule and 
disease volume is higher, such as in pT2c disease, though 
evidence to support this in the published literature is 
lacking.

Historically surgeons have used digital rectal examina-
tion (DRE), intra-operative palpation [16], and nomograms 
to estimate the likelihood of EPE, but these are flawed [17]. 
More recently, mpMRI has been used to predict EPE and 
safety of NS, and although use of mpMRI continues to 
evolve and mature, the updated systematic review on 
mpMRI for staging by Abrams-Pompe et  al. again high-
lights the great heterogeneity in its performance according 
to centre [18].

Overall, the conundrum for surgeons planning on “aggres-
sive NS strategy” is that prediction of EPE before surgery is 
difficult and the detection of PSM during surgery is not cur-
rently possible even with the improved magnification and 
endoscope optics of modern robotic surgery platforms.

 Role of Intra-operative Margin Assessment

Given these often-times competing intentions to preserve 
peri-prostatic structures and avoid PSM, when the extent 
each man’s tumour burden is different and difficult to accu-
rately predict prior to RARP, the role of realtime intra- 
operative margin assessment of the prostate has become 
attractive. Fresh Frozen section is the only widely available 
technology for the purpose of intra-operative margin assess-
ment during to RARP, though new, interesting, albeit 
untested, microscopic digital imaging technologies are 
emerging and will be discussed in this book in the next chap-
ter [19].

In this chapter, we will discuss the merits, the disadvan-
tages, and the currently unanswered questions according to 
the available evidence with regards to (a) intra-operative fro-

zen section assessment of the prostate margin, (b) the 
NeuroSAFE technique, which is the most well-known and 
prominent of the IFS approaches.

 Intra-operative Frozen Section (IFS): Quality 
of Evidence

A recent systematic review of intra-operative margin assess-
ment during RP has been conducted by our group [20]. Ten 
studies were included (see Table 13.1) that reported on 22 
separate outcomes of importance to RP. Detailed analysis of 
all ten studies included in the review are beyond the remit of 
this chapter, however, all of these studies were retrospective 
and the majority of the outcomes reported upon were deemed 
to be at serious risk of bias according to the RoBINs tool for 
assessment of reporting in observational studies. There have 
been some notable additions to the literature since the perfor-
mance of this review including several studies on the 
NeuroSAFE technique, however, this summary gives an 
indication of the generally low-quality evidence which is 
commonplace in relation to intra-operative margin assess-
ment during RARP.

Moreover, this review and a further review paper by 
Sighinolfi et al. [21] both identified the considerable hetero-
geneity in the techniques of frozen section used, the site of 
the prostate where they are applied, the reasons why IFS is 
performed, the technique for secondary resection (when 
PSM identified) and the outcomes reported by the studies 
identified. To date, there has been only one prospective, ran-
domised study in the field of intra-operative frozen section, 
the NeuroSAFE PROOF Feasibility Study, which has not 
reported upon patient-centred oncological nor functional 
outcomes, however the ongoing, fully powered successor 
NeuroSAFE PROOF trial will.

 Different Approaches to IFS on the Prostate

 Directing IFS by Surgeon Discretion

The NeuroSAFE technique is the best-known application of 
intra-operative frozen section during RP, and this will be 
described and reviewed in greater detail later in this chapter, 
however it is not the only application of IFS during 
RP. Numerous groups have applied IFS directed to evaluate 
areas that are perceived to be of concern for EPE or PSM. In 
five studies the area of concern was directed on an “ad lib” 
basis by the operating surgeon. Of these five studies, two 
noted an increase in PSM rate in the IFS group, though both 
were high risk of bias favouring the non-IFS group. 
Conversely, the other three studies that reported performing 
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Table 13.1 Characteristics of eligible studies in the systematic review and their baseline characteristics

First author and 
year Country

Recruitment 
period

No. of 
patients Type of surgery Site of IFS

Oncological 
outcomes

NVB 
status

EF 
recovery

Cangiano 1999 
[39]

USA 1989–1997 142 Open Posterolateral only 
when surgeon concern

Yes Yes Yes

Tsuboi 2005 
[27]

USA 1998–2002 760 Open Area of concern by 
surgeon

No No No

Lavery 2010 
[40]

USA 2007–2009 970 RARP “Visual concern” by 
surgeon

Yes Yes Yes

Heinrich 2010 
[41]

Germany 2004–2006 287 Open Posterolateral only 
when surgeon concern

No No No

Schlomm 2012 
[29]

Germany 2002–2011 11,069 Open (10,427) 
RALP (642)

NeuroSAFE technique Yes Yes No

Kakiuchi 2013 
[26]

USA 2004–2011 2608 RARP Surgeon discretion No No No

Petralia 2015 
[42]

Italy 2010–2012 268 RARP MRI-guided EPE 
concern

No Yes No

Obek 2018 [43] Turkey 2014–2016 170 RARP Entire prostate margin No Yes No
Mirmilstein 
2018 [33]

UK 2008–2017 277 RARP NeuroSAFE technique Yes Noa Yes

Preisser 2019 
[34]

Germany 2014–2018 346 Open (126) 
RARP (220)

NeuroSAFE technique No Yes No

Fossab 2019 
[36]

Norway/
Germany

2013–2016 307 RARP (183) 
Open (124)

NeuroSAFE technique No No Yes

van der Slotb 
2020 [37]

Netherlands 2018–2019 258 RARP NeuroSAFE technique No Yes No

Dinneenb 2020 
[44]

UK 2018 50 RARP NeuroSAFE technique Yesc Yes No

aNVB status results presented for before and after the introduction of the NeuroSAFE technique to their hospital, but not according to whether IFS/
NeuroSAFE was performed
bStudies not included in systematic review as published after
cLimited oncological outcomes presented for men with PSM on IFS, not the entire trial

intra-operative margin assessment according to surgeon sus-
picion noted a reduction in PSM rates in favour of the IFS 
group. The best of these results was achieved by Heinrich 
et al. demonstrating the most notable reduction in PSM rates 
(−12.2%) when applying the IFS to the postero-lateral mar-
gin of the prostate compare to men who did not have IFS 
during RP.

 Directing IFS by Pre-op MRI Discretion

Also of note, Petralia et al. describe using IFS directed by 
pre-operative MRI scan to an area of concern for EPE and/or 
PSM. In a study of 268 patients, they noted that this tech-
nique was able to reduce PSM rate by −11.2% (7.5% IFS 
group vs. 18.7% non-IFS group), though their report did not 
include mature oncological outcomes.

 IFS at Multiple Sites

Some groups have used IFS for multiple areas on the prostate 
at the same time. Von Bodman and colleagues describe 
applying IFS to the NVBs, the apex and the base of the pros-

tate simultaneously. In their 2013 report, they note that IFS 
was positive in 22% of cases, including the NVBs in 56.9%, 
the apex in 34.5% and the base in 8.6% of cases, though they 
do not comment on the initial NS strategy opted for by the 
surgeon when margin was positive at the NVB. They com-
ment that the surgeon was able to convert the frozen section 
PSM to negative in 92.3%, though again, mature oncological 
outcomes are awaited from this group.

Pak and colleagues described performing IFS by taking 
biopsies of the urethra and the bladder neck and performing 
further tissue resection if these were positive for malignant or 
atypical cells [22]. Overall, IFS analyses were initially nega-
tive in 1799 patients, converted to negative in 139 patients, 
and were persistently positive in 75 patients. Among 1799 
patients with initially negative IFS, PSMs at the negative IFS 
site were found in 49 patients (2.7%). When the results of IFS 
and permanent specimen analyses were compared, the sensi-
tivity, specificity, negative predictive value and positive pre-
dictive value of IFS analysis were 78.1%, 97.8%, 97.3% and 
81.8%, respectively. Interestingly, in this study the authors 
reported an improved 5 year BCR-free survival (BCRFS) in 
patients who had an initial PSM on IFS converted to NSM by 
secondary resection. The 5-year BCRFS rates of patients with 
negative surgical margins (NSM), negative converted surgical 

13 Intra-operative Assessment of Surgical Margins: NeuroSAFE



102

margins (NCSM) and PSMs were 89.6%, 85.1% and 57.1%, 
respectively (P < 0.001).

There are, however, other groups who have analysed their 
single-arm, retrospective surgical series of RP using and 
concluded that there is limited value to performing IFS based 
upon underwhelming improvements in oncological out-
comes in men who had secondary resection performed. For 
instance, Gillitzer et al. assessed BCR in 188 patients who 
underwent RP with IFS [23]. They reported 5 year BCRFS at 
94.9%, 75.3%, and 62.5% for patients who had NSM, PSM 
with negative frozen section and PSM, respectively. Their 
conclusions were similar to others [24–27], with similar 
study designs, who found it difficult to improve oncological 
outcomes significantly with IFS, though the level of evidence 
in these studies is low. All of these studies were non- 
comparative, IFS methods were not standardised, and there 
was no focus on other important elements of recovery after 
RP such as functional outcomes.

 NeuroSAFE Technique

As highlighted in both recent review papers on the topic, the 
NeuroSAFE technique is the only technical application of 
IFS during RP that has been disseminated, developed and 
published upon by multiple groups [20], as such, we will 
consider this here in greater detail.

NeuroSAFE stands for “neurovascular structure adjacent 
frozen section examination” of the prostate margin using IFS 
applied exclusively to the postero-lateral margin of the pros-
tate. The technique was first described in 2008 by Eichelberg 
et al. [28] from the Martini Klinik, Hamburg, Germany and 
was followed by two further large, retrospective case-control 
studies from the same institution [29, 30].

The NeuroSAFE technique is gaining in popularity and 
consequently the volume of published evidence available 
from different groups is greater (see Table 13.1). The appli-
cation of IFS realtime assessment of the posterolateral mar-
gin is particularly relevant because of the adjacent NVBs, 
preservation of which can have profound impact on func-
tional recovery, not just oncological outcomes.

 NeuroSAFE Technique: Technical Description

The NeuroSAFE technique involves removal of the prostate 
from the body as soon as it has been detached from its sur-
rounding structures. In RARP, this entails an enlarged umbili-
cal incision and a bespoke endoscope arm port to enable 
re-establishment of pneumoperitoneum should be used. 
Immediately upon removal of the prostate, the postero- lateral 
neuro-vascular structure adjacent surfaces are painted in the-
atres by the operating surgeon (Fig. 13.1a). The inked prostate 
is then transported to the histopathology department where the 

entire inked margin is cleaved by a straight blade. This inked 
postero-lateral portion of prostate is further divided by perpen-
dicular cuts at intervals of 5 mm from apex to base. A minimum 
of four and a maximum of seven pieces from the postero-lateral 
prostate on each side are submitted for freezing in this manner 
depending on the size of the prostate. Each piece of prostate 
tissue is then embedded into optimal cutting temperature 
(OCT) compound on a cryostamp and frozen (see Fig. 13.1b). 
The frozen prostate tissue is then transferred to the cryostat for 
sectioning at a tissue thickness of 5 μm before staining with 
haematoxylin and eosin (Fig. 13.1c). Slides are examined by a 
consultant genito- urinary histopathologist and the results are 
conveyed to the console surgeon in the operating room (OR) 
(see Fig. 13.2). This process is followed systematically in the 
same fashion irrespective of any other surgeon or image-based 
index of concern for EPE or large volume organ-confined dis-
ease in the region of the NVBs on either side.

 NeuroSAFE Technique: Secondary Resection

If a positive margin is reported on the IFS during the NeuroSAFE 
technique, then this information is conveyed to the operating 
console surgeon who according to local protocol may or may 
not perform a secondary resection depending on the length, 
grade, and number of PSMs noted on a side (see Fig. 13.2 for 
schematic cartoon and 13.3 for example images of margin sta-
tus). When SR is performed all tissue from the cut edge of 
Denonvilliers’ fascia medially, the pararectal fat laterally, the 
pedicle cranially, and just beyond the urethrovesical anastomo-
sis (including the puboprostatic ligament and Walsh’s pillar) 
caudally is removed en bloc by the surgeon as originally 
described by the Martini Klinik authors [29] (see Fig. 13.4 for a 
collage of console images depicting this process). Secondarily 
resected tissue is sent for routine paraffin embedded histological 
analysis and is not routinely analysed intra-operatively.

 NeuroSAFE Technique: Histological Outcomes

 Frozen Section Concordance to Final Pathology
In terms of the diagnostic accuracy of the NeuroSAFE tech-
nique compared to the reference standard (final formalin 
fixed paraffin embedded haematoxylin and eosin stained 
margin assessment), IFS can be considered in comparison to 
(a) the final margin status at the posterolateral margin only 
and (b) the final margin status on a whole gland level.

Four studies have reported on the diagnostic accuracy of 
the NeuroSAFE technique comparing IFS to final margin 
assessment at the NVB margin only. Firstly, Schlomm et al. 
from the Martini Klinik in the report of their experience after 
11,069 patients noted sensitivity and specificity of 93.4% 
and 98.8%, respectively. Mirmilstein et  al. reported a 
UK-based experience of 120 NeuroSAFE RARPs noted sen-
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a b c

Fig. 13.1 Photos of the NeuroSAFE Technique. (a) Ink stains the left 
(yellow) and right (green) neurovascular structure adjacent prostate 
margin, respectively. (b) After cleaving the right side and slicing per-

pendicularly a 5 mm piece of prostate tissue sits on the cryostat before 
freezing. (c) Once embedded in OCT and frozen 5 μm sections are pre-
pared on the microtome before staining

No secondary resection.

Negative Margin

No secondary resection.

Positive Margin

Full secondary resection of NVB.

Single
section

• 

• 

Gleason
Grade 3

• <2mm length

• >1 section
• Any Gleason

Grade 4
• >2mm length

Gleason
Grade 3

Positive Margin

Fig. 13.2 Pictorial representation of the steps involved in the NeuroSAFE Technique during RP
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sitivity of 90% and specificity of 97.4%. van der Slot reported 
upon the pathological outcomes following the introduction 
of the NeuroSAFE technique at the Erasmus Centre in the 
Netherlands. Their series included 491 NeuroSAFE 

 procedures in 258 patients, during the introduction of the 
technique to their centre and reported sensitivity was 76.8% 
and specificity 97.3%. Lastly, Dinneen et  al. reported the 
diagnostic accuracy of IFS vs. final pathology (see Fig. 13.3 

A

B

C

a b

a b

a b

Fig. 13.3 (A) (a) Formalin Fixed Paraffin Embedded (final) section of 
margin CLEAR ×10 magnification. (b) Intra-operative Frozen Section 
(IFS) of corresponding CLEAR margin section also at ×10 magnifica-
tion. (B) (a) Final section of NARROWLY CLEAR margin ×10 magni-

fication. (b) IFS section of corresponding NARROWLY CLEAR 
margin section at ×10 magnification. (C) (a) Final section of POSITIVE 
margin ×10 magnification. (b) IFS section of corresponding POSITIVE 
margin section at ×10 magnification
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for illustration of IFS and final margin classifications) at the 
NVB within the NeuroSAFE PROOF Feasibility RCT and 
found sensitivity of 100% and specificity 92.7% [31, 32] 
(Fig. 13.4).

Only one study (Mirmilstein et  al.) has reported on the 
concordance between NVB margin status as per NeuroSAFE 
IFS and final whole gland RP margin status [33]. As is to be 
expected given that the NeuroSAFE technique only takes 
account margin status in a limited section of the overall 
gland, diagnostic accuracy was inferior compared to at the 
NVB level alone, with sensitivity and specificity of 82.4% 
and 91%, respectively.

Interestingly, the study from the Erasmus Centre in the 
Netherlands included a detailed analysis of IFS margin, final 
paraffin margin and whether cancer was present in the sec-
ondarily resected NVB to inform their NeuroSAFE tech-
nique protocol for the future. They performed secondary 
resection in 61 of 491 NeuroSAFE procedures. In 72.2% of 
secondary NVB resections prompted by a NeuroSAFE PSM, 
no tumour was present. These cases more often had a posi-
tive surgical margin of ≤1 mm (48.7% vs. 20.0%; p = 0.001) 
and only one positive slide (69.2% vs. 33.3%; p = 0.008). 
None of the nine patients with Gleason pattern 3 at the surgi-
cal margin, a positive surgical margin length of ≤1 mm and 
one positive slide had tumour in the secondary resection. 
They concluded that secondary resection of the NVB might 
be omitted in cases with limited amount of low-grade disease 
at the positive IFS surgical margin.

Similarly, Dinneen et al. analysed the presence of cancer 
in the secondary resection NVB and included 12-month 
oncological follow-up for these patients who had PSM on 
the IFS in their report on the NeuroSAFE PROOF Feasibility 
Study [31]. In total 11/25 patients had PSM identified by the 
NeuroSAFE technique. Bilateral PSM was identified in one 
man. 7/11 patients underwent SR (Table 13.2). Of the seven 
patients who had SR, four patients underwent partial and 
three patients full SR of the ipsilateral NVB.  Cancer was 
found in the SR in three out of seven cases on final histologi-
cal examination (two full SR and one partial SR). Of the four 
patients who underwent partial SR, one had cancer present in 
the SR specimen and three had RP failure by 12-months 
(defined as requiring adjuvant therapy or BCR). Of the three 
patients who underwent full SR, two out of the three had 
cancer present in the SR specimen and two went on to have 
RP failure by 12-months.

Four men (patient 5, 6, 7 and 11 in Table 13.3) had five 
PSMs on IFS and no SR was performed because of short 
length and low grade of PSM. In all three cases where PSM 
was single and up to 1  mm, no RP failure was noted at 
12-months follow-up. Moreover, three men (5, 7, and 9 
Table 13.3) had single PSM <1 mm in length, all three of 
which were converted to clear on final section analysis.

Also in the NeuroSAFE PROOF Feasibility study, four 
men (patients 2, 3, 6 and 8 in Table 13.3) who had multiple 
section PSMs during IFS all had RP failure regardless of 
whether they had SR. Of these four men, two had full SR (of 
which one had cancer within), one man had a partial resec-
tion with cancer seen in it, and the last had no SR. Although 
these numbers are small, these findings were taken into 
account alongside the results of the Erasmus group, and have 
helped inform the NeuroSAFE technique secondary resec-
tion protocol for the full study (see below).

 NeuroSAFE Technique: PSM Evidence 
and Secondary Resection
With regards to the comparative studies that are available 
where a NeuroSAFE RARP cohort are compared to a non- 
NeuroSAFE control cohort there are three studies to date that 
report. All report a reduction in PSM rate in the NeuroSAFE 
RP group attributable to the ability to convert a PSM noted 
during IFS into a final NSM by SR (see Table 13.2). Schlomm 
et al., Mirmilstein et al. and Preisser et al. note a reduction in 
rate of PSM by 6.5%, 8.6% and 14.1%, respectively in the 
NeuroSAFE group compared to the non-NeuroSAFE tech-
nique. All of these studies are retrospective case-control 
studies, though Schlomm and colleagues performed propen-
sity score matched analysis. van der Slot and colleagues 
report a final PSM rate of 34.5%, but no comparison group is 
provided where RP was performed without the NeuroSAFE 
technique for comparison of PSM. The NeuroSAFE PROOF 
team have not published their surgical margin status results 
from the feasibility study because the full trial is ongoing.

 NeuroSAFE Technique: Oncological Outcomes

Schlomm and colleagues from the Martini Klinik have pre-
sented long term oncological outcomes in their retrospective 
case control of 11,069 men. In summary, according to their 
propensity score-based model, BCR did not differ signifi-
cantly according to NeuroSAFE and non-NeuroSAFE 
patients [29]. In the single surgeon series of 417 patients 
reported by Mirmilstein and colleagues, though only short- 
term oncological follow-up was available (median 15.6 
NeuroSAFE group and 31.4 non-NeuroSAFE group), BCR 
occurred in 1.7% and 1.9% of patients, respectively 
(p = 0.88).

 NeuroSAFE Technique: NVBs and Functional 
Recovery

There is an increasing body of evidence to suggest that the 
NeuroSAFE technique during RARP can increase the pro-
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a b

c

e f

d

Fig. 13.4 Still images collated to demonstrate the secondary resection 
of an ipsilateral NVB in response to a positive NeuroSAFE intra- 
operative frozen section margin. (a) The right NVB is distracted medi-
ally (b) and the overlying fascia incised to develop a plane between 
NVB and the rectum. (c) Dissection plane is extended distally to the 
insertion of the NVB into the pelvic floor and proximally to its origin at 
the prostatic pedicle. (d) Further dissection of the NVB towards the 

apical limit for en bloc resection. (e) The distal (apical) end of the NVB 
is clipped and cut. (f) The excised NVB is removed and sent for forma-
lin fixation, paraffin embedding final histopathological examination 
with the rest of the RP specimen. The outer aspect of the secondarily 
resected NVB can be inked to demonstrate new limit of the surgical 
margin
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Table 13.2 PSM rates according to NeuroSAFE PROOF published studies where data is available

Study
IFS 
(n=)

Non-IFS 
(n=)

PSM rate 
IFS

PSM rate 
non-IFS

δ PSM 
rate

% IFS 
positive

Ability convert PSM IFS to 
NSM RP

% SNR tissue +ve 
cancer

Schlomm [29] 2567 2567 15.2% 21.7% −6.5% 27.2% 86.2% 23%
Mirmilstein 
[33]

120 157 9.2% 17.8% −8.6% 14.5% NA 42.4%

Preisser [34] 156 190 15.4% 29.5% −14.1% NA NA NA

Table 13.3 Summary of histological and oncological outcomes for patients in the NeuroSAFE Arm who had a positive margin on IFS

Patienta

IFS margin (number, 
length)

Final 
marginb

SR 
performed

SR +ve 
cancer PSA

Biopsy 
ISUP

Tumour 
biopsy DRE

Path 
ISUP pT pN

RP 
failure

1 Single, 3 mm P Partial No 5.8 2 Bilateral T2 2 3a NX N
2 Multiple, 7 mm P Full Yes 11 2 Bilateral T3 2 3a NX Y
3 Multiple, 5 mm P Full No 7.1 2 Left T1 2 2c NX Y
4 Single, 2 mm P Partial No 8 2 Bilateral T2 2 3a NX Y
5 Single, <1 mm C Nil n/a 4 2 Bilateral T1 2 2c NX N
5 (other 
side)

Single, <1 mm P Nil n/a 4 2 Bilateral T1 2 2c NX N

6 Multiple (each only 
1 mm) 2 mm

P Nil n/a 14.3 3 Bilateral T3 3 3b N0 Y

7 Single, 0.5 mm C Nil n/a 1.2 2 Left T2 2 2a NX N
8 Multiple, 4 mm P Partial Yes 7.5 3 Bilateral T3 2 3a NX Y
9 Single, <1 mm C Partial No 8 2 Bilateral T1 2 3a NX Y
10 Single, 1 mm P Full Yes 6.7 2 Left T2 2 2c NX N
11 Single, 1 mm P Nil n/a 9.4 2 Right T1 2 2c N0 N

RP failure defined as adjuvant therapy or PSA > 0.2 ng/mL at follow-up of 12 months
aPatient numbers arbitrary not chronological in this table to preserve anonymity. P positive, C clear, Y yes, N no
bFinal margin at the corresponding final section only

portion of NS RARP performed. Firstly, the original report 
from the Martini Klink including 2567 propensity score 
matched men in each group reported an increase in NVB 
preservation from 80.6% to 96.6% overall, and from 52% to 
63.3% for bilateral NS. Preisser and colleagues reported an 
even more pronounced increase in the proportion of men 
having NS following the introduction of the NeuroSAFE 
technique at their institution [34]. In a retrospective unad-
justed case-control study with 190 non-NeuroSAFE and 156 
NeuroSAFE RP, they noted overall NS increase from 55.3% 
to 95.5%, and bilateral NS increase 55.3% to 85.3%.

In the NeuroSAFE PROOF Feasibility, 25 men under-
went NeuroSAFE RARP and 24 men underwent standard 
RARP. NS status was prospectively recorded by the operat-
ing surgeon immediately after the completion of surgery. 
Considering each NVB as the denominator 60% of NVB had 
some degree of NS (intrafascial, interfascial, partial) in the 
standard arm vs to 89.6% in the NeuroSAFE arm. Considering 
each participant as the denominator, 33% of men in the stan-
dard arm had bilateral intrafascial NS compared to 62.5% of 
men in the NeuroSAFE arm [35]. Mature functional out-
comes are not available for review until the full study has 
completed recruitment (see below).

In terms of patient-centred functional outcomes, two 
studies to date have published results. Mirmilstein and col-

leagues, reported improvement in erectile function recov-
ery [33]. They defined potency as the ability to have 
penetrative sexual intercourse with or without the assis-
tance of oral medications at 12-months after surgery and 
was assessed by physician interview unblinded to opera-
tion type. At 12-months, 77.3% of men who had 
NeuroSAFE RARP were potent vs. 50.9% who had stan-
dard RARP.

Fossa and colleagues, from Norway, are the only group to 
date to publish validated patient reported outcome measures 
(PROM) for men undergoing RP with the NeuroSAFE tech-
nique [36]. Their study is limited by retrospective design and 
confounded by the fact that the NeuroSAFE group were 
younger and underwent RP at the Martini Klink, whereas the 
non-NeuroSAFE group underwent surgery during the same 
period at Oslo University Hospital, Norway. They compared 
95 men in the NeuroSAFE group against 312 men in the 
Non-NeuroSAFE group in whom bilateral NS was achieved 
in 79% and 29%, respectively. The Norwegian version of the 
EPIC-26 was used wherein 66% of men in the NeuroSAFE 
group reported “No erectile dysfunction” compared to 36% 
of men in the Non-NeuroSAFE group. After RP with 
NeuroSAFE technique, 83% of the men reported effective 
use of pro-erectile aids compared to 50% of men in the non- 
NeuroSAFE group.
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 NeuroSAFE Technique: Cost and Resources

Early reports from the Martini Klinik about time required to 
perform the NeuroSAFE technique suggest that the addi-
tional time for IFS can be used to perform the Rocco stitch, 
urethra-vesical anastomosis, and lymph node dissection; 
therefore, no additional time, at their centre is spent under 
general anaesthesia despite the fact that technical laboratory 
steps takes 35  min [29]. Mirmilstein and colleagues esti-
mated the additional cost of the NeuroSAFE technique at 
£550 per case in the NHS UK healthcare system [33].

Dinneen et al. showed in their Feasibility RCT that whilst 
no patients experienced any harm for longer time spent under 
general anaesthesia, NeuroSAFE RARP took 57 min longer 
than standard RARP [31]. However, two points were high-
lighted by the authors to help explain the considerable 
increase in operation length in the intervention arm; (a) in 
both sites, the pathology laboratory was located in a different 
building to the OR therefore transportation time had to be 
taken into account, and (b) only 22% or men had lymph node 
dissection, therefore the average length of RARP in the stan-
dard arm was shorter than previous reports, which made the 
difference more pronounced.

Similarly, van der Slot et al. estimated that the additional 
time required for the NeuroSAFE technique during RARP 
was 43 min (IQR 39–50 min) but this decreased over time 
[37]. The median pathology time for the first 100 NeuroSAFE 
procedures was 46 min (IQR 40–53 min), and that for the 
last 100 was 41 min (IQR 37–48 min) (p = 0.004).

 NeuroSAFE PROOF Trial

Despite the advent of robotic surgery technology, many cen-
tres have struggled to improve sexual health recovery out-
comes for their patients over the last decade [38]. 
Consequently, surgeons and researchers should be investi-
gating and evaluating new avenues to improve this important 
part of recovery and achievement of trifecta. The NeuroSAFE 
PROOF study is part of this endeavour.

Many of the design features of the NeuroSAFE PROOF 
trial have been developed in order to provide evidence that 
will be of assistance to health policy makers considering 
methods and advanced techniques in RARP to improve out-
comes, particularly erectile function recovery, for men with 
localised prostate cancer undergoing surgery. No clinical 
trial is truly explanatory nor pragmatic, but in many aspects 
the NeuroSAFE PROOF trial has been based upon decisions 
to represent real life, or pragmatic conditions as this will help 
surgeons and policy makers around the world understand 
whether the technique will be appropriate for their patients. 
As such, the trial will involve multiple sites, surgeons, 

pathologists, radiologists and clinicians. Similarly, there will 
be no standardised penile rehabilitation program after RARP 
as this is not routine practice where the trial will be 
conducted.

Conversely, the exclusion of men with poor baseline erec-
tile function (IIEF-5 < 22) represents a step away from usual 
conditions and thus may reduce external validity compared 
to all candidates for RARP. However, this decision reflects a 
desire on the part of the researchers to maximise the condi-
tions for favourable effects from intervention to be apparent 
if they are present.

The NeuroSAFE PROOF Feasibility Study demonstrated 
better than expected recruitment and feasibility of the trial 
intervention in more than one centre in the UK. Moreover, 
the feasibility study has helped the trial team to stabilise and 
standardise the trial intervention and follow-up measures so 
that, as much as possible, treatment effects seen in the out-
comes of the study can be attributed to the trial intervention 
rather than divergent surgical practices, bias or confounding 
from variations in follow-up regimen. Following the analy-
sis of the men who had PSM on NeuroSAFE technique in 
the feasibility study, the trial protocol now instructs that 
only full SR is performed and partial SR has been elimi-
nated. Secondly, the indications for full SR are now: (1) any 
PSM on multiple sections on a side; (2) any Gleason grade 
4 or grade 5 adenocarcinoma at the margin; and (3) any sin-
gle section PSM >1  mm of Gleason Grade Group 1 (see 
Fig. 13.2). At the time of writing, the NeuroSAFE PROOF 
Trial has recruited 330 patients from a total of approxi-
mately 400. Covid-19 pandemic has interrupted and delayed 
recruitment, but the trial is still open to recruitment and per-
forming interventions as per random allocation at five UK 
sites.

 Conclusions

In conclusion, intra-operative margin assessment using fro-
zen section (IFS) has long been an appealing option for sur-
geons attempting to tailor and optimise surgical dissection 
for their patients during RP.  Realtime microscopic margin 
status feedback can, certainly in theory, allow the surgeon to 
get the balance between preservation of important peri- 
prostatic structures and avoidance of PSM correct irrespec-
tive of the differences between each man’s disease and 
anatomical characteristics.

With regards to the evidence on IFS, there is some evi-
dence that IFS can reduce PSMs, but this is largely lower 
quality within the hierarchy and only one single centre series 
have reported that this can impact beneficially on BCR.

Evidence to suggest IFS can benefit functional outcomes 
appears generally more promising than exclusively focus-
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sing on oncological outcomes by way of altering margin sta-
tus. Arguably, the area of the prostate where the correct 
balance between preservation and avoidance is most impor-
tant and influenced by the surgeon is the posterolateral neu-
rovascular structure adjacent margin. That is one of the 
reasons why the NeuroSAFE Technique IFS has become 
prominent in recent years. To summarise the important con-
siderations and evidence to date on the NeuroSAFE 
technique:

 – There is evidence of good to excellent histological con-
cordance from several centres on the use of frozen section 
for the posterolateral neurovascular structure adjacent 
margin comparing to final margin status at the same por-
tion of the prostate.

 – Increased duration of surgery may or may not occur 
depending on centre. If surgery is lengthened by the tech-
nique, there is no evidence that this causes harm to the 
patient, though there may be additional costs associated 
with the technique.

 – There is evidence that the NeuroSAFE technique can 
affect a modest reduction on PSM rates, though the evi-
dence of the long-term oncological outcomes with the 
NeuroSAFE technique is limited to a single centre, the 
Martini Klinik.

 – There are several studies from numerous centres that note 
a marked increase in NS during RP when the NeuroSAFE 
technique is used.

 – There is some observational evidence to suggest improved 
erectile function outcomes when the NeuroSAFE tech-
nique is used.

 – The NeuroSAFE PROOF randomised controlled trial has 
been designed to attempt to answer many of the questions 
not yet answered in this chapter, and will have patient- 
reported functional outcomes as the primary outcome.
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 Introduction

Fluorescence Confocal Microscopy (FCM) is an imaging 
technique able to generate digital images from fresh tissue in 
real time, without the need for traditional processing. The 
appearance of microscopical slides is in hematoxylin-eosin 
(HE), similar to the conventional images that pathologists 
are usually dealing with. The FCM analysis on the fresh 
sample does not affect specimen integrity and does not pre-
vent the samples from undergoing subsequent histopatho-
logical examination or supplementary studies (e.g. 
immunohistochemistry) [1].

 Device Technical Features

The confocal microscope outperforms the traditional wide 
field light microscope in terms of both maximum lateral res-
olution (0.25  m vs. 0.5  m) and maximum axial resolution 
(0.7 m vs. 1.6 m). Moreover, the ability of removing “out-of- 
focus” brightness at various magnifications is a typical fea-
ture of FCM [2]. Reflectance (488  nm) and fluorescence 
(785 nm) can be adjusted depending on the laser wavelength; 
modern FCM devices are able to provide a combination of 
the two modalities, characterizing either stromal and sub- 
cellular features, simultaneously displaying two color scale 
mosaics that resemble HE pattern. Fluorescence mode is 

based on the use of dyes; Acridine Orange, which selectively 
binds to DNA and allows for clear visualization of the nuclei, 
is the most commonly used.

Ex vivo FCM has been applied in dermatology field [3–5] 
and compared with traditional frozen sections analysis for 
the detection of basal cell carcinoma and cutaneous inflam-
matory diseases. A prospective study found that FCM has a 
high degree of accuracy [3]. Analogously, it has shown 
95.2% agreement with conventional hematoxylin-eosin (HE) 
in the interpretation of lung, liver, adrenal gland, kidney, 
bone, pleura, lymph nodes and soft tissues [6].

FMC has been successfully applied in the urological area 
for renal tissue analysis. In the context of the renal biopsy 
procedure, Mir et al. recorded 100% agreement of FMC with 
HE for the identification of both tumor tissue and normal 
renal parenchyma. The aim of the study was to find a suitable 
core sample, and FCM’s real-time analysis proved to be 
effective in reducing the number of non-diagnostic renal 
mass biopsies [7].

The purpose of this chapter is to present the evidence for 
FCM’s application in prostate tissue analysis and to describe 
the state of the art for its use in prostate cancer diagnosis and 
treatment.

 FCM Technology: Historical Background

Marvin Minsky developed in 1955 the first model of confo-
cal microscope [8]. This first version consisted of a transmit-
ted light microscope, composed by a light source with a 
small hole for allowing the passage of a light beam, which 
was then centered on the biological sample by a lens [9]. 
After passing through the biological sample, the light beam 
was focused by a second lens and a second small hole with 
the same focus as the first: the definition of “confocal” comes 
from this mechanism. The light passing through the second 
hole impacted against a detector, creating a signal equal to 
the brightness of the beam that passed through the hole; how-
ever, the light above and below the plane was protected by 
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the second hole. The image was produced by shifting the 
sample manually [2, 9].

The reflected light microscope was another variation of 
the same microscope: it had a light source and a small hole 
that generated a light ray, which was reflected by a dichro-
matic mirror and focused on the biological sample by a lens. 
The beam was then mirrored by the sample and centered by 
the same lens as before, passing through the same dichro-
matic mirror and impacting on the detector through a second 
hole [2, 9, 10].

Many technological advancements have occurred since 
these first prototypes, including high resolution monitors, 
faster computers, laser-based light sources, optimized reflec-
tive mirrors and filters, more sensitive and silent photodetec-
tors, more accurate data acquisition techniques, optimized 
biological sample preparation, more innovative image analy-
sis software and bioinformatics methods [2, 9, 10].

In the late 1980s, the final version of confocal laser micro-
scope which could be considered the prototype of more 
recent ones, usable for both research and clinical purposes, 
was developed by a group of researchers in Cambridge. The 
optical sections created by the microscope were thin enough 
to examine the items of interest; thickness could be varied by 
adjusting the diameter of the hole in front of the detector, 
providing the chance of zooming the image without losing 
resolution by decreasing the scanned area. Modern confocal 
microscopes can be categorized based on the biological sam-
ple’s scanning process, which can be either the movement of 
the sample (stage scanning) or the movement of the light 
beam (beam scanning) [2, 9, 10].

Further progress was made in recent decades, as laser sta-
bility and power (which was reduced in modern microscopes 
to avoid photo damage), efficacy of dichromatic mirrors and 
photo detectors, electronic filters and software systems for 
digitalization were enhanced. These advancements increase 
the versatility of confocal microscopes for a variety of cur-
rent applications.

 Current FCM Device Available for Clinical 
Application on Prostatic Tissue

The Fluorescence Confocal Microscopy (FCM) with 
VivaScope® 2500 M-G4 (Mavig GmbH, Munich, Germany; 
Caliber I.D.; Rochester, NY, USA) is an optical imaging 
instrument which uses two lasers: reflectance (785 nm) and 
fluorescence (488 nm) modes [1, 11]. FCM has been applied 
in the prostate setting to evaluate in real time (ex vivo) fresh 
dissected specimens. Its maximum examination depth con-
sists of 200 μm, its vertical resolution of up to 4 μm, its maxi-
mum magnification of ×550 and its maximum scan size of 
25 × 25 mm. It should be also remarked that the penetration 
depth can be improved by adjusting the laser power and/or 

the specimen’s incubation time in the dye. The resulting 
image is a mosaic of square-shaped images with a resolution 
of 1024 × 1024 pixels. The laser filter has a ×38, 0.85 numer-
ical aperture water immersion objective lens. VivaScan® 
(Version 11.0.1140 Mavig GmbH; Caliber I.D.), VivaBlock®, 
and VivaStack® are software packages which respectively 
allow for image reconstruction from the sensors, multiple 
picture acquisition in the X/Y directions within a single 
plane at a fixed depth, and a survey of multiple frames along 
the Z axis to visualize deeper tissue [1, 11]. Grayscale fluo-
rescence and reflectance mosaics were mixed after being 
digitally stained with color. Purple and pink colors are used 
to enhance correlation respectively with cellular nuclei and 
non-cellular structures, in order to produce pictures similar 
to hematoxylin and eosin (HE) and to strengthen the inter-
pretation process performed by the pathologists [11]. 
Zooming capabilities allow for a more detailed view of cell 
morphology. The current FCM device is small and compact, 
making it easy to store in an operating room or an office.

 Prostate Tissue Interpretation

 Handling and Preparation of the Specimens

The fresh tissue—not formalin-fixed—is dyed separately 
with acridine orange dye. The dye currently used in clinical 
practice is Acridine orange (Sigma-Aldrich®), 0.6 mM solu-
tion; the sample is first soaked in it for 30 s and then washed 
in saline solution. The stained specimen is then positioned 
between two glass slides secured with silicon glue, before 
being out put on the FCM stage for image capture [1, 12]. 
The FCM can inspect both sides of the glass slides, allowing 
for a more precise inspection of the sample. The entire pro-
cedure for each specimen, including staining and image 
acquisition, should not take more than 5 min, depending on 
sample size: the wider the region to scan is, the longer it 
would require for picture acquisition. Then, the sample is 
formalin fixed (immersion in 10% neutral buffered formalin 
for 24 h) and paraffin embedded, as the standard processing 
practice requires. If necessary, the specimen is handled, dur-
ing FCM and HE histopathological examinations, to main-
tain the correct orientation [1, 13]. FCM inspection of several 
urological tissues, including renal parenchyma [7], nodes, 
and urothelium, has proved to be effective using the same 
procedure (unpresented data, manuscript in submission).

 Benign Prostatic Tissue and Benign Prostatic 
Hyperplasia

Benign prostate tissue appears as round-oval typical glands, 
consisting in two cell layers: low flat or cuboidal basal cells 
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on the outside and tall columnar mucin-secreting epithelial 
cells on the inside [1, 12, 14]. The glands are organized in a 
non-infiltrating pattern of development and a thin connective 
tissue surrounds them. Corpora amylacea can be easily iden-
tified even if small in size [1, 12, 14]. Increased amount of 
epithelial pale to transparent cytoplasm and enlarged nuclei 
without atypia (epithelial hyperplasia) and/or stromal cells 
(stromal hyperplasia) are signs of hyperplastic changes 
(benign prostatic hyperplasia). Spindle cells and hyalinized 
matrix can be observed in stromal hyperplasia, which is 
characterized by fibrovascular and fibromuscular prolifera-
tion. Basal cells are clearly visible in hyperplastic glands at 
FCM (Fig. 14.1).

High-grade prostatic intraepithelial neoplasia is charac-
terized in FCM images by glands with stratified epithelium, 
cells with pleomorphic nuclei and prominent nucleoli; the 
basal cell layer is preserved [1, 12, 14].

 Acinar Adenocarcinoma

Acinar adenocarcinoma is constituted by tight packages of 
irregular glands that differ in size and form and are arranged 
in a back-to-back pattern [1, 12, 14]. The atypical glands are 

usually separated from one another by a small amount of 
stroma and they can look compressed in certain conditions. 
The presence of enlarged, hyperchromatic nuclei and a 
prominent nucleolus (colored in purple) in FCM is a crucial 
feature for defining the malignant nature of the glands, asso-
ciated with the absence of the basal cell layer and the glands’ 
disorganized morphology (Fig. 14.1).

The presence of cribriform glands appears to be notice-
able as well, allowing for the differentiation of GG2 and 
GG3 tumors. PCa is classified as GG4 when undifferentiated 
cell patterns and poorly formed/fused glands are observed 
[1, 12, 14].

 Periprostatic Components

In cases of extracapsular extension or positive surgical mar-
gins, specimens from extra-prostatic soft tissues were exam-
ined to distinguish between normal features—such as fatty, 
connective, and muscular tissues—and the persistence of 
prostate cancer at this site [1, 15]. The FCM appearance of 
extra-prostatic features, such as fatty tissues and muscle bun-
dles, was presented in a study of 41 samples from 20 patients; 
these components were usually seen in a pink-color resem-

Fig. 14.1 Microscopical 
details: the presence of 
enlarged, hyperchromatic 
nuclei and a prominent 
nucleolus (purple) in FCM is 
crucial for defining the 
malignant nature of the 
glands, associated with the 
absence of the basal cell layer 
and the glands’ disorganized 
morphology
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bling eosin staining from the reflectance mode. The prostate 
glandular parenchyma, on the other hand, is different: it 
shows a prevalent purple color due to acridine-stained nuclei 
and given from the fluorescence modality (Fig. 14.2) [1, 15]. 
According to Rocco et  al., there was 97.14% agreement 
between FCM and HE for muscular, 97.14% for nervous, 
97.14% for vascular and 94.2% for fatty tissue [15]. The 
identification of benign and malignant prostate glands was 
feasible and consistent between FCM and the gold standard 
(Figs. 14.3 and 14.4).

 Current FCM Fields of Applications

 Diagnostic Setting

Prostate biopsy is one of the most common urological proce-
dures, with over one million prostate biopsies performed 
each year in Europe and the United States, owing to the high 
prevalence of PCa among adult males [16]. The microscopic 
pathological examination of prostatic cores is essential for 
PCa diagnosis. Prostate biopsy may be done either in a sys-

Fig. 14.2 The FCM 
appearance of extra-prostatic 
features, such as fatty tissues 
and muscle bundles, is usually 
seen in a pink-color 
resembling eosin staining; the 
prostate glandular 
parenchyma, shows a 
prevalent purple color due to 
acridine-stained nuclei

Fig. 14.3 Identification of 
benign and malignant prostate 
glands, part 1
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Fig. 14.4 Identification of 
benign and malignant prostate 
glands, part 2

tematic (12 bilateral cores) or target fashion, if suspicious 
lesions are visible on mpMRI [17]. The best detection rate of 
clinically relevant PCa appears to be achieved by sampling 
using the combination of systematic and target method. The 
traditional histopathological analysis consists of processing, 
slide preparation, and pathological evaluation after the 
biopsy cores have been retrieved. Authors report that, in 
almost 25% of the cases, the average processing time for the 
pathological result is calculated to be longer than the stan-
dard recommended by the College of American Pathologists 
(CAP) [18]. This can be related to the time needed for the 
processing of the sample—formalin fixation, paraffin embed-
ding, specimen cut and slide assembly—as well as the opera-
tional workload that often affects different pathological 
divisions in distinct regions of the world.

FCM’s capacity to discriminate prostate tissue on bioptic 
cores in real time was investigated in two prospective clinical 
trials [14, 19]. The primary endpoint was to assess the con-
cordance between FCM and HE for prostate cancer diagno-
sis (presence vs. absence of PCa). A prospective study 
conducted by Rocco et al. [14] included 427 cores from 54 
patients, retrieved from either mpMRI targeted or random 
prostate areas. FCM was used to create and collect digital 
pictures from all the prostatic cores, that in the end were 
examined with conventional HE.

Four pathologists from different institutions and diverse 
backgrounds evaluated the pictures, both the digital biopsy 
and the corresponding HE digitized slides, in a random fash-
ion. The agreement between FCM and HE in terms of cancer 
detection (k value, AUC) was the outcome measure, the 
inter-observer agreement between pathologists was also 
assessed. Interestingly, diagnosis alignment between FCM 
and HE for the identification of cancerous tissue was nearly 

perfect (k  =  0.84; range: 0.81–0.88 for four pathologists), 
with 95.1% of accurate diagnoses obtained (range: 93.9–
96.2). With an average AUC of 0.92 (95% CI 0.90–0.94), 
FCM’s discriminative efficiency was outstanding [14].

In parallel, another prospective study by the group of 
Marenco and Calatrava, focused on target biopsy, was pub-
lished [19]. A total of 182 cores from 65 regions of interest 
(ROI) at mpMRI were taken and analyzed with FCM by a 
single pathologist. Afterward, a second pathologist, who was 
blinded to the FCM findings, conducted HE analysis and 
interpreted HE pictures. An agreement between the two 
pathologic techniques of 0.81 and 0.69 was discovered by 
the authors at biopsy core and ROI level, high positive pre-
dictive value (85% vs. 83.78%) and negative predictive value 
(95.1% vs. 85.71%) were also demonstrated, respectively.

Marenco et al. did not investigated ISUP scoring attribution, 
claiming a lack of expertise to adequately apply grading to the 
FCM cores, suggesting a sort of learning curve effect [19].

Rocco et al., on the other hand, referred at ISUP scoring 
as a secondary endpoint for inter-observer agreement.

Unfortunately, the gold standard HE pathway’s high inter- 
observer variability found FCM results inconclusive as well 
[14]; further research on FCM’s potential to differentiate 
between ISUP groups—built and directed to this outcome—
are required.

 Intra-operative Digital Frozen Sections During 
Radical Prostatectomy

Radical prostatectomy (RP) represents the treatment of 
choice in case of low and intermediate risk PCa, while is part 
of a multimodal approach for high-risk and locally advanced 
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disease [17]. The aim of RP is to remove the entire gland 
according to the principles of oncological safety, along with 
the purpose of preserving as much as possible functional out-
comes in terms of continence and potency. The preservation 
of neurovascular bundles (NVB) is critical for erectile func-
tion rehabilitation, according to Walsh’s preliminary report, 
but somehow may affect surgical margin status [20].

Authors describe the presence of positive surgical mar-
gins (PSM) in 15% of cases according to any pT staging; the 
estimated PSM rate for pT2 is 9%, while the rate for pT3 
status is 37%. PSM can have an effect on biochemical recur-
rence and, potentially, PCa-related mortality [21–23].

The intra-operative microscopical control of surgical dis-
section can be the game changer in the trade-off between 
nerve conservation and reduction of the chance of positive 
SM. Few papers investigating Cellvizio and confocal laser 
endomicroscopy attempted to verify in vivo the presence of 
NVBs in the aim of sparing as much healthy tissue as possi-
ble: although, poor results were published in both an experi-
mental [24] and a clinical in vivo study [23] due to a lack of 
detail, a small FOV, and, most noticeably, a difficult interpre-
tation of Cellvizio black-and-white images that limited an 
indepth characterization of the prostate capsule [25].

To date, the most common method of controlling surgical 
dissection in real time is microscopical examination of surgi-
cal margin on a fresh specimen (ex vivo). Besides this, the 
standard method for this is to perform a frozen section sam-
ple of the prostate (FSA) [17]. The optimal sampling strategy 
[26] and the correct sites of FS in reducing positive SM are 
subject to debate [27].

The use of intra-operative FS concerning postero-lateral 
margins of the prostate may help to increase the rate of NS 
procedures while ensuring a negative margin status, as sug-
gested by the study from Schlomm et  al. [28], where the 
authors described a systematical approach aimed to evaluate 
the bundles. According to the authors, the NeuroSAFE meth-
odology requires a specialized setup, including a fully 
equipped laboratory with cryostats, dedicated personnel han-
dling and preparing the specimen, and pathologists on-site 
ready to evaluate it and provide the surgeon with an immedi-
ate assessment of the specimen [29]. Significantly, the 
NeuroSAFE needs to take 35  min to perform in facilities 
with a good solid setup, making it difficult to be sustained in 
all pathology centers [29].

The role of FCM digital biopsy in implementing real-time 
control of surgical dissection has been identified in this 
scene. Microscopical analysis using FCM has been shown to 
recognize both random and systematic sampling. Suspicious 
areas may be observed during prostate dissection, inducing a 
larger excision if not differently characterized. This is the 
case often with traumatic neuroma, which is an inflamma-
tory condition caused by prostate biopsy [30]: a thick adhe-
sion of peri-prostatic tissue to the capsule may be 

misinterpreted by the surgeon as a region of extracapsular 
extension (ECE), possibly requiring a wider plane of exci-
sion. A prospective study run by Rocco et al. [15] investi-
gated this issue, focusing on 41 samples collected 
intra-operatively during robotic prostatectomy at suspicious 
areas or from sites corresponding to suspected ECE on pre- 
operative mpMRI. The aim of the study was to see whether 
FCM could identify prostate glands in extra-prostatic soft 
tissues, which could indicate ECE or an accidental incision 
within the prostate capsule [15]. The paper assessed the con-
cordance between FCM and HE for determining each com-
ponent of the extra-prostatic environment. As a result, the 
investigators observed a 90% agreement rate for all compo-
nents, with connective, fatty, and muscular tissues being the 
easier to interpret; within these tissues, the presence of the 
prostatic glandular pattern is readily identifiable [15].

Moreover, FCM has been adopted for the en-face exami-
nation of the prostatic surface to evaluate for surgical margin 
status (known as MOHS approach), in addition to the analy-
sis of small samples suspicious of cancer from the peri- 
prostatic regions. Similar to the case of the NeuroSAFE [28], 
a study focused on the ability of confocal microscopy to sys-
tematically evaluate the postero-lateral aspects of the pros-
tate, which are likely to be at risk of a PSM during a nerve 
sparing procedure, was carried out recently.

Rocco et al. [13] harvested a slice shaved section of each 
lobe of the prostate specimen from eight men undergoing 
radical prostatectomy in a prospective exploratory study (36 
samples overall). These slices were made by cutting the 
glands tangentially from the base to the apex and then flat-
tening them on the confocal microscopy device for en-face 
tissue evaluation using the lowest thickness optical settings 
[13]. Depending on prostate thickness, longitudinal slices 
were occasionally split into two or three sections to match 
the 2.5 × 2.5 cm scanning field. This procedure differs sig-
nificantly from the one used with traditional frozen sections 
(including NeuroSAFE), which focused on circumferential 
evaluation of the inked margin from a specific number of 
prostate transverse sections (10–12 per lobe for NeuroSafe). 
The images were then evaluated by two pathologists and the 
study definitively demonstrated a perfect concordance 
between FCM—applied to the flat specimen—and conven-
tional HE analysis—applied to the circumferential margin of 
the prostate [13]. Within 25 min, FCM was able to provide 
high-definition digital images of the margins; regarding all 
of these, one out of eight patients had a PSM in an area of 
ECE.  In the event of a positive margin, the confocal 
 microscope software allows you to measure the distance 
from a previously positioned reference (for example a clip), 
in order to track on the operating field the precise site of the 
PSM and eventually allowing for a focal secondary resection 
and optimize NVB preservation without compromising 
oncological safety [13].
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Recently, a systematic approach to evaluate surgical mar-
gins during RARP with FCM has been described [31]: once 
the prostate has been removed through a supraumbilical 
wound retractor, the fresh specimen is sectioned using the 
Mohs technique (shaving) in three basic slices: one regards 
the apex, the other two include the right and left posterolat-
eral aspects. Digital images are obtained from the shavings 
and immediately acquired via FCM and shared with a remote 
pathologist, that can take over the control of the device and 
investigate the slides. In case of suspicious areas, a focal sec-
ondary resection can be performed owing to the ability of 
FCM to track a region of interest on the flat sample.

 FCM Learning Curve

Evidences describe FCM as a reliable technique able to dif-
ferentiate between different types of prostatic and peripros-
tatic tissues including benign prostatic glands, benign 
prostatic hyperplasia, high-grade intraepithelial neoplasm, 
and prostatic adenocarcinoma. Furthermore, authors demon-
strated a short learning curve for the interpretation of FCM 
images [1]. Bertoni et  al. conducted a study regarding 89 
FCM digital images obtained from prostate specimen, show-
ing them to two pathologists with different background, 
blinded to final histopathologic diagnosis; they were asked to 
detect the presence vs. absence of PCa at a baseline and after 
90  days, in a random order. The consensus between FCM 
and HE improved from a range of 86% to 92% at the base-
line, up to 95% in the second interpretation for both patholo-
gists. Interestingly, 10% of specimens needed 
immunohistochemistry for histopathological diagnosis, 
which may address the minimal (5%) discrepancy found in 
the second round [1]. In fact, the region under the receiver 
operating characteristic (ROC) curve at the first reading was 
0.87, suggesting that FCM has outstanding discriminative 
efficiency since the first reading, that was even better at the 
second reading with AUC 0.92–0.93. In conclusion, the 
paper assessed that the learning curve for FCM is short due 
to HE-like appearance that makes easy the interpretation of 
prostate tissue [1].

In their prospective study on prostate biopsy, Rocco et al. 
[14] did not directly mention the learning curve effect; nev-
ertheless, the large rate of agreement for prostate cancer 
diagnosis among pathologists who had no experience with 
FCM could imply that this technique has a limited learning 
curve.

Further researches regarding ISUP score attribution are 
encouraged to evaluate specific prostate cancer grading 
assessment with FCM.

 Limits

Among the clear advantages of fast and direct digital pictures 
creation, few technical aspects could improve. One limit is 
the restricted scanning area, which is ideal for analyzing 
small specimens [13, 14], such as biopsies but may be not 
enough when evaluating the postero-lateral aspects of large 
prostates. To date, currently accessible system (MAVIG 
VivaScope 2500) has a single field of view (FOV) of 
500 × 500 m and can scan areas up to 2.5 × 2.5 cm. The sam-
ple is shifted under the objective by a mechanized stage to 
produce a mosaic image of 2.5 × 2.5 cm, and hundreds of 
FOVs are fitted together by the microscope software during 
the acquisition process. A motorized stage, which leads to a 
higher mobility of the sample under the objective, may be 
used to increase the overall scanning area.

The amount of time needed to create digital pictures is 
directly proportional to the size of the specimen [13, 14]: the 
scanning is processed faster when the sample is smaller. In 
fact, the amount of FOVs required to generate a mosaic 
image of a given area determines the duration of the process 
needed to acquire that area from the specimen. An increased 
of the FOV would decrease the numbers of FOVs used to 
produce the mosaic image, lowering specimen acquisition 
time.

Additionally, there is space for storage programs and 
reporting tools to be implemented, allowing researchers to 
transfer pictures, homogenize reporting, and aid prospective 
studies with standardized methods for evaluating outcomes.

 Future FCM Fields of Application

 Clinical Applications

The potential of detecting PCa in real time with digital 
biopsy introduces previously unexplored areas of applica-
tion. Ultimately, focal therapy has been described as a treat-
ment option for localized unilateral PCa. In this scenario, 
patients may undergo a diagnostic and therapeutic treatment 
in the same session in this context: FCM can be used to 
acquire a digital biopsy of cores from an mpMRI region, 
which can therefore be evaluated in real time by a remote 
pathologist, and the detection of PCa could trigger concur-
rent treatment of the cancerous site [14, 19]. Another sugges-
tive hypothesis is represented by the application of FCM to 
rule out PCa diagnosis in the case of patients affected by 
lower urinary tract symptoms due to bladder output 
 obstruction and ambiguous PSA level. In this case, FCM 
technology may potentially avoid the need for a previous 
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prostate biopsy and allow for diagnosis and therapeutic treat-
ment in the same hospitalization regimen, lowering health 
care costs.

Regarding the intraoperative use of FCM as control of 
surgical margins during RARP, a tailored surgical dissection 
is no longer a future development, but rather an emerging 
scenario whose adoption may lead to improved functional 
outcomes. According to Rocco et al. proof of concept study 
[13], FCM essentially allows the accurate mapping of the 
positive surgical margin on the postero-lateral portion of the 
prostate specimen, with the potential of tracking the same 
site on the spared NVB. As a result, the study opens the way 
for a focal wedge secondary resection of NVB without the 
need for a complete bundle demolition. In fact, authors 
describe the presence of cancerous tissue on about 23–42% 
of the NVBs that were secondarily resected [29]: implement-
ing FCM, a partial wedge resection on NVB may resect can-
cerous foci while sparing as much healthy functional tissue 
as possible. Indeed, further research is needed to assess the 
oncological benefit along with the potential benefit in pre-
serving erectile function in this setting.

Eventually, the almost perfect discrimination between 
cancerous and benign tissue reported for the prostate may be 
applied to other malignancies in diagnostic settings, includ-
ing all histopathology tests done for oncological concern.

 Management and External Support 
Applications

Several healthcare systems in the western countries, such as 
Canadian and the United Kingdom, have seen a drop in 
pathologist personnel in past years [32]. According to Metter 
et  al., insufficient manpower affects 97% of departments, 
which may contribute in diagnostic delays and rising costs as 
a result of the need to focus on outsourced services or tempo-
rary employees [32]. FCM accessibility and quick acquisi-
tion of digital images is expected to make the process easier, 
and it fits in well with the current trend in digitalization, web 
access, and real-time sharing. Remote access to virtual 
microscopical images offers the advantage of consulting spe-
cialists not physically present, and digital storage may repre-
sent a dataset dedicated for training novel pathologists 
[33–36]. The health system may be able to deliver partial 
services more efficiently at various global areas, as well as 
receive responses from subspecialized and/or experts in the 
field, shortening waiting time prior to diagnosis. To date, 
pathology, is not particularly prone to the emerging telemed-
icine prospective: telepathology involves the acquisition of 
microscopical images from one area to another for diagnos-

tic purposes, and it may be helpful in low-income or devel-
oping nations where hospitals practice surgical procedures 
but lack on-site pathology resources [37–39]. In this light, 
FCM adoption could have strategic impacts, since it contrib-
utes to the dual concerns of workload balance and 
tele-reporting.

Furthermore, FCM application may find its role regarding 
the recent pandemic scenario. Lastly, pathologists are wor-
ried about the risk of pathogen viability from fresh tissue 
while treating and harvesting specimen from Covid-19 
infected patients [40–43]. A report of COVID-19 detection 
in numerous types of specimens showed that SARS-CoV-2 
RNA could be found in feces and blood [42]. During the 
pandemic, the routine use of frozen section analysis was dis-
couraged. In this case, FCM’s ability to have pathological 
specimens entirely treated by the surgeon, preventing undue 
contact to external staff such as technicians and pathologists, 
may represent a benefit relevant for the actual situation.

 Conclusions

FCM was evaluated in the field of prostate tissue interpreta-
tion and showed diagnostic results comparable to that of tra-
ditional histopathology for cancer diagnosis. To summarize, 
the following are some of the benefits of FCM:

 – Direct digital images creation from fresh specimen
 – Quick and easy to handle preparation of the specimen
 – No need for dedicated laboratory or specialized 

technicians
 – Acquisition of digital images with HE-like appearance
 – High reliability and concordance with conventional 

pathology
 – Tissue integrity preservation for further histopathological 

examination
 – Digital storage of the images allows for web-sharing and 

remote pathological reporting
 – Fast learning curve for image interpretation
 – En-face examination of a flattened sample allows to pre-

serve the specimen’s proper orientation and map the loca-
tion of malignant tissue inside of it (measurement 
provided by FCM ruler)

Oncological implementation of FCM is expected to grow 
in the coming years, especially regarding prostate cancer; 
multicentric clinical trials are encouraged to validate the 
transferability of current evidences, assess FCM evaluation 
of ISUP scoring, and move on to innovative surgical 
applications.
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Vesico- Urethral Anastomosis
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 Introduction

The last 20 years have seen an exponential increase in the 
application of robotic-assisted and laparoscopic surgery to 
radical prostatectomy. The vesico-urethral anastomosis 
(VUA) represents the conclusion of this complex operation, 
remaining a challenging step especially for novice laparo-
scopic surgeons. The reasons are numerous: first, the ana-
tomic position of the urethra makes the vesico-urethral 
anastomosis a technically difficult procedure, especially in 
men with a narrow and/or deep pelvis in whom running the 
urethral stitches may be extremely challenging. Second, 
robotic-assisted and laparoscopic radical prostatectomy, 
especially in the beginning of a surgeon’s learning curve, is a 
long and wearing procedure. Therefore, surgeons face a 
complex step in the procedure (i.e. the VUA) after several 
hours of concentration and difficult dissection, boosting the 
VUA’s complexity. Finally, although this applies only to pure 
laparoscopic surgery, laparoscopic intra-corporeal suturing 
and knot-tying is one of the most complicated technical ges-
tures that a surgeon must learn during his training. Obviously, 
the robotic platform has simplified this procedure, yet it 
remains a fundamental step in the training of young uro- 
oncologic surgeons.

In 2000, in our center we introduced a single-knot run-
ning VUA, today more known as the van Velthoven tech-
nique. Its initial series was published in 2003 [1]. This 
technique requires only one intracorporeal knot, it allows a 

water-tight approximation of the bladder neck to the urethra, 
it is reproducible and versatile, as a consequence it is easy to 
teach. As such, although many variations have been pro-
posed and are currently in use in centers worldwide [2–4], 
this technique has been widely accepted by many urologists 
and is frequently used today to perform VUA [5].

 The Single Knot Running Vesico-Urethral 
Anastomosis Technique

The basic principle of a valid vesico-urethral anastomosis is 
to align the urethral and bladder mucosae without traction. 
The mucosa approximation guarantees a watertight anasto-
mosis, while the absence of traction avoids ischemic compli-
cations. A good quality VUA is responsible for preventing 
urinary leakage and stricture formation. The success of a 
vesico-urethral anastomosis therefore depends upon meticu-
lous attention to details and the optimization of technical fac-
tors that affect anastomotic integrity. The single-knot running 
vesico-urethral anastomosis respects this principle and has 
become a commonly used method of reconstruction [1].

After having performed a posterior reconstruction, the 
technique begins by inspecting the bladder neck with careful 
attention to ureteral orifices (Fig. 15.1). The degree of blad-
der neck preservation will dictate the length of the stitch. It 
varies accordingly between 12 cm and 20 cm. The running 
suture is prepared extracorporeally by tying together the two 
ends of a twin dyed 6  in. sutures of 3-0 Monocryl RB-1 
(Ethicon, USA). The second step is to identify the urethral 
stump (Fig. 15.1). A 18 French urethral catheter is positioned 
and suspended anteriorly to expose the dorsal urethral 
mucosa. At times the urethral stump is short and might retract 
into the pelvic floor musculature, or is positioned deep 
underneath the symphysis pubis. In these cases, visualizing 
and placing the anastomotic sutures in laparoscopy could be 
difficult. A simple trick to facilitate suturing is to exert an 
external perineal pressure with a sponge stick at the bulbar 
urethra during the initial throws of the suture, thus everting 
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Fig. 15.1 Posterior reconstruction

Fig. 15.2 First posterior suture throws, allowing via a pulley system to 
approximate the bladder neck to the urethra

Fig. 15.3 Reduction of the posterior throws, securing the bladder neck 
to the urethra

Fig. 15.4 Lateral throws and U-turn to block the running suture

the urethral stump. The running stitch is initiated by placing 
both needles outside-in through the bladder neck and inside- 
out on the urethra, one needle at the 5:30-o’clock position 
and the other needle at the 6:30-o’clock position. The sutures 
are run from the 6:30 and 5:30-o’clock positions toward the 
9:00 and 3:00-o’clock positions (Fig.  15.2), respectively. 
After two throws through the urethra and three throws 
through the bladder are completed, the sutures are cinched 
down with gentle traction on each thread simultaneously or 

alternately, bringing the bladder neck as a unit tightly into 
position with the urethra (Fig.  15.3). This approximation 
provides a secure posterior wall with no gap visualised 
between sutures and allows a 18F catheter to be placed into 
the bladder. A transition suture is completed at the 
11:00-o’clock positions, by taking an extra bite on the ure-
thra, going outside in. The transition suture allows the stitch 
to now exit the bladder on its outer surface (Fig. 15.4). The 
sutures are continued to the 12:00-o’clock position and tied 
to each other. This solitary intracorporeal knot now, like the 
initial extracorporeal knot, rests on the exterior aspect of the 
bladder (Fig.  15.5). If discrepancy persists between the 
diameters of the bladder neck and urethra, an anterior retro-
grade tennis racket-type closure is performed. On the other 
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Fig. 15.5 Anterior throws and finalization of the anastomosis

hand, if the ureteral orifices are close, a posterior tennis 
racket-type closure is advised prior to begin the 
anastomosis.

A part from the VUA, we strive to maximise the chances 
of preserving urinary function after prostatectomy by com-
bining an anatomical preservation of key functional struc-
tures to a total anatomical reconstruction. Prior to dissecting 
the bladder neck, we place a suspending stitch in the anterior 
mid-part of the prostate. Afterwards, by counter-traction on 
the bladder, the anatomical cleavage plane between the blad-
der and the prostate is identified, and the dissection is pur-
sued in a funnel-shape fashion in order to preserve as much 
as possible the bladder neck. At the end of the antegrade dis-
section, to maximise the urethral length, we initially divide 
and ligate the DVC in order to achieve a clear visualisation 
of the urethra, the apex and the rhabdo-sphincter. We release 
the fibrotic tissue anchoring the urethra and the apex from 
lateral to medial bilaterally, and finally we sharply divide the 
urethra close to the apex to preserve its maximal length. We 
routinely perform a total anatomical reconstruction combin-
ing a posterior reconstruction following the technique divul-
gated by Rocco et al. [6], as well as an anterior reconstruction 
as proposed by Tewari et al. [7]. We firmly believe the com-
bination of these technique reduce the direct tension on the 
VUA, mimic the supporting anatomy to the sphincter com-
plex and accelerate the healing process as well as the recov-
ery of urinary continence [8]. The catheter is normally left in 
place for 3–7 days, as shorter catheter times are associated to 
non-negligible rates of urinary retention due to oedema, 
whereas prolonged catheter times are useless and increase 
pain and infectious complications.

The single knot running anastomosis was associated with 
a significantly decreased anastomotic time compared to 
interrupted and modified interrupted technique in an analysis 

of three different techniques performed by Teber et al. [9], 
The median time to perform a single knot running anastomo-
sis laparoscopically was 15.3  min (range 11–31) in their 
series. Furthermore, the system of symmetric loops acts as a 
block and pulling mechanism, thereby enabling approxima-
tion of the dorsal part of the anastomosis to be carried out 
without tension or traction.

 Complications of the Single-Knot 
Running VUA

As any surgical step in radical prostatectomy, the vesico- 
urethral anastomosis is characterized by possible complica-
tions. The surgeon must master the technique of VUA to 
reduce these events, which however remain inevitable, as 
expected in any surgical procedure.

An anastomotic leak is a short term complication follow-
ing vesico-urethral anastomosis and is associated with sig-
nificant morbidity including postoperative ileus, infection, 
prolonged hospital stay and urinoma formation with poten-
tial risk of anastomotic disruption. The long-term relevance 
of anastomotic leak is controversial in the literature, although 
it does seem a major risk factor in the development of anas-
tomotic strictures [10]. Surya et al. suggest that prolonged 
urinary leakage results from an anastomotic gap which heals 
by second intention, thereby causing scarring and anasto-
motic stricture. By contrast, other studies have reported no 
significant increase in anastomotic stricture due to leakage 
[9, 11, 12]. The reported incidence of anastomotic leak with 
single knot running sutures has been very variable ranging 
from 0% to 7.5% [13–15] in series of surgeons using the 
single-knot running technique. In a study by [16], urine leak 
was significantly reduced in the group of single knot running 
sutures compared to the interrupted technique. Teber et al. 
[9] also demonstrated significantly less dorsal urine leak 
with the van Velthoven technique than with interrupted 
sutures.

Treatment of a urinary leakage can be troublesome. First, 
we recommend that conservative measures should be pre-
ferred over operative surgical repair, unless urinary peritoni-
tis is present. We have published our technique to treat with 
little morbidity the vast majority of anastomotic leakages 
[17]. A 20F “fenestrated” catheter is prepared by incising 
two drainage holes proximal to the anchoring balloon. The 
fenestrated catheter is positioned, eventually under fluoros-
copy to verify the correct intravesical position. The two 
proximal drainage holes will divert urine away from the 
leakage and into the drainage catheter, thus allowing the fis-
tula to heal in a dry environment. In fact, in the majority of 
cases, the ureteral orifices are positioned too close to the 
VUA, with a consequent immediate emission of urine on the 
suture and the fistula (Fig. 15.6), this supports the leakage 
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Fig. 15.6 Anastomotic urinary leakage, with urine leaking outside of 
the bladder

Fig. 15.7 The fenestrated catheter help directing the leakage outside 
of the bladder and optimizes drainage

and prevents healing. As standard catheters only drain the 
urine once this is above the balloon, in case of a fistula, urine 
will more like extravasate than be drained in the catheter. 
Our fenestrated catheter represents a simple and extremely 
effective solution in case of anastomotic leakage (Fig. 15.7).

Anastomotic stricture is a late complication which has 
hopefully become less frequent since the standardisation of 
laparoscopy and robotic radical prostatectomy. Significant 
morbidity may be associated with the development of anas-
tomotic stenoses, including infection, urinary retention, the 
need for additional invasive surgery and further stress incon-
tinence [9]. While several factors have been associated with 

the development of anastomotic stricture, its exact patho-
physiology remains poorly defined. Both technical and 
patient-related factors have been implicated in their develop-
ment [10]. The type of vesico-urethral anastomosis plays a 
major role. Excessive narrowing of the anastomosis and/or 
lack of mucosal apposition at the time of the procedure are 
known risk factors. Ischemia of the bladder neck and/or the 
membranous urethra could explain higher rates in older 
patients with peripheral vascular disease. Smoking, diabetes, 
hypertension, obesity, chronic renal insufficiency and coro-
nary artery disease were also associated with anastomotic 
stricture in large scale observational studies [11]. Too much 
tension on the anastomosis could also lead to ischemic stric-
ture formation. Anastomotic disruption due to a pelvic hema-
toma or urinoma which heals by second intention may lead 
to scar formation and subsequent narrowing. Postoperative 
radiation is also a well-known cause of anastomotic stricture 
by inducing ischemia and fibrosis [12]. Technical improve-
ments and surgeon experience may explain lower incidence 
rates in contemporary series [5]. Clearly robotic-assisted sur-
gery has had a major impact in reducing the occurrence of 
anastomotic strictures. First, the reduced blood loss and 
clean field allow the surgeon to perfectly visualize the ure-
thral stump. Second, the improved dexterity deep in the pel-
vis allows a meticulous placement of the stitches. Finally, the 
single knot running technique creates a direct wide vesico- 
urethral alignment with an end-to-end mucosal apposition. 
Ischemia is also reduced by the running “funnelling para-
chute” anastomosis.

 Complex Situations

Minimally invasive radical prostatectomy is often challeng-
ing. There are particular situations in which the dissection 
and the reconstructive phase of the intervention can be par-
ticularly complex. Regarding VUA, major challenges can 
arise when a salvage prostatectomy is performed after 
another primary prostate cancer treatment (i.e. radiation 
therapy, HIFU, cryoablation), or after prostate surgery for 
benign prostatic enlargement. Indeed, these are all situations 
in which the dissection is very complicated, particularly at 
the level of the bladder neck, as surgical planes are usually 
blended together and massive fibrosis is present. Frequently 
in these situations the bladder neck is excessively opened, 
with a subsequent mis-match of the bladder neck and the 
urethra. To face this problem, the bladder neck can be recon-
structed with a posterior or anterior tennis-racket. As men-
tioned above, we advise a posterior racket if the ureteral 
orifices are too close to the suture. Moreover, if there has 
been exposure to radiation or thermal energy, tissue healing 
is usually impaired and the risk of post-operative complica-
tions is therefore elevated. This should be kept in mind by the 

S. Albisinni et al.



127

surgeon, especially with regard to urine leakage and anasto-
motic strictures. An in-depth analysis has been performed by 
Ouzaid et  al., who retrospectively analyzed 2215 patients 
undergoing LRP or RARP with the Van Velthoven technique. 
Anastomotic strictures occurred overall in 30 (1.4%), and 
both previous radiotherapy and previous TURP were signifi-
cant predictors of such adverse event [18].

Series describing functional outcomes of salvage RARP 
after primary treatment (radiation, brachytherapy, HIFU) 
confirm that complications following such procedure are fre-
quent [19, 20]. In the largest contemporary series exploring 
results of salvage radical prostatectomy, 395 men, of which 
186 were operated by an open and 209 by a robotic approach, 
were analyzed. Robotic salvage radical prostatectomy 
yielded lower blood loss and a shorter hospital stay (each 
p  <  0.0001). Anastomotic stricture was more frequent for 
open salvage radical prostatectomy group (16.57% vs. 
7.66%, p < 0.01), yet confirming the major role of previous 
oncologic treatment on the development of such a complica-
tions. Yuh et al., analyzed complications and functional out-
comes of salvage RALP in 51 men with recurrent prostate 
cancer. Complication rate was elevated (25% minor compli-
cations; 43% major complications), and regarding anastomo-
sis, 18% of patients experienced an anastomotic leakage and 
16% an anastomotic stricture [21]. Salvage radical prostatec-
tomy after focal therapy appears to determine improved out-
comes compared to whole gland radiotherapy. 
Herrera-Caceres et al. reported on 38 patients with a 91.2% 
continence rate. In their series, 11.8% of patients developed 
a bladder neck contracture [22].

After BPH surgery, as transurethral resection of the pros-
tate or surgical adenomectomy, RARP can be particularly 
challenging due to the absence of the bladder neck, requiring 
unavoidable reconstruction. Porpiglia and colleagues 
reported results from 40 patients undergoing RARP after 
BPH surgery [23]. 8/40 (20%) patients experienced Clavien 
1 complications, and continence rate at 1, 4, 12, 24, and 
52 weeks from catheter removal was 77.5%, 82.5%, 90%, 
92.5%, and 95%, respectively. A group from India published 
a study in which 26 men with previous transurethral resec-
tion of the prostate underwent RARP, and compared them to 
a cohort of 132 men undergoing RARP with no history of 
prostatic surgery [24]. In their work the authors point out the 
multiple difficulties associated with RARP in these patients, 
as the thickening of the bladder wall (a discrepant thickness 
of walls of the bladder and the urethra may determine diffi-
culties in the VUA), difficult bladder neck dissection, 
increased periprostatic adhesions, difficulty in individualiz-
ing the ureteral orifices with increased risk of injury and poor 
healing of the vesico-urethral junction. Indeed, they found 
not only increased per-operative difficulties (which reflected 
in an increased blood loss and increased conversion to open 
surgery), but also worst post-operative functional outcomes: 

a prolonged urine leakage and an anastomotic stricture were 
found in 11.5% and 14% of men in the post-TURP group, 
respectively.

Surgeons must keep in mind that patients with prior treat-
ment for prostate cancer or surgery for benign prostatic 
enlargement represent a true challenge, even for experts in 
the field of minimally invasive prostatectomy. Regarding the 
VUA, these patients present difficulties as a consequence of 
the frequently imperfect bladder neck conformation and 
local ischemia. We advise a prolonged catheter drainage of 
7–21 days in these situations, depending on the local tissue 
conditions and the quality of bladder neck reconstruction.

 Barbed Sutures

In the first description of the single-knot running VUA tech-
nique we were using two 3/0 poliglecaprone-25 absorbable 
monofilament sutures (Monocryl™) tied at their end, and the 
median time required for performing the anastomosis was 
35 min (range 18–80) [1]. Today performing the single-knot 
VUA has become an easier and faster task, which usually 
requires about 10  min in expert hands [13, 25, 26]. This 
improvement is the consequence of different innovations: 
first, the robotic platform has incredibly eased the throwing 
of stitches, and second unidirectional and bidirectional 
barbed sutures are increasingly being used to facilitate the 
VUA. Barbed sutures are characterized by small barbs which 
allow the suture to run only in one direction, without losing 
tension if the sutured is not held during the throw of succes-
sive stitches.

V-LOC™ has been commercialized by Covidien and is 
characterized by a high density of barbs, 20 per cm, and uni- 
directionality: at the end of the suture is a small loop which 
serves to lock the suture after the first throw. As such, when 
used for VUA, two V-LOC™ are used and locked together at 
their ends. V-LOC is designed such that the first 3  cm of 
thread after the needle are non-barbed: this allows the sur-
geon to undo a stitch if it is misplaced. V-LOC™ is available 
in 1, 0, 2/0, 3/0 and 4/0, with two types of absorbable materi-
als (90 and 180, referring respectively to the average absorp-
tion time) and one non-absorbable texture. Quill™, by 
Angiotech Pharmaceutics, is a barbed suture available either 
in uni- or bi-directional form: the bi-directional suture has 
two needles at its ends, with barbs oriented in opposite direc-
tion in the two halves of the suture, starting from a transition 
point at the center. Quill™ sutures have 8 barbs per cm, dis-
posed in a helical pattern to allow equal distribution of 
strength. The bidirectional Quill™ device is available in 
absorbable and non-absorbable materials and its sizes range 
from 4-0 to 2. The equivalence in biocompatibility and 
strength of barbed sutures compared to standard sutures has 
been demonstrates in different animal studies [27], making 
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these sutures a very interesting option for VUA. Stratafix™, 
by Ethicon (JnJ), currently offers a wide variety of barbed 
sutures applicable for vesico-urethral anastomosis. Both 
monocryl and PDS materials are available with a wide vari-
ety of needles, mounted on uni-or bidirectional sutures. 
Stratafix features a triclosan coating, reducing the coloniza-
tion of the suture by Gram positive bacteria.

The advantages of barbed sutures on retaining the traction 
are evident. This translates into a reduction of surgical time 
and avoids to loose traction on some throws. Erdogru et al. 
recently performed a matched pair analysis comparing 70 
men in which barbed sutures were used for VUA to 70  in 
which standard monofilament was employed. Minimal dif-
ferences were reported in anastomotic time (11.2 vs. 
13.2  min, p  <  0.001) and watertightness (91% vs. 85%, 
p < 0.001). Of note, complication rate was similar across the 
two groups (25 vs. 20%, p = 0.89) [28]. Tewari et al. ana-
lyzed 50 men in which VUA was performed with a V-LOC™ 
and 50 men in which a polyglecaprone suture (Monocryl™) 
was used. They found that V-LOC significantly reduces 
anastomotic time by around 5 min; however, the clinical sig-
nificance of such time saving is questionable [26, 29]. 
Similarly, Moran et al. tested a bidirectional barbed suture 
(Quill™), comparing it to Monocryl™, finding minimal dif-
ferences in time and in surgeon security score [30]: although 
the Quill™ suture was faster to deploy (17.3 vs. 19.2 min), 
and the security score by the surgeon was greater, also in this 
case it is important to keep in mind clinical and not only 
mathematical differences. Sammon et  al., at the Vattikuti 
Institute in Detroit, performed a randomized controlled trial 
with 64 men undergoing RARP.  When performed with a 
barbed suture, the VUA was terminated faster, though no dif-
ference in leaks or bladder neck contractures were found 
compared to standard suture [31]. Zorn et al. in a prospective 
randomized trial, evaluating Monocryl™ vs. V-LOC™ in 70 
men, found that barbed sutures reduced reconstruction time 
(13.1 vs. 20.8 min; p < 0.01), and the need to readjust suture 
tension or to place additional sutures was greater in the stan-
dard monofilament group [32]. Moreover, after an average 
follow-up of 6.2 months, no leakage nor anastomotic stric-
ture was observed in the V-LOC group, and continence rates 
were similar across the two groups (88 vs. 92%, p = 0.70). In 
a prospective cohort study with 12  months of follow-up, 
Massoud et al. compared VUA performed with interrupted 
Vicryl™ stiches to VUA with a continuous V-LOC™ suture 
[29]: it is of note that after 1 year, no difference in anasto-
motic stricture rate requiring internal urethrotomy (2.5% in 
each group) was found across the two groups. Moreover, 
continence rates at 12 months were comparable in the two 
arms (97.5% with V-LOC™ vs. 95% with interrupted 
sutures, p = 0.368).

Concerns associated with barbed sutures are costs, the 
possibility of increased tissue inflammation and a possible 

more traumatic tissue injury in case of incorrect manipula-
tion of the thread. Regarding costs, indeed barbed sutures are 
more expensive than standard threads: in Europe, a V-LOC 
suture costs around 17€, making VUA material cost approxi-
mately 34€, compared to 7€, which is roughly the cost of two 
Monocryl™ 3/0 sutures. Regarding tissue inflammation, 
there is no evidence that barbed sutures determine its increase 
[33, 34]. Finally, it should be noted that once a barbed suture 
has been passed and locked, one cannot reverse the proce-
dure without major tissue tearing. As such, the surgeon must 
gain full confidence with the needle and suture manipulation 
before locking a throw.

Indeed, some surgeons may prefer barbed sutures while 
performing VUA, as they are self-cinching, do not require 
intracorporeal knot tying and can save time and reduce tech-
nical complications. Nonetheless, the method utilized for 
VUA most frequently remains the one we described 17 years 
ago [1]: new materials, same technique.

 Future Perspectives and Conclusions

Today, surgeons across the world perform VUA in multiple 
manners. However, many of them have readapted the origi-
nal single-knot running technique, making minor modifica-
tions. In the opinion of many surgeons, continuous sutures 
seem more appealing than separate stitches [5, 35]. We con-
ducted a worldwide internet survey, asking urologists 
involved in minimally invasive surgery several questions 
regarding our technique [36]. Overall, it appeared that our 
technique has been widely accepted, and many urologists 
consider it a well-established technique in urology. Although 
the results of such survey are encouraging, further research 
will probably lead us to advance and develop better, faster 
and easier techniques for VUA, which especially in the pure 
laparoscopic approach, remains a challenging step. In this 
setting, an interesting research was conducted by Hruby 
et  al.: these investigators in 2007 described a novel tissue 
apposing device to perform VUA and tested it on a pig model 
[37]. This device, developed by American Medical Systems 
(Minnetonka, MN), is similar to a Foley catheter with two 
sets of opposing retractable nitinol tines which approximate 
the bladder neck to the urethra, thereby eliminating the need 
for suturing. In their animal model, this system not only was 
significantly faster than standard VUA (12 vs. 41 min), but it 
was also associated with a reduced fibrotic reaction. As it 
happened with colo-rectal cancer, it is possible that in the 
near future we will see mechanic transurethral devices that 
aid in performing VUA, however to date the work of Hruby 
et al. represents, to our knowledge, the only attempt in such 
direction.

In conclusion, close to 20  years have passed since the 
introduction of the single-knot running VUA technique and 
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today it still seems a valid and safe technique for 
VUA. Though with minor modifications, this method is now 
widely applied by many surgeons involved in minimally 
invasive urologic surgery and should be the gold standard 
against which to compare novel techniques that certainly 
will be developed in the next future.
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16Urethral Suspension

Ryoichi Shiroki, Kiyoshi Takahara, Kenji Zennami, 
Masashi Takenaka, Makoto Sumitomo, 
and Mamoru Kusaka

 Introduction

Urinary incontinence following radical prostatectomy (RP) 
is still a major source of morbidity and significant concern 
for patients facing with surgery. Urinary sphincteric complex 
contains periurethral smooth muscles, rhabdosphincter con-
sisting of omega-shaped loop of striated muscles around the 
membranous urethra, and further supporting connective tis-
sues. This combined anatomical functionality is aimed to 
withstand increased abdominal pressure, leading to facilitate 
urinary continence [1]. Surgical reconstruction of pelvic- 
floor structures aims to enhance anatomical support, return-
ing to the presurgical state. It is, however, yet unknown 
which reconstructive techniques add any further to the stabi-
lization of pelvic-floor structures to improve continence 
recovery post RP.

There have been various different kinds of surgical proce-
dures used in an attempt to make urinary continence recov-
ery earlier post Robot-Assisted Radical Prostatectomy 
(RARP). Some of the technical variations showed a certain 
effect on the recovery of urinary continence without compro-
mising the oncologic outcomes. Robotic assistance made it 
possible to adopt the variety of techniques to improve conti-
nence recovery. This situation is thought to be totally differ-
ent from pure laparoscopic approach which involve technical 
difficulty for the specific technique such as longitudinal- 
directed suturing. Urethral suspension during RARP are 
mainly comprised of stitch suspension with sutures or sling 
suspension using various materials and combination of these. 
Table 16.1 gives an overview of the continence rates in time 
after surgery as reported by the studies of various reconstruc-

tive procedures. This chapter illustrates the different kinds of 
urethral suspension techniques and outcomes of continence 
recovery after RARP.

 Urethral Stitch Suspension

Urethral stitch suspension is one of the most popular and 
simple method to deliver during RARP.  Because of the 
robotic articulation, various types of suspension stitches 
were proposed in an attempt to improve continence post 
RARP.  The concept of urethral suspension is primarily 
thought to be associated with the stabilization of the vesico-
urethral anastomosis. The periurethral retropubic suspension 
stitch has been described by Walsh in an open RP series [2]. 
Anterior reconstruction might be reserved for techniques 
that anchor the urethra to the pubic fascia or, alternatively, 
for fixation of the periurethral tissues to the bladder neck and 
endopelvic fascia.

In 2009, Patel et al. first introduced this suspension tech-
nique in RARP as the anterior reconstruction through 
anchoring the urethra and urethral supportive structures to 
the pubic bone [3]. The technique is based on placement of a 
puboperiurethral suspension stitch after ligation of the dorsal 
venous complex (DVC). The suture is placed between ure-
thra and DVC, passed through the periosteum of the pubic 
bone, and back through to the DVC in multiple figure-eight 
loops. The suspension of the periurethral complex can pro-
vide additional anterior support to the striated sphincter, sta-
bilizing the posterior urethra in its anatomical position within 
the pelvic floor. This stabilization can aid in the preservation 
of the urethral length during the dissection of the prostatic 
apex, facilitating the vesicourethral anastomosis. They 
reported that the suspension technique resulted in signifi-
cantly better continence rates at 3 months after RARP than a 
non-suspension technique (92.8% vs. 83.0%, p = 0.013). The 
median/mean interval to recovery of continence was also sta-
tistically significantly shorter in the suspension group 
(median 6  weeks; mean 7.3) than in the non-suspension 
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Table 16.1 Urethral suspension and outcomes of urinary continence after Robotic-Assisted Radical Prostatectomy (RARP)

Surgical type of 
procedure

Type of 
study

No. of 
cases Surgical technique

Continence rate post RARP

EfficacyAuthors (year)
1 month 
(%)

3 months 
(%)

12 months 
(%)

Suture suspension
   Patel (2009) [3] Non-RCT 237 Periurethral suspension 40.0 92.8 97.9 p = 0.013

94 No suspension 33.0 83.0 95.7
   Kojima (2014) [4] C 27 Bladder neck suspension 29.6 29.6 ND p < 0.05

30 No suspension 10.0 25.9 ND
   Canvasser (2016) [5] C 36 Posterior urethral suspension 54 64 ND p < 0.05

56 No suspension 24 36 ND
Sling suspension
   Bahler (2016) [7] RCT 73 Artificial material (Surgisis) 55.2 75.2 94.5 N.S.

74 No sling 47.1 73.8 86.7
   Cestari (2017) [8] RCT 60 Six-arm sling (vas deference) 87 ND ND p = 0.04

60 Two-arm sling (vas deference) 70 ND ND
   Nguyen (2017) [9] RCT 95 Two-arm sling (vas deference) 45 76 ND N.S.

100 No sling 49 75 ND
Combination
   Kalisvaart (2009) 

[10]
C 50 Ant and post reconstruction  

(simple stitch)
ND 90.9 ND p = 0.014

50 No reconstruction ND 48.2 ND
   Sammon (2010) [11] RCT 59 Ant and post reconstruction 80.0 ND ND N.S.

57 Post reconstruction 82.6 ND ND
   Tan (2010) [12] C 1383 Ant and post reconstruction 70.0 91.7 98.0 p < 0.001

214 No reconstruction 35.2 61.9 82.1
   Hurtes (2012) [13] RCT 34 Ant and post reconstruction 26.5 45.2 ND p = 0.047

28 No reconstruction 7.1 15.4 ND p = 0.016
   Beattie (2013) [14] C 81 Ant and post reconstruction 20.5 44.3 ND p = 0.025

51 Post reconstruction 8.2 26.7 ND
   Han (2015) [15] C 60 Ant and post reconstruction 25.0 60.0 ND N.S.

70 No reconstruction 23.9 57.7 ND
   Karabulut (2020) 

[16]
C 20 Ant suspension and long urethra ND 85 100.0 p = 0.031

20 No reconstruction ND 50.0 95.0

C retrospective cohort study, RCT randomized clinical trial, N.S. not significant

group (median 7 weeks; mean 9.6, p = 0.02), suggesting that 
the suspension stitch resulted in a statistically significantly 
shorter interval to recovery of continence and higher conti-
nence rates at 3  months after the procedure. The effect of 
continence recovery, however, did not last as the continence 
rates were similar to those in the long run postoperatively.

Kojima et al. described another technique for suspension 
stitch [4]. They adopted the sling-type suspension suture to 
anchor the anastomosis just behind the pubic bone. The 
 percentages of patients with no leakage on the 1-h pad test 4, 
12, and 24  weeks after RARP were 29.6%, 29.6%, and 
36.7% in the sling group, whereas they were 10.0%, 25.9%, 
and 33.3% in the non-sling group, respectively. There was a 
significant difference between two groups at 4 weeks after 
RARP (p < 0.05). The authors concluded that bladder neck 
sling suspension suture is a simple and feasible procedure 
and can improve the early return of continence after RARP.

Canvasser et  al. reported posterior urethral suspension 
using preplaced suture into posterior urethral rhabdosphinc-
ter connective tissue at the 5 and 7 o’clock positions [5]. 

After completion of the vesico-urethral anastomosis, each 
suspension suture is secured to the ipsilateral pubic bone 
periosteum 3–4 cm from the pubic symphysis using a slip-
knot technique to suspend the anastomosis. Pad-free rates for 
this procedure were 37%, 47%, 54%, and 60% compared 
with controls 15%, 18%, 24%, and 36%, at weeks 1, 2, 4, and 
12 after catheter removal, respectively. They concluded this 
technique resulted in statistically significant improvement in 
urinary control 4 week post-operation. By 12 weeks, how-
ever, the differences in pad-free rates between two groups 
had resolved.

 Urethral Sling Suspension

Some types of the sling suspension of vesicourethral anasto-
mosis were reported to improve early continence recovery 
using isogenic tissues or artificial materials. Bladder neck 
sling suspension procedures, which have been used for the 
management of female stress urinary incontinence (SUI), 
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can support the proximal urethra and bladder neck. As a 
result, sling provides a direct compressive force on the vesi-
courethral anastomosis, increasing the functional length of 
the urethral sphincteric complex, and potentially reestablish-
ing and reinforcing the suburethral tissue used as a back-
board for urethral closure.

In open RP, there were some techniques for sling suspen-
sion of the vesicourethral anastomosis with a strip harvested 
from the fascia of the rectus muscle and reported significant 
effect on continence recovery [6]. The disadvantages of this 
procedure, however, include the additional morbidity of har-
vesting the fascia, which seemed to be crucial on endoscopic 
surgery, and the risk of urinary retention. There were some 
reports for sling suspension using artificial and autologous 
materials for anastomosis support.

Bahler et  al. applied an artificial strip made from small 
intestinal submucosal tissue as urethral sling [7]. Soft tissue 
graft, SurgisisⓇ (Cook Biodesign), was laid posterior to the 
urethra and bladder neck to suture-fixed to the both sides of 
Cooper’s ligament. While not statistically significant, the 
continence rate was higher in the sling group than the control 
group at 1 month (55.2% vs. 47.1%, p = 0.34) and 12 months 
(94.5% vs. 86.7%, p = 0.15). For those patients who regained 
continence during the course of the clinical study the median 
time to return of continence was 90  days for the control 
group and 77 days for the sling group. This difference was 
not statistically different either.

Cestari et al. assessed the effectiveness of six-arms sling 
using autologous vas deferens harvested during RARP [8]. 
They applied two- or six-arms sling underneath the urethral 
anastomosis to fix to the symphysis of the pubic bone. The 
continence rate was higher in the six-arms group than the 
two-arms group at 1  month (87% vs. 70%, p  =  0.04). 
Compared with two-arms sling, patients submitted to six-
arms sling reported higher rate of early urinary continence 
until 30 days postoperatively.

Nguyen et al. also organized prospective trial using vas 
deferens as autologous sling materials during RARP [9]. 
After harvesting the vas deferens, the sling was placed on the 
rectum underneath the site of the vesicourethral anastomosis 
and the anastomosis was completed. The sling was then 
placed around the vesicourethral anastomosis, suspended to 
the pubic symphysis and tensioned to allow elevation of the 
vesicourethral anastomosis. Their study failed to demon-
strate a benefit of autologous sling placement on early return 
of continence at 6 months. Continence was related to patient 
age, not to the sling procedure, in background-adjusted 
model.

 Combination Technique (Anterior 
Suspension and Posterior Reconstruction)

Some studies tried anterior suspension combined with poste-
rior reconstruction, and showed improvements on the early 
return of continence.

Kalisvaart et  al. compared posterior reconstruction and 
anterior suspension by single anastomotic suture (PRASS) 
with no reconstruction [10]. Patients who underwent the 
PRASS reconstruction had significantly improved urinary 
control at 3 months compared with the control group; 90.9% 
of the patients in the PRASS group wore 0–1 pads per day 
vs. 48.2% in the control group (p = 0.014). They concluded 
PRASS technique resulted in statistically significant 
improvement in urinary control 3 months post RARP.

Sammon et  al. compared continence recovery between 
double-layer anastomosis consisted of the reapproximation 
of Denonvilliers’ fascia and the posterior rhabdosphincter, as 
well as reapproximation of the puboprostatic ligaments to 
the anterior pubovesical collar [11]. They reported pad usage 
rates and weights were equivalent between two groups.

Tan et al. proposed another combination technique with 
posterior reconstruction and anterior suspension which com-
posed of preservation of anterior structures and suspension 
sutures to the arcus tendineus and puboprostatic ligaments 
alleviate downward prolapse of the bladder on the anastomo-
sis [12]. They compared recovery of continence and showed 
the mean time to continence recovery was 19.0, 7.3, and 
5.7  weeks in the no reconstruction, anterior suspension 
alone, and total reconstruction cohorts, respectively 
(P  <  0.001). They concluded total reconstruction, which 
composed of anterior and posterior reconstruction, was the 
most significant variable for early continence.

Hurtes et al. conducted a randomized prospective multi- 
center trial using anterior suspension combined with poste-
rior reconstruction [13]. They reported that the continence 
rates in combined group (26.5% and 45.2%, respectively) at 
1 and 3 months after RARP were significantly higher than 
with the standard technique (7.1% and 15.4%; p = 0.047 and 
p = 0.016, respectively).

Beattie et al. introduced bladder neck imbrication suture 
continued to anterior fixation [14]. Their technique showed 
significant improvement at all stages of follow-up compared 
with posterior reconstruction alone, from 8.2% to 20.5%, 
26.7% to 44.3%, and 47.7% to 62.3% at 1.5, 3 and 6 months, 
respectively (p = 0.025).

Some other studies also reported that patients undergoing 
the combined technique had earlier or even continence 
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recovery than patients undergoing the standard reconstruc-
tion [15–18]. From several small studies, it seems that some 
studies of the combined anterior and posterior or total recon-
struction has advantage over the standard technique at 1 or 
3  months after RARP, whereas long-term outcomes are 
unknown and have largely not been supported by RCTs.

It is striking that all described reconstructive techniques 
show good-to-fair outcomes 1 year after surgery, that is, con-
tinence rates between 87% and 98% of cases. Apparently, all 
reconstructive surgical techniques result in similar short- 
term continence rates, without significant differences in 
long-term continence rates as compared with “no reconstruc-
tion.” The effect of continence recovery, however, did not 
last as the continence rates were similar to those in the long 
run postoperatively.

 Complications with Urethral Suspension 
During RARP

Overall, certain procedures of urethral suspension showed 
some effects on the recovery of urinary continence without 
compromising the oncologic outcomes. Urethral suspension 
may, however, cause postoperative urinary tract complica-
tions such as increased residual urine, retention or anastomo-
sis stricture. Patel et al. reported no significant postoperative 
morbidity related to the placement of the suspension stitch, 
such as pubic osteitis, or no acute urinary retention after 
catheter removal [3]. Kojima et al. showed no significant dif-
ference in MFR and Post-void residual (PVR) between two 
groups 4, 12, and 24 weeks after RARP by sling suture sus-
pension [4]. Posterior urethral suspension with stitch (PUS) 
was reported to result in similar postoperative complications 
rates with control, without grade IV or higher complications 
[5]. Only two cases of PUS (2.4%) developed urinary reten-
tion who had endoscopic-confirmed bladder neck edema 
treated with extended catheter placement uneventfully, while 
the other developed a bladder neck contracture that required 
intraluminal dilation.

For the sling procedure, urinary complication rates 
seemed to be a little higher than stich suspension [17, 18]. 
Bahler et al. applied an artificial strip as sling suspension and 
the total percentage of patients with adverse events was simi-
lar between the control and sling groups (10.8% vs. 13.7%, 
respectively) [7]. They reported that no particular adverse 
events were related to the sling. Cestari et al. reported that 
one patient treated with six-arms sling suspension 
 experienced acute urinary retention at the time of catheter 
removal and treated with longer placement uneventfully [8]. 
Nguyen et al. also organized prospective trial using vas def-
erens as autologous sling materials during RARP [9]. They 
reported that no incidence of urine infection, erosion, bleed-
ing, bladder neck contracture or injury to adjacent structures 

that was related to sling placement. Urinary obstruction 
requiring short-term catheterization developed in 12 patients 
(6%) and did not differ between the groups. The number of 
cases with PVR volume greater than 150 mL did not differ 
significantly between groups (three in the non-sling and one 
in the sling group). No patients experienced with anasto-
motic stricture in both the groups. In summary, there seemed 
no particular complications or elevated rates related to the 
different types of suspension procedures.

 Conclusions/Discussion

The concept of urethral suspension is mainly associated with 
the stabilization of the vesicourethral anastomosis. Because of 
the robotic articulation, urethral stitch suspension is one of the 
most popular and simple method to deliver during 
RARP. Almost all reconstructive surgical techniques result in 
similar short-term continence rates and excellent outcomes 
1 year after surgery. There are only a few randomized clinical 
trials comparing a reconstructive technique with “no recon-
struction” or a different reconstructive technique, and outcomes 
are conflicting. Although many of the procedures reported a 
benefit with respect to early continence, benefits seem to dimin-
ish with longer follow-up. Whether any of the reconstructive 
techniques is superior to another is a matter of study.

Further improvement of urinary continence through fur-
ther advancement and modification of the procedure during 
RARP are expected.Financial or Material SupportNone.
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17Posterior Reconstruction

Jonathan Noël, Bernardo Rocco, Maria Chiara Sighinolfi, 
Simone Assumma, and Vipul Patel

 Introduction

Post prostatectomy urinary incontinence is a potential side 
effect of surgical treatment of prostate cancer [1]. However 
the majority of patients will recover in several months after 
radical prostatectomy (RP). To improve quality of life after 
prostatectomy, we must adopt techniques that not only limit 
this side effect, but minimize the recovery period for patients. 
After all, post RP urinary incontinence is the most trouble-
some side effect when compared to erectile dysfunction.

It is recognized that there are a wide range of definitions 
for continence; the majority being the use of a daily safety 
pad or no pads at all. The rate can range anywhere from 2% 
to 47% [2] and this is likely due to the non-uniformity of 
continence as a definition and the assessor (whether it is indi-
rectly by the surgical team or directly from the patient). For 
non-persistent incontinence, the cause is frequently down to 
stress incontinence from weakness in the striated urethral 
sphincter and pelvic floor. Published urodynamic studies of 
persistent post RP incontinence reveal it is caused by intrin-
sic sphincter deficiency [3] while recognizing that decreased 
urethral and/or detrusor compliance, and detrusor overactiv-
ity will contribute in some cases. This supports evidence that 
urethral closure pressure, bladder stability and functional 
urethral length all contribute to achieving continence post- 
surgery [4]. An appreciation of the urethral sphincter com-
plex anatomy and the closely related structures is key to the 
reader appreciating the aims of this chapter’s technique.

 Anatomical Disruption of Prostatectomy

The rhabdosphincter (RS) surrounds the urethra in a cylin-
drical fashion, starting from the perineal membrane to the 
bladder base. It is mostly made up of skeletal muscle fibres 
that originate in the perineal membrane to insert into the 
prostate apex with anterior extension towards the detrusor 
apron. It has a horse shoe appearance axially, and contracts 
the skeletal muscles anterolaterally to close the urethral 
lumen by a “fulcrum” action on the fixed posterior wall. This 
posterior wall of the RS is a rigid and fibrous connective tis-
sue as opposed to striated muscle [5, 6], and it becomes con-
tiguous with the posterior median raphe (PMR). Therefore, 
the posterior suspension system of the male pelvis is the pos-
terior portion of the RS, PMR, the prostatic fascia and 
Denonvilliers’ fascia (DF).

During a radical prostatectomy, this continuous posterior 
suspension system is disrupted. In our centres, the bladder is 
dropped by division of the urachus, to access the space of 
retzius. The rectovesical pouch will change in position as a 
result, and this may contribute to a change of the orientation 
in cranial insertions of the posterior suspension system, since 
the DF is related directly to this pouch.

After the bladder neck is opened, we perform a series of 
manoeuvres to optimise visualisation of the seminal vesicles 
(SV) athermally, with blunt sweeping off of the ventral layer 
of DF before a Hem-o-Lok clip is applied to blood vessels. 
The absence of cautery near the tip of the SV is paramount to 
spare the pelvic plexus from electrical current nearby [7, 8]. 
Once the SVs are elevated, the DF is sharply dissected to cre-
ate a plane between the rectum and the prostate, which is then 
extended laterally to an pre-planned grade of neurovascular 
bundle (NVB) sparing that is appropriate for the patient [9].

Our technique has always evolved to optimise functional 
outcomes. In the past, once the prostate is fully mobilised 
cranially, the puboprostatic ligaments and deep venous com-
plex (DVC) were suture ligated and fixed to the pubic bone 
with the urethra [10]. Moschovas et  al. [11] published our 
modified approach to the endopelvic fascia and apical dis-
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section, by opening the endopelvic fascia while conscien-
tiously preserving levator ani fascia on the muscle. A plane 
medial to the lateral prostatic fascia is then made, with a 
communicating window to the previous posterior nerve spare 
plane, which allows a retrograde NVBs sparing technique 
with minimal traction [12, 13]. The apical complex of the 
puboprostatic ligaments and apical endopelvic fascia are left 
intact, keeping the anatomy of the apex undisturbed and 
avoiding a deep venous complex (DVC) stitch. This allows 
the sphincteric complex anteriorly to remain attached to the 
pubis, to have an optimal craniocaudal length. The anterolat-
eral walls of the RS are carefully teased off the prostate apex 
and at the point of the anterior urethra, a cold cut with scis-
sors is performed until the foley catheter is in view and sub-
sequently retracted.

Other centres have advocated a more proximal approach 
to sparing the anterior fascia of the prostate, to enhance the 
preservation of the puboprostatic ligaments and DVC com-
plex. These results have been published with a rate of potency 
and continence recovery at 1  year of follow up (86% and 
98.4% respectively [14]).

A contemporary technique of avoiding to drop the bladder 
and leave the space of retzius intact (retzius sparing RALP) 
has been employed by centres worldwide, and the results 
show significantly increased rates of immediate recovery of 
continence. A randomised trial revealed median time to con-
tinence of 21 days for retropubic RALP and 1 day for retzius 
sparing RALP [15], with further comparative studies con-
firming this advantage in their respective series [16]. 
However, there is an association of patients undergoing 
retzius sparing RALP to have positive surgical margins 
(PSM) and in tandem their long term biochemical recurrence 
(BCR) remains to be determined, according to a Cochrane 
Database systematic review [17].

The posterior wall of the urethra is then cold cut divided; 
the prostatic fascia and PMR is encountered and bipolar dia-
thermy applied to control associated vessels before it is dis-
sociated. This is the final step in the disruption of the entire 
posterior suspension system: DF at the beginning of poste-
rior plane development and the apical dissection.

After the prostate specimen is placed in an endocatch bag, 
hemostatic selective suturing and bladder neck reconstruc-
tion is performed as our standard practise. Our preference is 
to perform lateral plication bladder neck reconstruction. 
Bladder neck sparing is not performed in our centre to limit 
the risk of positive surgical margins on pathological assess-
ment, as confirmed in a systematic review by Bellangino 
et al. [18].

The important functional consequences of disruption of 
the posterior musculofascial suspensory system are:

• The urethral sphincteric complex will not be continuous 
with the prostatic apex and Denonvilliers’ fascia, and so 
the fixed framework to close the urethra is compromised.

• The urethral sphincteric complex shortens due to being 
withdrawn into the pelvic floor from the remaining longi-
tudinal muscles, making the RS similarly shortened.

• The perineum can also prolapse, especially if there is a 
weak pelvic floor, and so this further adds to the caudal 
displacement of the urethral sphincteric complex.

 Posterior Reconstruction Description 
and Evolution

The posterior musculofascial reconstruction has been born 
out of the following objectives:

• Suturing the posterior median raphe to the cut edge of 
Denonvilliers’ fascia, thereby re-establishing the poste-
rior suspensory support system post prostatectomy.

• Fixing this to the bladder.
• The retracted urethral sphincteric complex is restored 

closer to its normal anatomical position.

The overall goal being to facilitate improved recovery of 
post prostatectomy urinary continence, and so this recon-
struction has evolved over years. The technique was first 
described by F. Rocco et al. in 2006 [19], during open radical 
prostatectomy where it shortened the time to continence 
recovery in patients. The restoration of the posterior support 
system is by reconstruction of the PMR to the residual layers 
of DF, followed by suspending the urethral sphincteric com-
plex to the posterior bladder. In detail, the PMR is marked 
with two sutures before dissecting the prostatic apex, being 
careful to separate it from the NVB (see Fig. 17.1).

The PMR is fixed to the residual Denonvilliers fascia 
using the two stay sutures and then attached to the posterior 
bladder wall with two sutures about 1–2 cm cranial; to sus-
pend and lengthen the urethral sphincter complex in refer-
ence to the bladder neck. An interrupted vesicourethral 
anastomosis is then performed in a separate plane and create 
a tension less approximation. This was described as a modi-
fication of Walsh’s open RP, and it was compared to patients 
who did not have this reconstructive step. The continence of 
posterior reconstruction vs. non reconstruction was at dis-
charge (62.4% vs. 14%), 1  month (74% vs. 30%) and at 
3 months (85.2% vs. 46%).

B. Rocco described his experience using a laparoscopic 
transperitoneal approach [20]. The original technique by 
F. Rocco, used two (pre urethral incision) placed sutures in 
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Fig. 17.1 Left: Suturing the RS and median fibrous raphe to the 
Denonvilliers fascia. Pu pubis, C urethral catheter, C′ bladder catheter, 
B bladder, NVB neurovascular bundle, 1 membranous urethra, 2 antero-
lateral wall of RS, 3a sectioned posterior wall of RS and MFR, 3b sec-
tioned Denonvilliers fascia, 4 bladder-neck eversion. Right: Fixation of 
the RS and DV (5) to the posterior wall of the bladder 2 cm dorsocepha-

lad to the bladder neck (6). Pu pubis, C membranous urethral catheter, 
C′ bladder catheter, B bladder, 1 membranous urethra, 2 anterolateral 
wall of RS, 3a sectioned posterior wall of RS and MFR, 3b sectioned 
Denonvilliers fascia, 4 bladder-neck eversion, 7 posterior urethrovesical 
anastomosis. (Permission from Springer Publishing, Robotic Urologic 
Surgery, V. Patel, 2nd edn, 2012)

the PMR, so as to avoiding the urethra entirely. The trocars 
are placed as follows:

• 12-mm umbilical port
• 12-mm paramedian right port
• 5-mm paramedian left port
• 5-mm pararectal ports (two)

After the urethra is divided, the PMR was incised proxi-
mal to the urethral transection, obviating the placement of 
two stay sutures initially. The open approach described 
sutures being placed in all the structures and tied in one step. 
To overcome initial challenges of tissue tearing due to imbal-
anced tension during the laparoscopic approach, the PMR 
and RS with DF was tied first followed by the RS-DF com-
plex to the bladder. This controlled tension to a more repro-
ducible standard, with gentle pressure in the perineum 
externally where necessary. The study compared 62 patients 
who underwent laparoscopic RP, and 31 underwent posterior 
reconstruction and other 31 did not. The results of recon-
struction vs. no reconstruction were documented at catheter 

removal (74.2% vs. 25%), 1 month (83.8% vs. 32.3%) and 
3 months (92.3% vs. 76.9%) post-surgery.

Posterior reconstruction was first described by our group 
in a robotic approach [21]; by utilising a double armed 2-0 
poliglecaprone RB-1 needle suture or 2-0 monocryl. As pre-
viously described, the free edge of the remaining 
Denonvilliers’ fascia is identified and approximated to the 
RS with one arm of the suture (Fig. 17.2).

The second layer we initially described was performed 
with the second arm of the suture including 2 cm of proximal 
posterior bladder in relation to the bladder neck, and then the 
first layer of reconstruction. After this is secured, then it was 
incorporated to a Van Velthoven vesicourethral anastomosis 
[22]. The early continence rate (0–1 pad per day) was 72%. 
The accuracy of finding the exact anatomy without placing a 
safety suture in the PMR prior to urethral transection (as 
described in the open approach) is made up for with the 
robotic camera endoscope’s magnification. Precise identifi-
cation of the relevant anatomy, particularly in placing the 
distal sutures in the PMR and RS, is the challenging aspect 
for a new adoption of this technique.

17 Posterior Reconstruction
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Fig. 17.2 First layer of robotic posterior reconstruction. DF 
Denonvilliers fascia, RS rhabdosphincter, C catheter. (Photographs by 
B. Rocco)

Fig. 17.3 Second layer of robotic posterior reconstruction. DF: 
Denonvilliers fascia is already reconstructed to the RS: rhabdosphincter 
(first layer). The posterior U = urethra is taken with the first layer, and 
then the posterior BN = bladder neck. (Photographs by B. Rocco)

A further modification to the second layer of RALP by 
Patel [23] (which is used in current practise at our Institution) 
was to utilise the posterior bladder neck and the vesicopros-
tatic muscle followed by the posterior urethral edge. This 
was incorporated into the first reconstructed layer of 
RS-PMR and DF and all performed with a double armed 
suture (Fig. 17.3).

One of the key steps for an appropriate reconstruction is 
the preservation of the DF when dissecting the posterior 
plane between the prostate and the rectal wall. In addition, 
the connective tissue of the PMR of the prostate apex, is a 
usable surgical plane that can be preserved and allow recon-

structive advantages of the retracted posterior RS fibres. The 
more DF and RS spared, the more robust the reconstructive 
layers can be. A tension free anastomosis follows, with the 
added benefit of haemostasis and less anastomosis associ-
ated urine leaks, as evaluated by cystograms [24].

 Impact on Outcomes

A systematic review of posterior musculofascial reconstruction 
only in open, laparoscopic and robotic approaches has been 
published and considered for this chapter. Rocco et  al. [25] 
explored the main outcome of post prostatectomy urinary con-
tinence at 3–7, 30–45, 90, 180 days and 1 year after catheter 
removal. The authors included studies comparing cohorts who 
underwent prostatectomy with or without posterior reconstruc-
tion. The 11 studies identified included two randomised con-
trolled trials (RCTs) which revealed no  significant difference; 
comparative studies showed early return of continence within 
the first 30  days after posterior reconstruction (p  =  0.004), 
while continence rates were similar beyond 90 days. This simi-
larity after 90 days maybe due to the difficulty in isolating the 
effect of a posterior reconstruction only; as bladder neck spar-
ing, nerve spare and anterior structure preservation will all have 
impacts on continence recovery. These could not be controlled 
for as is the heterogeneity among surgical skill, per the study by 
Vickers et al. [26] (p < 0.001 for outcomes). Employing the 
posterior RS reconstruction did not result in a statistically sig-
nificant difference in positive surgical margin (PSM) rates nor 
bladder neck stricture (BNS).

With the continued wide scale adoption of this technique, 
a meta-analysis was carried out in 2016; where 21 studies 
that employed this technique with comparison to cases with-
out, in all surgical approaches [27]. Once again, it confirmed 
no statistical significant difference in postoperative compli-
cations or positive surgical margin profile with patients 
undergoing posterior reconstruction. The main advantage 
was seen in post prostatectomy urinary continence, where an 
advantage at 3–7, 30, 90  days after catheter removal was 
observed in open, laparoscopic and robotic modalities. A less 
but noteworthy statistically significant advantage was seen at 
180 days after catheter removal in this study across all surgi-
cal approaches. The limitations of this study were similar to 
the 2012 systematic review, in respect to surgeon heteroge-
neity, the modifications used in posterior reconstruction as 
opposed to the first description by F Rocco in 2006. The 
premise of the original description being that besides the res-
toration of the posterior musculofascial support, elongation 
of the dorsal wall of the urethral sphincteric complex 
occurred by the 2 cm cranial anchoring suture to the dorsal 
bladder. Table 17.1 summarises a select profile of publica-
tions that compared this technique to the absence of its utili-
sation in RALP.

J. Noël et al.
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The European Association of Urology Robotic Urology 
Section (ERUS) carried out a survey in 2013 [28], and 
reported that posterior reconstruction was performed by 
51.7% as a standard step for surgeons carrying out RALP; 
and “sometimes” by 19.8% of them. This would imply that 
in Europe, it is being utilised in practise widely and a con-
temporary survey would be anticipated.

 Conclusion

Regaining early post prostatectomy continence is challenging, 
even after technical adaptions, but with further anatomical res-
toration and innovation to techniques, there will be more 
patient benefits to gain. It is known that the definition and 
assessment of continence is largely responsible for globally 
published outcome variability. Nonetheless, recent meta-anal-
ysis [29] have concluded that posterior reconstruction of mus-
culofascial plate offers early continence recovery.

The reproducibility of outcomes is dependent on the skill 
of the surgeon, but the inherent advantage of robotic technol-
ogy as a platform, along with mentorship and collaboration 
will make this attainable. The authors’ collective experience 
of more than 15,000 RALPs, would dictate that the “Rocco” 
posterior reconstruction be a standard adjunct to any RP 
approach.
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18CORPUS: Complete Posterior 
Reconstruction to Improve Continence 
After Robotic Prostatectomy

Alessandro Morlacco, Valeria Lami, Nicola Zanovello, 
and Fabrizio Dal Moro

 Introduction

Urinary incontinence (UI) after radical prostatectomy is a 
frequent event and remains a frustrating side effect signifi-
cantly impairing patients’ quality of life. Prospective data 
indicate that continence improves up to at least 24 months 
after surgery [1].

In 2001, a technique for restoration of the posterior aspect 
of the rhabdomyosphincter was developed by Rocco et al. [2]. 
This technique is based on the principle of providing a fixation 
point for the posteriorly deficient urethral rhabdomyosphinc-
ter using a musculofascial plate. Several technical modifica-
tions have been proposed, such as adding a pubo- periurethral 
suspension [3]. However, despite several surgical solutions 
have been proposed, complete resolution of the problem of 
postoperative UI after RP has still not been achieved. AdVance 
retrourethral transobturator male sling (AMS), based on the 
hypothesis that relocation of the posterior urethra to a more 
proximal position plays an important role in regaining conti-
nence [4], has shown high effectiveness in post-RP stress uri-
nary incontinence (SUI) [5]. Therefore, starting from anatomic 
and radiologic evidence [6] of the efficacy of the relocation of 
the posterior urethra and of intraoperative posterior recon-
struction of the musculofascial plate, we designed and tested a 
novel intraoperative technique for the COmplete 
Reconstruction of the Posterior Urethral Support (CORPUS).

 Surgical Technique

After radical prostatectomy, CORPUS reconstruction was 
performed [7]. A 2-0 monofilament running suture was used, 
passing through the fibers of the right portion of the pubo- 
perinealis muscle, the medial portion of the levator ani, close 

to the urethra, through the rectourethralis muscle, and then 
through the fibers of the left portion of the pubo-perinealis 
muscle, close to the urethra, the suture was passed through 
Denonvilliers’ fascia and then tied (Figs.  18.1 and 18.2). 
After ligation (without cutting), the same suture was first 
passed through the perivesical tissue close to the bladder 
neck, then through the couple of pleated fibers of the pubo- 
perinealis muscle and tied again (Fig. 18.3). This double pas-
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sage and double ligation of the crossing sutures allowed 
posterior fixation of the dorsal wall of the urethra to the rhab-
domyosphincter. The fibers of the pubo-perinealis muscle 
were carefully arranged as a posterior/lateral hammock, 
more supportive than the standard posterior reconstruction of 
the musculofascial plate. After the reconstruction, the anas-
tomosis was performed in a standard fashion using all cases, 
with 2-0 monofilament stitches at the 6 o’clock position and 
a double 2-0 monofilament running suture was then emplaced 
and tied at the 12-o’clock position, over a Foley 18F catheter. 
After anastomosis, two stitches were bilaterally placed to fix 
the lateral wall of the bladder to the endopelvic fascia. At the 
end of anastomosis in both groups, a single stitch was placed 
medially, to fix the anterior wall of the bladder to the pubis 
and thus align the axis between bladder and urethra.

More recently, we the technique of anastomosis was 
slightly changed, using only a running suture with barbed 
3/0 monofilament.

To analyze the effectiveness of the technique, we con-
ducted a prospective nonrandomized study [7]. Between 
November 2012 and June 2013, 36 consecutive patients suit-
able for non nerve-sparing RARP and pelvic lymphadenec-
tomy for clinically localized prostate cancer were 
alternatively assigned to two groups: one treated with the 
new CORPUS reconstructive approach and the other with 
the standardized posterior reconstruction according to Rocco 
et al. The end point of the study was comparison of the very 
early continence recovery rate in the two RARP groups after 
catheter removal, with evaluation of the short-term compli-
cations of the CORPUS technique. International Index of 
Erectile Function (IIEF-5) Questionnaire and International 
Prostate Symptom Score (IPSS) were collected preopera-
tively for all patients. Urinary continence was evaluated with 
the self-administered International Consultation on 
Incontinence Questionnaire, Short Form 642 Questionnaire 

(ICIQ-SF) [8] preoperatively, 24  h after catheter removal 
after RARP (answers #1 and #2 to the first question were not 
considered to be applicable) and then repeated 30 days later. 
To collect homogeneous data, inclusion criteria comprised 
patients with diagnoses of clinically localized prostate can-
cer but not eligible for nerve-sparing RARP (Gleason 
score  ≥  8, preoperative erectile dysfunction documented 
with IIEF-5 questionnaire). Patients with large median lobes 
or large prostate volume, traditionally considered as poten-
tially affecting continence recovery, were also included in 
our analyses, because of the limited role they play in patients 
undergoing RARP, as demonstrated by Coelho et al. [9] in a 
recent series. In all cases, transperitoneal extrafascial non 
nerve-sparing RARP was performed.

 Results: Preliminary Study

Patients’ demographic and clinical characteristics were com-
parable in both the groups. There were no intraoperative 
complications during RARP. Two patients in the CORPUS 
group had postoperative complications: one patient devel-
oped ileus, treated conservatively, and another developed a 
lymphocele, which was treated with percutaneous drainage. 
Cystography 6 days after surgery revealed only one case of 
urinary leakage (CORPUS group). A further check after 
7 days was normal.

The mean ICIQ-SF score 24 h after catheter removal was 
7.05 (SD 2.4; range, 3–12) in the CORPUS group and 9.1 
(SD 2.9; range, 4–16) in controls, with a statistically signifi-
cant difference (P ¼ .015). Mean ICIQ-SF at day 30 was 4.5 
(SD 1.9; range, 1–8) in the CORPUS group and 6.7 (SD 2.9; 
range, 0–14) in controls, with a statistically significant dif-
ference (P ¼ .0058). 50% of patients were continent imme-
diately after catheter removal in the CORPUS group, and 
83% after 30  days. In the control group, the percentages 
were 16% and 61%, respectively. The differences were sta-
tistically significant in both cases. No patient underwent any 
specific “rehabilitation” until day 30, but only basic Kegel 
exercises (not standardized) were prescribed, not to mask 
the real effects of the reconstruction. No patient reported 
perineal pain during the postoperative period. No patient 
has developed acute urinary retention or lower urinary tract 
symptoms in the follow-up period until the present, as dem-
onstrated by the results of IPSS at 30  days in both the 
groups. Comparing urinary patterns 1 month after RARP in 
both groups, no difference was found in the IPSS score 
(P  =  .0837). Despite the CORPUS reconstruction, no 
patients developed clinically evident urethral and/or anasto-
motic strictures during follow-up, nor did any patients in the 
control group.
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 Comment

SUI after radical prostatectomy can be treated in various 
ways, but one of the most interesting and promising is the 
use of sub urethral suspension, providing posterior support 
to the membranous urethra after removal of the prostate 
gland. The efficacy of placing an AdVance sling 8–10 mm 
retrourethrally and/or suburethrally is not because of direct 
compressive effect on the urethral wall and lumen, as con-
firmed by two studies showing that urodynamic variables 
were unchanged after sling emplacement [10, 11]. In fact, 
the sling supports the distal sphincteric urethra, creating a 
sort of hammock during moments of increased abdominal 
pressure during stress and physical activity. Another element 
examined was the efficacy of the intervention of posterior 
reconstruction of the musculofascial plate as initially 
described by Rocco et al. In particular, the aforementioned 
authors noted that the dorsal aspect of the prostate, with 
Denonvilliers’ fascia and the posterior median raphe with the 
connected dorsal wall of the rhabdomyosphincter, constitute 
an important support structure, appearing to serve as a fixa-
tion point for the muscle fibers of the rhabdosphincter [12]. 
In addition, as reported in several anatomic studies on cadav-
ers, Denonvilliers’ fascia ends at the rectourethralis muscle, 
which consequently provides a posterior attachment for the 
rhabdomyosphincter [13]. We reached the concept of 
CORPUS by examining the rationale of these two aspects 
and combining the anatomic principles of both techniques. 
In particular, we postulate that there are six main anatomo- 
functional effects of our approach: (1) CORPUS provides a 
hemi-circumferential dynamic support for the urethral 
sphincter complex, similar to the effects of an AdVance 
sling; (2) it creates a fixation point for the fibers of the rhab-
domyosphincter through the reconstructed musculofascial 
plate; (3) it avoids bladder prolapse (as the space previously 
occupied by the prostate is filled) and also reduces the pres-
sure of the bladder on the anastomosis during micturition; 
(4) the final stitch from the anterior wall of the bladder to the 
pubis allows the bladder-anastomosis-urethra axis to be 
properly aligned; and (5) the complete reconstruction pro-
vides a dynamic suspensory system for the membranous ure-
thra, allowing pubo-perinealis muscle contractions to 
increase urethral pressure (6) the inclusion of the pubo- 
perinealis fibers into the reconstruction creates a fixation 
point for the perineal body, which tends to become more 
mobile after removal of the prostate and the surrounding tis-
sues. Regarding this last point, the continence effects of the 
CORPUS technique might be enhanced with Kegel exercises 
(perineal contraction), owing to the active participation of 
the fibers of the pubo-perinealis muscle. These combined 
elements are a distinctive of the present technique. Our 
results demonstrate that the previously mentioned technique 
can further increase the efficacy of the philosophy of Rocco’s 

technique, enhancing very early recovery of urinary 
continence.

In this preliminary experience study, continence rates 
were affected by both careful patient selection and the non 
nerve-sparing technique. To limit possible confounding fac-
tors, we restricted selection of patients only to cases suitable 
for non nerve-sparing RARP, bearing in mind two aspects: 
how the preservation of neuro-vascular bundles can increase 
continence rates [14–16] and how difficult it is to define a 
correct nerve-sparing procedure, although standardization of 
the procedure might be achieved [17].

 Conclusion

We presented the CORPUS technique as a novel alternative 
approach for early continence recovery after RARP. Extension 
of the inclusion criteria, to comprise patients treated with 
nerve-sparing RARP, and standardization of rehabilitation 
programs are needed to evaluate the impact of the new tech-
nique in a more heterogeneous group, better reflecting real 
clinical practice.
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19Total Anatomical Reconstruction

Francesco Porpiglia, Paolo Verri, Stefano Granato, 
Michele Sica, Daniele Amparore, Cristian Fiori, 
and Enrico Checcucci

 Introduction

Urinary incontinence represents the most feared functional 
complication after robot-assisted radical prostatectomy 
(RARP), since it can deeply impact the patient’s quality of 
life [1].

The achievement of the so called “pentafecta”, as 
described by some authors [2] by the concurrent presence of 
urinary continence, sexual potency, absence of positive sur-
gical margins, early complications and biochemical recur-
rence, cannot prescind, as previously said, from satisfying 
urinary continence. These factors together, describe the per-
fect results after radical prostatectomy and represent the goal 
of every surgeon facing prostate cancer.

The introduction of robotic surgery revolutionized pros-
tate cancer surgery, since it offered the surgeon greater image 
magnification and definition, microsurgical instruments with 
a wide range of movements and the minimization of physi-
ological hands’ shaking. Robotic surgery, thanks to the 
aforementioned technical characteristics, stated its superior-
ity as a surgical technique, allowing to reach better results in 
terms of oncological and functional outcomes [3].

During RARP, one of the most challenging and delicate 
passage of the surgical act is represented by the urethro- 
vesical anastomosis, which constitutes the crucial step in 
order to reach perfect continence. In the last decades, as also 
reported in the previous chapters of this book, different tech-
niques have been proposed and validated.

In the following chapter, we describe the Total Anatomical 
Reconstruction performed during robot-assisted radical 
prostatectomy, as introduced by Professor Francesco 
Porpiglia and collaborators in 2015.

 Technical Specifications

Before explaining in detail the total anatomical reconstruc-
tion (TAR) surgical technique, it is important to outline some 
anatomical and technical aspects, which need to be consid-
ered in order to fully comprehend the milestone of TAR 
technique.

 Dorsal Venous Complex (DVC)

Also known as Santorini plexus, this vascular structure is 
intimately in contact with rabdosphincter fibers, with the 
pubo-prostatic ligaments and with the ventral side of the 
prostate before merging with the prostatic veins. As a conse-
quence, during the suturing maneuvers, if the suture is placed 
too deeply, a damage to the sphincter and the underlying ner-
vous structures may be caused. An anatomical landmark, 
whose knowledge is important in order to avoid damage to 
sphincter fibers, is represented by the avascular plane located 
at the level of the prostatic-urethral junction, which repre-
sents the ideal location for DVC hemostasis. As described by 
several authors [4, 5], after dissecting the fibers of levator ani 
muscle, separating them from the urethra and prostate, a 
selective ligation of the DVC can be performed. This maneu-
ver avoids the damage to surrounding structures (i.e., levator 
ani, sphincter) and is related to higher early urinary conti-
nence recovery rates.

 Pubo-Prostatic Ligaments

Arising from the visceral layer of the endopelvic fascia, they 
insert inferiorly to the prostate, stabilizing the prostate- 
bladder- urethra complex. Thanks to their stiffness, these 
ligaments determine an angle at the level of the membranous 
urethra, which is important in the mechanism of urinary con-
tinence [6]. As proved by Stolzenburg et  al. [7], the safe-
guarding of this anatomical structure allows to preserve the 
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maximal urethral length and its anterior support, allowing to 
reach better function results in terms of urinary continence 
after radical prostatectomy.

 Endopelvic Fascia

Thanks to the intimacy of its visceral layer with the pelvic 
organs (i.e., rectum, bladder, prostate) and to its merging 
with the fibromuscular stroma on the ventral side of the pros-
tate. This complex interweaving of fascial layers constitutes 
an anatomical scaffold which gives solidity to the pelvic 
organs. For this reason, the preservation of this fascia deter-
mines higher stability of the urethra-vesical anastomosis, 
conferring better functional outcomes [8, 9].

 Bladder Neck

The bladder neck corresponds to the urethro-vesical junction 
and is formed by muscular fibres, variably oriented, coming 
from the bladder trigone, the detrusor muscle and the urethra 
itself. Its function is essential in the micturition process and, 
consequently, in providing urinary continence. The careful 
dissection of this structure is fundamental in order to guaran-
tee better functional outcomes after RARP. The preservation 
of the detrusor fibers (arranged into a longitudinal, middle 
circular and outer longitudinal layer) and of the internal 
sphincter is the key-point to reach optimal results. 
Notwithstanding the approach to the bladder neck dissection 
(e.g., anterior, lateral, anterolateral), it is fundamental to 
reach the bladder neck preservation in order to achieve the 
best functional outcomes, as outlined in a systematic review 
and meta-analysis [10].

 Urinary Sphincter and Urethral Length

The urethral sphincter complex is located distally to the 
prostate apex, close to the levator ani muscle (pars pubo- 
perinealis) and is formed by two muscular layers: the outer 
striated muscle and the inner smooth muscle layer. The 
shape, the extension and the relationship of these muscular 
layers with the urethra and prostate apex can slightly vary, 
representing a variable during the apex dissection. For this 
reason, it is important to preserve the sphincter and urethra 
as much as possible. In a work of Schlomm et al. [11] it is 
clearly stated that a full-length urethral preservation together 
with the urinary sphincter preservation leads to an improve-
ment of early urinary continence. In addition, the urethral 
length, volume and an anatomically close relationship 
between the levator ani muscle and membranous urethra are 
associated with a better recovery of urinary continence [12].

 Prostate Apex and Neurovascular Bundles

The prostate apex presents a wide variety in terms of shape 
and volume between the individuals, making the apex dis-
section a challenging phase during radical prostatectomy. In 
addition, the prostate apex is intimately close to part of the 
periprostatic nerves which, after arising from the hypogastric 
plexus (i.e., pelvic plexus) surround laterally the bladder 
neck, the prostate base and the seminal vesicles. These 
nerves, located posterolaterally and anterolaterally with 
respect to the apex [13], are immersed in a fibrofatty tissue, 
which also surrounds arterial and venous vasa. This tissue 
plate surrounding the aforementioned pelvic organs is called 
the Neuro Vascular Bundle (NVB). As described by Tewari 
et al. [14] the NVBs can be divided into three longitudinal 
compartments: the proximal neurovascular place, the pre-
dominant NVB and the accessory neuronal pathways. Other 
authors, instead, divided the NVBs based on their position 
with respect to the levator ani muscle [15]. The interindivid-
ual variants of the nervous structures and the variable charac-
teristics of the malignancy don’t allow the reproduction of a 
specific and standardized surgical approach for every patient. 
On the other hand, the multilayered character of the peri-
prostatic fascia allows to perform a modulable approach, 
including more or less periprostatic tissue and, consequently, 
periprostatic nervous fibers of the NVBs. These approaches 
(i.e., intrafascial, interfascial and extrafascial) have been 
widely described and discussed [16] and it has been demon-
strated that the preservation of NVBs together with the care-
ful dissection of the prostate apex is associated with better 
functional outcomes [17, 18]. Robotic surgical equipment, 
thanks to its advantages in terms of precision, allows the sur-
geon to perform a careful dissection of these delicate struc-
tures, leading to optimal and never reached before oncological 
and functional results.

 Bladder Neck and Posterior Reconstruction

The bladder neck reconstruction consists in the restoration of 
the bladder neck orifice, after the dissection of the bladder 
neck itself. The dedicated suturing of the bladder orifice 
allows to reduce the diameter of the bladder neck, allowing a 
better realignment with the resected urethra. Several surgical 
variants have been described [19, 20], showing improved 
results after meticulous and precise bladder neck 
reconstruction.

The posterior reconstruction technique, firstly developed 
by Rocco et al. [21] has been object of discussion during the 
years, and several variants of the initial technique have been 
proposed [22, 23], including (in 2016) the TAR technique. 
The rationale of this technique is that the posterior musculo-
fascial plate (i.e., posterior median raphe, rabdosphincter 
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and dorsal aspect of Denonvilliers’ fascia) covers a role of 
utmost importance in supporting dynamically the preserved 
urethra. This supporting structure is extended from the peri-
toneum (i.e., Douglas pouch) to the perineal membrane and 
median raphe [24]. During the years, the posterior recon-
struction during RARP and its role in the urinary continence 
preservation and in the diminishing of postoperative compli-
cations has been extensively validated, having become at all 
effects a fundamental step in the reconstructive phase of 
radical prostatectomy [25].

 Anterior Reconstruction

The rationale of anterior reconstruction is to restore the ana-
tomical position of the pubo-prostatic ligaments, providing 
support to the rabdosphincter by positioning a monofilament 
suspension suture between the DVC, the urethra and pubic 
bone periosteum. After its first development in 1998 by 
Walsh [4], this technique was furtherly studied and validated 
[26], demonstrating its important role in the urinary conti-
nence recovery. The functional results of this technique were 
furtherly improved by its association with posterior recon-
struction [27, 28].

The two aforementioned types of reconstructions repre-
sent an important step in the TAR technique. In the following 
paragraphs, the various steps of the reconstructing process 
will be explained in detail.

 Total Anatomical Reconstruction:  
Surgical Technique

 Demolitive Phase

The demolitive phase is standardized and in line with the 
most popular surgical approaches to perform robot-assisted 
radical prostatectomy. The description of this first phase of 
the surgical procedure allows to describe and highlight the 
anatomical structures which will be later essential to perform 
the total anatomical reconstruction.

 Patient Positioning and Preliminary Time
After positioning the patient in the classical fashion for per-
forming RARP (supine, legs slightly spread, Trendelenburg 
position) and after inducing pneumoperitoneum, the abdom-
inal cavity can be explored. Subsequently, the parietal perito-
neum can be incised, accessing the retropubic space. The 
endopelvic fascia, exposed after dissecting the periprostatic 
fatty tissue, is carefully incised in order to preserve the pubo-
prostatic ligaments. At this point, the prostatic apex is 
identified.

 Suture of Deep Venous Complex (DVC) 
and Bladder Neck Incision
The deep venous complex, in order to avoid excessive bleed-
ing, is sutured using separated 2/0 monofilament sutures, 
with attention to puboprostatic ligaments’ preservation. At 
this point, after slicing cranially the visceral layer of the 
endopelvic fascia, the bladder neck is incised and dissected. 
Thanks to the robotic fourth arm, the catheter is pulled crani-
ally, allowing to identify the dorsal portion of the vesical tri-
gone. Following a vertical course and continuing the incision 
posteriorly, at the level of the circumference ridge, the mus-
cular fibers attaching the prostatic base to the bladder are 
dissected. In order to access the retrotrigonal space, the pos-
terior aspect of the bladder neck, a small lingula of muscular 
tissue known as the “retrotrigonal fascia”, is dissected. At 
this point, by incising the anterior layer of Denonvilliers’ 
fascia, the seminal vesicles are identified and dissected.

 Incision of Posterior Denonvilliers’ Fascia 
and Dissection of Prostatic Apex
Performing a U-shaped incision, the posterior layer of 
Denonvilliers’ fascia is incised, creating an access to the 
perirectal space. At this point, the visceral layer of the endo-
pelvic fascia and the apron, laying underneath and covering 
the anterior face of the prostate, are incised while sparing the 
pubo-prostatic ligaments. Thanks to the robotic miniaturized 
instruments, it is possible to perform a blunt and sharp micro- 
dissection of the smooth muscular fibers arising from the 
peri-urethral structures towards the prostatic apex. It is 
important to underline that, in this particular phase, a mini-
mal use of electrocauterization is recommended, in order to 
avoid damages to the anatomical structures. At the end of the 
dissecting phase, the prostatic apex is completely isolated 
and the urethra can be incised at the level of the prostatic 
ridge. The surgical field, after removing the prostate and 
seminal vesicles is shown in Fig. 19.1.

 Reconstructive Phase

Now that the demolitive phase has been completed and the 
pivotal anatomical structures have been dissected and spared 
variably, we can get to the heart of the TAR technique.

 Posterior Reconstruction
Firstly, the posterior reconstruction is performed by using 
3/0 barbed sutures, creating three distinct layers. The first 
layer is created by approaching the previously sectioned 
Denonvilliers’ fascia and the median raphe, suturing them 
together from right to left (Fig. 19.2). The second layer is 
created by suturing, from left to right, the retrotrigonal fascia 
and the median raphe (Fig.  19.3). The third and last layer 
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Fig. 19.1 Operative field at the end of the demolitive phase. EPp 
Endopelvic fascia, parietal layer, DVC deep venous complex, RS rabdo-
sphincter, U urethra, Ra median raphe, RL retrotrigonal layer, BN blad-
der neck, EPv endopelvic fascia, visceral layer, BL bladder lumen, DF 
Denonvilliers’ fascia. (Courtesy of Dr. Amparore—SCDU Urologia, 
San Luigi Gonzaga Hospital, Orbassano (TO), Italy)

Fig. 19.2 Lateral view. First layer of posterior reconstruction. Ra 
median raphe, DF Denonvilliers’ fascia. (Courtesy of Dr. Amparore—
SCDU Urologia, San Luigi Gonzaga Hospital, Orbassano (TO), Italy)

Fig. 19.3 Lateral view. The second layer involves the retrotrigonal fas-
cia and the median raphe moving from left to right. Ra Median Raphe, 
DF Denonvilliers’ fascia, RL retrotrigonal layer. (Courtesy of Dr. 
Amparore—SCDU Urologia, San Luigi Gonzaga Hospital, Orbassano 
(TO), Italy)

Fig. 19.4 Frontal view. The third layer involves the bladder neck 
(excluding the mucosa of the bladder) and the posterior aspect of the 
rabdosphincter again moving from right to left. BN bladder neck, 
extramucosal, RS rabdosphincter. (Courtesy of Dr. Amparore—SCDU 
Urologia, San Luigi Gonzaga Hospital, Orbassano (TO), Italy)

includes the bladder neck, avoiding the vesical mucosa, and 
the posterior edge of the rabdosphincter, which are sutured 
together from right to left (Fig. 19.4).

 Urethro-Vesical Anastomosis
For this phase, the use of a 3/0 barbed suture is recom-
mended. Starting at 4 o’clock and proceeding clockwise, a 
running suture is performed, including the urethra and blad-
der at full thickness (Fig. 19.5). When needed, in order to 
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reinforce the anastomosis, the surgeon may add a single 
stitch. When operating on patients with large bladder neck, 
the anastomosis’ creation is “split” and performed sepa-
rately, performing two hemi-running sutures. On the anterior 
side, eventually, single stitches of reabsorbable monofila-
ment 3/0 sutures may be added.

 Anterior Reconstruction
The vesical muscular fibers are sutured to the dissected peri- 
urethral tissue, located between the urethra and the DVC, 
using a 3/0 barbed running suture, similarly to the previous 
procedural step. The suture begins from the right side and is 
carried on towards the left side, anti-clockwise (Fig. 19.6). 
This suture has a double aim: firstly, it allows to restore 
the preoperative anatomy, reallocating the muscular fibers 

towards the abdominal cavity; secondly, to reinforce the 
anastomosis. Using the same suture and heading towards 
the starting point, the visceral layer of the endopelvic fascia 
and the apron, covering the anterior surface of the bladder, 
are sutured to the endopelvic fascia at the level of the DVC. 
It is important, while performing this suture, to include the 
pubo- prostatic ligaments which, it could be speculated, 
at this point become “pubo-vesical” ligaments. In order to 
secure the end of the newly performed running suture, a sin-
gle 3/0 monofilament stitch can be added. At the end of the 
reconstructive phase the anastomosis is actually covered and 
protected by three posterior layers and two anterior layers 
which, together, determine the full restoration of the preop-
erative peri-urethral anatomy (Fig. 19.7).

 Hemostasis, Peritoneal Reconstruction, 
Drainage, Specimen Extraction
A perfect control of the hemostasis, performed by using 
bipolar forceps and hemostatic agents, is fundamental to 
guarantee a perfect seal at the level of the anastomosis. To 
avoid the formation of suprapubic hematomas, which may 
push and dislocate the anastomosis, a small drainage is 
placed through a small suprapubic incision. The peritoneal 
sac is reconstructed using a 3/0 barbed suture, fixed with 
Hem-o-lok. The peritoneal reconstruction involves the ven-
tral peritoneum, located medially respect to the umbilical 
ligament. In this manner, the incision (lateral to the ligament) 
remains opened on both sides, preventing the communica-
tion between the retropubic space and the intraperitoneal 
cavity.

Fig. 19.5 Lateral view. The urethro-vesical anastomosis performed by 
a 3/0 “barbed” running suture, starting at 4 o’clock on the urethra and 
proceeding clockwise. The suture involves the full thickness of either 
the bladder or the urethra. U urethra, BM bladder mucosa. (Courtesy of 
Dr. Amparore—SCDU Urologia, San Luigi Gonzaga Hospital, 
Orbassano (TO), Italy)

Fig. 19.6 Frontal view. Beginning from the right side and moving to 
the left, the muscular fibers of the bladder are 3/0 “barbed” running 
sutured to the previously dissected peri-urethral tissue located between 
the urethra and the deep venous complex. RS rabdosphincter; BNm 
bladder neck, muscular fibers. (Courtesy of Dr. Amparore—SCDU 
Urologia, San Luigi Gonzaga Hospital, Orbassano (TO), Italy)

Fig. 19.7 Lateral view. Moving from left to right, the visceral layer of 
the endopelvic fascia and the underlying apron, still covering the ante-
rior surface of the bladder, are sutured to the portion of the endopelvic 
fascia while involving the pubo-prostatic ligaments, renamed “pubo- 
vescical” ligaments. EPp endopelvic fascia, parietal layer, EPv endo-
pelvic fascia, visceral layer. (Courtesy of Dr. Amparore—SCDU 
Urologia, San Luigi Gonzaga Hospital, Orbassano (TO), Italy)
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 Postoperative Care
For at least the first 24  h after the surgical procedure, the 
patients are invited to remain in bed. Gradually, they can be 
seated on the bad and, after approximately 48  h from the 
surgical procedure, they can stand and start to walk. 
Depending by the volume and quality of the drained fluid, 
the drainages can be removed after 48 h from the surgical 
procedure. Catheter is usually removed on 5th POD, after 
performing a pelvic ultrasound or a retrograde cystography.

 Outcomes and Functional Results

As previously stated, the superiority of robot-assisted sur-
gery in terms of oncological and functional outcomes has 
already been extensively proven [29, 30]. In the majority of 
studies, Authors and expert surgeons highlight the impor-
tance of the preservation of anatomical structures and integ-
rity, considering it a pivotal factor in order to maintain 
postoperative urinary continence. During the years, several 
authors have experimented technical procedural (i.e., blad-
der neck preservation, intussusception of bladder neck …) 
and instrumental (i.e., types of suspension sutures) varia-
tions, in order to obtain the best postoperative results. The 
majority of authors have particularly stressed the importance 
of urethral support, which was provided by performing dif-
ferent reconstructive strategies in order to maximize urethral 
length and restore the urethral stabilization [31].

The previously described total anatomical reconstruction 
(TAR) technique aims to create a tension-free anastomosis, 
providing the best support to the sphincter. The key points of 
the TAR technique, which makes it unique in the scenario of 
urethro-vesical anastomosis, are the following:

• Preservation of pubo-prostatic ligaments: the incision of 
the endopelvic fascia together with the preservation of 
these ligamentous structures allows for a precise apex dis-
section. Even when suturing the DVC, the surgeon must 
pay attention to the ligaments’ preservation.

• Bladder neck incision: this phase must be performed in a 
bloodless operative field, in order to easily identify the 
retrotrigonal fascia and preserve it, since it will be impor-
tant in the posterior reconstruction’s phase.

• Incision of posterior Denonvilliers’ fascia: the previously 
cited U-shape incision allows for a more effective 
reconstruction.

• Management of prostatic apex: the surgeon should pay 
major attention in the apical dissection, trying to avoid the 
use of electrocauterization as much as possible. The dis-
section should always be performed remembering the 
high anatomical variability and the goal to obtain negative 
surgical margins.

• Multi-layer reconstruction: the creation of a double ante-
rior and a triple posterior layer allows the creation of a 
tension-free anastomosis, providing optimal tissue vascu-
larization, and helping the healing process.

The results of this technique are encouraging. In the study 
by Porpiglia et  al. [32], which represent the first study 
describing the TAR technique, 252 patients were included. 
The median IPSS-score was 7 and 85% of patients were 
affected by intermediate or low risk prostate cancer, as clas-
sified accordingly to the D’Amico Score. Among the patients, 
a percentage of 77.8%, 89.3%, 89.3%, 94,4% and 98% of 
patients were continent at 1, 4, 12 and 24 weeks after the 
surgical procedure, respectively. Five cases of postoperative 
urinary incontinence were recorded: in one case, urodynamic 
study revealed the presence of detrusor hyperactivity causing 
severe incontinence; in the latter four patients, of which three 
were affected by mild incontinence, the postoperative stress 
was pointed out as the causing factor of the incontinence. 
Univariate analysis found a significative correlation between 
the nerve sparing (NS) approach and the functional outcome, 
being the full NS approach associated with the best results. 
After performing a multivariate analysis, the low and inter-
mediate malignancies, as classified by the D’Amico classifi-
cation, were associated with the best functional results. After 
1000 procedures, the results were slightly adjusted. The con-
tinence rates at 24 h and after 1, 4, 12, 24 and 48 weeks after 
the removal of the catheter were 61.6%, 58.93%, 79.66%, 
90.48% and 94.84% respectively. In this population of 
patients, an analysis of the potency outcomes was also per-
formed. Overall, 102 patients underwent a full NS bilateral 
procedure whilst 18 patients reported an andrological drop- 
out. After considering this data, the overall. Potency recov-
ery rate was 24.82%, 38.20%, 58.10%, 67.74% and 74.90% 
at 1, 3, 6 and 12 months respectively. The main factors influ-
encing the preservation of urinary continence after RARP 
with TAR, as proven by multivariate analysis, were the nerve 
sparing approach, the D’Amico risk group, the execution of 
ePLND and the prostatic volume [33]. The impact of the 
aforementioned factors on postoperative results may be in 
relationship with two reasons: the need to perform a more 
demolishing surgical approach during the procedure and 
potential involvement of the sacral plexus.

 RARP with TAR in Previously Treated Prostate

As it is widely known, the prostate and the surrounding tis-
sues are altered by the surgical maneuvers, since the inflam-
mation caused by capsular perforation and fluid absorption 
during the endoscopic procedure determines tissue altera-
tion. In particular, it is more challenging to find and dissect 
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anatomical planes, making nerve sparing procedures very 
difficult to fulfill; in addition, the bladder neck reconstruc-
tion phase is characterized, in the postoperative period, by 
higher rates of urinary leak and urethro-vesical anastomosis’ 
stricture [34, 35].

In a dedicated study [36] a sub-cohort of patients, who 
underwent previous prostate endoscopic surgery for BPH, 
was analyzed. A total of 40 patients underwent RARP with 
TAR after previous surgery for BPH: specifically, 36 patients 
underwent TURP, one Greenlight photo vaporization of the 
prostate, one open adenomectomy (Millin technique) and 
two open transvesical adenomectomy. There was no 
 intraoperative conversion to open surgery nor complication 
and, in all patients, it was possible to execute a nerve sparing 
approach. In ten cases, it was necessary to perform a bladder 
neck reconstruction: in this subgroup, the catheter was main-
tained for 7 day after the procedure and, before the removal, 
a retrograde cystography was executed, revealing urine leak 
in seven patients. This Clavien 1 complication was treated in 
all cases with further maintenance of the catheter for a mini-
mum of 3 days. There were no cases of urethra-vesical anas-
tomosis’ stricture and, after bilateral NS procedure, 73.9% of 
patients had sexual intercourse. Continence rate at 1, 4, 12, 
24 and 52 weeks from the procedure was 77.5%, 82.50%, 
90%, 92.5% and 95% respectively. In 20% of the patients, 
positive surgical margins were found at the pathological 
examination: in 75% of the cases, the malignancy was locally 
infiltrating (≥pT3). At 90 days after RARP, eight complica-
tions (Clavien I) were reported. The results showed that the 
functional results of this specific group of patients was not 
affected by a history of previous prostate surgery. 
Nonetheless, is important to underline that all procedures in 
the reported series were performed by a single expert laparo-
scopic surgeon (F.P.) in a high-volume tertiary referral cen-
ter, confirming that the surgeon’s experience plays a crucial 
role in the management.

 Conclusions

The robot-assisted radical prostatectomy, after decades of 
surgical evolution, still represents one of the most fascinat-
ing and challenging procedures in the urological field. The 
impact of this surgical act on the patient’s quality of life has 
become object of major interest, given the great and largely 
proven oncological results. During the years, many surgeons 
have given their contribution, with the aim to find the best 
surgical technique to reach the best functional results in 
terms of urinary continence and potency preservation. In this 
scenario, the TAR technique has proven to be feasible, safe 
and effective, giving the chance to obtain, in experienced 
hands, optimal results and to offer a satisfying postoperative 
quality of life to patients.
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20Transperitoneal RALP Retzius-Sparing 
Approach: Bocciardi Technique

Aldo Massimo Bocciardi, Stefano Tappero, 
Mattia Longoni, Paolo Dell’Oglio, and Antonio Galfano

 Introduction

In developed countries prostate cancer (PCa) represents the 
most common solid organ malignancy of the male popula-
tion [1]. Robot-assisted radical prostatectomy (RARP) is the 
gold standard for surgical removal of the prostate according 
to the European Association of Urology (EAU) [2] and the 
American Urological Association (AUA) guidelines [3].

The goal of a RARP is to achieve complete cancer control 
while preserving urinary and sexual faculties. Several varia-
tions of the original standard retropubic template have been 
designed and standardized, aiming to make the most of the 
potentiality of the robotic technology and minimize the inner 
comorbidities and sequaele of the prostate removal [4, 5].

Retzius-sparing robot assisted radical prostatectomy 
(RS-RARP) was conceived by Aldo Massimo Bocciardi at 
Niguarda Hospital of Milan in 2010 [6]. As the Montsouris 
technique, the RS-RARP starts with the incision of the retro-
vesical pouch [7], but subsequently the whole prostatectomy 
is exclusively carried out through the Douglas space.

The rationale of this approach stems on the preservation 
of all the structures thought to play a role in continence and 
potency preservation:

• The pubo-prostatic ligaments stabilize the prostate, the 
urethra and the bladder to the pubic bone and are consid-
ered an important part of the suspensory system of the 
continence mechanism [8, 9]. The preservation of these 
ligaments may improve early recovery of urinary conti-
nence as well as the preservation of the endopelvic fascia, 
whose parietal component covers the medial aspects of 
the levator ani muscle while the visceral component cov-
ers the pelvic organs, including prostate, bladder and 
rectum.

• The prostate artery terminates in two main pedicles: a 
posterior pedicle surrounding seminal vesicles and defer-
ential ducts reaching the prostate base and an anterior 
pedicle running to the prostate apex as an anterior capsu-
lar branch. The anterior pedicle, when preserved, might 
relate with postoperative erectile function and penile 
integrity because it may be responsible for the ancillary 
penile blood flow [10, 11].

• The network of vascular and nervous fibers surrounding 
the lateral aspect of the bladder neck, the proximal pros-
tate, and the seminal vesicles in a cage-like fashion is 
known as neuro-vascular bundle and it is responsible for 
the mechanisms of urinary continence, erection and 
ejaculation [8]. Since one-third of the periprostatic 
nerves course anteriorly and anterolaterally [12], pro-
ceeding through the posterior path most of them are 
spared.

Lack of identification of these structures during radical 
prostatectomy may potentially result in inferior oncologic 
results as well as in a higher risk of incontinence or erec-
tile dysfunction [8].

Thus, the bladder is not detached, the surgical trauma is 
minimized, and the normal pelvic anatomy is maximally pre-
served, leading to an enhanced urinary continence recovery 
(UCR) [4]; this is crucial since incontinence is one of the 
most feared and, perhaps, under-reported complications of 
RARP, which strongly affects the quality of life (QoL) of the 
patient [13].

After more than 2000 of cases performed at the Niguarda 
Hospital in a decade and several thousands throughout the 
World, in 2020, the EAU guidelines included RS-RARP among 
the available surgical treatments for prostate cancer [2].
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 Surgical Technique

The patient is placed in a steep Trendelemburg position (25–
30°) and pneumoperitoneum is induced either by an open 
Hasson technique, preferred in case of suspect of intra- 
abdominal adhesions, or using a Veress needle.

A front and a side docking of the patient cart are required 
for the Da Vinci Si and Xi platforms, respectively.

Transperitoneal port placement is performed under 
direct vision in the same fashion displayed in Fig. 20.1. The 
30° lens camera is accommodated through the latero-
umbilical 12-mm trocar, downwards oriented during the 
first phase of the procedure and upwards after the dissec-
tion of the seminal vesicles. The main operative arms are 
placed in 8-mm trocars with the monopolar scissor on the 
right, in the midline between the umbilicus and the right 
anterior superior iliac spine (ASIS), and the bipolar 
Maryland forceps on the left, at least two fingerbreadths 
medially and cranially to the left ASIS. A third 8-mm trocar 
for a grasper instrument (usually a Cadiere forceps) is 
placed on the left, at two-thirds along the line connecting 
the camera and the Maryland ports and 2–3 fingerbreadths 
cranially to the umbilicus. A 12-mm and a 5-mm ports are 
positioned for the assistant on the right, with the first one 
connected to the Airseal insufflation system when recom-
mended. The 12-mm assistant port is placed directly 
between the two right-sided robotic ports approximately 
3 cm superior to a line drawn between the two trocars and 
the 5-mm assistant port is placed at least two fingerbreadths 
superomedial to the right ASIS.

Especially in obese patients or in case of narrow and small 
pelvis, the release of the adhesions of the left colon may be 
key in expanding the operatory field and displacing the bowel 
cranially. The so-called Pansadoro stitch may further help 
retracting the colon backwards; this suture (Ethilon 2-0, 
straight needle) passes through the 5-mm assistant port and 
gently retracts the sigma stretching its epiploic appendixes 
(Fig. 20.2).

A horizontal semicircular incision is made at the level of 
the vas deferens, identified as an arch anterior to the rectum, 
about 1  cm over the reflection of the Douglas space 
(Fig.  20.3). Vas deferens and seminal vesicles are isolated 
and incised, possibly avoiding cautery (Fig. 20.4). Once the 
seminal vesicles are completely dissected down to the pros-
tatic base, two transabdominal suprapubic stitches (Ethilon 
2-0, straight needle) can be passed to lift the bladder and 
retract the seminal vesicles, with a significant widening of 
the surgical space (Fig. 20.5a–c).

Depending on the clinical assessment of the malignancy 
and the preoperatory functional conditions of the patients the 
nerve-sparing plane is chosen. Hence, the 30° camera is 
turned upwards and the dissection of the posterior aspect of 
the prostate begins with the incision of the Denonvillier’s 

ML
8 mm

LL
8 mm

C
12 mm

R
8 mm

A1
5 mm

A2
12 mm

Fig. 20.1 Port positioning. C camera, R right robotic arm, ML medial 
left robotic arm, LL lateral left robotic arm, A1 right assistant arm, A2 
left assistant arm

Fig. 20.2 Pansadoro stitch (A epiploic appendix of the sigma)

Fig. 20.3 Incision of the peritoneum (P)
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fascia from the midline where the slightly less dense vascu-
larization usually offers a clearer plane. The dissection pro-
ceeds towards the prostatic capsule reaching an inter- or 
intrafascial plane.

The upwards oriented traction offered by the Cadiere 
grasper is crucial while bluntly dissecting the postero-lateral 
surface of the prostate from the Denonvillier’s fascia antero-
gradely down to the prostate apex. Approaching the apex 
along the midline and proceeding laterally to the bundles 
yields a harmless isolation of the prostatic pedicles 
(Fig. 20.6). Thus, the lateral prostatic pedicles are sectioned 

and the neurovascular bundles are fully/partially spared or 
sacrificed according to the planned surgical strategy.

Once dissected the postero-lateral aspects of the prostate, 
the bladder neck is identified pushing downwards the semi-
nal vesicles with the Cadiere forceps. The vesico-prostatic 
junction is reached from its posterior surface through a blunt 
dissection of the vesico-prostatic muscle (or posterior detru-
sor apron) [14] which lays over the circular fibers of the 
detrusor (Fig. 20.7).

The bladder neck isolation is complete when the anterior 
surface of the vesico-prostatic junction can be surrounded by 

Fig. 20.4 Vas deferens (DEF) and seminal vesicle (SV) isolation

a

c

b

Fig. 20.5 (a–c) Sequence of positioning of the suprapubic stitch and retraction of the seminal vesicle

Fig. 20.6 Isolation of the prostatic pedicle (PP)
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the Maryland forceps. At this point, two quickly absorbable 
stay stitches (Vycril rapide 3-0, curve needle) at 6 and 12 
o’clock in the bladder neck help fixing the mucosa and rec-
ognizing both starting and ending points of the following 
anastomosis. This maneuver also helps keeping the bladder 
neck closed during the dissection and avoids urine spillage 
against the camera.

The isolation bluntly advances on the anterior surface of 
the prostate, carefully avoiding opening the Dorsal Vascular 
Complex (DVC, the Santorini plexus), whenever technically 
feasible.

Since more than one-third of the striated urethral sphinc-
ter’s surface area is located ventrally to the DVC [15], spar-
ing the DVC reduces the damage to the urethral sphincter 
and may allow an earlier recovery of the continence [14].

In case of locally advanced anterior prostate cancer, an 
extra-fascial dissection usually implies a partial or complete 
resection of the Santorini plexus.

When the apex is circumferentially isolated (Fig. 20.8), 
the urethra can be resected and the prostate removed from 
the pelvis into an endobag.

A modified Van Velthoven anastomosis with two separate 
15-cm barbed sutures (V-Loc 3-0, 5/8 needle) is performed 
as follows: left anterior quadrant (12 o’clock–9 o’clock); 
right half circle (12 o’clock–6 o’clock); left posterior quad-
rant (9 o’clock–6 o’clock). The length and the number of the 
sutures may vary depending on the width of the bladder neck 
(Fig. 20.9a, b).

If the anastomosis proves to be watertight (200–300 cc) 
the transurethral catheter can be removed and a supra-pubic 
tube (SPT) positioned under direct vision by the table assis-
tant. The SPT is commonly better tolerated and thereby it is 
meant to reduce the patient discomfort and faster the dis-
charge at home. The SPT is also safer than the transurethral 
catheter as its involuntary tractions are less likely related to 
anastomosis damages or urethral strictures.

Fig. 20.7 Bladder neck (BN) dissection (P prostate) Fig. 20.8 Dissection of the urethra (U) (C bladder catheter, P prostate 
apex)

a b

Fig. 20.9 (a, b) Beginning of the anastomosis from 12 o’clock position; (a) on the urethra (from outside to inside); (b) on the bladder neck (from 
inside to outside)

A. M. Bocciardi et al.
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 Outcomes

The available literature regarding RS-RARP is gradually 
growing as several institutions worldwide adopted the poste-
rior technique as routinary approach for radical prostatec-
tomy and began publishing their comparative results [16].

As the surgeons become more familiar to the Retzius- 
sparing technique, a noteworthy improvement of the onco-
logic and functional outcomes is recorded, although a 
reasonable expertise cut-off between novice and skilled 
operators still has not been properly stated [5, 16, 17].

A consistent lack of evidence regarding the reliability of 
the RS-RARP in the specific setting of high-risk patients still 
needs to be filled since currently the available published 
RCTs only focused on low and intermediate PCa patients.

 Positive Surgical Margins (PSMs)

Several retrospective and prospective cohort studies reported 
variable PSM rates predominantly due to the different inclu-
sion criteria the patients were selected with, and to the sur-
geon’s expertise in RS-RARP (Table  20.1). A systematic 
review of the literature found RS-RARP prone to a higher 
rate of PSMs, especially in case of anterior tumours [18] but 
ought to be disclosed how in the considered studies the sur-
geons had extensive expertise for S-RARP and initial exper-
tise for RS-RARP.

When the comparison concerned two large cohorts of 
standard and Retzius-sparing prostatectomies performed by 
a single surgeon extensively proficient in both techniques, 
the PSM rates did not significantly differ [19, 20].

 Urinary Continence (UC)

The posterior approach yields a faster and higher recovery of 
continence as its aforementioned anatomical rationale let 
foresee. A significative advantage in terms of immediate 
continence recovery rate was assessed by several single sur-
geon series studies [20–22], and moreover it was found to be 
related to a minor bladder neck descent at postoperative cys-
tography [23].

A recent meta-analysis and systematic review by 
Checcucci and colleagues registered a statistically signifi-
cant and persistently improved continence at 1, 3, 6, and 
12 months, without increased risk of complications [18]. The 
quality of life (QoL) after prostatectomy as banner outcome 
of the prostatic surgery was specifically evaluated by Egan in 
2020, who emphasized how overall QoL was significantly 
better in men undergoing RS-RARP rather than S-RARP at 
any time along the 12-month follow-up period [24].

 Erectile Function (EF)

Potency recovery is clearly dependent on the oncological 
feasibility of an anatomically conservative surgery. Up-to- 
date, potency remains a secondary and mostly under-reported 
outcome of the available literature. The last metanalysis 
regarding the argument did not find any differences in terms 
of return to intercourses after surgery between anterior and 
posterior techniques [25].

Selecting from the Niguarda Hospital series the <65 years 
old preoperatively potent patients, undergone fully 
 intra- fascial nerve-sparing surgery, the 38% reported a com-
plete sexual intercourse within 1 month from surgery, rising 
to 65%, 77% and 81% at 3, 6 and 12 months respectively, 
with a median time to erectile function recovery of 48 days. 

Table 20.1 The Bocciardi Approach around the World

Author, year Country Patients (n)

Surgeon’s 
expertise in 
RS-RARP

PSMs 
(%)

Lim, 2014 [5] South 
Korea

50
No risk group 
classification

Initial 14

Dalela, 2017 
[22]

USA 60
Only low- 
intermediate 
grade PCa

60 cases 25

Sayyid, 2017 
[27]

USA 100
27% high risk 
PCa

Initial ≤T2: 
16.7
>T3: 
47.1

Chang, 2018 
[23]

Taiwan 30
No risk group 
classification

Initial 23.3

Eden, 2018 [28] UK 40 Initial T2: 
16.7
T3: 
31.8

Menon, 2018 
[29]

USA 60
Only low- 
intermediate 
grade PCa

60 cases Focal: 
13.3
Non- 
focal: 
11.7

Asimakopoulos, 
2019 [21]

Italy 45
Only low- 
intermediate 
grade PCa

Initial T2: 19
T3: 
41.2

Lee, 2020 [19] South 
Korea

609 Advanced 
(including 
initial)

T2: 11
T3: 36

Egan, 2020 [24] USA 70
No risk group 
classification

Initial Focal: 
27.1
Non- 
focal: 
7.1

Umari, 2021 
[20]

UK, 
Italy

282
37.2% high 
risk PCa

Advanced 
(including 
initial)

15.6
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Besides, the 12-months sexual recovery rate was 43% when 
considering high-risk patients submitted to mono- or bilat-
eral nerve sparing RS-RARP.

 Complications

Rosemberg performed a metanalysis of 5 RCTs, overall 
including 502 patients, and did not highlight disparities in 
adverse events between standard and posterior RARP, 
although with a very low-certainty level of evidence [25]. 
Likewise, both Phukan [26] and Checcucci [18], considering 
retrospective and prospective series comparative studies, did 
not encountered RS-RARP being related to higher overall 
and major complication rates.

Unpublished data of the Niguarda Hospital series mirror 
the current literature evidence in terms of RS-RARP compli-
cations rate. Overall, the major intraoperative adverse events 
are mainly associated to the trocars positioning and the 
lymph nodes dissection, being the injuries of the external 
iliac vessels the most common complications (0.48%). The 
most common post-operatory Clavien ≥3 complication was 
the infection of lymphocele needing for percutaneous drain-
age (3%).

 Conclusions

This chapter provides an overview of the key steps of the 
Retzius-sparing RARP with its anatomical landmarks. 
RS-RARP enhances early urinary continence recovery with-
out compromising oncologic safety. Current literature mainly 
considers low and intermediate risk prostate cancer patients, 
thereby prospective multicentric data regarding high-risk 
patients will be crucial in widening the indication and eluci-
dating strength points and pitfalls of this approach.
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21Transperitoneal Robot-Assisted 
Laparoscopic Radical Prostatectomy 
Retzius-Sparing Approach: Yonsei 
Technique

Sylvia L. Alip, Periklis Koukourikis, and Koon Ho Rha

 Introduction

The past decade has seen an exponential growth in robot- 
assisted prostatectomy cases potentially unmatched by any 
other shifting trend in urology in recent times. It is arguably 
one of game changers of the field, with its increasing acces-
sibility, attractive learning curve (compared to most 
minimally- invasive approaches), and rigorous industry- 
driven support. In the United States alone, the shift to robotic 
from traditional laparoscopic and open surgery has seen a 
376% rise in a decade [1]. It is no surprise that an explosion 
of modifications, variations, and nuances for the approach 
have been explored. Major areas of contention include: sin-
gle port versus multi-port, extraperitoneal versus transperito-
neal, anterior versus posterior approaches, retropubic versus 
perineal, all of which are addressed in various segments in 
this book.

As with previous pioneering Retzius-sparing modifica-
tions discussed elsewhere in the text, the theoretical basis of 
the authors’ technique is the preservation of the neurovascu-
lar bundles (NVBs) and Aphrodite veil, puboprostatic liga-
ments, accessory pudendal arteries and Santorini plexus, 
which all help to preserve potency and continence [2–4]. The 
Retzius-sparing approach affords the advantages of both the 
perineal approach and retropubic approach in the minimally- 
invasive setting.

This theoretical advantage has translated into multiple 
retrospective [5–7] and prospective randomized controlled 
trials [8] comparing the anterior and posterior approaches, 

emphasizing an earlier return to continence in most studies, 
but with similar long-term outcomes in functional recovery 
and quality of life.

 Pre-operative Evaluation and Post-operative 
Medical Management

In the author’s institution, each patient comes in with a pros-
tate specific antigen (PSA) measurement, a prostate MRI, 
and a prostate biopsy. Biopsies are usually done using mag-
netic resonance imaging (MRI)-fusion transperineally or tra-
ditional transrectal ultrasound-guided double sextant 
biopsies. Biopsies done in an outside institution are routinely 
reviewed by the institution’s in-house pathologist. An MRI is 
performed nearing the patient’s admission or on the day of 
admission. A bone scan is done for high risk and intermedi-
ate risk disease. The patient is admitted a day before the sur-
gery, during which baseline data for continence, potency and 
sexual health, lower urinary tract symptoms and bladder 
function are assessed with validated questionnaires. Blood 
tests include a basic electrolyte and kidney function panel, a 
complete blood count, a urinalysis and urine culture.

The authors employ wide patient selection and all radical 
prostatectomies are performed with this approach. Both 
localized prostate cancer and locally-advanced disease are 
candidates for the procedure. Decision making for oligomet-
astatic disease is shared with the patient, and all therapies are 
offered and discussed. Metastatic disease is treated 
hormonally.

Pre-operative preparation does not routinely entail ene-
mas or rigid diet restriction. Prophylactic antibiotics are 
similar to most guidelines employing a first generation ceph-
alosporin or an extended Beta-lactam/Inhibitor combination 
[9]. The urine is ensured sterile prior to the operation.

The length of stay in our institution averages 5 days. The 
pelvic drain is removed on the second day post-operatively. 
Patients are sent home with a urethral catheter. The first out-
patient follow-up visit is on Day 8–10 after the operation, 
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where the catheter is removed and voiding is observed imme-
diately post catheter removal; a uroflowmetry is also done at 
this time. The first serum PSA determination is 6  weeks 
 post- operatively. After which it is measured on months 3, 6, 
and 9, then q6–12 months thereafter, congruent with multi- 
institutional guidelines [10–12].

 Patient Positioning, Trocar Insertion 
and Peritoneal Access

 Da Vinci Si Template

The patient is initially positioned in a low lithotomy position 
in YellowFins stirrups (Allen Medical, MA, USA) with the 
knees at >90° of flexion, and the hips at 45° of flexion. All 
pressure points are padded and the patient is strapped to the 
operating table. Povidone iodine preparation and draping are 
done. An initial 1 cm incision is done in the supraumbilical 
area to ensure a snug fit of the optical trocar. The 12 mm 
vision port is placed using a Veress needle approach and 
secured to the skin with a single suture; the pneumoperito-
neum is set at 12 mmHg. The 0° endoscope is inserted and an 
initial survey of the intraperitoneal area is done to check for 
adhesions and overt pathologies or abnormalities. Robotic 
and assistant ports are then inserted as in Fig. 21.1, along a 
line 15 cm from the upper border of symphysis pubis, with 
an 8  cm distance between ports. If adhesions are encoun-
tered, it is the authors’ preference that all ports that may be 

placed safely are inserted and the robot is docked with lysis 
of adhesions performed robotically prior to completion of 
port insertion. If only the assistant ports are initially deemed 
safe for insertion, laparoscopic adhesiolysis is performed 
prior to docking the robot. After all ports are inserted, the 
patient is repositioned to a 30° Trendelenburg and the robot 
is docked in between the patient’s legs.

It is noteworthy that the Yonsei technique departs from 
earlier Retzius-sparing techniques [13] in that the 12 and 
5 mm assistant ports (and consequently, the bedside surgeon 
assist) are on the patient’s left. This configuration is easily 
adapted by left and right-handed surgeons alike in the 
authors’ institution.

The EndoWrist Maryland bipolar forceps is inserted into 
Arm 2 in the left side, the Endowrist monopolar curved scis-
sors is inserted into Arm 1 in the right side, and the Endowrist 
Prograsp forceps (all Intuitive Surgical, CA, USA) is inserted 
into Arm 3  in the right side. The 12 mm assist port is for 
titanium, Weck Hem-o-lok (Teleflex, NC, USA), Lapra-Ty 
(Ethicon, Somerville NJ, USA) clip appliers, insertion and 
removal of surgical sutures, and introduction of the specimen 
bag. The 5 mm assist port is for the suction apparatus and 
drain placement.

 Da Vinci Xi Key Differences

Two new features introduced by the Da Vinci Xi that are 
relevant to technique modifications are the Port-hopping 
technology, which enables any of the four robotic arms to 
carry the endoscope, and the 8  mm diameter endoscope 
[14], which allows for smaller incisions. In the Xi set-up, 
trocar placement is the same as in Si. Instruments maintain 
their relative positions. Arm designations are from the 
patient’s left to right, Arm 1–4, with Arm 2 carrying the 
endoscope. The 0° camera is used. An additional feature of 
the Xi is the ability to change the direction of the 30° 
endoscope with the press of a button, the authors do not 
switch angles during different parts of the surgery as the 0° 
endoscope is used throughout the procedure; however, this 
may be done when preferred. The assistant ports are the 
same as in Si.

 Da Vinci SP Key Differences

The authors perform a pure single port Retzius sparing robot- 
assisted laparoscopic radical prostatectomy (SP-RSRARP) 
using the Da Vinci SP. The incision is a single supraumbilical 
incision measuring 3.5–4 cm that is fitted with an Alexis O 
wound protector/retractor (Applied Medical, Rancho Santa 
Margarita, CA, USA). The Da Vinci SP cannula with a 
2.5  cm inner diameter is fitted into the GelPOINT Access 

Fig. 21.1 Clear numbered circles 0–3, 0 being the vision port, and 1–3 
being robotic arms 1–3. Dark numbered circles 5, 10 are the assistant 
ports, 5 and 10 mm. Dark vertical line is a 15 cm distance from the 
superior border of the pubic symphysis to a line bisecting all ports. The 
dashed lines are an 8 cm distance between all ports
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Platform (Applied Medical, Rancho Santa Margarita, CA, 
USA) at the caudad 6 o’clock position and a 1.2 cm cannula 
in the 2 o’clock position as the single assistant port, as in 
Fig. 21.2. The Da Vinci SP cannula can be rotated to position 
the camera at each of the four quadrants (with the boom 
rotating and docking to match the camera position); authors 
prefer the “camera down” position, which places the camera 
at the craniad 12 o’clock position, and as the inferior-most 
arm in the intraoperative view. The three instrument arms’ 
positions are the same as for the Si. A single assistant port is 
used for all tasks of the bedside surgeon.

 Revo-I Key Differences

The Revo-i (Meerecompany Inc., Seongnam, Republic of 
Korea) is a Korean-developed robot that functions much like 
the Da Vinci Si, with a surgeon console, a robotic patient cart 
with four arms, and a vision cart (Fig. 21.3). Multiple pub-
lished studies have described the feasibility and ease of use 
of the Revo-i in urologic operations [16], and in other surgi-
cal fields [17–20]. The Revo-i has been increasingly used in 
the authors’ institution for RSRARP since its Ministry of 
Food and Drug Safety approval for commercial use in 2018 
[15]. The initial peritoneal access, trocar positions and instru-
ment positions (albeit using Revo-i compatible robotic bipo-
lar forceps, grasping forceps, and monopolar shears) are the 
same as those described for the Si.

Fig. 21.2 Da Vinci SP single port configuration; the camera appears 
below in the intraoperative field, the “camera down” position

Fig. 21.3 The Revo-i vision cart, surgeon console and patient cart [15]
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 Surgical Technique

 Radical Prostatectomy

Lysis of attachments of the cecum and sigmoid is important 
in allowing the bowel to fall back into the abdomen by grav-
ity, emptying the pouch of Douglas. In the authors’ institu-
tion, this is done for sigmoid colon, and the ileocecal area, if 
needed. The proximal extent of the dissection is indicated as 
the attachments surrounding the 12  mm assistant port are 
reached (Fig. 21.4).

The Prograsp forceps lifts up the peritoneum covering the 
bladder. The peritoneum is incised 5 cm above the reflection 
of the Douglas space, midway between the impression of the 
seminal vesicles and the transverse vesical fold (Fig. 21.5a). 
This is higher than traditionally described by Bocciardi and 
Galfano [13]. The authors have found that this has allows for 
a larger working space posterior to the prostate and prevents 
collapse of the posterior bladder wall obstructing the field, 
without the need for bladder stay sutures. Dissection is con-
tinued leaving a thin peritoneal fold posteriorly, locating the 
vas and seminal vesicles. Efficient traction of the Prograsp 
forceps, adequately tenting the field of dissection over the 
posterior bladder wall is important in avoiding bladder 
injury. The vasa are clipped and ligated at their take-off later-
ally (Fig. 21.5b). Upon freeing each vas, the forceps is repo-
sitioned to exert traction on the vas in an upward and 
contralateral direction; the seminal vesicles are freed off the 
surrounding tissue, using a combination of titanium clips, 
and sharp dissection. The authors find it helpful to decom-
press the seminal vesicle by incising its substance and suc-
tioning the contents. This facilitates ease of handling and 
more efficient Prograsp traction.

The Denonvillier fascia is peeled off from the posterolat-
eral surface of the prostate in a gentle sweeping motion and 
dissection proceeds in an antegrade fashion. The role of the 
assistant is to exert controlled counter-traction in pushing 
down the Denonvillier’s fascia (Fig. 21.6). Proper exposure 
of dissection planes is invaluable in avoiding rectal injury. 
Diathermy is avoided as posterior dissection proceeds 
towards the apex of the prostate.

Attention is brought to the lateral prostate maintaining 
athermic dissection in the intrafascial or interfascial plane, 

Fig. 21.4 Proximal extent of dissection in the sigmoid mesentery; 
10–10 mm assistant port. S—Sigmoid mesentery

a b

Fig. 21.5 (a) Initial incision showing the position of the three arms, 
(b) transection of the right vas deference showing the lower most instru-
ment as the titanium clip applier controlled by the surgeon assistant 

from the 10 mm port (doubling as a counter-traction instrument); solid 
line—transverse vesical fold, dashed line—impression made by the vas 
deferens
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Fig. 21.6 Posterior dissection at the Denonvillier fascia. The lower-
most instrument is the assistant suction from the 5  mm port. The 
Denonvillier fascia is the thick white structure in the middle of the field. 
A seminal vesicle is shown in the left of the field

Fig. 21.7 Lateral dissection in the area of the right neurovascular bun-
dle (NVB). The right NVB is the clipped structure in the middle of the 
field. The Prograsp forceps is lifting the prostate upwards and 
contralaterally

a b

Fig. 21.8 (a) Dissection at the apex and urethra. The prostate is the white structure at the center of the field. The seminal vesicles are partly seen 
at the lower left of the field. (b) The catheter is retracted and the urethral transection is completed

until the apex of the prostate is reached. At this point in the 
dissection, the Prograsp forceps is reapplied to lift the prostate 
upwards towards the pubic symphysis and contralaterally, 
away from the neurovascular bundle (NVB), which runs pos-
terior to the former. Care is taken to preserve bilateral NVBs 
without compromising surgical margins. The authors use tita-
nium clips and cold shears in approaching the NVB (Fig. 21.7).

After meticulous posterior and lateral dissection, the 
Prograsp forceps is repositioned to exert traction on the right 
pelvic side wall, as the prostate is pulled contralaterally by 
the surgeon’s left hand, aided by the assistant (Fig. 21.8a). 
The urethra will then come into view. The transection of the 

urethra is done, and the Foley catheter identified and 
retracted. Urethral transection is completed using sharp dis-
section (Fig. 21.8b).

The vesicoprostatic junction is identified. The starting 
point of this dissection is the anterior surface and base of the 
seminal vesicles. The Prograsp forceps is repositioned to 
hold the bladder up, the left Maryland exerts downward trac-
tion on the prostate and seminal vesicles, while dissection 
continues on their anterior surface peeling them off the pos-
terior bladder serosa and bladder neck. The bladder is 
entered, and the Foley catheter identified, ensuring grossly 
adequate surgical margins (Fig. 21.9).
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Fig. 21.9 The vesicoprostatic junction and entry into the bladder 
lumen

Fig. 21.10 Placement of anterior sutures. The left suture is shown. The 
catheter marks the urethral lumen, while the white dashed line encircles 
the entry into the bladder lumen

Fig. 21.11 Placement of posterior sutures after the catheter is inserted 
into the bladder. The left suture is being handled by the instruments. 
The right suture is anchored taut into the right abdominal fat and is 
indicated by a white arrow

The prostate is now expected to be mobile with few 
remaining attachments, most commonly to the posterior 
Denonvillier fascia. The prostate is rolled off the prostatic 
fossa combining effective traction and sharp dissection. The 
specimen bag is inserted and the prostate secured within. 
Diligent hemostasis of the prostatic fossa is accomplished 
prior to creation of the anastomosis.

The authors use a polydioxanone barbed 2-0 suture with 
triangular stopper for a knotless first bite, Monofix PDO 
(Polydioxanone; Samyang Biopharmaceuticals Corp, Seoul, 
South Korea) for the urethrovesical anastomosis. The anasto-
mosis is done anteriorly in a single-layer running fashion 
with two threads (one running from 12 o’clock to 6 o’clock 
from the right, and one in the left), first securing the anterior 
bladder to the anterior urethra (Fig. 21.10). After the anterior 
sutures are in place, the catheter is inserted all the way up to 
the bladder to serve as a guide in keeping the lumen open for 
the posterior stitches, after which the posterior sutures are 
completed. (This is in contrast with conventional anterior 
RARP, in which the posterior sutures are accomplished first.) 
(Fig.  21.11) The Yonsei technique again departs from the 
Galfano technique with posterior urethrovesical sutures all 
placed in an inside-to-outside fashion to avoid inadvertent 
injury to the catheter (Fig. 21.12); the catheter is also manip-
ulated periodically to make sure it is untethered. After the 
bites are placed circumferentially, the working catheter is 
replaced with a 14-Fr silicone catheter and a leak test is done 
with 150 mL of saline. The anastomosis is secured with a 
Lapra-Ty clip on each suture end, or knotting both ends 
together. The peritoneal incision is closed in a running fash-
ion with a single layer of a barbed absorbable suture.

 Pelvic Lymph Node Dissection

Several templates of pelvic lymph node dissection (PLND) 
are noted in literature, the classification by Ploussard is 
used here [21]. A more extensive discussion of this is 
available in the succeeding chapters. The standard tem-
plate (sPLND) excises the lymph nodes in the external 
iliac, obturator, and hypogastric packets. The extended 
template (ePLND) includes all packets in the sPLND and 
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Fig. 21.12 The inside-to-outside Yonsei technique of suturing the pos-
terior anastomosis to avoid catheter injury. Dashed lines are impres-
sions of sutures under the tissue

Fig. 21.13 The Yonsei incision for a left pelvic lymph node dissection. 
The dashed line indicates the left vas impression, the solid line indi-
cates the left medial umbilical ligament, the end of the peritoneal clo-
sure after the prostatectomy is indicated by the Lapra-Ty clip in the 
lower right of the field

the proximal common iliac nodes. The limited template 
which has fallen out of favor and is considered to be inad-
equate [21, 22]. Guidelines are in agreement that, although 
positive nodes are detected at an increased rate in the 
extended template, this has not translated into a survival 
benefit [11, 23]. The authors’ technique is to routinely 
remove nodes in the standard template for patients with 
≥2% risk of nodal metastases [12, 24, 25], and to use the 
extended template if grossly enlarged lymph nodes are 
noted intraoperatively, or as a shared decision with younger 
patients. An alternative is to use a risk cut-off of over 5% 
to identify candidates for ePLND [10]; some advocate per-
forming an ePLND routinely in all patients in lieu of 
sPLND [12].

Briefly, the Yonsei standard template dissection begins 
with a diagonal incision paralleling the vas, continuing prox-
imally towards the bifurcation of the common iliac. This 
exposes an area bordered by the external iliac vein laterally, 
the obturator vessels internally, and the medial umbilical 
ligament as the medial border of the incision in the perito-
neal fold (Fig. 21.13). The incision is typically 2–3 cm. The 
traction of the assistant surgeon maximizes exposure despite 
the smaller incision that ensures that the Retzius space is 
truly preserved. The node of Cloquet indicates the distal 
extent of the dissection, while the bifurcation indicates the 
proximal extent. The authors’ prefer ligation of the vas seg-
ment contained in the field above. Muscular perforators are 
controlled using bipolar cautery, and a cut-and-roll motion 
over the anterior surface of vessels and nerves helps facilitate 
complete nodal excision.

 Specimen Extraction and Surgical Closure

A drain is inserted into the 5 mm assistant port and guided by 
the surgeon into the pelvis. The instruments are removed, and 
the robot is undocked. The midline incision is enlarged to 
approximately 3–5 cm, depending on the estimated prostate 
size, the specimen is removed. The fascia of the midline 
wound is repaired in an interrupted fashion using absorbable 
braided sutures; the fascia of the 12  mm assistant port is 
closed with a figure of eight stitch; the rest of the incisions are 
closed subcutaneously with absorbable subcuticular sutures.

 Outcomes, Pitfalls, and Addressing 
Complications

Single surgeon outcomes for the authors’ technique have been 
published in peer-reviewed journals. The largest study is on 
713 RS-RARP patients operated on from 2013–2018 [6]. The 
RS-RARP group showed significantly shorter operative time 
than the conventional RARP group (mean ± SD 149 ± 41 vs. 
194 ± 44 min), and this reached clinical significance. Clavien-
Dindo major complications, blood loss, and transfusion rate 
were the same between the groups. Additional reconstructive 
procedures were performed at a markedly higher rate in con-
ventional RARP (69% vs. 8%). As regards oncologic out-
comes, positive surgical margins for organ- confined disease is 
pegged at 11%, and 36% for pT3 or greater. This is consistent 
with most studies of RS-RARP and C-RARP.
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As regards functional outcomes, at month 1 postopera-
tively the continence recovery rate in cRARP and RS-RARP 
cases was 9.0% and 45%, respectively. By month 6 postop-
eratively continence was recovered in 77% and 98% of the 
patients in the cRARP and RS-RARP groups, respectively. 
Statistical significance was reached for both points [6]. An 
earlier recovery of continence has been consistent across 
several trials with varying techniques of RS-RALP [26–28].

 Prostate Size

This technique has been attempted at the authors’ institution 
for various prostate sizes, the largest operated on was 165 ml 
and no complications were incurred. Difficulty in exposure 
was encountered, due to a decreased maneuverability 
expected with a larger organ. This was addressed by a wider 
initial peritoneal incision and maximizing traction- 
countertraction maneuvers of the third arm and the surgeon 
assistant. The surgeon assistant’s role in widening the field- 
of- view is invaluable in these cases, the use of both right and 
left-hand surgeon instruments as retractors in spreading the 
incision open is crucial.

 Organ Injury

The authors prefer immediate repair once an organ injury is 
identified. Bowel is repaired with a figure-of-eight suture for 
pinpoint burns or lacerations less than 1 cm in length, or a run-
ning single-layer approximation for longer defects. Absorbable 
braided sutures are used. Rectal injuries are repaired in a dou-
ble-layer fashion, with fat interposition. Debridement of any 
nonviable edges is done prior to repair. The repair is done 
without the need for a diverting stoma. Air tightness of the 
repair is ensured with an insufflation test. Copious irrigation of 
the pelvis with saline is done post-repair.

Ureteral injury is rare in our series [6]. Because the blad-
der is viewed from below, the ureteral orifices are not visual-
ized. Injury is avoided by meticulous dissection of the 
prostate base that the bladder neck is identified in its entirety 
prior to incising. Moreover, incising from the lateral may be 
done and as the bladder lumen is encountered, a clearer pic-
ture of the bladder neck configuration may be ascertained.

 Bleeding

The authors occasionally use Surgicel (J&J Medical 
Devices, IN, USA) absorbable hemostat and Greenplast 
(GreenCross, Yongin, Republic of Korea) fibrin sealant on 
the raw areas in the prostatic fossa and lymph node packets 
post- lymphadenectomy. More important than any of these 

implements, however, is meticulous field inspection. 
Pinpoint bleeding may be addressed by monopolar or bipo-
lar coagulation. Persistent bleeding from pelvic muscle 
perforators or the prostatic pedicle may be controlled by a 
figure-of-eight hemostatic suture. Bleeding from the 
Santorini plexus is rare in the Retzius-sparing procedure as 
this complex is undisturbed. Suspicious bleeding, however, 
especially during apical and urethral transection should be 
explored further. For the venous plexus, transient compres-
sion is usually sufficient.

 Conclusion

Retzius-sparing robot-assisted laparoscopic radical prosta-
tectomy is a safe and efficient way of primary treatment for 
both localized and locally-advanced prostate cancer. The 
highly standardized Yonsei method facilitates satisfactory 
oncologic outcomes, and superb continence outcomes that 
are sustained in the long-term. Future randomized controlled 
trials are appropriate to ascertain technique modifications 
and definitive advantages of this method.
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22Retzius Sparing Robot-Assisted Radical 
Prostatectomy: Evolution, Technique 
and Outcomes

Deepansh Dalela, Wooju Jeong, Mani Menon, 
and Firas Abdollah

 Introduction and History

Radical prostatectomy (RP) continues to be one of the most 
common definitive treatment approaches for men diagnosed 
with clinically localized prostate cancer, with over 80% of 
RPs (as of 2015) in the US being done via the robotic 
approach [1]. Along with ensuring perioperative safety, the 
trifecta (urinary continence, erectile function and surgical 
margins) have long served as aspirational benchmarks for a 
successful robot-assisted RP (RARP). Ever since the incep-
tion of RARP and its initial reports by Menon and colleagues 
[2], myriad technical modifications have attempted to mini-
mize urinary incontinence and improve urinary function- 
associated quality of life (QoL). Sparing the space of Retzius 
(Retzius sparing RARP, or posterior RARP) is one of the few 
approaches to optimize UC that is supported by Level 1 evi-
dence [3–7].

The idea of sparing the space of Retzius during a radical 
prostatectomy is by itself not new: indeed, the initial descrip-
tions of perineal radical prostatectomy by Hugh Hampton 
Young centered around approaching the prostate transperi-
neally without dropping the bladder or disrupting the ante-
rior pelvic support. This approach, however, became less 
popular after the description of radical retropubic prostatec-
tomy in late 1940s, despite reports describing continence 
rates of nearly 90–95% with perineal prostatectomy. 
Kavoussi’s group attempted performing a Retzius sparing 
laparoscopic radical prostatectomy in the 1990s [8]. In their 
series of nine patients, the operating time was almost 9 h, 
blood loss ranged from 500–800  mL, and around 33% 
patients had serious complications. Even in the hands of one 
of the world’s leading laparoscopic surgeons, the authors 
concluded that minimally invasive radical prostatectomy did 
not offer any significant benefits. Yet, somewhat remarkably, 

6/9 (66%) were completely continent, with an additional 2 
(22%) requiring one pad/day. Regardless, laparoscopic radi-
cal prostatectomy did not achieve much popularity in the US, 
until Menon’s path breaking descriptions for RARP (that 
recapitulated open retropubic prostatectomy) revolutionized 
minimally invasive surgery [9].

Ten years later, Aldo Bocciardi and colleagues renewed 
interest in Retzius-sparing robotic prostatectomy in a small 
published series of three patients, noting a continence of 
66% [10]. This was followed by a more formal evaluation in 
200 patients, with a continence rate of 90% (defined as no 
pad/one safety liner) 1  week after catheter removal, and 
approximately 75% were potent 1  year after surgery [11]. 
Halfway across the world, Rha’s group [12] and our own 
unpublished data showed similar results with Retzius-sparing 
prostatectomy: ~90% were either dry or using one safety 
liner 1 month postoperatively. Encouraged by these findings, 
we conducted the first randomized controlled trial compar-
ing the standard (anterior) approach to Retzius-sparing (pos-
terior) approach [5]. The results convincingly were in favor 
of Retzius sparing RARP.

 Anatomical Basis for Retzius-Sparing 
Prostatectomy

The standard (anterior) RARP approach starts off with incis-
ing across the median and medial umbilical ligaments that 
hold up the bladder to the anterior abdominal wall and devel-
oping the space of Retzius (Fig. 22.1). In contrast, RS-RARP 
entails accessing the prostate from the rectovesical space by 
incising the pouch of Douglas. Theoretic rationale for expe-
diting continence recovery through this approach are

 1. Sparing the anterior pelvic support structures (dorsal 
venous complex, accessory pudendal arteries if any, 
pubovesical and puboprostatic ligaments, detrusor apron 
and the endopelvic fascia) and potentially allowing a 
more thorough Intrafascial dissection [11, 13]. Indeed, 
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Fig. 22.1 White arrows illustrate the access for Retzius-sparing robot- 
assisted radical prostatectomy. (Borrowed, with permission, from Davis 
et al. [16])

S-RARP port placement

b

a

RS-RARP port placement

Fig. 22.2 Actual (a) and schematic (b) Schematic of port placement 
for both RS-RARP and S-RARP. Some groups place the Prograsp for-
ceps is placed in the left medial robotic port and in a more caudal posi-
tion, as this minimizes instrument clashing in the small operative space. 
RS-RARP Retzius- sparing robot-assisted radical prostatectomy, 
S-RARP standard robot- assisted radical prostatectomy. (Borrowed, with 
permission, from Egan et al. [17])

Chang and colleagues [14] showed that RS-RARP was 
associated with lesser bladder neck descent (calculated 
as bladder neck to pubic symphysis ratio on postopera-
tive cystogram) compared to standard RARP, and the 
degree of descent was independently associated urinary 
continence recovery (HR 0.048, p = 0.006). Alternatively, 
RS- RARP may allow preservation of a longer membra-
nous urethra (>12.1  mm on MRI imaging based on a 
recent study), which translated into faster continence 
recovery [15].

 2. Decreasing or obviating the need for ligation of dorsal 
venous complex (DVC), which can have variable degree 
of overlap with the external urethral sphincter, especially 
at the level of the apex (up to 37%) [13, 16].

 Current Technique for RSP

Port placement for RSP is slightly different from anterior 
RARP, and further needs to be modified based on patient’s 
habitus, co-existing abdominal pathologies/prior surgeries, 
and comparatively smaller working space with the Retzius 
sparing approach. In our group, we have used the similar port 
placement to the conventional port placement, since some of 
the attempted RSP converted to anterior RARP due to body 
habitus. The camera port is placed below the umbilicus and 
30°-up lens is used for the entire dissection of the prostate 
gland and the anastomosis. Alternatively, the camera port 

can be placed above the umbilicus and 0° lens can be used. 
Egan and colleagues [17] suggested a modified port place-
ment: swapping the left arm (with the Maryland bipolar) and 
the fourth arm (with the Prograsp forceps) such that the 
fourth arm is medial and left arm is more lateral (Fig. 22.2).

Once the abdominal cavity is entered into and the sigmoid 
colon is mobilized out of the way, the sacrogenital fold 
(semilunar fold of parietal peritoneum between the bladder 
anteriorly and the rectum posteriorly) is grasped and incised 
for about 5–7 cm just above the level of vas deferens (VD) 
(Fig. 22.3).

In contrast to other practices, our technique starts with 
posterior dissection prior to the VD and SV dissection. 
Posterior dissection involves creating the posterior plane by 
incising into the leaves of the Denonvilliers’ fascia, which is 
then carried down towards the apex and laterally towards the 
neurovascular bundles at the apex and the mid-gland of the 
prostate as intra-, inter- or extra-fascial nerve sparing, 
depending upon the intended degree of nerve sparing and 
visual approximation of tumor extent (Fig.  22.4). The 
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Fig. 22.3 Initial incision is made through the pouch of Douglas. 
(Borrowed, with permission, from Dalela et al. [5])

Fig. 22.4 Dissection through Denonvilliers’ fascia to create a poste-
rior plane. (Borrowed with permission, from Dalela et al. [5])

Prograsp (and suction by the bedside assistant) can be vital 
in providing countertraction, since working space can be 
limited. This posterior dissection prior to SV and VD 
 dissection might eliminate the special need for suspension 
stitch to pull up the SV and VD during the posterior 
dissection.

Alternatively, VD/SV dissection can be performed prior 
to posterior dissection. The VD is dissected and followed 
towards the ampulla and seminal vesicles, which is freed 
from the posterior aspect of the bladder anteriorly and the 
Denonvilliers’ fascia posteriorly. The VD is transected. The 
Prograsp forceps (or the assistant grasper) provide counter-
traction by retracting the ipsilateral ampulla of vas/SV 
contralaterally.

• Some authors may leave a 1-cm remnant of tip of the SV 
(SV-sparing), in an effort to maximize preservation of 
neuronal cage surrounding it that may contribute to recov-
ery of erectile function [3].

• Others [10, 17] use a suspension stitch (such as a 3-0 
prolene) on a Keith needle that goes through the anterior 
abdominal wall, cut edge of the sacrogenital fold of peri-
toneum, looping behind the SV and VD, and back out to 

the abdominal wall where they are secured with clamps. 
This frees the Prograsp for retraction for the remaining 
posterior and lateral dissection.

The ipsilateral SV/cut end of VD are retracted anterome-
dially, and the posterolateral plane is developed using a com-
bination of blunt and sharp dissection.

Following adequate creation of a posterior plane, small 
individual vessels penetrating the prostate are clipped 
(using 5  mm clips) or cauterized (using bipolar grasper). 
Dissection at the base of the prostate continues until the 
plane cooperate with the dissected plane at the mid-gland 
and the apex. The authors start the bladder neck dissection 
prior to the circumferential dissection of the prostate gland 
as described by another group. The key point for the blad-
der neck dissection is that the posterior bladder and the tri-
gone cover the base of the prostate like an apron and the 
posterior bladder wall needs to be peeled off from the base 
of the prostate to identify the posterior bladder neck. The 
lateral dissection of the prostate might be helpful to iden-
tify the bladder neck.

Once the lateral plane is developed, dissection curves 
anteriorly, where the anterior detrusor apron is gently swept 
away from the anterior surface of the prostate (Fig.  22.5). 
The left hand can provide upward traction on the bladder, 
with the Prograsp maintaining posterior retraction on the 
prostate. The prostate has now been freed circumferentially, 
remaining attached at the apex caudally and bladder neck 
cranially. The latter is then identified and circumferentially 
dissected, and then transected posteriorly. This exposes the 
Foley catheter, which is withdrawn, and Bladder neck dis-
section continues anteriorly. After anterior bladder neck is 
transected, the dissection is advanced to the anterior surface 
of the prostate (Fig. 22.6). The Prograsp is again repositioned 
to provide downward traction, and the previously dissected 
anterolateral plane can be followed to remain underneath the 
detrusor apron and dorsal venous complex (DVC) using 
blunt and bipolar dissection. The apex is freed of any attach-
ments, and the urethra is divided sharply just distal to it, 
maximizing the length of preserved membranous urethral 
stump.

Urethrovesical anastomosis (UVA) presents some unique 
challenges with the Retzius-sparing approach, given the 
opposite orientation of bladder and prostate in standard vs. 
Retzius-sparing approach. We perform our UVA using two 
single 6 or 9  in. 3-0 V-loc on CV-23 needle. Anastomosis 
begins at the 1 o’clock position, outside-in on the anterior 
bladder neck, and inside-out bite at the 1 o’clock of the ante-
rior urethra. After the second bite at the 11 o’clock of the 
anterior bladder neck, the stitch is cinched down tight enough 
to approximate the anterior anastomosis. The anastomosis is 
then sequentially carried out anticlockwise from the 11 
o’clock to the 8 o’clock position (Fig. 22.7a–c).
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a b

Fig. 22.5 Showing the development of the anterior plane, schematic 
(a) and intraoperative (b) description. The anterolateral surface and 
apex of the prostate are further developed prior to dissecting the bladder 
neck. Continuous upward traction on the bladder with the left hand 
along with posterior retraction with the Prograsp will often reveal the 

interface between the detrusor fibers and prostate, and this is developed 
from the apex to the medial bladder neck utilizing gentle monopolar 
and blunt dissection. BN bladder neck, D detrusor, NVB neurovascular 
bundle, P prostate, SV seminal vesicle. (Borrowed, with permission, 
from Egan et al. [17])

a b

Fig. 22.6 After transection of the bladder neck, the plane between the 
anterior prostate and the dorsal venous complex is developed (schematic 
(a) and intraoperative (b) images). Blunt and bipolar dissection allows 
maintaining the correct plan, and the apex is used as a visual guide during 

dissection. If necessary, the posterior portion of the DVC can be entered 
if the plane is difficult to establish or in men with anterior lesions. BN 
bladder neck, D detrusor, DVC dorsal venous complex, EPF endopelvic 
fascia, P prostate. (Borrowed with permission, from Egan et al. [17])

A second V-loc suture is then introduced, and the anasto-
mosis starts at the 2 o’clock position on the bladder neck 
from the outside to the inside. Same as the first stitch, the 
stitch is cinched down after 3 o’clock bladder bite 
(Fig.  22.7d). The anastomosis is then continued clockwise 
up to the 5 o’clock position. The 7 o’clock and 6 o’clock 
stitches are then placed using the initial and the second V-loc 
sutures respectively. Additional bites may be taken to rein-
force the anastomoses, and the anastomosis is completed by 
burying in or tying off. If the size of the bladder neck is wider 
than what was planned, the second stitch may start in between 
the 1- and 11-o’clock stitches, so called anterior bladder 
neck reconstruction. Alternatively, bladder neck reconstruc-
tion at 3- and 9-o’clock of the bladder neck can be done 
using extra sutures prior to UVA.

Closing off the pouch of Douglas is optional based on 
surgeon’s preference and 3-0 V-Loc can be used to close it. 
At our institution, the pouch of Douglas is not necessarily 
closed.

Pelvic lymph node dissection (PLND) is performed by 
making a longitudinal peritoneal incision at the junction of 
the VD and external iliac artery. The external iliac vessels are 
identified, and the obturator lymph nodes are dissected off 
the lateral surface of the bladder. Care should be taken to 
identify some critical structures such as the obturator nerve 
and the ureter during PLND. The anterior packet is well cau-
terized or clipped with 10 mm Hem-o-Lok clips, and the pos-
terior packet is dissected away from the iliac bifurcation. 
Above steps are repeated for the contralateral side. Peritoneal 
incisions are left open to avoid lymphocele.
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a b

c d

Fig. 22.7 (a–d) Steps of the urethro-vesical anastomosis. (Borrowed, with permission, from Dalela et al. [5])

 Current Evidence: Summary of Outcomes 
for Retzius-Sparing Radical Prostatectomy

These have been summarized in multiple meta-analyses, and 
one Cochrane review [18] (Fig. 22.8, Tables 22.1 and 22.2). 
Overall, perhaps no other technical modification of robotic 
radical prostatectomy has been so extensively studied in a 
Level 1 fashion.

 Functional Outcomes

 Urinary Continence

As can be assessed from Tables 22.1 and 22.2, the major ben-
efits of the Retzius sparing approach are realized in terms of 
functional outcomes, specifically expediting recovery of uri-
nary continence. As of May 31, 2021, five randomized con-
trolled trials comparing RS-RARP to standard RARP have 
been reported, all conducted in different countries and all 
consistently showing faster recovery of continence with 
Retzius sparing approach [3–7]. Another trial is ongoing at 
Heidelberg University, Germany (NCT03787823), results of 
which should be forthcoming shortly.

Continence rates (measured as no pads or use of one 
safety pad/day) following catheter removal have approached 
~50–70% [3, 5, 6] rising to ~70–90% a month postopera-

tively and ~90–95% 3  months after surgery [3–7], signifi-
cantly better compared to standard RARP at those time 
points. This was further confirmed in our detailed analyses 
including pad weights. Similar results have been seen from 
non-randomized retrospective comparisons between the two 
approaches. Of note, Level 1 evidence so far has focused on 
early continence (<3–6 months postoperatively) as their pri-
mary end point. Longer term follow up of our trial [19] 
showed that the incremental continence benefit of RS-RARP 
approach was muted at 1-year follow up, with 98% conti-
nence rate (0–1 pad/day) compared to 93% with standard 
approach (log rank p = 0.09), and while a statistically higher 
proportion of men were using 1 pad/day with the standard 
approach, there was no difference in pad weights compared 
to RS-RARP. Non-randomized data from other institutions 
have suggested sustained continence benefit with the RS 
approach 1  year after surgery [17], although this may be 
related to lower continence rates in the standard RARP arm 
(81.4% vs. 97.6% for RS-RARP).

More importantly, only one trial [7] included patients 
with clinically high risk disease (n = 36, ~33% of study pop-
ulation): twice as many (~58%) men with D’Amico high risk 
disease were continent 1  week post catheter removal with 
RS-RARP compared to standard (29%), although the smaller 
sample size precluded statistical significance (p  =  0.08). 
While a recently reported prospective non-randomized com-
parison between RS and standard RARP included 37% 
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Fig. 22.8 Summary table showing the characteristics of randomized controlled trials comparing Retzius-sparing robot-assisted radical prostatec-
tomy (RARP) with standard RARP

patients with clinically high risk disease, their outcomes 
were not separately analyzed. Nyarangi-Dix et al. [20] oper-
ated upon 50 men with clinically high risk PCa: 3-month 
continence rates after RS-RARP were 82% (0–1 pad; 50% 
0  pad) and increased to 98% (72% with 0  pad/day) at 
12 months, despite 34% undergoing adjuvant radiotherapy.

In line with aforementioned data, a recent Cochrane 
review concluded that RS-RARP probably improves conti-
nence 1  week after catheter removal (moderate certainty, 
relative risk [RR] 1.74), may improve continence 3 months 
after surgery (low certainty, RR 1.33) and probably results in 
little to no difference in continence at 12  months post- 
operatively (moderate certainty, RR 1.01) [18].

 Sexual Function

Although preservation of DVC and pudendal arteries may 
theoretically impact recovery of sexual function, we [19] and 
others [17] have not noted a statistically significant improve-
ment with RS-RARP. A year after surgery, about 44% of pre-
operatively potent men had s Sexual Health Inventory for 
Men score ≥17 with either approach, and 86% men undergo-
ing RS-RARP (vs. 69% with S-RARP) were able to have 
intercourse (p  =  0.5). The Cochrane review [18] therefore 
concluded that there is uncertainty about the effect of 
RS-RARP on potency 12 months after surgery (RR 0.98).

 Oncological Outcomes

As referenced earlier, most of the evidence for RS-RARP has 
been limited to low-intermediate risk disease, with only one 
randomized trial (~33% [7]) and prospective non- randomized 
series (~37% [21]) including a sizeable proportion of men 
with clinically high risk prostate cancer. Interestingly, despite 
our cohort of predominantly clinically intermediate risk, 
45% of RS-RARP cohort eventually harbored pT3 disease 
[5, 19] which was the same proportion noted in the Qiu trial 
comprising 33% clinically high risk PCa. In contrast, 
Nyarangi-Dix retrospectively reviewed the outcomes of 50 
men with exclusively clinically high-risk PCa [20].

Postoperatively, one of the criticisms of RS-RARP 
approach has been the higher risk of positive surgical mar-
gins (PSM): the Cochrane review [18] states with low cer-
tainty that RS-RARP may increase positive surgical margin 
(RR 1.95). Data from RCTs show a PSM rate of 25–30% in 
RS-RARP (compared to ~15% in S-RARP). While these dif-
ferences were not statistically significant, and the proportion 
of non-focal PSM (defined as PSM ≥2 mm) was much lower 
in both groups, they were (non-significantly) accentuated in 
men with pT3 disease (35–40% with RS-RARP vs. ~20–
25% with S-RARP) . Further, as expected, PSMs were more 
likely to occur anteriorly or at the apex with RS-RARP [7, 
11, 17, 19], with some authors advocating partial DVC 
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Table 22.1 Summary of findings from published randomized controlled trials comparing standard robot-assisted radical prostatectomy (S-RARP) 
with Retzius-sparing RARP

Author, year, 
(region)

Primary time 
point for 
continence

Continence 
definition

Continence 
outcomes Potency

Pertinent 
histopathology

Positive surgical 
margins

BCR-free 
survival

Dalela et al. 
2017 (USA) [5]

1 week after 
catheter removal

0–1 ppd
0 ppd
Median Pad 
weights

48% vs. 71%*

15% vs. 42%*

1 week: 25 vs. 5 g*

2 week: 12 vs. 0 g*

1 month: 5 vs. 0 g*

n/a 75% clinically 
intermediate risk
pT3 disease: 23% 
vs. 45%*

Overall: 13.3% 
vs. 25%
pT3 disease: 
21.4% vs. 37%

0.91 vs. 0.91

Asimakopoulos 
et al. 2019 
(Italy) [3]

Immediately after 
catheter removal

30% vs. 51.3%*

At 6 months: 64% 
vs. 90%*

Median TTC: 21 
vs. 1 day*

n/a 70% biopsy GG1, 
33% pT3

Overall: 10% vs. 
28%
pT3: 22.2% vs. 
41.2%

n/a

Kolontarev 
et al. 2016 
(Russia)a [6]

1 week after 
surgery (? 
Immediately after 
catheter removal)

0–1 ppd 25% vs. 46.1%*

At 3 months: 
82.5% vs. 94.8%

n/a n/a n/a n/a

Qiu et al. 2020 
(China) [7]

1 week after 
catheter removal

0 ppd Overall: 30.9% vs. 
69.1%*

At 6 months: 90% 
vs. 93%
HR 1.56 (RS vs. 
S-RARP)*

Clinically high 
risk patients: 
29.4% vs. 57.9% 
(p = 0.08)
At 6 months: 
100% vs. 95%
(HR 1.26, p = 0.1)

n/a ~33% overall had 
clinically high risk 
disease, with 
20% ≥ GG4
~45% overall with 
pT3 disease

Overall: 14.5% 
vs. 23.6%
Clinically high 
risk: 23.5% vs. 
36.8%
pT3 disease: 
25.9% vs. 36.4%
PSM location: 
Apex (37.5%) 
and lateral (50%) 
vs. lateral 
(38.5%) and 
anterior (30.8%)

At 
12 months: 
95% vs. 90% 
(p = 0.1)

Bhat et al. 2020 
(India)a [4]

1 month post-op 0 ppd 23% vs. 80%*

At 6 months: 86% 
vs. 96%*

n/a n/a n/a n/a

Menon et al. 
2018b (USA) 
[19]

6–12 months 
postop

0–1 ppd
0 ppd

93% vs. 98%
74% vs. 92% 
(6 months)*

88% vs. 96% 
(12 months)

ESI at 
12 months: 
86% vs. 69%
SHIM ≥ 17 at 
12 months: 
44.6% vs. 
44.1%

75% clinically 
intermediate risk
pT3 disease: 23% 
vs. 45%*

Overall: 13.3% 
vs. 25%
pT3 disease: 
21.4% vs. 37%

At 
18 months: 
92.7% vs. 
83.8%

ppd pads per day, SHIM Sexual Health Inventory for Men, ESI erection for intercourse
*p < 0.05
aOnly abstract forms available
bOne-year follow up of Dalela et al. study

 resection anteriorly to potentially decrease PSMs at this 
location [12]. More recent studies have however, allayed 
some of these concerns, especially with wider acceptance of 
the RS approach and overcoming the learning curve [22]. 
Recent prospective comparative series have shown similar 
rates of overall and nonfocal PSMs in RS-RARP vs. S-RARP 
[17, 21], and more importantly, no difference in biochemical 
recurrence free survival at 1–1.5 year follow up (long term 
data pending). Even amongst 50 men with clinically high 
risk PCa undergoing RS-RARP (84% with ≥pT3 disease) 
and >50% of those undergoing adjuvant therapy, 1-year 
recurrence-free survival was 96% [20].

 Challenges, Limitations and Opportunities

Certain surgical scenarios such as very large prostates/
median lobes, post-TURP, kidney transplant recipients and 
salvage prostatectomies may present increased complexities 
and technical challenges, however do not preclude 
 performance of RS-RARP, especially with adequate experi-
ence with the technique. One of the stated challenges with 
the Retzius sparing approach is men with large prostates or 
median lobes, given the smaller working space to start off 
with. However, studies from high volume center have shown 
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Table 22.2 Summary of findings from published non-randomized controlled trials comparing standard RARP (S-RARP) with Retzius-sparing 
RARP (RS-RARP)

Author, year 
(country)

Continence 
definition

Continence 
outcomes Potency

Pertinent 
histopathology

Positive surgical 
margins

BCR-free 
survival

Lim et al. 2014 
(South Korea) 
[12]
S-RARP n = 50
RS-RARP N = 50

0–1 ppd
0 ppd

1-month post op:
74% vs. 92%*

50% vs. 70%*

n/a Biopsy Gleason 8–10: 
~18% in either arm
pT3: ~18% in either 
arm

Overall: 14% vs. 
14%
pT3 disease:
24% vs. 18%

n/a

Sayyid et al. 2017 
(USA) [36]
S-RARP n = 100
RS-RARP 
n = 100
(Prospective 
study)

Mean pad number 3-month post op:
3.2 vs. 1.5*

6-month post op:
2.3 vs. 0.9*

n/a Clinically high risk: 
~25% either arm
pT3 disease: 23% vs. 
34%

Overall: 13% vs. 
17%.
pT3 disease: 47.1 
vs. 47.8%

n/a

Eden et al. 2018 
(UK) [37]
S-RARP n = 40
RS-RARP n = 40

0 ppd
0–1 ppd

1-month post op:
37.5% vs. 90%
70% vs. 97.5%

n/a n/a pT2 disease: 7.7 
vs. 16.7%
pT3 disease: 
14.3% vs. 31.8%

n/a

Lee et al. 2020 
(South Korea) 
[38]
S-RARP n = 609
RS-RARP 
n = 609
(Propensity score 
matched cohort)

<1 safety liner/day 1-month post op:
9% vs. 45%*

6-month post op:
77% vs. 98%*

n/a Biopsy Gleason 8–10: 
29 vs. 26%
Clinical high risk: 
~50% in either arm
pT3 disease: 43% vs. 
39%

pT2 disease: 15% 
vs. 11%
pT3 disease: 32% 
vs. 36%

n/a

Egan et al. 2021 
(USA) [17]
S-RARP n = 70
RS-RARP n = 70

EPIC-CP urinary 
incontinence 
scores
0–1 ppd

6 weeks post op:
4.4 vs. 3.2*

6 month:
2.4 vs. 1.7*

12-month:
81.4% vs. 97.6%*

12-month ESI: 62.9% 
vs. 65.7%

Clinical high risk: 
~10% in either arm
pT3 disease: ~33% in 
either arm

Overall: 30% vs. 
34%
Location: posterior 
(70.6%) vs. 
anterior (52%)

1-year: 
82% vs. 
87%

Umari et al. 2021 
(UK) [21]
S-RARP n = 201
RS-RARP 
n = 282
(Prospective 
study)

0–1 ppd 58.1% vs. 70.4%*

No difference in 
overall urinary 
scores

Mean IIEF scores at 
12-months: 10.5 vs. 
8.9 (p = 0.2)

37% D’Amico high 
risk RS-RARP
30% pT3 disease

Overall: 13.9% vs. 
15.6%
pT3 disease:
20.3% vs. 33.7% 
(p = 0.2)

1-year: 
93% vs. 
98.6%*

EPIC-CP Expanded Prostate Cancer Index Composite for Clinical Practice, IIEF International Index for Erectile function, ESI erection sufficient 
for intercourse, ppd pad per day
*p < 0.05

that although larger prostates (>60–80 mL) may be associ-
ated with more blood loss and longer console time, immedi-
ate and 3-month urinary continence rates (~80% and 90%, 
respectively) were comparable to smaller ones [23, 24]. 
Similarly, even in men with enlarged median lobes >10 mm 
(longitudinal distance from the bladder neck to the highest 
portion of the median lobe of the prostate as measured on 
preoperative MRI), RS-RARP expedited continence recov-
ery (HR 1.83, p = 0.002) without compromising periopera-
tive outcomes, blood loss or BCRFS [25]. Rha and colleagues 
recently published a short case series of 17 patients undergo-
ing RS-RARP with a history of prior transurethral resection 
of prostate, with no significantly inferior outcomes [26].

Other concerns with the Retzius sparing approach entail 
the higher risk of positive surgical margins, especially in the 

anterior or apical location. While studies so far have not con-
clusively proven this association, patients with anterior 
tumors, clinical T3 disease or body mass index may nonethe-
less demand higher technical expertise coupled with contin-
uous evolution and adaptation of surgical technique. 
Perioperative complications have been comparable, and once 
again, likely to improve with the learning curve as with all 
new approaches (including standard RARP). One notable 
complication has been the potential for higher incidence of 
postoperative lymphoceles: one series noted a symptomatic 
lymphocele rate of 18% (most of which required percutane-
ous drainage) [9], although this was not noted in our experi-
ence (7–8% with both standard and RS-RARP) since lateral 
peritoneal incisions for pelvic lymphadenectomy remain 
open with either approach.
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Like with all new surgical techniques, there is a likely 
element of learning curve. A multi-institutional analysis of 
14 surgeons showed that console time, continence and rate 
of Clavien-Dindo ≥2 complications improved over the 
first 50 cases, while reducing rate of PSMs may take lon-
ger [11, 22]. However, no appreciable learning curve phe-
nomenon was seen in other high volume centers [27], 
including ours [5], suggesting that the impact of learning 
curve can be safely mitigated by expert proctoring and 
prior experience with robotic prostatectomy platform. 
Specifically, given the predilection of anterior PSMs, 
patients with high risk anterior or transitional zone tumors 
on preoperative MRI may be offered S-RARP [28], or a 
wider dissection with partial DVC resection may be per-
formed anteriorly in experienced hands and appropriately 
counseled patients [12].

 Potentially Beneficial Scenarios

On the other hand, RS-RARP can be a valuable tool in the 
armamentarium in patients who have had prior inguinal her-
nia/extraperitoneal mesh surgeries, by virtue of avoiding that 
space entirely [29]. Similarly, patients with kidney transplant 
in-situ may be good candidates for RS approach [29, 30]. 
Interestingly, Chang et al. noted that RS-RARP was associ-
ated with a lower risk of postoperative inguinal hernia over a 
3-year follow up: of the 6.3% patients (53 out of 839) who 
had an inguinal hernia, 79% had undergone standard RARP 
[31]. The authors postulate that this is likely due to maintain-
ing the attachment between the bladder and anterior abdomi-

nal wall structures, preserving the myopectineal orifice 
(“shutter mechanism”) and preventing medialization and 
dilation of internal ring.

 Modifications of the Retzius-Sparing 
Approach

Lastly, given the documented superiority of RS-RARP in 
expediting continence recovery, different groups have pro-
posed modifications of the Retzius sparing approach in an 
effort to make it more reproducible. Ash Tewari’s group in 
New York [32] proposed a “hood” technique for performing 
RARP (Figs. 22.9 and 22.10), whereby the surgery proceeds 
in the usual S-RARP fashion after developing the space of 
Retzius, going through the anterior/posterior bladder neck to 
the retrotrigonal layer posteriorly, and developing the plane 
between detrusor apron and anterior fibromuscular stroma 
anteriorly, such that a hood of tissue remains behind (includ-
ing puboprostatic ligaments, arcus tendineus, puboperinealis 
muscle, retrotrigonal layer and Denonvilliers’ fascia for poste-
rior musculofascial reconstruction). The authors reported uri-
nary continence rates similar to RS-RARP (83% 1 month after 
catheter removal), without adversely affecting complication 
rate or positive surgical margin (6%), although the majority of 
patients had pT2 disease (81%) and patients with high risk 
disease or anterior tumors were excluded. Zhou and colleagues 
in China discussed a transvesical, Retzius-sparing approach, 
where a cystotomy is made on the postero- superior aspect of 
the bladder and the prostate is accessed through a circumfer-
ential incision around the internal urethral meatus/bladder 
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Fig. 22.9 Sketch 
demonstrating hood surgical 
anatomy. Anatomical 
components of the hood 
surround and safeguard the 
membranous urethra and the 
external urethral sphincter, 
and thereby urethrovesical 
anastomosis. 1 = pubic 
symphysis; 2 = external 
urethral sphincter; 
3 = superficial venous layer; 
4 = puboperinealis muscle; 
5 = levator ani muscle; 
6 = detrusor apron; 
7 = urethral stump; 8 = deep 
venous complex; 9 = neural 
hammock; 10 = vas deferens; 
11 = retrotrigonal layer; 
12 = bladder neck. 
(Borrowed, with permission, 
from Wagaskar et al. [32])
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a b

Fig. 22.10 MRI and intraoperative images corresponding to section b. 
(a) Intraoperative image showing the membranous urethra and muscles 
surrounding the urethral sphincter. (b) MRI of the pelvis (cross section) 
corresponding to the intraoperative image. ACL anococcygeal ligament, 
ARC anorectal canal, AT arcus tendineus, C coccyx, EPF endopelvic 

fascia, LA levator ani, MRI magnetic resonance imaging, MU membra-
nous urethra, PC prostatic capsule, PP puboperinealis muscle, PPL 
puboprostatic ligaments, PS pubic symphysis, RU rectourethralis mus-
cle. (Borrowed, with permission, from Wagaskar et al. [32])

neck [33]. Continence outcomes (0–1 ppd) were comparable 
to RS-RARP performed through the posterior (pouch of 
Douglas) approach (91% 1 week after catheter removal) with 
a PSM rate of 11.4%, although their series did not include 
clinically high risk, anterior tumor or pathological T3 disease 
[34]. Kaouk and colleagues adapted the transvesical Retzius-
sparing approach to the single-port RARP platform (making a 
2-cm vertical cystotomy extracorporeally through a 4 cm ver-
tical midline incision and a “floating” single port with Gelpoint 
mini docked inside the bladder, with 75% (15/20) continent 
immediately post catheter removal, 30% harboring ≥pT3a 
disease and 15% with PSMs [35].
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23UCL Technique

Tushar Aditya Narain and Prasanna Sooriakumaran

 Introduction

Robot assisted radical prostatectomy was first performed in 
2000 by Binder in Germany, following which it become the 
preferred surgical approach for radical prostatectomies since 
2001 when surgeons at the Vattikutti Urology Institute started 
performing all radical prostatectomies using robotic assis-
tance [1]. The functional outcomes improved dramatically 
with this approach, owing to the highly magnified three-
dimesional vision and the dexterity the robotic arms pro-
vided, resulting in better nerve spare and more meticulous 
reconstruction. The robotic approach to radical prostatec-
tomy soon became the gold standard and was accepted the 
world over. Centers and surgeons in different parts of the 
world adopted this technique and published their own style 
of performing the surgery, the common denominator being 
that all these approaches involved going into the space of 
Retzius and bringing the bladder down. However, the func-
tional outcomes for all these variant approaches were still far 
from ideal, and surgeons have been in a continuous pursuit to 
improve urinary incontinence following the surgery, the bane 
of all robot assisted radical prostatectomies.

Endeavors to achieve the trifecta outcomes following RARP, 
which became the holy grail since its proposal in 2005, resulted 
in various modifications being introduced such as the Rocco’s 
stitch suggested by Bernado Rocco, total anatomical recon-
struction by Ash Tewari or the use of suprapubic catheters; or 
the initial access to the seminal vesicles through the pouch of 
Douglas (Montsouris approach) to improve functional out-

comes [2–6]. All of these innovations independently did 
improve the outcome measures, but rates of urinary inconti-
nence following this surgery were still far from what was 
desirable.

Galfano and team in 2010 presented a novel approach to 
radical prostatectomy which preserved all the anterior sup-
ports of bladder, endopelvic fascia, puboprostatic and pubo-
vesical ligaments besides the Dorsal venous complex. This 
was popularized as the Retzius sparing approach to radical 
prostatectomy where the prostate was removed without violat-
ing the space anterior to the bladder, the space of Retzius. The 
preservation of anterior supports aimed at improving urinary 
continence following the surgery. The authors even proposed 
that preservation of Veil of Aphrodite circumferentially 
improved greatly the potency rates, for the anterior approaches 
which preserves the Veil of Aphrodite, requires the Veil to be 
incised anteriorly. Preservation of the Santorini’s plexus also 
aimed to reduce the blood loss and preserved the blood supply 
to the striated sphincter and the Corpora Cavernosa, which 
might have some bearing on the proposed improved outcomes. 
This team from Milan soon published their experience of first 
200 cases and demonstrated very high early continence rates 
(92%) in the Retzius sparing group with a low 1  year bio-
chemical recurrence rates, establishing the oncological safety 
of this procedure [7]. However, this was a single arm study 
with no comparison of outcomes with the Standard RALP, and 
Koon Rha’s group from Korea in 2014 published the results 
from a matched comparison study comparing 50 patients 
undergoing RS-RALP with >500 patients how underwent 
S-RALP. This team also reported excellent immediate func-
tional outcomes with 70% of patients being dry at 1 month 
(70% vs. 50%), although in their series, the continence rates 
decreased if the patients had lymph node dissection [8]. Both 
these initial experiences published were not randomized and 
the outcomes were reported subjectively. Dalela et  al. from 
Vattikuti Urology Institute, Detroit published the first random-
ized control trial comparing the outcomes between the two 
groups. A multivariate regression analysis revealed a 71% 
1  week continence rates in the Retzius arm vs. 48% in the 
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standard arm (p = 0.01). Incidence of post-operative complica-
tions (18% Retzius vs. 12% standard) and probability of 
BCRF survival (0.91 vs. 0.91) were comparable in the two 
groups [9]. Our group recently published a comparative pro-
spective study of 500 patients comparing Retzius sparing and 
the standard approach. We found immediate urinary conti-
nence to be better in RS-RARP group (70.4% vs. 58.1%, 
p = 0.02), with less nocturnal enuresis prevalence (p = 0.011) 
and bother (p = 0.009) with no significant differences after-
wards. A better QOL (p = 0.004) was reported 1 week after 
surgery with no other differences in functional or QOL out-
comes, perioperative parameters, complications, or margin 
rates [10].

Retzius sparing robot assisted radical prostatectomy has 
been on the horizon for just over a decade and modifications 
have constantly been introduced to improve the functional 
outcomes. Few surgeons across the globe have traversed 
their learning curves while most surgeons are still in the pro-
cess of mastering this approach. We present a step by step 
approach of the “UCL technique of Retzius Sparing Robot 
Assisted Radical Prostatectomy”.

 UCL Technique of Retzius Sparing Robot 
Assisted Radical Prostatectomy

 Positioning and Port Placement

The patient is placed under general anesthesia in a steep 
Trendelenburg position. Initial access to the peritoneum is 
obtained via the open Hasson’s technique where the first 
8  mm camera port goes in, just above the umbilicus. We 
administer the Transverse Abdominis Plane (TAP) block 
under direct vision in between the transverse abdominis 
muscle and the fascial layer superficial to it. This aims at 
anaesthetizing the nerves supplying the anterior abdominal 
wall (T6 to L1) and reducing the pain post operatively. Three 
additional 8  mm robotic ports, a 5 and 12  mm additional 
assistant ports are placed. The robotic ports are placed at the 
level of the umbilicus, the 5 mm port between the camera 
and the right robotic port and the 12  mm port two finger 
breadths above the right anterior superior iliac spine. We use 
Air Seal device for all our cases, which is connected to the 
special 12 mm assistant port. The right robotic arm mounts 
the monopolar curved scissors, while the two left robotic 
arms use the Maryland bipolar forceps and the Prograsp for-
ceps from medial to lateral.

 Posterior Access

The surgery begins with dividing any adhesions of the sig-
moid colon if present. The peritoneum is divided posterior 

to the bladder and access is gained posterior to the bladder 
(Fig.  23.1). The first structures to be encountered are the 
vas deferens. Bilateral vas deferens are identified by divid-
ing the overlying fat, and once both the vas have been iden-
tified meeting in the center, the right vas is divided 
(Fig. 23.2). This ensures avoidance of any iatrogenic inju-
ries to the ureter and confusing the ureter for the vas. The 
assistant holds the divided vas with a retractor inserted 
from the 12 mm port and retracts it to the opposite side. 
This exposes the right seminal vesicle situated posterolat-
eral to the vas. The right seminal vesicle is mobilized with 
blunt dissections medially in the avascular plane between 
the vesicles and the Denonvilliers fascia posteriorly. Having 
mobilized medially, the pedicles of the vesicles are dis-
sected laterally, clipped and divided. Care is taken not to 
use electrocautery near the tips of the vesicles as the caver-

Fig. 23.1 Incision of the posterior peritoneum

Fig. 23.2 Isolation of the right vas deferens
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Fig. 23.4 Dissection of the posterior planeFig. 23.3 Dissection of the right seminal vesicle tip and clipping of 
pedicles to seminal vesicle

Fig. 23.5 Wide dissection of the left pedicle

Fig. 23.6 Wide excision of the left pedicle using Hem-o-lok clips

nosal nerves traverse very close (Fig. 23.3). Having clipped 
all the vessels laterally and dividing them cold, the right vas 
and vesicle are completely mobilized off the Denonvilliers 
fascia posteriorly and the attachments laterally. The left vas 
and seminal vesicles are dissected and mobilized in a simi-
lar fashion.

 Dissection Posterior to the Prostate

Depending on the level of nerve spare, dissection is carried 
further caudally behind the seminal vesicles by sharply 
dividing the Denonvilliers fascia. Extrafascial dissection 
proceeds between the Denonvilliers fascia anteriorly and the 
pre rectal fat posteriorly. Interfascial dissection proceeds 
between the prostatic fascia and the Denonvilliers fascia, 
with the assistant retracting the tough Denonvilliers fascia 
posteriorly with the sucker inserted through the 5 mm port, 
the left hand Maryland retracting the prostate anteriorly. 
Dissection is carried on till the apex of the prostate caudally 
(Fig. 23.4).

 Prostatic Pedicles and Lateral Dissection

The prostatic pedicles are dissected out next and clipped 
with Hem-o-lok clips and divided cold (Figs.  23.5 and 
23.6). The Prograsp forceps retracts the prostate medially, 
Maryland retracts the bladder up and the scissors dissects 
the prostate laterally preserving the neurovascular bundles. 
The bladder is slowly dissected off the prostate. Dissection 
proceeds from lateral to medial, with the bladder being dis-
sected off the lateral and anterior surface of prostate 
(Figs. 23.7 and 23.8).

23 UCL Technique
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Fig. 23.7 Nerve-sparing dissection on the right side

Fig. 23.8 Circumferential dissection completed laterally on the right side

Fig. 23.9 Bladder neck sparing dissection

Fig. 23.10 Urethral dissection

 Bladder Neck and Anterior Dissection

Having completed the lateral dissection, the prostatovesical 
junction is next approached. The urethra is slowly delineated 
by dividing the detrusor slips between the bladder and the 
prostate in the midline (Fig.  23.9). Most of the time, it is 
fairly easy to preserve the bladder neck if the urethra has 
been delineated well. Urethra is divided using electrocautery 
and the catheter is pulled back to reveal the anterior prostato-
vesical junction (Fig.  23.10). Having divided the bladder 
neck, the dissection proceeds anteriorly between the bladder 
and the anterior surface of the prostate till the apex of the 
prostate.

 Apex and Urethra

The dorsal venous complex (DVC) hugs the apex of the 
prostate closely. It is possible altogether to avoid dividing 
the DVC and go beneath the veins while approaching the 
apex. The prostate is moved side to side and the apex is 
approached laterally to avoid cutting through the prostate or 
a possible rectal injury. The urethra is dissected out and the 
apex is divided cold to avoid any thermal injuries to the 
sphincter (Figs.  23.11 and 23.12). Any posterior attach-
ments remaining are divided and the prostate along with the 
seminal vesicles and vas is excised as one specimen and 
bagged.
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Fig. 23.13 Start of the vesico-urethral anastomosisFig. 23.11 Dorsal venous complex dissection

Fig. 23.12 Apical dissection

 Vesicourethral Anastomosis

Anastomosis starts at 12 o’clock position outside in on the 
bladder, ensuring full thickness of the bladder wall along 
with the mucosa being incorporated in the stitch. We gener-
ally use the 3-0 gold V-Loc sutures with a 17 mm 3/8 needle, 
four of which are required in the complete anastomosis 
(Fig. 23.13). The direction of the sutures are changed at 3 
and 9 o’clock position to inside out on the bladder to facili-
tate the ease of suturing. The urethral catheter is used to 
show the lumen of the urethra and to ensure the urethral 
mucosa is incorporated in the stitches. A final 16 Fr catheter 
is placed once the anastomosis is completed and the integrity 
of the sutures are tested by filling up the bladder with 300 ml 
of saline.

 Conclusion

The Retzius sparing approach to robot assisted radical pros-
tatectomy is an oncologically safe and technically feasible 
approach which offers excellent immediate functional out-
comes, based on preservation of the anterior supports of the 
bladder and the urethra.
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24Robot-Assisted Radical Prostatectomy: 
The Extraperitoneal Approach 
and the Future with Single Port

Thomas L. Osinski and Jean V. Joseph

 Introduction

The wide adoption of robot-assisted radical prostatectomy 
(RARP) has made surgical prostatectomies safe and effective 
with short hospital stays [1]. Furthermore, RARP has been 
associated with decreased complications when compared to 
other surgical approaches [2]. This has led to RARP becom-
ing the standard of care in the surgical management of local-
ized prostate cancer at a number of centers. To date, hundreds 
of thousands of radical prostatectomies have been performed 
since the approval of the first-generation robot in 2000. There 
have been several generations of robots used to perform radi-
cal prostatectomies aimed at improving outcomes, while 
decreasing the associated invasiveness of open radical 
prostatectomies.

While open radical prostatectomy, the previously accepted 
standard surgical approach, was performed using an extra-
peritoneal (EP) approach, RARP is most often performed 
using a transperitoneal approach. The learning curve associ-
ated with the creation of the EP space laparoscopically and 
port placement difficulty have been cited as reasons for its 
decreased popularity [3]. Multiport EP surgery requires lat-
eral dissection of the EP space to allow lateral robotic and 
assistant ports placement. The Single-Port (SP) robot how-
ever, only requires placement of a midline port in the space 
of Retzius. Several centers including our own have embarked 
on SP RARP with encouraging results [4].

In this chapter we review the EP approach to the RARP, 
which has been our preferred route, in the surgical manage-
ment of organ confined prostate cancer. Our institution has 
been performing EP RARP with every robot generation 
available. The latest da Vinci SP system lends itself to the EP 
technique, and will potentially lead to increased adoption of 

the EP approach. Herein, we describe our experience at the 
University of Rochester Medical Center (URMC) with the 
EP approach to RARP on the multiport, and the alterations 
required to perform the procedure using the SP platform. We 
also review key differences between the multiport and SP 
RARP experience.

 The URMC EP Approach to the RARP

 Preoperative and Perioperative Considerations

All patients undergo pre-surgical screening by our anesthesia 
colleagues to ensure that anesthesia can be administered 
safely.

We do not have patients undergo bowel prep prior to 
RARP, except in patients undergoing salvage procedures. 
Just prior to being brought to the operating room 5000 U of 
low molecular weight heparin is injected subcutaneously. If 
the patient has a positive urine culture prior to surgery, cul-
ture specific antibiotic therapy is started several days prior to 
surgery, which is continued throughout the perioperative 
period. For routine antibiotic surgical prophylaxis, we prefer 
to give a cephalosporin antibiotic if there is not an allergy to 
prohibit administration. We ask our anesthesia colleagues to 
give less than 1.5–2 L of intravenous fluids until the vesico-
urethral anastomosis (VUA) is completed to avoid saturating 
the surgical field with urine. With the bladder neck tran-
sected, the field can be flooded with urine, which can slow 
down the procedure, particularly the anastomosis.

 Operative Procedure

The following section outlines our technique of the EP 
RARP with caveats noted when the technique is altered to 
accommodate the SP platform. We currently use the da Vinci 
Xi and da Vinci SP surgical systems.
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 Patient Positioning and Set Up
Patient positioning is critical as improper positioning may 
contribute to postoperative morbidity. Patients are placed in 
the supine position over a bean bag. Sequential compression 
devices (SCDs) are placed on the patient’s calves upon 
arrival to the operating room. General anesthesia is adminis-
tered and placement of additional intravenous access is 
 performed as necessary. Egg crate protective foam is placed 
under bony prominences in contact with the surgical bed to 
prevent pressure injuries. The patient’s arms are tucked. A 
rectal examination is performed to ensure adequate clinical 
staging, and proper surgical planning with respect to extent 
of nerve sparing. The abdomen is shaved. Using a vacuum, 
the beanbag is activated while wrapping the beanbag over 
the patient’s shoulders to prevent sliding when the patient is 
placed in the Trendelenburg position. We clean and prep the 
patient with a chlorhexidine scrub from just below the 
patient’s ribs down to the upper thighs with the genitals 
prepped in the operative field. We drape the patient with the 
penis in the operative field. A 16 F Foley catheter is placed, 
the bladder is emptied, and 10 cc of water is placed in the 
Foley balloon. The patient is placed in a mild (10–15°) 
Trendelenburg position.

 EP Access and Trocar Placement
A Hasson “cut-down” technique is used to gain access to the 
EP space. Just inferior to the umbilicus, an approximately 
3  cm vertical incision is made. We use a combination of 
blunt dissection and electrocautery until we reach the ante-
rior rectus sheath (Fig. 24.1). The anterior rectus sheath is 
incised sharply (Fig. 24.2) by making a 1 cm incision and 
then placing a stay suture. The stay suture is used for retrac-
tion to aid in identifying the posterior rectus sheath. Bluntly, 
the rectus muscle is partially freed from the posterior rectus 

sheath to facilitate passage of a balloon dilator trocar 
(Fig. 24.3). This trocar is passed under direct visualization 
using a 0° laparoscope (a laparoscope is used at this time as 
the robotic camera can be difficult to manipulate due to the 
length and weight of the scope). The balloon is inflated under 
direct vision to create the EP space. Placing a fist over the 
left lower quadrant during inflation of the balloon can help 
ensure creation of a symmetric space by varying pressure on 
the left lower quadrant as the balloon expands. Over inflation 
should be avoided to lessen the risk of bleeding from the iliac 
or epigastric vessels, or creating a compromising peritoneal 
rent. After creating the EP space the external iliacs, the pubic 
bone and the epigastric arteries should be easily visible.

Fig. 24.1 An incision is made just inferior to the umbilicus and the 
dissection is carried to the anterior rectus sheath as visualized in this 
image (this patient is status post open appendectomy)

Fig. 24.2 The anterior rectus sheath is incised so a balloon dilator can 
be placed into the space of Retzius. It is critical to only incise the ante-
rior rectus sheath as incising the posterior rectus sheath will result in 
entry into the peritoneal space

Fig. 24.3 The balloon dilator trocar is passed through the anterior rec-
tus sheath incision into the space of Retzius. The laparoscope is being 
held by the surgeon’s right hand. The balloon dilator is insufflated by 
hand using the pump connected to the balloon dilator trocar

T. L. Osinski and J. V. Joseph
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b c

a

Fig. 24.4 When using multiport robotic platforms the EP space must 
be maximized for optimal placement of the robotic trocars and assistant 
ports to minimize collision of the robotic arms. The 10/12 mm 512 XD 
Ethicon trocar is used to dissect the extraperitoneal space laterally (a). 

Internal (b) and external (c) view of port placement configured for Si 
robot. (For Xi robot, the midline trocar is replaced by a 12 mm stapler 
cannula to accommodate robotic arm used for camera)

Fig. 24.5 The assistant trocar is being placed while the balloon dilator 
remains inflated in the EP space. The red arrow is pointing to the assis-
tant trocar being placed, the blue arrow is highlighting the epigastric 
vessels, and the green arrow is pointing to the pubic bone

If performing surgery with the Xi system, a 10/12 long 
smooth trocar (Fig. 24.4a) with a bevel is placed in the EP 
space and insufflation with CO2 is maintained at a pressure 
of 15  mmHg. With the multiport robot it is necessary to 
expand the extraperitoneal space laterally to accommodate 
the robotic and the assistant trocars (Fig.  24.4b, c). The 
smooth trocar is critical as it allows us to further develop the 
EP space by using the beveled edge of the smooth trocar to 
free the peritoneum cephalad from the transversalis fascia 
with care taken to avoid inadvertent entry into the peritoneal 
space. Developing the EP space further as described allows 
for trocar placement with appropriate distance between each 
robotic arm and assistant ports while only remaining in EP 
space. Creating this space is essential when using a multiport 
robot as appropriate spacing between the robotic ports pre-
vents collision of the robotic arms while maintaining an 
adequate working space.

The first trocar is placed while the balloon dilator is still 
in place (Fig. 24.5).
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Each subsequent trocar is placed under direct vision. A 
12 mm assistant trocar is inserted in the left or right lower 
quadrant approximately 2  cm anteromedial to the anterior 
superior iliac spine (ASIS). We use a hypodermic needle to 
identify the inferior epigastric vessels so that the left and 
right 8  mm robotic trocars can be inserted while avoiding 
injury to these vessels. We place these 8 mm ports 8–10 cm 
from the camera port on a line between the umbilicus and 
ASIS.  The fourth 8  mm robotic trocar is placed approxi-
mately 2  cm anteromedial to the ASIS, opposite to the 
 assistant. Lastly, a 5 mm trocar is placed between the camera 
port and the most medial port on the same side as the assis-
tant port, to serve as an additional assistant port. To prevent 
CO2 leakage at the midline trocar or camera entry site, and 
maintain insufflation, we use a 12 mm stapler cannula given 
the larger fascial opening. Additionally, a xeroform gauze is 
placed around the camera trocar. A suture is used to narrow 
the fascial opening around the trocar. In older robot genera-
tions, the same trocar used to dissect the extraperitoneal 
space is used for the camera as noted in the external view 
configuration below.

If performing surgery with the SP system, we enter the 
retropubic space in the midline approximately 5 cm from the 
umbilicus. The balloon dilator is used as described above to 
develop the EP space. However, the lateral dissection 
required when using the multiport robot is not needed as all 
the robotic arms are deployed from the single port site. The 
port is “air docked” to provide adequate working space and 
deploy the robotic arms with elbows. We use either the Gel 
Point mini, or the da Vinci SP Access Port. The associated 
wound protector is inserted in the space of Retzius after 
extending the fascial incision to 3–4 cm. When the GelPoint 
Mini is used, a 2.5 cm metal trocar is placed through the Gel 
Point along with other accessory ports. Instruments such as a 
suction cannula can be inserted directly through the gel with-
out a trocar. We routinely “air dock” when using the Gel 
Point to facilitate internal triangulation of the robotic arms. 
When using the da Vinci SP Access Port, floating of the 
wound protector, or “air docking” is not necessary (Fig. 24.6). 
The Access Port is designed to float and allows for easy visu-
alization of the robotic arms upon their entry through the 
instrument guide. Furthermore, the SP Access Port allows 
easy removal of the specimen from the working space with-
out losing insufflation. If a “plus one” approach is used, an 
8- or 12-mm port is placed medial to the epigastric vessels. 
We routinely insert this trocar directly into the inflated bal-
loon as previously demonstrated.

Next, we dock the da Vinci patient cart to the trocars. We 
use a da Vinci camera (0° if using the Xi system or EndoWrist 
SP camera with COBRA action if using the SP system). We 
also use monopolar scissors, a bipolar grasper, and the car-
diere forceps.

Subsequent operative steps of RARP are common to both 
the multiport and SP platforms. Of note, the EP RARP is per-
formed via an anterior approach whereby the seminal vesicle 
dissection is performed after bladder neck dissection. The pos-
terior approach to the seminal vesicles cannot be performed as 
the EP RARP is completed without entering the peritoneum.

 Endopelvic Fascia Dissection
Lateral to the prostate, the endopelvic fascia should be easily 
visible. At times fatty connective tissue needs to be removed 
in order to visualize the fascia adequately. Just lateral to the 
prostate, the endopelvic fascia is incised (Fig.  24.7). A 
sweeping motion is used to push the levator ani muscle off 
the prostate. Occasionally, sharp dissection or electrocautery 

Fig. 24.6 The da Vinci SP Access Port with prostatectomy specimen. 
The drain in this photo was placed through the “plus one” port site

Fig. 24.7 The endopelvic fascia on the right side of the prostate is 
being incised just lateral to the prostate. The levator ani is seen lateral 
to the tips to the scissors
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is needed to aid dissection as prostatic inflammation can 
cause the pelvic floor muscles to adhere to the prostatic cap-
sule. Care should be taken to avoid violation of the prostate 
capsule laterally, or Santorini’s plexus anteriorly (which can 
also be associated with bleeding). This dissection is brought 
caudally to a “notch” between the urethra and dorsal venous 
complex (DVC). The puboprostatic ligaments are cut close 
to the prostate to keep some of their pelvic floor support but 
facilitate suture ligation of the DVC.

 Dorsal Vessel Complex Ligation
A barbed 2/0 V-Lok™ suture with a SH needle is passed 
through the “notch” between the DVC and urethra in a figure 
of eight fashion by suspending the stitch to the periosteum of 
the pubic bone. The DVC suture is secured with surgical clip 
(Fig. 24.8). Excess suture is left so the suture can be tight-
ened if the suture slips. It is important to pass the figure of 
eight suture as distal to the apex as possible to ensure nega-
tive apical margins and to facilitate apical dissection.

 Bladder Neck Dissection
Care with the bladder neck dissection is critical as too large 
of a bladder neck can be associated with postoperative incon-
tinence, while following a bad plane can lead to positive 
margins on final pathology. We identify the initial dissection 
plane by tugging on the Foley and pressing on the bladder on 
each side of the prostate to identify the plane between pros-
tate and bladder (Fig. 24.9). We then use a “burn and push” 
technique to develop the plane on either side carrying it to 
the midline. The “burn and push” technique allows us to fol-
low a plane between the prostate and bladder and the visual-
ization afforded by this technique gives us considerable 
control of the entire dissection. The anterior bladder neck is 
incised in the midline at which point the Foley catheter can 
be observed. The Foley can be retracted toward the pubic 

bone to facilitate further dissection. Once we transect the 
posterior bladder neck, the anterior layer of Denonvillier’s 
fascia is now exposed. Incising Denonvillier’s fascia should 
expose the vas deferens and the seminal vesicles.

 Vas Deferens and Seminal Vesicle Dissection
This is a challenging part of the dissection as it occurs essen-
tially in a hole and electrocautery should be avoided to pre-
vent damage to the laterally coursing neurovascular bundles, 
thus retraction is essential. First the vas deferens is dissected 
distal to the ampulla. The vas deferens are divided between 
Hem-o-Lok clips. Next, we skeletonize the seminal vesicles, 
freeing it from the overlying blood vessels (Fig.  24.10). 

Fig. 24.8 Red arrow pointing towards figure of eight DVC suture sus-
pended to the pubic bone

Fig. 24.9 The “burn and push” technique is being utilized to facilitate 
the bladder neck dissection. The red arrow is showing the bladder neck 
dissection plane

Fig. 24.10 The red arrow in this photo is the medial portion of a par-
tially skeletonized seminal vesicle. The vas and seminal vesicle are 
being retracted anterior and cranially while the scissors dissect laterally 
to create a vascular pedicle that will be clipped
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The grasping forceps are used to retract the seminal vesicle 
towards the contralateral shoulder (anterior and cranially). 
For example, the left seminal vesicle should be retracted 
toward the right shoulder. The dissection starts from the 
medial aspect of the seminal vesicle and carried laterally as 
the medial portion of the seminal vesicles is avascular which 
allows for creation of vascular pedicles. The vascular pedi-
cles that are created can then be easily clipped laterally with 
Hem-o-lok clips and then sharply divided. Done well, each 
seminal vesicle will require about three clips for vascular 
control.

 Incision of Denonvillier’s Fascia and Posterior 
Dissection
Once the seminal vesicles are dissected free, the grasping 
forceps are used to retract the vas deferens and seminal vesi-
cles anteriorly to facilitate dissection (Fig. 24.11). We incise 
the posterior layer of Denonvillier’s fascia starting in the 
midline close to the prostate to avoid rectal injuries. A plane 
is then developed between the prostate anteriorly and the rec-
tum posteriorly. We develop this plane mostly bluntly while 
pushing the rectum down and minimizing electrocautery to 
avoid rectal injuries. The dissection is carried distally toward 
the apex.

 Securing the Prostatic Pedicle
We control the prostate pedicles with Hem-o-lok clips. To 
avoid inadvertent damage to the neurovascular bundles we 
avoid using electrocautery in this area.

 Neurovascular Bundle Dissection
The ultimate goal of the procedure is cancer eradication. 
When the cancer parameters, and the prostate exam under 

anesthesia suggest a low likelihood of extraprostatic disease, 
we routinely perform a nerve sparing approach. When 
aggressive cancer is present, we avoid sparing the neurovas-
cular bundle. We often send frozen sections from the peri-
prostatic tissues near the neurovascular bundles to ensure a 
cancer free dissection plane. When the bundles are spared, 
the prostate pedicles are selectively clipped while avoiding 
injury to the adjacent bundles. The prograsp is used to retract 
the prostate anteriorly, and opposite to the side being dis-
sected (Fig.  24.12). We prefer a combination of antegrade 
and retrograde dissection. The latter is used to facilitate 
appropriate visualization and dissection of the bundles cours-
ings posterolaterally. We use scissors to incise the lateral 
prostatic fascia. The neurovascular bundle is gently dissected 
from the prostatic capsule. Clips are used to control large 
vessels entering the prostate prior to their transection. This 
dissection is carried to the apex. If bleeding is encountered 
over the dissected bundles, it can be controlled by placing 
Interrupted 4-0 Vicryl sutures. We avoid using electrocautery 
close to the neurovascular bundles to prevent electrical and 
thermal injuries.

 Apical Dissection
The previously secured DVC is incised using electrocautery. 
A plane between the prostatic apex and urethra is created. 
We then expose and sharply incise the anterior urethra a few 
millimeters from the prostatic apex. Care should be taken to 
avoid injuring the neurovascular bundle near the prostatic 
apex as the neurovascular bundles course anterolaterally to 
the apex. Once the posterior urethral wall and rectourethralis 
muscle are dissected, the specimen is completely freed. We 

Fig. 24.11 Retraction of the vas deferens and seminal vesicles anteri-
orly which will help with visualization and facilitate the posterior 
dissection

Fig. 24.12 The red arrow is pointing to the left neurovascular bundle 
that has been dissected free of the prostatic capsule. The blue arrow 
shows the dissection place between the neurovascular bundle and peri-
prostatic fascia. Note the prostate being retracted anteriorly and slightly 
to the right to facilitate dissection
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then examine the specimen with careful attention to the 
resection margins. Additional frozen sections may be sent 
from the specimen if there are concerning areas.

 Lymph Node Dissection (LND)
It is possible to perform a LND with the EP approach using 
either the da Vinci multiport or SP platforms. The difficulty 
of the dissection is due to the shorter working distance of the 
robotic arms limiting the range of motion of the robotic arms 
and ability to obtain optimal angles when performing the 
LND. Furthermore, compared to transperitoneal approaches, 
the assistant port is slightly more inferior and medial which 
also limits the ability of the assistant to place clips and 
retract. Despite the difficulty in performing LND with the EP 
approach, there does not seem to be increased rates of symp-
tomatic lymphoceles [5]. Our dissection starts at the node of 
Cloquet and is carried proximally to the bifurcation of the 
common iliac vein. The lateral margin is over the external 
iliac vein and medially to the node packet below the obtura-
tor nerve and vessels. Clips and bipolar energy are used to 
prevent lymphatic leakage. We clip the left lymphatic packet 
so we can identify which side each lymphatic packet came 
from for pathologic analysis.

Once the LND is complete, the lymph node packets and 
prostate specimen are placed in a specimen retrieval bag.

 Posterior Reconstruction
The posterior reconstruction is performed as there is some 
evidence that performing a posterior reconstruction can 
improve early continence after RARP [6]. Furthermore, per-
forming the posterior reconstruction is helpful as it makes the 
VUA somewhat simpler as the posterior reconstruction 
approximates the bladder neck and urethra. This approxima-
tion also likely takes tension off the anastomosis. The poste-
rior reconstruction is performed with two separate 3/0 9-in. 
V-Loc™ sutures. The first suture throw is a good bite through 
the posterior rhabdosphincter. The suture is then used to pull 
the rhabdosphincter into the pelvic cavity so that a second 
suture throw can be made through the posterior rhabdosphinc-
ter slightly lateral without incorporating mucosa. The suture 
from the first throw is then completely removed. Next, the 
suture is passed through Denonvillier’s fascia and the poste-
rior bladder. The suture is then placed through the loop at the 
end of the V-Loc™ suture. A second throw of the suture is 
then made more lateral to the first stitch and again incorpo-
rates the posterior rhabdosphincter, Denonvillier’s fascia and 
the posterior bladder (Fig. 24.13). We repeat these steps with 
the second V-Loc™ suture starting on the opposite side of the 
posterior rhabdosphincter. We then cinch these sutures to 
approximate the bladder neck to urethra. We eventually sus-
pend these sutures Cooper’s ligament after cinching the 
aforementioned sutures (Fig.  24.14). Suspending these 
sutures to Cooper’s ligament is a technical modification 

which helps to restore the intrapelvic position of the membra-
nous urethra. This also may be associated with improved 
early return of urinary continence as the suspension provides 
a sling-like effect on the bladder neck which prevents the 
anastomosis from descending through the pelvic diaphragm.

 Vesicourethral Anastomosis
A watertight anastomosis with good approximation of the 
urethral and bladder mucosa is important as these measures 
likely help reduce the risk of bladder neck contractures [7]. 

Fig. 24.13 The posterior reconstruction with the posterior rhabdo-
sphincter being highlighted with the red arrow. The needle is currently 
being driven through Denonvillier’s fascia prior to being incorporated 
into the posterior bladder

Fig. 24.14 The posterior reconstruction suture being thrown through 
Cooper’s ligament. In this image one can appreciate the placement of 
the suture in relation to the endopelvic fascia and DVC suture. Note the 
posterior reconstruction sutures have been cinched as well to approxi-
mate the bladder to the rhabdosphincter
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Furthermore, urine leaks are a source of post-operative mor-
bidity for patients as a urine leak may lead to prolonged 
need for a Foley catheter and drain. The urethra and bladder 
neck are approximated by running two separate 2-0 9-in. 
Vicryl sutures on RB-1 needles. The first throw is placed at 
the 5 o’clock position starting on the inside of the urethra 
and then placed through the bladder ending through the 
bladder mucosa (Fig.  24.15). The suture is then tied. We 
then run the suture clockwise from the 5 to 11 o’clock posi-
tion. Next, we run the second suture anticlockwise from the 
4 to 10 o’clock position. The suture is cinched as each suture 
is placed and careful attention is given to ensure there is 
good mucosa-to- mucosa apposition. Each suture is tied sep-
arately which provides two suture lines and avoids reliance 
on a single knot. If there is a large bladder neck we close 
some of the bladder neck by suturing bladder mucosa to 
bladder mucosa in the anterior midline prior to completing 
the VUA creating a tennis racket closure. A new 20 F 2-way 
Foley catheter is placed. The integrity of the anastomosis is 
evaluated by observing the anastomosis for leaks while the 
bladder is filled with 180 cc of saline. If a leak is demon-
strated, additional sutures are placed to ensure its resolution. 
Once we are satisfied with the VUA, 15 cc of water is placed 
in the Foley balloon.

 Drain Placement
A 19 F Blake drain is inserted through the most lateral 8 mm 
trocar site when performing surgery with the multiport robot. 
During SP “plus one” cases the 8 or 12 mm assistant port is 
used to place the drain. No fascial closure is absolutely nec-
essary at the assistant port site, given its EP nature of the 

procedure. The drain is positioned so it is not directly over 
the anastomosis which may result in a urine leak.

At this point the robot is undocked after removal of 
instruments.

 Specimen Extraction and Wound Closure
The patient is taken out of Trendelenburg position. With the 
multiport setup, the specimen bag string is transferred from 
the assistant’s 12 mm port to the robotic 8 mm camera port. 
The umbilical incision is extended as needed and the speci-
men is extracted. With the SP setup, the specimen can often 
be easily removed through the robotic port site as it is 
approximately 3–4  cm in length. Occasionally the fascial 
incision needs to be extended to remove the specimen. All 
additional ports are taken out under direct vision to ensure 
there is not any significant bleeding.

Once the specimen is removed, we close the fascia with 
3–4 interrupted figure of 8’s using 0-polyglactin suture.

Skin incisions are closed with 4/0 Monocryl sutures 
(Fig. 24.16). A 3-0 silk tie is used to secure the drain to the 
skin. Steri strips and dressings are applied over the incision 
and local anesthetic is infiltrated prior to the reversal of 
anesthesia.

 Post-operative Care
The patient is recovered in our PACU. Clear liquid diet is 
administered initially and diet is advanced as tolerated. 
Patients are ambulated the same day. If there is no signifi-
cant concern for bleeding, prophylactic chemical thrombo-
embolic prophylaxis is given with intermittent pneumatic 
compression with SCDs while the patient is in the hospital. 
We only obtain post-operative labs for clinical concerns. 
The morning after surgery the drain is removed if there is 
<100  cc of output in an 8-h shift. Almost all patients are 
discharged within 24  h of surgery. For straight forward 
cases, the Foley catheter is removed approximately 
7–10 days after surgery. Patients with significant thrombo-
embolic risks are discharged with a course of 10  days of 
anticoagulation.

 Discussion

EP RARP remains an underutilized approach. This route 
avoids insufflation of the intraperitoneal space. Diaphragmatic 
splinting, which can cause respiratory compromise, is elimi-
nated. Severe Trendelenburg which is often required with the 
transperitoneal approach is also avoided. The peritoneum 
serves as a natural barrier, keeping intraabdominal contents 
out of the operative field. Furthermore, no lysis of adhesions 
is necessary in patients with prior abdominal surgeries [8].

The potential advantages of the SP RARP are fewer inci-
sions and possibly better postoperative pain control. We 

Fig. 24.15 Start of the VUA. The yellow arrow highlights the left pos-
terior reconstruction suspension suture, the green arrow highlights the 
posterior reconstruction sutures, and the blue arrow is displaying place-
ment of the first suture for the VUA.  Note the approximation of the 
rhabdosphincter to the bladder neck with the posterior reconstruction
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Fig. 24.16 Post-operative views post multiport (a) and SP “plus one” (b) EP RARP

expect improvement in operative times once the surgical 
techniques become established and there is better familiarity 
with the maneuverability of the SP robotic instruments. The 
camera does have a cobra head allowing better maneuver-
ability, however using this capability to ease the operative 
procedure is not clearly evident. There are some that will use 
a 0° scope for the majority of a RARP and switch to a 30° 
down scope during the bladder neck and seminal vesicle dis-
sections. Thus, for those who use two scopes during RARP 
the cobra head function of the camera could help save them 
time and money by providing optimal visualization without 
needing to change robotic scopes during the case. However, 
there are currently significant disadvantages of the SP sys-
tem. Training is an issue for two reasons: currently training 
consoles are not widely available and the primary surgeon is 
often still working out the surgical technique and maneuver-
ability of the robot for themselves. Furthermore, maneuver-
ability of the robotic arms with the SP system is an issue. The 
instruments have an articulating elbow 2–3  cm from the 
wrists of the robotic instruments which allow the instruments 
to enter the surgical space and then move out of the view of 
the camera. Due to the articulating elbows, the range of 
motion of the instruments are reduced when compared to the 
multiport robot. Creation of new instruments for the SP robot 
may help with optimizing the surgical experience while min-
imizing postoperative complications.

We show in this chapter that the EP approach can be used 
to perform RARP using both a multiport and a SP robot. 

However, the EP RARP has not been widely adopted with 
the multiport robot. This is mainly due to the learning curve 
associated with the extraperitoneal space expansion laterally. 
This often challenging EP dissection is no longer necessary 
with the SP robotic system given the space created in the 
midline with a finger manually or with a balloon dilator is 
sufficient to deploy the SP. A lot of progress is on the way to 
further minimize invasiveness of our surgical approach to 
RARP. The SP access kit which has only become available in 
the last year is one such example. With further technological 
improvement, adoption of the SP robot to perform RARP 
will undoubtedly continue.
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25The CUF Technique: Extraperitoneal 
Robot-Assisted Radical Prostatectomy

António Pinheiro, Pedro Bargão Santos, and Estevao Lima

 Introduction

Extraperitoneal approach was described for the first time in 
laparoscopic approach by Raboy in 1997 [1], although it was 
with Bollens that this technique became popular [2]. The first 
report of a robot assisted extraperitoneal radical prostatec-
tomy was made by Gettman and Abbou in 2003 [3].

This approach has advantage of non-entrance in the peri-
toneal cavity and therefore reduces the risk of intra- 
abdominal organ lesions, as well as postoperative ileus. In 
obese patients, as this technique allows less angulation of 
Trendelenburg position, it might also be advantageous [4].

 Technique

To the accomplishment of this surgery, a fourth arm da Xi 
DaVinci® Robot system is used.

The patient is put on dorsal supine position with its legs 
slightly apart or in classical Trendelenburg position. The 
operating table is with 20° on head-down tilt, to ensure better 
viewing of the operating, however less angulation might be 
used 10–20° (Fig.  25.1). The robot is on left side of the 
patient, lateral to its legs. The assistant is on the right side of 
the patient and the scrub nurse is on the left side.

After a 16Ch-Folley bladder drainage is in place, the sur-
gery’s first step is to create the preperitoneal space and the 

placement of the first trocar. An 8 mm incision is made 2 cm 
inferiorly and 2 cm laterally to the right of the umbilicus. A 
blunt dissection is preformed until the identification of the 
anterior rectus sheath. A horizontal incision on the anterior 
rectus sheath is then made and enlarged trough blunt dissec-
tion. The rectus muscle fibers are identified below and are 
dissected until identification of the posterior rectus sheath. 
Afterwards, a gentle fingertip dissection is made in the space 
between the rectus muscle and the posterior rectus sheath.

A balloon trocar is placed through this space, superiorly 
to the posterior rectus sheath, up to the pubic bone. 
Insufflation is done under vision control of the 3D camera 
system. The pubic bone and the epigastric vessels are impor-
tant landmarks. After the creation of the preperitoneal space, 
the balloon trocar is removed and an 8 mm robot trocar is 
placed. Afterwards the insufflation starts and we proceed to 
the placement of the other trocars.

The camera is placed on the paraumbilical port and can be 
used to swipe of peritoneal adhesions laterally and superi-
orly to facilitate the other port placement.

Two pararectal robot trocars of 8 mm are placed on each 
side of the patient. The other 8 mm robot trocar is placed 
anteromedial to the left anterior iliac crest. The AirSeal® 
12  mm trocar is placed anteromedial to the right anterior 
iliac crest (Fig. 25.2).

The robot arms are connected and the instruments are 
inserted under direct vision. On the right arm a round-tip 
scissor is placed with monopolar energy connected, on the 
left pararectal arm a bipolar forceps and on the lateral left 
arm a standard forceps is placed.

An operating urologist that is not sterile, on the remote 
console, controlling the camera and the three robot arms, 
performs the entire surgery.

The assistant uses the right lateral trocar with an aspirator, 
or a grasper, scissor or a clip of Hemolock® applier.

The first step is to proceed with a dissection of the all 
Retzius space from the pubic symphysis to prostate. Ensure 
that the bladder is completely drained. The fatty and the are-
olar tissue overlying the anterior prostatic surface and the 
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Fig. 25.1 Patient positioning

Fig. 25.2 Port placement

Fig. 25.3 Retzius space dissection

endopelvic fascia are gently swept away. The superficial 
branch of the dorsal vein may be visible and if so is coagu-
lated and sectioned (Fig. 25.3).

The endopelvic fascia is incised bilaterally. Blunt dissec-
tion is made from the prostatovesical junction to pubo- 
prostatic/vesical ligaments, until the lateral aspect of the 
prostate is completely visible and isolated. Sharp dissection 
may be needed near the prostate apex in case of adhesions 
(Fig. 25.4).

The next step is bladder neck incision. If it is not easily 
identifiable use repeated traction on the catheter with the bal-
loon inflated. Then put it completely inside the bladder, at 
the dome. An incision is made at 12 o’clock and sharp inci-
sion from 10 to 2 o’clock is made. The incision extends later-
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Fig. 25.4 Endopelvic fascia incision

Fig. 25.5 Anterior bladder neck incision

Fig. 25.6 Posterior bladder neck incision

Fig. 25.7 Posterior plane incision

ally only on the superficial layers, to remove adhesions from 
the bladder to the prostate.

The bladder neck is then incised on its ventral aspect in a 
descending way, until the prostatic urethra is identified. The 
prostate is separated from the bladder neck through sharp 
dissection. The bladder neck should be incise as much dis-
tally as possible to allow as much preservation as possible. 
However, caution must be taken to avoid entrance on the 
prostate and therefore positive surgical margins (Fig. 25.5).

As soon as the urethra is incised the catheter is grasped 
and lifted upwards, in order to enhance the dorsal visualiza-
tion of structures. The dissection continues laterally and then 
posteriorly always identifying the bladder mucosa.

The dorsal bladder neck is incised, ensure the incision is 
made on natural groove between the bladder and prostate. In 
case of middle lobe, the ureteral orifices are close to the 

plane of dissection, caution must be taken or double pigtail 
stenting prior to surgery (Fig. 25.6).

The dissection plane continues perpendicularly and pos-
teriorly until the longitudinal seminal-bladder, muscular 
fibers are identified and sharply dissected (Fig.  25.7). The 
vas deferens are then dissected, isolated and sectioned bilat-
erally. In first place, the right vas deferent and seminal vesi-
cle, and afterwards, the left vas deferent and seminal vesicles. 
On the right side, the surgeon grasps the vesicle. On the left 
side, the assistant grasps the seminal vesical cranially and 
medially to facilitate its dissection. Caution must be taken in 
careful hemostasis of the seminal artery and too much pres-
sure should not be applied on the tip of the vesicle, in order 
to avoid damage to the neurovascular bundle (Fig. 25.8).

The left deferent is pulled up and to the left by the robot 
standard forceps and the right deferent to the counter side by 
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Fig. 25.8 Seminal vesical dissection

Fig. 25.9 Posterior plane dissection

Fig. 25.10 Dissection of the prostate superficial fascia from the pros-
tate capsule

Fig. 25.11 Neurovascular bundle dissection

the assistant grasper. The anterior layer of the Denonvilliers 
fascia is gentle pulled down and opened below the insertion 
plane of seminal vesical and vas deferens (Fig. 25.9). The 
prostatic capsule is dissected from the perirectal fat, pushing 
the rectum inferiorly to avoid its lesion. The dissection con-
tinues as far as possible until the apex, on the midline and 
bilaterally.

Then the attention moves laterally to the neurovascular 
bundles and the prostatic lateral pedicles.

If nerve-sparing technique is applied, it starts at the right 
side of the prostate. The right seminal vesicle is pulled to the 
left side, by the robot standard forceps, to expose the right 
neurovascular bundle. An incision of the prostate superficial 
fascia from the lateral ends of the bladder neck to the apex is 
made. A plane is sharp and bluntly developed, laterally, 
between the superficial prostatic/periprostatic fascia and the 

prostate, until the identification of the prostatic pedicles and 
neurovascular bundle. The same is done on the left side of 
the prostate (Fig. 25.10).

At this point, Hemolock® clips are applied anterogradely, 
and transversally on the vessels, very close to the prostate 
capsule. Small distances should be covered with cuts, in 
order to avoid in advert lesion of the neurovascular bundle. 
This dissection continues until the prostate apex. Cautery use 
must be reduced to ensure minimum damage to the nerve 
bundle (Fig. 25.11).

If nerve sparing is not adequate due to tumor oncologi-
cal characteristics, the prostate is lifted upwards and con-
tralateral and the rectum is pushed down. The dissection 
starts posteriorly near the prostatovesical junction and 
Hemolock® clips are applied transversally on the vessels 
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that travel to the prostate and sharp cut is applied superi-
orly. Safe margins should be applied to ensure negative sur-
gical margins.

Then attention moves to the anterior surface of the pros-
tate. The plane is developed under the dorsal vein complex, 
between it and the anterior surface of the prostate. 
Coagulation of vessels is done with extreme care to avoid 
large blood loss. Irrigation by the assistant is very important 
at this time. The puboprostatic ligaments are not divided in 
this approach. They are detached from the prostate with the 
dorsal vein complex (Fig. 25.12).

The apex of the prostate and the urethra are isolated by 
this dissection and the urethra sharply sectioned on the 
 anterior surface. The catheter is removed, the prostate is 
rotated laterally to the left side and then to the right side, to 
complete the posterior urethra cut. Caution must be taken to 
avoid lesion of the neurovascular bundle at this step. Cold 
scissors should be used on this step.

The prostate is removed and placed inside a specimen 
retrieval bag.

The posterior musculofascial reconstruction and urethro-
vesical anastomosis are the next steps. The first starts with a 
3-0 5/8 V-LOC® suturing—three runs from the anterior 
Denonvilliers’ fascia that was cut to the rectourethral muscle 
also cut (Fig. 25.13). This stich moves the bladder closer to 
the urethra and reduces tension on the anastomosis. Then 
with the same stich starts the urethrovesical anastomosis at 
5–7 o’clock on the posterior bladder neck (Fig.  25.14). It 
goes from dorsal to ventral and it is completed with another 
3-0 5/8 V-LOC® suture starting at 5 o’clock. The sutures are 
outside-in on the bladder and inside-out on the urethra. 
Caution on the lateral stitches to avoid lesion on the neuro-
vascular bundle.

The same stiches are used to make the anterior recon-
struction. They are placed from the anastomosis to the 
Santorin plexus and then to the bladder, to ensure stabiliza-
tion of the anastomosis (Fig. 25.15).

After the anastomosis is finished the new sylatic 18Ch 
bladder catheter is passed. The bladder is filled with 150 mL 
of saline to ensure watertightness.

A surgical drain is placed through the left lateral port and 
should remain near although not adjacent to the 
anastomosis.

The surgical specimen is extracted after enlarging the 
right lateral port.

The air of the pre and intraperitoneal spaces is removed, 
the trocars are removed under vision. The incisions are 
closed in two layers.Fig. 25.12 Anterior plane development

Fig. 25.13 Posterior reconstruction suture

Fig. 25.14 Anastomosis
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26Predictive Models in Prostate Cancer

Elio Mazzone, Giorgio Gandaglia, Vito Cucchiara, 
and Alberto Briganti

 Introduction

The decision-making process in the field of prostate cancer 
(PCa) requires the clinician to balance clinical benefits, life 
expectancy, comorbidities and potential treatment related 
side effects that could ultimately influence the outcome of 
patients. Considering the complexity of this phase, the use of 
predictive tools that can integrate multiple clinical informa-
tion for each individual patient allows to provide an individ-
ualized approach [1]. In consequence, several preoperative 
and postoperative tools have been developed during the last 
two decades to assist patients and physicians across the steps 
of the diagnosis, staging and treatment decision. Those mod-
els have been presented in the forms of look-up tables, 
regression trees, risk-class stratification tools, nomograms 
and artificial neuronal network [2–6]. Of those, nomograms 
represent undoubtedly the most frequently proposed tool. 
Nonetheless, there is a large disparity between the number of 
developed nomograms and those who are routinely adopted 
in clinical practice. A possible explanation for the low adop-
tion rate is that a non-negligible proportion of available 
nomograms share similar endpoints. In consequence, the 
choice of one nomogram instead of another may be ham-
pered by the large number of alternatives, which may ulti-
mately discourage the end user. Second, the low adoption 
rate may be related to the intrinsic complexity of the nomo-
gram. Indeed, most of the available nomograms require an 
elevated number of variables, which may not be always 
available in routine clinical practice. In consequence, despite 
an available nomogram showed promising results and high 
predictive accuracy, its complexity may limit its use. 
Therefore, risk stratification in few classes have also been 

proposed as alternatives to more complex nomograms with 
the goal of providing a user-friendly tool assisting preopera-
tive patient counselling.

The predictive ability of available tools may be improved 
by the implementation of additional parameters which derive 
from genomic analyses or radiological parameters. In this 
context, in the last decade, multiparametric magnetic reso-
nance imaging (MRI) has gained momentum and, to date, it 
is widely accepted as a key tool in the diagnostic pathway of 
PCa [1, 7]. However, while this widespread use of upfront 
MRI, some limitations should be still carefully considered, 
particularly regarding the risk of missing clinically signifi-
cant PCa [8]. As a matter of fact, the use of MRI as a compo-
nent of a model and not as a single tool might indeed mitigate 
this risk [9–11]. At the same time, the inclusion of MRI 
parameters in preoperative tools to improve risk classifica-
tion and local staging have been recently explored [9].

In the current chapter, we aimed to describe the available 
published predictive tools for PCa, with the intent to discuss 
the advantages and potential pitfalls related to their use. 
Particularly, we explored currently available tool predicting: 
(1) presence of PCa at biopsy; (2) adverse pathological fea-
tures at final surgical specimen; (3) oncological outcomes 
after radical treatment.

 Main Body of the Chapter

 Models Predicting the Presence  
of PCa at Biopsy

The first step during the PCa decision-making process is the 
identification of patients who are at higher risk of PCa and 
who should, therefore, receive a prostate biopsy. In this con-
text, several strategies have been developed to optimize the 
use of prostate biopsies detecting men at higher risk of sig-
nificant disease (Table  26.1A). Prostatic specific antigen 
(PSA) alone or free/total (F/T) PSA are widely used and 
accepted to stratify pre-biopsy PCa risk [12]. In order to 
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Table 26.1 Relevant predictive models in prostate cancer

Study Year
Number of 
patients Cohort Covariates Endpoint

Accuracy 
(%)

(A) Models predicting presence of PCa at biopsy
Radtke et al. 
[23]

2017 1159 Patients with 
suspected PCa and 
candidate to prostate 
biopsy

PSA, prostate volume, DRE and 
PIRADS

csPCa 83

Truong et al. 
[27]

2017 285 Patients with 
suspected PCa and 
candidate to prostate 
biopsy

PSA, prostate volume, age, 
PIRADS

Prediction of absence of PCa 82.5

van Leeuwen 
et al. [25]

2017 393 + 198 Patients with 
suspected PCa and 
candidate to prostate 
biopsy

Age, PSA, DRE, previous prostate 
biopsy, prostate volume and 
PIRADS

csPCa 88

Bjurlin et al. 
[20]

2019 2063 Patients with 
suspected PCa and 
candidate to prostate 
biopsy

PSA, prostate volume, age, 
PIRADS

Prediction of absence of PCa 79

(B) Models predicting adverse pathological features at final specimen
Cagiannos 
et al. [30]

2003 7014 Candidates to RP and 
LND

PSA, biopsy Gleason score and 
clinical stage

LNI 78

Godoy et al. 
[31]

2011 4176 Candidates to RP and 
LND

PSA, biopsy Gleason score and 
clinical stage

LNI 86

Briganti et al. 
[33]

2012 588 Candidates to RP and 
LND

PSA, clinical stage and primary 
and secondary Gleason score

LNI 88

Gandaglia 
et al. [32]

2017 681 Candidates to RP and 
LND

Clinical T stage, PSA, biopsy 
Gleason score, percentage of 
positive cores with highest and 
lowest Gleason score

LNI 91

Porpiglia 
et al. [40]

2018 310 Candidates to RP and 
LND with estimated 
risk of LNI <5%

Radiological stage at MRI and 
predominant Gleason pattern 4 at 
MRI

LNI —

Briganti et al. 
[41]

2012 1366 Candidates to RP and 
LND

PSA, age, clinical stage, and 
biopsy Gleason sum

Organ confined disease at final 
specimen

72

Martini et al. 
[45]

2018 561 Candidates to RP and 
LND

PSA, ipsilateral biopsy Gleason 
grade, ipsilateral percentage of 
core involvement and ECE at MRI

ECE at final specimen 82

Lebacle et al. 
[22]

2017 1743 Candidates to RP and 
LND

PSA, clinical stage, Gleason score, 
prostate volume and MRI

ECE at final specimen 74

Nyarangi-Dix 
et al. [46]

2020 264 Candidates to RP and 
LND

Gleason grade, ESUR criteria, 
PSA, clinical stage, prostate 
volume, and capsule contact length 
at MRI

ECE at final pathology 87

Lantz et al. 
[47]

2020 1284 Candidates to RP and 
LND

Age, PSA, PIRADS, MRI prostate 
volume, systematic and target 
biopsy grade group and ECE at 
MRI

Adverse pathology (defined as 
non-organ-confined disease and/or 
lymph node invasion and/or 
pathological grade group ≥3 at 
RP)

71

Soeterik et al. 
[48]

2021 1870 Candidates to RP and 
LND

PSA density, Gleason grade, and 
mpMRI T stage

ECE at final specimen 78

(C) Models predicting oncological outcomes before RP (preoperative setting)
Kattan et al. 
[4]

1998 983 Candidates to RP PSA, biopsy Gleason score and 
clinical stage

Treatment failure (defined as 
clinical evidence of disease 
recurrence, a rising serum PSA 
level or initiation of adjuvant 
therapy)

79

D’Amico 
et al. [6]

1998 1872 Candidates to RP or 
RT

PSA, biopsy Gleason score and 
clinical stage

5-Year BCR —

Cooperberg 
et al. [3]

2005 1439 Candidates to RP PSA, biopsy Gleason score, 
clinical T stage and age

5-Year BCR 66
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Table 26.1 (continued)

Study Year
Number of 
patients Cohort Covariates Endpoint

Accuracy 
(%)

Eastham et al. 
[49]

2008 2906 Candidates to RP Preoperative PSA, clinical T stage Trifecta (i.e. cancer-free status 
with recovery of continence and 
potency)

77

Dalela et al. 
[58]

2017 512 Candidates to RP pT stage, pathological Gleason 
score, lymph node invasion, 
Decipher (genomic classifier)

5- and 10-year CR 85

Lalonde et al. 
[60]

2017 563 Candidates to RP 31-Locus genomic classifiers, 
clinical T stage, PSA and biopsy 
Gleason score

BCR and CR 91, 87

Gandaglia 
et al. [9]

2020 804 Candidates to RP 
with preoperative 
MRI

PSA, PIRADS, SVI at MRI, 
diameter of index lesion, Gleason 
grade at target biopsy and presence 
of csPCa at systematic biopsy

3-Year BCR 77

(D) Models predicting oncological outcomes after RP (postoperative setting)
Stephenson 
et al. [50]

2005 1881 Candidates to RP Preoperative PSA, pathological 
Gleason score, surgical margins, 
ECE, SVI, LNI and adjuvant RT

10-Year progression free survival 81

Cooperberg 
et al. [51]

2011 3837 Patients treated with 
RP

Preoperative PSA, pathological 
Gleason score, surgical margins, 
ECE, SVI and LNI

5-Year Progression-free survival 77

Den et al. 
[54]

2015 198 Patients treated with 
ART or SRT for 
BCR after RP

Expression values for the 22 
prespecified biomarkers

Distant metastases at 5-year 83

Stephenson 
et al. [61]

2007 1540 Patients treated with 
SRT for BCR after 
RP

PSA at SRT, pathological Gleason 
score, surgical margins, PSA 
doubling time, ADT during SRT 
and LNI

6-Year progression-free survival 69

Tendulkar 
et al. [62]

2016 2460 Patients treated with 
SRT for BCR after 
RP

Pre-SRT PSA, Gleason score, 
ECE, SVI, surgical margins, ADT 
use, and SRT dose

BCR-free survival and distant 
metastases

68, 74

Briganti et al. 
[63]

2014 472 Patients treated with 
eSRT for BCR after 
RP

pT stage, pathological Gleason 
score and surgical margins

5-Year BCR after eSRT 74

LNI lymph node invasion, RP radical prostatectomy, MRI magnetic resonance imaging, PSA prostate specific antigen, ECE extracapsular exten-
sion, SVI seminal vesicles invasion, BCR biochemical recurrence, CR clinical recurrence, RT radiation therapy, DRE digital rectal examination, 
LND lymph node dissection, PCa prostate cancer, csPCa clinically significant prostate cancer, PIRADS Prostate Imaging Reporting and Data 
System, ART adjuvant salvage radiotherapy, SRT salvage radiotherapy, eSRT early salvage radiotherapy, ADT androgen deprivation therapy

improve the diagnostic performance of PSA, prostate health 
index (PHI) combines three forms of PSA: total PSA, free 
PSA and the isoform [−2] proPSA, and it can outperform 
total and free PSA for PCa detection on biopsy and have an 
association with aggressive forms of PCa [13–15]. PHI can 
also be combined with prostate volume to obtain PHI density, 
improving its diagnostic yield [16], or even with MRI with 
good results [17]. Since there is increasing evidence that PCa 
risk is multifactorial and not precisely assessed by a single 
marker, risk calculators have been developed to estimate indi-
vidual risk of PCa based on multiple factors. Among these, 
the European Randomized Study of Screening for Prostate 
Cancer (ERSPC) calculator is available in different versions 
and allow to estimate the baseline PCa risk according to dif-
ferent baseline parameters [18]. Another similar tool is the 
Prostate Cancer Prevention Trial (PCPT) risk calculator, 
which includes PSA, family history, digital rectal examina-
tion and history of prior biopsy. Notably, a head-to-head com-

parison has shown that ERSPC outperforms PCPT in the 
prediction of any PCa and clinically significant PCa. It is 
important to note that these calculators have not been assessed 
in prospective randomized studies and their potential role in 
reducing PCa mortality remains unknown. For these reasons, 
all these calculators are not routinely recommended by the 
European Association of Urology (EAU) or National 
Comprehensive Cancer Network (NCCN) guidelines to 
decide whether prostate biopsy is indicated [1, 7].

To date, the introduction of MRI has contributed to 
increase the likelihood of identifying significant PCa in men 
referred to the urologist due to elevated PSA levels. However, 
systematic reviews and meta-analyses have demonstrated 
that the MRI might be characterized by a suboptimal sensi-
tivity for the diagnosis of PCa [8]. Thus, investigators 
attempted to develop nomograms that combined the infor-
mation derived from the MRI with clinical data [19–25], 
with the intent of facilitating the clinical decision. For 
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instance, van Leeuwen et  al. [25] developed a nomogram 
integrating prostate MRI and clinical features to predict clin-
ically significant PCa. The performance of the nomogram 
was greatly improved by the inclusion of MRI features: the 
application of the model would reduce 28% of prostate biop-
sies, while missing only 2.6% of clinically significant PCa. 
Recently, Bjurlin et  al. showed that PSA density, age and 
MRI suspicion category can predict PCa at combined MRI- 
targeted and systematic biopsy and, as a consequence, 
 developed a nomogram including these data [20] with an 
estimated accuracy for overall and clinically significant PCa 
detection of, respectively, 78% and 84% in biopsy naïve 
men. Similarly, Radtke et al. [23] have recently published a 
nomogram combining the Prostate Imaging Reporting and 
Data System (PIRADS) score with clinical variables such as 
PSA, prostate volume, age and digital rectal exploration 
findings to identify significant PCa (ISUP grade group ≥2). 
Of note, the authors included only patients aged 35–80 years, 
who are potential candidates to radical treatments and in 
which, therefore, the indication to perform or not a prostate 
biopsy is crucial. Moreover, they included patients with PSA 
value between 1 and 40 ng/mL and with a prostate volume 
between 5 and 100 cc, which represents the majority of PCa 
patients. Nevertheless, this nomogram lacks external valida-
tion, which is mandatory before being considered in daily 
clinical practice. Another example of MRI-based pre-biopsy 
nomogram is the tool developed by Truong et al. [26, 27]. 
The authors developed and validated a nomogram for predic-
tion of negative biopsy results in patients with previously 
negative prostate biopsy and in whom a second biopsy was 
required due to persistently elevated or increased PSA. Here, 
as for the nomogram developed by Radtke et  al., clinical 
variables and MRI-based PIRADS score were combined to 
develop the model. The Truong nomogram showed high 
accuracy (82.5%), optimal calibration and elevated clinical 
benefit in decision curve analyses, in either internal or exter-
nal validations. One possible limitation of this study is the 
inclusion of patients with PIRADS 5 (43%) and patients with 
PSA more than 40 ng/mL [26, 27]. Of note, both these sub-
groups have elevated likelihood of harboring significant PCa 
regardless other covariates and may, therefore, overestimate 
the clinical utility of this model. In consequence, the validity 
of the nomogram in these patient subgroups would be mar-
ginal, if present.

 Models Predicting Adverse Pathological 
Features at Final Surgical Specimen

The use of preoperative predictive tools to assess the risk 
of having adverse pathological features at pathology in 
patients undergoing radical prostatectomy (RP) is well-

established in routine clinical practice and can guide treat-
ment decision. During the last two decades, several 
preoperative tools have been developed with the aim to 
predict lymph node invasion (LNI), positive surgical mar-
gins and extracapsular extension at definitive pathology 
[5] (Table 26.1B). The issue of lymph nodes is particularly 
relevant because with an accurate definition of LNI risk a 
significant proportion of patients could avoid lymph node 
dissection (LND) and the associated morbidity. Based on 
clinical and biopsy variables, several nomograms have 
been developed [28]. Historically, well-known pre-RP 
nomograms such as the Partin Tables [29] and the Memorial 
Sloan Kettering Cancer Center (MSKCC) score, along 
with the Godoy, the Cagiannos and the Briganti nomo-
grams [30–33], have been routinely integrated in the clini-
cal practice. Since their introduction, these nomograms 
have repeatedly proved their validity and accuracy [34–
39]. All relied on clinical variables such as baseline PSA 
value, clinical T stage and biopsy ISUP grade group, but 
only the Briganti and the MSKCC nomograms included 
the percentage of positive cores. In the more recent version 
of the Briganti nomogram, the percentage of positive cores 
was subdivided into two categories (percentage of higher 
and lower grade cores/total cores) and showed a 90.8% 
accuracy in predicting LNI. Using a 7% cut-off, this model 
would allow sparing almost 70% of pelvic LND with a risk 
of missing only 1.5% of patients with positive nodes. 
When a head- to- head comparison between these nomo-
grams was performed, the Cagiannos model and the 
2012-Briganti showed the best calibration characteristics 
and net clinical benefit at the decision-curve analysis. On 
the other hand, the ability to avoid unnecessary LND was 
virtually the same for all the nomograms tested in this 
comparative study (Cagiannos, 2012-Briganti, Godoy and 
MSKCC) [37].

Some authors have also suggested that MRI could have a 
role in risk stratification in the setting of patients with 
Briganti’s calculated LNI risk <5%. Specifically, Porpiglia 
et al. reported the MRI may be crucial in this specific sub- 
group of patients, where the presence of extracapsular exten-
sion (ECE) or seminal vesicle invasion at MRI were 
independent predictors of LNI at final pathology [40]. In the 
same direction, Gandaglia et al. developed a nomogram spe-
cifically aimed to predict LNI in MRI-diagnosed PCa. 
Indeed, the Briganti 2012, Briganti 2017 and MSKCC nomo-
grams showed suboptimal performances in this subset of 
patients with positive MRI and PCa detected at targeted 
prostate biopsy. The authors developed a new model includ-
ing PSA, clinical T stage, maximum diameter of the index 
lesion on MRI, ISUP grade group on MRI-guided biopsy 
and the presence of clinically significant PCa on concomi-
tant systematic biopsy which was externally validated in a 

E. Mazzone et al.



221

multi-institutional European cohort and showed a Receiving- 
Operator Characteristics (ROC) derived Area Under the 
Curve (AUC) of 86% in predicting the presence of LNI at 
final pathology [10]. This increased accuracy would directly 
translate into a higher number of unnecessary LND spared 
and lower risk of missing positive LNI compared to the exist-
ing models applied in patients receiving preoperative MRI.

Another frequent clinical question is how to select men 
with high-risk PCa who will benefit the most from RP by 
identifying those patients with favourable pathological fea-
tures at the final specimen. Historically, Briganti et al. devel-
oped a model specifically aimed to the identification of men 
with adverse pathological features [41], identifying 40% of 
patients with high-risk PCa who have a specimen-confined 
disease at RP and improving the preoperative selection of RP 
candidates. In this context, several reports have shown that 
MRI-derived information may have an incremental role 
when compared to clinical nomograms alone, although with 
some controversies [42–44]. Notably, most of the studies 
showed optimal performance of MRI for local staging (i.e. 
ECE, seminal vesicle invasion), while the role of MRI for 
nodal staging was limited, thus confirming the sub-optimal 
accuracy of MRI along with the good performance of nomo-
grams in regards of this outcome. Based on these evidences, 
Martini et  al. recently published a MRI-based nomogram 
predicting side-specific ECE of prostate cancer on a model 
including PSA highest ipsilateral biopsy ISUP grade group, 
highest ipsilateral percentage core involvement and extra-
capsular invasion on MRI.  After internal validation, the 
model AUC was 82.11%, with excellent calibration, particu-
larly when compared with MRI prediction of ECE alone. 
Unfortunately, at external validation, this model reached an 
AUC of 67.6% with suboptimal calibration characteristics. 
Moreover, the added value of MRI parameters compared to 
the other clinical variables was not statistically significant 
[45]. Several models based on similar integration have been 
presented in the last few years [22, 46], although most of 
these nomograms lack an external validation and a formal 
comparison between these tools has not been performed yet. 
Among these, the risk tool developed by Lantz et al. [47] was 
specifically aimed to detect adverse pathology at final speci-
men and, consequently, to identify those patients who may 
benefit the most from active surveillance instead of radical 
treatment. Lastly, a novel nomogram to predict side specific 
ECE has been recently proposed by Soeterik et al. The model 
includes PSA density, highest ipsilateral ISUP grade, side- 
specific percentage of positive cores on systematic biopsy 
and ipsilateral clinical stage assessed by both digital rectal 
examination and MRI. Notably, the use of MRI information 
significantly increased the AUC, while the model based on 
PSA density, ISUP grade and MRI stage was superior in 
terms of calibration [48].

 Models Predicting Oncological Outcomes 
of Candidates to Radical Treatment 
(Preoperative Setting)

The management of candidates to RP with high risk of can-
cer progression represents one other critical step for urolo-
gists in clinical practice. Here, major concerns are related to 
the use of adjuvant or salvage treatments, which should be 
considered in the light of potential benefits and related side 
effects. In this regard, numerous prognostic models have 
been developed for helping physicians to measure the opti-
mal balance between oncological benefit and adverse events 
(Table  26.1C). Of note, the ability to assess biochemical 
recurrence (BCR)-free survival improves pre-treatment 
counseling of patients and the definition of appropriate ther-
apy, as well as the identification of those patients with more 
advanced disease who are candidates for novel clinical trials. 
Historical disease progression predictive tools, such as the 
D’Amico classification [6], Cancer of the Prostate Risk 
Assessment (CAPRA) [3], the Kattan nomogram [4] and the 
TRIFECTA [49] represent examples of prognostic tools that 
are frequently adopted in clinical practice in the preoperative 
setting. The Kattan nomogram was one of the first tool devel-
oped to predict disease recurrence after local therapy [4]. In 
this model, as well as in other pre-treatment nomograms, 
clinical stage, biopsy ISUP grade, and pre-treatment serum 
PSA level are incorporated to predict the continuous risk of 
disease progression after definitive local therapy. Regarding 
patients treated with RP, nearly 1000 patients with clinically 
localized disease were included; as such, this model is not 
applicable for those men with evidence of seminal vesicle 
involvement or regional lymph nodal involvement. Despite 
providing an accurate estimate of individual patient risk, the 
use of nomograms in clinical practice is limited by their 
complex format which limits a straightforward clinical appli-
cation in the context of preoperative patient counselling. 
Therefore, to simplify risk stratification, men with prostate 
cancer can be grouped into fewer categories without com-
promising the ability to predict disease behavior and response 
to intervention. D’Amico et al. [6] defined patients at low, 
intermediate, and high risk for biochemical failure based on 
pre-treatment disease characteristics (i.e., clinical T stage, 
PSA value and ISUP grade group). Other versions of simpli-
fied risk stratification have been developed and validated, 
with inclusion of features such as age and pathologic find-
ings [3, 50]. The CAPRA score, ranging from 0 to 10, pro-
vides another method to assess risk, with each 2-point 
increase in score doubling the risk for recurrence after pros-
tatectomy. It is easily calculated from PSA, T stage, patient 
age, ISUP grade and volume and it has been validated in sev-
eral populations. Moreover, this score allows to predict 
disease- specific and overall mortality [51].
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Although men with low-risk disease generally have low 
probability of experiencing biochemical recurrence during 
follow-up, patients in the intermediate- and high-risk groups 
may have widely discrepant outcomes. Therefore, men in 
these groups benefit from more modern and accurate risk 
prediction models and nomograms [52]. Overall, all these 
tools relied on clinical and/or pathological variables such as 
T stage, Gleason score, PSA and surgical margin status to 
predict the risk of recurrence or progression after radical 
treatments. Despite the large number of variables involved 
and the advanced statistical methodology, these tools remain 
imperfect. To improve the ability to accurately assess the 
risk of PCa progression, genomic classifiers have been pro-
posed to improve prediction of oncological outcomes after 
RP or radiation therapy in PCa patients [53–57]. They are 
based on the identification of predefined biomarkers that the 
tumor cells may or may not express. Based on the number 
and on the types of these expressed biomarkers, the genomic 
classifiers are able to predict the biological behavior of PCa, 
as well as the risk of BCR and cancer progression. In the 
light of this evidence, clinical-based nomograms have been 
implemented with genomic classifiers to increase the pre-
dictive accuracy of the original models. For instance, Dalela 
et al. [58] have developed a genomic classifier-based nomo-
gram for predicting the risk of meta- static progression after 
RP in order to identify those patients who might benefit the 
most from adjuvant therapies. The nomogram was gener-
ated combining pathological variables such as pathological 
T stage, ISUP grade and lymph node status with a genomic 
classifier, which was based on 22 prespecified biomarkers 
[59]. The resulting nomogram showed high accuracy (85% 
vs. 79% for the clinicopathologic model only) and elevated 
ability to identify patients who might benefit from adjuvant 
radiation therapy. Similarly, Lalonde et al. [60] developed a 
genomic classifier-based nomogram for prediction of BCR 
and metastases in patients who underwent RP. Their nomo-
gram combined clinical variables such as clinical T stage, 
PSA and biopsy ISUP grade with a 100-genes based 
genomic classifier. The combined model showed higher 
accuracy compared to the model based on clinical variables 
alone for prediction of either BCR (91% vs. 87%), or metas-
tases (71% vs. 64%). Taken together, the Lalonde and Dalela 
nomograms represent new interesting options in clinical 
decision-making process, where classical clinical variables 
were combined with genomic variables to predict PCa pro-
gression. These encouraging results should prompt the utili-
zation of genomic biomarkers throughout the entire 
decision-making process in PCa patients. On the other hand, 
the elevated cost and the scarce availability of these new 
biomarkers, as well as the lack of external validation studies 
on large patient sample, may represent initial barriers toward 
large-scale use of these genomic classifier-based nomo-
grams in clinical practice.

In the same direction, MRI-derived parameters have been 
proposed to improve the ability to identify patients at higher 
risk of PCa relapse or progression after radical treatment. Of 
note, a recent analysis by Gandaglia et al. [9] aimed at intro-
ducing MRI features in predicting BCR after treatment. They 
developed a novel nomogram which depicted superior dis-
crimination (c-index: 77% vs. 62% vs. 60%) and net benefit at 
decision curve analysis as compared with the CAPRA score 
and the D’Amico risk groups when predicting BCR at 3-year 
after surgery. Remarkably, MRI based parameters, such as 
maximum diameter of the index lesion or tumor stage at MRI, 
resulted as independent strong predictors of BCR.

 Model Predicting Oncological Outcomes After 
Radical Prostatectomy (Postoperative Setting)

Several tools based on pathological data have been proposed 
to assess the risk of progression after RP (Table 26.1D). This 
step is particularly important in order to define the need for 
additional treatments. Indeed, an accurate selection of 
patients more likely to benefit from RP vs. those who can be 
safely managed with observation may allow sparing a rele-
vant proportion treatments-related side effect. Among these, 
the CAPRA-S [51] and the Stephenson nomogram [50] rep-
resent historical risk tools there are still used in clinical prac-
tice. The CAPRA-S score [51] is a scoring system based on 
PSA, pathological Gleason score, ECE and LNI (1 point 
each), positive surgical margins and SVI.  The Stephenson 
nomograms [50] used similar variables and outperformed the 
CAPRA-S score in predicting oncological outcomes after 
RP (c-index 81% vs. 77%). However, despite having lower 
accuracy, the scoring system represents a user-friendly tool 
which may be preferred given its simple and straightforward 
format when compared to the nomogram. Despite the overall 
good accuracy achieved by these postoperative predictive 
tools, their predictive role in stratifying patients for addi-
tional therapies is still controversial.

After a patient is treated with salvage radiotherapy (RT) 
for BCR after RP, few nomograms have been developed to 
predict the survival of patients at long term follow-up. The 
first model was developed by Stephenson et al. [61], where 
PSA doubling time and ADT use were added as covariates to 
pathological data and played a crucial role in predicting risk 
of further disease recurrence after salvage RT. Recently, the 
nomogram proposed by Stephenson was updated by 
Tendulkar et al. [62]. Here the authors also included the dose 
of RT and achieved higher accuracy when compared to the 
original model in predicting progression-free survival 
(c-index 69 vs. 74). In the same context, Briganti et al. pro-
posed a simple model including only pathological variables 
and, differently from the models previously developed, they 
included only node-negative patients [63].
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In order to further improve the ability to predict long-term 
oncological outcomes, in the last decade genomic-based bio-
markers have been developed to predict both recurrence risk 
and adjuvant/salvage RT benefit. In this context, Den et al. 
evaluated a cohort of 188 PCa patients at 10-year follow-up 
after adjuvant or salvage RT for high-risk features. Genomic 
classifier score (Decipher®) outperformed conventional risk- 
assessment tools. Moreover, men with low genomic classi-
fier scores could safely undergo salvage RT in case of PCa 
recurrence, while patients with a high genomic classifier 
score are more likely to benefit from adjuvant RT [54]. The 
same tool was then integrated into a clinical nomogram, 
which combines pathological variables with the genomic 
classifier results. The results were provided as a sum of risk 
factors including pT3b/T4 stage, Gleason score 8–10, LNI 
and Decipher score >0.6. Here, patients with two or more 
risk factors where those who benefited the most from receiv-
ing adjuvant RT, while those with only one risk factor had 
similar outcomes when compared to patients managed with 
observation. Unfortunately, given the high cost and limited 
availability, the use of biomarkers in the context of PCa is 
still limited. However, with new evidence supporting and 
validating the role of genomic-based biomarkers, it is likely 
that the use of combined clinical and molecular predictive 
models during the post-RP decision-making process will 
increase in the next future.

 Conclusion

Several prediction models have been developed in the last 
two decades in the context of PCa, with a specific focus on 
the ability to predict the presence of PCa at a screening level, 
the presence of adverse pathological findings at final pathol-
ogy and oncological outcomes after radical treatment. Most 
of these tools exhibited elevated accuracy, good calibration 
characteristics and promising clinical net benefit, when they 
were internally validated. However, the majority still require 
external validation to confirm their applicability in routine 
clinical practice. To date, only few tools have met these cri-
teria. Of note, in the upcoming years, the integration of the 
clinical tools with information derived from genomic classi-
fiers or MRI results will substantially improve their predic-
tive ability. In consequence, they could represent the gold 
standard in clinical practice but need proof of their benefits 
in well-designed validation studies.
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27Extended Lymphadenectomy Technique

John W. Davis and Ahmet Urkmez

 Introduction

Extended pelvic lymph node dissection (ePLND) is the most 
reliable method of detecting lymph node metastases (LNM) 
of prostate cancer (PCa). ePLND also allows for a better 
understanding of the prognostic risk group a patient is in, 
guiding the details of the post-operative follow-up protocol, 
and determining the need for adjuvant or salvage therapy [1]. 
A decrease in the rate of pelvic lymph node dissection 
(PLND) performed during radical prostatectomy was noted 
in the previous studies, possibly due to diagnosis of PCa at 
early stages and increased application of minimally invasive 
treatment approaches [2]. Although studies have demon-
strated the technical feasibility of PLND during robot- 
assisted radical prostatectomy (RARP), the concomitant 
PLND rate was higher in patients who underwent open radi-
cal prostatectomy than in those who underwent RARP [3–5]. 
However, a very recent study assessing the contemporary 
national trend in PLND during RARP in 115,355 patients 
with intermediate- to high-risk PCa showed that the PLND 
rate increased significantly from 2010 to 2016 [6].

 Patient Selection

Pre-operative nomograms such as the Briganti nomogram 
[7] and the Memorial Sloan Kettering Cancer Center 
(MSKCC) nomogram [8], allow for the identification of PCa 
patients who would benefit from ePLND. Recently, an exter-
nal validation study including 12,009 patients who under-
went radical prostatectomy with ePLND at eight European 
centers showed no significant differences in the performance 
or limitations of the MSKCC nomogram; 2012, 2017, 2019 
Briganti nomograms; 2016 Partin nomogram; or Yale model, 
but it did show a clear benefit for all six of them. The MSKCC 

and 2012 Briganti nomograms were superior to the other 
nomograms in the prediction of LNM in PCa patients with 
only systematic biopsy [9]. The National Comprehensive 
Cancer Network guidelines for PCa treatment recommend 
performing an ePLND if the nomogram-predicted LNM 
probability is 2% or greater [10], whereas the European 
Association of Urology guidelines set this cut-off at 5% [1].

Over the past decade, the introduction of Gallium-68 
(68Ga)- and Fluorine-18 (18F)- prostate-specific membrane 
antigen (PSMA) positron emission tomography/computed 
tomography (PET/CT) has provided improved detection of 
localization of PCa with higher sensitivity and specificity 
when compared with other imaging modalities (e.g., bone 
scintigraphy, magnetic resonance imaging, CT, and choline 
PET/CT) for both primary and recurrent tumors [11–13]. 
Preoperative 68Ga-PSMA PET/CT was more sensitive in 
identifying pathological pelvic LNM than was 3 T multipa-
rametric magnetic resonance imaging [14]. Additionally, the 
risk of LNM was lower in patients with 68Ga-PSMA PET/CT 
negative for LNM than the risk predicted by Cancer of the 
Prostate Risk Assessment scores or the MSKCC and Briganti 
nomograms [14]. A recent study suggested that ePLND 
could be omitted in patients with intermediate-risk PCa and 
a radiological T stage less than rT3 according to multipara-
metric magnetic resonance imaging when PSMA PET/CT 
shows no LNM (negative predictive value, 98.1%). However, 
ePLND remains the gold-standard staging tool in PCa 
patients with high-risk disease as LNM are frequently missed 
in those with PSMA PET/CT negative for LNM [15]. 
Additionally, in a literature review consisting of eight retro-
spective studies, the positive predictive value of 68Ga-PSMA 
PET/CT in detecting pelvic LNM ranged from 70% to 100% 
in patients with biochemical recurrence (BCR) after initial 
curative treatment who underwent salvage PLND afterward 
[13]. Similarly, in a prospective multicenter study, 18F-PSMA 
PET/CT had a high specificity rate (94%) but a low to mod-
erate sensitivity rate (41%) in the identification of pelvic 
LNM in patients with primary PCa [16]. In conclusion, 
although both 68Ga- and 18F-PSMA PET/CT have very high 
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specificity in detecting pelvic LNM, their sensitivity is only 
moderate, and small LNM can be missed. Therefore, ePLND 
cannot be replaced by 68Ga- or 18F-PSMA PET/CT in exclud-
ing LNM [13, 16]. The reason ePLND still represents the 
gold standard for nodal staging is mostly due to the relatively 
poor diagnostic yield of imaging modalities in the detection 
of nodal metastases especially those less than 5 mm in diam-
eter [17–19]. PET imaging currently has great utility for 
recurrent disease management.

Figure 27.1 illustrating a case of recurrent disease after 
brachytherapy with PET avid lymph node disease with the 
Axumin tracer.

 Extent of PLND

As shown in many studies, the number of positive lymph 
nodes increases proportionally with the extent of the dissec-
tion [2, 20]. However, the question of how extensive a PLND 
should be remains debatable. This is mainly due to the vari-
ous lymphatic drainage patterns demonstrated in previous 
studies [21, 22]. The American Urological Association and 
European Association of Urology guidelines for PCa treat-
ment recommend avoiding PLND in men with low-risk dis-
ease because the harm may outweigh the benefits. However, 
for those with intermediate- or high-risk disease, PLND is 
suggested, and an extended PLND template should be fol-
lowed [1, 23].

Researchers have recommended standardization of PLND 
terminology to better determine the extent of anatomical dis-
section and more accurately compare the outcomes of stud-
ies. The most commonly used terminology with regard to 
PLND is; limited, standard, extended, and super-extended 
PLND [2]. In limited PLND, the region between the obtura-
tor nerve and external iliac vein is described. In standard 
PLND, in addition to the region in limited PLND, the area 
under the obturator nerve and around the internal iliac ves-
sels is described. In extended PLND, in addition to the region 
in standard PLND, the area around the proximal common 
iliac artery and vein up to the ureteral crossing is targeted. 
Finally, in super-extended PLND, in addition to the region in 
extended PLND, the common iliac vessels up to the aortic 
and caval bifurcation and the presacral region are included in 
the dissection field. Figure 27.2a, b show our published dia-
grams on extended PLND zones by their dissection steps and 
correlation to standard nomenclature [24].

Fig. 27.1 This patient was referred for consideration of salvage pros-
tatectomy for biochemical progression after brachytherapy. However, 
an Axumin PET showed uptake in the left obturator fossa as well as the 
prostate. Given his age/co-morbidity he was recommended a trial of 
androgen deprivation which resulted in resolution of PET uptake 
6 months later—consistent with lymph node positive disease

a b

Fig. 27.2 (a, b) The extent of PLND dissection can be described with 
blood vessel mapped nomenclature (limited, standard, extended, super- 
extended) but also thought of in terms of dissection zones and anatomy 
needed to manipulate. Figure (a) shows a completed extended template 
on the left. Figure (b) shows five different dissection zones: 1 = The 
typical external iliac artery/vein from ureter crossing to node of 
Cloquet; 2 = The typical obturator fossa space up to the red line where 
the vein lies naturally; 3  =  The continuation of the obturator fossa 
beneath the external iliac vein—tissue that can be removed by retract-
ing the vein up or for a more complete access dissecting in the triangu-

lar space between external iliac artery and vein; 4 = The continuation of 
obturator fossa beneath the obturator nerve—this space becomes the 
lateral aspect of the hypogastric artery zone; and 5 = the medial hypo-
gastric lymphatic tissue that often must be dissected out separately 
between branches of the hypogastric artery. The distal aspect of zone 5 
then takes the dissection into the peri-rectal fat adjacent to the prostate 
endopelvic fascia. For standard nomenclature: limited = zone 2; stan-
dard  =  zones 1–2; extended  =  zones 1–5; super-extended (not 
shown) = zones 1–5 plus pre-sacral and more common iliac. (Images 
with permission from Williams SB et al. BJU Int. 2016;117:192–8)
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Consensus regarding the optimal number of lymph nodes 
that should be removed for adequate PCa staging is lacking. 
Moreover, some surgeons advocated determining PLND 
adequacy by the borders of anatomical dissection rather than 
the number of lymph nodes removed. Therefore, it is recom-
mended that the excised lymph nodes be named according to 
the region they belong to and sent for pathological analysis 
in separate containers [1]. In our experience, the median 
lymph node count with extended template was >20—slightly 
higher with more packets sent but positive yield not affected 
by number of packets sent [25].

 Therapeutic Efficacy of ePLND

Although the benefits of ePLND in PCa staging and conse-
quent guiding of or omitting adjuvant treatment are proven, 
the therapeutic efficacy of ePLND remains unclear. Several 
retrospective studies showed that extensive PLND in node- 
positive PCa patients was associated with improvement of 
cancer-specific survival [26, 27]. In contrast, the therapeutic 
role of ePLND was challenged in several other studies. For 
example, in a recent systematic review including mostly ret-
rospective studies and lacking standardization with regard to 
definition of the extent of PLND, authors found no signifi-
cant differences in oncological outcomes favoring any form 
of PLND over no PLND for BCR, distant metastasis, or sur-
vival [28]. Additionally, comparison of ePLND with limited 
PLND revealed no significant differences in BCR in 11 out 
of 13 studies. Two studies showed a benefit of ePLND in 
only specific subgroups of PCa patients: those with 
intermediate- risk cancer and pN1 disease with less than 15% 
lymph node invasion [28]. A very recent randomized con-
trolled trial compared the early oncological outcomes of lim-
ited PLND (obturator nodes) with those of ePLND (obturator, 
external iliac, internal iliac, common iliac, and presacral 
nodes) in 300 PCa patients [29]. Although ePLND signifi-
cantly improved pathological staging, the study did not show 
a significant benefit of it over limited PLND in terms of 
BCR- and metastasis-free survival [29]. However, a few 
points about therapeutic efficacy of ePLND should be con-
sidered. First, PLND may be curative in some patients whose 
involved lymph nodes are completely removed. For now, 
though, only limited retrospective evidence supports a pos-
sible curative effect of PLND [26, 27, 30]. Second, ePLND, 
which is accepted as the most accurate staging tool for 
detecting LNM, may improve survival by identifying patients 
who would benefit from adjuvant treatments and by omitting 
adjuvant treatment in those who do not need it. Third, even 
ePLND can miss 25% of all lymphatic landing sites for PCa 
metastases [21, 28]. Therefore, including all of the potential 
lymphatic landing sites with imaging guidance and new 
techniques may improve the oncological outcomes.

A multicenter study assessing the effect of ePLND on 
oncological outcomes revealed no significant differences in 
BCR, cancer-specific mortality, or metastasis-free survival 
rate 5  years after radical prostatectomy in patients with 
D’Amico intermediate- or high-risk PCa in whom PLND 
was or was not performed [31]. Similarly, in a very recent 
study, we evaluated the data on 1026 PCa patients who 
underwent RARP from 2006 to 2012 at The University of 
Texas MD Anderson Cancer Center to show the therapeutic 
consequences of omitting PLND in patients with biopsy 
Gleason score ≤ 3 + 4 and cT1-T2 disease [32]. Our results 
revealed that low- and intermediate-risk patients who did not 
undergo PLND and whose PCa was subsequently upgraded 
or upstaged according to RARP pathology had 5-year BCR- 
free survival rates similar to those of a propensity score- 
matched cohort of patients who did undergo PLND [32].

 Technical Aspects of ePLND

Placing additional ports is generally not necessary for per-
forming a successful PLND.  However, especially for 
extended and super-extended PLND, a surgeon may consider 
using a forth robot arm or inserting an additional assistance 
port. Placing the ports more cranially may help better dem-
onstrate the iliac bifurcation and presacral region in ePLND.

Pelvic lymphadenectomy can be performed either before 
prostatectomy or after prostatectomy and vesicourethral 
anastomosis. No related oncological or functional outcomes 
highlight that any of these options as more advantageous 
than the other. The main factor here is the surgeon’s prefer-
ence. Surgeons should decide on the method that they believe 
is most comfortable and effective.

During PLND, an accessory obturator vessel arising from 
or draining into the external iliac circulatory system may be 
encountered. Similarly, small perforating vessels may run 
from the muscle layers in the pelvic sidewall to the pelvic 
lymph nodes. Paying attention to these vessels is important 
because they may lead to bleeding that significantly deterio-
rates the vision in the operative field. Additionally, clipping 
off relatively large lymphatic vessels will reduce the possibil-
ity of prolonged lymph drainage and/or lymphocele develop-
ment, although advanced energy technologies such as vessel 
sealer or bipolar may be suitable methods and possibly faster.

Mattei et al. described a standardized ten-step procedure 
for robot-assisted ePLND to acquire a single tissue monob-
lock from both sides that includes all lymph nodes within the 
ePLND template (median number of lymph nodes, 14 [IQR, 
11–19]) [33]. Additionally, they suggested a further five-step 
procedure that includes the super-extended PLND template 
for patients with at least a 30% risk of lymph node invasion 
calculated using the 2017 Briganti nomogram (median num-
ber of lymph nodes, 23 [IQR, 19–29]) [34].
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 Sentinel Node Biopsy

Although ePLND is the best available staging method for 
assessing the presence of LNM in patients with PCa, it can 
still miss aberrant dissemination pathways to about 25% of 
lymph nodes located outside the ePLND template [21]. For 
predicting the routes of lymphatic spread and improving the 
accuracy of ePLND, fluorescence-supported lymphography 
and sentinel node biopsy (SNB) have been proposed [1, 35, 
36]. Researchers have shown that Indocyanine green-guided 
ePLND improves the identification of lymphatic drainage 
and increases the median number of retrieved nodes (22 vs. 
14) [37]. Moreover, in vivo guidance of a DROP-IN gamma 
probe during RARP with ePLND has improved sentinel 
node yield when compared with a traditional laparoscopic 
gamma probe and fluorescence imaging (100.0% vs. 76.0% 
vs. 91.3%), likely owing to its more advanced maneuverabil-
ity [38]. In a systematic review, SNB exhibited high sensitiv-
ity and negative predictive value, and it appeared to increase 
nodal yield by detecting more positive nodes when combined 
with ePLND than ePLND alone. However, it infrequently 
detected positive nodes outside the ePLND template, raising 
concerns that SNB may not add value to ePLND [39]. 
Eventually, SNB and fluorescence-supported lymphography 
are still considered experimental procedures [1].

 Multi-Port vs. Single-Port Robotic Surgery 
Platform

Kaouk and colleagues described a step-by-step technique of 
single-port (SP) robotic perineal prostatectomy with PLND 
and reported the results of a comparative analysis of their ini-
tial series’ perioperative and postoperative outcomes of SP 
robotic perineal prostatectomy with multiport transperitoneal 
RARP [40]. After propensity score matching, they included 26 
patients in both groups. All of the patients in the multi-port 
group underwent PLND whereas 16 patients in the SP group 
underwent PLND. They found that the median lymph node 
count was lower in the SP group than in the multi-port group 
(3 [IQR, 1.5–5.5] vs. 6 [IQR, 4–8]; p = 0.01) [40]. The same 
authors also compared the outcomes in patients who under-
went SP extraperitoneal RARP and those who underwent 
multi-port transperitoneal RARP.  Ninety- one patients in the 
SP group and 101 patients in the multi- port group underwent 
bilateral obturator lymph node dissection. The authors did not 
observe a significant difference in lymph node yield between 
the two groups (median, 5 [IQR, 3–7] in the SP group vs. 6 
[IQR, 4–7] in the multi-port group) [41]. A very recent pooled 
analysis of a series of PCa patients who underwent SP RARP 
(n = 208) showed removal of fewer lymph nodes in patients 
undergoing SP RARP than in those undergoing standard 
RARP (median, 5.5 vs. 9.0) [42].

 Salvage ePLND

The indications for, extent of, and oncological outcome of 
salvage lymphadenectomy following radical prostatectomy 
have not been well studied, as only data from retrospective 
studies of more than 500 patients are reported [43]. 68Ga- and 
18F-PSMA PET/CT are generally the preferred imaging stud-
ies for identifying patients with potential LNM after RARP 
[43, 44]. Abreu et  al. defined a technique for performing 
robot-assisted high-extended salvage retroperitoneal and 
pelvic lymphadenectomy for node-only recurrent PCa [43]. 
The outcomes of their initial series of ten patients demon-
strated that robot-assisted salvage retroperitoneal and pelvic 
lymphadenectomy is feasible, with a likely increased lymph 
node yield and decreased morbidity [43]. Similarly, Montorsi 
et al. presented results from their initial series of 16 patients 
who underwent robot-assisted salvage lymphadenectomy 
and showed that the technique is feasible [45]. They also per-
formed retroperitoneal lymph node dissection (the area 
between the aortic bifurcation and renal vessels) in 81% of 
patients. In another study including 35 patients at two cen-
ters, robot-assisted salvage lymphadenectomy appeared to 
be feasible and safe, with only Clavien-Dindo grade I or II 
complications [46].

 MD Anderson Experience and Technique

At our center, we started performing ePLND in 2007. Our 
comparative analysis of standard PLND (obturator fossa) 
and ePLND showed that ePLND significantly increased the 
lymph node yield from 8–10 to 14–20 nodes and the node- 
positive yield from 2.2–6.2% to 17.4–18.4% (both p <0.001) 
[25]. Also, the median operation times with standard PLND 
and ePLND were 20 and 37 min, respectively. We did not 
observe a significant difference in PLND-related complica-
tions between the standard PLND and ePLND cohorts [25]. 
In 2019, we adopted the SP robotic surgery system for RARP 
along with multi-port robotic surgery systems at MD 
Anderson [47]. After successful adoption of the new plat-
form, outcomes in our initial series of 17 patients who under-
went SP RARP with ePLND demonstrated operative times, 
complication rates, lymph node yield (median, 14 [IQR, 
9–18]), and node-positive yield (15%) similar to those in 
patients who underwent multi-port RARP with ePLND [47].

 Impact of ePLND on Perioperative 
and Postoperative Morbidity

The technical challenges and potential complications of 
PLND, especially ePLND, warrant careful consideration 
when recommending the procedure [48]. A systematic 
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review in which researchers analyzed pooled data from 176 
studies of 77,303 PCa patients revealed that those who 
underwent radical prostatectomy with limited or standard 
PLND experienced significantly fewer intraoperative (risk 
ratio, 0.55; P  =  0.01) and postoperative (risk ratio, 0.46; 
P < 0.001) complications, specifically lymphocele formation 
and thromboembolic events, than did patients who under-
went radical prostatectomy with extended or super-extended 
PLND [49]. Eighty-four of the 176 studies (28,428 patients) 
demonstrated that 1.8% of the patients experienced at least 
one intraoperative complication. In these patients, obturator 
nerve (52%) and iliac artery (22%) injury were the most 
commonly observed PLND-related intraoperative complica-
tions [49]. Obturator nerve injury is very rare, and research-
ers observed no long-term complications associated with 
obturator nerve functions (e.g., adductor function) or neuro-
logical deficiency after simultaneous repair of obturator 
nerve injury with 6-0 polypropylene during RARP [50]. 
Additionally, a study showed greater risk of hospital read-
mission in patients who underwent RARP with ePLND than 
in those who underwent RARP alone (4.4% vs. 0.8%) [51].

 Surgical Strategies for Lymphocele 
Prevention

Lymphocele is the most frequent complication after 
PLND.  Although its real incidence is not known because 
most of lymphoceles are asymptomatic, 0–8% of PLND 
patients experience symptomatic lymphocele (SL) after 
RARP [2]. Previous studies comparing the SL rate for the 
limited and standard PLND templates with that for the 
extended PLND template did not show a significant differ-
ence [52, 53]. However, a prospective study demonstrated a 
5% increase in the risk of SL for every lymph node removed 
[54]. Additionally, the extent of PLND was an independent 
predictor of lymphocele formation (risk ratio, 1.77; 
P < 0.001) in a recent meta-analysis of 176 studies [49]. The 
predictors for SL formation were use of prophylactic low- 
molecular- weight heparin, an increased number of positive 
lymph nodes, and extracapsular extension [49]. Similarly, 
studies comparing lymphocele incidence in PCa patients 
with extraperitoneal and transperitoneal approaches had con-
troversial results [55]. Authors had reported a higher inci-
dence of SL with the extraperitoneal approach than with the 
transperitoneal approach [56, 57], whereas a more recent 
study showed similar SL rates with both approaches [58].

Most SLs can be managed via percutaneous drainage or 
with conservative treatments; rare cases require surgical 
marsupialization. Various strategies have been proposed to 
prevent SL development after RARP, such as peritoneal 
interposition flap [59], bilateral peritoneal fenestration [60], 
P.L.E.A.T. (Preventing Lymphocele Ensuring Absorption 

Transperitoneally) [61], 4PPFF (Four-Point Peritoneal Flap 
Fixation) [62], placement of pelvic drain [63], and use of 
hemostatic agents [64, 65], sealing techniques and sealing 
agents [66]. Randomized controlled trials showed no sig-
nificant differences in SL development rate after RARP with 
PLND in comparing non-drainage with pelvic drainage 
[67], titanium clips with bipolar energy [66], TachoSil (a 
hemostatic sponge) with control [65], and Arista AH (a 
hemostatic powder) with control [64]. In a systematic review 
that included five retrospective studies of 1308 patients, 
authors found the peritoneal interposition flap to be effec-
tive in preventing SL development after RARP with PLND 
(1.3% vs. 5.7%) [68]. However, a recent randomized con-
trolled trial showed no benefit of the peritoneal interposition 
flap in reducing the rate of postoperative lymphocele, either 
asymptomatic or symptomatic [69]. Consequently, increas-
ing lymphatic reabsorption by maximizing the peritoneal 
surface seems to be a rapid and cost-effective option in pre-
venting or reducing SL development. The use of specific 
agents and sealing techniques is not supported in the litera-
ture, though [55].
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28Fluorescence Guided Node Dissection

A. C. Berrens, O. Özman, T. Maurer, F. W. B. Van Leeuwen, 
and H. G. van der Poel

 Introduction

Because of limited ability to visually discriminate targeted 
tissue from surrounding tissue the demand for new image 
guided surgery has increased. New ways to provide real-time 
guidance have developed rapidly. In this chapter we provide 
the insight into the physics of fluorescence and the clinical 
application of fluorescence during lymph node dissection in 
prostate cancer.

 History of Fluorescence

Fluorescence was observed by the Aztecs. They observed a 
peculiar blue-light emission when water was added to a 
diuretic type of wood. A phenomenon later called “lignum 
nephriticum”, meaning “kidney wood” in Latin (Fig. 28.1). 
When the Europeans arrived it was not the medical use but 
the color effects used to distinguish this rare and expensive 
wood from counterfeits that attracted attention; wooden 

cups made from lignum nephriticum were even given as 
gifts to royalty [1].

In 1565 a Spanish physician and botanist, Nicolas 
Monardes, first reported the fluorescence phenomenon [2]. A 
century later Robert Boyle, a famous chemist, also mentions 
his observation about fluorescence in his notes; “If you make 
an infusion of Lignum Nephriticum in spring water it will 
appear of a deep color, like that of an orange, when you place 
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the vial between the window and your eye; and of a fine deep 
blue when you look on it with your eye placed between it and 
the window” [3]. Later, it was discovered that the UV compo-
nents in sunlight excited a small fluorescent molecule called 
formononetin, yielding the blue fluorescent emission [4].

British scientist Sir George G. Stokes, discovered the con-
cept of excitation and emission spectra and introduced the 
term fluorescence. It was, however, not until 1929 that the 
mechanism of fluorescence on molecular level was described; 
the mechanism of excited substances passing through an 
intermediate state before emission [5]. Since then fluorescent 
compound also made their way to diagnostic medical applica-
tions. Two prime examples being fluorescein and indocyanine 
green (ICG). Fluorescein, when emitted with ultraviolet 
(UV)-light emits a bright yellow green (λ = 488–515 nm) and 
was first used as a tracer for intra operative differentiation of 
normal and malignant tissues in the 1940s [6].

ICG was developed in the second world war as a dye in 
photography. It is nontoxic and non-radioactive. Its ability 
to provide near-infrared fluorescence imaging got it into 
clinical use and it has been approved for intravenous 
administration by the U.S. Food and Drug Administration 
(FDA) since the 1950s for a broad range of surgical indica-
tions [7, 8].

 Physics of Fluorescence

Fluorescence is part of the broader concept of luminescence. 
Essentially, the focus of luminescence-based imaging is the 
detection of light that is emitted from a particular area. The 

emission spectrum of luminescent tracers intended for medi-
cal use encompasses UV-light (400 nm), visible light (400–
650 nm), far-red light (650–780 nm), and near-infrared range 
of 780–2000 nm [9].

Fluorescence is the spontaneous emission of light radia-
tion from a substance that is electronically excited by a light 
source. Meaning that light needs to go in first and a light- 
sensitive camera is required to detect the emitted light. Dyes 
that have fluorescent properties are named fluorophores or 
fluorescent dyes. The light absorbance and emission aspects 
of fluorescent dye are dictated by the size and shape of con-
jugated system in their molecular structure, meaning each 
specific molecule has a unique absorption maximum (λex max). 
When a fluorescent dye is excited in its “fingerprint” absorp-
tion spectrum, the molecule can convert to an unstable 
excited energy state. The energy that is lost by the decay 
back to the stable state, as seen in the Jablonski diagram 
(Fig.  28.2), converts it into light of a longer wavelength 
which provides the emitted fluorescent light. Again, the 
(maximum) emission wavelength (λem max) is unique for each 
fluorescent dye as it also depends on the specific conjugation 
system in a molecule. The strength (also called brightness) of 
a fluorescence emission is a combination of a couple of fac-
tors a.o.: the concentration of the dye (please note that in 
some cases e.g. for ICG the fluorescence drops at concentra-
tion over 5 × 10−5 M) [10]. The intensity of the excitation 
light source (assuming it is matched to the absorption maxi-
mum), the efficiency by which the excitation light is absorbed 
by the molecule (called extinction coefficient) and the con-
version of the absorbed energy into a fluorescent emission 
(called quantum yield) [11].

 
Brightness Extinction Coefficient Fluorescence Quantum= ( )×   ε YYield Φ( )

Clinical use has been reported for a wide range of fluores-
cent dyes with greatly varying molecular structures and 
properties. Non structurally related dyes are fluorescein (λem max 
515 nm; brightness in aqueous solutions ≈ 105) [11] which 
has been used in non-conjugated [6] and conjugated form 
[12], methylene blue (MB (λem 686 nm; brightness ≈  103) 
[13] and the metabolically formed dye PpIX (λem max 515 nm; 
quantum yield 0.06 and extinction coefficient 4866 M−1 cm−1) 
[14, 15]. Apart from these structures most medical applica-
tions make use of structurally related cyanine dyes, e.g. con-
jugated Cy5 (λem 651  nm; brightness  =  5  ×  104) [16, 17], 
IRDye 800CW (λem 800 nm; quantum yield of 9% with an 
extinction coefficient of 2.42 × 105 M−1 cm−1 [18] and non-
conjugated ICG (λem 820 nm; brightness = ≈103) [19]. Based 
on this list the dye application can be separated on their 
wavelength and on non-conjugated (dye only) and conju-
gated (dye attached to a vector).

Fluorescein is a non-conjugated dye in its purest form. 
When administered intravenously fluorescein can be used to 
measure extravasation from blood vessels and renal clear-
ance [20]. Local administrations have seen application in 
lymphangiography [21].

ICG, although not having a specific moiety for chemical 
conjugation, has the tendency to non-covalently bind to pro-
teins such as human serum albumin. In fact the binding to 
serum proteins is so efficient (80%) that dyes are protein 
bound when in vivo [22]. As a result intravenously adminis-
tered ICG does not extravasate from blood vessels and 
remains intravascular for up to 20–30 min, after which it is 
hepatically cleared via bile [7, 23]. These properties have 
driven its used during (retinal) angiography [24] and cholan-
giography [23]. Following local injections ICG, bound to 
serum proteins, provides an effective lymphangiographic 
agent [21].
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Fig. 28.2 Simplified Jablonski diagram with electromagnetic 
spectrum of visible light. Example of excitation and emission 
shown for ICG.  Emission wavelengths for mentioned dyes: (a) 
EC17, fluorescein and PpIX (λem 515 nm). (b) Cy5 (λem 651 nm). (c) 

EMI-137 (λem 670 nm). (d) MB (λem 686 nm). (e) IRDye 800CW 
(λem 800 nm). (f) IR800 IAB2M and OTL38 (λem 788 nm), OTL78 
(λem 793 nm). (g) ICG (λem 820 nm)

Non-covalently bound ICG has also been successfully 
applied to locate the draining lymph nodes for different can-
cers such as those of the uterus [25–27], breast cancer, mela-
noma, squamous cell carcinoma of the oral cavity [28], 
gastric cancer [29, 30] and colon carcinoma [31] but the less 
specific accumulation of non-bound ICG in the sentinel 
nodes make it less suitable for sentinel node biopsy (SNB). 

The definition of sentinel node in prostate cancer remains 
under debate (Table 28.1).

To more specifically targeted the sentinel node and have 
ICG retained in it the non-covalent interactions between ICG 
and albumin have been exploited to create ICG-complexes 
with nano-particles that are based on albumin aggregates viz. 
nanocolloid. A feature that helps drive the nodal uptake fol-

28 Fluorescence Guided Node Dissection
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lowing lymphatic drainage [32]. Bound ICG to albumin has 
shown only limited efficacy in bladder cancer patients [33]. 
Currently intravenous injection of free ICG is approved by 
FDA, but local administration in to the prostate not yet. 
Conjugated (bound) dyes are still only used in clinical 
research.

These variants can be attached, “targeted”. With conju-
gated dyes, the dye basically needs to contain a reactive moi-
ety for commonly used amino acid conjugation strategies 
e.g. a carboxylic acid group that allows conjugation to a pri-
mary amine on a peptide or protein. As such the dye func-
tions as a label for disease specific vector. Clinical literature 
examples contain, but are not limited to the targets: folate- 
receptor [34], C-Met [17], GE137. It goes without saying 
that essentially the targeting vectors can be labeled with dif-
ferent dyes, a concept that has been demonstrated for folate 
which can be targeted by (e.g.) EC17 by binding to folate 
receptors which are overexpressed on the surface of tumor 
cells including renal and ovarian cancer cells [34–38]. 
Important herein is the influence that the dye structure has on 
the affinity and pharma kinetics of the imaging agent as a 
whole. This effect is widely studied in the preclinical setting 
[22, 39–41] but as far as we know there is but one clinical 
report mentioning such an evaluation [42]. Currently, studies 
are ongoing for nearly 40 new image guided surgery tracer 
candidates (Table 28.2) [43].

 Tumor Specific Fluorescent Tracers

Currently, most clinically used fluorescent tracers act in the 
NIR spectrum of light but other optical spectra have been eval-
uated. Early studies evaluated the role of 5- aminominolevulinic 
acid (5-ALA) for intraoperative detection of cancer cells [12]. 

When taken orally, it is converted into protoporphyrin IX 
(PpIX) which, because of reduced ferrochelatase activity in 
cancer cells, might accumulate in malignant tissue [45]. The 
PpIX within the tumor emits red fluorescence under a violet-
blue light [46]. 5-ALA is an FDA-approved tracer for image 
guided surgery based on PpIX 5-ALA is specific for tumor 
tissue but not tumor type and is therefore widely used in differ-
ent clinical disciplines. It is used in neurosurgery, especially 
malignant gliomas, and has found its use in bladder and kid-
ney cancer surgery [47, 48]. The first application of 5-ALA in 
prostate cancer surgery was as a photodynamic diagnostic tool 
for evaluation of the surgical margins in radical prostatectomy 
[49]. Despite relatively promising results in surgical margin 
evaluation the sensitivity and specificity lacked and has there-
fore yet been abandoned. There is no study on the use of 
5-ALA in pelvic lymph node dissection. In breast cancer stud-
ies, the fluorescence of metastatic axillary sentinel lymph 
nodes was found higher than non-metastatic sentinel lymph 
nodes after administration of oral 5-ALA [50]. It is thought 
that a lower depth of penetration of blue light into the abun-
dant connective tissue of lymph nodes limits its use [51].

 Prostate Cancer Specific (Fluorescent) 
Tracers

Prostate specific membrane antigen (PSMA) is a type II 
transmembrane glycoprotein which is expressed on cells 
of the prostate gland and overexpressed on prostate cancer 
cells in >90% [52, 53]. It has therefore gained interest as 
a tumor- specific target molecule for prostate cancer and 
has altered the approach of tumor specific imaging and 
radio guided surgery by adding an exogenous radioiso-
tope [53, 54].

Table 28.2 Selection of fluorescent tracers and their applicationa

Name tracer Tracer type Application
Excitation/emission
Wavelength (nm)

ICG Non-conjugated Lymphangiography
Sentinel node imaging

807/820
Fluorescent dye

Fluorescein Non-conjugated Ureter visualization 488/515
Fluorescent dye Lymphangiography

Methylene blue Non-conjugated Ureter visualization 665/688
Fluorescent dye

EC17 Folate-targeting small molecule Ovarian carcinoma
Renal cell carcinoma

488/515
(Folate-FITC)
OTL38 Folate-targeting small molecule Ovarian carcinoma 774/788
(Folate-800CW) Endometrial cancer
EMI-137 C-Met targeting peptide Penile cancer 650/670
(GE137)
IR800 IAB2M PSMA-targeting minibody Prostate cancer 774/788

ICG indocyanine green, Folate-FITC folate conjugated with fluorescein isothiocyanate. EMI137 water-soluble compound composed of a 26-amino 
acid cyclic peptide, C-Met hepatocyte growth factor receptor, IR800 IAB2M 89Zirconium-desferrioxamine-IAB2M
aEdited from van Beurden et al. [44]
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PSMA-targeted fluorescent tracers might meet the desire 
of high resolution visual feedback intraoperatively. These 
tracers can be classified according to the emitting wave-
length of the fluorophores; visible, far-red and NIR prefera-
bly combined with a radioactive component to the tracer for 
preoperative imaging and intraoperative navigation, compa-
rable to the developed SNB tracers [39]. The first small mol-
ecule PSMA-NIR fluorophore tracers were produced in 2005 
by conjugating the PSMA inhibitor GPI to IRDye78 to cre-
ate GPI-78 [55]. After this, many more passed through 
research facilities all over the world. An example of a PSMA- 
specific fluorophore that did meet most of the conditions is 
OTL78 and is now in first in man trials [56]. The research for 
tracers targeting prostate cancer is not limited to 
PSMA. Infrared fluorophore conjugated anti-Prostate Stem 
Cell Antigen (PSCA) is an emerging tracer offering real-time 
intraoperative fluorescent imaging [57].

A problem with many of the conjugated fluorophores was 
that the physicochemical properties could drastically alter 
characteristics of the PSMA-targeting molecule [55, 58, 59]. 
Some never even made it to in vivo trials in mice [41, 60]. 
Also, large variations in dosage makes it difficult to compare 
clinical effectiveness of different tracers.

 Combining Fluorescent Tracers 
and Radioactive Tracers

Combined fluorophores have also been applied to image 
lymphatic drainage patterns. van den Berg et al. used both 
ICG and fluorescein as fluorescent tracers to identify lymph 
nodes and lymphatic ducts simultaneously [61]. Similarly, 
using multispectral fluorescent camera systems ICG was 
successfully combined with fluorescein and Cy5 [62].

A limitation of fluorescence guided surgery is the tissue 
penetration. E.g. ICG and Cy5 can be seen from approxi-
mately 15 mm distance to the source emitting the signal. 
Tissue penetration is influenced by many things like the 
type of tissue (e.g. more fatty tissue, or more blood contain-
ing tissue) which has effect on the absorption and scattering 
of the signal. For ICG the tissue penetration was compara-
ble in different types of tissue but it outperformed Cy5 in 
tissue with high blood content. Furthermore, the type of 
imaging camera used and the height of the background sig-
nal can play an important role. Practically, this means that 
for the use of NIR imaging it is important to get close to the 
tissue to be able to tell if the surgical margins are tumor 
free and if any fluorescent tissue is left behind [63]. This 
still prevents fluorescence guided surgery from being ideal 
for lymphatic road mapping for deep lymph nodes and 
vessels.

Combining a fluorescent tracer with a radioactive tracer 
emerged as a promising solution. Like with fluorescence 

there was already significant experience with solely radioac-
tive tracers.

Currently, lymph node involvement is evaluated by radio-
logical and radionuclide imaging methods in preoperative 
assessments of prostate cancer. PSMA PET/CT is a suitable 
alternative for conventional imaging methods, providing 
high diagnostic accuracy [64].

Radioisotopes such as beta and gamma-emitting PSMA- 
targeted tracers like 99mTc-PSMA-I&S (imaging and surgery) 
were introduced to give acoustic guidance during pelvic 
lymph node dissection [39]. Early studies have shown the 
feasibility of developing fluorescent PSMA targeting tracer 
and clinical trials are [41, 56, 65].

Again, combining a radioactive and fluorescent tracers 
may emerge as a promising next step comparable to the SNB 
tracers [66].

 Fluorescence Guided Urological Surgery

First with the use of PpIX and fluorescein fluorescence was 
of aid in the spectrum visible to the human eye (white light). 
Because of the unique properties of certain dyes outside of 
the visible spectrum, however, the conventional white light 
sources were not enough. This required the NIR technology 
to integrate with daily practice inside the operating room. 
First open cameras and later laparoscopic handheld cameras 
were introduced. In 2011 the first lymphangiography with 
ICG using a fluorescence laparoscope was described in pros-
tate cancer [67]. A camera to image fluorophores at different 
wavelengths was integrated with the da Vinci Si surgical 
robotic system®1 when robot assisted surgery made his 
advance [10]. Now surgeons are able to control the images 
real-time directly from the surgical console, facilitating rou-
tine use of this camera.

In the field of urology fluorescence guided surgery has 
been used to unravel vascular perfusion during partial 
nephrectomy, to aid with ureteral reconstructions and in clin-
ical trials to investigate minimalizing positive surgical mar-
gins of the primary tumor and sentinel node procedures in 
penile and prostate cancer [17]. The results from an extended 
pelvic lymph node dissection (ePLND) are still being con-
sidered the “gold standard” for nodal staging. However, 
ePLND has limitations. Research showed that 31% of tumor 
containing lymph nodes are missed by the standard ePLND 
template [68, 69].

When attached to nanocolloid the ICG is “trapped” in the 
first lymphnode making it suitable for identifying sentinel 
nodes. A potential benefit of SNB is the detection of tumor 
containing lymph nodes outside the ePLND template. In a 
systematic review 4.9% of sentinel nodes were documented 

1 Firefly; Intuitive Surgical, Sunnyvale, CA, USA.
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outside the ePLND template [70]. Recently, a randomized 
control trial (RCT) showed higher detection rate of positive 
nodes using ICG nodal tracing and in recent literature a suc-
cessful sentinel node detection rate of 86–100% is described 
when using ICG [26, 71, 72]. However, no difference in bio-
chemical recurrence (BCR) was observed [73]. In the latest 
EAU guidelines sentinel node detection in intermediate/
high-risk prostate cancer is still considered experimental. 
Also, the role of sentinel node detection in low-risk prostate 
cancer remains unclear [74].

During those first interventions with fluorescence some 
disadvantages were revealed. By intraoperative dissection of 
the lymphatic network leakage of the fluorescent tracer may 
occur leading to “contamination” of the surgical field. It also 
has to be taken into account that when tracers are injected 
intravenously excretion in bile and/or in urine can occur, and 
are therefore likely to give interfering background signal 
during prostatectomy. Currently, the best window for inject-
ing the different fluorescent tracers is still under investiga-
tion. The way of administering the tracer has been researched 
by Korne et al. in 2019 concluding that intratumoral tracer 
deposition increased the chance of visualizing nodal metas-
tases in comparison to intraprostatic (extra tumoral) tracer 
deposition [32, 75].

For use of hybrid tracers preoperatively a SPECT/CT is 
done as a control for tracer activity. During surgery it is pos-
sible to navigate on this SPECT/CT using acoustic guidance. 
Simultaneously, simplifying resection and visualization of 
the surgical margins with fluorescence guidance. Another 
benefit is when ICG is used in the hybrid tracer it is cova-
lently bound to the nanocolloid particle. This approach pro-
vides a more specific nodal targeting and less nonspecific 
leakage of tracer compared to the use of free-ICG [76].

In comparison to only ICG, adding SN biopsy to ePLND 
during prostatectomy using a hybrid tracer Mazzone et  al. 
(2021) showed increased detection of nodal metastases and a 
trend to improved BCR-free survival compared to ePLND 
only [77]. This benefit was obtained without an increased 
risk of procedure related complications.

The hybrid tracer 99mTc-ICG-nanocolloid was success-
fully applied in a variety of cancers including prostate cancer 
[77–80]. This raises the question what the additional value of 
preoperative SPECT/CT tracing is compared to intraopera-
tive fluorescence imaging. In a study where surgeons were 
blinded for the preoperative SPECT/CT images, detection of 
all fluorescent nodes became difficult due to the low penetra-
tion of the fluorescent signal and additional nodes were 
found in at least 10% of cases after SPECT/CT unblinding 
[78]. This was confirmed in a recent retrospective analysis 
that showed a benefit for the hybrid tracer but not free-ICG 
for BCR after prostatectomy (Mazzone et  al., Eur Urol, 
2021) [77].

Furthermore, in 70% of patients with a BCR after local 
treatment metastases are found in a lymph node [81]. Recent 
literature already proves that radio guided salvage surgery is 
feasible and may results in early biochemical responses in 
recurrent prostate cancer but data on longer term outcome 
are to be awaited [82]. Suggesting that in the future there is a 
place for hybrid tracer guided salvage surgery as is already 
been done for the sentinel node group.

Summarizing, free fluorescent dyes are used in lymphatic 
mapping and in sentinel node biopsies when combined with 
human serum albumin. Tumor specific (conjugated) dyes are 
of aid in preoperative imaging and intraoperative judgement 
of surgical margins, and salvage lymph node dissection. 
Especially when (tumor-specific) fluorescent tracers and 
radioactive tracers are combined into a hybrid tracer. In the 
future more of these hybrid tracers will be developed and 
eventually implemented in daily practice in robot assisted 
surgery.

 Conclusions

Fluorescence-guided lymph node surgery in prostate cancer 
was shown to provide anatomical details of lymphatic drain-
age that can be used to the tailor lymphadenectomy and early 
data suggest improved outcome. Novel hybrid tracers allow 
both preoperative imaging and intraoperative tracing. 
Experience gained from SNB tracer development will aid in 
the further development of tumor specific tracers, such as 
those targeting PSMA that hold great promise.
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Abbreviations

CT Computed tomography
MRI Magnetic resonance imaging
PET Positron emission tomography
PLND Pelvic lymph node dissection
PSA Prostate-specific antigen
PSMA Prostate-specific membrane antigen
SLND Salvage lymph node dissection
SPECT Single-photon emission computed tomography

 Introduction

In recent years imaging of recurrent prostate cancer lesions 
has evolved in an almost revolutionizing way. Especially 
positron emission tomography (PET) imaging with ligands 
directed against the prostate specific membrane antigen 
(PSMA) [1], a type II transmembrane glycoprotein with 
overexpression on most prostate cancer cells, has substan-
tially changed the diagnostic pathway. While expression on 
soft fatty tissue and especially lymph nodes is negligible, 
prostate cancer lesions within lymph nodes or soft tissue 
show significant tracer uptake and can be visualized already 
at only several millimeters in diameter [2–4]. Even at low 
PSA-levels at biochemical recurrence metastatic sites can be 
detected with PSMA PET imaging [5, 6]. Based on these 

superb detection rates PSMA PET became the routine imag-
ing modality for biochemical recurrent prostate cancer 
within the last few years and is increasingly acknowledged in 
guidelines as imaging modality of choice [7].

Traditionally, in biochemically recurrent prostate cancer 
with evidence of lymph node involvement, watchful waiting 
or initiation of systemic treatment such as androgen depriva-
tion therapy upon further progression or symptomatic dis-
ease is recommended [7]. However, the above described 
evolution in imaging fueled the desire for local targeted 
treatment approaches such as targeted salvage radiotherapy 
or salvage lymph node dissection (SLND). Although, to date 
these treatments are considered experimental by guidelines 
further systemic palliative treatment and associated toxicity 
may hopefully be delayed and long-lasting PSA-responses 
might be initiated.

In this context, results from SLND series have been 
reported already prior to the PSMA PET era. After initial 
encouraging reports [8–12], more recently rather critical 
views have been published. In these, oncological long-term 
outcomes were either unclear or favourable outcomes were 
only observed in a minority of men [13–15]. However, sev-
eral limitations of these earlier series have to be acknowl-
edged that might be responsible for the sobering results. 
First, the indication for salvage surgery was mainly based on 
the results of choline-based PET or conventional imaging. 
Secondly, these series also included advanced patients who 
presented with several lesions on imaging, retroperitoneal 
disease or who did receive systemic androgen deprivation 
therapy prior to SLND. And thirdly, in about 20% of patients, 
pathological examination revealed no metastatic prostate 
cancer tissue within the removed tissue specimens. This last 
finding might be due to unspecific imaging or the fact that 
recurrent tumor lesions were not readily detectable intraop-
eratively. Previous lymph node dissection at the time of radi-
cal prostatectomy or radiation treatment might furthermore 
hinder successful removal.
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 PSMA PET Refines Indication for SLND

The advancement of molecular imaging and especially the 
recent introduction of PSMA PET for imaging in biochemi-
cal recurrence of prostate cancer, fueled the interest for tar-
geted salvage therapies such as SLND. PSMA PET/CT or 
PET/MRI allows better identification of patients with mini-
mal and localized recurrent disease, provides a detailed ana-
tomical localization and thus creates the opportunity to more 
accurately apply local therapies. Results from PSMA PET in 
combination with clinical parameters [14], help to identify 
patients that might profit from SLND. Thus, the indication 
for SLND can be refined by the addition of PSMA PET 
results.

However, intraoperatively, reliable identification and 
removal of metastatic lymph nodes or soft tissue lesions is 
challenging as they might be small in size, atypically located 
and/or morphologically unrecognizable (Fig. 29.1a). Thus, 
in a subset of patients, postoperative histology might still be 
negative even if SLND procedures were based on PSMA 
PET imaging [16]. As PSMA PET shows a high specificity 
for lymph node staging, false positive findings are not 
observed commonly. Instead, in the majority of cases with 
negative histology lymph node metastases are probably 
missed by surgical resection. Thus, intraoperative real-time 
guidance for localization of prostate cancer lesions incorpo-
rating the idea of precision surgery to ensure successful 
removal are needed.

 Tracers for PSMA-Radioguided Surgery

Here, based on the high specificity of PSMA tracers used for 
PET imaging labelling with gamma-emitting radiopharma-
ceuticals could be established that enable SPECT imaging as 
well as radioguided surgery [17, 18]. Historically, radiogu-
ided surgery is known from sentinel surgical procedures 
where the lymphatic drainage and first draining lymph node 
can be detected. However, radioguided surgery with PSMA 
specific tracers enables direct molecular detection of prostate 
cancer lesions [19, 20]. Several compounds have been devel-
oped that can be used for single-photon emission computed 
tomography (SPECT) and potentially also radioguided sur-
gery: 111In-PSMA-I&T [18], 99mTc-PSMA-I&S [17], 
111In-PSMA-617 [21], 99mTc-PSMA-1404 [22]. Of these, the 
most investigated in PSMA radioguided surgery are 
111In-PSMA-I&T and 99mTc-PSMA-I&S.  Both agents have 
been proven to perform well for both, preoperative SPECT 
imaging and intraoperative surgical guidance using conven-
tional gamma probes [23, 24]. However, major limitations of 
111In-labelled tracers are the associated higher costs, higher 
radiation exposure and restricted availability restraining 

broad acceptance and every day’s usability. 99mTc for label-
ling PSMA tracers on the other hand is available in virtually 
all nuclear medicine departments as it represents the most 
widely used radionuclide in nuclear medicine.

 Preoperative Work-Flow

Patients who are subjected to SLND for early lymphonodu-
lar oligorecurrent prostate cancer based on the results of 
PSMA PET imaging receive an intravenous injection of 
99mTc-PSMA-I&S (mean activity published in literature: 
571  MBq, range: 221–857  MBq), 111In-PSMA-I&T (mean 
activity published in literature: 150  MBq, range: 
86–298 MBq) or 111In-PSMA-617 (mean activity published 
in literature: 110 ± 10 MBq) 1 or 2 days prior to salvage sur-
gery (mean time prior to surgery published for 99mTc-PSMA- 
I&S: 19.7 h, range 15.8–24.9 h, for 111In-PSMA-I&T: 22.9 h, 
range 16.7–28.0 h, for 111In-PSMA-617: 44 h ± 10 h) [23–
25]. It has to be noted that the difference in half-life (99mTc: 
6.0 h; 111In: 2.8 days) allows to perform 111In-PSMA based 
radioguided surgery 1 or 2 days after injection while 99mTc- 
PSMA based radioguided surgery is usually performed the 
day after injection. Initially, unspecific background pre-
cludes intraoperative specific targeting and sufficient tracer 
accumulation within the prostate cancer lesions have to be 
awaited. However, due to radioactive decay and possible 
wash-out radioactive signals from the lesions, after a longer 
period of time, cannot be reliably detected anymore. Thus, 
99mTc-PSMA based radioguided surgery is usually performed 
within 24 h after injection.

After PSMA tracer administration usually SPECT/CT 
imaging is performed to cross-validate findings of the previ-
ous PSMA PET and document positive tracer uptake within 
the lesions (Fig. 29.1b). This also serves as quality control 
for correct tracer injection and distribution. It has to be noted, 
however, that due to the difference in sensitivity and spatial 
resolution, PSMA based SPECT imaging tends to miss small 
lesions that were detectable on PSMA PET [24, 26].

 Description of Surgical Technique

The surgical procedure using PSMA radioguidance is gen-
erally similar to the conventional open salvage surgery 
approach. Patients are placed in a supine position and a uri-
nary catheter is inserted. This allows removal of radioactive 
urine from the bladder which otherwise may impair gamma 
probe measurements within the close proximity. 
Additionally, more space for the surgical procedure is cre-
ated. After preparing the surgical field, a transperitoneal 
mid-line incision is performed. Adhesiolysis of the bowel to 
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Fig. 29.1 Case of a patient with biochemical recurrent prostate cancer 
and positive lymph node on PSMA PET suspicious for prostate cancer 
metastasis: 18F-PSMA-1007 PET/CT fusion imaging shows distinct 
tracer accumulation within an approximately 5 mm right pelvic lymph 
node suspicious for prostate cancer metastasis (a), that also shows 
tracer accumulation on 99mTc-PSMA-I&S SPECT/CT fusion imaging 
(b). Intraoperative view of the right pelvis after almost complete dissec-
tion of lymphatic and fatty tissue (& external iliac artery, # external iliac 

vein, x internal iliac artery, o ureter crossing the common iliac artery, § 
obturator nerve) (c). Intraoperative gamma probe measurement shows 
distinct localized radioactivity of 90 counts per second (d) and aids 
intraoperative detection of the PSMA PET positive lymph node (white 
circle, e). Ex vivo gamma probe measurement confirms successful 
removal (f). (Image reproduction from Maurer et  al., Der 
Nuklearmediziner, 2020 [33], © Georg Thieme Verlag KG)

the pelvic wall is performed, if necessary. Thereafter, the 
bowel is retracted cranially. This approach allows immedi-
ate access to the lower aorta, inferior vena cava, the bifurca-
tion, the iliac vessels and the ureters as well as the pararectal 
and presacral area.

During surgery, a sterile draped gamma probe is used for 
in vivo measurements to facilitate localizing the metastatic 
lymph nodes and to aid the surgical resection (Fig. 29.1c–f). 
After excision, ex vivo gamma measurements are performed 
to immediately confirm the successful removal of the meta-
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static radioactive lesion(s) on the operation room table or to 
prompt further search in case of a missing signal. In case of 
positive identification, defined as measurements exceeding 
at least twice the background level of the patient’s non- 
cancerous fatty tissue, intraoperative frozen section histo-
pathological analysis to confirm successful resection of a 
PET positive lesion is usually dispensable. After removal of 
all metastatic lesions seen on preoperative PSMA PET intra-
operative in vivo gamma probe measurements are conducted 
to exclude additional lesions.

In case of recurrent tumor within the extended PLND 
template encompassing the external, internal, common iliac 
field as well as the obturator fossa resection of at least the 
whole extended PLND template of the respective side is per-
formed. If additional lesions are detected, the planned field 
of dissection might be extended to increase the probability of 
complete resection of all tumor-bearing tissue.

Currently, there is no consensus if in the salvage setting 
and unilateral PSMA PET positive lesions also the contralat-
eral template field should be dissected [27]. For suspicious 
lesions located elsewhere (pararectal, presacral) a resection 
of the corresponding region with surrounding tissue is addi-
tionally performed. In case of retroperitoneal lesions, the 
template of dissection usually follows the templates for LND 
in testicular cancer.

For retrovesical local recurrent tumor lesions within the 
fatty tissue the ductus deferens and ureter of the respective 
side serve as landmark and should be clearly identified early 
during the surgical procedure [28]. In this area, careful prep-
aration with limited use of cautery is necessary to avoid dam-
age or necrosis of the ureter. After careful lateral mobilization 
of the bladder, an incision of the peritoneum ventrally to the 
rectum is performed. Here, careful preparation is necessary 
to avoid damage to the rectum that might be affected from 
previous radiation. In some cases, a ventral stitch of the dor-
sal bladder wall to elevate the bladder is performed to facili-
tate access to the retrovesical space. The use of gamma probe 
measurements is particularly helpful as fibrotic alteration of 
the tissue is often present after previous surgery and radia-
tion. Moreover, the distal margin of the recurrent tumor 
lesion may be identified.

 Complications of SLND

As SLND currently is considered an experimental treatment 
approach risks and benefits need to be carefully considered. 
In general, salvage surgery procedures seem to be safe [15]. 
Lymphedema, symptomatic lymphoceles requiring drainage, 
fever or wound complications are the most frequent reported 
complications. Most complications are of low grade. In a 
systematic review, Clavien Dindo grade I and II complica-
tions ranged from 0% to 62.5% (mean 21%) and 0% to 
37.5% (mean 11%), respectively [15]. Grade 3 complica-

tions are reported in less than 10% of cases with varying per-
centages between series. This is not substantially different 
for SLND using PSMA radioguided surgery. Of note, no 
complications associated with PSMA tracer injection are 
reported to date. The currently largest series on PSMA 
radioguided SLND encompassing 121 patients reports 24% 
of Clavien grade I/II and 9% of Clavien grade III complica-
tions. Additionally, one death due to pulmonary embolism 
6 days after surgery and discharge from hospital was reported 
[3]. Eleven patients with Clavien grade III complications 
were affected by hydronephrosis due to ureteral strictures 
(seven patients), rectal lesions with the need for temporary 
colostomy (two patients) and urosepsis and osteomyelitis in 
the foot due to lymphedema (one patient). Although most 
patients recover well from SLND, these reports highlight 
that SLND should be only performed in centers with suffi-
cient experience. Moreover, the indication for SLND should 
be carefully discussed with each patient considering the indi-
vidual clinical situation.

 Outcomes of PSMA Radioguided SLND

In contemporary SLND series postoperative histology did 
not reveal cancerous tissue in approximately 9–31% of 
patients [8, 13, 14, 16]. Thus, either imaging showed false 
positive findings or the prostate cancer lesions could not be 
detected and removed during SLND.  In comparison, in 
91–100% of patients undergoing SLND using PSMA 
radioguidance for PSMA PET positive recurrent lymph 
nodes showed prostate cancer tissue on final pathology [3, 
16, 23–25]. In a small comparative series of patients under-
going SLND for PSMA PET proven lymph node recurrence 
it could be shown that a PSMA radioguided approach 
enabled detection of metastatic lymph nodes in all of 13 
patients while in 9 (31%) of 29 patients without PSMA 
radioguidance no metastatic tissue could be removed [16]. 
This also translated in superior PSA response rates for 
patients who were treated with SLND utilizing PSMA 
radioguidance.

It has to be noted, however, that microscopic spread to 
neighboring lymph nodes cannot be detected using either 
PSMA PET or PSMA radioguided surgery. Using in  vivo 
and ex  vivo gamma probe measurements during PSMA 
radioguided surgery only metastatic prostate cancer lesions 
greater than 3  mm can be detected. Smaller microscopic 
tumor lesions are usually missed. Compared to postoperative 
histology, accuracy, sensitivity and specificity of gamma 
probe measurements are 93%, 83.6% and 100%, respectively 
[24]. Thus, treating only the suspicious lymph node on 
PSMA PET is not advisable. Conversely, although the extent 
of SLND is currently under discussion it should at least com-
prise a clean dissection of the respective side of PSMA PET 
positive findings.
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Currently, oncological outcome data after PSMA radiogu-
ided SLND are very limited. In the largest series of 121 
patients a complete biochemical response (postoperative 
PSA <0.2  ng/ml) without any additional prostate cancer 
treatment (i.e. androgen deprivation therapy or radiotherapy) 
could be observed in 66% of patients. Not surprisingly, low 
PSA and single lesion on PSMA PET were associated with 
higher likelihood of complete biochemical response (84%) 
and longer median biochemical recurrence-free survival 
without any additional therapy (14 months) [3]. Compared to 
conventional SLND series, achieved rates of complete bio-
chemical response seem to be greater, but different baseline 
characteristics of patients as well as different reported onco-
logical outcome data impede direct comparisons. Thus, the 
added value is currently hard to establish, while superior 
removal of affected lymph nodes and a more pronounced 
postoperative PSA decline might favor the use of PSMA 
radioguidance compared to conventional SLND. Main limi-
tations of reported series are the retrospective design, short 
follow-up and lack of a control group.

 Future Developments

Noteworthy developments might impact PSMA radioguided 
SLND in the near future. First, novel development of 
DROP-IN gamma probes enables minimal-invasive robotic 
surgery and thus might reduce surgery-associated morbidity 
[29, 30]. After insertion in the abdominal cavity this device 
may be handled with more flexibility during robot-assisted 
laparoscopic surgery than conventional rigid laparoscopic 
gamma probes. This may be particularly helpful in lesions 
with retrovesical localizations that could be easily accessed 
by a robotic approach in a similar fashion like during retro-
vesical (Retzius-sparing) robotic-assisted radical prostatec-
tomy [31].

Secondly, novel fluorescent or even hybrid (radioactive 
and fluorescent) PSMA tracers are currently under develop-
ment and preclinical investigation. These may complement 
the process of radioguidance by direct optical feed-back 
using real-time fluorescence imaging [20, 32]. Additionally, 
the fluorescent probes are partly detectable by currently 
implemented cameras within the da Vinci™ robotic system 
and partly by novel dual-imaging camera systems that are 
still under development.

 Conclusion/Discussion

With the recent advancements in molecular imaging and 
especially with the introduction of PSMA PET a markedly 
increased interest for targeted salvage therapies such as 

SLND is observed. The use of PSMA tracers for intraopera-
tive guidance enables successful detection and removal of 
almost all PSMA PET positive lymph nodes. However, 
SLND procedures are currently still considered experimental 
and are not (yet) recommended by guidelines.

Thus, benefits and harms must be critically weighed and 
discussed in detail with the patients. Identifying optimal can-
didates for SLND is crucial. Several predictors for beneficial 
outcomes, such as lower preoperative PSA, absence of retro-
peritoneal localisation of lymph node involvement and lower 
number of positive lesions on PET imaging have been estab-
lished [3, 14]. In the future, additionally blood-borne bio-
markers might support the decision for or against a targeted 
approach.

Furthermore, the boundaries and extent of SLND need to 
be defined clearly. Currently, the SLND mainly follows the 
proposed templates for an extended PLND. However, recur-
rences at different anatomical areas like the presacral or 
pararectal area might require consideration of alternate lym-
phatic drainage patterns.

In general, SLND should be performed in specialized 
centers to ensure highest quality with low complication rates 
as previous pelvic surgery or radiation treatment might pose 
challenging situations. In addition, patients should be fol-
lowed within trials or at least prospective maintained clinical 
registries to determine the outcomes of this individual treat-
ment approach and to compare the results to current standard 
treatment consisting of watchful waiting or initiation of sys-
temic androgen deprivation.
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 Introduction

Extended pelvic lymph node dissection (ePLND) is indi-
cated in patients with intermediate and high-risk prostate 
cancer and with an estimated risk of lymph node metastasis 
of >5% [1]. This procedure performed during radical prosta-
tectomy (RP) disrupts the lymphatic drainage channels and 
may sometimes result in accumulation of lymphatic fluid 
within the pelvis. Although these fluid collections are spon-
taneously absorbed in the majority of cases, few patients 
may develop lymph collections or lymphoceles. Although 
most lymphoceles are asymptomatic, some may lead to 
symptoms which are either mild causing pelvic pain, voiding 
issues or severe, causing deep vein thrombosis and even sep-
sis when infected that may require invasive management.

 Lymphocele Following Radical 
Prostatectomy

Lee et al. hypothesize that the peri-vesical fat scars over the 
lymphadenectomy bed following ePLND and traps lym-
phatic fluid leading to lymphoceles formation [2]. 
Lymphoceles are usually detected using ultrasound or CT 
scan postoperatively. The incidence of lymphocele following 
RP ranges between 27% to 61% [3–5] with 0% to 8% being 
symptomatic [6]. Symptomatic lymphoceles have significant 
impact on postoperative morbidity resulting in increased risk 
of thrombo-embolism and infection with potential for 
abscess formation thereby requiring surgical intervention 
and longer hospital stay.

 Prevention of Lymphoceles

Although a wealth of preventive strategies has been tested [7, 
8], urologists still face lymphocele formation as an inevitable 
consequence of PLND without being able to provide reliable 
measures to avoid it. Extensive clipping using titanium clips 
to secure pelvic lymphatic channels resulted in 0–0.5% 
symptomatic lymphoceles following ePLND [9, 10]. 
However, a recent prospective study by Grande et  al. [11] 
demonstrated high incidence of lymphocele (46%) with no 
difference following usage of titanium clips and bipolar 
coagulation.

 Peritoneal Flap Interposition

Lebeis et  al. [12] performed a peritoneal flap interposition 
(PIF) technique in which the peritoneum was advanced 
around the lateral surface of the bladder after transperitoneal 
robot-assisted ePLND. The authors hypothesise that this pro-
cedure prevents the trapping of lymphatic fluid within the 
pelvis and allows drainage into the peritoneal cavity. The 
study revealed 0% lymphocele formation among 77 patients 
compared to 11.6% in patients operated by conventional 
technique. Lee et al. further validated the utilization of this 
technique in preventing symptomatic lymphocele formation. 
They reported that the PIF had a lower incidence of symp-
tomatic lymphocele than the control group (0.0% vs. 6.0%, 
p = 0.007).

 Four-Point Peritoneal Flap Fixation

Stolzenburg et al. [13] recently described a technical modifi-
cation to the PIF called the four-point peritoneal flap fixation 
(4PPFF). The 4PPFF involves mobilizing peri-vesical and 
pre-peritoneal fat peritoneum to prevent the bladder from 
scarring over the lymph node dissection bed and create a 
pathway for lymphatic fluid to drain into the peritoneal cav-
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Fig. 30.1 Status following completed Four-Point Peritoneal Flap 
Fixation (P1, P2, P3, P4). The Obturator nerves on both sides can be 
visualised. (Credit: Stolzenburg et al. [13])

ity. It also provides direct contact of the peritoneal surface to 
the lymphatic bed thereby increasing lymph resorption. 
Asymptomatic lymphoceles were diagnosed by ultrasound 
examination in only 4 (2.07%) patients with 4PPFF com-
pared to 16 (8.3%) in the other group without 4PPFF. The 
difference was statistically significant with p = 0.0058. The 
authors found that patients undergoing the 4PPFF had a 
lower incidence of symptomatic lymphocele formation after 
RARP and PLND compared to patients not undergoing the 
4PPFF (1.0% vs. 4.6%; p = 0.032).

 Surgical Principle

In contrast to the PIF, the 4PPFF requires fixation of the peri-
toneum to the lateral pelvic wall rather than directly onto the 
bladder. This was performed by suturing the cut end of the 
ventral parietal peritoneum at four points (to anterior and lat-
eral pelvic side wall on both sides) following ePLND such 
that the peritoneal surface is exposed to the iliac vessels and 
obturator fossa as shown in Fig. 30.1. At the end of the pro-
cedure, a 16-F Robinson drainage catheter was placed into 
the retropubic space in all the patients with and without 
4PPFF. As a standard, the drainage catheter was removed on 
the first postoperative day in all patients.

 Conclusions

4PPFF is a safe and effective procedure in preventing lym-
phocele formation in patients undergoing RP with PLND. The 
direct contact between lymphatic bed after removal of lymph 

nodes and the peritoneum following 4PPFF may aid in 
increased absorption of the accumulating lymph fluid thereby 
preventing lymphoceles.Conflicts of InterestAuthors have no 
conflict of interest to declare.
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31PLEAT: A New Technique for Preventing 
Lymphoceles After Robotic 
Prostatectomy and Pelvic Lymph Node 
Dissection

Alessandro Morlacco, Valeria Lami, and Fabrizio Dal Moro

 Introduction

Pelvic lymphoceles are a common complication of robotic 
pelvic lymph node dissection (PLND). While the incidence 
reaches 30%, most cases are asymptomatic and are often an 
incidental finding during follow-up [1, 2]. If symptoms are 
present, they are typically related to compression of sur-
rounding structures (pelvic pain, leg oedema, deep vein 
thrombosis). The incidence of symptomatic lymphoceles 
(Grade ≥  3, according to the Clavien Dindo Classification 
[3]) after robotic PLND is 0–8% [4]. Lymphocele, even 
when asymptomatic, might also affect radiation therapy 
planning.

Injury to the lymphatic vessels is the main causative fac-
tor in the formation of a lymphocele. Potential risk factors 
have been reviewed by Lee and Kane [5]: many them are not 
indeed modifiable elements such as patient age, comorbidi-
ties, surgeon experience and lymph node involvement.

The current literature strongly supports the idea that the 
extent of LND should not be guided by the aim of preventing 
lymphocele formation but rather by the purpose of improv-
ing oncologic outcomes. However, this is also supported by 
results from studies comparing lymphocele incidence in 
extended vs. standard templates that showed somewhat con-
troversial results [6].

Similar considerations can be made regarding the role of 
prophylactic anticoagulation (LMWH, low molecular weight 
heparin) where guidelines already defined its role in the set-
ting of minimally invasive radical prostatectomy and the 
expected benefits in TVP/PE reduction should outweigh the 
potential increase risk of lymphocele risk.

A lower incidence of lymphocele has been shown after 
transperitoneal robotic radical prostatectomy (RARP) with 
PLND, when compared to traditional open or extraperitoneal 
approaches. Initial peritoneal incision is probably the main 

reason for the decreased incidence of lymphocele formation 
during transperitoneal PLND, allowing free drainage of lym-
phatic fluid and reabsorption through the peritoneum instead 
of accumulation in a closed space. Nevertheless, the inci-
dence of lymphocele is also higher than anticipated, in view 
of the believed protective effect of the transperitoneal 
approach [7, 8]. However, evidence from retrospective, non- 
randomized studies, showed significant benefit in terms of 
symptomatic lymphocele from peritoneal reconfiguration 
(OR 0.14, 95% CI 0.05–0.44) in comparison to when perito-
neum is simply left open or closed completely after the surgi-
cal procedure [9].

P.L.E.A.T. technique (acronym: Preventing Lymphocele 
Ensuring Absorption Transperitoneally) aims to re- 
configurate the peritoneum at the end of the surgical proce-
dure thus ensuring a constant drainage of the lymphatic fluid 
out of the pelvis and into the peritoneal cavity where it can 
be absorbed.

 Description of the Technique

At the beginning of the procedure, after transperitoneal tro-
car placement and robot docking, the peritoneum is incised 
starting lateral to umbilical ligament on each side and widely 
opened on the midline to access the Retzius’ space (Figs. 31.1 
and 31.2). After performing the surgical procedure, the peri-
toneum is “pleated” along its midline and fixed to the fibres 
of the rectus abdominis muscles, near the pubis (Fig. 31.3). 
The P.L.E.A.T. technique, leaving two lateral openings, 
allows lymphatic fluid to drain away from the pelvis and into 
the abdomen (Fig. 31.4).

 Comparative Study [10]

To test the capability of this technique to prevent symptom-
atic lymphoceles, we collected series of PLNDs during 
RARP performed by a single surgeon, comparing 195 
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Fig. 31.1 Peritoneal incision at the beginning of the procedure
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Fig. 31.2 Peritoneal openings for the lymph node dissection

Fig. 31.3 Lymphatic fluid drainage through the peritoneal incisions

Peritoneum
‘pleated’

Fig. 31.4 “PLEAT” procedure to ensure continuous drainage through 
peritoneal incisions

“standard” PLNDs (in which the peritoneum was “re- 
approximated” or left completely open) with 176 cases, in 
which a “partial” closure of the peritoneum according to 

the PLEAT technique was performed. All patients were 
 managed similarly in the perioperative period, particularly, 
the same time of transurethral catheter (POD 6 with nega-
tive cystogram) and pelvic drain removal (POD 1). As Deep 
Vein Thrombosis (DVP) prophylaxis, we treated all patients 
with subcutaneous low molecular weight heparin 
(Enoxaparin) at a dosage of 4000 UI/day (modified accord-
ing to specific risk, renal function, body mass index) and 
graduated compression stockings, the DVP prophylaxis 
was continued for 28 days after discharge as recommended 
by current guidelines.

We defined “symptomatic” lymphocele any case of pelvic 
symptoms such as pelvic fullness, fever, or lower abdominal 
pain, even if slight, with an evidence of lymphocele at ultra-
sound/CT/MRI, according to Kim’s criteria [11].

In suspicious cases of leg DVT (pain, swelling, or discol-
oration of the affected extremity), the diagnosis was con-
firmed with Doppler/compression ultrasonography.

 Results [10]

The demographic and clinical characteristics of patients in 
both groups were comparable, as was lymph nodes status 
(p > 0.05), while were statistically significant differences in 
the pathological staging of cancers (p < 0.05), and the median 
number of lymph nodes removed (5 vs. 10 in standard and 
P.L.E.A.T. groups, respectively; p < 0.00001) were present.

The cases of extended PLND (25 vs. 35, in standard and 
P.L.E.A.T. groups, respectively) were not statistically differ-
ent (p = 0.064). In the 195 PLNDs without P.L.E.A.T. recon-
struction, we found symptomatic lymphocele (Grade ≥  3, 
according to the Clavien Dindo Classification) in 8 cases 
(4.1%). Only one P.L.E.A.T. patient complained of symp-
toms due to a bilateral lymphocele, requiring percutaneous 
drainage (p = 0.039).

A. Morlacco et al.
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The first 50 cases of PLND performed by the surgeon 
were excluded: in these cases, four symptomatic  lymphoceles 
were present, but given the limitation linked with the coop-
eration with other surgeons and the non-standardized 
PLEAT technique, we decided to exclude these cases to 
avoid any bias due to the initial learning curve. Although 
including the first 50 cases would have allowed us to 
increase the level of significance of the study (p value from 
0.038 to 0.01), it would not have been methodologically 
correct.

 Comment

The problem of preventing lymphocele after PLND remains 
an interesting challenge, particularly in cases of extended 
PLND.  Various solutions have been proposed to limit the 
risk, such as the use of new energy sources, or collagen 
patches coated with human coagulation factors which pro-
vide rapid and reliable haemostasis by creating a robust 
fibrin clot adhering to the tissue surface [12].

Peritoneal fenestration has been proposed to prevent the 
above-mentioned complications: this concept has been 
extensively studied to prevent lymphocele development in 
renal transplantation and confirmed in a recent review [13].

In fact, during open radical prostatectomy or extraperito-
neal RARP, the occurrence of lymphocele was significantly 
lower if peritoneal fenestration is performed, and the forma-
tion of symptomatic lymphocele requiring surgical interven-
tion was de facto eliminated, without an increase in 
postoperative morbidity, as documented by Stolzenburg 
et al. [14].

Nevertheless, although transperitoneal PLND has shown 
a lower incidence of lymphocele, it still remains significant 
[15] this may be due to spontaneous “re-approximation” of 
the edges of the peritoneum, incised laterally to the medial 
umbilical ligaments. In many cases, after release of the pneu-
moperitoneum after a RARP with PLND, even though the 
bladder is left “dropped”, perivesical fat may adhere to the 
PLND bed, creating a closed space in which lymphatic fluid 
can accumulate. As reported by Lebeis et  al., the bladder 
often forms the medial wall of the lymphocele cavity [16].

In addition, when the peritoneum is completely “re- 
approximated”, the result is similar to an extraperitoneal 
open/laparoscopic radical prostatectomy.

Some authors have proposed the insertion of a peritoneal 
flap, thus forming a “window” which should prevents scar-
ring to the bladder over the PLND area, allowing lymphatic 
fluid to drain into the peritoneal cavity and thus be reab-
sorbed [15]. As reported by the authors, this peritonealiza-
tion of the lateral aspect of the bladder with an interposed 
flap is effective in preventing post-operative lymphoceles. 
However, this technique fixes the bladder inferiorly.

Starting from these considerations, we devised and 
applied the P.L.E.A.T. surgical technique. The unique nature 
of this strategy is that the two lateral “openings” do not col-
lapse when the pneumoperitoneum is removed, because 
while we fix the bladder into a more natural position) we also 
pull the peritoneum medially, thereby avoiding any possible 
spontaneous re-approximation.

The results demonstrated the significant protective effect 
of this technique in preventing symptomatic lymphocele, 
compared with the widespread standard approach.

Other published works reported about similar techniques. 
In particular, Lebeis and colleagues proposed the use of a 
peritoneal interposition flap (“created by rotating and 
advancing the peritoneum around the lateral surface of the 
ipsilateral bladder to the dependent portion of the pelvis and 
fixing it to the bladder itself”). The rates of lymphocele 
detection on 77 consecutive patients who underwent this 
intervention were compared retrospectively to 77 who under-
went standard procedure. No lymphocele was observed in 
the patients with peritoneal flap while 9 (11.6%) symptom-
atic cases were present in the comparison group [16].

On the other hand, Stolzenburg et al. in 2018 reported US 
diagnosis of both symptomatic and asymptomatic lympho-
cele at 8, 28 and 90 days in 193 patients who underwent a 
reconfiguration through a four-point peritoneal flap fixation 
(4PPFF) compared to matched controls who did not undergo 
the procedure. They found a significant difference in the 
incidence symptomatic lymphocele: two patients (1.03%) in 
the 4PPFF group vs. nine patients (4.6%) without 4PPFF 
(p = 0.0322). Asymptomatic lymphocele incidence was also 
lower in the 4PPFF group (p = 0.0058).

Meta-analysis results from these studies, including the 
PLEAT series, showed a significant benefit in terms of symp-
tomatic lymphocele from peritoneal reconfiguration after 
transperitoneal PNLD (OR 0.14, 95% CI 0.05–0.44) vs. no 
reconfiguration [17].

Our preliminary analysis confirms that the P.L.E.A.T. 
technique is a fast, economic, easy-to-perform and safe 
method for reducing the risk of symptomatic lymphocele 
after transperitoneal robotic PLND [9].
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32Tugcu Bakirkoy Technique

Selcuk Sahin and Volkan Tugcu

 Introduction/Historical Background

Radical perineal prostatectomy (RPP) was first described by 
Young in 1905 [1]. Belt later modified this technique by 
approaching the prostate subsphincterically [2]. Millin 
developed the radical retropubic prostatectomy (RRP) in 
1947 [3]. After, Walsh redefined the anatomical retropubic 
approach in the early 1980s. The perineal approach became 
less favored as most urologists preferred the retropubic 
approach due to its familiar and less complex anatomy [4]. In 
the minimally invasive era, the robotic transperitoneal 
approach has become the most popular technique [5, 6].

Nowadays, radical prostatectomy is the most used treat-
ment option for localized prostate cancer [7]. It is used for 
open retropubic, perineal, laparoscopic and robotic tech-
niques, which are among those used to perform radical pros-
tatectomy. However, there is no evidence to show whether 
one surgical technique is superior to the others in terms of 
complications or oncologic and functional outcomes [8–11]. 
Each of the available techniques has its advantages and dis-
advantages. The advantages of robotic surgery are well docu-
mented. The application of this surgery with robotic arms 
with multi-directional mobility under a three-dimensional 
and high-resolution image provides great comfort and advan-
tage to the patients. Robot-assisted radical prostatectomy is 
frequently performed transperitoneal due to advantages 
including a large working space and familiar anatomy [12]. 
However, complications related to patient position, abdomi-
nal wall and intraperitoneal structures may occur in cases 
where this approach is applied [13, 14]. In addition, patients 
who have had previous abdominal surgery require dissection 
of visible adhesions [15].

RPP provides relatively easy anatomic access to the pros-
tate through a small incision. However, the deep location of 
the prostate in the pelvis, the surgeon’s narrow operative 
vision, and the ergonomic issues affecting the operating sur-
geon are challenging aspects of the perineal approach that 
make it difficult to use [16]. Kaouk et al. described robot- 
assisted radical perineal prostatectomy (r-RPP) and reported 
that it is a safe, reliable and effective surgical technique for 
selected patients [17]. In a case series consisting of our first 
15 cases and then 95 cases, we confirmed that both oncologi-
cal and functional results of this method were successful [18, 
19]. Theoretical advantages of the robotic perineal approach 
include the small concealed incision, avoidance of the intra-
peritoneal area, and preservation of the dorsal venous com-
plex. The application of the robotic system to RPP helped in 
overcoming the above-listed hurdles in conventional RPP 
[20–22].

We compared the outcomes of robotic-assisted radical 
perineal prostatectomy (r-PRP) versus robotic-assisted trans-
peritoneal laparoscopic radical prostatectomy (RARP) [23]. 
In our experience, r-PRP has acceptable morbidity, excellent 
surgical and oncological outcomes, and satisfactory func-
tional results compared to RARP.  The biggest difference 
between the two techniques is that r-PRP is performed via a 
different anatomical approach, and this is what strictly dis-
tinguishes it from RARP. There is no need to dissect bowel 
adhesions in patients who have history of major abdominal 
surgery. In this way, it is possible to preserve the anatomy 
and physiology of the prostate cancer patients who have pre-
viously undergone major abdominal surgery, or those who 
have received abdominal radiotherapy. Postoperative ileus is 
caused by many factors, the most important of which is the 
preferred surgical approach. In our study, ileus was not 
observed in the r-PRP group. However, spontaneously 
regressing ileus was detected in 10% of the RARP group. 
This is an important factors that affects length of hospital 
stay and recovery.

Until recently, one of the major disadvantages attributed 
to perineal radical prostatectomy was that patients requiring 
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bilateral pelvic lymph node dissection (BPLND) needed to 
have it performed through separate access, usually via lapa-
roscopy. Saito and Murakami, however, described a tech-
nique for BPLND through the same perineal incision, using 
several retractors for direct view or laparoscopic assistance. 
They obtained BPLND via the perineum in 20 patients who 
underwent RPP [24]. Keller et al. subsequently reported an 
extended BPLND through the same perineal incision in 90 
patients undergoing RPP [25]. After the prostate removal, 
they performed the extended BPLND under direct vision 
using a self-retaining system, retracting the bladder medi-
ally. Their technique provided sufficient lymph node 
removal with a reasonable average operative time. 
Lymphocele  developed in seven patients (7.8%), four of 
whom (3.3%) required treatment. Ramirez et al. described 
r-RPP and PLND through the same incision in cadavers 
[26]. We demonstrated that a new The Tugcu Bakirkoy 
robotic perineal radical prostatectomy and BPLND tech-
nique which was previously tested in a cadaveric model can 
be safely applied for the first time in vivo, and presented our 
results [27].

 Indications and Contraindications

 Patient Selection

Patient selection is generally similar to robotic-assisted 
transperitoneal laparoscopic radical prostatectomy. We do 
not prefer this approach for patients with locally advanced 
disease and patients who are not suitable for the exaggerated 
lithotomy position due to hip arthrosis, ankylosis and/or 
severe coxarthrosis. We don’t recommend selecting patients 
with large prostates and median lobes, a history of external 
beam radiotherapy at the beginning of the learning curve.

 Surgical Technique

 Preoperative Care

After the prostate biopsy, we prefer to wait at least 1 month 
and perform the surgery. If possible, anticoagulants and anti-
agregans should be discontinued at least 7 days before the 
operation. Because of the proximity of the incision to the 
rectum, antibiotic prophylaxis is indicated. A prophylactic 
dose of second generation sephalosporin is administered 
intravenously on call to the operating room and twice post-
operatively. The day before the procedure, the patient is 
given an oral mechanical bowel preparation (e.g., Phospho-
soda, a 1.5-oz. dose of which is taken at 9:00  a.m. and 
12:00 p.m.). The patient is on a clear liquid diet that day. On 
the morning of surgery, after arrival at the hospital, the 
patient is given a 1% neomycin enema. Bowel preparation is 

very important in this operation. Because a sterile glove is 
placed in the rectum for further digital rectal examination 
and rectal damage may happen during the surgery.

 Surgical Instruments, Devices, Materials

For open perineal access, scalpel, tissue forceps, Metzenbaum 
scissors, Allis and right angle forceps, as well as Richardson 
retractors were used. A GelPOINTMini Advanced Access 
Platform (Applied Medical, Rancho Santa Margarita, CA) 
was used, including an Alexis wound retractor and a GelSeal 
Cap (Applied Medical). The da Vinci Si system (Intuitive 
Surgical, Sunnyvale, CA) was used in a three-arm configura-
tion. One 8-mm trocar (robotic scope), one 10-mm trocar 
(assistant), and two 8-mm robotic trocars were inserted 
through the GelSeal Cap in a diamond-shape configuration, 
with the 10-mm trocar at the bottom and the camera trocar at 
the top. Using three 8-mm robotic trocars, and monopolar 
curved scissors, and when required, a large needle driver was 
placed on the right side, fenestrated bipolar forceps were 
placed on the left side and a 30° up scope was placed at the 
12 o’clock position.

 Patients’ Position

The patient is laid in the exaggerated lithotomy and 15° 
Trendelenburg position. All pressure points are padded, and 
the upper extremities are maintained in neutral positions 
(Fig. 32.1). A urethral catheter is placed and the bladder is 
emptied.

 Steps

The operation consists of four stages:

Stage 1; open perineal dissection and Gel point placement
Stage 2; r-RPP

Fig. 32.1 The exaggerated lithotomy position with 15° Trendelenburg
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Stage 3; robotic PLND
Stage 4; vesicourethral anastomosis.

 Step I: Initial Perineal Dissection and Single Port 
Placement
A sterile glove is placed in the rectum and the sides of the 
glove are stitched to the perineal skin (Fig. 32.2). Thus, we 
aim to avoid rectal damage by using digital rectal examina-
tion during perineal dissections. A 6 cm semilunar incision is 
made between both tuberosity ischiadicum (Fig. 32.3). After 
the division of the subcutaneous tissue, the perineal body, or 
central tendon, had to be identified and transected. The peri-
neal dissection is terminated when the dissection margin 
reaches the membraneous urethra and the apex of the pros-

tate is seen. The subcutaneous tissue lying below the incision 
margins must be adequately dissected over the superficial 
perineal fascia to deploy GelPOINT® (Applied Medical, 
Rancho Santa Margarita, CA, USA).

 Step II: Robotic Perineal Radical Prostatectomy
Once the robotic system is docked (Fig. 32.4), dissection is 
started from the prostate apex (Fig. 32.5) and extended to the 
lateral sides of the prostate (Fig.  32.6), and then deepened 
inferiorly to reveal the Denonvilliers’ fascia covering the sem-
inal vesicles. Once the Denonvilliers’ fascia is incised bilateral 
vas deferences are revealed, dissected, and cut. Seminal vesi-
cles are completely dissected and freed. Then the membranous 
urethra is dissected and cut. A Hem-o-lock clip (Weck Closure 
Systems, Research Triangle Park, NC, USA) is then placed on 
the urethral catheter to keep the balloon inflated, the catheter 
can then be used as a handle to aid dissection and manipula-
tion of the prostate (Fig. 32.7). The lateral prostatic pedicles 
are dissected and hemostatic control is achieved using Hem-o-
Lock® Clips (Fig. 32.8). After completing the lateral dissec-
tions of the prostate bilaterally, the bladder neck is identified 
and incised with monopolar scissors. Once the bladder neck 
dissection is completed, the robotic arms are undocked and the 
prostate is removed from the surgical field.

Fig. 32.2 Placing a sterile glove on the rectum

Fig. 32.3 Perineal incision

Fig. 32.4 The docking of the three robotic arms

Fig. 32.5 Dissection of the apex
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Fig. 32.6 Dissection of the lateral lobes

Fig. 32.7 Placing the clip in and cutting the urethral catheter

Fig. 32.8 Ligation of the prostatic pedicles

Fig. 32.9 Dissection of the endopelvic fascia

Fig. 32.10 Dissection of the obturator nerve and vein

 Step III: Bilateral Robotic Pelvic Lymph Node 
Dissection
After r-RPP is completed and the prostate removed, pelvic 
lymph node dissection is performed before vesicourethral 
anastomosis. Initially, when the bladder is medialized, the 

levator ani muscles are lateralized to the contralateral side 
and the dissection is extended towards the cranial side of the 
perivesical area. After passing this stage, endopelvic fascia is 
revealed (Fig. 32.9). After the endopelvic fascia is gently dis-
sected and medialized, the obturator fossa is exposed and 
dissection is expanded to this region. When the dissection is 
continued in this area, the obturator nerve is first visualized 
at the bottom and most lateral side. When we dissect towards 
more upwardly and medially, the obturator venous ring may 
be visible. The obturator artery can be seen if dissection is 
extended to the lateral side of the obturator venous ring and 
into fatty planes (Fig.  32.10). When the dissection is per-
formed superiorly, the external iliac vein and the external 
iliac artery are dissected. The dissection is terminated when 
the ureteral crossing over the external iliac artery is reached. 
Thus, obturator lymph nodes and iliac lymph node groups 
are included in the dissection area (Fig. 32.11). After com-
pletion of dissection of pelvic anatomical landmarks, pelvic 
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Fig. 32.11 Dissection of the iliac vessels up to crossing ureter

Fig. 32.12 Obturator lymph node excision

Fig. 32.13 Iliac lymph node excision

Fig. 32.14 Vesicoureteral anostomosis

Fig. 32.15 The Jackson Pratt drain is placed

lymph node excision is continued. Obturator and Iliac lymph 
nodes are released and traced, and excision is performed by 
placement of the Hem-o-loc® clip for safety purposes 
(Figs. 32.12 and 32.13).

 Step IV: Vesico-Urethral Anastomosis
After completing pelvic lymph node dissection, the intraop-
erative pressure was reduced to 5  mm Hg to perform the 
vesicourethral anastomosis. The two 4/0 V-Loc™ (Covidien, 

Mansfield, MA, USA) sutures are used in a running fashion 
starting from the Retzius side to the rectal side of the bladder 
neck (Fig. 32.14). The first suture is started at 12 o’clock on 
the bladder neck from outside to inside and then continued to 
the urethra from inside to outside in a clockwise fashion 
down to 6 o’clock. A second barbed suture is used in the 
same setting but reverses a clockwise fashion. Once the anas-
tomosis is completed a 22 Ch urethral catheter is replaced. 
The bladder is filled with 200 cc saline to test the anastomo-
sis for leakage. After observing the anastomosis is water-
tight, the robotic system is undocked and, the skin and 
subcutaneous tissues are approximated over a Jackson Pratt 
drain are placed before completion of The Tugcu Bakirkoy 
Robotic Perineal Radical Prostatectomy Technique 
(Fig. 32.15).

 Postoperative Care

The postoperative care path is similar to that following stan-
dard robotic prostatectomy, including immediate diet 
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resumption, minimization of narcotic pain medications, and 
early ambulation. Patients are observed postoperatively and 
discharged home within 24–48 h in routine cases. The peri-
neal drain is removed before discharge, and the urethral cath-
eter is removed after 1 week.

 Conclusion

The Tugcu Bakırkoy technique is new and we have demon-
strated in this procedure that pelvic lymph node dissection 
can be performed safely in vivo. The Tugcu Bakirkoy tech-
nique allows for dissection of the pelvic lymph node with 
less morbidity than other techniques and with superior cos-
metic, and equivalent oncological results. This technique 
doesn’t affect the intestines and there is no need to intervene 
intraabdominal adhesions developed due to previous surgery. 
Therefore the patient can return to the daily life earlies. 
Thanks to the development of technology and performing a 
greater number of operations with this technique, this tech-
nique will be gradually used in daily practice.
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33Bari Technique for Robotic Radical 
Perineal Prostatectomy

Pasquale Ditonno, Umberto Carbonara, Paolo Minafra, 
Giuseppe Papapicco, Michele Battaglia, 
and Antonio Vitarelli

 Introduction

The ideal procedure for surgical treatment of localized 
prostate cancer would provide complete oncological eradi-
cation maintaining continence and recovery of the erectile 
function. In the past years, several efforts have been made 
to find a surgical technique that could achieve all these 
goals.

Historically, the use of radical prostatectomy to treat pros-
tate cancer began in 1905 when Hugh Hampton Young first 
published the description of the perineal radical prostatec-
tomy (RPP) in Annals of Surgery [1, 2]. Young’s radical 
perineal prostatectomy persisted as the preferred approach 
for many decades, until 1948, when Millin redefined the pro-
cedure using retropubic access through an abdominal inci-
sion from the umbilicus to the pubis [3]. Millin’s retropubic 
approach was further improved by Walsh in 1987, which 
made the procedure safer improving oncological and func-
tional results [4].

In the past years, the robotic has become an integral tool 
in urologic surgery as well as other specialties [5]. Advantages 
of the robotic system include improved ergonomics, wristed 
instrumentation, and magnified, three-dimensional visual-
ization facilitating suturing and dissection during minimally 
invasive prostatectomy [6]. Moreover, robot assistance 
reduced many of the challenges associated with open and 
laparoscopic prostatectomy with the result that “standard” 
robot-assisted radical prostatectomy following Walsh’s 
method was rapidly adopted for the treatment of localized 
prostate cancer [7].

Currently, the use of the robotic platform leads to resume 
several surgical approaches that were poorly used by open 
surgery such as perineal radical prostatectomy allowing to 

reduce some technical challenges as ergonomic issues affect-
ing the surgeon, deep and narrow operative field characteris-
tic [6].

 Surgical and Functional Anatomy

The anatomical features during robotic radical perineal 
prostatectomy (r-RPP) represent peculiar aspects that 
require in-depth understanding, even for expert surgeons. An 
extensive discussion of the pelvic and prostatic surgical anat-
omy is beyond the aim of the present chapter. Key a few 
anatomical points are illustrated in Figs. 33.1, 33.2, and 33.3 
for a better comprehension of the reader.
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Fig. 33.1 Perineal region. The perineal region presents a diamond 
shape delimited by (a) the inferior margin of the pubic symphysis ante-
riorly, (b) the tip of the coccyx posteriorly, (c) the inferior margin of 
ischiopubic rami and ischial tuberosities anterolaterally, (d) the sacro-
tuberous ligaments posterolaterally. The perineal body (e) occupies the 
middle point of the interischial line. It is a fundamental landmark dur-
ing the perineal prostatectomy since giving attachment to the superficial 
and deep portions of the external anal sphincter posteriorly, as well as 
bulbospongiosus, and superficial transverse perineal muscles 
anteriorly
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Fig. 33.2 Sagittal section of the male pelvis. The external anal 
sphincter surrounds the anal canal in the lower part. In Young’s 
approach, the incision is made to fall outside the external urinary 
sphincter directly towards the perineal body, whereas the approach 
described by Belt is subsphincteric and can cause sphincter-stretching 
with consequent greater risk of fecal incontinence. The rectourethralis 
muscle is a fundamental landmark for perineal procedures. It is a thin 
Y-shaped smooth muscle with two branches arising from the anterolat-
eral surface of the rectal wall that merge medially and extend inferiorly 

towards the perineal body and the bulb of the urethra. The rectal-anal 
junction is located at the level of the rectourethralis muscle and here the 
rectum is at the closest point to the prostate apex, since caudally the 
anal canal folds backward. Therefore, the division of the rectourethralis 
muscle is the most common cause of rectal injuries during perineal 
prostatectomy. The green line identifies the radical perineal prosta-
tectomy route. The red line identifies the “standard” transperito-
neal route

Fig. 33.3 Prostatic fasciae. The endopelvic fascia (blue line), the 
Denonvilliers’ fascia (red line), and the lateral prostatic fascia (pur-
ple line) are the three main fascial structures surrounding the prostate 
gland. The neurovascular bundle (green line) and the prostatic pedi-
cles are present in a virtual space that is delimitated by the prostate 
gland, the lateral prostatic fascia, and Denonvilliers’ fascia

Table 33.1 Suitable candidates per robotic radical perineal 
prostatectomy

Suitable characteristics Unsuitable characteristics
•  Small or medium prostate weight 

(<80 ml)
•  High-risk prostate 

cancera

•  Low or intermediate risk prostate 
cancer

•  >5% of Briganti’s 
nomograma

• Obese men (BMI > 39)
• Cardiac comorbidities
• Post renal transplant recipients
•  Prior mesh repair of inguinal 

hernia
• Prior abdominal surgery

a The present contraindications can be overcome if robotic lymphade-
nectomy with perineal access is performed [9]

 Surgical Indications

In the preoperative assessment, some criteria should be con-
sidered before selecting the patient for robotic radical peri-
neal prostatectomy (Table 33.1).

Overall, men with small and medium-volume prostate 
(less than 80  ml) represent the suitable candidate for the 
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robotic perineal radical prostatectomy. Nevertheless, per-
forming this surgical procedure in “very” small prostate 
(<20 g), as well as, large prostate (>80 g) is challenging but 
not contraindicated.

Another preoperative selection criterion is the risk of 
positive nodes less than 5% according to Briganti’s nomo-
gram (low-risk) in men with low or intermediate-risk pros-
tate cancer non-suitable for active surveillance [8]. 
Nevertheless, the development of the robotic pelvic lymph-
adenectomy allows overcoming this limitation and includ-
ing almost all patients choosing surgical treatment for 
localized prostate cancer [9].

The patient’s characteristics to be considered are prior 
abdominal surgery, and inflammatory bowel disease (repre-
senting relative contraindications to transperitoneal surgery), 
as well as cardiovascular or respiratory comorbidity, and 
obesity (representing relative contraindication to the 
pneumoperitoneum).

 Robotic System and Instruments

Herein we provide in detail the Bari technique of robotic 
radical perineal prostatectomy performed with da Vinci 
Xi® system (Intuitive Surgical, Sunnyvale, CA, USA) that 
represents the fourth generation of the robotic system. The 
Xi® characteristics facilitate the perineal approach by 
maximizing freedom of movement, minimizing instrument 
clashing, and providing good ergonomics during the criti-
cal steps of the procedure, even comparing to the Si® plat-
form [10].

The following robotic and laparoscopic instruments can 
be used to perform Bari technique r-RPP:

• 30° Endoscope with camera
• Monopolar curved scissor
• Fenestrated/Maryland Bipolar Forceps
• Medium/large Needle Driver
• AirSeal Access Port
• GelPOINT®

To note, the Bari technique provides the use of the AirSeal® 
system as an assistant port. This type of insufflation system 
responds immediately to the slightest changes in pressure 
maintaining a continuous smoke evacuation, and CO2 recir-
culation, and ensuring visibility during the procedure. The 
AirSeal® access can be used also as a laparoscopic port for 
the assistant surgeon at the surgical table.

GelPOINT® is the single-port device allowing instru-
ments introduction through a single perineal incision. 
Three robotic trocars are placed through its jelly top in a 
triangular disposition, being the optic trocar upwards 
(Fig. 33.4).

 Bari Technique

Overall, the Bari technique is robotic radical perineal prosta-
tectomy performed with nerve-sparing attempt.

 Patient’s Positioning and Operative Room 
Disposition

The patient is positioned in an exaggerated lithotomy posi-
tion with buttocks protruding from the table, and stirrups for 
leg support. 15° Trendelenburg tilt is applied, and a cushion 
stabilizes the pelvis into a 45° plane (Fig.  33.5). Pressure 
points are covered with soft tissues to avoid compartment 
syndrome. A rectal shield is placed to allow constant rectal 
examinations during the phase of open surgical access to the 
prostate, to avoid injuries to the rectal wall.

 Perineal Dissection and GelPOINT Port 
Placement

A semicircular incision of about 7  cm is performed 2  cm 
above the anus, medial from one ischial tuberosity to the 

Fig. 33.4 GelPOINT® for the robotic perineal prostatectomy access. 
Three robotic trocars are placed through its jelly top in a triangular dis-
position, being the optic trocar upwards (red arrow) and the AirSeal at 
the base (blue arrow)
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Fig. 33.5 Patient positioning. The patient is placed in an exaggerated 
lithotomy position, with a 15° Trendelenburg tilt. A cushion under the 
sacrum further lifted the pelvis

Fig. 33.6 Skin incision. A semicircular landmark is drawn between the 
ischial tuberosities and 2 cm above the anus (black dashed line). A line 
of about 7 cm is measured as a subtender chord of the previous line 
(black line). The red dashed line shows the skin incision

other (Fig. 33.6). The dissection plane is conducted anteri-
orly to the fibers of the external anal sphincter, and towards 
the perineal body.

The surgical field is exposed applying traction to the 
lower skin flap by stay suture or with an Allis forceps, as well 
as placing Langenbeck retractors at the level of the superior 
flap.

In the midline, the subcutaneous prolongations of the 
muscular fibers of the external anal sphincter may be encoun-
tered and should be transacted with electrocautery.

On both sides, the surgeon bluntly opens the fibrous sep-
tum separating the superficial and deep portion of the ischio-
rectal fossae. After the opening of these spaces, downward 
traction of the anal canal is performed. The perineal body 
becomes apparent and can be gradually divided with a com-
bination of sharp and blunt dissection (Fig. 33.7). The recto-
urethralis muscle is the last attachment of the rectum to the 
prostatourethral junction. The recto-anal junction is placed 
at this level of dissection and here the rectum is located at 
the point closest to the apex of the prostate. To note, the 
division of the rectourethralis muscle is the most common 
cause of rectal injuries during perineal prostatectomy and 
the plane of dissection should be conducted slightly upwards 
rather than parallel to the pelvic floor for avoiding rectal 
lesion. The superior landmark is represented by the spongy 
urethra. The combination of sharp and blunt dissection and 
digital guidance through the rectal shield allow the correct 
plane of dissection to be defined, and the rectourethralis 
muscle is incised in little increments as dissection 
progresses.

Once the rectourethralis muscle has been divided, the 
median edge of the levator ani muscles are lateralized by 
placing stay sutures (usually with Vicryl® 0) and the rectum 
can be swept off the prostate. The prostatic dorsal surface 
covered by the whitish layer of the Denonvilliers’ fascia is 
visualized (Fig. 33.8).

A subcutaneous pouch in the thickness of the adipose tis-
sue facilitates the GelPOINT® placement (Fig. 33.9).

The robot platform is docked to the left side of the 
patient’s legs and a bedside assistant takes part in the surgical 
procedure.

 Bari Nerve-Sparing Technique

The decision of performing the nerve-sparing approach is 
based on clinical staging, Gleason score, localization of the 
disease, and preoperative erectile function [8].

After the development of the plane between Denonvilliers’ 
fascia and the rectum, the isolation of the lateral aspects of 
the prostate is performed. Denonvilliers’ fascia is coldly 
incised in the midline with monopolar scissors (Fig. 33.10). 
The dissection of the prostate along the intrafascial plane is 
then carried on in a mediolateral direction taking care not to 
cause any damage to the neurovascular bundles and preserv-
ing periprostatic nervous fibers. Small vessels tethering the 
neurovascular bundles to the prostatic gland can be con-
trolled with the use of small Hem-o-Lock® clips avoiding 
electrocautery and any form of traction.
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Fig. 33.7 Section of (a) perineal body and (b) rectourethralis muscle

The dissection of the neurovascular bundles is continued 
cranially towards the apex and caudally to the seminal vesi-
cles. The vascular vases are clamped and cutted bilateraly.

 Vas Deferens and Seminal Vesicles Dissection

The vas deferens and the seminal vesicles are identified and 
dissected free with blunt and sharp dissection on either side. 
First, the vas deferens are ligated and divided. The seminal 
vesicle is carefully freed by applying controlateral traction 
on the vas deferens. The isolation of the dorsal aspect of the 
prostate is completed by tractioning both seminal vesicles 
and vas deference cranially. To note, caution should be taken 
during nerve-sparing prostatectomy to avoid damaging the 
nerve plexus by dissecting laterally to the tips of the seminal 
vesicles.

 Prostate Apex and Membranous Urethra 
Isolation

The membranous urethra is gently separated from the exter-
nal urinary sphincter. The isolation of the prostate apex is 
carefully conducted for keeping the membranous urethra as 
long as possible. The urethra is incised with cold scissors and 
the catheter is clipped before being cut for anchoring the 
inflated catheter balloon to the bladder (Fig. 33.11).

 Anterior Dissection and Preservation 
of the Support of the Bladder Neck

Once the urethra has been transected, the anterior aspect of 
the prostate is isolated by sweeping off the structures of the 
puboprostatic complex ventrally. In this way, the retropubic 
space of Retzius and the anterior suspensory mechanism of 
the bladder are preserved.
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Fig. 33.8 The posterior surface of the prostate. The open phase ends 
with the exposure of the dorsal face of the prostate covered by the whit-
ish layer of the Denonvilliers’ fascia

Fig. 33.9 GelPOINT® placement. GelPOINT® is the single-port 
device allowing instruments introduction through a single perineal inci-
sion. A subcutaneous pouch is created in the thickness of the adipose 
for its placement

The base of the prostate gland is separated from the circu-
lar fibers of the anterior margin of the bladder neck. The 

catheter is then removed and the incision of the bladder neck 
is completed on lateral and dorsal margins (Fig. 33.12a).

When the gland is completely separated, the robot plat-
form is temporarily undocked. The GelPOINT® is pulled out 
allowing to remove the prostate specimen.

 Vesicourethral Anastomosis

After re-docking of the robotic platform, the anastomosis is 
carried out in a running fashion with a double V-lock® 3-0 
suture anchored to the tail. The perineal approach ensures an 
excellent visualization of the bladder neck during anastomosis 
with the urethra. The suture step starts passing both the nee-
dles through the ventral side of the urethra with all the pas-
sages directed “outside-in” at the bladder and “inside- out” at 
the urethra (Fig. 33.12b). A 20 French catheter is placed when 
the suture is almost completed. When the vesicourethral anas-
tomosis is completed, the water test is performed filling with 
150–200 ml of saline solution to check water tightness.

 Pelvic Floor and Skin Closure

After the drain placement, the pelvic floor is reconstructed in 
multiple layers by readapting the levator ani muscles in the 
midline. The skin is closed with intradermic suture and metal 
clips.

 Postoperative Management and Follow-Up

Prolonged antibiotics therapy is not required postoperatively, 
whereas intravenous fluids and pain drugs are used as needed. 
Daily blood tests are run to evaluate hemoglobin levels and 
kidney function. The drain is removed on the first post- 
operative day, whereas the catheter can be removed 7–10 days 
after surgery allowing the bladder defect closure. If concerns 
regarding anastomosis healing are present, a cystography is 
recommended before catheter removal.

 Results

After Jihad H. Kaouk published the first paper describing the 
robotic radical perineal prostatectomy, other groups pub-
lished their first experience [11–13]. A recent review of lit-
erature summarized the available evidence underlying the 
feasibility and safety of robotic perineal prostatectomy, as 
well as reported all issues relevant to the outcomes of r-RPP, 
including intraoperative and postoperative complications, as 
well as functional and oncological results.
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Fig. 33.10 Intrafascial dissection of the neurovascular bundle. In Bari 
technique nerve-sparing robotic radical perineal prostatectomy. (A) The 
Denonvilliers’ fascia is incised in the midline (dotted line) with cold 
scissors. (B) The intrafascial dissection of the neurovascular bundle is 

performed in medial-laterally direction. The following structures are 
identified: (a) neurovascular bundle; (b) posterior prostatic surface; (c) 
lateral aspect of the prostate covered by the neurovascular bundle; (d) 
endopelvic fascia; (e) levator ani muscle

 Oncological Results

The absence of positive surgical margins is one of the main 
goals of performing radical prostatectomy with any surgical 
approach. In a study looking at the association of prostate 
weight with several pathological and oncological outcomes 
after radical prostatectomy, Freedland et  al. have reported 
that prostate weight was significantly inversely associated 
with positive margin rate [14]. As the specific characteristic 
of the technique allows the selection of patients with small or 
medium prostate weight, it is no surprise to find a high rate 
of positive margins among patients undergoing r-RPP.

In the largest series published, Volkan Tuğcu retrospec-
tively analyzed the outcomes of 95 patients undergoing 
r-RPP at the University of Health Sciences Bakırkoy Dr. Sadi 
Konuk Training and Research Hospital between November 
2016 and September 2018 [9]. In this study, the median pros-
tate volume was 52  mL with 26 (27.3%) and 54 (56.8%) 

patients reported cT2b and cT2c, respectively. Overall, 8 
(8.4%) of the men undergoing r-RPP reported positive surgi-
cal margins at the pathological analysis, and only three 
patients (3.1%) developed biochemical recurrence (defined 
as PSA level >0.2 ng/mL at two consecutive measurements). 
The authors did not provide any specific details on positive 
margin location.

In the open approach, the location of surgical margins is 
more commonly toward the apex in all retropubic approaches 
and the anterior surface and bladder neck in the perineal 
approach [15]. This difference could be explained as the 
apex is the most difficult region to access in retropubic 
approaches as well as the bladder neck is the farthest and 
poorly visualized region during the RPP approach. 
Nevertheless, the robotic radical perineal approach seems to 
increase the risk of positive margin only at the lateral aspects 
of the prostate as the and magnified, three-dimensional visu-
alization facilities the dissection of the anterior surface [6].
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Fig. 33.11 Dissection of the prostatic apex and membranous urethra. 
The membranous urethra is gently separated from the external urinary 
sphincter. (a) The urethra is incised with cold scissors and (b) the cath-

eter is clipped before being cut, to keep the balloon inflated inside the 
bladder

 Functional Results

Overall, the robotic radical perineal prostatectomy reported 
good early recovery of continence even if few studies on 
functional outcomes are available to date as this represents 
an innovative robotic approach [6].

In an initial experience, Kaouk and colleagues reported a 
high rate of immediate urinary continence after catheter 
removal [11]. In the largest series available in the literature, 
recovery of urinary continence was descriptive for 41%, and 
91% of the patients immediately and at 12 months, respec-
tively [9].

These results showed a promising early recovery function 
but further studies need to better address these findings.

The puboprostatic complex (puboprostatic ligaments, 
dorsal venous complex, anterior detrusor apron, and pubo-
urethral ligament), the arcus tendinous, and the accessory 
pudendal arteries are maintained untouched during robotic 
RPP. The integrity of these anatomical structures composing 
the anterior suspensory mechanism of the pelvic prevents the 

prolapse of the vescico-urethral anastomosis [16]. These 
anatomic characteristics are correlated with the functional 
outcomes and have been first observed after performing open 
radical perineal prostatectomy [17]. Moreover, the perineal 
prostatectomy allows optimal preservation of the bladder 
neck location less distant to the superior edge of the pubic 
symphysis, as well as, meticulous dissection of the prostate 
apex from the membranous urethra to keep it as long as pos-
sible that could contribute to better continence rates 
[18–20].

 Nerve-Sparing Approach and Erectile Function 
Recovery

The practice of open nerve-sparing RPP is relatively new, if 
compared to the first RPP technique description by Young 
[21]. In Weldon’s experience, the potency rate after nerve-
sparing open radical perineal prostatectomy in selected men 
was about 70%. During perineal prostatectomy, the neuro-
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Fig. 33.12 Isolation of the bladder neck and vesicourethral anastomo-
sis. (a) The incision of the bladder neck is completed on lateral and 
dorsal margins. (b) The anastomosis is carried out in a running fashion 

with a double V-lock 3-0 suture. The suture starts from the ventral side 
of the urethra; all the passages are directed “inside-out” at the urethra 
and “outside-in” at the bladder

vascular tissue is subjected to few manipulations and stretch-
ing (even after dissection from the fascia) while trying to 
deliver the gland thereby reducing the risk of laceration of 
the neurovascular tissue.

Regarding the robotic approach, Laydner and colleagues 
evaluated the feasibility of the nerve-sparing approach in 
cadaveric models [22]. It was successfully completed in 
three cadavers with a median total operative time of 89 min. 
The authors reported that the prostate capsule was grossly 
intact and histopathology examination was negative for pros-
tatic tissue in all distal urethral sections and two of three 
bladder neck sections.

The first clinical experience showed that a bilateral nerve- 
sparing r-RPP in 64 men allowed the preservation of erectile 
function in 49%, 69%, and 77% after 3, 6, and 12 months, 
respectively [9]. However, not many studies have reported on 
nerve-sparing, and literature on results is yet to evolve.

 Complications

Excluding major and minor complications that could occur 
during robotic prostatectomy, specific complications of 
robotic radical perineal prostatectomy are represented to rec-
tal injury and fecal incontinence.

Although the incidence of rectal injury could be higher 
compared to the standard approach, when it is intraopera-
tively identified and sutured, it does not result in further con-
sequences. In the experience of the University of Bari, 2 of 
26 patients presented rectal injury but no further complica-
tions occurred after intraoperative management [6].

No univocal data on the risk of fecal incontinence after 
robotic perineal prostatectomy are reported in the litera-
ture, but there are some evidences of a higher rate of fecal 
incontinence after open RPP compared to the standard 
approach [23]. Notably, several confounding factors can 
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affect the incidence of anorectal dysfunction, such as pre-
existing causes or subsequent elements (post-surgical 
radiotherapy or tumor recurrence). In conclusion, fecal 
incontinence seems to be rarely directly associated with 
this type of surgery but more often with the personal his-
tory of the patient [23].

 Conclusion

Robotic radical perineal prostatectomy is a “novel” surgical 
technique for the treatment of localized prostatic cancer rep-
resenting a valid alternative approach in selected patients 
with a history of previous abdominal surgery, cardiology or 
pulmonary comorbidity, or high body mass index. Moreover, 
Bari technique robotic radical perineal prostatectomy 
ensures a nerve-sparing approach to these subsets of patients 
with the aim of preserve erectile function. Nevertheless, 
expertise in perineal surgery is a limiting factor to the spread 
of robotic radical perineal prostatectomy. Further studies 
with a large cohort are needed for evaluating the real advan-
tages in terms of functional outcomes.
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34Single Port Robotic Perineal Radical 
Prostatectomy

Zeyad R. Schwen and Jihad Kaouk

 Introduction

From the beginning, starting with Hugh Hampton Young in 
1904, the perineal radical prostatectomy was the preferred 
surgical approach for prostate cancer [1]. The operation was 
originally designed for curing obstructive urinary symptoms 
due to benign prostate disease. The perineal prostatectomy 
was later adapted as a radical operation for treating prostate 
cancer. In 1945, the retropubic approach was described by 
Millin, and later transitioned to become the dominate 
approach after being popularized by Patrick Walsh after 
demonstrating the ability to preserve the neurovascular bun-
dle as well as more efficiently control the dorsal venous com-
plex [2, 3]. Moreover, the retropubic approach provided 
easier access for the pelvic lymphadenectomy. Still, the open 
perineal approach offered advantages over the retropubic 
approach including a reduced perioperative morbidity and 
faster recovery in the form of a shorter hospital stay and 
reduced pain [4]. Additionally, it was the preferred approach 
in the morbidly obese as well as for those with prior abdomi-
nal surgeries. With the introduction of the robotic assisted 
radical prostatectomy (RARP), the open radical perineal 
prostatectomy became less-commonly performed and, prac-
tically speaking, a “lost art” [5].

The perineal radical approach was again revitalized with 
the introduction of the muti-arm robotic platforms [6, 7]. 
However, there were significant limitations with adapting the 
multi-arm robots for single-site surgery with instrument 
clashing as the primary drawback. The development of a 
purpose-built DaVinci SP platform features intracorporeal 
triangulation of the instruments which effectively eliminates 
external clashing which encourages its use in tight surgical 
fields making it an ideal design for the perineal space [8]. 
While the SP robot expands the versatility of the surgical 

approaches for curative surgical therapy for prostate cancer, 
the perineal approach represents a select indication for 
patients who are not otherwise candidates for traditional ret-
ropubic robotic approaches [9].

 Indications

While the principal approach for a radical prostatectomy, 
robotic or open, continues to be through a retropubic 
access, the perineal approach is effective for those select 
patients for whom a retropubic access would be either high-
risk or impossible due to a hostile abdomen. We offer a 
robotic perineal approach for those who have significant 
surgical adhesions primarily due to extensive prior abdomi-
nal or pelvic surgeries such as abdominal perineal resection 
and total proctocolectomy with J-pouch. While the extra-
peritoneal approach may avoid certain dense peritoneal 
adhesions, any infraumbilical surgical scar typically limits 
the success of developing the extraperitoneal space. 
Furthermore, those with prior pelvic radiotherapy as well 
as those with anatomic obstructions in the pelvis such as a 
history of inguinal mesh, colostomies or ileostomies, or 
kidney transplants also may benefit from a perineal 
approach. Avoiding the potential for unintended injury to 
surrounding organs as well as eliminating the time-con-
suming lysis of adhesions with the perineal approach is a 
way to effectively reduce the risk of complications as well 
as decrease the operative time. Many of these patients may 
also be declared unfit for radiotherapy in the form of either 
external beam radiation or brachytherapy including those 
with inflammatory bowel disease and prior pelvic radiation. 
Contraindications include those with prior perineal surger-
ies and large >80 g prostates.
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 Description of Technique

 Preoperative

Preoperative workup and management of patients are largely 
similar to the other robotic prostatectomy approaches. Patients 
must obtain standard preoperative labs including type and 
screen, basic metabolic panel, complete blood count, and uri-
nalysis and culture. We do not require patients to perform a 
mandatory preoperative bowel regimen or enema as we find 
little benefit to these practices to improve the operative condi-
tions. We use standard perioperative antibiotic prophylaxis 
according to guidelines and administer subcutaneous heparin 
preoperatively which is continued until discharge as part of 
deep venous thromboembolism prophylaxis. Patients have 
sequential compressive devices placed bilaterally on the lower 
extremities. Patients are positioned in a high lithotomy posi-
tion (Fig. 34.1) with the arms tucked and a 15° Trendelenburg. 
The perineal skin is cleared of hair using a clipper. The patients 
are prepped and draped in a standard fashion.

 Intraoperative

 Perineal Access and SP Docking
A 20F Foley catheter is placed into the bladder and placed to 
gravity drainage. Next, a finger from a modified sterile glove 

is placed into the rectum and sutured in place to the peri-anal 
skin to permit easy tactile checking of the rectum without 
breaking sterility during the procedure (Fig. 34.2). Using the 
ischial tuberosities as landmarks, a 3 cm inverted semilunar 
incision is made and the subcutaneous tissue is incised using 
electrocautery (Fig. 34.3). The central tendon is next identi-
fied and incised to expose the rectourethralis and levator ani 
muscles which are each divided to expose the prostate. Next, 
to accommodate the inner ring of Alexis wound retractor, 
subcutaneous space is developed circumferentially and the 
Gelpoint Mini Advanced Access Platform is deployed to per-
mit the floating dock technique as previously described [10]. 
Stay sutures are placed anteriorly to lift the subcutaneous 
flap. Air docking is required for this approach to optimize the 
working distance for the SP platform robotic arms due to the 
close proximity of the prostate to the perineal skin 
(Fig. 34.4a). Through the Gelpoint, a 12 mm Airseal® port 
(ConMed, Utica, NY, USA), dedicated 25 mm multi-port SP 
cannula, and ROSI flexible suction tubing are inserted and 
the perineal space is insufflated to 12 mmHg. The SP robot is 
side-docked in a camera-up orientation with the robotic scis-
sors (right), Cadiere graspers (left), and Maryland bipolar 
(down) (Fig. 34.4b).Fig. 34.1 Patient positioning

Fig. 34.2 Initial incision with rectal glove
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Fig. 34.3 Semilunar perineal 
incision

Fig. 34.4 Port placement and SP docking
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 Posterior Dissection and Seminal Vesical 
and Vasa Deferentia
Once the robotic instruments are advanced into the devel-
oped perineal space, the posterior plane is developed by 
exposing the levator ani muscle fibers and. Denonvillier’s 
fascia is identified and opened, continuing to bluntly develop 
the posterior plane towards the base of the prostate and 
sweeping the neurovascular bundles laterally. As the devel-
opment of the posterior plane continues cephalad, the semi-
nal vesicles and vasa deferentia are identified, isolated, and 
controlled with Weck clips using the SP robotic clip applier 
to minimize the use of cautery near the neurovascular bun-
dles (Fig. 34.5).

 Vascular Pedicle and Nerve Sparing
Following the release of the seminal vesicles and prior to the 
bladder neck transection, the vascular pedicles to the pros-
tate and neurovascular bundles are addressed. Starting from 
the base of the prostate and working apically, the pedicles are 
sequentially clipped in packets with the robotic clip applier 
(Fig. 34.6). Exposure and traction on the vascular pedicles 
are optimized by anteromedial retraction of each seminal 
vesicle using the Cadiere grasper. Once the vascular pedicles 
are controlled, the release of the neurovascular bundles con-
tinues apically, avoiding use of electrocautery and preferenc-
ing robotic-applied Weck clips.

 Apical Dissection
Next, the urethral is exposed at the apex and sharply divided, 
starting with the posterior urethral plate (Fig. 34.7). Once the 
urethra is completely released, the apical dissection proceeds 
anteriorly between the dorsal venous complex and the pros-
tate. In those with apical lesions, extra care is taken to avoid 
entry into the prostate and avoid a positive surgical margin. 

The apical dissection proceeds towards the base of the pros-
tate while simultaneously freeing the anterolateral attach-
ments until the bladder neck is reached.

 Bladder Neck
At the 12-o’clock position, using the Foley balloon as a 
guide, the anterior bladder neck is opened and the bladder is 
entered (Fig.  34.8). The bladder neck dissection then pro-
ceeds posteriorly in a circumferential fashion. Once the final 
attachments to the prostate at the posterior bladder neck are 
free, the SP robot can be undocked for larger specimens that 
occupy significant space in the limited surgical field and the 
specimen is extracted through the GelPoint prior to begin-
ning the lymph node dissection and anastomosis. The SP is 
immediately redocked again using the floating dock.Fig. 34.5 Seminal vesical dissection

Fig. 34.6 Right vascular pedicle

Fig. 34.7 Apical dissection and urethral transection
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 Pelvic Lymph Node Dissection
For those who require a pelvic lymphadenectomy based on 
preoperative predictive nomograms, the perineal approach 
permits access to the pelvic lymph nodes through the same 
approach. The obturator fossa can be developed by dissect-
ing laterally to the bladder. Typically the obturator nerve, 
vein and artery are visualized first through this approach and 
the dissection proceeds anterolaterally towards the inferior 
aspect of the external iliac vein and pelvic sidewall 
(Fig.  34.9). The lymph node packed is removed in a 
 caudal- to- cranial fashion, using clips to ligate lymphatics 
and electrocautery as needed.

 Vesicourethral Anastomosis and Closure
The vesicourethral anastomosis is performed using two 4-0 
barbed sutures in a running fashion (Fig. 34.10). Similar to 
the Retzius sparing approach, the anastomosis is above the 
camera. As a result, the anastomosis begins anteriorly and 
proceeds posteriorly. Once the anastomosis is complete, a 
final 20F Foley is inserted, with 15 cc in the balloon. The 
anastomosis is then confirmed to be water-tight and the 
perineum is closed in two layers. In the majority of cases, a 
drain is not placed.

 Postoperative

Postoperative care is similar to our standard robotic prosta-
tectomy pathway including early ambulation, immediate diet 
resumption, and minimal use of perioperative narcotics. 
Patients are observed postoperatively and discharged home 
after the drain is removed with a Foley catheter for 1 week 
without the need for a cystogram. Similar to open perineal 
radical prostatectomy compared to open retropubic 
approaches, patients who undergo SP robotic perineal pros-
tatectomy typically experience significantly less postopera-
tive pain compared to traditional robotic approaches and are 
candidates for same-day and opioid-free discharge pathways. 
Routine cases are otherwise discharged within 24 h. Patients 
with risk factors for postoperative venous thromboembolism 
including those with NCCN (National Comprehensive 
Cancer Network) high or very high risk prostate cancer are 
discharged with 28  days of prophylactic dose enoxaparin. 
While drain use is infrequent and Foley catheters are typi-Fig. 34.8 Bladder neck transection

Fig. 34.9 Lymph node dissection
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Fig. 34.10 Vesicourethral anastomosis

cally removed, the strategic use of a drain and Foley duration 
should be individualized due to the complex patient popula-
tion requiring a perineal prostatectomy.

 Outcomes

 Intraoperative and Perioperative

As with the open approach, the SP robotic perineal prosta-
tectomy affords a favorable morbidity profile relative to the 
standard multiport retropubic approach. Much of the reduced 
morbidity is owing to the minimal pain experienced with a 
perineal incision in addition to the discomfort related to 
 peritoneal insufflation and bladder and bowel mobilization. 
Furthermore, the perineal approach avoids steep 
Trendelenburg, multiple incisions, and in the vast majority of 
cases, a surgical drain which further minimizes the morbid-
ity of the operation. In a matched comparison to multiport 
transperitoneal radical prostatectomy, the SP perineal 
approach offered reduced opioids at discharge (92.3% vs. 
50%, p  =  0.016), shorter hospital length of stay (23  h vs. 
27 h, p = 0.02), and a reduced estimated blood loss (100 mL 
vs. 200 mL, p = 0.007) [11]. A significantly reduced length 
of stay and blood loss was similarly seen with open and mul-
tiport perineal approaches relative to retropubic counterparts 
[4, 12]. From our institution, avoidance of a drain was also 
observed, with only 1 patient (4.8% of 26 patients) requiring 
a drain [11]. SP perineal radical prostatectomy, however had 
significantly longer operative times compared to standard 
multiport approaches (255 vs. 163  min, p  <  0.001) which 
may be due to longer time to gain perineal access and learn-
ing curve disparities in the initial cases [11]. In a larger mul-
tiport matched comparison between perineal and retropubic 

robotic approaches showed no significant difference between 
operative time, suggesting the learning curve likely plays a 
significant factor in the observed operative time differences 
in our institution’s series [12].

 Oncologic

Prior series investigating open perineal radical prostatec-
tomy, prior to the introduction and widespread use of active 
surveillance, demonstrated a lower oncologic risk patient 
cohort compared to current robotic series. For example, in 
our series of 26 patients, 46.1% (12/26) of patients were 
≥pT3 and 42.3% (11/26) were found to have ≥grade group 3 
prostate cancer after pathological analysis of the prostatec-
tomy specimen [11]. Still, relative to traditional retropubic 
approaches, the positive surgical margin rate (>3 mm) was 
significantly higher in the perineal approach (38.5% vs. 
7.7%, p = 0.006). It is unclear whether this higher PSM rate 
is clinically significant, however, given the greater need for 
intracorporeal manipulation of the prostate with the perineal 
approach which may produce artifactual margins and capsu-
lar incisions. Reassuring is the finding that at 1 year, the rate 
of biochemical recurrence (PSA recurrence >0.1 ng/mL) was 
similar between the approaches (1 vs. 3 patients, p  =  0.3) 
[11]. Similarly, there was no significant PSM rate observed 
in the substantially lower-risk cohort comparing multiport 
perineal to multiport retropubic (12.5% vs. 10%, p = 0.65) 
[12]. Longer oncologic follow-up and larger multi- 
institutional series are required to better delineate the onco-
logic outcomes with this approach. Other explanations for 
the increased rate of PSMs include the fact that the Retzius 
space is preserved, maintaining a surgical plane below the 
dorsal venous complex which is not preserved in the tradi-
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tional robotic retropubic approaches. The PSM rate in our 
institution’s perineal approach is similar to many early 
robotic Retzius-sparing cohorts, which reported higher rates 
of anterior PSMs [13].

An advantage of the robotic perineal approach includes 
the ability to perform a pelvic lymphadenectomy in those 
patients who have a high preoperative risk of nodal disease. 
In our matched comparison, pelvic lymphadenectomy was 
performed in 62.5% of patients [11]. Not surprisingly, nodal 
yield was significantly lower in the perineal approach 
(median 3 nodes vs. 6 nodes, p = 0.015) likely due to the 
reduced access to the pelvic sidewall and inability to perform 
an extended template lymphadenectomy. However, the 
 obturator fossa is reliably accessed with the perineal 
approach for staging purposes in select patients.

 Functional

With the preservation of the space of Retzius and anterior 
support structures which are vital to the continence mecha-
nism, the perineal approach affords high rates of early conti-
nence which has been well-demonstrated in the robotic and 
open experiences [4, 12, 14]. In a low-risk patient popula-
tion, Tugcu et al., identified a significantly higher continence 
rate at 6 months with a robotic perineal approach (94.2% vs. 
72%, p = 0.001) [12]. In our institution’s perineal experience 
with the SP platform, there was no significant difference in 
the 6- or 12-month complete continence rate compared to the 
multiport retropubic approach, which was 75% and 80%, 
respectively [10]. In context, however, these patients repre-
sented highly comorbid patients, often with prior pelvic 
pathology which could greatly influence continence rates. 
Longer follow-up is required to demonstrate the true conti-
nence rates in this select patient population as well as the 
need for additional intervention.

The ability to perform a nerve-sparing radical prostatec-
tomy is not hindered with the SP perineal approach. In our 
series, 2/3rds of patients underwent a nerve-sparing 
approach, which was lower compared to the traditional 
robotic approach only due to the extent of disease and pres-
ence of erectile dysfunction preoperatively rather than tech-
nical feasibility. While the learning curve for nerve-sparing 
with the perineal approach may be higher due to the unfamil-
iar view, release of the neurovascular bundle is not any more 
challenging from a technical standpoint. Given the high 
degree of preoperative erectile dysfunction and significant 
comorbidities in the patient population undergoing SP peri-
neal radical prostatectomy, erectile outcomes were not 
assessed in our matched analysis. Similarly, longer follow-
 up is required to accurately assess recovery of erections for 
the approach. In a multiport perineal comparison, using the 
International Index of Erectile Function-5 (IIEF-5), the peri-

neal approach had significantly higher erectile function rates 
at 9  months relative to traditional robotic retropubic 
approaches (75% vs. 66%, p = 0.001) [12].

 Complications

The SP perineal robotic approach experiences a significant 
reduction in perioperative morbidity, which has been well- 
demonstrated in the open and multi-port experiences. In the 
current era, SP perineal radical prostatectomy is offered only 
to those who are otherwise poor surgical candidates who 
have often significant comorbidities including prior radia-
tion, malignancy, prior pelvic surgeries, as well as a immu-
nodeficiency. As a result, patients are at risk for poor wound 
healing and significant adhesions in the surgical field. Not 
surprisingly, our matched series compared to an otherwise 
healthy patient cohort, we experienced higher rates of peri-
operative complications (52% vs. 8%), however the majority 
were Clavien grade 1 and only six patients experienced 
higher-grade complication (Clavien 3a) [11]. Three patients 
experienced anastomotic leakages which were managed with 
urethral catheter reinsertion or suprapubic tube placement, 
two anastomotic strictures which required endoscopic dila-
tion or incision, and a single lymphocele which required 
drain placement. While these complications are higher, none 
were life threatening and the vast majority are manageable 
with conservative treatment with longer catheterization or 
small well-tolerated procedures to allow for adequate anasto-
motic healing. In the largest multiport robotic perineal series 
in less-comorbid patients, complication rates were low, 
reporting only a complication rate of 5%, which were all 
Clavien grade 1 [14]. Notably, as expected, no patient in the 
perineal group experienced a postoperative ileus or blood 
transfusion as opposed to 10% and 2.5% of patients, respec-
tively, in the standard transperitoneal retropubic robotic 
approach [12].

 Conclusions

The SP robotic perineal radical prostatectomy is an effective 
therapeutic option for select patients who are not ideal candi-
dates for standard robotic approaches or radiation therapy. 
The SP platform optimizes the approach with its ability to 
avoid external instrument clashing and work in confined 
spaces. While further investigation and longer follow-up is 
required to better evaluate the long-term functional and 
oncologic outcomes, our institution’s early experience is 
very favorable, particularly for those without alternative 
treatment options. The advantages of the perineal approach 
are well known due to the long history of open as well as 
multiport robotic techniques, with a reduced perioperative 
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morbidity, equivalent oncologic outcomes, and improved 
early continence outcomes due to the preservation of the 
space of Retzius. Furthermore, the perineal approach allows 
for replication of the nerve-sparing and pelvic lymphadenec-
tomy of the retropubic approaches. The SP platform simpli-
fies the perineal robotic approach and provides access in 
those deemed high-risk and poor surgical candidates.
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35Different Access of Single-port Robotic 
Prostatectomy on da Vinci Si: 
Changzheng Hospital Technique

Yifan Chang, Xiaofeng Zou, Qingyi Zhu, 
and Shancheng Ren

 Introduction

The concept of performing laparoscopic surgery via a single 
abdominal incision can be dated back to several decades ago. 
At that time, gynecologic surgeons adopted a “1-incision” 
technique to perform female sterilization or needle biopsy 
under the observation of laparoscope [1]. Although literature 
showed that 3600 sterilizations were performed in 4 years 
[2], such technique was still reserved for limited application. 
It was not until 2008 when new robotic instruments and 
single- port devices were designed had single-port surgery 
gained popularity in urological surgery. Since then, the term 
laparoendoscopic single-site surgery (LESS) has been used 
to describe such surgical concept and technique [3]. Apart 
from the most popular terminologies of “single-port” and 
“LESS”, various other names have been adopted in the lit-
erature, including single-incision, single-site, single-access, 
one-port, and keyhole surgery, as well as acronyms of SILS 
(single-incision laparoscopic surgery), SPLS (single-port 
laparoscopic surgery), and TUES (Transumbilical endo-
scopic surgery) [4] (by descending order of popularity). 
Although nomenclatures vary, three key components are 

shared, i.e., access (to the intracorporeal cavity), single (the 
number of the access), and laparoscopy (platform to perform 
the surgery). And at the same year, the Laparoendoscopic 
Single-Site Surgery Consortium for Assessment and 
Research (LESSCAR) had reached a consensus that LESS 
be used as the official nomenclature [5]. Also in the similar 
time period, new ports such as the R-Port (Olympus Surgical, 
Orangeburg, NY, USA), TriPort (Olympus Winter & Ibe, 
Hamburg, Germany), SILS Port (Covidien, Hamilton, 
Bermuda), and GelPoint (Applied Medical, Rancho Santa 
Margarita, CA, USA), combined with new pre-bent or artic-
ulated laparoscopic instruments, had enabled urologists to 
successfully perform partial nephrectomy [6], donor kidney 
transplantation [7], adrenalectomy [8], radical prostatectomy 
[9] and varicoselectomy [10]. Notably, in 2008, Kaouk et al. 
[11] first reported LESS radical prostatectomy in a pure lapa-
roscopic way, but also showed major drawbacks such as sig-
nificantly prolonged operative time, clashing of laparoscopic 
instruments, limited working space, and challenging dissec-
tion and ligation procedures. The first study of robotic LESS 
radical prostatectomy (r-LESS RALP), or single-port 
robotic-assisted radical laparoscopic prostatectomy 
(spRALP) was published shortly afterwards by the same 
team in 2009, but the robotic version of spRALP at its initial 
phases of development failed to address the aforementioned 
difficulties, Therefore, only a scarce number of centers have 
successfully performed spRALP to date.

Nowadays, the advent of da Vinci SP platform (Intuitive 
Surgical Inc., Sunnyvale, CA, USA) and single-port devices 
rekindled urologists’ interest in re-exploring these urological 
operations [12–15]. However, because the SP platform is 
still not available in mainland China, urologists in 
Changzheng Hospital have made a series of innovations 
based on the da Vinci Si platform to perform spRALP. Different 
accesses of transperitoneal, extraperitoneal, transvesical and 
perineal route have been carried out with their respective 
optimal indications, which is introduced as follows.
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 Transperitoneal

In our center, the transperitoneal approach was first attempted 
in 2018 as a preliminary investigation to assess the safety 
and feasibility of spRALP [16]. We successfully carried out 
the transperitoneal approach on a 60-year-old male with a 
clinical stage of cT2bN0M0 and a prostate volume of 33.8 ml. 
With use of a commercially-available quadri-channel port 
(Lagiport, Lagis Inc., Taiwan, China), a semicircular incision 
with a diameter of 6  cm was made above the umbilicus. 
Access was made transperitoneally, with the robotic camera 
placed at 6 o’clock (caudal side of the patient), placing 30° 
upward; robotic arms 1 and 2 were placed laterally (arm 3 
was spared), with monopolar Hotshears scissors and 
Maryland bipolar forceps installed for dissection procedures, 
respectively, and large needle drivers installed for ligation of 
deep venous complex (DVC) and anastomosis; assistant’s 
access was placed at 12 o’clock (Fig. 35.1a, b). Intraoperative 
procedures were the same as a conventional multi-port 
RALP, as reported previously [17]. The operative time was 
152 min, including a console time of 131 min and anastomo-
sis time of 21  min. Estimated blood loss was 100  ml. No 

additional ports were being placed. The patient was ambu-
lant on post-op day 2 and was discharged on post-op day 4.

Based on the current robotic platform and standard 8-mm 
da Vinci Si robotic instruments, the transformation from the 
conventional multi-port RALP to transperitoneal spRALP 
with an umbilical incision faces tremendous difficulties, 
among which the biggest challenge was instrument clashing, 
both inside and outside the peritoneal cavity. First, in order to 
overcome exterior clashing, a 30-degree lens was adopted, and 
was set at 30°-up throughout the procedure; also, the camera 
was kept physically afar from the surgical field, in which case 
the visual distance was compensated with a 4× digital zoom-
ing at the console, in order to give room to the robotic arms 1 
and 2. Also, because we didn’t use pre-curved cannulae or 
articulated instruments, nor did we cross the instruments 
inside (i.e., the “chopsticks” phenomenon proposed by Joseph 
et al. [18]) which is being practiced by some centers, slight 
modifications were made by docking the robotic arms 1 and 2 
at a wider angle on the proximal joint, and the robotic arms 
were operated with a lower amplitude and higher movement 
frequency. All of these modifications contributed to reduced 
clashing and acceptable operative triangle.

a b

Fig. 35.1 Port installation and trocar placement before and after dock-
ing. (a) placement of a commercially available quadri-channel port, in 
which the camera port was placed at 6 o’clock, robotic arm 1 at 9 
o’clock, robotic arm 2 at 3 o’clock, and assistant’s port at 12 o’clock. 
(b) external view after docking, in which a 30° lens was placed looking 

upward and farther from the surgical field throughout the procedure, 
while the robotic arms were installed with more abduction at the proxi-
mal joint. (Figures excerpted from Chang et al., Asian J Urol 2019 [16], 
reprint permission granted by the Asian Journal of Urology editorial 
office)
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However, because we believe that it is the relatively long 
distance from the umbilicus to the surgical area, i.e., the 
prostate that results in the frequent clashing, loss of maneu-
verability and most likely, a steep learning curve, we seek to 
update the surgical techniques by moving the port lower and 
closer to the surgical field, in order to make LESS-RALP 
easier to perform, hence the extraperitoneal spRALP, which 
is introduced as follows.

 Extraperitoneal

To the best of our knowledge, extraperitoneal spRALP is 
only reported by a limited number of studies, and all with the 
adoption of the da Vinci SP robotic platform [12, 19, 20]. 
With the experience from our previous study of transperito-
neal spRALP, we have successfully carried out extraperito-
neal spRALP (espRALP) with use of the most widely 
installed da Vinci Si platform worldwide.

Different from the transumbilical incision in the trans-
peritoneal spRALP, the extraperitoneal single-port RALP 
(espRALP) moves the incision lower, which is approxi-
mately 5 cm above the pubis symphysis (Fig. 35.2a, b). With 
a more customizable port (GelPort, Applied Medical, Rancho 
Santa Margarita, CA, USA)) installed at this level, the pre-
peritoneal surgical space was first established with a home- 
made balloon. Other surgical steps were largely similar 
compared to a transperitoneal spRALP. Still the lens was put 
at 30°-up and farther from the surgical field (compensated by 
a 4× digital zoom) throughout the procedure (Fig.  35.2c) 
[21], but with a port placed at this level, the maneuverability 
of robotic arms can be markedly improved, with minimal 
clashing of instruments, and more rookie-friendly. The sur-
geons may find it much easier to readjust themselves from 
their habits to perform a conventional RALP to an 
espRALP. Additionally, more complex techniques, such as 
bilateral intrafascial nerve-sparing, or super-veil nerve- 
sparing that was reported in Vattikuti Institute Prostatectomy 

a b

c

Fig. 35.2 Illustration of Extraperitoneal single-port robotic-assisted 
radical prostatectomy. (a) Abdominal incision and port placement with 
a 5-cm transverse incision 5 cm above the pubic symphysis; (b) External 
view after docking. Access to the port was identical to the Transperitoneal 

approach. (c) Wound closure with a Jackson-Pratt drainage (optional) 
placed in the same incision. (Figures excerpted from Chang et al., Chin 
Med J 2020 [21], reprint permission granted by the Chinese Medical 
Journal editorial office)
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(VIP) [22] that can provide complete periprostatic anatomy 
preservation, can now be performed safely. Possible poten-
tial benefit in continence and potency outcomes requires fur-
ther perspective controlled studies.

In our opinion, the espRALP may have several advan-
tages compared with conventional RALP for selected 
patients, for it can provide improved post-op recovery and 
lower risk to bowel-related and anesthesia-related comor-
bidities and complications, because the peritoneal distur-
bance is minimal, and a much less steep Trendelenburg 
position is required (usually 10–15° vs >30°). Further com-
parative studies are on the way.

Nevertheless, for a certain patient population, e.g., 
patients with previous history of lower abdominal or pelvic 
surgery or radiation, it may be regretful to abandon surgery 
for early-stage disease, but whether transperitoneal or extra-
peritoneal access may increase surgical time (such as the 
need to perform adhesiolysis) or lead to serious intraopera-
tive complications remains inconclusive, according to the 
literature [23–25]. Therefore, we also investigated alterna-
tive routes based on our current single-port robotic 
platform.

a b

c d

Fig. 35.3 Preoperative preparations to a robotic perineal radical pros-
tatectomy (RPRP). (a) patient position, adopting an exaggerated lithot-
omy with slight Trendelenburg position; (b) Incision made at the 
perineal region approximately 2 cm above the anus to reach the ischial 

tuberosities at both sides; (c) The central tendon was identified, exposed 
and transected; (d) External view after docking. (Figures excerpted 
from Chang et al. Urol Int 2020 [28], reprint permission granted by the 
Urologia Internationalis editorial office)
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 Perineal

Perineal radical prostatectomy was the earliest form of this 
surgical approach, which can be traced back to over 
150 years ago, and outperformed other forms of prostatec-
tomy after Hugh Hampton Young modified this approach in 
1905 [26], and continued to serve as the standard approach 
for the next 40 plus years. However, its popularity was soon 
lost after the advent of retropubic radical prostatectomy in 
1945, which continued to serve as the mainstream world-
wide in the laparoscopic and robotic era. In modern times, 
although the perineal approach comprises only about 5% of 
the total cases of radical prostatectomies, it is still being 
adopted as an alternative approach, especially when robotic 
platform and single port devices are being used for this 
approach. Introduced by Kaouk et al. [27], robotic perineal 
prostatectomy (RPP) was believed to be a solution for 
selected patients with safer surgical profiles, such as those 
with a history of major open abdominal surgery or obese 
patients.

In our center, we successfully performed RPP in 2018, 
and this approach has been offered to obese patients and 
those with history of open lower-abdominal surgery, with 
unrestricted hip joint movement [28]. The patient should 
adopt an exaggerated lithotomy position, with a hip flexion 
of over 90° and a 0–15° slight Trendelenburg position 
(Fig.  35.3a). Intrarectal rinsing should be applied two to 
three times with iodine. An upper-curved incision was made 
at the perineal region, approximately 2 cm above the anus 
(Fig. 35.3b), reaching the ischial tuberosities at both sides. 
Next, the subcutaneous tissue was dissected to expose the 
central tendon (Fig.  35.3c), which was then transected. 
Further dissections were made to expose and dissect deeper 
fascial and muscular structures such as the rectourethralis 
muscle and the deep transverse perineal muscle. With the 
assistant’s index finger placed inside the rectum, the space 
between the anterior rectal wall and the posterior apex of the 
prostate can be identified and divided. A 75-mm single-site 
quadri-channel surgical port (Freeport, SensCure Biotech 
Ltd., Ningbo, Jiangsu, China) was placed followed by dock-
ing of the da Vinci Si robotic platform, trocar arrangement of 
which was similar with our extraperitoneal access 
(Fig. 35.3d). In this case, the 12-o’clock channel was used as 
camera port, in which the lens was also placed at 30°-up. The 
3- and 9- o’clock channel was used as robotic arms 1 and 2, 
respectively, and the 6 o’clock channel was used as assis-
tant’s port. Notably, the Robotic cart was placed at the 
patient’s right hand side with a 45° angle between the axis of 
the robot and the surgical bed. The assistant was seated at the 
foot of the bed.

After docking, an Airseal insufflator (Surgiquest Inc., 
Milford, CT, USA) was connected to maintain a more 

stable intraperineal pressure at 12 mm mmHg, and is more 
tolerable to reflux of suction fluid compared to the 
Olympus UHI-3 insufflator used in transperitoneal and 
extraperitoneal RALP. Incision of the Denonvilliers’ fas-
cia was made first to control the lateral prostatic pedicles 
with hem-o-lok clips. At this level, the neurovascular bun-
dles were also dissected either extrafascially or intrafas-
cially, according to the patient’s eligibility for 
nerve-sparing procedures (Fig.  35.4a). Further exposure 
was made at the posterior plane to dissect the vas deferens 
and seminal vesicles (Fig. 35.4b). After fully mobilizing 
the posterior plane of the prostate, the apical urethra was 
then identified and transected, followed by further dissec-
tion at the ventral plane of the prostate in a retrograde 
fashion, until the bladder neck was reached and transected 
(Fig. 35.4c). At this point, the prostate can be fully mobi-
lized and removed. Vesicourethral anastomosis was then 
performed after intraperineal pressure was lowered to 
5 mmHg to reduce tension. A 3–0 two-way barbed suture 
was adopted to make continuous sutures starting at the 
mid- point. The posterior wall was first reapproximated, 
and the two-way suture was rejoined at the anterior mid-
line (Fig.  35.4d). Finally, Jackson-Pratt drainage was 
placed before wound closure.

 Transvesical

The transvesical approach to perform RALP was first 
reported by Desai et al. [29] in 2008, adopting both multi- 
port and single-port access. This access was made suprapubi-
cally to gain access directly from the Retzius space. 
Alternatively, the transvesical approach was also reported 
with trocar placement similar to that of a conventional multi-
port RALP, and the surgical access was made transperitone-
ally to open the bladder wall at the dome, followed by 
dissection of the prostate inside the bladder. In this section 
we will mainly focus on our technique which was similar to 
the study of Desai et  al., using a single-port device and a 
direct percutaneous access suprapubically.

First, a 6-cm incision was made transversely, approxi-
mately 5 cm above the pubis symphysis. The incision was 
further extended down to the anterior rectus sheath. The 
bladder was then filled with 300  ml saline via the Foley 
catheter for better identification of the incision plane. Then 
the anterior bladder wall was incised vertically to allow for 
insertion of the wound protector that was secured in place 
(Fig.  35.5), followed by fixation of a single-port device 
(GelPort, Applied Medical, Rancho Santa Margarita, CA, 
USA) above. Port configurations were the same with the 
extraperitoneal access discussed above. For transvesical 
RALP, ureteric orifices should be identified and well 
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Fig. 35.4 Intraoperative view during different steps of a robotic peri-
neal radical prostatectomy (RPRP). (a) Dissection of the neurovascular 
bundles; (b) Dissection of the vas deferens and seminal vesicles; (c) 
Transection of the bladder neck; (d) Vesicourethral anastomosis. P 

prostate, NVB neurovascular bundles, VD vas deferens, SV seminal 
vesicle, B bladder, BN bladder neck, U urethra. (Figures excerpted from 
Chang et  al. Urol Int 2020 [28], reprint permission granted by the 
Urologia Internationalis editorial office)

Fig. 35.5 Port placement of transvesical spRALP. The patient had pre-
vious open surgery for rectal cancer and a permanent stoma, therefore a 
regular transperitoneal access may be of high intraoperative risk (data 
unpublished)

protected. In initial operations, bilateral D-J stents were 
placed preoperatively for a precautious intent.

The bladder neck junction was cauterized circumferen-
tially to mark the contour of the prostate (Fig.  35.6a). 
Further dissection was made to divide the ventral plane of 
the prostate until the apex was reached (Fig. 35.6b). Then, 
the prostate was suspended upwards to expose and dissect 
the vas deferens and seminal vesicles (Fig. 35.6c), followed 
by ligation of the prostatic pedicles with hem-o-lok clips, 
and dissection of the neurovascular bundles (NVB) 
(Fig. 35.6d). When both sides of the NVB dissection reached 
the prostatic apex, the apical urethra was isolated and tran-
sected (Fig.  35.6e). Final steps of the surgical procedures 
were vesicourethral anastomosis, in which case 3–0 two-
way barbed suture was used. The posterior wall of the ure-
thra and the posterior lip of the bladder neck were first 
realigned with 3–4 stitches, and continued at both sides. 
Then, the bladder neck was cinched at 9 and 3 o’clock with 
3–4 stitches before finishing the reapproximation between 
the anterior urethra and the bladder neck. The two-way 
stiches were finally joined at 12 o’clock (Fig. 35.6f). After 
retrieval of the prostate specimen, the bladder wall was 
closed by the bedside assistant with two layers of 3–0 run-
ning sutures, followed by confirmation of water-tight clo-
sure by injecting 200  ml saline via the Foley catheter. 
Finally, the anterior rectus sheath, subcutaneous tissue and 
skin were closed sequentially.
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Fig. 35.6 Intraoperative depiction of transvesical single-port robotic 
radical prostatectomy. (a) Circumferential incision of the bladder neck 
junction; (b) Dissection of the ventral plane of the prostate, with the left 
robotic arm retracting the prostate; (c) Dissection of the vasa deferentia 
and the seminal vesicles; (d) Dissection of the neurovascular bundles; 

(e) Transection of the distal urethra; (f) Anastomosis of the vesicoure-
thral junction. B bladder, FC Foley catheter, LA levator ani fascia, NVB 
neurovascular bundle, P prostate, SV seminal vesicles, U urethra, UO 
ureteric orifice, VD vasa deferentia (data unpublished)
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 Outcomes

From May 2018 to June 2020, a total of 116 patients under-
went spRALP of different routes in our center, in which 1 
was transperitoneal, 92 were extraperitoneal, 10 were peri-
neal, and 13 were transvesical (Table 35.1). The transperito-
neal case was regarded as a pilot study and was not included 
in the final analysis. The patients averaged 67 years (range, 
52–84) with a body mass index of 24.44  kg/m2 (range, 
19.52–32.33). Among these patients, 111 were  <  cT3a, 4 
were cT3a and none were  >  cT3a. Preoperative androgen 
deprivation therapy (ADT) was given to 7 patients with a 
median time of 4  months (range, 3–12). Preoperative 
prostate- specific antigen (PSA) was 9.77 ng/ml (IQR, 6.54, 
15.32). Thirteen patients had previous undergone lower 
abdominal or pelvic surgery (6 in extraperitoneal group, 1 in 
perineal group and 6  in transvesical group). All operations 
were carried out successfully without open conversion or 
addition of trocars. Mean operative time was 91.8  min 
(range, 40–200) with an estimated blood loss of 91.8  ml 
(range, 45–400). No blood transfusion was documented. 
Patients were ambulant on postop day 1 except for perineal 
access, in which one additional day was required before the 
patients were instructed to be off-bed. Mean postop length of 
stay was 3 days (range, 1–7). Nineteen patients in the extra-
peritoneal group had surgery on the day of admission and 

resumed liquid diet 6 h postoperatively and were encouraged 
to be off-bed. Drainage was removed on the next day.

For postoperative complications, 1 patient in the extraperi-
toneal group reported anastomotic leakage on postop day 2, 
and recovered with conservative treatment. Another patient in 
the same group reported incision dehiscence after the sutures 
were removed, and was treated at clinic. One patient in peri-
neal group reported pelvic infection after  discharge, and was 
readmitted followed by systematic antibiotic treatment.

Pathologic staging showed 70 patients to be <pT3a and 45 
to be ≥pT3a. Overall positive surgical margin (pSM) was 
17.4% (20/115), in which 31.1% (14/45) in ≥pT3a patients, 
and 8.6% (6/70) in <pT3a patients. Four patients were not 
applicable for pathological Gleason scoring due to preopera-
tive ADT.  Others with pathological Gleason Score of 6, 
3 + 4, 4 + 3 and ≥ 8 were 6, 45, 52 and 8 patients, respec-
tively. Final pathology all showed prostatic adenocarcinoma. 
Mean follow-up time was 10.4 months (range, 3–21). Median 
PSA on 1-month follow-up was 0.03  ng/ml (IQR, 0.014, 
0.05). Continence recovery was recorded in 102 patients 
(88.7%) 3 months postoperatively (Table 35.2).

Table 35.1 Patient Demographics

Extraperitoneal Perineal Transvesical
n 92 10 13
Age[mean(range), 
years]

67(52–84) 65(54–73) 68(61–75)

BMI[mean(range), 
kg/m2]

24.58(19.53–
32.33)

24.85(19.81–
27.55)

23.12(20.05–
26.45)

PSA[median(IQR), 
ng/ml]

9.89(6.43. 
15.66)

9.52(7.56, 
13.75)

9.77(6.54, 
15.60)

Clinical 
stage[n(%)]
<cT3a 89(96.7) 10(100.0) 12(92.3)
cT3a 3(3.3) 0(0) 1(7.7)
>cT3a 0(0) 0(0) 0(0)
Gleason 
score[n(%)]
6 12(13.0) 4(40.0) 0(0)
3 + 4 38(41.3) 4(40.0) 7(53.8)
4 + 3 34(37.0) 2(20.0) 4(30.8)
8 8(8.7) 0(0) 1(7.7)
9/10 0(0) 0(0) 1(7.7)
Previous surgery(n)
Abdominal 6 1 0
Pelvic 0 0 6

BMI body mass index, IQR interquartile range, PSA prostate-specific 
antigen (Data excerpted from Du et al. Chin J Urol, 2020, 41(11): 815–
819. DOI: 10.3760/cma.j.cn112330-20200909-00657) (Article in 
Chinese, reprint permission granted by the Chinese Journal of Urology 
editorial office) [30]

Table 35.2 Perioperative and follow-up parameters

Extraperitoneal Perineal Transvesical
n 92 10 13
Operative 
time[mean(range), 
min]

88.0(40–200) 132.5(90–
190)

87.3(60–150)

EBL[mean(range), 
ml]

77.6(50–200) 178(80–400) 70.4(45–150)

Pathological 
stage[n(%)]
<pT3a 58(63.0) 4(40.0) 8(61.5)
≥pT3a 34(37.0) 6(60.0) 5(38.5)
Gleason score[n(%)]
N/A 3(3.3) 0(0) 1(7.7)
6 5(5.4) 1(10.0) 0(0)
3 + 4 35(38.0) 6(60.0) 4(30.8)
4 + 3 43(46.7) 3(30.0) 6(46.2)
8 6(6.5) 0(0) 1(7.7)
9/10 0(0) 0(0) 1(7.7)
pSM[n(%)] 16(17.4) 2(20.0) 2(15.3)
<pT3a 6(10.3) 0(0) 0(0)
≥pT3a 10(27.8) 2(33.3) 2(40.0)
Post-op length of 
stay[mean(range), 
day]

2.9(1–5) 2.1(1–4) 4.8(4–7)

Post-op PSA(1mo) 
[median(IQR), ng/
ml]

0.031(0.017, 
0.051)

0.025(0.012, 
0.046)

0.017(0.002, 
0.045)

Postoperative 
continence(3 mo) 
[n(%)]

82(89.1) 9(90.0) 11(84.6)

EBL estimated blood loss, N/A not applicable, pSM positive surgical 
margin, IQR interquartile range, PSA prostate-specific antigen (Data 
excerpted from Du et  al. Chin J Urol, 2020, 41(11): 815–819. DOI: 
10.3760/cma.j.cn112330-20200909-00657) (Article in Chinese, reprint 
permission granted by the Chinese Journal of Urology editorial office) [30]
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 Discussion

Laparoendoscopic single-site surgery (LESS) in the modern 
robotic era is explored with the aim of minimizing postop-
erative pain and perioperative complications, and to achieve 
better postoperative recovery and cosmesis outcomes. 
Initially, LESS and robotic-LESS surgery had been success-
fully attempted in various urological operations including 
adrenalectomy, pyeloplasty, nephrectomy (including radical, 
partial, and donor transplantation), radical cystectomy, and 
radical prostatectomy [6–9, 11, 31]. Interestingly, studies of 
either LESS or robotic-LESS concerning the upper urinary 
tract (e.g., nephrectomy and partial nephrectomy), are 
attempted by a growing number of centers, while single-port 
radical prostatectomy and radical cystectomy appeared to 
“fade away” from public attention, and it was not until the 
birth of da Vinci SP robotic platform has robotic LESS sur-
gery of the lower urinary tract regained urologists’ interest. 
Initially, LESS-RALP was performed via an umbilical inci-
sion, therefore the much longer distance between the port 
and the surgical area, compared to that in an adrenalectomy 
or a nephrectomy, is one major culprit to instrument criss-
crossing, clashing, and loss of triangulation and maneuver-
ability. Earlier experiences included use of articulated or 
pre-bent instruments, or 5-mm harmonic scalpel which is 
thinner in diameter, as well as use of 30° lens looking upward 
to reduce clashing and partially regain triangulation, but the 
pre-bent or articulating instruments were deemed “nonergo-
nomic and counterintuitive” [32]. Our initial experience of 
the transperitoneal spRALP also showed extensive clashing 
and loss of triangulation. By adopting a 30°-up lens through-
out the procedure and keeping the lens afar from the surgical 
field compensated with digital zoom, triangulation was par-
tially regained, and the instruments gave room to each other. 
Even so, we find it difficult to believe that the transperitoneal 
spRALP had the value of being widely popularized. It was 
the change in surgical access that made a genuine difference. 
Shifting the procedure from an umbilical incision and trans-
peritoneal access to a suprapubic incision and extraperito-
neal access allowed the entire procedure to be performed 
smoothly with minimal clashing and more operator-friendly. 
Following similar principles, the perineal and transvesical 
could also be carried out smoothly for routine performance 
on a da Vinci Si model, without additional trocar placement.

With all these alternative accesses of spRALP, the next 
step would be to determine the optimal indication for each 
access. Although the extraperitoneal, perineal and transvesi-
cal accesses can all be deemed as extraperitoneal in nature, 
their applications vary in different patients. We believe that 
the extraperitoneal is best indicated for patients with local-
ized disease to provide fast recovery, lower perioperative 
complications and reduced pain, and even allow for outpa-

tient surgery, as reported by Wilson et al. [19]. Patients eli-
gible for perineal and transvesical spRALP somewhat 
overlap, since they both are feasible alternatives for obese 
patients and those with previous abdominal or pelvic sur-
gery, in order to minimize incision-related complications, 
anesthesia-related complications due to steep Trendelenburg 
position required in a conventional RALP, as well as time 
and risk spent in potential adhesiolysis procedures. However, 
our experience showed that patients with larger prostate 
 volume may not be best indicated for perineal robotic 
spRALP, since tension may be encountered during vesico-
urethral anastomosis. Also, the surgeon may find it more 
challenging coping with pelvic anatomy and more reluctant 
to perform such procedure. A transvesical spRALP does not 
require a huge paradigm shift for transition from a conven-
tional RALP mode. However, note that these Interpretations 
are merely based on clinical observation, and perspective 
controlled studies are mandatory before any definitive con-
clusions are made. Also, for more challenging cases such as 
locally advanced prostate cancer that required extended pel-
vic lymph node and extensive periprostatic invasions may be 
encountered, we believe that the multiport RALP is still the 
ultimate choice for most urologists.
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36Single Port Extraperitoneal Radical 
Prostatectomy

Zeyad R. Schwen and Jihad Kaouk

 Introduction

As the trend towards further reducing the morbidity of 
minimally- invasive surgery continues, significant develop-
ments have been made in the robotic assisted radical prosta-
tectomy (RARP) to improve the outcomes of patients with 
clinically localized prostate cancer (PCa). The Da Vinci 
Single Port platform is the latest iteration of that drive, with 
the hopes of reducing the operative burden while expanding 
the access for various urologic surgeries [1]. The single port 
extraperitoneal robotic radical prostatectomy represents an 
archetypal demonstration of the additive benefit of the Single 
Port platform when applied to the extraperitoneal approach 
in an effort to improve patient outcomes.

The advantages of the extraperitoneal approach are sig-
nificant and well-described, as demonstrated in the multiport 
robotic experience [2–5], avoiding the peritoneal cavity to 
avoid potential bowel adhesions, reduce the rates of postop-
erative ileus, obviate the need for steep Trendelenburg posi-
tion, as well as reduce the rate of hernia formation compared 
to the transperitoneal approach. In short, these many benefits 
sum to a reduction in operative time, reduction in hospital 
length of stay, as well as provide a safer access for those with 
significant prior bowel surgery [5]. In the multiport extra-
peritoneal experience, however, gaining access can be time- 
consuming and cumbersome, increasing the potential for 
clashing as well as unintended peritoneal insufflation with 
each additional port required. Similarly, the advantages of 
the single port platform include the ease of operating in 
smaller spaces, fewer abdominal incisions, and lack of a 
need for an assistant port [1]. These benefits translate to a 
further reduction in patient morbidity, a shorter hospital stay 
length of stay, as well as less postoperative pain and need for 
opioids [1, 6, 7].

Our experience with the additive value of the SP extraperi-
toneal radical prostatectomy has been overwhelming positive 
[8–11]. Now beyond 200 cases, we have shown that outpatient 
radical prostatectomy has become a more attainable goal, with 
our same-day discharge rate > 95% and median hospital length 
of stay of 4.2 hours [8, 11]. Similarly, patients rarely require 
opioids and early functional and oncologic outcomes are 
equivalent to multiport and transperitoneal approaches [9, 11].

 Indications

The indications for SP extraperitoneal radical prostatectomy 
are identical for patients undergoing a traditional multiport 
or transperitoneal robotic radical prostatectomy who have 
clinically localized prostate cancer according to the National 
Comprehensive Cancer Network (NCCN) guidelines [12]. 
Patients who can particularly benefit from a extraperitoneal 
approach are those patients with extensive prior abdominal 
surgeries who have not entered the extraperitoneal space. 
Open midline incisions or exploratory laparotomies that 
extend well below the umbilicus may make extraperitoneal 
access more challenging and have a higher risk of unintended 
entry and insufflation of the peritoneal space. Other patients 
who are particularly well suited for extraperitoneal approach 
include those who are unable to tolerate peritoneal insuffla-
tion due to restrictive lung disease or those with peritoneal 
dialysis catheters or ventriculoperitoneal shuts. Additionally, 
those patients who are unable to tolerate Trendelenburg posi-
tioning from significant respiratory disease and glaucoma 
who are at risk for increased intraocular pressures.

Contraindications to the SP extraperitoneal approach are 
those who have had prior surgeries that have obliterated the 
space of Retzius such as laparoscopic inguinal hernia repairs 
with mesh or major open or laparoscopic pelvic surgeries 
that requires entry into the extraperitoneal space such as 
abdominoperitoneal resections or renal transplantations. 
Relative contraindications include those patients who are 
morbidly obese or with massive >100 cc prostates which are 
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slightly more technically challenging, primarily due to the 
increased difficulty with SP access and reduced strength of 
the robotic arms required for retraction, respectively.

 Description of Technique

 Preoperative

Preoperative workup is identical to the traditional robotic pros-
tatectomy approaches. Patients are required to provide preop-
erative laboratory workup including type and screen, basic 
metabolic panel, complete blood count, and urinalysis and cul-
ture. We do not require any bowel prep or enemas prior to sur-
gery as they are of little benefit and may result in dehydration 
and are often poorly tolerated. We use standard perioperative 
antibiotic prophylaxis according to guidelines and administer 
subcutaneous heparin preoperatively which is continued until 

discharge as part of deep venous thromboembolism prophy-
laxis. In those patients with NCCN high- risk disease, prophy-
lactic low molecular weight heparin is continued until 28 days 
postoperatively. Patients have sequential compressive devices 
placed bilaterally on the lower extremities.

Patients are positioned in the supine position and 
Trendelenburg or lithotomy positioning is not required 
(Fig. 36.1). Because Trendelenburg is not necessary and the 
SP robot is able to easily side-dock, arm tucking is optional. 
Patients are prepped and draped in a standard fashion.

 Intraoperative

 Extraperitoneal Access and SP Docking
A 20F 2-way foley catheter is placed into the bladder and a 
3 cm midline, infraumbilical incision is made and continued 
down to the fascia (Fig. 36.2a and b). A 3 cm anterior rectus 
fasciotomy is made in the midline, being careful to not go 
beyond the posterior rectus fascia, particularly at the cranial 
aspect of the incision to avoid unintended entry into the perito-
neum. For those patients with prior midline scars, the incision 
should be slightly lateralized to avoid prior scar tissue which 
can distort the anatomy and increase the likelihood of a perito-
notomy. Using blunt finger dissection, the space of Retzius is 
partially developed to accommodate insertion of the kidney- 
shaped balloon dilator (Spacemaker™ balloon, Covidien, 
Dublin, Ireland) (Fig. 36.3a and b). The balloon dilator is intro-
duced and positioned below the pubic bone, the rigid plastic 
introducer is removed, and the balloon is inflated with approxi-
mately 400 mL of air (around 30 pumps) to develop the extra-Fig. 36.1 Patient positioning

a b

Fig. 36.2 A 3 cm midline infraumbilical incision is marked (a) and the incision is extended down to the fascia (b). Skin incision and fascial exposure
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a b

Fig. 36.3 Blunt finger dissection is used to open the initial space down to the pubic bone (a). Next, the balloon dilator is inserted and advanced 
below the pubic bone into the space of Retzius (b). Development of extraperitoneal space

a b

Fig. 36.4 A wound retractor is inserted through the incision so that the inner ring is within the space of Rezius (a). Next, (b) the ports and ROSI 
suction are inserted through the Gelpoint and attached to the wound retractor. Floating dock technique

peritoneal space. To provide for an adequate working distance 
for the SP robotic arms to “fan” out and avoid internal clashing, 
the “floating dock” technique is applied [13], using a combina-
tion of an Alexis wound retractor and a GelPoint Mini (Applied 
Medical, Similarly, the “floating dock” allows for the omission 
of a separate lateral assistant port which reduces the incisional 

burden as well as reduces the likelihood of accidental entry into 
the peritoneum. The inner ring of the wound retractor is placed 
below the level of the fascia and into the developed extraperito-
neal space (Fig. 36.4a). Next, the 25-mm SP multichannel port, 
12-mm Airseal (CONMED, Largo, FL) assistant port, and a 
ROSI (Remotely Operated Suction Irrigation, Vascular 
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Technology Inc., Nashua, NH) flexible suction tubing are indi-
vidually inserted through the GelPOINT cap and insufflate the 
extraperitoneal space to a pressure of 12 mmHg (Fig. 36.4b).

The SP robot is then side-docked and attached to the mul-
tichannel SP port. The SP instruments are brought into the 
wound retractor by the bedside assistant with the camera 
(up), monopolar scissor (right), Caidere grasper (left), and 
the Maryland bipolar (down) positions (Fig. 36.5). The sur-
geon on the console then brings the robotic arms through the 
fascia and into the extraperitoneal space. The ROSI flexible 
suction tubing is activated with a foot pedal by the bedside 
assistant but controlled entirely by the console surgeon. We 
typically will hold the ROSI tubing with the Maryland bipo-
lar arm to allow for active suctioning and simultaneous 
retraction throughout the case (Fig. 36.6).

The extraperitoneal space development continues, expos-
ing and removing the periprostatic fat to reveal the endopel-
vic fascia and bladder neck. For the remainder of the 
operation, we attempt to replicate the steps of the standard 
multiport or SP RARP, next incising the endopelvic fascia 
and releasing the puboprostatic ligaments.

 Bladder Neck Transection, Seminal Vesicle 
and Vasa Deferentia Dissection
In the standard fashion, using the Maryland bipolar and 
ROSI suction to retract the bladder cranially, the anterior 
bladder neck is opened, revealing the foley catheter 
(Fig. 36.7a). The urethral catheter is deflated and lifted ante-
riorly using the Cadiere grasper to provide sufficient anterior 
traction for the posterior bladder neck dissection (Fig. 36.7b). 

Fig. 36.5 SP robotic docking and instrument insertion

Fig. 36.6 Continuous use of ROSI as suctioning and retractor

a

b

Fig. 36.7 The anterior bladder neck is opened (a) so that the foley 
catheter is visible. Next, (b) the catheter is retracted anteriorly using the 
Cadiere grasper to allow for transection of the posterior bladder neck. 
Bladder neck transection

Z. R. Schwen and J. Kaouk



305

The posterior bladder neck dissection proceeds to reveal the 
vasa deferentia and seminal vesicles. Lifting anteriorly with 
the Cadiere, the bilateral vasa and seminal vesicles are dis-
sected free, minimizing the use of electrocautery. The 
 vascular supply to the seminal vesicles are ligated with Weck 
clips using the SP robotic clip applier (Fig. 36.8). Next, the 
posterior plane is developed to the prostatic apex, lifting the 
seminal vesicles anteriorly.

 Ligation of the Prostatic Vascular Pedicles 
and Nerve Sparing
Following the opening of the posterior plane, the ligation 
of the vascular pedicles to the prostate and nerve sparing is 
performed. Using the Cadiere to lift the prostate anterolat-
erally, the vascular pedicles are clipped with the robotic 
clip applier, continuously switching with the monopolar 
scissors by the bedside assistant (Fig.  36.9). The limit 

operative time waste during this step, the bedside assistant 
will need to be efficient with the SP instrument exchange 
and anticipate the need for a robotic clip. A primary limita-
tion of the SP platform is the reduction in arm strength 
relative to the multiport robotic platforms. During the vas-
cular pedicles, it may be difficult to create a packet for 
clipping for larger packets and those patients with thicker 
peri-prostatic tissue. To overcome this difficulty, we sug-
gest reducing the thickness and size of packets when nec-
essary, maximizing the anterior retraction with the Cadiere 
grasper, and judicious use of bipolar electrocautery par-
ticularly when far away from the neurovascular pedicles. 
The nerve sparing proceeds towards the apex following the 
release of the neurovascular bundles on the lateral aspect 
of the prostate.

 Apical Attachments and Urethral Division
Once the vascular pedicles are released and the nerve sparing 
has reached the apex, the dorsal venous complex is ligated 
with a 0-vicryl suture (Fig. 36.10). The prostatic apex and 
urethra is divided, preserving maximal urethral length. The 
final apical and posterior attachments are divided, fully 
releasing the prostate which is temporarily placed cranially. 
At this time suction tubing is attached to the urethral catheter 
which is used for the remainder of the case as a dual suction-
ing device (Fig. 36.11a and b).

Next, the pelvic lymphadenectomy begins, rotating the 
SP boom laterally towards the pelvic sidewall. The perito-
neum is gently released laterally and cranially, avoiding an 
unintended peritonotomy which can result in transperitoneal 
insufflation. A standard template pelvic lymphadenectomy is 
performed, often requiring repositioning of the flexible cam-
era using the “cobra” function to optimize visibility. 
Lymphatics are clipped again using the SP robotic clip 
applier as needed.Fig. 36.8 Seminal vesicle dissection

Fig. 36.9 Ligaion of vascular pedicles Fig. 36.10 Ligation of the dorsal venous complex
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a

b

Fig. 36.11 The urethral catheter is attached to continuous suction to 
allow for a second suctioning device (a) which is directed using the SP 
instuments (b), particularly during the anastomosis. Use of urethral 
catheter as suctioning device

Fig. 36.12 Vesicourethral anastomosis

Fig. 36.13 Final incision

 Vesicourethral Anastomosis, Extraction, 
and Closure
Next, our attention is turned to the vesicourethral anastomosis 
which begins with a posterior reconstruction in a “Rocco” fash-
ion using 4–0 V-lok sutures in a running fashion (Fig. 36.12). 

The anastomosis is tested to ensure it is water- tight and 15 cc is 
placed in the catheter balloon. The lymph nodes and the prostate 
specimen are placed in an endocatch bag and the SP robot is 
undocked. The wound retractor and specimen bag are removed. 
At this time, to prevent lymphocele formation postoperatively, a 
small peritoneal window is made to allow for transperitoneal 
reabsorption of the accumulating fluid. The fascia and skin are 
then closed without placement of a drain (Fig. 36.13).

 Postoperative

Postoperative care is similar to our standard post- 
prostatectomy care. Patients are transported to a postopera-
tive recovery area to evaluate if they will be candidates for 
same-day discharge. Opioid administration is used judi-
ciously and only after NSAIDs are unable to adequately con-
trol pain. Patients are not routinely discharged with opioids. 
Urethral catheters are continued for 5–7 days.

 Outcomes

From the vast RARP experience using multiport platforms 
prior to the introduction of the SP, the outcomes of the extra-
peritoneal robotic radical prostatectomy has been well- 
studied and extensively compared to the transperitoneal 
approach [5]. Additionally, our institution have reported on 
the early perioperative, oncologic, and functional outcomes 
with the SP extraperitoneal approach which have been 
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 overwhelmingly favorable relative to the transperitoneal 
approach [9, 11]. Still, our outcomes are maturing and our 
experience thus far is an improvement in overall outcomes as 
the learning curve is surpassed. The SP extraperitoneal 
approach has clear advantages over the transperitoneal 
approach, chiefly in the intraoperative and perioperative 
period, which has reduced the morbidity of the operation.

 Intraoperative and Perioperative

Prior to the SP experience, multiport extraperitoneal radical 
prostatectomy was found to have significantly reduced oper-
ative times, less blood loss, and shorter hospital stay relative 
to the transperitoneal approaches [3–5]. In our SP extraperi-
toneal experience, relative to the SP transperineal approach, 
we identified similar benefits. Operative times were signifi-
cantly less in the SP extraperitoneal group by over 45 min-
utes (201  ±  37.5 vs 248.2  ±  42.3  minutes, p  <  0.00001), 
likely due to the lack of a need to lyse bowel adhesions or 
drop the bladder [9]. Time saved with the SP extraperitoneal 
approach also likely occurs during extraction and closure, 
not requiring any time to extend the fascial incision or close 
additional robotic or assistant ports. Additional measurable 
differences include a dramatic reduction in postoperative 
pain as measured by a reduced need for opioids in the extra-
peritoneal group (30.8% versus 95.6%, p  <  000001) [9], 
likely the result of the discomfort related to peritoneal insuf-
flation, bowel irritation, and steep Trendelenburg [6]. 
Relative to the multiport approaches, the SP reduction in 
pain likely can be also accounted for by a reduction in the 
ports and incisional burden as well as our practice of not 
leaving a postoperative drain. The summation of these ben-
efits translates to a reduced hospital length of stay (4.3 vs 
25.7 h p < 0.0001), which accounts for an impressive 88% 
same-day discharge rate, opening the door for a routine out-
patient radical prostatectomy [8, 9, 13]. In a similar study, 
comparing 100 patients who underwent SP extraperitoneal 
prostatectomy to 110 patients who had a multiport transperi-
toneal RARP, SP extraperitoneal prostatectomy had dramati-
cally reduced postoperative pain scores as well as half the 
rate of requiring opioids during their hospitalization (32% vs 
63.6%, p < 0.001) as well as at discharge (35% vs 87.3%, 
p < 0.001) [13].

Other unmeasurable perioperative benefits include the 
reduction in the rate of unintended transperitoneal insuffla-
tion relative to the multiport extraperitoneal experience. 
Anecdotally, we believe that placement of the lateral robotic 
and assistant ports in the multiport approach account for the 
majority of accidental insufflation into the peritoneum, 
which greatly increases the difficulty of the operation and 
requires steep Trendelenburg to mitigate.

 Oncologic

The long-term oncologic outcomes of the multiport extra-
peritoneal experience are well-documented and equivalent to 
standard transperitoneal multiport RARP in the literature, 
including the rates of positive surgical margins and biochem-
ical recurrence. In our early SP extraperitoneal series, we 
similarly have shown favorable early oncologic outcomes. In 
our series, we reported no difference in rates of positive sur-
gical margins (26.9% vs 41.3%, p = 0.13) or 90-day unde-
tectable PSA (94.2% vs 84.2%, p = 0.12), relative to the SP 
transperitoneal approach. Notably, over 80% of patients who 
had positive surgical margins had high risk features (extra-
prostatic extension, Gleason score 8–10 or positive nodes) 
on final surgical pathology [9]. A primary critique of the 
extraperitoneal approach, however is the reduced ability to 
perform an extended lymph node dissection, which some 
have reported a reduced nodal yield. A large meta-analysis of 
nearly 4000 patients, however demonstrated no significant 
difference between nodal yield comparing extraperitoneal 
versus transperitoneal. Similarly, in our large series compar-
ing SP to multiport transperitoneal RARP, there was no dif-
ference in the lymph node yield (5 vs 6 nodes, p = 0.32) or 
rate of positivity (4% vs 7%, p  =  0.42) between the two 
approaches [11]. At 12 months, there were similar rates of 
biochemical recurrence, however there was a trend favoring 
a reduced biochemical recurrence rate for the SP extraperito-
neal prostatectomy (3% versus 9%, p = 0.052). Because the 
SP platform offers an ability to replicate the oncologic prin-
ciples of the traditional extraperitoneal and transperitoneal 
approach, it is not surprising that the early oncologic out-
comes are equivalent to the SP and multiport transperitoneal 
approaches.

 Functional

The early functional outcomes for the SP extraperitoneal 
approach were favorable and comparable to traditional 
approaches. It is our opinion that the SP extraperitoneal 
approach replicates the ability to perform nerve-sparing, cre-
ate a tight bladder neck, and preserve urethral length for the 
preservation of erectile function and continence. Our institu-
tion has demonstrated similar continence and erectile func-
tion outcomes compared to the SP and multiport 
transperitoneal approach. The continence rate, defined as no 
pads or 1 safety pad, was 69%, 80%, and 85% at 3, 6, and 
12 months, respectively, which was not significantly differ-
ent from the multiport approach of 73.2%, 84%, and 87.8%, 
respectively. Importantly, this study represents the early 
experience of our first 100 cases. Currently, we have com-
pleted over 200 cases and our updated outcomes will soon be 
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published. Longer follow-up is needed to assess the rate of 
post-prostatectomy incontinence as well as intervention rate 
of these patients to truly assess continence outcomes.

The SP extraperitoneal approach does not limit the ability 
to perform a nerve sparing procedure, as evidenced by the 
high rate of nerve sparing reported. Including those patients 
who had a preoperative SHIM >21, 70% versus 63% of 
patients reported no erectile dysfunction and 50% versus 
38% of patients reported mild to moderate erectile dysfunc-
tion at 12 months for patients undergoing SP extraperitoneal 
prostatectomy and multiport transperitoneal prostatectomy, 
respectively [9, 11]. Longer follow-up and a more in-depth 
assessment of erectile function after SP extraperitoneal radi-
cal prostatectomy is warranted before conclusions can be 
drawn.

 Complications

Previous literature comparing multiport extraperitoneal 
approaches to transperitoneal radical prostatectomy have 
demonstrated a few differences in the patterns of complica-
tions between the two approaches. While there is no signifi-
cant difference in total complications between the approaches 
(RR 0.6, 95% CI 0.3, 1.2, p = 0.12)., there was a significantly 
decreased risk of ileus (RR 0.2, 95% CI 0.1, 0.7, p = 0.009) 
and inguinal hernia formation (RR 0.2, 95% CI 0.1, 0.5, 
p  =  0.001) compared to the transperitoneal approach [5]. 
Notably, however, it is well-documented that the extraperito-
neal approach results in greater rates of symptomatic lym-
phoceles (RR 1.8, CI 1.0, 3.3, p = 0.05), likely related to the 
confined space and reduction in reabsorption of lymphatic 
fluid in the extraperitoneal compartment compared to the 
peritoneum [8]. Our very initial series of SP extraperitoneal 
prostatectomy similarly experienced a higher rate of lym-
phoceles requiring interventional radiology drain placement 
(6 patients versus 1 patient) [9]. To prevent accumulation of 
lymphatic fluid in the extraperitoneal space, we adjusted our 
technique to include fenestration of the peritoneum at the 
completion of the case to allow for transperitoneal reabsorp-
tion of the lymphatic fluid to prevent lymphocele accumula-
tion and subsequent infection. Since we have made this 
modification, we have not experiences any symptomatic 
lymphoceles.

 Conclusions

The SP extraperitoneal prostatectomy represents an impor-
tant iteration in the quest to minimize the morbidity of the 
surgical management of prostate cancer. The combined ben-

efits of the SP platform and the extraperitoneal approach has 
permitted a dramatic improvement of the perioperative 
recovery, reducing postoperative pain and need for opioids, 
allowing for routine outpatient radical prostatectomy to be 
considered. Early outcomes are exceedingly favorable, how-
ever longer follow-up will need to be required to evaluate 
oncologic and functional outcomes.
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37UIC Technique

Marcin Zuberek and Simone Crivellaro

 Introduction

Radical prostatectomy has been in the armamentarium of 
urologists and has been used for over 100 years to treat dif-
ferent conditions affecting the prostate, mostly prostate can-
cer [1]. The original open approach has evolved over the 
years into laparoscopic and eventually robotic. Overall, the 
treatment of prostate cancer has recently been controversial 
due to long term health effects and questioning of the mortal-
ity of the disease. Since the advent of robotic surgery, the 
mortality of this operation has significantly decreased with a 
more favorable side effect profile. However, recent technical 
developments, such as single port surgery seem to have 
allowed to further decrease the invasiveness of this proce-
dure. In this book chapter we will describe the robotic radical 
prostatectomy techniques utilized at University of Illinois 
Hospital and Health Science System. Particular relevance is 
given to the comparison of our techniques with previously 
available robotic techniques, how the advent of Single port 
robotic surgery pertains to patient care, and unique chal-
lenges that are faced while using the single port.

 History

The first origins of robotic surgery begin around the 1980s 
with orthopedics and hip replacement. During this timeline 
there was a concurrent development of a robot for prostate 
surgery [2]. Neurosurgery and ENT were also working on 
their specific computer assistant surgery systems [2]. The 
original goal was to give doctors the ability to provide surgi-
cal care in theaters of war. The first touch system was the 
green telepresence surgery system developed by Stanford 
research institute or SRI [2]. This was considered the grand-
father of the current surgical systems. The system was origi-

nally intended for open surgery, but it was quickly adapted 
towards laparoscopic surgery due to high-definition stereo-
scopic vision, trauma reduction dexterity, and decreasing 
human physical limitations. The SRI was the steppingstone 
for the private industry to develop initial endeavors into 
robotic applications for commercial use. The first one was by 
computer motion in 1992 where Dr. Wang created a robot—
AESOP—which obtained the FDA clearance for use in 
human beings [3] (Fig. 37.1). The surgical system used voice 
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a b c

Fig. 37.2 LENNY Robotic System

commands for manipulation. The system went through mul-
tiple iterations and the final version was named Zeus which 
was intended for thoracic surgery. In 1995 Dr. Mo and Dr. 
Freund created Intuitive surgical and the first prototype 
named Lenny was built from the SRI’s intellectual property 
and added a 7° of freedom with grasping [2] (Fig. 37.2). 
Intuitive went through several iterations as well, adding 
exchange of instruments mechanism, stereoscopic visualiza-
tion, and improving the patient positioning. This evolution 
led to the first usable and commercialized prototype of the da 
Vinci surgical system. Human trials for the system happened 
in 1998 and were mostly conducted within the scope of tho-
racic surgery. Only in the year 2000 the da Vinci surgical 
system was able to be used for general surgeon cases in the 
United States as it obtained FDA approval. In 2003 the first 
prospective comparison of robotic assisted and retropubic 
prostatectomy was published, firmly cementing the tech-
nique in the arsenal of a modern urologist [4]. Until then, the 
only minimally invasive technique was laparoscopic radical 
prostatectomy, which had a difficult learning curve and less 
than optimal ergonomics providing significant burden to sur-
geon fatigue [5, 6]. Development of first da Vinci surgical 
systems allowed for the surgeon biomechanics to be optimal 
and patient outcomes to be significantly better than open or 
laparoscopic techniques. The main limitation of the robotic 
platform in obtaining complete remote control was the 
necessity of a trained assistant present for manipulation of 
the robot and appropriate surgical retraction. One of the 
goals of the current iteration of the da Vinci surgical system 
is attempting to bring complete independence to the surgeon 
through the single port platform.

 Available Technology

Currently available robotic surgical systems allow for multiple 
degrees of freedom in the operating room theater. The market 
is dominated now by intuitive surgical and their da Vinci plat-

form. Some companies such as CMR are already present with 
alternative choices and multiple other companies such as 
Medtronic and J&J are in the process of creating their own 
platforms. Previous generations of the da Vinci platform 
included the commercially available da Vinci Is and Si plat-
forms. The inter-generational differences mostly included dif-
ferences in patient positioning, surgical cart control, and 
surgeon visualization. The current da Vinci surgical system Xi 
further improves surgical cart positioning, customization of 
ergonomics for a given surgery type, and improvements in 
visualization. Introduction of the single port platform (avail-
able in the USA since 2019) allowed for a completely novel 
way of approaching robotic surgery. Instead of multiple arms 
as in the previous iterations of the da Vinci surgical system the 
surgical cart consists of a single boom with an extending single 
arm connected to a 27  mm trocar (Fig.  37.3). This trocar 
allowed for insertion of a camera and three articulated instru-
ments. The new camera design allows for multiple degrees of 
freedom and angulation just like previous endowrist instru-
ments. This differs from the previous generations, where the 
endoscope was rigid and controlled by the surgical arm. In this 
case the angulation is controlled by the surgeon at the console 
allowing for better and closer visualization of the surgical oper-
ative areas. Additionally, the novel camera system is in the 
proximity to the instruments allowing for access to more con-
fined areas and cavities (like the posterior plane of prostatic 
resection) that were previously almost impossible to effectively 
reach without the help of the assistant retracting tissue. Bringing 
these features together advances the modern robotic surgeon 
closer to the ideal of performing independent and remote sur-
gery, which was the original goal intended for these systems.

 Patient Selection

As with all surgical procedures patient selection and exclu-
sion is paramount for the success of the operation. The ben-
efit of the single port platform allows for more versatile port 
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Fig. 37.3 Single Trocar System (a) Single Port Trocar with arms (b) Surgical instruments in the trocar (1) Camera (2) Needle Driver (3) Forceps

placement due to the instruments approaching the area of 
operation from a single point instead of multiple entry points. 
The flexible camera, controlled by the surgeon, and a single 
trocar allow for unprecedented versatility of the intraperito-
neal surgical approach in patients with multiple surgical 
wounds where adhesions can prove difficult to conduct 
robotic procedures with multiple ports. Additionally, because 
of the smaller size and the superior performance in small 
spaces it allows the routine use of different anatomic 
approaches such as extraperitoneal or intravesical. Overall, it 
broadens the application of robotic surgery to multiple 
 clinical situations, reducing absolute contraindications to an 
historical minimal number.

 Financial Considerations

Currently robotic surgery is the standard of practice for radi-
cal prostatectomy. Earlier robotic surgical procedures were 
associated with longer operative time and hospital stays [7]. 
As the surgeons became more familiar with the robotic plat-
form, operating rooms staff became more familiar with the 
technology, the hospital facilities became more familiar with 
instrument processing and consequently the operative times 
and hospital stays have decreased. However, with the previ-
ous generations of robotic platform outpatient setup was not 
common practice. With the advent of a single port robotic 
platform and a single incision there is a higher chance for the 
implementation of robotic surgery in a real outpatient setting 
[8, 9]. Ability of the surgeon to readily place a trocar exter-

nally to the peritoneum decreases the overall invasiveness of 
the procedure and the necessity for prolonged hospitaliza-
tion. The initial cost of the disposable material associated 
with a single port platform is, as to be expected for new tech-
nologies, slightly higher than the previous generations. It has 
been shown though that the single port platform is overall 
cheaper or at least comparable to multiport when the length 
of stay and the operating room time is factored in [10]. The 
main concern in early users was the lack of sturdiness of the 
instruments. In our preliminary series of single port robotic 
cases compared to multiport robotic cases there was no sig-
nificant difference in instrument damage or instrument 
replacement. With the decreased hospital stay, decreased 
operative time related to the faster set up, the faster recovery 
leading to decreased time off the initial and continuous cost 
of the new single port robotic platform can be offset in com-
parison to previous laparoscopic or open procedures.

 Generational Difference

The generational difference between intuitive surgical sys-
tems that are currently used its increasing overtime. The first 
da Vinci S System presented the surgeon a unique challenge 
of proper cart positioning. The surgeon had to plan specifi-
cally ahead to decide where the surgical cart is going to be 
placed for what type of surgery. The surgical cart positioning 
was rather difficult as there was no targeting system, and the 
arms were difficult to manipulate. Additionally, the latching 
system of the surgical instruments was hard to engage. The 
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camera resolution of the early systems, and poor visualiza-
tion, was also contributing to the lack of optimization of the 
surgical technique [11–13]. The S was a good starting point 
for development of the Si System. The second generation of 
the da Vinci platform brought an improvement in visualiza-
tion offering high-definition cameras and stereoscopic 
vision. The card maneuverability was improved, and the 
insertion system of the instruments was streamlined. The 
cart positioning was also improved by allowing a greater 
maneuverability by the surgical tech. The generational 
improvement to the Xi system proved paramount in terms of 
surgical planning and ease of setting up the system. The 
novel targeting system allows the surgeon to be worry free 
about location restraints as the cart was able to be brought to 
either side of the patient or between the legs. The viewer 
resolution was also increased adding to the precision sur-
geon. However, the multiple arm set up was still not as 
streamlined. With the introduction of the Single port plat-
form the process of docking has been even further stream-
lined because of the use of a single cannula Port that allows 
insertion of Instruments from one central arm. There is only 
one attachment point between the surgical cart in the port 
itself. This facilitates the ease of targeting the necessary 
anatomy, allows for surgeon flexibility in port placement 
based on patient’s previous surgical history, and allows for 
targeting multiple anatomical structures without the neces-
sity of port replacement (i.e., during nephroureterectomy). 
The single arm construction allows for an even easier cart 
maneuvering making it even easier for the surgical staff to 
bring it to the targeted anatomy.

 Current Surgical Set up

After standard general anesthesia has been given a 16 Fr 
Foley is placed in the urethra. Patient position varies depend-
ing on the approach and is described in the following sec-
tions (extraperitoneal and intraperitoneal retzius sparing). In 
order to obtain proper trocar placement a 3-cm incision has 
to be measured and made. Location of the incisions and tro-
car set up varies again based on the approach and it’s 
described in detail in the following sections.

 Radical Prostatectomy

 Extraperitoneal (See Video)

The extraperitoneal approach is the preferred approach for SP 
radical prostatectomy at UIC. It has the benefit of potential 
same day discharge of the patient due to lack of violation of 
the peritoneum, faster bowel function return, no need of 
Trendelenburg and decreased invasiveness. The extraperito-

neal approach requires the so-called “floating dock” which is 
described in detail. A 3  cm horizontal incision Is made 
approximately 4 fingerbreadth superior to the symphysis, 
2 cm inferior to the umbilicus and carried down to the fascia. 
Fascia is incised. Blunt digital dissection of the retropubic 
space is carried out. If the patient is obese use of the space 
making balloon is warranted. The green circle of the Alexis 
retractor (Mini Gelpoint) is inserted into the retropubic space 
and the retractor itself is left unrolled. A 5 mm trocar (so- 
called sidecar) is inserted through the same skin incision, 
through a different fascial incision and through the plastic of 
the Alexis retractor (see Figs. 37.4 and 37.5). Eventually the 
gel cap of the Mini GelPoint is attached to the Alexis retractor 
and the robotic trocar and a 5 mm Airseal trocar are inserted 
through the gel. A remotely operated flexible suction (ROSI) 
is inserted through the side-car trocar, suction and irrigation 
can be controlled with a pedal both by the surgeon and by the 
assistant. The camera is inserted next into the retropubic 
space to inspect for injuries and possible peritoneal violation. 
The abdomen is insufflated to 12 millimeters of Mercury 
through the 5 airseal trocar. The robotic trocar is at this point 
docked to the robot itself completely outside of the abdomen, 
but still inside the vestibule created by the Mini Gel Point 
(hence floating dock). This setup allows the surgeon to 
decrease the length from the target required to articulate the 
instruments from 10 cm to at least half of it, making it possi-
ble to perform complex procedures in shallow spaces.

Fig. 37.4 Illustration of the GelPoint set up with side-car assistant port
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Fig. 37.5 GelPoint side-car in-vivo with 5  mm Airseal inserted 
through the gel to provide insufflation

Fig. 37.6 Robotic Hemolock application

The procedure starts with Monopolar scissors at 3 o’clock, 
Cadiere at 6 o’clock, and Fenestrated bipolar at 9 o’clock. 
Camera is at 12 o’clock. The relative position of the camera 
and the instruments can be checked in real time through the 
navigator. In regard to the camera position at the beginning 
of each surgical steps the surgeon needs to look for what is 
called “cobra mode”, a particular position which gives the 
best possible visualization guaranteeing at the same time 
free movement of the instruments.

The first step of the procedure is to de-fat the prostate 
with a combination of bipolar retraction and mono polar 
blunt dissection is utilized to remove the excess fat from 
the prostate. After defatting the prostate, the endopelvic 
fascia is divided and separated from the prostate. This 
allows for the dorsal venous complex to be exposed and 
tied with a 2–0 vicryl on a SH needle. Note that RB1 and 
SH needles can easily be passed through the sidecar trocar 
or the robotic trocar itself after removal of one of the 
robotic instruments. The flexible camera allows an unprec-
edented view of the anterior prostate and identification of 
the correct resection plane. Once reaching the Foley cath-
eter, the fenestrated bipolar and the cadiere are switched 
to put the foley itself on traction to further expose the pos-
terior bladder neck. The bladder neck dissection is carried 
down until the Seminal vesicles are encountered. Again, 
the flexible camera is used to provide excellent visualiza-
tion of the posterior dissection plane. After dissecting of 
deferens and seminal vesicles the instruments are flipped 
and the camera is moved from 12:00 o’clock to 6:00 
o’clock position.

This allows the optimal dissection as the cadiere forceps 
is utilized to elevate the Seminal vesicles and provide trac-
tion to the posterior resection. The posterior plane is then 
developed using a combination of blunt and electrocautery. 
This is carried out until the apex of the prostate is reached. 
During this time again the flexible camera allows for the 
unprecedented view of the posterior of the prostate. At this 
point one can proceed in either the nerve sparing or not nerve 
sparing approach. The first one involves the use of a 2–0 vic-
ryl, 15 cm long suture on an SH needle and a little loop at the 
end. The suture is passed around the base of the pedicle, 
through the loop and tied with a robotically applied medium- 
small hemolock (Fig. 37.6).

At that point the nerve sparing dissection is carried out 
with cold scissors at 3 o’clock and bipolar at 9’oclock.

Alternatively, the non-nerve sparing option will involve 
the use of the bipolar to coagulate the base of the pedicle and 
monopolar to section it all the way to the apex. At this point 
the camera is relocated again at 12 o’clock for the apical dis-
section (Fig. 37.7).

Cadiere is holding the base of the prostate at 6 o’clock, 
monopolar at 3 and bipolar at 9 are carrying out the dissec-
tion of the apex until the prostate is free. The prostate itself is 
placed to the side using the cadiere. The lymphadenectomy 
is carried out in a standard fashion using the relocation fea-
ture to reach proximally or medial as much as needed. The 
posterior reconstruction is performed with a 3–0  V-Loc 
suture, using 2 needle drivers at 3′ and 9′ while the cadiere at 
6′ is holding the specimen proximally and on the side. A 
double armed 3–0 stratafix suture is used to complete a run-
ning anastomosis between urethra and bladder neck. 
Attention needs to be paid to the fact that the wrists of the SP 
instruments are not articulated, the elbow and the shoulder 
are (Fig. 37.8).
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Fig. 37.8 Points of articulation of the robotic elbow on the DaVinci SP 
system

Fig. 37.9 Trocar positioning for the retzius sparing prostatectomy. 
Please note the difference between the side-car and plus-one trocar 
placementFig. 37.7 Apical dissection of the prostate with the camera at 12 

o’clock

This produces the necessity of a minimal adjustment from 
the multiport version. Once the SP platform is undocked, the 
robotic trocar is removed from the gelpoint. A 5 mm laparo-
scopic camera is introduced through the 5 mm sidecar trocar. 
A laparoscopic grasper is used through the gelpoint to 
retrieve the lymphadenectomy packages. A 10 mm endobag 
is introduced through the gel as well to retrieve the prostate.

 Intraperitoneal Retzius Sparing (Needs Video)

Retzius sparing radical prostatectomy allows for dissection 
of the pedicles as a first step, minimal manipulation of the 

bladder neck and total respect for the periprostatic structures. 
The entire prostatectomy is performed from the Douglas 
cavity in a very limited space, which is specifically the per-
fect environment for the Single Port platform. Thanks to the 
flexible camera, the possibility of relocating camera and 
instruments around its axis and smaller footprint Single Port 
make this otherwise technically challenging technique much 
more approachable.

The access involves a 3  cm vertical incision above the 
umbilicus on the midline After access to the peritoneal cavity 
is gained through a Hasson technique a Mini Gel point Alexis 
retractor is inserted and rolled completely. The robotic trocar 
and the 5 mm Airseal trocar are inserted through the gel and 
the gel cap is connected to the Alexis. A “plus one” 5 mm 
airseal trocar is required for retzius sparing SP as it is a rigid 
suction (Fig. 37.9).

At this point the abdomen is insufflated at 12 mmHg, and 
the robotic trocar is docked. The instruments utilized for the 
surgery are mono polar scissors at 3 ‘BI polar fenestrated 
graspers at 9′, and cadiere grasper for retraction 12′. The 
camera is positioned from the beginning of the procedure at 
6′. A 10 cm long peritoneal incision is performed at the bot-
tom of the douglas cavity. Seminal vesicles and vases are 
dissected bilaterally and held up by the Cadiere at 12′. The 
posterior plane between prostate and rectum is developed 
with the instruments at 3′ and 9′ according to the plan of 
doing nerve or not nerve sparing. The right seminal vesicle is 
held by the cadiere at 12′ and the pedicle is clipped medio- 
laterally with 5 mm titanium clips applied by the assistant 
through the 5 mm lateral trocar (Fig. 37.10).

The distance from the prostate to where applying the 
clips marks the difference between nerve or not nerve 
sparing. In case the latter approach is required a plan lat-
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Fig. 37.10 Clip application by the assistant

Fig. 37.11 Posterior bladder neck dissection

eral to the pedicle can be developed. It’s imperative to have 
a good traction provided by the cadiere at 12′ in this phase. 
Similar maneuver is performed contralaterally. At this 
point attention is turned to the bladder neck with the same 
disposition of instruments and camera. The cadiere is 
holding up the bladder neck and the monopolar at bipolar 
carry on the posterior approach to the bladder neck itself 
(Fig. 37.11).

It’s important in this phase to approach the bladder neck 
from lateral to medial and the traction provided at 12 o’clock 
by the cadiere is vital. Eventually the anterior prostate and 
the apex is dissected, and the prostatectomy is concluded. 
Pelvic lymphadenectomy is typically performed at this point 
with the same instrument location leaving the medial umbili-
cal ligament intact. Anastomosis is performed in a running 
fashion with Stratafix 3/0 double arm starting from the ante-

rior edge of the bladder neck. No posterior reconstruction is 
required. The flexible camera at 6 o’clock and the 12 o’clock 
cadiere for retraction are particularly useful to achieve a 
good visualization throughout the entire anastomosis. Once 
the robot is undocked, a 5 mm laparoscopic camera is intro-
duced through the 5 mm plus one trocar and the specimen is 
retrieved via a laparoscopic grasper and a 10 endobag 
through the Gelpoint.

 Post-operative Management

After an SP extraperitoneal or Retzius sparing prostatec-
tomy, the drain is typically not placed and the patient is 
typically discharged the same day after ensuring in the 
post anesthesia care unit that he recovered well. Patients 
are  discharged with a Foley catheter and a bag, minimal 
amount of opioid pain medication, bowel regimen, and 
instructions for follow up and return. The patient is seen in 
the clinic within 10–14  days to remove the catheter and 
then 14 days later to discuss the pathology report and fur-
ther possible treatment or surveillance. We do not rou-
tinely order cystograms or retrograde urethrograms. 
However, if there is a question about the integrity of the 
anastomosis, intra- operative difficulty with bladder neck 
reconstruction, or unforeseen cystotomy, these patients 
will often obtain additional imaging prior to catheter or 
drain removal.

 Conclusion

The UIC experience has shown that the single port platform 
makes the extraperitoneal and the retzius spring approach 
more feasible. The chance to perform different approaches in 
a safe and effective way gives the urologist the unique oppor-
tunity to adapt the technique to the anatomy of the patient, 
and not the other way around.
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38Fudan Zhongshan Technique: 
Single- Port Suprapubic Transvesical 
Robotic Assisted Radical Prostatectomy

Shuai Jiang, Jiajun Wang, Yu Xia, Hang Wang, 
and Jianming Guo

 Introduction

With the aging of the domestic population and lifestyle 
change, the incidence of prostate cancer is increasing year by 
year, and it has become one of the most common malignant 
tumors among men [1]. Robot-assisted laparoscopic radical 
prostatectomy showed advantages of less bleeding and faster 
recovery compared with open or laparoscopic radical prosta-
tectomy, and it has become the first choice for radical prosta-
tectomy [2–5]. The surgical approaches of conventional 
robot-assisted radical prostatectomy include transabdominal 
and extraperitoneal retropubic approaches. However, a con-
siderable number of patients still suffer from complications 
such as urinary incontinence and sexual dysfunction after 
surgery [6–9].

In 2008, Desai et al. firstly reported single-port transvesi-
cal enucleation of the prostate (STEP) to treat benign pros-
tatic hyperplasia (BPH) [10]. Their initial experience 
appeared encouraging that STEP could be applied for surgi-
cal treatment of large-volume BPH (>80 g) [10]. In 2011, 
Gao et  al. firstly reported single-port transvesical laparo-
scopic radical prostatectomy (STLRP) for prostate cancer, 
and the initial results showed that STLRP can minimize the 
nerve injury and obtain better and faster postoperative func-
tional recovery than intrafascial endoscopic extraperitoneal 
radical prostatectomy (IEERP), and may be an effective 
treatment for low-risk organ-confined prostate cancer [11]. 
In 2020, the same team of Gao et al. reported the long-term 
effect of STLRP on erectile function and urinary continence 
compared to IEERP [12]. They found STLRP can minimize 
the nerve injury and obtain better and faster postoperative 
functional recovery than IEERP, which indicated STLRP 
may be another effective treatment for low-risk organ- 
confined prostate cancer [12]. These previous studies sug-
gest that the single port laparoscopic technique combined 

with transvesical approach to treat benign prostatic hyper-
plasia or prostate cancer is technically feasible, and may 
also have the advantages of less trauma, faster recovery, and 
improved urinary control. However, anastomosis in single 
port technique needs a long learning curve, which confines 
the spread of STLRP. Up until now, there is still no report on 
the application of robotic system combined with single port 
technique and transvesical approach in radical prostatec-
tomy yet.

Zhongshan hospital Fudan University firstly applied 
single- port suprapubic transvesical robotic assisted radical 
prostatectomy (SPSV-RARP) in patients with organ- confined 
prostate cancer since 2019 [13]. All the SPSV-RARP opera-
tions were successfully performed, which showed technical 
feasibility. Most of the patients also achieved good 6-months 
urinary continence outcomes. Here we introduce the basic 
techniques of SPSV-RARP.

 Patient Selection

 Indications and Contraindications

SPSV-RARP should be performed in organ-confined pros-
tate cancer.

Indications to SPSV-RARP include:

 1. Pathologically confirmed prostate cancer
 2. Clinically confined within the prostate (stage T1 or T2)
 3. Gleason score ≤ 7
 4. PSA <20 ng/mL

Contraindications to SPSV-RARP include:

 1. Cancer extends beyond the margins of the prostate  
(T3 or T4)

 2. Gleason score ≥ 8
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 3. Suspicious lymphoid metastasis
 4. Potential metastasis
 5. Conventional contraindications to RARP procedures or 

anesthesia

 Preoperative Evaluations

Preoperative evaluations for SPSV-RARP include:

 1. Baseline clinical evaluation, including patient age, body 
mass index and DRE

 2. Preoperative PSA level
 3. Prostate volume
 4. Pelvic MRI or CT
 5. Prostate biopsy and Gleason score
 6. ECT

 Instrumentation

 1. da Vinci HD Surgical System
 2. Endowrist Maryland or Fenetrited bipolar forceps
 3. Endowrist curved monopolar scissors
 4. Endowrist large needle drivers
 5. In Site Vision System with 30-degree lens
 6. Single port multi-channel system: Beijing Hangtian Kadi 

Technology Development Institute single port kit (a 
single- use multi-channel laparoscopic surgical approach 
system), including both ends of the ring fixator and the 
middle multi-channel system, consisting of two 12 mm 
channels and two 8 mm channels.

 7. 18-Fr three cava balloon urinary catheter
 8. Polymer Ligating clips
 9. 2–0/3–0 barb stitches anastomosis

 Surgical Technique

 Patient Positioning and Port Placement

The patient is taken the steep Trendelenburg position after 
general anesthesia, and underwent routine disinfection. A 
transverse incision is made 8 cm over the pubic symphysis. 
The length of the incision is around 3–4 cm. Fill the bladder 
with saline through the urinary catheter, and the bladder is 
found in extraperitoneal space. Insert a single port 
(HK-FDDC-4FGD, Beijing Hang Tian Technology R&D 
Institute) (Fig. 38.1a) to establish an pneumobladder. The da 
Vinci camera and arms were established through the ports on 
the single port. There were separate channels for insufflation 
and venting on the single port.

 Circular Incision of the Bladder Neck

We observed the bladder neck through the bladder. The first 
step was to identify the border of the prostate. Next, we made 
a circular incision around the bladder neck. The ureteric ori-
fices were clearly identified and protected. Then we divided 
the entire thickness of the posterior bladder neck close to the 
posterior lip of the prostate, and the vas deferens and seminal 
vesicles were exposed easily.

 Dissection of Vas Deferens and Seminal 
Vesicles and Separation of Denonvillier’s 
Fascia

We used the vas deferens and seminal vesicles as anatomical 
marks of Denonvillier’s fascia. After the Denonvillier’s fas-
cia was incised, we separated Denonvillier’s fascia along the 
posterolateral surface of the prostate to the prostatic apex, 
maintaining a completely intrafascial plane.

 Separation of Lateral Ligaments 
and Nerve-Sparing

For separation of bilateral lateral ligaments, the incision of 
the bladder neck was deepened around the prostate border. 
The anterior and lateral space were divided along the pros-
tate surface. The incision also provided additional space for 
critical dissection of the pedicles. Bilateral neurovascular 
bundles were clipped and anterograde cut by an intrafascial 
nerve-sparing approach with a combination of sharp and 
blunt dissection.

 Control of the Dorsal Vein Complex (DVC) 
and Dissection of the Urethra

Deeper dissection was performed along the anterior surface 
of the prostate to expose the posterior dorsal vein complex. 
The puboprostatic ligaments were identified and divided by 
dissection close to the prostate surface. The DVC was then 
dissected ventrally in a ligation-free method, and the prostate 
apex was dissected dorsally to expose the underlying urethra. 
The anterior aspect of the urethra was incised with cold scis-
sors, the tip of the urethral catheter was withdrawn, and the 
posterior urethral wall was transected sharply. Complete dis-
section of the prostate apex was accomplished in a retrograde 
way. The completely mobilized prostate was extracted into 
the bladder and examined grossly for adequacy of excision. 
We can remove the specimen from the single port in 1–2 min 
and rebuild the single port system very quickly.
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Fig. 38.1 Schematic diagram of surgical procedures. (a) Establishment 
of single port system. (b) Circular incision of the bladder neck. (c) 
Dissection of vas deferens and seminal vesicles. (d) Separation of lat-
eral ligaments and nerve-sparing technique. (e) Dissection of the dorsal 

venous complex in a ligation-free approach. (f) Vesico-urethral anasto-
mosis. PP prostate pedicle. U ureteric orifice. DVC dorsal venous 
complex

 Vesico-Urethral Anastomosis

Bipolar coagulation was used to stop errhysis accurately on 
the wound surface. Bleeding on the NVB was sutured and 
ligated avoiding thermal injury. The bladder neck and ure-
thra were anastomosed continuously with a 2–0 bidirectional 
barbed knotless absorbable suture, which maintains the run-

ning suture line tension. The first needle run clockwise from 
6 to 12 o’clock. To promote the efficiency of the running 
sutures, the needles were passed outside-in the bladder and 
inside-out the urethra in one pass. Another needle at the other 
end of the barbed suture was run counterclockwise from 6 to 
0 o’clock. The anastomosis was completed using the running 
suture, and the two ends of the suture were pulled out with an 
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appropriate tension. Thus, a complete vesico-urethral mucosa 
approximation was achieved. An 18-Fr three-lumen Foley 
urinary catheter was then introduced into the bladder under 
direct laparoscopic monitoring. All the instruments were 
withdrawn from the single-port channel. The bladder wall 
incision was closed with a 2–0 barbed knotless absorbable 
suture. The wound was closed layer by layer with absorbable 
thread, and no drainage tube or bladder fistula was used.

 Discussion

With the gradually popularity of Da Vinci robotic surgery, 
more and more centers have performed robotic surgery. The 
Da Vinci robotic surgical techniques were also improved in 
China in the recent years. Our institute firstly performed 
RARP in 2009, and we are still carrying out improvements 
of the surgical techniques.

The conventional approach for radical prostatectomy is 
the retropubic approach [14]. This approach is familiar to 
most urologists, and has become the classic approach for 
radical prostatectomy. However, this procedure destroys pel-
vic structures around the prostate, and may affect postopera-
tive urinary control and sexual function [14]. Conventional 
laparoscopic or robotic-assisted radical prostatectomy 
requires 4 to 6 incisions, and the range of intraoperative sep-
aration is relatively large. In order to reduce trauma, single- 
port laparoscopic technology is gradually introduced for the 
field of radical prostatectomy. In 2008, Desai et al. reported 
transvesical single-port surgery for the treatment of benign 
prostatic hyperplasia, which obtained preliminary experi-
ence [10]. Afterwards, they completed 2 cases of transvesical 
robot-assisted radical prostatectomy for prostate cancer on 
the cadaver [15]. In China, Gao et al. began to explore trans-
vesical single-port laparoscopic radical prostate cancer sur-
gery in 2011 and accumulated preliminary experience [11, 
12]. However, single-port laparoscopic technology has a 
long learning curve and requires special equipment assis-
tance. Moreover, the vesico-urethral anastomosis procedure 
is relatively difficult to operate during single-port laparo-
scopic radical prostatectomy, which affects the further pro-
motion of single port technology.

Based on the relatively large number of robotic surgery 
experience at the early stage, our group firstly conducted a 
preliminary exploration of SPSV-RARP, which combined 
the advantages of single-port, trans-bladder approach and 
suprapubic robotic laparoscopic surgery [13]. In our prelimi-
nary experience, selected patients with prostate cancer 
(T1-2cN0M0) received SPSV-RARP.  Since all cases of 
SPSV-RARP were performed successfully, we believe 

SPSV-RARP was technically feasible in all cases. The 
Perioperative and postoperative outcome indicated that 
SPSV-RARP was technically feasible and could achieved 
good 6-months urinary continence outcomes for patients 
with organ-confined prostate cancer. Compared with the tra-
ditional retropubic approach, SPSV-RARP showed several 
advantages: it maximally minimized the destruction of the 
structure around the prostate, its procedures were closer to 
the prostatic fibrous capsule, and it protects the surrounding 
structures such as blood vessels and nerves to the greatest 
extent. These advantages of SPSV-RARP may lead to lower 
rate of urinary incontinence or erectile dysfunction after 
surgery.

However, this new approach is relatively unfamiliar to 
urologists and requires higher level of evidence base data to 
prove its efficacy. Compared with the transperitoneal 
approach, the SPSV approach showed advantages such as 
less intestinal complications and faster recovery after sur-
gery, especially in patients with extreme obesity or abdomi-
nal surgery history [16]. Traditional robotic laparoscopic 
surgery requires 5–6 incisions on the abdominal wall. The 
single-port technique only needs one incision, which further 
reduces trauma. However, due to the relatively smaller oper-
ating space, the flexibility and freedom of instruments and 
operation are greatly influenced.

The combination of the Da Vinci device and the single- port 
transvesical approach could lead to less trauma and more flex-
ible operation. There is no need for drainage tube or bladder 
fistula after surgery, leading to less surgical trauma and less 
bleeding. After surgery, the patient’s lower abdomen has only 
one small transverse incision of about 4 cm length, surpassing 
traditional open surgery or RARP. The patients started eating 
4–6 h after surgery, and got out of bed at the same day of the 
surgery. The length of stay after surgery ranged from 1 to 
4  days. The time for removal of the urinary catheter was 
5–7 days after surgery. Nearly all patients could get rid of pad 
after 12 weeks of surgery, indicating that the operation had 
quicker recovery and better protection of urinary control. All 
tumor specimens had negative margins, and no patients had 
complications such as urinary fistula. The post-operative 
results were encouraging for further studies [13].

 Conclusions

In conclusion, SPSV-RARP is technically feasible for 
patients with organ-confined prostate cancer, and achieved 
promising perioperative and postoperative outcomes. Longer 
survival and functional data and randomized prospective 
studies in larger cohorts are still needed for validations.

S. Jiang et al.
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39Large Median Lobe: Robot-Assisted 
Radical Prostatectomy (RARP)

Xu Zhang and Xin Ma

 Introduction

With prostate-specific antigen (PSA) screening world- 
widely, the incidence of prostate cancer has risen signifi-
cantly [1]. Robot-assisted radical prostatectomy (RARP) is 
popular for localized prostate cancer with benefits of a mini-
mally invasive approach as well as good oncologic outcomes 
[2]. The operative technique of RARP is currently standard-
ized, and multiple medical centers have approved the feasi-
bility and safety of the procedure. In addition, excellent 
functional and oncologic outcomes have been reported in 
large RARP cohort [3]. Nevertheless, challenges arises when 
the anatomy varies such as obese patients, large prostates, 
previous prostatic surgeries, and large median lobe in their 
clinical practice. An enlarged median lobe is about 8–18% of 
the total cases during RARP [4]. The presence of a ML may 
disturb the clear visualization between the prostate and the 
bladder neck, making this dissection technically challenging. 
Therefore, positive surgical margin (PSM) rates at the blad-
der neck and perioperative outcomes, such as estimated 
blood loss (EBL) and operative time, and the incidence of 
ureteral orifices injury could be hypothetically affected by 
the presence of a large median lobe. In addition, the gener-
ated larger bladder neck defect reconstruction in patients 
with a ML could also potentially affect the recovery of uri-
nary continence after RARP. We describe the approach to the 
large median lobe and highlight the specific skills that may 
be beneficial in prevention the related injury and managing 
this anatomic variant.

 Perioperative Results

The effect of a median lobe on perioperative outcomes has 
been reported by different groups and the results were con-
troversial, including PSM rates, operation time, EBL and 

early continence outcomes. Several centers reported an 
increase in operative times, EBL, and hospital stay in men 
with large median prostate lobes, however, the oncological 
outcomes, urinary continence, and complications were simi-
lar, no difference were found in oncological outcomes in 
men with and without median prostate lobes [5, 6]. The over-
all surgical margin rate (10–11%) is comparable with rates 
previously reported for RARP (9.4–15%) with a 40% posi-
tive margin rate for T3 stage [7, 8]. Joshua J et.al reported 
that of the 154 patients, patients with large median lobes 
(18%) were older, but had similar PSA, body mass index, 
clinical and pathologic stage, biopsy and prostatectomy 
Gleason grade, tumor volumes, and surgical margin rate 
compared with men without median lobes [9]. Yet, prostate 
weight, estimated blood loss, and hospital stay was signifi-
cantly greater in men with large median lobes. The overall 
operative time for the RALP was longer in patients with a 
large median lobe due to an increased time required for blad-
der neck and seminal vesicle dissection. No difference were 
demonstrated in complications such as urine leaks, bladder 
neck contractures, and migration of Hem-o-lok clips into the 
bladder. Continence at 3 and 6 months after RARP were sta-
tistically similar between the groups. Rafael F et al. reported 
that the patients with and without large median lobe had 
similar EBL, length of hospital stay, pathologic stage, com-
plication rates, anastomotic leakage rates, overall PSM rates, 
and PSM rate at the bladder neck. The median overall opera-
tive time was greater in patients with ML (80 vs 75  min, 
P < 0.001); however, no difference was found in the surgical 
time when calibrating this result by prostate weight. 
Continence rates were also similar between patients with and 
without ML at 1 week (27.8% vs 27%, P = 0.870), 4 weeks 
(42.3% vs 48%, P  =  0.136), 12  weeks (82.5% vs 86.8%, 
P = 0.107), and 24 weeks (91.5% vs 94.1%, P = 0.183) after 
catheter removal [10]. Finally, the median time to recovery 
of continence had no difference between the groups. Several 
adverse outcomes, such as higher PSM rates at the bladder 
neck, longer operative time, higher EBL and ureteral injury 
rates, could be potentially maximized by the presence of a X. Zhang (*) · X. Ma 
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median lobe. In an process attempting to remove the median 
lobe completely, a wide excision of the bladder neck usually 
results in a larger bladder defect which is potentially associ-
ated with lower continence rates after RARP. Because blad-
der neck preservation has been associated with better 
recovery of continence after RARP in some previous 
studies.

 Management and Prevention

 Presurgical Assessment

The protruding of prostatic median lobe into the bladder is 
one anatomic challenge during RARP.

Preoperative magnetic resonance imaging (MRI) evalua-
tion is necessary including tumor status (tumor location, 
staging, tumor extracapsular extension, bladder neck or 
Denovilliers fascia, seminal vesicle invasion, and lymph 
node metastasis), describing pelvic and prostate morphology 
(for example, narrow pelvis, deep or large prostate, intravesi-
cal protrusion, and apical configuration), and the assessment 
for abnormalities (for example, prostate abscess, large semi-
nal vesicle cyst, and urinary bladder lesion). This informa-
tion helped the surgeon who to make the proper decision 
(such as preserving the neurovascular bundle) and also 
helped refine operative details. Large median lobe and intra-
vesical protrusion is prominent in MRI image and crucial for 
presurgical evaluation. In this way, intravesical prostatic pro-
trusion (IPP) was introduced and was used for guiding the 
operative strategy and prediction the urinary continence after 
RARP. A retrospective analysis was performed when the fol-
lowing parameters were assessed in all patients: age, body 
mass index (BMI), PSA, MRI and pressure-flow studies 
findings. The impact of preoperative and intraoperative fac-
tors on postoperative urinary incontinence (UI) was assessed 
using multivariate logistic regression analysis. The patients 
were divided into groups to evaluate the effects of IPP 
according to the IPP length.

Multivariate analyses showed that IPP and nerve-sparing 
(NS) were significant factors related to UI in the first month 
after RARP [11]. Twelve months after RARP, multivariate 
analyses revealed that only NS is a factor related to postop-
erative UI.  In summary, IPP affects early postoperative 
UI. IPP does not related to UI incidence in the long run.

 Intraoperative Management

RARP approach in optional and we take antegrade manner 
for example. Standard robotic four-ports placement and an 
anterior approach were applied. Endopelvic fascia was rou-
tinely dissected bilaterally and the dorsal vein complex was 

stitched. Intraoperatively, large prostatic lobes can be 
assessed by using the indwelling Foley catheter that was 
placed at the beginning of the operation. Repeated traction 
on the catheter can show displacement of the balloon to 
either side, or deep within the bladder, suggesting an intra-
vesical protruding of prostatic lobe. Therefore the bladder 
and prostate outline can be precautionary evaluated.

Dissection starts along the ventral portion of the vesico-
prostatic junction energetically. The bladder is opened ante-
riorly, The mucosa overlying the midportion of the median 
lobe is incised transversely, and the plane between the blad-
der and the median lobe is developed using the sharp and 
blunt mobilization. Once this plane has established, the 
median lobe is identified. The median lobe is grasped and 
elevated using the fourth arm with the prograsper (Fig. 39.1). 
The inside of the bladder is then checked, and the UOs were 
identified. Regarding the accurate position of the UOs, intra-
venous indigo carmine or diuretics can be given (Figs. 39.2 
and 39.3).

UOs injuries during RARP are rare, with a incidence 
between 0.1% and 0.3% [12]. This complication may result 
in additional postoperative morbidity, prolonged hospital 
stay, even re-admitting treatment requirements. It is reported 

Fig. 39.1 The dissection of the bladder neck and exposure of the large 
median lobe

Fig. 39.2 The inspection of the ureteral orifice

X. Zhang and X. Ma
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Fig. 39.3 The relationship of ureteral orifices and large median lobe

that for those surgeons who are early in their learning curve 
for RARP, a cystoscopy before the surgery may allow them 
to avoid cases with large median lobes until they gain more 
experience or may allow them to better visualize the UOs 
before the procedure. However, this measure is not adopted 
and recommendated for all patients because of the pain 
derived from the cystoscopy and unnecessary cost. The lobe 
is then gradually circumscribed along its surface until it is 
freed.

Frequent adjustment of the fourth arm maintains traction 
during the dissection and ensures that the size of the bladder 
neck is minimized. As the orifice were placed closely to the 
bladder neck, extreme care was focused to continue the pos-
terior dissection toward Denonvillier’s fascia and separate 
the fascia from the seminal vesicles, without damaging the 
bladder or orifices. The plane between the posterior part of 
the seminal vesicles and the posterior layer of the Denonvillier 
fascia is entered, and the plane between the rectum and the 
prostate is then developed. The bladder is once again thor-
oughly inspected to ensure that there has been no injury to 
the UOs from backwards of the bladder. The bladder neck 
may requires reconstruction when a large defect is present. 
Close the bladder neck by placing stitches inferiorly in the 
bladder neck (ie, tennis racquet closure). This method can 
move the UOs away from the vesicourethral anastomosis, so 
as to avoid urine leak or inadvertent injury. In another man-
ner, interrupted sutures may be adopted at 3 and 6 o’clock on 
each side of the bladder neck, closing it in a “fish mouth” 
shape, this approach often involves placing sutures very 
close to the UOs [13].

Of note, the large size needle is not commended to finish 
the above stitch, because contralateral UO may be injured by 
the long scale of the needle. Once the bladder neck is com-
plete, a standard running vesicourethral anastomosis is per-
formed using one or two 3-0 5/8 curved suture.

If the UOs were unexpected injured during RARP partic-
ularly in patients with an enlarged median lobe [14]. After 
accurate diagnosis during the operation, this can be effec-

tively treated with intraoperative Double-J stent implantation 
into the ureter.

Considering the extent of the UOs injury, vesicoureteral 
reimplantation is required in certain situations.

 Conclusion

RARP has become the chosen treatment option for patients 
with localized prostate cancer. Preoperative MRI evaluation 
is necessary for precaution and surgical strategy making. 
Using the technique we have described for the dissection of 
the median lobe permits a clear visualization of the impor-
tant dissection planes and Ureteral orifices identification. If 
UOs injury occurs, intraoperative Double-J stent implanta-
tion into the ureter is safe and effective. Reconstruction of 
the bladder neck is also very crucial for functional outcome.
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40Large Volume Gland with Small Pelvis

Chin-Heng Lu and Yen-Chuan Ou

 Introduction

A large prostate size and a narrow pelvic cavity pose treat-
ment challenges among men with prostate cancer in many 
ways. In radiation therapy, a large prostate size affects and 
limits adequate dose delivery for brachytherapy. Furthermore, 
the radiation may affect adjacent organs and cause radiation- 
related complications, including radiation proctitis or cysti-
tis. Pre-treatment with androgen deprivation to decrease 
prostate size may be needed in some patients [1, 2].

In surgical treatment, a larger prostate volume occupies 
more pelvic space, which can reduce surgical mobility in the 
pelvis, decrease the surgical field, and impair visualization. 
These technical challenges cause adverse effects, including 
increased blood loss and operative times, worse surgical and 
oncological outcomes, and lower quality of life [3–5]. For 
example, prostate cancer patients with prostate volumes over 
60 g have reported worse sexual function recovery after con-
ventional radical retropubic prostatectomy [4]. The adverse 
effects of a large prostate size on treatment options and out-
comes should be considered. In this era, radical prostatec-
tomy via robotic-assisted surgery may mitigate these adverse 
effects. Stereoscopic visualization, magnification, robot dex-
terity, and the pressure of CO2 exertion are associated with 
better surgical margins, nerve sparing, outstanding func-
tional outcomes, and less blood loss [6–9]. Given these 
advantages, robotic-assisted laparoscopic prostatectomy 
may surmount the obstacles presented by a large prostate 
size and provide better treatment options for patients.

The most difficult and challenging step in dealing with a 
large prostate size and narrow pelvic cavity is vesico-urethral 
anastomosis (VUA) in RALP. Samavedi et al. proposed many 
technical modifications to facilitate VUA in patients with a 
narrow pelvis. In addition to the techniques described here, we 
present our own experiences and skills in managing the chal-
lenges presented by a large prostate size and narrow pelvis.

 Tips and Tricks in RALP for Vesico-Urethral 
Anastomosis and Posterior Reconstruction 
in Cases Involving A Large Prostate Size  
and/or Narrow Pelvis

Tips and tricks in RALP for patients with large prostate size 
and/or narrow pelvis are as follows and details are described 
in Table 40.1.

 1. Patient preparation
 2. Surgical field creation
 3. Reconstruction skills
 4. Confirm security

 RALP, Robotic-Assisted Laparoscopic 
Prostatectomy

Some habitus may be challenging for RALP, even for the 
most experienced surgeons. These conditions include a 
deeper or narrowed pelvic cavity, sometimes combined with 
exostosis of the pubic symphysis. These anatomies compli-
cate apical dissection, intra-pelvic urethra preservation, and 
VUA. More effort in peri-prostatic fat dissection is needed 
for visual field and surgical working space. Large prostate 
sizes not only limit the working space in the pelvis but also 
increase blood loss, widen and weaken the bladder neck, and 
widen the gap between the urethra and bladder neck after 
prostate resection.

Some maneuvers that can help maximize the surgical 
field are described subsequently. First, a steep Trendelenburg 
position can prevent the bowels and fat from moving into the 
operative field. The protection of the patient is important for 
this position. Gel pads, bean bags, tapes, and other stabiliz-
ing or restraining facilities are used to prevent positioning- 
related adverse events, pressure sore formation, nerve injury, 
compartment syndrome, and other related complications. 
The usual angle of the position is head down about 25°. The 
angle can be extended to 30° if difficulty is encountered dur-C.-H. Lu · Y.-C. Ou (*) 
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Table 40.1 Tips and tricks in RALP for patients with large prostate size and/or narrow pelvis. Solutions for problems that may encountered in 
different stages are described in this table

Steps Problems Solutions
    1. Patient 
preparation

Steep Trendelenburg position: pressure 
sores, increased intra-abdominal pressure, 
heart and lung compression [9]

1. Cushion pad and facilities for patient protection
2. Air seal trocar technology [10]
3. Decreased intra-operative Trendelenburg positioning angle

Narrow abdominal or pelvic cavity Alterations in trocar placement [11]
Acute port angle [11] 1. Alterations in trocar placement

2. More proximal port placement
3. Shifting port laterally

Obese patients [11] Bariatric camera and robotic port
Instrument clashing [11] 1. A minimum distance of 8 cm;

2.  Depressing the fourth arm, elevating the third arm, and medially 
rotating the third arm

    2. Surgical field 
creation [3, 11]

Huge omentum and mesenteric fat, bowel 
distension

1. Steep Trendelenburg positioning
2. Air seal technology [10]
3. Adjustment intra-abdominal pressure

Urinary bladder distension 1. Foley insertion and urine drainage
2. Anchoring the bladder to pelvic wall by sutuing

Fat on the bladder or peritoneum 1. Fat excision
2. Retraction by assistant or robotic arm

Large prostate or predominant middle lobe Suturing the elarged part of prostate and traction
Peritoneum restricture Dissect bilateral peritoneum widely
Inability to approach for robotic or assistive 
device

Advancing the trocars more intra-peritoneally

    3. Reconstruction 
skills: Barbed 
suture, modified 
posterior 
reconstruction [11]

Wide bladder neck [12, 13] Bladder neck plication
Overriding pubic bone 1. Adjusting the camera port

2. Shifting lens from 30° to 0°
Difficult anastomosis due to large urethra 
and bladder neck gap [14–17]

1. Release of lateral bladder attachments
2. Posterior reconstruction to decrease tension
3. Decreased angle of Trendelenburg positioning
4. Pushing the proximal part of the bladder
5. Barbed suture

Fragile bladder neck or urethra cutting end 
[18, 19]

6. Posterior reconstruction
7. Awareness of force applied and ensuring enough tissue for traction

Retracting urethra [20] 1. Apical stitch
2. Perineal pressure
3. Posterior reconstruction

    4. Confirm 
security

Bladder injection testing Injection of 150–200 mL normal saline from foley after anastomosis for 
testing

ing operation. A camera is positioned at 30° when dissecting 
the prostate. The camera angle is then changed from 30° to 
0° for the dissection of the apex and anastomosis in challeng-
ing cases, or in visualizing the bladder neck and sphincter 
complex, which can be difficult to visualize.

In some situations, the pathway of the assistive instru-
ment may be obstructed by the peritoneum, a protruding 
pubic symphysis, or a pelvic brim in narrow pelvis cases. 

Port placement should be adjusted in surgeries involving a 
deep or small pelvis. Trocars should be shifted above the 
umbilicus and farther away from the surgical target for a bet-
ter angle and deeper reach. Ports should be inserted further 
from the pubic symphysis after insufflation. Depressing the 
robotic arms can also avoid the instruments from hitting pel-
vic cavity structures. In addition, robotic trocars should be 
inserted deeper to avoid flattening the working angle. Air 
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seal trocar® technology [10] has been used in laparoscopic 
procedures. The equipment can maintain intra-abdominal 
pressure at less than 8  mmHg and help preserve working 
space especially in surgeries involving narrow pelvises or 
large prostate sizes.

The goals for an ideal VUA are absence of urine leakage 
intra- and post- operation with an earlier return of conti-
nence. Persistent efforts have been made to reduce the uri-
nary extravasation and achieve urinary continence both in 
open surgery and in minimally invasive prostatectomy [21]. 
The dexterity and stereoscopic visualization of the robotic 
assistant can facilitate complex reconstruction in the deep 
pelvis. Furthermore, watertight anastomosis is most impor-
tant for VUA.  Failure to achieve this during VUA causes 
complications including perioperative urinary leakage, para-
lytic ileus, peritonitis, prolonged catheterization, possibly re- 
intervention, bladder neck contracture, and delayed 
continence [21, 22]. Several methods of VUA have been pro-
posed in the past to reduce the risk of peri-operative urine 
leak and its consequences. An experienced surgeon should 
choose the most appropriate method in which he or she is 
competent. These methods include interrupted sutures, two 
independent running sutures [14], bidirectional pre-tied run-
ning sutures, and the bidirectional van Velthoven method 
[15]. With the use of barbed sutures, either unidirectional 
[16, 17] or bidirectional [18, 19], the quality and water tight-
ness are improved. In addition, the use of barbed sutures also 
reduces the anastomotic time and decrease the difficulty of 
keeping tension and knocking tight for operator and assistant 
especially in challenging cases [19].

Numerous techniques have been used to improve the 
early return of and overall continence after RALP. Most of 
these skills can decrease tension in VUA and increase blad-
der and urethral stability. These skills are important espe-
cially in cases involving a large prostate size and a narrow 
pelvis. A wide bladder neck is a common problem after pros-
tate resection of a large prostate. Surgical skills in bladder 
neck intussusception and preservation [12, 13] can manage 
this issue. However, an increased gap between the urethral 
cutting ends to the bladder neck can also ensue after resec-
tions of a large prostate size. Surgical reconstruction tech-
niques using RALP may help. One useful method is posterior 
reconstruction, also named Rocco’s stitch, which was pre-
sented by Rocco et al. in 2001 [20]. Posterior reconstruction 
is the suturing of the posterior rhabdo-sphincter to the poste-
rior Denonvilliers’ fascia. These two layers are then fixed to 
about 1–2 cm cranial to the new bladder neck of the bladder 
wall. The method can avoid caudal retraction and decrease 
the tension of the urethra cutting end to the new bladder 
neck. The posterior reconstruction technique is important in 
surgeries involving large prostate, narrow and steep pelvic, 
and obese individuals.

These methods can facilitate VUA in robotic-assisted 
radical prostatectomy (RARP). The dexterity of the robotic 
assistant and technical modifications help surgeons accom-
plish VUA in challenging anatomical features. Most impor-
tantly, every surgeon should make sure every procedure and 
condition of surgery is carefully controlled. The robotics 
operator’s experience is the critical factor for outcomes 
especially in technically challenging cases. A surgeon in 
the initial phase of the learning curve should avoid such 
cases at best.

 Studies and Outcomes in Narrow Pelvis 
Cases

Surgical cases involving a large prostate size and a narrow or 
deep pelvis were predicted to be more difficult. Many arti-
cles report various degrees of difficulties in patients with a 
narrow pelvis undergoing RARP. Mason et al. used preop-
erative magnetic resonance imaging (MRI) to predict surgi-
cal difficulty [23]. They calculated the pelvic cavity index 
(PCI, the pelvic inlet multiplied by the interspinous distance 
[ISD] and divided by the pelvic depth) and prostate volume 
(PV). PCI was used to evaluate the robotic working space in 
RARP. They found that a higher PV/PCI ratio statistically 
predicted a longer operation time and more blood loss. A 
higher body mass index (BMI) was also associated with 
increased blood loss. However, the PV/PCI ratio could not 
predict positive surgical margins or transfusion risk. Hong 
et al. investigated the use of preoperative MRI to predict sur-
gical difficulty [24]. They measured the ISD at the pelvic 
midplane and the inter-tuberous diameter at the pelvic outlet. 
These two parameters could evaluate the cross-sectional 
width of the pelvic cavity. The anteroposterior diameters at 
the pelvic outlet and mid plane were also measured. 
Furthermore, the apical depth indicates the cranio-caudal 
length from the most proximal symphysis pubis margin to 
the prostatic apex on the mid-sagittal MRI. These parameters 
can classify a wide and shallow pelvis from a narrow and 
deep one. Hong et al. revealed pelvic cavity might influence 
surgical outcome, although not significantly. On the other 
hand, BMI and PV were significantly correlated with pelvic 
anatomy parameters. Some studies [24–26] showed pelvic 
dimensions had no significant impact on positive surgical 
margins or medical or surgical complications. Although no 
significant differences were found in medical or surgical out-
comes, two technically challenging issues were noted in 
RARP involving narrow pelvises: A smaller intra-pelvic 
working space and robotic instruments clashing internally or 
externally especially the third and fourth arms. The inci-
dence is more common in procedures involving a smaller 
body size or a narrower pelvis. A distance of at least 8 cm 

40 Large Volume Gland with Small Pelvis



332

can decrease the rate of instrument clashing. Other steps 
included depressing the fourth robotic arm elevating the 
third robotic arm, or medially rotating the third robotic arm. 
If clashing still occurred after robotic arm adjustment, shift-
ing to a three-arm robot with elective assistant ports can 
resolve the problem.

 Studies and Outcomes in Large Prostate Size 
Cases

 Operation Time, Blood Loss, Transfusion Rates, 
and Surgical Margin

PV is an important consideration in developing the treatment 
strategy. Studies have shown the effect of a large prostate size 
on radical prostatectomy outcomes, including greater blood 
loss, longer operation time, and higher transfusion rates. 
Studies vary in statements about biochemical recurrence rate 
and functional outcomes [27]. Pettus et  al. reported smaller 
prostates have a higher risk of positive surgical margin (SM). 
After tumor grade, stage, and preoperative prostate- specific 
antigen (PSA) are adjusted, the results are the same that smaller 
prostates have a higher risk of positive SM [27]. Hsu et  al. 
reported similar findings that PV was significantly inversely 
related to a positive SM rate (p = 0.03). A larger PV is also 
associated with greater blood loss (p  =  0.021) and a higher 
blood transfusion rate (p = 0.011). No significant findings were 
obtained on operative time (p = 0.121), continence (p = 0.227), 
or potency rate (p = 0.900) in large PV compared to small ones 
[3]. Levinson et al. reported that a large prostate size was asso-
ciated with greater blood loss, longer surgical duration, longer 
hospital stay, and more perioperative complications. However, 
the blood transfusion rate was not significantly increased. They 
also found that a smaller prostate increased the positive SM 
rate (p = 0.07) [28]. Link et al. defined a prostate gland >70 g 
as a large prostate, which was associated with a longer opera-
tion time, longer hospital stay, and greater blood loss. The 
blood transfusion rate, however, was not related to prostate 
size. Furthermore, a large prostate size was associated with a 
lower 1-year continence rate (p = 0.001) [29].

 Biochemical Recurrence (BCR)

Some studies reported that prostate size was not significantly 
associated with biochemical recurrence (BCR) especially 
adjusted PSA, pathologic stage, and grade [11, 29]. However, 
Freedland et al. reported BCR was associated with a large 
prostate size even after adjusting for adverse factors [30].

 Potency and Continence

Several studies report potency and continence are not signifi-
cantly associated with prostate size [3, 11, 31, 32]. Foley 
et al. categorized 450 prostate specimens as over or less than 
75  g [33]. The result revealed no significant difference in 
potency or continence between the two groups. However, the 
BCR was less in the <75 g group. Furthermore, no signifi-
cant difference was observed between prostate size and posi-
tive surgical margins.

 Postoperative urinary health-related quality 
of life (HRQOL).

Levinson et  al. reported no significant difference between 
prostate size and postoperative urinary health-related QOL 
(HRQOL). The study performed the assessment using the 
Expanded Prostate Cancer Index Composite questionnaire 
[34]. In addition, they found that if PV  >  70  g, operative 
times were longer and blood loss was greater. Levinson et al. 
reported similar findings that no association between pros-
tate size and postoperative urinary HRQOL [35]. However, 
Samavedi et al. reported that a small prostate size (<40 g) 
was associated with worse urinary continence at 1 year [11]. 
No consensus has been reached with regards the relationship 
between prostate size and HRQOL.

While we have discussed many outcomes after radical 
prostatectomy, reports still vary on the effects of PV and pel-
vic size on surgical outcomes. The differences may be due to 
methodology. Surgeon experience, cohort size, design, fol-
low- up periods, and other factors vary across studies. In our 
experience, a larger prostate size was associated with greater 
blood loss and longer console time. Furthermore, although 
the pelvic size increased the surgical difficulty, it did not sig-
nificantly affect surgical outcomes.

 Conclusions

PV affects surgical difficulty in the aspect of blood loss and 
operation time. There were many skills to decrease surgical 
difficulty. Challenging conditions do increase difficulty but 
not significantly induce worse oncological and functional 
results. Some studies reported that a smaller prostate size 
was associated with positive SM.  Still, no consensus has 
been reached on whether oncological and functional out-
comes are associated with challenging conditions. Further 
larger-scale and well-designed investigations should be per-
formed to elucidate answers.
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41Robot Assisted Laparoscopic Radical 
Prostatectomy in Kidney Transplant 
Recipients

Brendan Dias and Homayoun Zargar

 Introduction

Renal transplantation is the gold-standard treatment for 
patients with end-stage renal failure. Compared to dialysis, 
it provides better results in terms of quality of life and sur-
vival [1]. Advancements in immunosuppressive therapy 
over the past few decades have resulted in a longer and bet-
ter quality of life for kidney transplant recipients (KTRs). 
The development of malignancies is one of the leading 
causes of morbidity and mortality in KTRs [2]. The 
increased risk of cancer in KTRs has been attributed to the 
activation of oncogenic viruses, chronic inflammation, and 
nonspecific immunosuppression [2]. Newer and more 
potent immunosuppressive agents have improved long-
term survival but have also raised concern regarding 
increased rates of cancer. Genitourinary malignancies have 
been reported as the second most common malignancies 
after skin cancer in the KTR population. Prostate cancer 
(PCa) is the most common genitourinary malignancy seen 
in post-transplant males [3]. However, with the increased 
KTR lifespan and recipient age at the time of transplanta-
tion, and better screening practices, PCa is seen at a higher 
frequency in KTRs compared to that in the general popula-
tion [2, 4–6]. The incidence of prostate cancer in KTRs has 
not been extensively studied, but the available data report 
an incidence rate of 0.72% to 3.1% [7–11]. Although usu-
ally found early, prostate cancer in KTRs may have more 
malignant potential and progress because of chronic immu-
nosuppression if left untreated [12]. Aggressive therapeutic 
interventions in the appropriate clinical setting should not 
be withheld in renal transplant patients with prostate can-
cer. Age, general state of health, and clinical risk group 
remain critically important in determining the proper treat-
ment for localized prostate cancer [13]. Treatment options 
include the same interventions as in the general population 

[14]. However, only few patients with a kidney transplant 
receive radiation therapy due to the potential harm of the 
graft by a radiation-induced stenosis of the transplanted 
ureter [15]. Therefore, most transplant patients undergo 
radical prostatectomy (RP) [13, 14, 16, 17]. RP can be chal-
lenging in these patients. Problems may occur due to scar-
ring in the operative field and immunosuppressive therapy. 
This includes cytostatic agents, as well as biological modi-
fiers and glucocorticoids, to suppress immune response. It 
is known that immunosuppression may interfere with 
wound healing and postoperative infections [18].

In this chapter we outline the surgical approaches to radi-
cal prostatectomy in a renal allograft recipient with a focus 
on the robotic approach to radical prostatectomy in this sub-
group of patients.

 Surgical Approaches to Radical 
Prostatectomy in KTRs

In 1991 Kinahan et  al. described radical prostatectomy in 
renal allograft recepients. They described their technique of 
open retropubic radical prostatectomy with bilateral pelvic 
node dissection in 3 cases of localized prostate cancer post 
deceased donor renal transplant. In 2 out of the three cases 
lymph node dissection on the side of the graft was avoided. 
The authors concluded that the increasing survival of rate of 
transplanted patients, the potential risk for rapid cancer 
growth with immunosuppression and the lack of suitable 
treatment alternatives in these patients argue for early aggres-
sive surgery for localized prostate cancer [19].

In 1999 Yiou et  al. described a perineal approach to 
radical prostatectomy in renal allograft recipients. They 
did not perform a pelvic node dissection and demonstrated 
the feasibility of the perineal approach in this subgroup of 
patients [20].

These initial reports [19, 20] demonstrated that open radi-
cal prostatectomy in KTRs is feasible however, challenges in 
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managing prostate cancer in this patient cohort do exist. The 
main challenges include:

 1. Watchful waiting in this cohort has the potential for a 
poorer outcome due to immunosuppression.

 2. Radiation therapy has the potential risk for radiation 
nephritis in the allograft and the risk of radiation injury to 
the bladder and the site of ureteric reimplantation.

 3. Pelvic lymph node dissection on the side of the allograft 
is technically challenging.

 4. Radical prostatectomy in KTRs could potentially increase 
the complication rates for future transplants due to viola-
tion of the contralateral iliac fossa.

 5. There is potential for injury to the transplant ureter.
 6. There is potential for injury to the renal allograft.
 7. The impaired bladder descent could potentially make 

vesicourethral anastomosis challenging thereby affecting 
continence and bladder neck contracture rates following 
radical prostatectomy.

Hafron et al. demonstrated the feasibility of perineal radical 
prostatectomy in localized prostate cancer in seven consecu-
tive KTRs. The authors advocated that the perineal approach 
should be preferred in KTRs as it offers several advantages 
over the retropubic approach in these patients [21].

Antonopoulos et al. demonstrated the feasibility of radi-
cal retropubic prostatectomy in eight patients diagnosed with 
prostate cancer following kidney transplantation. They con-
cluded that radical retropubic prostatectomy in renal trans-
plant patients is safe, effective, and can be easily performed 
in the same manner as described by Walsh, regardless of the 
presence of the allograft. The only necessary technical modi-
fication is the avoidance of ipsilateral lymphadenectomy to 
prevent damage to the transplanted organ [16].

In 2000, Laparoscopic Radical Prostatectomy (LRP) 
emerged as a minimally invasive alternative to open surgery. 
In 2006 the first case of LRP in a KTR was described by 
Shah et al. [22]. The authors performed a four-port transperi-
toneal nerve-sparing laparoscopic radical prostatectomy, 
with the assistance of the AESOP robotic camera arm. The 
transperitoneal approach avoided the adhesions present in 
the retroperitoneal space surrounding the graft.

Thomas et al. [23] from the Cleveland clinic subsequently 
demonstrated the safety of LRP in three cases. The authors 
found that the surgical challenges of the present cases were 
similar to those of standard laparoscopic radical prostatecto-
mies. Furthermore, it was not necessary to catheterize the 
transplanted ureter to identify the ureteroneocystostomy as 
previously described in open radical prostatectomy [19]. The 
bladder descent for the vesicourethral anastomosis was not 
affected by the presence of a transplanted kidney and periop-
erative outcomes were comparable to outcomes of open and 
laparoscopic radical prostatectomy in patients without renal 
allografts.

Robot-assisted Laparoscopic Radical Prosatectomy 
(RALP) in KTRs was first described by Jhaveri et al. in 2008 
[24]. The patient was a 54 year old male who had prior bilat-
eral nephrectomies for fulminant bilateral ascending pyelo-
nephritis through a midline abdominal approach at the age of 
27 followed by a living donor kidney transplant 6  months 
later. The patient also had a left inguinal herniorraphy per-
formed at age 42. The patient was diagnosed to have glea-
sons 6 (3 + 3) prostate cancer after a transrectal ultrasound 
guided biopsy of his prostate was performed for an elevated 
PSA of 8.5 ng/mL. The following technical modifications to 
the standard robotic retropubic approach were performed in 
this patient:

• Since the patient had a midline scar, the camera port was 
placed at the superior aspect of the scar.

• A surgical da Vinci 3-arm robotic platform was used for 
the procedure with two bedside assistants and a 6-port 
transperitoneal approach.

• Port placement modifications:
 1. The right robotic port was inserted superiolaterally to 

the standard port site under direct visual guidance to 
avoid allograft injury. Once the port track was estab-
lished, this was switched to an extended length 
(5–12  mm caliber) bariatric port (VersaPortTM plus 
V2, Tyco Healthcare Group LP, Norwalk, CT) to 
deliver the robotic instrument past the allograft into 
the pelvis.

 2. The left robotic port was placed inferiorly and slightly 
laterally as well, to prevent instrument collisions and 
provide full access to pelvic lymph nodes.

• A deliberate effort was made during development of the 
retropubic space to avoid the right anterior surface of the 
bladder where the transplanted ureter and ureteroneocys-
tostomy was expected to lie. Instead, the retropubic space 
was developed contralaterally with transection of the 
median umbilical ligament.

• Pelvic node dissection was carried out on the left side. 
While on the right side on a limited dissection of the obtu-
rator nodes was performed due to intense adhesions.

The authors did not catheterize the transplanted ureter in this 
case and advocated (1) the use of an extended length bariat-
ric port to bypass the allograft site and deliver the ipsilateral 
robotic instrument directly into the pelvis; (2) development 
of the retropubic space from the contralateral side; and (3) 
meticulous posterior dissection of the seminal vesicles via 
the medial avascular plane to avoid injury to the proximal 
neurovascular plate.

Robert et al. [25] described their outcomes in 9 cases of 
LRP in KTRs using the extraperitoneal approach. While sur-
gical time, blood loss, transfusion rate, and bladder injury 
were similar in comparison to their experience in non-KTR 
patients, the incidence of rectal injury was 22.2%. Also in 
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one patient there was thrombosis of the iliac vein with exten-
sion into and loss of the renal allograft. The authors  concluded 
that posterior dissection of the prostate was more difficult in 
KTRs when compared to other patients.

Ghazi et al. [12] demonstrated the feasibility of an extra-
peritoneal robot-assisted radical prostatectomy post kidney 
transplant in 2012. The authors demonstrated the following 
modifications to the extraperitoneal approach to RALP in 
KTRs:

 1. The approach was modified to a 3-arm, 5-trocar arrange-
ment rather than the routine 4-arm, 6-port technique. A 
single robotic trocar was placed medial to the right epi-
gastric vessels, which avoided passage of instruments 
across the path of the nonvisualized graft ureter. All other 
trocars were placed on the contralateral side. This modi-
fied arrangement avoided dissection over the transplanted 
kidney.

 2. The pressure was maintained at 10  mm Hg, to avoid 
impairing venous drainage from the renal allograft.

 3. The bladder was dissected off the prostate, leaving the 
bladder neck attached, while the seminal vesicles were 
dissected from the left lateral aspect of the bladder. 
Preserving the vesico-prostatic junction enabled sus-
pension of the prostate cephalad and to the right. This 
facilitated dissection of the left seminal vesicle, pros-
tatic pedicle, neurovascular plane, and the posterior 
rectal plane, without the need of an assistant port on 
the right side, which could lead to injury to the graft 
ureter, during passage of laparoscopic or robotic 
instruments.

 4. The da Vinci Hem-o-lock applier was used for control of 
vascular pedicles, allowing a precise application of clips 
within a confined pelvic space, without the need of a 
10-mm, laparoscopic applier.

 5. The V-Lock Wound Closure Device (Covidien, Mansfield, 
MA) was used to complete the posterior reconstruction 
prior to the anastomosis. This self-anchoring suture does 
not allow the suture to be retracted, thereby maintaining 
tension without the need of further assistance to hold the 
bladder in place until the knot tying is complete.

Jenjitranant et al. [26] described the utilization of the retzius 
sparing RALP technique in a 73 year old patient diagnosed 
to have prostate cancer post kidney transplant. While the 
retzius sparing technique does offer theoretical advantages in 
the form of avoiding bladder dropping and hence the poten-
tial for injury to the transplant kidney and ureter, the draw-
backs include a higher rate of positive surgical margins 
which has curtailed the widespread adoption of the tech-
nique. In fact the patient in this case report had a positive 
surgical margin and pT2c disease [26].

More recently, Tugcu et al. [27] demonstrated the utility 
of robotic perineal radical prostatectomy in KTRs. Potential 
advantages of the perineal approach include:

• Avoidance of pneumoperitoneum thereby preserving 
renal blood flow and eGFR.

• Avoidance of bladder drop and dissection in the region of 
the renal allograft minimizes the risk of damage to the 
transplanted kidney and/or transplant 
ureterneocystostomy.

• Earlier mobilization with earlier return to daily life 
thereby optimizing postoperative transplant kidney 
function.

Table 41.1 summarizes the various technical modifications 
to the standard technique of robot assisted radical prostatec-
tomy in KTRs.

 Outcomes Following RALP in KTRs

 Perioperative Outcomes

The feasibility of RALP in KTRs was first reported in 2008 
[24] and since then the evidence in literature is limited to a 
few case series. Zeng et al. [28] recently published a system-
atic review on the safety and clinical outcomes of RALP in 
KTRs. They analyzed a total of 35 patients who underwent 
RALP following kidney transplantation. They found the 
overall complication rate to be 17.1% which was higher than 
what is described for RALP in literature. The authors also 
demonstrated longer operating times and higher blood loss 
in this group of patients. They hypothesized that the increased 
patient comorbidities, difficulty of operation, and learning 
curve of variations to standard technique contributed to the 
differences in perioperative outcomes in their review when 
compared to previous studies for standard RALP.  Felber 
et al. [29] recently published the largest case series to date of 
RALP in KTRs. They included 39 patients who underwent 
RALP following a kidney transplant and compared them to a 
control group consisting of patients undergoing RALP with-
out a prior history of kidney transplant. They demonstrated 
that median operating time and blood loss did not differ sig-
nificantly between the two groups. However, surgical diffi-
culties were encountered more frequently in the kidney 
transplant patients undergoing RALP (30.8% vs. 8.2%; 
P < 0.0001) and so were overall complications (51.2% vs. 
8.2%; P < 0.0001). The occurrence of Clavien grade ≥ 3 was 
also significantly higher in the kidney transplant patient 
group (10.2% vs. 0.8%; P < 0.0001).

Similarly Leonard et al. [30] compared perioperative and 
oncological outcomes following RALP in KTRs. They com-
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pared outcomes in 27 patients who underwent RALP follow-
ing a kidney transplant to a matched 1:1 control group of 
patients undergoing RALP. They found no significant differ-
ence between the groups concerning the operative time and 
intraoperative blood loss. Hospital stay was incidentally 
shorter in the transplanted group of patients (4.4  days vs. 
5.7 days; P = 0.041). No significant differences in early com-
plications were noticed between the groups according to 
Clavien-Dindo (29.6 vs. 22.2%; P = 0.279).

Table 41.1 summaries the perioperative outcomes follow-
ing RALP in KTRs in published case series.

 Functional Outcomes

Felber et al. [29] compared outcomes following 39 RALPs in 
KTRs with a matched control group of 282 non transplanted 
patients who underwent RALP for localized Prostate Cancer. 
Recovery of continence at 6 months occurred in 68.6% of 
patients in the KTR group vs. 65% in the control group. 
Normal erectile function was reported in 12.9% of patients in 
the KTR group vs. 31.4% in the control group at 6 months 
post RALP.  However this difference in post-operative 
potency could be attributed to the fact that only 37.5% of 
patients in the KTR group reported normal erectile function 
pre-operatively vs. 86% of patients in the control group. 
Additionally, only 41% of patients in the KTR group under-
went either a unilateral or bilateral nerve sparing procedure 
vs. 73% in the control group.

Leonard et al. [30] compared 27 patients who underwent 
RALP following a kidney transplant to a matched control 
group of 27 non transplanted patients who underwent 
RALP. Continence rates were 25.9%, 59.2%, and 83.3% at 3, 
6, and 12 months following RALP in the kidney transplant 

group. No difference in continence rates was found between 
the two groups.

Very few studies have reported potency outcomes follow-
ing RALP in KTRs. Table  41.1 summaries the functional 
outcomes following RALP in KTRs.

 Oncological Outcomes

Table 41.2 summaries the oncological outcomes reported in 
various studies on RALP in KTRs.

Zeng et al. [28] reported a positive surgical margin (PSM) 
rate of 32.5% in their systematic review of 35 cases reported 
in literature on RALP in KTRs. They hence concluded that 
RALP in KTRs is inferior in regard to PSM rates which 
could be attributed to the limited number of cases published 
in literature. This is significant especially given that the role 
of adjuvant or salvage radiation for biochemical recurrence 
in this population is controversial given the risk of radiation 
induced damage to kidney function.

Leonard et  al. [30] compared 27 RALPs in KTRs to a 
match control of 27 non transplanted RALPs and found no 
difference in the PSM rates (44% vs. 37%; P = 0.58). While 
the rate of biochemical recurrence (BCR) was similar in both 
groups (7.4% vs. 11.1%; P = 0.639), the BCR-free survival 
was significantly shorter in the KTR group (26.9 months vs. 
49.3 months; P = 0.018). Mutltivariate analysis revealed that 
history of a renal allograft was an independent risk factor for 
a shorter BCR-free survival (hazard ratio = 4.291; 95% con-
fidence interval, 2.102–8.761 and P < 0.001).

More recently Felber et al. [29] compared outcomes fol-
lowing 39 RALPs in KTRs from a multi instituitional data-
base. The rate of positive surgical margins was comparable 
in both groups: 13.2% for transplant patients vs. 18.1% 

Table 41.2 Pathological outcomes of RALP in renal transplant patients

Study

ISUP Grade

PSA

Stage

PSM BCR F/UI II III IV V ≤ pT2a pT2b pT2c pT3a pT3b
Jhaveri et al. 0 1 0 0 0 8.5 0 0 1 0 0 0 0 6 weeks
Smith et al. 3 0 0 0 0 NR 0 0 3 0 0 1 0 13 months
Ghazi et al. 0 1 0 0 0 6.93 0 1 0 0 0 0 0 NR
Wagener et al. 0 1 0 0 0 12.4 0 0 1 0 0 0 0 9 months
Polcari et al. 2 4 0 0 1 6.17 0 0 4 3 0 2 1 16 months
Le Clerc et al. 8 4 0 0 0 7.34 0 1 8 2 0 4 2 31.2 months
Plagakis et al. 0 1 0 0 0 13 0 0 1 0 0 0 0 10 years
Moreno et al. 3 1 0 0 0 7.1 4 0 0 0 0 2 1 33 months
Izuka et al. 0 1 2 0 0 12.06 3 0 0 0 0 0 1 23 months
Jenjitrant et al. 0 0 1 0 0 11.53 0 0 1 0 0 1 0 1 month
Zeng et al. 0 0 0 0 1 6.65 0 0 0 0 1 1 1 3 months
Iwamoto et al. 0 7 0 2 0 8.58 9 0 0 0 0 2 1 27 months
Mistretta et al. 4 3 2 0 0 5.6 1 0 6 1 1 2 2 42 months
Leonard et al. 12 8 5 0 2 15 9 2 1 0 12 2 34.9 months
Felber et al. 14 18 4 0 3 6.8 5 2 21 9 2 5 3 47.9 months
TOTAL 46 50 14 2 7 8.68 (mean) 37 13 48 16 4 32 14 28.75 (Mean F/U)
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(P = 0.65). The BCR rate was also similar in both groups 
(7% vs. 8.5%; P = 0.84). Progression-free survival (PFS) at 
4 years was 96.4% in the KTR group vs. 90.6% in the control 
group.

 Graft Outcomes

Iwamoto et al. [31] reported good postoperative graft func-
tion in all 12 patients undergoing RALP following a kidney 
transplant. Similarly reports by Felber et al. [29] and Leonard 
et al. [30] demonstrated no significant change in renal func-
tion following RALP in KTRs. This was despite changes to 
immunosuppressive regimens in up to 68% of patients in one 
study [30].

 Authors Take

This chapter summarizes the current evidence for RALP in 
KTRs. While the initial experience was restricted to case 
series and isolated case reports, data from Felber et al. [29] 
and Leonard et al. [30] suggest that RALP can be safely per-
formed in KTRs with comparable outcomes to non- 
transplanted patients using little to no modifications to the 
standard approach of trans peritoneal RALP.  With the 
increasing life expectancy of KTRs [32], it is expected that 
RALP will increasingly feature as a treatment option in this 
cohort of patients. Moreover, the higher incidence of prostate 
cancer in this cohort of patients [4, 6] combined with the 
concerns around watchful waiting and active surveillance 
and the significant side effects of radiotherapy in this popula-
tion would make RALP as the treatment of choice for local-
ized prostate cancer in KTRs.

While various prostatectomy techniques and modifica-
tions have been described we feel that RALP in KTRs can be 
performed safely with the following caveats:

 1. Surgeon experience: RALP in KTRs has higher rates of 
overall complications and initial case series have revealed 
inferior PSM rates. While the reasons for these are multi-
factorial and surgeon factors such as case volume and 
learning curve are controversial, we do believe that 
 surgeon experience in RALP is paramount to achieving 
good outcomes following RALP in the transplant 
population.

 2. Da Vinci Xi (Intuitive Surgical Inc. Sunnyvale, CA): The 
earlier robotic systems had working distances of 25 cm 
which made it challenging to perform RALP in KTRs 
since many of these patients have intraabdominal adhe-
sions due to previous surgery and/or peritonitis (espe-
cially in those patients undergoing peritoneal dialysis). 

The Da Vinci Xi system is more flexible and allows for 
more cranial placement of ports (Fig. 41.1) since working 
length is not an issue thereby counteracting some of the 
challenges in port placements in this cohort of patients.

 3. Involvement of renal physicians/surgeons: Best outcomes 
following surgical interventions in complex patients 
involves a collaborative approach and hence early 
involvement of renal physicians and surgeons in the 
oncological care of transplanted patients enables optimal 
perioperative and graft outcomes in this patient cohort.

 4. Port placement modifications: Although contemporary 
studies have demonstrated that modifications in port 
placement are seldom necessary, we believe that more 
cranial placement of ports, medialization of working port 
on the side of the transplant and avoidance of assistant 
ports on the side of the renal allograft does help in ensur-
ing allograft safety and optimal intraoperative outcomes.

 5. Posterior approach: In our experience the transplanted 
ureter and neocystostomy is seldom an issue during 
RALP using the standard technique. The retzius—spar-
ing approach does offer theoretical advantages in patients 
who have had multiple renal transplants and patients who 
have had combined kidney—pancreas transplants (espe-
cially those in whom the pancreas drain into the bladder) 
as it avoids the bladder drop that has the potential for 
transplant ureteric injury. The perineal approach to radi-
cal prostatectomy also offers similar advantages in our 
opinion. While using the standard approach we recom-

Fig. 41.1 Looking from the head of the table demonstrating our port 
placements
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mend development of the retzius space from the contra-
lateral side to avoid transplant ureteric injuries. We do not 
recommend pre-stenting the transplant kidney ureter as 
we do not believe that it reduces the incidence of ureteric 
injury.
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42Patients with Previous BPH Surgery

Ng Chi Fai Anthony and Chiu Ka-Fung Peter

 Introduction

Prostate cancer (PCa) and benign prostatic hyperplasia 
(BPH) are both common in middle age to elderly men and so 
it is not uncommon to have patients with both conditions. 
With the increase in aging population, there is more and 
more opportunities to encounter patients diagnosed to have 
localized PCa with previous BPH surgery performed. 
Therefore, there are increasing chance to perform robotic 
assisted radical prostatectomy (RARP) in patients with pre-
vious surgery for BPH.  There are two common scenarios 
resulted in these challenging situations, either incidental 
finding of PCa in pathological specimen of TURP or patients 
with history of BPH surgery were diagnosed to have PCa due 
to raised PSA in subsequent follow-up. As BPH surgery will 
results in many changes in prostate and lower urinary tract, 
there is a need to understand these potential effects and how 
to manage this more complicated surgical situation.

 Effects of BPH Surgery on Prostate

The effect of BPH surgery is not just limited to the prostate 
but the whole lower tract could be affected.

For prostate itself, because of surgery (no matter what 
energy platforms were used), there will be increase in peri-
prostatic scarring, in particular if there is perforation of cap-
sule during surgery or bladder neck incision done. This 
scarring will not only affect the precision of surgical dissec-
tion, for nerve sparing dissection. These will inevitably 
increase in blood lost, post-surgery erectile dysfunction, or 
even margin involvement.

The resection of bladder neck during TURP or even blad-
der neck incision will result in wide bladder neck junction, 

which may increase in need for bladder neck reconstruction, 
increase difficult in anastomosis. All these will lead to 
increase in catheter time, increase in post-operative urine 
leak and poorer continence function.

The distortion of bladder neck/trigone anatomy may 
increase difficulty in identifying the ureteric orifices, or the 
ureteric orifice may close to the bladder neck cut edge. This 
may increase the risk of ureteric injury during 
prostatectomy.

Finally, the instrumentation related to endoscopic proce-
dure or urethral catheterization may also increase the risk of 
urethral stricture which may also affect subsequent surgery 
or voiding outcomes.

 Surgical Outcomes of Prostatectomy 
in Patients with Previous BPH Surgery

Transurethral resection of prostate (TURP) is probably the 
most performed procedure and so most studies’ results were 
based on the surgical outcomes of robotic assisted radical 
prostatectomy (RARP) after TURP [1, 2]. In an earlier report 
of the result 26 cases having RARP after TURP, there was 
significant increase in blood loss, bladder neck reconstruc-
tion and operative time, when compared with those patients 
with no previous TURP [1]. Treatment outcomes for those 
patients with previous TURP were also poorer, including 
higher margin positive rate and biochemical recurrence, as 
well as higher incontinence rates.

In another matched study between patients with previous 
history of BPH surgery and those without, similar observa-
tions were found, i.e., longer operative time, anastomotic 
time, need of bladder neck reconstruction, and more blood 
loss in the former group [2]. The were also more periopera-
tive and postoperative complications reported in the group of 
patients with prior BPH surgery (40%), compared to no prior 
surgery group (25%). In particular, more perioperative urine 
leakage and later urethral stricture were reported. This prob-
ably reflect the more requirement of bladder neck reconstruc-
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tion and more challenges in anastomosis. However, functional 
outcomes of the two groups were similar in this report.

Holmium Laser enucleation of prostate (HoLEP) is 
another option of endoscopic treatment for large prostate 
(>80 g). In a recent report about the outcomes of RARP in 
patients with HoLEP performed, operating time and need of 
bladder neck reconstruction was significantly increased 
compared to HoLEP-naïve group [3]. The time to continence 
was also significantly longer in HoLEP group. They also 
compare the experience of post-HoLEP RARP (before 2015) 
and those from later series, later group has improved 
 operating time, blood loss, time to continence than earlier 
series. Therefore, experience of surgeons did translate to 
improvement in surgical outcomes.

Open retropubic prostatectomy for BPH is less commonly 
performed in current minimally invasive surgery era. In a 
small series (5 cases) on the surgical outcomes of RARP 
after prostatic surgery, more adhesion was encountered dur-
ing surgery [2]. As expected these patients required longer 
operation time and had more blood loss than those patients 
having TURP prior to RARP. Fortunately, the overall periop-
erative, oncological, and functional outcomes seem to be 
comparable between the two groups.

However, despite these potential pitfalls of RARP in 
patients after previous BPH surgery, RARP was shown to 
have better outcomes than open radical prostatectomy in 
patients with previous TURP [4]. RARP had significantly 
less blood loss and transfusion, shorter hospital stays and 
catheterization time, and less postoperative complications. 
Therefore, it was still the recommended surgical procedure 
for patients with PCa.

 Management

 Prevention

Ideally, we should diagnose patients with clinical BPH for 
any possible co-existing PCa. For patients with reasonable 
life expectancy, a proper informed discussion on prostate can-
cer screening should be discussed. If patient agreed, addi-
tional serum prostate specific antigen (PSA) measurement 
should be done, besides digital rectal examination, for pros-
tate cancer detection. Certainly, there may be falsely elevated 
serum PSA due to BPH or its related complications, such as 
retention of urine, urinary tract infection, or other manipula-
tion, such as urethral catheter insertion etc. However, this 
would help to detect potential patients with coexisting PCa 
and allow proper preoperative investigation done. This would 
be important for patients planned to undergo ablative type 
BPH surgery, like green light laser, bipolar vapourization etc., 
as no tissue for histological assessment would be available 
after surgery. If patient was finally diagnosed to have prostate 
cancer, he maybe benefited from more definitive treatment for 
PCa and avoid the potential poorer functional outcomes later.

 Preoperative Assessment

For patients with history of BPH surgery and diagnosed to 
have PCa, a proper counselling is needed for possible treat-
ment options, the potential poorer surgical, functional, and 
oncological outcomes [1, 2]. A more appropriate expectation 
of the outcomes would help to avoid unnecessary patient’s 
frustration and complaints.

If the patient has decided to undergo RARP, proper pre-
operative assessment would be needed. Any pre-existing 
lower tract urinary symptoms need to document and inves-
tigated. Poor uroflow might be related to regenerated pros-
tate (which might result in difficulty in urethral catheter 
insertion, irregular bladder neck anatomy etc.), urethral 
stricture etc. Preoperative storage symptom might be 
related to pre- existing overactive bladder secondary to 
bladder outlet obstruction and might increase risk of urge 
incontinence after RARP. Presence of stress incontinence 
might be related to possible damage to external sphincter 
during BPH surgery and could be deteriorate further after 
RARP.  Also baseline sexual function need to be docu-
mented before surgery.

Uroflowmetry might help to detect possible urethral stric-
ture. Preoperative MRI imaging would help to provide more 
information about the prostate lumen and bladder neck anat-
omy. A flexible cystoscopy would be recommended to assess 
the anatomy. The “J-maneuver” of flexible cystoscopy would 
provide a view of the bladder neck from cranio-caudal direc-
tion, which would be similar to the robotic view after open-
ing up the bladder neck (Fig. 42.1). This view would help to 
allow the surgeon to have a better preoperative image of the 
bladder neck anatomy and the relationship of the ureteric ori-

Fig. 42.1 The “J-maneuver” of flexible cystoscopy of the bladder 
neck. Red dotted line—bladder neck; Red arrows—Ureteric orifices
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fices to bladder neck. This will help a better planning of sub-
sequent surgery.

Earlier introduction of pelvic floor exercise might help to 
have earlier recovery of continence after RARP and should 
be introduce to patients once they have decided for surgery.

As the difficulty of dissection and potential blood loss 
were expected to be increased, it would be better to stop all 
antiplatelet and anticoagulants prior to surgery. Blood might 
also need to be reserved for possible transfusion if needed.

 Intraoperative

If ureteric orifices were found to be close to bladder neck, 
ureteric stenting might help to allow easier recognition of 
ureteric orifices during surgery.

While the port placements and surgical steps were similar 
to usual RARP, more careful dissection of the bladder neck 
would be important to avoid creating a large bladder neck 
opening and also damaging the ureteric orifices. The dissec-
tion of posterior plane of prostate, as well as nerve dissection 
might be challenging due to periprostatic scarring after BPH 
surgery.

After complete dissection of prostate, there would be 
likely size discrepancy between bladder neck and urethra, 
(Fig. 42.2) and bladder neck reconstruction will usually be 
needed. There are many ways to reconstruct the bladder 
neck. For cases with ureteric orifices close to cut-edge, a pos-
terior tennis-racket reconstruction might help to protect the 
orifices from caught up during subsequent anastomosis. 
Other approaches including anterior tennis racket recon-
struction or bilateral fish-mouth reconstruction. While stud-
ies did not find any different in the outcomes between 
different approaches, [5] posterior reconstruction might 

result in bulkiness at the posterior part of bladder neck and 
result in more difficulty in urethral anastomosis. Due to the 
requirement of bladder neck reconstruction, water-tightness 
testing and postoperative drainage to pelvic/anastomotic 
area were recommended.

 Postoperative Care

Depend on the confidence of the surgeon on the anastomosis, 
longer postoperative catheter time might be needed. If there 
was concern about the healing of the anastomosis and recon-
struction, cystogram might be needed to confirm no contrast 
leaking before catheter removal.

 Conclusion

While there are increasing chance of having patients with 
previous BPH surgery undergoing radical prostatectomy, 
careful preoperative assessment and counseling will help to 
have better surgical planning and proper patient’s expecta-
tion, which will result in better clinical outcomes.
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43Salvage Robot-Assisted Radical 
Prostatectomy

Camille Berquin, Arjun Nathan, Ruben De Groote, 
and Senthil Nathan

 Introduction

This chapter describes the perioperative, oncological and 
functional outcomes of salvage robot assisted radical prosta-
tectomy (sRARP). Further, we compare the procedure to pri-
mary robot assisted radical prostatectomy (RARP) to 
ascertain the feasibility of the operation.

Non-surgical primary treatment for prostate cancer 
includes whole gland therapies such as brachytherapy or 
radiotherapy and focal gland therapies such as High Intensity 
Focused Ultrasound (HIFU), cryotherapy or electroporation. 
Cancer recurrence rates of these non-surgical primary treat-
ments may vary from 20–60%. The recurrence is often lim-
ited to the prostate and is therefore potentially curable by 
sRARP or salvage radiotherapy [1, 2].

As focal therapy options are gaining in popularity due to 
the attractive post treatment toxicity profile, the total number 
of patients experiencing failure and requiring salvage ther-
apy are also expected to rise. Therefore, it is important for 
urologists and the multidisciplinary team to understand 
about salvage curative treatments best suited for these 
patients. At the outset we will discuss the feasibility of 
sRARP) and discuss the safety profile of this complex sur-
gery. Further, we shall differentiate the outcomes of sRARP 
after focal therapy compared to whole-gland primary ther-
apy. Furthermore, we will discuss the key technical consider-
ations to be aware of when performing sRARP after different 
modalities of primary treatment.

Historically, open salvage radical prostatectomy had less 
favorable oncological and functional outcomes compared to 

primary radical prostatectomy, including higher rates of uri-
nary incontinence, erectile dysfunction, and peri-operative 
morbidity. The unfavorable outcomes were due to technical 
hazards such as fibrosis, adhesions, poor tissue quality, very 
small prostate, and abnormal surgical planes during salvage 
surgery. The procedure was considered controversial with 
minimal uptake by urological surgeons. Even with the advent 
of strict guidelines the procedure did not gain popularity leav-
ing some patients resigned to non-curative hormonal manipu-
lation. Salvage prostatectomy with the introduction of the 
robotic platform is gaining popularity and we shall discuss 
the current evidence of vastly improved outcomes probably 
due to improved vision and enhanced dexterity [1–4].

Is the procedure safe and comparable? Salvage robot- 
assisted radical prostatectomy vs. primary robot-assisted 
radical prostatectomy.

The largest series of propensity matched study were 
described by Nathan et al. where they compared 135 patients 
who underwent sRARP to an equal number of patients who 
underwent primary RARP. The preoperative demographics 
were controlled with the use of propensity score matching, 
there were no statistical differences between age, BMI, ASA, 
Charlson Co-Morbidity Index (CCI), pre-operative PSA, 
T-stage and Gleason score between both groups. [3].

Some of the peri-operative outcomes were significantly 
different in both groups, such as the median operation time 
of 165 vs. 140 min in sRARP vs. primary RARP (p = 0.004). 
It was also noted that nerve sparing was significantly less 
feasible in the sRARP group. The feasibility of unilateral and 
bilateral nerve sparing: 23% and 3.7% in the salvage group 
vs. 28.1% and 20.7% in the primary group (p < 0.001) was 
statistically different and is likely the reason for the inferior 
erectile function outcomes related to salvage surgery. The 
reduced nerve-sparing rate may be due to prioritization of 
oncological control by a wide excision of the prostate or due 
to challenging difficult and congealed tissue planes. No sta-
tistical differences were described in estimated blood loss, 
blood transfusion or length of hospital stay. Neither was 
there a statistically significant difference in the 30-day 
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Clavien-Dindo grade III and IV complication rates 
(respectively 1.5 vs. 0%). The high-grade complications 
described were rectal injury and a hematoma requiring re-
operation. Although these complication rates might not be 
statistically different between both groups, they are clini-
cally relevant as it reflects the poor dissection planes which 
one could encounter during sRARP [3].

Oncological outcomes such as positive surgical margins 
(PSM), recurrence rates and recurrence-free survival were all 
worse in the salvage group compared to the primary group. 
When comparing patients with recurrence to recurrence-free 
patients they found preoperative PSA and T-stage to be 
higher in the recurrence group. EAU guidelines currently 
suggest referral for salvage therapy at a PSA level < 10 ng/
mL, however the results of Nathan et al. suggest referral for 
salvage therapy should occur earlier after biochemical fail-
ure [3, 5].

Functionally, early continence is better in primary RARP 
however at the one- and two-year time intervals SRARP after 
focal therapy provides similar continence outcomes to pri-
mary RARP.  However, SRARP after whole-gland therapy 
results in inferior continence outcomes compared to primary 
RARP. Erectile dysfunction was significantly higher in the 
salvage group (94.8% vs. 76.3%) at last follow-up [3].

 Comparing Salvage Options After Focal 
Therapy Failure

Nathan et  al. published the first paper comparing different 
salvage treatments after focal therapy failure. They investi-
gated the effectiveness of sRARP to salvage radiotherapy 
after focal therapy failure in a large cohort of 200 patients. 
They showed that in men with high-risk recurrent disease, 
salvage radiotherapy may result in better biochemical recur-
rence (BCR) free survival compared to sRARP at medium 
term follow up. They highlight this may be due to the ongo-
ing effect of concomitant Androgen Deprivation Therapy 
used for salvage radiotherapy in the medium-term follow up 
setting. There was no difference in BCR free survival for 
men with intermediate risk disease. Unlike sRARP, salvage 
radiotherapy results in worse toxicity compared to primary 
radiotherapy and requires the use of concomitant Androgen 
Deprivation Therapy with its own adverse side effects. 
Interestingly of note, continence after the early phase was 
similar between both treatment options. This may be due to 
improved surgical techniques such as retzius-sparing or ante-
rior reconstruction techniques whilst salvage radiotherapy 
was associated with increased urinary and bowel toxicity. As 
expected, erectile function was significantly inferior after 

sRARP compared to salvage radiotherapy. These novel 
results are important when considering and counselling 
patients for the optimum salvage modality to be used for 
patients after focal therapy failure. Currently there is equi-
poise on the ideal treatment option and further follow up and 
studies are needed [6].

 Salvage Robot-Assisted Radical 
Prostatectomy After Whole Gland Therapy 
vs. Focal Therapy

The study of Nathan et al. also focused on the difference 
in outcomes between sRARP after focal therapy versus 
whole gland therapy. The patient characteristics did not 
differ significantly in age, BMI, ASA or CCI. However, 
their series contained more high-risk patients in the 
whole gland salvage group versus the focal gland salvage 
group, which may account, in part, for the differences 
observed [3].

Unilateral and bilateral nerve sparing were feasible in 
8.2% and 2% of the whole group to 31.4% and 4.7% of the 
focal group (p  =  0.001). Complication rates were signifi-
cantly higher in the whole gland group (22%) compared to 
the focal group (8%) (p = 0.025). Other peri-operative out-
comes, such as estimated blood loss, blood transfusion or 
length of stay did not show statistically significant differ-
ences between both groups [3].

Overall survival at last follow-up showed a statisti-
cally significant difference with 89.8% in the whole 
gland group versus 98.8% in the focal group (p = 0.014). 
Other oncological outcomes, such as PSM rates and 
recurrence rates did not differ statistically between both 
groups. Concerning, recurrence rates of the salvage group 
after whole gland therapy compared with the matched 
primary cohort, a significantly higher recurrence rate was 
observed in the whole gland salvage group. However, this 
was not the case for salvage surgery after focal gland 
therapy [2, 3].

With regards to functional outcomes, continence rates 
were better in the focal group compared to the whole gland 
group at 3, 6, 12 and 24 months. At one-year, full continence 
was achieved by 78% after focal compared to 49% after 
whole-gland. At two-years, full continence was achieved by 
89% after focal compared to 53% after whole-gland. Erectile 
dysfunction however was high in both groups and did not 
show a statistically significant difference between groups. 
[3] These results reflect other literature which suggest that 
sRARP after focal therapy has better outcomes than com-
pared to sRARP after whole-gland therapy.
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 Technical Considerations & 
Recommendations

Due to the consequences of technical hazards such as fibro-
sis, adhesions, poor tissue quality and abnormal anatomy 
and surgical planes during sRARP, one could anticipate that 
the surgical technique of salvage surgery would need to be 
adapted to the presenting circumstances. De Groote et  al. 
suggested various adaptive strategies based on the primary 
treatment modality [1].

 Post Radiotherapy

Due to neo-vascularization near the anterior bladder neck 
after radiotherapy, one needs to be careful when performing 
the bladder drop as it can bleed significantly. The incision of 
the endopelvic fascia should occur close to the prostate to 
avoid damage to the sphincter. Due to prior hormonal treat-
ment the seminal vesicles may be more adherent and exces-
sive traction should be avoided. Posterior adhesion of the 
prostate to the rectum should be released with careful sharp 
dissection. Lateral dissection of the neurovascular bundles 
might be more difficult as adhesions can lead to entry into 
the wrong plane causing injury to the vascular structures. 
Due to irradiation damage, healing of tissues might take 
more time and therefore they advise to use a 3-0 PDS for the 
vesico-urethral anastomosis, taking care not to put too many 
throws to avoid ischemic damage [1].

 Post Brachytherapy

sRARP in this patient population has the worse oncological 
and functional outcomes. Bladder neck dissection tends to be 
rather easy, whereas the apex tends to be more adherent 
which leads to sphincter damage. It is therefore recom-
mended to dissect from base to apex in the midline first and 
then the stuck pedicles. Excessive traction might lead to frac-
ture of the prostate along the brachytherapy seed lines [1].

 Post HIFU

Here the shockwaves are focused from the rectum towards 
the prostate from midline in a circular arc. This leads to 
fibrotic adhesions in the midline. The dissection should be 
performed from lateral to medial in the extra-fascial plane on 
the treated side. The midline rectum should be dissected last. 
The treated area will present as a cavity without fibrosis, so 
gentle dissection is crucial not to enter these cavities with 
viable tumor [1].

 Post Cryotherapy

Again, similar to brachytherapy, the apex might be stuck and 
thus dissection should be done from the midline to lateral [1].

 Post Electroporation

The prostate tends to be irregular and asymmetrical, due to 
the treatment effect which is quite similar to a Transurethral 
Resection of the Prostate (TURP).

 Conclusion

Salvage robot-assisted radical prostatectomy is proving to be 
a feasible treatment option for local recurrence after primary 
non-surgical treatment for prostate cancer. However, the out-
comes tend to be marginally worse in salvage surgery due to 
technical hazards such as fibrosis, adhesions, poor tissue 
quality and abnormal surgical planes.

Recent studies show similar perioperative comorbidity 
compared to primary RARP.  However, patients should be 
counselled that functional and oncological outcomes after 
sRARP are inferior to primary RARP. Salvage RARP after 
whole gland therapy has worse outcomes than after focal 
therapy. Knowledge of the different primary treatment 
options is key for an adaptive strategy for salvage surgery. As 
sRARP is a technically more challenging procedure, it would 
be advisable to centralize these surgeries to high-volume 
centers with highly experienced surgeons.
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 Introduction

The adoption of prostate-specific antigen (PSA)-based pros-
tate cancer (PCa) screening led to a stage migration towards 
more favorable disease at the time of PCa diagnosis [1, 2]. 
However, a reverse stage migration towards more advanced 
disease was observed in more contemporary PCa patients 
[3–5] probably due to the decreased use of PSA-based screen-
ing [6, 7] following the US Preventive Services Task Force 
recommendations [8] and the discordant findings provided by 
the Prostate, Lung, Colorectal and Ovarian (PLCO) [9, 10], 
the European Randomized study of Screening for Prostate 
Cancer (ERSPC) and the Cluster Randomized Trial of PSA 
Testing for Prostate Cancer (CAP) screening trials [11–13]. 
Indeed, among men diagnosed with PCa during the period 
2010–2016, 12 and 4% harbored locally-advanced and meta-
static disease, respectively [14]. The management of these 
groups of PCa patients is one of the most compelling contem-
porary challenges. Historically, radical prostatectomy (RP) 
was reserved for PCa patients with organ- confined disease 
due to the concerns about inadequate disease control in more 
advanced cases, as well as the related side effects [15]. In the 
last decade, despite the lack of randomized controlled trials 
testing the role of RP in high-risk setting, RP has been increas-
ingly employed in the management of high- risk PCa patients 
[16–18] and good oncologic outcomes were reported [19–
25]. As such, in the setting of locally advanced PCa, the 
European Association of Urology (EAU) [26] and the 
National Comprehensive Cancer Network (NCCN) [27] 
guidelines recommend to perform radical prostatectomy as 
part of multi-modal therapy in highly selected patients who 
may benefit of this surgical procedure [28].

In this context, it is noteworthy that robot-assisted radi-
cal prostatectomy (RARP) has become the most common 
surgical approach performed in patients with localized PCa 
[29, 30]. Moreover, multiparametric magnetic resonance 
imaging (MRI) has significantly changed the diagnostic 
pathway of PCa patients [31–33] and, in the context of sur-
gical planning, it has become a key tool to assess the clini-
cal relevance and the local extent of disease in PCa patients 
[34, 35] to guide the decision-making process towards the 
treatment choice [36, 37]. During the last years several 
variations of the original description of RARP have been 
described [38] and remarkably technological refinements 
of the robotic platform and of its tools have been observed 
[28]. However, evidence supporting the oncological effi-
cacy of RARP in locally advanced PCa are still sparse. In 
this regard, several retrospective studies explored the role 
of extended surgery in the context of locally advanced PCa. 
Among these, Gandaglia et  al. [39], relying on a multi-
institutional database, demonstrated that RARP is a safe 
and oncological effective procedure in PCa patients with 
locally advanced disease. However, the authors [39] 
included in the study cohort patients with T3 disease as 
defined by MRI or rectal examination. To date, the out-
comes of RARP in a pure cohort of patients with ECE at 
MRI were explored only in a recent single centre study 
[40]. As such, the feasibility and efficacy of RARP exclu-
sively on locally advanced PCa patients with extracapsular 
extension (ECE) at MRI, who often are considered as inop-
erable patients, was partially explored so far. Based on this 
premise, we aim to describe current technique and out-
comes of super-extended RARP (SE-RARP) for locally 
advanced PCa patients.
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 Main Body of the Chapter

 Surgical Technique for Super-Extended Robot- 
Assisted Radical Prostatectomy

RARP procedures described in the literature are performed 
with a DaVinci system (Intuitive Surgical, Sunnyvale, CA, 
USA) through a six-port transperitoneal approach. This 
robotic approach begins with the incision of the parietal peri-
toneum lateral to the lateral umbilical ligaments. The bladder 
is released and the space of Retzius developed. Subsequently, 
after complete bladder detachment with the median umbili-
cal ligament preservation [41], bilateral endopelvic fascia 
incision is performed in order to identify the borders of the 
prostate. Alternatively, the endopelvic fascia can be pre-
served, but this might result in lower prostatic mobility and 
might render the prostatic dissection more difficult in case of 
larger prostates [42].

Fourth arm maintaining bladder retraction or suspension 
suture can be placed on the prostate to facilitate the bladder 
neck dissection. An initial postero-lateral incision of the 
bladder neck between bladder and prostate is performed and 
continues towards the mid-line following the peri-prostatic 
fat. After identification of the vas deferens, the peritoneum is 
incised at the level of the rectovesical pouch. The vas defer-
ens is dissected, the peritoneum is pushed downwards, the 
Denonvillier’s fascia (DVF) with some perirectal fat is dis-
sected free and pushed upwards with the specimen so that 
they remain on the posterior surface of the seminal vesicles 
(Fig. 44.1a). As results of the dissection, the seminal vesicle 
is not visible, as completely covered by the DVF and the 
perirectal fat. The dissection is carried forwards to the ante-

rior face of the rectum, pushing the perirectal fat and DVF 
upwards with the specimen. Notably, preoperative multipa-
rametric MRI use can optimize local staging and surgical 
planning. Indeed, SE-RARP can be performed with unilat-
eral or bilateral DVF resection according to the extension of 
the disease at MRI. If the tumour is unilateral, the seminal 
vesicle on the side without tumour burden is released in a 
standard fashion leaving DVF attached to the rectum 
(Fig. 44.1b).

Regarding the degree of preservation of the neurovascular 
bundle (NVB), this can be preserved in toto (intrafascial dis-
section) or partly (interfascial dissection), or dissected com-
pletely (extra-fascial dissection). In the context of locally 
advanced PCa, an extrafascial dissection with Hem-o-lock 
clips is typically carried out laterally to the levator ani fascia. 
In case of extracapsular extension of PCa is localized at one 
side, a mono-lateral preservation of NVB can be performed 
[40]. In this case, recent introduction of preoperative MRI 
can help in defining the correct location of ECE for surgical 
planning.

The dissection of the prostatic apex can be carried out 
with a sharp and direct division of the membranous urethra 
at the level of the urethroprostatic junction. Alternatively, 
apical dissection of the prostate can be performed according 
to the “Collar technique” [43]. Such technique has been 
demonstrated to reduce the rate of positive margin at the 
level of the apex and, therefore, may be particularly useful in 
the context of locally advanced PCa. Finally, posterior recon-
struction and urethrovescical anastomosis are performed 
[44]. In case of unilateral DVF resection, partial monolateral 
posterior reconstruction is generally performed before ure-
throvescical anastomosis.

a b

Fig. 44.1 (a) Posterior Denonvillier’s fascia is dissected and pushed upwards with the specimen. (b) Monolateral resection of Denonvillier’s 
fascia left on the posterior surface of the seminal vesicles and of the prostate [40]
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 Technique for Extended and Super-Extended 
Pelvic Lymph Node Dissection

Template definitions for extended or super-extended pelvic 
lymph node dissection (PLND) rely on those previously 
defined by consensus panels [45]. Generally accepted indica-
tions to perform super-extended template are: (1) preopera-
tive Briganti risk score for lymph node invasion ≥30% [46]; 
(2) positive node at external iliac level at frozen pathology 
[47]. Regarding the technique, after incision of the perito-
neum, release of the bladder laterally to the endopelvic fas-
cia, and localization of the ureter, the dissection of the 
lymphatic tissue is performed adopting the split and roll 
technique. The external iliac artery is localized behind the 
peritoneum. The peritoneal incision is prolonged following 
the external iliac artery up to the vas deferens, which is 
exposed and then cut. The fibrofatty tissue along the external 
iliac vein is dissected, the lateral limit being the genitofemo-
ralis nerve and the distal limit being the deep circumflex 
vein. Proximally, extended PLND is performed up to and 
included the crossing between the ureter and common iliac 
vessels. Once the external iliac vessels are freed, the obtura-
tor nerve is approached. The dissection is performed from 
lateral to medial up to the umbilical artery and the bladder 
wall that represents the medial limit of the extended PLND. 
Lymph nodes along as well as medially and laterally to the 
internal iliac vessels are also removed. The obturator fossa is 
also accessed lateral to the external iliac artery and the lym-
phatic tissue freed from the pelvic wall. Smaller vessels are 
coagulated and cut, and dissection is continued until the deep 
obturator fossa is reached. All fibrofatty tissue within the 
obturator fossa is removed. The Marcille’s triangular lumbo-
sacral fossa is dissected free. This area is delimited laterally 
by the medial border of the psoas, medially by the body of 
the fifth lumbar vertebra, and inferiorly by the border of the 
sacral wing (Fig. 44.2) [48].

Recently, Mattei et al. [49] described a revised technique 
for “en-bloc” excision of the lymph nodes. The starting point 
is a 10-step monoblock template which was first described in 
2013 [50]. After this extended template, the authors pro-
posed an additional super-extended template delineated by 
the following boundaries: cranially, the aortic and caval 
bifurcation; caudally, the ureter crossing over the common 
iliac artery laterally and the promontorium medially; later-
ally, the common iliac vessels; dorsally, the sacral bone; and 
ventrally, the peritoneum covering the sigma. Considering 
the anatomical limits, this “en-bloc” approach for super 
extended PLND was divided into 5 steps: first, mobilization 
of the sigma and development of right lateral boundary; sec-
ond, dissection of the cranial boundary; third, dissection of 
the left lateral boundary; fourth, development of the ventral 
boundary; fifth, development of the dorsal boundary 
(Fig. 44.3).

 Postoperative Outcomes

 Surgical Outcomes
Several authors have demonstrated optimal perioperative 
outcomes for RARP in advanced PCa cases. Operative time 
and estimated blood loss in high-risk PCa patients treated 
with RARP ranged from 111 to 199  min and from 84 to 
284 mL, respectively [28, 39, 40, 48, 51, 52]. Transfusion 
rate ranged between 0 and 5.9%. Length of stay and catheter-
ization time ranged from 1 to 4 days and from 4.7 to 8 days, 
respectively [39, 40, 48, 51, 52]. Only one study reported a 
mean catheterization time of 15 days [40]. Overall complica-
tion rate ranged from 4 to 28%, while major complication 

Fig. 44.2 Access to the Marcille’s triangle during robot-assisted 
extended pelvic lymph node dissection. The psoas muscle, external 
iliac vessels, and obturator nerve are clearly identifiable [39]

Fig. 44.3 Intraoperative sight from a Da-Vinci 0-degree camera, 
placed supraumbilically, after having performed a superextended pelvic 
lymph node dissection including all common lymphatic landing sites of 
the prostate around the common iliac vessels up to the aortic and caval 
bifurcation as well as the presacral region [49]

44 Super-Extended Robot Assisted Radical Prostatectomy in Locally Advanced Prostate Cancer
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rate ranged from 0.6 to 9.1% [39, 40, 48, 51, 52]. In studies 
comparing RARP to the open approach, high-risk PCa 
patients treated with RARP have shorter length of stay, lower 
estimated blood loss, lower transfusion rates and comparable 
postoperative complication rates relative to those treated 
with open radical prostatectomy (ORP) [51, 53, 54]. For 
example, Gandaglia et  al. [54] provided evidence that 
patients treated with RARP had lower risk of prolonged 
length of stay compared with those who underwent ORP 
(≥3 days: odds ratio [OR] 0.18, p < 0.001; ≥5 days: OR 0.42, 
p = 0.02) and failed to observe statistically significant differ-
ence in terms of 30-day overall postoperative complications 
between RARP and ORP, after accounting for different con-
founders (OR: 0.94; p = 0.6). However, patients treated with 
RARP were less likely to receive blood transfusion com-
pared to those treated with ORP (OR: 0.25; p = 0.002). These 
findings suggested that RARP is a relatively safe procedure 
when performed in high-risk PCa, and not worse with respect 
to perioperative outcomes when compared with 
ORP.  However, also in contemporary high-risk patients 
treated with RARP the overall rate of complications is not 
negligible and in the worst-case scenario may reach 28% 
[54]. In consequence, there is still a need to improve and 
surgical expertise is the major determinants of decreased risk 
of postoperative complications.

Recently, Mazzone et al. [40] described the feasibility of 
RARP in  locally advanced PCa with ECE at preoperative 
MRI.  Here, RARP technique was not associated with 
increased rate of postoperative complications after surgery 
compared to previous RARP series on locally advanced 
cases [39]. This evidence further supports the feasibility and 
safety profile of this approach in patients with posterior ECE 
at MRI. Notably, the robustness of these results on postop-
erative complications is supported by the use of standardized 
methodology provided by the EAU [55]. Indeed, by fulfilling 
all the suggested criteria, the high reliability of data report on 
postoperative complications was ensured.

 Functional Outcomes
To date, few studies evaluated functional outcomes in high- 
risk PCa patients treated with RARP and are limited by the 
relatively short follow-up and by the lack of standardization 
on urinary incontinence and erectile dysfunction assessment 
which make difficult to accurately assess these outcomes in 
patients who underwent robotic approach. In these studies, 
urinary continence (UC) recovery at 12  months using 0–1 
pad definition ranged from 78 to 85.2% [39, 40, 52, 56–60]. 
Overall, it is noteworthy that no major functional impairment 
after wide excision of the posterior plane was reported, when 
UC was considered. Notably, average early continence rate 
was 34%. In general, high-risk patients are less likely to 

undergo neurovascular bundle preservation due to their 
advanced disease. Indeed, nerve sparing can be challenging 
in these patients and may expose to higher irsk of positive 
surgical margins, however in selected individuals it is cer-
tainly feasible without compromising cancer control [40, 56, 
57]. The rate of nerve sparing reported in this subset of 
patients treated with RARP is highly variable, ranging from 
19.7 to 98.3%. However, in studies relying on preoperative 
MRI for PCa staging and local extension assessment [40, 
59], UC rate at 1 year of follow-up was higher (84%) than 
those reported for locally-advanced PCa in previous mixed 
[61] or purely RARP [39] series. This result might be 
explained by the fact that, differently from previous series, 
the definition of disease extension at MRI allowed to per-
form a certain degree of inter-fascial nerve-sparing approach, 
which has been demonstrated to have a protective effect on 
early continence recovery [61–63]. Indeed, in the recent 
study by Mazzone et al. [40], the overall rate of any inter- 
fascial nerve-sparing was high (75%) and this further sup-
ports the recorded differences in UC rate compared to 
previous analyses [64, 65]. Lastly, no significant difference 
in UC recovery rates was recorded in the literature between 
patients with apical or non-apical lesions with suspected 
ECE at MRI (82 vs 86%, p = 0.5) [40]. This data confirms 
the efficacy of SE-RARP approach combined with the “col-
lar” technique for apical dissection which allows to preserve 
sphincteric structures of the urethral complex even in case 
with suspected ECE at apical level [43].

Regarding erectile function (EF), the 12-month recovery 
rate ranged between 33.8 and 60% [52, 56, 57]. Kumar et al. 
[57] reported a 12-month EF recovery of 91.4% in high-risk 
patients who underwent complete nerve sparing. However, 
the definition of potency recovery used is questionable. 
Rogers et  al. [52] were the first to assess EF recovery at 
approximately 24  months in contemporary high-risk PCa 
patients treated with RARP, reporting a rate of 33.3%. 
However, the authors [52] exclusively focused on men aged 
≥70. To date, only few studies assessed functional outcomes 
of RARP in high-risk PCa setting beyond 1 year after sur-
gery without age restriction. Of note, Abdollah et  al. [56] 
reported Kaplan-Meier estimates of UC and EF recovery at 
12, 24 and 36 months were 85.2, 89.1, 91.2% and 33.8, 52.3 
and 69%, respectively. In consequence, the authors provided 
evidence that UC and EF outcomes continue to improve 
beyond 1-year after surgery and are promising at 3 years of 
follow-up.

 Oncological Outcomes
Current RARP studies in high-risk PCa patients reported 
positive surgical margins (PSMs) rate ranging from 12 to 
53.3% [23, 39, 40, 51, 54, 57–59, 66]. The majority of the 
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studies that assessed the rate of PSMs according to the type 
of surgical approach, failed to observe a benefit in terms of 
PSMs of RARP relative to ORP [51, 54, 67–70]. However, 
all these studies were population-based [54] or assessed a 
small sample size [51, 67–70]. The two largest studies 
assessing the rate of PSMs according to surgical approach 
provided evidence that RARP is associated with lower risk 
of PSMs relative to ORP in high-risk PCa patients [71, 72]. 
Mazzone et al. [40] observed that positive surgical margins 
[73] and the high grade of the disease were independent pre-
dictors of biochemical recurrence (BCR) (hazard ratio [HR] 
5.86 and 3.17, respectively) and of additional treatment use 
(HR 5.23 and 5.63, respectively) in multivariable Cox regres-
sion models adjusted for pathological covariates. These find-
ings suggest that patients with negative surgical margins and 
low-grade disease might be the optimal candidates for this 
surgical treatment without the need for additional therapy at 
mid-term follow-up.

With respect to BCR, it occurred in 5–50% of patients at 
last follow-up. These heterogeneous BCR rates reported are 
mainly related with large differences in the length of follow-
 up of the studies available (Range: 4–68 months), that is gen-
erally short. Long-term oncologic outcomes data available 
on high-risk PCa treated with RARP is limited since many 
surgeons are still reluctant to perform RARP in this subset of 
patients. The first study that reported long-term cancer con-
trol in PCa patients treated with RARP was published by 
Diaz et  al. [74] who assessed 483 patients with a median 
follow-up of 10 years. The Authors reported 10-year BCR- 
free survival rate of 43.2% in high-risk PCa patients (n = 36, 
7.5%). Thereafter, Abdollah et al. [66] published the largest 
RARP series for high-risk PCa (n = 1100) and observed that 
at a median follow-up of 48.5 months the 10-year BCR-free 
and clinical-recurrence (CR)-free survival rates were 50 and 
87%, respectively. However, a significant percentage of 
patients (37%) required salvage therapy. These findings are 
in line with those reported by previous studies originating 
from ORP [20, 75]. Moreover, Abdollah et al. [66] identified 
5 novel risk-groups within the high-risk patients based on 
BCR risk and preoperative characteristics. The 10-year 
BCR-free, CR-free survival and salvage therapy rates ranged 
from 86 to 26%, from 99 to 55% and from 9.8 to 64%. In 
consequence, RARP provides sustained long-term oncologic 
benefit in most high-risk PCa patients. However, some 
patients should be candidate to a multimodal approach given 
the high-rate of salvage treatment. In the most recent paper 
by Mazzone et al. [40], the rate of BCR at 1 and 2-year fol-
low- up were 33 and 45%, respectively. These relatively high 
rates are in line with previous studies on locally advanced 
PCa [23, 28], however, might be explained by the low num-
ber of adjuvant treatments received by our patients in favour 
of a strategy based on observation and subsequent salvage 
treatment.

 The Role of Pelvic Lymph Node Dissection

The role of PLND has been largely discussed in the literature 
[45, 76]. To date, it is known that PLND still represents the 
most accurate approach for nodal staging of PCa patients. 
However, it is limited by the weight of potential periopera-
tive morbidity. A recent systematic review and meta-analysis 
confirmed the aforementioned evidence on complications 
[76]. Of note, Cacciamani et  al. [76] explored the role of 
PLND and its extent of perioperative morbidity. Remarkably, 
the authors concluded that the extent of PLND was the stron-
gest predictor of postoperative complications. Therefore, in 
patients with high-risk disease, the extent of PLND should 
be balanced in the light of optimizing staging accuracy with-
out excessively increase the risk for complications. In this 
regard, Gandaglia et al. have identified a cut-off of 30% risk 
of lymph node invasion based on Briganti nomogram to offer 
a super extended PLND template [46]. Decision making pro-
cess should, therefore, be based on predictive tool to balance 
the risk of complications and the accuracy for staging.

Moreover, there is lack of prospective evidence corrobo-
rating the efficacy of PLND on oncological outcomes. 
Previous retrospective analyses have reported a potential 
effect of PLND on oncological outcomes, particularly in 
patients with extensive or low volume metastatic disease [77, 
78]. However, prospective evidence has failed to confirm this 
benefit, as reported in a previous systematic review [45]. 
Lastly, recently published randomized trial, despite its limi-
tation on study design, failed to demonstrate a benefit for 
extended PLND template compared to standard template in 
high risk patients, corroborating the lack of survival benefit 
associated with PLND [79]. In summary, PLND is to date a 
key phase of RARP in patients with high-risk disease consid-
ering their risk of lymph node invasion. However, PLND 
extent should be balanced in the light of potential risk of 
complications without compromising staging accuracy.

 Conclusion

Taken together, we outlined specific technical features and 
outcomes of super extended RARP for locally advanced 
PCa. Specifically, recent studies described a step-by-step 
RARP procedure focusing on technical refinements in the 
DVF dissection for advanced cases, which might play a cru-
cial role in the reduction of PSM risk and in the consequent 
optimization of cancer-related outcomes. A RARP technique 
combining the high visual definition of the DaVinci system 
features with the preoperative possibility of accurately stag-
ing advanced cases with MRI allows to perform a safe proce-
dure with limited impact on perioperative complications risk 
and optimal functional recovery. However, future  prospective 
comparative studies with long follow-up are needed to con-
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firm whether super extended RARP allows maximum onco-
logical control without compromising functional outcomes.
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45Prostatectomy in Oligometastatic 
Prostate Cancer

Tushar Aditya Narain, Mohammad Alkhamees, 
and Prasanna Sooriakumaran

 Introduction

Surgery and radiotherapy are both the standard of care for 
patients with localized prostate cancer, while patients with 
metastatic prostate cancer at the time of diagnosis are treated 
with systemic therapy, typically Androgen Deprivation 
Therapy (ADT) or chemotherapy [1, 2]. Owing to advances 
and accuracy of new imaging modalities, an intermediate 
state of metastasis was proposed by Hellman and 
Weichselbaum in 1995 [3]. This was the stage of oligometas-
tasis, and was initially considered an intermediary stage in 
the chain of progression from being a localized disease to 
being a widely metastatic one. This stage of the disease gar-
nered much attention from clinicians as it reopened a win-
dow of opportunity to provide complete cure by directing 
therapy to the prostate and the limited sites of metastases [4].

The genomics and molecular biology of various primary 
cancers have much been deciphered over the past two decades, 
and it is now clear that the biology of oligo metastatic and 
widely metastatic cancer is much different [5–7]. These reve-
lations support the possibility of a true oligometastatic biol-
ogy, very different from one in which a few clinically apparent 
lesions are the initial manifestation of a more aggressive and 
widespread disease entity. Although it is difficult to distin-
guish easily the biology of this new entity from that of a widely 

metastatic one due to limitations in the molecular diagnostic 
techniques, it would be prudent to separate the oligometastatic 
entity from their more aggressive counterparts, as radical cura-
tive therapies could offer cure from disease for these patients 
as against a palliative treatment for the metastatic disease [8].

Paralleling the advancements in understanding of the 
biology of prostate cancer, was a paradigm shift in the treat-
ment of locally advanced and advanced prostate cancer [9]. 
Historically, radical surgery or radiotherapy with a curative 
intent was offered only to patients having localized disease 
and the slightest evidence of metastatic disease-even a single 
pelvic lymph node-precluded curative therapeutic approach, 
and these patients were offered systemic therapy in the form 
of Androgen Deprivation Therapy (ADT) [10]. Over the past 
one decade, sufficient data has emerged supporting survival 
benefit in men receiving curative therapy for their prostate 
cancer in the presence of metastatic disease or disease in 
their lymph nodes [11–15]. Similar benefits were seen when 
patients were offered metastatic directed therapy with a cura-
tive intent rather than a palliative intent [16].

 Defining Oligometastatic Prostate Cancer

One of the major hindrances in evaluating the outcomes of treat-
ment of oligometastatic prostate cancer is the definition used to 
christen this entity. Various authors have used different param-
eters such as the number of metastatic lesions, the temporal 
association with the primary tumor of the metastatic sites, the 
imaging modality used for detection of these lesions, and 
whether the metastatic lesions were osseous or visceral. Till this 
date, there is no consensus on the number or sites or oligometa-
static prostate cancer. A panel of experts in The Advanced 
Prostate Cancer Consensus Conference (APCCC) 2017 could 
not draw final conclusions on what should constitutes an oligo-
metastatic disease. The majority of panelists (66%) believed 
that three metastases define this entity [17]. Many studies pro-
posed different definitions regarding the site and number of 
metastatic deposits (Table 45.1).
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Table 45.1 Studies defining oligometastatic prostate cancer

Author N Number of metastases Site of metastasis Radiological modality
Jereczek-Fossa, et al. (2014) [18] 69 ≤1 LN 18F-FDG PET/CT, 11C-choline PET/CT, 

CT
Ponti, et al. (2015) [19] 16 ≤2 LN 11C-choline PET/CT, CT, bone scan
Berkovic, et al. (2013) [20] 24 ≤3 Bone or LN Bone scan, 18F-FDG PET/CT, 

11C-choline PET/CT
Decaestecker, et al. (2014) [21] 50 ≤3 Bone or LN 18F-FDG PET/CT, 18F-choline PET/CT
Ost, et al. (2016) [22] 119 ≤3 Any 18F-FDG PET/CT, 18F-choline PET/CT
Schick, et al. (2013) [23] 50 ≤4 Not specified Bone scan, 18F-choline PET/CT, 

11C-acetate PET/CT
Ahmed, et al. (2013) [24] 17 ≤5 Not specified 11C-choline PET/CT, CT, MRI
Tabata, et al. (2012) [25] 35 ≤5 Bone <50% size of 

vertebral body
Bone scan

Oligometastatic-Primary

Primary controlled Primary uncontrolled Lesion controlled Lesion uncontrolled

Metachronous
metastases after local

control of primary

De novo synchronous
oligometastases

On systemic
treatment,

progression of a
limited number of

metastases:
Casration resistant
oligoprogressive

Oligometastatic-Recurrent Oligometastatic-Progressive

Fig. 45.1 Definitions of oligo-metastatic disease

Based on temporal association, the following three groups 
have been described (Fig. 45.1):

 1. Oligometastatic-Primary: The prostate (primary) and the 
metastatic lesions are newly discovered and neither of 
them treated

 2. Oligometastatic-Recurrent: The prostate (primary) has 
been treated and new metastatic lesions have developed 
later

 3. Oligometastatic-Progressive: The prostate (primary)and 
the metastatic sites have been previously treated and there 
are new metastatic lesions

It is imperative to distinguish these three different entities of 
oligometastatic prostate cancer as they have a different tumor 

biology and express different phenotypes and aggressive-
ness. The oligometastatic primary is the one which would 
benefit from a curative surgery and would be considered for 
the rest of the discussion to follow.

 Curative Therapy for Oligometastatic 
Prostate Cancer

The treatment of oligometastatic prostate cancer is tri- 
pronged which involves treatment of the primary tumor and 
metastatic directed therapy, besides long term systemic ther-
apy. The rationale behind this aggressive approach is that it 
would prolong the overall survival. Treatment of the primary 
tumor has shown to decrease the need for palliative treatment 
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for locally advanced disease [26, 27]. Besides this, one of the 
biggest obvious benefits of local therapy is that it delays the 
initiation of ADT, which is, in most cases life long, and has 
its own set of detrimental side effect, besides ensuring a 
delay in the setting in of the castration resistant stage.

 Rationale for Local Curative Therapy

The idea of treating the prostate in an oligometastatic set-
ting stems from the belief that the primary tumor serves as a 
niche for generating circulating tumor cells which result in 
development of new metastatic sites. This hypothesis is sup-
ported by the theory of “seed and soil’ proposed by Paget 
et al. in 1889. The primary tumor produces the seeds, the 
circulating tumor cells and the distant metastatic sites pro-
vide the fertile soil [28]. Control of the primary tumor would 
reduce the production of the circulating tumor cells and 
would prevent the progression from an oligometastatic state 
to a widely metastatic state. Supporting this hypothesis was 
the hypothesis put forward by Kaplan et al., which described 
the presence of a “pre-metastatic niche” in which the non- 
malignant bone marrow cells have the potential to sensitize 
the target tissues towards the circulating tumor cells and 
recruiting them, resulting in development of metastatic 
lesion [29]. Some researchers believe that the primary 
tumor, besides producing the circulating tumor cells, also 
produce some endocrine factors which have some control 
over the extent of metastases. This theory was supported by 
the works of Weckermann et  al., who evaluated the bone 
marrow aspirates from PCa patients, those who had their 
primary tumors treated and also those who had not received 
any therapy for their primary tumor, and found that despite 
the presence of circulating tumor cells in both groups of 
patients, development of metastases was seen only in 
patients who had their primary tumor intact. The authors 
concluded that there were certain circulating cytokines 
secreted by the primary tumor which facilitated the develop-
ment of new metastatic sites [30].

Besides the genesis of new metastatic sites theory, local 
treatment of prostate in a metastatic setting has shown to 
reduce the need for palliative treatment requirements arising 
from the locally advanced nature of the disease. A group of 
oncologists from Sydney evaluated 263 men with Castrate 
Resistant Prostate Cancer and evaluated them for their com-
plications arising from the locally advanced disease depend-
ing on whether they had previously received any local 
therapy to the prostate or not, before progressing to the cas-
tration resistant stage. The primary treatment to the prostate 
included both surgery and external beam radiotherapy, and 
the risk of developing serious local complications later were 
significantly low as compared to patients who had not 
received any local therapy (32.6% vs. 54.6%, p = 0.001). In 
a sub set analysis, they found that patients receiving surgery 

as the local treatment had even lower risk of complications 
as compared to those receiving radiotherapy(20% vs. 47.6%, 
p = 0.007) [15].

 Rationale for Metastatic Directed Therapy

It was believed before that metastasis is a one-way process 
from the primary tumor to distant sites. However, Kim et al. 
[31], suggested a “tumor self-seeding” hypothesis, where 
circulating tumor cells serve as an origin of new metastatic 
focus. The authors believed that the local therapy of primary 
tumor and metastatic sites might alter the tumor microenvi-
ronment and prevent further metastatic deposition. This 
approach is proposed in oligometastatic prostate cancer 
based on the belief that the biology of such a disease is dif-
ferent from that of high volume metastatic prostate cancer.

Tumor debulking and treatment of metastatic sites has 
been proven to improve OS in various malignancies, includ-
ing liver metastases from colorectal cancer, and lung metas-
tases from various primary tumors [32, 33]. Applying these 
findings to oligometastatic PCa, tumor debulking might the-
oretically prolong the duration to development of aggressive 
tumor burden, as patients with low volume metastasis tend to 
have local progression, while those with high volume metas-
tasis have distant progression [34]. Stereotactic body radia-
tion therapy (SBRT) for oligometastatic bony lesions in the 
setting of castration-resistant PCa was found to provide opti-
mal metastatic control [35]. Moreover, metastatic directed 
therapy is a good strategy to delay the treatment of metastatic 
disease with ADT and preventing the side effects of 
castration.

 Surgical Management of Oligometastatic 
Prostate Cancer

 Surgery for Locally Advanced Disease

Historically, patients with locally advanced disease in the form 
of positive pelvic lymph nodes were deemed unfit for surgery 
and were offered systemic ADT. This was first challenged in 
1993 when Cheng at al evaluated the overall survival in 
patients receiving surgery or radiotherapy for the primary 
tumor besides systemic ADT and compared it with those 
receiving only ADT. They reported a cause-specific survival 
rate of 91% and 78% for surgery and 84% and 54% for radio-
therapy at 5 and 10 years respectively, which was 66% and 
39% (p = 0.037) [36]. The authors concluded that local ther-
apy for the prostate besides ADT had better survival rates than 
just systemic ADT as a stand-alone therapy in patients with 
positive lymph nodes. Frohmuller et all, two years later had 
similar observations when they evaluated 139 patients with 
histologically proven lymph node positive disease. Fifty-two 
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patients underwent radical prostatectomy followed by ADT 
while 87 patients received ADT alone. The DFS and OS were 
70.7% and 50.8% for the first group while it was 32.1% and 
29.7% respectively. The group also reported lower rates of 
intervention required for palliation of symptoms resulting 
from locally advanced disease in patients who had a prostatec-
tomy [37]. Subsequently, several retrospective series have 
demonstrated a survival benefit in patients who went on to 
have a prostatectomy despite testing positive for tumor cells in 
lymph nodes on frozen section analysis [38–40]. These studies 
brought about a paradigm shift in the practices of surgical 
management of locally advanced prostate cancer and the prac-
tice of aborting surgery in the presence of a positive lymph 
node was abolished. These practices were supported by the 
systematic analysis on the role of surgery in locally advanced 
prostate cancer by Gakis et al. who showed a 10 year cancer-
specific survival ranging between 70% and 85% in these 
patients [41]. Reyes et  al. analyzed the Munich Cancer 
Registry database and compared the survival of patients with 
positive lymph node disease who had a prostatectomy with 
those in whom a prostatectomy was abandoned in view of 
positive lymph nodes. A multivariate analysis negating the 
cofounders revealed prostatectomy to be independently asso-
ciated with improved survival in these patients [42].

There are two major randomized control trials that have 
evaluated the response with immediate versus delayed ADT 
in patients with lymph node positive disease. Because the 
major difference between these two trials is that patients in 
one of these had radical prostatectomy while those in the 
other had ADT alone, these two trials can be compared to 
bring out the survival difference attributable to radical pros-
tatectomy. While the Eastern Cooperative Oncology Group 
(ECOG) 3886 trial which included patients who had a pros-
tatectomy reported a 10 year OS of 45% for prostatectomy 
alone and 64% for addition of adjuvant ADT to RP, the 
ECOG 30846 trial which included patients receiving only 
ADT reported a 10  year OS of only 30% [43, 44]. These 
studies provide strong evidence in support of surgery for 
locally advanced prostate cancer, and patients with positive 
lymph nodes are no longer subjected to ADT monotherapy 
any more.

Having said that, it has to be understood that all patients 
with locally advanced disease cannot be blindly offered a 
therapy with the aim of cure, as the disease biology varies 
even in patients with just lymph node positive disease. 
Moschini et al. evaluated 1011 lymph node positive patients 
who had a radical prostatectomy and used multivariate Cox 
regression model to predict factors portending a poor sur-
vival. They found that three or more lymph nodes (HR 1.75, 
p  =  0.003), pathological Gleason score 7 vs. 6 (HR 1.74, 
p = 0.04) and 8–10 vs. 6 (HR 2.63, p = 0.001) and positive 
surgical margins (HR 1.96, p = 0.001) were independently 
associated with increased cancer specific mortality, while 

adjuvant radiotherapy (early) (HR 0.40, p = 0.008) was asso-
ciated with decreased cancer specific mortality. The authors 
used these four variables to stratify patients according to 
their prognoses, and found a 20-year cancer specific mortal-
ity to be 19%, 34% and 46% (p < 0.001) for low, intermedi-
ate and high risk categories respectively [45]. Montorsi, in a 
very interesting letter to the editor, in response to the sys-
temic analysis of Gakis et  al., published in the European 
Urology journal, highlights the importance of a digital rectal 
examination to determine the feasibility of extirpation of the 
prostate, before subjecting every patient with a locally 
advanced disease to surgery [46].

 Surgery for Oligometastatic-Primary Prostate 
Cancer

Moving a step beyond the positive lymph nodes, several 
researchers have evaluated the role of surgery in de novo met-
astatic prostate cancer. Culp et  al. identified 8185 patients 
diagnosed with metastatic prostate cancer at the time of initial 
diagnosis using the Surveillance Epidemiology and End 
results (SEER)(2004–2010) and divided them on the basis of 
the primary therapy received (Radical prostatectomy 
(RP)  =  245, Brachytherapy (BT)  =  129 and no surgery or 
radiation therapy (NSR) = 7811) The 5 year overall survival 
and disease free survival were each statistically better in 
patients undergoing RP (67.4% and 75.8%, respectively) or 
BT (52.6 and 61.3%, respectively) compared with NSR 
patients (22.5% and 48.7%, respectively) (p < 0.001). RP and 
BT were each independently associated with decreased can-
cer specific mortality (p < 0.01). The authors concluded that 
definitive treatment of the prostate in men diagnosed with 
metastatic disease had survival advantages and that prospec-
tive studies should be done to strengthen this conclusion [47]. 
In the same year, Gatzke et al. published their analysis of data 
from the Munich Cancer Registry wherein they compared the 
treatment outcomes of patients with metastatic prostate can-
cer treated with surgery versus those treated with primary RT 
or ADT. Patients undergoing radical prostatectomy had a sig-
nificantly higher 5  year overall survival compared to their 
non-surgical counterparts (55% vs. 21%) [48]. In a multi-
centric retrospective analysis of 106 newly diagnosed meta-
static prostate cancer patients who underwent radical 
prostatectomy, Sooriakumaran et al. evaluated the periopera-
tive outcomes and short-term complications. In their series, 
79.2% of patients did not suffer any complications; the rates 
of positive-margin were 53.8%, lymphocele 8.5%, and wound 
infection were 4.7%, all of which were not higher than in a 
meta-analysis of open radical prostatectomy performed for 
standard indications. At a median follow-up of 22.8 months, 
94/106 (88.7%) men were still alive. The authors concluded 
that radical prostatectomy for men with locally resectable, 
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distant metastatic prostate cancer was safe in expert hands 
and the overall and specific complication rates related to the 
surgical extirpation were not more frequent than when radical 
prostatectomy was performed for standard indications [49]. 
Although being retrospective in nature, this paper established 
the safety of radical prostatectomy in a metastatic setting, and 
its strength being that it had data from the biggest centers 
with experienced surgeons performing radical prostatecto-
mies. Jang et  al. specifically chose a cohort of 79 patients 
with oligometastatic prostate cancer (defined as the presence 
of five or fewer hot spots detected by preoperative bone scan) 
and evaluated the peri-operative and oncological outcomes of 
robot assisted radical prostatectomy in these patients. They 
also did not find a higher incidence of peri-operative compli-
cations than in those in whom surgery was performed for tra-
ditional indications. The progression free survival and cancer 
specific survival were longer in surgery cohort as compared 
with patients receiving systemic hormonal therapy (median 
PFS: 75 vs. 28 months, P = 0.008; median CSS: not reached 
vs. 40 months, P = 0.002). Multivariate analysis further iden-
tified RARP as a significant predictor of PFS and CSS (PFS: 
hazard ratio [HR] 0.388, P  =  0.003; CSS: HR 0.264, 
P = 0.004) [50]. Heidenreich et al. performed a feasibility and 
the first case controlled study evaluating the role of cytore-
ductive radical prostatectomy in prostate cancer with low vol-
ume skeletal metastases. Twenty-three patients with biopsy 
proven prostate cancer, minimal osseous metastases (3 or 
fewer hot spots on bone scan), absence of visceral or exten-
sive lymph node metastases and prostate specific antigen 
decrease to less than 1.0 ng/mL after neoadjuvant androgen 
deprivation therapy were included in the intervention group, 
while 38 men with metastatic prostate cancer who were 
treated with androgen deprivation therapy without local ther-
apy served as the control group. The surgery group demon-
strated longer progression free survival as compared to the 
control group (39 vs. 28 months), increased time to castration 
resistant stage (40 vs. 29 months) and improved cancer spe-
cific survival (96% vs. 84%), but similar overall survival 
rates. The authors concluded that cytoreductive radical pros-
tatectomy was feasible in well selected men with metastatic 
prostate cancer who respond well to neoadjuvant androgen 
deprivation therapy [16].

 Conclusion

Oligometastatic prostate cancer is an independent entity with 
a tumor biology different from its widely metastatic counter-
part. Surgery in an oligometastatic setting is feasible with no 
higher rates of complications than when done for the tradi-
tional indications. Moreover, curative surgery for the pros-
tate accompanied by stereotactic radiotherapy to the 
oligometastatic sites improves overall and cancer specific 

survival with reduced interventions for palliation of symp-
toms arising from the locally advanced disease.
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46Inguinal Hernia Repair During 
Robot- Assisted Radical Prostatectomy

Abdullah Erdem Canda, Arif Özkan, and Emre Balık

 Introduction

Nelsen and Walsh [1] showed 33% incidental inguinal hernia 
(IH) rate in their retropubic radical prostatectomy (RRP) 
series (n  =  430). Lepor et  al. [2] reported 11% rate of IH 
repair in the same procedure with RRP.  Nilsson et  al. [3] 
reported that patients treated with radical prostatectomy 
(RP) exhibited a four fold increased risk of requiring a sub-
sequent IH repair compared with the control group. Various 
reasons may led to development of IH after prostatectomy 
such as prolonged stretching of the rectus abdominis and 
transversalis fascia during the procedure that weakens the 
inguinal floor and inguinal ring, and subclinic hernias may 
manifest themselves after surgery [4].

Previous IH history, lower body mass index, older age and 
bladder neck stenosis were reported as the risk factors related 
with the diagnosis of an IH during robot-assisted radical 
prostatectomy (RARP) [5]. The presence of lower urinary 
tract dysfunction significantly correlates with the risk of IH 
development [6]. It was reported that patients with moderate 
to severe urinary symptoms had a 22.4% chance of requiring 
IH repair compared to 5% in patients with minimally urinary 
system symptoms [6]. Apart from these reports, in some con-
current hernia repair and prostatectomy series interestingly 
in 50% of patients the physical examination could be normal 
before the surgery [7]. Therefore, in patients with moderate 
to severe urinary symptoms, patients should be informed 

regarding the possibility to have an IH and requirement of 
concurrent repair during the RARP procedure [6].

 Inguinal Hernia Repairing During Radical 
Prostatectomy

IH repair in patients with previous RP history is often com-
plicated by preperitoneal space scaring with longer operative 
time and increased morbidity [5]. The effectiveness and the 
safety of IH repair during RP has been published before [8]. 
If the IH is not repaired in the same session during the RARP 
procedure, it might be more difficult to repair it via laparo-
scopic or robotic surgery after the RARP procedure as there 
might be severe intra-abdominal adhesions. In addition, this 
would be a second surgical impact on the patient with addi-
tional anesthesia exposure.

The procedure could be performed via extraperitoneal 
approach (TEP) or transperitoneal approach (TAPP) accord-
ing to the surgeon’s preference. The use of mesh for IH repair 
during RP was firstly described by Choi et al. in 1999 [9]. 
Teber et  al. [10] reported that patients who underwent IH 
repair in laparoscopic radical prostatectomy (LRP) required 
greater analgesic during postoperative period due to addi-
tional dissection around the spermatic cord and foreign body 
reaction around the mesh. Finley et al. [7] published the first 
series of concurrent transperitoneal RARP and TAPP with 
40 patient and 49 concurrent hernia repairs and there were 
not any significant differences between combined surgery 
and prostatectomy only regarding blood loss, analgesic 
usage, duration of hospital stay and, mesh-related complica-
tions. The IH repair procedure was reported to add an aver-
age of 12–15 min on total surgery time [8, 11].

Mourmouris et  al. [12] described “Darning 
technique“which is a non-prosthetic and tissue based tech-
nique regarding IH repair during RARP. They describes the 
technique for direct hernias, excluded all patients with indi-
rect hernias, in which a prolene suture was used to approxi-
mate lateral edge of the rectus muscle sheath to the Coopers’ 
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ligament. Although in this study the risk of mesh infection 
would be eliminated, it was reported that the potential risk of 
mesh infection is extremely low during the RARP procedure 
with concomitant IH repair [4, 13]. Although some authors 
favored [14] extraperitoneal approach others showed that 
intraperitoneal approach was equally safe with an almost 
negligible rate of bowel injury and low risk of recurrence [7, 
15, 16]. Particularly in extraperitoneal approach, no sutures 
or tacks are required to fix the mesh, rather the cord and the 
peritoneum itself stabilized the mesh as the preperitoneal 
space is collapsed [17].

Major complications rate related with IH repair was 
reported to be around 1% that includes hernia recurrence, 
chronic pelvic or scrotal pain, bleeding requiring transfu-
sions, mesh infection requiring removal, bowel or bladder 
injuries, fistulas or erosions, vascular or nerve injuries, 
gonadal vessels damages leading to testicular atrophy or 
loss. Although theoretical concerns regarding mesh infection 
with concurrent repair requirement exist, the available litera-
ture suggests that mesh infections or erosions are extremely 
rare occasions [6].

The risk of infection arises from the possibility that the 
mesh may contact with urine in the presence of a vesico- 
urethral anastomotic leakage. Contrary, recent previous stud-
ies have showed that concomitant IH repair with mesh during 
RP is safe and there were no instances of mesh infection or 
groin pain reported [7, 14]. Mesh is a foreign body and there 
is a risk for adhesions to intraperitoneal structures. Reducing 
this risk can be achieved with two methods. First, reperitone-
alization may be safely achieved after the completion of 
prostatectomy to avoid contact of mesh with intraperitoneal 
structures. Second, using adhesion-resistant, coated mesh is 
another solution that reduces risk of adhesion formation 
while avoiding related postoperative complications [16]. 
Another concern regarding RARP with IH repair is lym-
phatic drainage and seroma formation. The symptomatic 
lymphocele (requiring drainage) development rate during 
minimal invasive RP and concurrent IH repair is up to 5%, 
and seroma formation rate is very low in current literature 
[14, 16]. The main concern in lymphocele development and 
seroma formation is a risk of mesh infection that can leads to 
a mesh removal. Preventing seroma formation can be 
achieved with good hemostasis, sufficient drainage and fix-
ing the mesh material with running absorbable sutures to 
prevent the formation of dead space [18].

 Preoperative Management

Urinalysis and urine culture should be performed in all cases 
before the surgical procedure, in case of any urinary tract 
infection the procedure should be postponed till the sterile 
urine culture is obtained. Prior to the procedure a single dose 

of second generation cephalosporine antibiotic is adminis-
tered intravenously during anesthesia induction.

 Surgical Technique

In our technique, RARP is performed by using five abdominal 
ports (four 8-mm sized robotic ports and one 10-mm sized 
assistant port) via transperitoneal approach. Da Vinci Xi surgi-
cal robot (Intuitive Surgical, Sunnyvale, CA) is used. Maryland 
bipolar forceps (n = 1), large needle driver (n = 1), monopolar 
curved scissors (n = 1), and Prograsp forceps (n = 1) are used 
for the whole procedure. We perform the RARP procedure via 
anterior approach as we described previously and extended 
pelvic lymph node dissection (ePLND) if indicated. An edited 
video of an IH repair with mesh application following a RARP 
procedure can be accessed at: https://drive.google.com/file/
d/1CBYk1gg3jl- TtSJQ1yaBqkJcIlkdLgYz/view?usp=sharing

Patient is taken to 30° Trendelenburg position. We use 
fourth-arm of the robot on the very right side. When we per-
form a Martini-Klinik NeuroSAFE RARP procedure, we 
place a small sized Alexis port (Applied Medical©) above 
the umbilicus in order to take out the prostate to be sent for 
intraoperative frozen pathological evaluation. In that case, 
camera port is introduced through the Alexis port into the 
abdomen (Fig. 46.1).

The procedure starts with making an incision on the ante-
rior peritoneal covering of the Douglas’ pouch about 1 cm 
above the deepest part. Seminal vesicles and vas deferentia 
are identified and dissected. Thereafter, Denonvillier’s fascia 
is opened. By using monopolar scissors, incisions are made 
lateral to the medial umbilical folds in order to detach the 
urinary bladder from the abdominal wall. If ePLND is per-
formed, initially peritoneum covering the ureter where it 

Fig. 46.1 Abdominal port placement
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crosses the iliac artery is incised and this incision is extended 
up to the lateral side of the medial umbilical fold on both 
sides. The ePLND exposes the area including the genitofem-
oral nerve running lateral to the iliac artery on the lateral 
side, preserved neurovascular bundle (NVB) on the medial 
side, ureter crossing iliac artery superiorly and Cloquet 
lymph node inferiorly.

Following completion the prostatectomy, anastomosis 
between urinary bladder and urethra is completed using a 
running double-armed 3/0 barbed monofilament suture. 
Following the anastomosis, a 20F Foley catheter is inserted. 
It is important to have a watertight anastomosis therefore we 
check the anastomosis by filling the bladder with sterile 
saline given through the urethral catheter. After a watertight 
anastomosis is confirmed, we check the surgical field in 
terms of obtaining a sufficient hemostasis by decreasing the 
intra-abdominal pressure to 5 mmHg. Particularly in patients 
with preserved NVBs, we do not apply monopolar and/or 
bipolar cautery in order not to cause possible thermal injury 
for the small bleeders. However, we prefer applying hemo-
static agents around the NVBs that lead to sufficient hemo-
stasis for most of the cases. We can also apply selective 
suturing for further bleeders using 4/0 or 5/0 vicryl sutures 
that will cause minimal or no damage to the preserved NVBs.

The same five trocars used for the RARP procedure are 
also used for the hernia repair procedure. The epigastric ves-
sels, ductus deferens and spermatic vessels that are the ana-
tomic landmarks of the inguinal region, the hernia defect and 
the hernia sac should be identified at the beginning of the 
procedure (Fig. 46.2). After the indentification of the sac and 
the defect, mobilization, dissection, isolation and reduction 
of the sac are completed with sufficient mobilization of the 
peritoneum (Figs. 46.3, and 46.4). Mesh is kept in its sterile 
box until it is the time to use it for the hernia repair. Surgeon 
decides about the size and the type of mesh material to be 
used for the hernia repair. Before opening sterile mesh, the 
bedside assistant and nurse change their gloves to decrease 
contamination risk and an appropriate size of the mesh is 
chosen according to the defect size and inserted to the abdo-
men via assistant port.

The sterile mesh is introduced into the abdomen through 
the assistant port and is laid over the defect covering com-
pletely. A laparoscopic tacker is applied on the lateral bor-
ders of the mesh to fix the mesh material over the hernia 
defect, to the Cooper’s ligament and the rectus/transversalis 
muscles avoiding the spermatic cord, epigastric and iliac 
vessels (Fig. 46.5). An absorbable suture can also be used to 
fix the mesh instead of using a laparoscopic tacker. It is also 
important to check the triangle of pain that includes femoral 
nerve, genitofemoral nerve and alteral cutaneous nerve of 
thigh.

The decision to cover the peritoneum over the surgical 
field including the mesh material is made according to mesh 
type used. If polyprolene mesh is used, a 3/0 barbed suture is 
used in order to cover and secure the peritoneum over the 
mesh material and Retzius space (Figs. 46.6 and 46.7). A soft 
silicon 24F drain can be inserted into the Retzius space that 
can be removed on postoperative day-1. Lastly, the specimen 
is removed through the supraumbilical port incision, and all 
trocars are removed under direct visualization. Although 
urologists can perform inguinal hernia repair with mesh 

Fig. 46.2 Identification of the landmarks of the inguinal region and the 
hernia defect. Black arrow: epigastric vessels; Red arrow: spermatic 
vessels and ductus deferens

Fig. 46.3 Mobilization, dissection and isolation of the hernia sac 
(arrow: hernia sac)
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Fig. 46.4 Complete reduction of the hernia sac

Fig. 46.5 Covering the area of hernia with the mesh material and fix-
ing it at its corners by applying laparoscopic absorbable tackers

Fig. 46.6 Retroperitonealization of the Retsiuz space in order to 
secure the mesh. Peritoneum is covered over the mesh material by using 
an absorbable barbed suture

Fig. 46.7 Appearance of the completed RARP procedure with right 
sided inguinal hernia repair with mesh application

application in addition to a RARP procedure in the same ses-
sion, taking the opinion and suggestions of the laparoscopic 
and/or robotic general surgeons particularly in large and 
complex inguinal hernias is very useful and increases 
collaboration.

 Postoperative Management

Oral diet with mobilization is initiated after 6 hours postop-
eratively. Most patients are discharged on postoperative 
day-2 or 3 and drains are removed prior to discharge. 
Postoperative cystography is performed on postoperative 
day-7 and if no leakage is observed urethral Foley catheter is 
removed.

 Conclusion

According to literature approximately 10% of patients who 
undergo RP will need a simultaneous IH repair. The overall 
risk of identification of a hernia at the time of prostatectomy 
is 5% in patients without lower urinary tract dysfunction and 
is 20% in patients with moderate-severe lower urinary tract 
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symptoms regardless of prostate size. Concomitant IH repair 
with mesh application during RARP is a safe and effective 
procedure that can be performed following specific precau-
tions are taken.
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47Robot Assisted Partial Prostatectomy 
for Anterior Cancer

Arnauld Villers and Jonathan Olivier

 Introduction

Complications of radical prostatectomy have been well doc-
umented in current literature such as erectile dysfunction, 
chronic urinary incontinence, and the occasional bladder 
neck contracture. These complications arise because of the 
close proximity of the neurovascular bundle and the rhabdo-
sphincter to the surgical dissection plane which increase the 
risk of injury to these structures. Potentially these structures 
could be preserved if surrounding prostatic tissue was indeed 
benign. Another approach to preserve these structures is to 
leave part of the prostate itself free from cancer to obtain a 
margin of benign tissue which protects even more neurovas-
cular bundle and rhabdosphincter. This partial gland ablation 
(PGA) can be performed with thermo-ablative energies or 
radiation or surgery [1]. The goal of PGA is to completely 
ablate target tissue, which in men with prostate cancer is 
malignant, and to delay or altogether avoid radical therapy, 
perhaps indefinitely, through treatment, possible re treatment 
and surveillance [2]. Surgical techniques for PGA are techni-
cally challenging. They need to preserve the vesicourethral 
continuity; So far two different techniques were described. 
Partial anterior prostatectomy and a novel surgical technique, 
the precision prostatectomy.

Robotic partial prostatectomy for isolated anterior cancer 
was reported in 2016 with a 2 years (range 0.5–8) median 
follow up [3]. The technique consisted in a en-block tem-
plate surgical excision of this part of the gland preserving 
intact the posterior-lateral parts of the distal urethra, periph-
eral zone (PZ), and periprostatic tissues Technique was fea-
sible, with excellent functional results and 76% 
biochemical-recurrence free survival at upto 8 years maxi-
mal follow-up. Partial prostatectomy maybe a potential 
option for highly-selected men with anterior cancers who are 
not candidates for focal ablative therapy.

The precision prostatectomy technique reported in 2019 
would allow for maximal prostatic tissue extirpation without 
affecting the functional reserve [4]. In this approach, all 
prostatic tissue is removed except for a 5–10-mm rim of 
glandular (pseudo-capsule) prostate PZ on the side contralat-
eral to the dominant lesion (>90% of prostatic tissue is 
removed). Furthermore, as an additional fail-safe step, the 
remnant prostatic capsule is biopsied intraoperatively to 
ensure the absence of cancer. If cancer is present on frozen 
intraoperative sections, the operation is converted to radical 
prostatectomy.

 APP Patients Selection

Inclusion criteria comprised an MRI-targeted biopsy-proven 
predominant APC based on MRI findings, i.e. at a distance of 
at least 17 mm (biopsy core length) from rectal surface, with 
negative posterior 12 systematic biopsy series (Fig. 47.1). 
Since 2008 on a 12 years period, 28 patients fulfilled entry 
criteria and signed the consent form. This represents roughly 
2 patients/year. in a center performing 150 robotic prostatec-
tomies/year. The first part of the series of 17 patients (2008–
2015) was published in 2016 [3]. Thirteen patients (76%) 
had no progression at 1 year MRI and/or repeat biopsy and 
during follow-up. Four patients (24%) with positive poste-
rior margin had PSA-recurrence at upto 30mo and under-
went an uncomplicated completion robotic prostatectomy, 
with undetectable PSA.  At that time of first analyses, we 
looked for clinical and morphometric criteria which could 
improve the rate of success. The cancer volume density (can-
cer volume at MRI/prostate volume) was the most discrimi-
nant criteria to separate success from failures. The higher the 
prostate gland volume, and the smaller the cancer volume, 
the longest the thickness of safety margin of benign tissue 
posterior to the APC. Out of the 17 cases, 4 cases recurred, 
and 3 of them had cancer volume density < 0.15 and. None 
of the remaining 13 cases who did not recurred/progressed 
had cancer volume density < 0.15. Therefore, for the next 

A. Villers (*) · J. Olivier 
Department of Urology, CHU Lille, Université de Lille,  
Lille, France
e-mail: arnauld-villers@univ-lille.fr

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
S. Ren et al. (eds.), Robot-Assisted Radical Prostatectomy, https://doi.org/10.1007/978-3-031-05855-4_47

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-05855-4_47&domain=pdf
mailto:arnauld-villers@univ-lille.fr
https://doi.org/10.1007/978-3-031-05855-4_47


374

a b

Fig. 47.1 Schematic view of the prostate. (a) Sagittal and (b) 
Transverse at the mid-gland. The red dotted line shows the dissection 
plane of the APP. The average APC anterior to urethra and in the ante-
rior fibro-muscular stroma (AFMS) is depicted in green. The protocol 
comprises en-bloc template excision of the anterior part of the prostate 

including the AFMS, prostate adenoma (TZ and median lobe) with the 
proximal urethra (PU), the anterior part of the distal (sub-montanal) 
urethra (DU), the most anterior apical parts of the PZ, and the anterior 
bladder neck (BN)

patients we excluded cases with cancer volume den-
sity  <  0.15. The rest of the exclusion criteria comprised 
MR-documented APC located within 5 mm of the posterior 
TZ boundary, GS ≥8, clinically significant cancer outside 
the APC or in the PZ lateral horns and previous local or sys-
temic therapy. PSA, was not used as a criteria provided the 
cancer was localized at imaging. All patients underwent PSA 
monitoring at 3 and 6 months and then 6-monthly and MRI 
at 6–12 months. At 6 months, protocol-based 12-core and/or 
targeted biopsies were performed in the first 7 patients; since 
biopsies were negative when MRI was not suspicious, only 
for-cause biopsies were performed in the remaining 21 
patients. Self-administered questionnaires assessed urinary 
function (IPSS), continence (ICS1-2) and potency (IIEF-5) 
at months 6 and 12. In case of cancer progression, from 
index tumor or de novo cancer in the PZ, robotic completion 
of prostatectomy was performed.

Step-by-Step description with video was described in 
2016 [5]. APP was performed in all cases in 5 steps in the 
following order.

Patient positioning and robotic approach. All proce-
dures were performed using a Da Vinci surgical system 
(Intuitive Surgical, Sunnyvale, CA, USA) in the four arm 
configuration via a transperitoneal approach. Patient posi-
tioning and port placement were identical to transperitoneal 
RARP procedure. Prevesical space was developed. Surgical 
protocol comprised en-bloc template excision of the anterior 
part of the prostate comprising of the anterior fibromuscular 

stroma AFMS, prostate adenoma Transition zone (TZ) and 
median lobe with the proximal urethra, anterior part of the 
distal (sub-montanal) urethra and the anterior bladder neck. 
Postero-lateral PZ and peri-prostatic tissues were preserved 
intact. (Fig. 47.1).

Retrograde dissection of PZ and TZ at the apex. The 
prostate was exposed leaving the fatty tissue anterior to the 
gland to avoid anterior positive margins at this level 
(Fig. 47.2). A 1 cm opening of the endopelvic fascia was per-
formed on each side at the prostato-urethral junction. 
Neurovascular bundles were not exposed, since the plane of 
dissection remains anterior to the 3 and 9 o’clock location 
and lateral to the urethra. Dorsal venous complex was 
secured and divided (Fig. 47.2). The anterior half of urethra 
was transected at apex. Lateral walls of distal urethra length 
as well as PZ lobes were divided, at 3 and 9 o’clock with 
cold scissors using a retrograde approach without significant 
bleeding requiring hemostasis. Apical TZ lobes were also 
enucleated up to the verumontanum. The verumontanum and 
posterior half of urethra and PZ were maintained intact.

Antegrade dissection of TZ lobe at bladder neck. 
Anterior and posterior bladder neck was divided. The speci-
men was retracted anteriorly. Ureteral orifices were exposed. 
Posterior bladder neck incision was made up to the glandular 
surface of adenoma. Adenoma enucleation plane was devel-
oped bluntly and sharply, posteriorly up to the verumonta-
num. The anterior and anterolateral aspects of adenoma 
lobes were not enucleated. The anterior and anterolateral 
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Fig. 47.2 Sagittal section of 
prostate, bladder, seminal 
vesicles, urethra and 
periprostatic fascia. The 
average APC is depicted in 
green. The red dotted line 
shows the dissection plane of 
the APP. Step 1 [1], retrograde 
(R): division of dorsal venous 
complex (DVC) (1—arrow) 
and anterior half of the 
urethra at the apex (Step 
2—arrow). Step 3, antegrade 
(A): division of the anterior 
BN (3—arrow), division of 
the posterior neck and median 
lobe enucleation (4—arrow). 
BW bladder wall, DA detrusor 
apron, DU distal urethra, VPF 
ventral endopelvic fascia, FC 
Foley catheter, ML TZ median 
lobe, PS pubic symphysis, PU 
proximal urethra, RUM 
rectourethralis muscle, RW 
rectum wall, SS striated 
sphincter, SV seminal 
vesicles, VM verumontanum

aspects of adenoma were not dissected which allowed us to 
keep the anterior attachments to the AFMS intact (Fig. 47.2).

Lateral sectioning of PZ. The lateral parts of the PZ 
were divided at mid-gland, and specifically excised along a 
coronal plane crossing the verumontanum. This was joined 
to the previous retrograde adenoma enucleation plane and 
PZ sectioning at mid-gland along the incision line (Fig. 47.1). 
The specimen was placed in a bag and extracted for patho-
logic evaluation. Inspection of the remaining part of PZ was 
made to assess hemostasis in the prostatic bed, and to evalu-
ate any residual adenoma lobules were remaining. Edges of 
the PZ were located.

Bladder suturing to urethra and PZ. Reconstruction 
was performed by suturing the edges of the bladder opening, 
and advancing an anterior bladder flap to the anterior remain-
ing half of the urethra using two 3/0 V-lock running sutures. 
The bladder neck was then sutured to the edges of PZ to 
obtain a watertight urethro prostatovesical anastomosis. An 
18 French Foley catheter was left for 7 days without irriga-
tion. A suction drain was placed in the retropubic space.

Robotic completion of prostatectomy was performed in 
7 cases due to cancer recurrence. In these cases complete 
nerve-sparing prostatectomy was performed as during RARP 

procedure. Anterior aspect of bladder wall was divided at the 
level of the PZ upper limit at a distance of 3 cm from the 
urethral rhabdosphincter. The endopelvic fascia was incised 
laterally, and a margin of the bladder wall covering PZ (pre-
viously sutured to PZ lateral edges) was excised to ensure 
removal of APC recurrence site. Posterior bladder neck was 
then divided and posterior and lateral dissection of PZ per-
formed. Urethral wall was incised as the prostate-urethral 
junction at the level of previous bladder suturing.

 Results

The current series comprises 25 patients, including the 14 
cases with cancer volume density  <  0.15 from the first 
analyses; Median PSA was 11 ng/ml (IQR: 7–12). Median 
prostate volume was 63 cc (IQR: 46–71). Median cancer 
volume at MRI was 2.11 cc (IQR: 0.97–3.67). No intra-
operative complications were identified during APP or 
salvage RARP.  Perioperative complications included 
Clavien-Dindo grade II only. These complications were as 
follows: anastomotic leak (12%), urinary tract infection 
(6%), and transient intestinal ileus in one case (6%). At 
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3  months, continence and potency rates were 92% and 
83%, respectively. At 12  months, continence rate was 
96%. Median nadir PSA was 0.4 ng/ml (IQR: 0.24–0.68). 
For the whole series of 25 patients full filling the modified 
exclusion criteria, at a median follow-up of 6  years, 4 
patients recurred/progressed at 2, 3, 6 and 4 years respec-
tively. All but one had undetectable PSA after salvage 
completion radical prostatectomy. One patient had a posi-
tive margin at the level of the APC site recurrence at the 
posterior bladder neck, resulting in a detectable PSA at 
0.33  ng/ml post-operatively. Salvage radiation therapy 
was performed.

 Discussion

Our initial experience with robotic APP demonstrated that 
the technique is feasible and safe. The technical challenge of 
partial prostatectomy is not at the apex or at the antero-lateral 
aspect of the gland where the dissection planes are similar to 
RP; the challenge is to ensure negative margins postero- 
laterally at PZ site. This is why we modified the selection 
criteria in 2016, taking into account cancer density at 
MRI. The specific role of prostate volume in the technique 
was not prospectively evaluated. However, as for open sim-
ple prostatectomy, the enucleation plane is easier to find and 
develop in high volume glands (>40–50 cc).

 Conclusion

Our results of anterior partial prostatectomy show good 
functional results and 21 out of 25 patients are under remis-
sion at a median follow-up of 6 years. Technique is reversible 
to whole gland prostatectomy. One patient had biological 
recurrence after completion radical prostatectomy. These 
results validate the concept of surgical partial gland ablation 
for these APC.
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CK Creatine kinase
CO2 Carbon dioxide
CT Computerized tomography
DVT Deep venous thrombosis
ICP Intracranial pressure
PE Pulmonary embolism
RALP Robot-Assisted Laparoscopic Radical Prostatectomy

 Complications of Patient Positioning

Patient positioning has been widely studied due to its critical 
role in preventing complications even before the surgical pro-
cedure has started [1]. The surgical team must have a deep 
understanding of the potential complications from various 
positions. To increase effectiveness, having the same team 
position the patient for every surgery is recommended [2].

Postoperative complications due to positioning can go as 
high as 13% of patients undergoing robotic-assisted laparo-
scopic radical prostatectomy (RALP) [1]. Most of them 
being postoperative pain and neuromuscular injuries [3]. In 
an extensive multi-center review, the most common injuries 
identified were abdominal wall neuralgia, sensory and 
motor nerve deficit, rhabdomyolysis, shoulder pain, and 
back pain [4].

During RALP, lithotomy and 30° Trendelenburg position 
are required to allow adequate pelvic exposure. This steep 
head-down position for several hours can cause significant 
changes in cerebral hemodynamic physiology and increase 
intracranial pressure (ICP). Postoperative corneal abrasions 

have been observed in 0.1–0.6%, together with postoperative 
ischemic optic neuropathy (Fig.  48.1). Careful monitoring 
should be done to prevent delirium as well as short-term cog-
nitive changes postoperatively [5, 6].

Safe fixation of the patient by increasing support and 
well-distributed friction using a soft mattress is mandatory to 
avoid sliding. Vacuum mattresses may also be used. However, 
unnoticed gas leakage may lead to compression injuries [7]. 
Sliding-associated complications include incisional wound 
tear, postoperative incisional hernia, and increase postopera-
tive pain due to overstretching of the abdominal wall. Other 
maneuvers used in the past to prevent sliding, such as shoul-
der and body straps, restraints, or headrests, should be 
avoided.

During the preoperative assessment, protective padding is 
intended to protect the patient from peripheral neuropathies 
and muscle compression injuries (Fig. 48.1). In severe cases, 
muscle compression may lead to rhabdomyolysis and com-
partment syndrome, with incidence being particularly higher 
in patients with cardiovascular risk factors such as obesity, 
diabetes, hypertension, or peripheral vascular disease and 
those placed in Trendelenburg position for extended periods 
of time. These patients should be meticulously evaluated 
clinically and have an immediate assessment of serum creati-
nine and creatine kinase (CK) levels in order to prevent renal 
damage [8].

It is crucial to use well-padded armrests designed explic-
itly for Trendelenburg positioning to distribute the patient’s 
weight evenly. Generally, these cushions have a notch stabi-
lizing the patient’s head without compression and limiting 
rotation or lateral flexion of the neck, preventing brachial 
plexus neuropathies [9].

The arms should be in an anatomically neutral position, 
limiting abduction of the arm to 90° and flexion/extension of 
the elbows and hands, preventing any excessive nerve 
stretching [10, 11] (Fig. 48.1).

Sciatic nerve injury has been reported in up to 1% of 
cases due to lower extremity overextension and separation of 
30° during extreme lithotomy [12]. Considering the sciatic 
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Fig. 48.1 Complications of Patient Positioning. Schematic drawing represents patient positioning-related complications, including corneal abra-
sions, muscle compression injuries, and brachial plexus, ulnar, radial, and common peroneal neuropathies
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nerve or its branches cross both the hip and the knee joints, it 
is important to assess these joints’ extension and flexion 
when determining the degree of hip flexion. When possible, 
excessive stretch of the hamstring muscle group should be 
avoided. Most nerve injuries are caused by stretching rather 
than direct nerve transections during the surgery itself [4]. In 
addition, specific padding to limit the pressure of a hard sur-
face against the fibular head may be used to decrease the risk 
of peroneal neuropathy (Fig. 48.1).

Periodic perioperative assessments may be performed to 
ensure maintenance of the desired position. Of note, postop-
erative pain in the areas described should serve as a warning 
sign.

Care must be taken with the position and movement of the 
robotic arms during surgery, especially when one of the arms 
is placed outside the field of view. The drape must be kept 
free of surgical instruments as unrecognized compression 
injuries can occur, leading to intramural hematomas or 
thrombosis due to blood stasis.

Face masks, metallic bars, foam pads, and glasses can be 
used to protect the patients from any injury on the face and 
eyes due to the robotic ports’ proximity.

 Complications During Port Positioning

An essential component for performing a safe and effective 
robotic surgery is optimal port placement. Although compli-
cations associated with port-site placement are rare, devas-
tating consequences can be seen, with most injuries involving 
either visceral or vascular organs. Ideally, the best method to 
manage those complications is prevention [13].

A pre-incisional checklist should be done to rule out any 
equipment malfunctions and the availability of all necessary 
resources, including preparation for open conversion [14].

 Access Complications

Blind Veress needle insertion and insufflation followed by 
the blind camera trocar placement is the technique most 
widely used. Abdominal wall scars should be avoided as 
excessive force may be required, and adhesions can be pres-
ent beneath these scars. The Veress needle should be inserted 
by bracing the hand on the patient to avoid pushing too deep, 
commonly at 2 cm above the umbilicus. The angle of inser-
tion can vary from 45° in non-obese patients to 90° in those 
who are obese. The double-click test indicates the two resis-
tance points (anterior and posterior rectus fascia). After pass-
ing through the second point, an aspiration and hanging drop 
test are used to identify any vascular or visceral lesions and 
verify the intraperitoneal position [14].

Next, the needle is attached to an insufflator, and the CO2 
opening pressure should be <10 mmHg if it is appropriately 
placed. Flow rate must be low until a symmetrical distention 
is well-documented. Then a 12–15  mmHg pneumoperito-
neum is established. The camera trocar is then carefully 
introduced, and immediate camera inspection is done for 
early injury identification.

In patients with history of previous abdominal surgeries 
with presumed adhesions, an open laparoscopic trocar place-
ment is recommended.

 Vascular Injuries

The incidence of vascular injuries during access is low, with 
an estimated incidence of 0.03–0.3% [15]. Major or unrec-
ognized vascular injury may cause a significant increase in 
morbidity and mortality. Most vascular injuries are caused 
by the Veress needle or the initial trocar placement, as these 
are often performed without visual confirmation. The most 
common vessel injuries are those located in the abdominal 
wall, particularly epigastric vessels. Otherwise, intra- 
abdominal vascular injury sites include the iliac vein, greater 
omental vessels, inferior vena cava, aorta, pelvic vessels, 
superior mesenteric veins, and lumbar veins [16].

Trendelenburg position should be avoided until port 
placement is completed because it causes promontory rota-
tion and places the aortic bifurcation closer to the umbilicus, 
increasing the likelihood of vascular injury.

Direct compression of the bleeding site is the quickest 
and safest way to gain initial control of blood loss, especially 
with a venous injury. Small, non-expanding lesions can be 
managed with clips or pinpoint electrocautery. Increasing 
pneumoperitoneum pressure by up to 5–10  mmHg higher 
can be helpful, but frequent monitoring during the entire pro-
cedure is recommended as lesions partially controlled can 
rebleed. In those cases where cautery or clips are not suffi-
cient, a figure-of-eight suture should be placed for adequate 
control.

If the hematoma expands, additional trocars should be 
placed, and the system docked. Robotic-assisted immediate 
repair with exploration and bleeding site exposure should be 
the preferable approach. Alternative strategies include com-
pression, gauze insertion, and U stitches using a suture 
passer. Also, a Foley catheter can be inserted and inflated, 
doing gentle traction to tamponade the bleeding site [13] 
(Fig. 48.2). If the robotic attempt is not successful, the bleed-
ing site is challenging to detect, or the patient is unstable, a 
prompt laparotomy should be performed.

Of note, at the end of the procedure, all ports should be 
visualized after trocars removal to ensure that there is no 
bleeding that was tamponade by the trocar itself.
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Fig. 48.2 Foley Catheter Balloon Tamponade. Schematic drawing shows balloon tamponade for temporary bleeding control after an abdominal 
wall vessel injury

Fig. 48.3 Visceral Injury. Schematic drawing depicts trocar visceral 
injury, and secondary trocar placement to explore, and determine the 
extent of injury

 Visceral Injuries

Bowel injuries during port placement are uncommon, rang-
ing from 0.04% to 0.09%. However, 30–50% of them are not 
recognized intraoperatively, leading to a mortality rate of up 
to 30% [17, 18]. Once identified, it must be repaired. The 
trocar should be left in place, and another trocar should be 
inserted to explore and determine the extent of injury 
(Fig. 48.3). Depending on surgeon expertise and defect size, 
a primary intracorporeal closure can be done with a purse- 
string or double-layer suture. Alternatively, the bowel can be 
externalized and repaired through a small incision. Major 
injuries requiring bowel resection can be managed by sta-
pling or may require laparotomy.

Colon injuries should be immediately treated by primary 
repair, in which case drainage is always recommended. The 
decision to perform primary anastomosis or colostomy 
should be individualized considering the patient’s condition 
and the primary procedure to be performed.

Liver or spleen injury management includes compres-
sion primarily using an instrument or by introducing gauze 
into the abdominal cavity. Increasing the pressure of the 
pneumoperitoneum may help control hemostasis in venous 
injuries. The use of dry hemostatic agents or thrombin seal-
ants should be considered if bleeding control is not 
achieved. Suture use should be carefully assessed as it 
could cause larger tears.

Bladder injuries may also occur. The use of a Foley cath-
eter may reduce the risk of injury and allow early diagnosis 
by air or blood in the collection bag. The diagnosis is made 
by instilling dye into the bladder. If the damage was caused 
by a Veress needle and is less than 5 mm, it can be managed 

by leaving a Foley catheter up to 10 days. More extensive 
injuries will require primary two-layer closure.

 Secondary Trocar Placement Complications

Subsequent trocars must always be placed under direct 
vision. The optimal sites of trocar placement should be 
marked after a full pneumoperitoneum has been established. 
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Transillumination may help visualize subcutaneous vessels; 
however, the epigastric vessels at the rectus muscle’s lateral 
border are often undetectable.

After placement of the camera, adhesions are identified 
and avoided. The degree of adhesions is unpredictable, rang-
ing from extensive after previous minor surgeries to nonexis-
tent despite major abdominal interventions. If adhesions are 
present, subsequent trocars are placed in a position that 
allows manual laparoscopic adhesiolysis.

Despite direct port placement visualization, vascular 
injury can still occur. Lower abdominal wall vessels, notably 
inferior epigastric vessels, and intra-abdominal (aorta or iliac 
vessels) can be involved in 35% and 30% of cases, respec-
tively [19].

 Intraoperative Complications

 Bowel Injury During Instrument Exchange

Robotic-assisted surgery occurs with the primary surgeon 
working on the console, apart from the operating table. 
Therefore, many steps must be synchronously performed 
with the bedside team, generally, another surgeon, scrub 
nurse, or surgical physician assistant. Most surgical proce-
dures require a variety of instruments to accomplish each 
step. Hence, a constant exchange between the instruments 
has to occur [20].

During instrument insertion, a bowel injury can occur as 
previously mentioned; this is preventable by following the 
simple rule of inserting any instrument always under direct 
visualization. Some robotic platforms have instrument 
exchange memory where the instrument returns to just short 
of its previous location, but this may not always be reliable. 
Manual repositioning of the robotic arm resets this memory 
when the new instrument is inserted, causing it to go further 
than expected and cause an organ lesion, most commonly a 
bowel injury. If a bowel injury is suspected, careful inspec-
tion of the bowel surface must follow. If it is recognized, it 
must be properly managed depending on the extent of the 
damage.

 Vascular Lesions

Arterial injuries are prevented by understanding the dissec-
tion boundaries and the specific risky steps that involve the 
iliac vessels. If an arterial injury occurs, immediate clamping 
with a grasper should follow. Gauze can be passed through 
one of the assistant ports for compression. Clip placement 
may be helpful, but this cannot be blindly placed, as it could 
represent a risk for a future complication. Suturing may be 
necessary if entry into a larger arterial vessel occurs. If 

hemostasis is not achieved by the described methods, the 
bedside team can apply external compression to momen-
tarily control the bleeding while the surgical team prepares 
for conversion to open surgery.

Generally, a venous lesion can be controlled by increasing 
pneumoperitoneum up to 25 mmHg; this should be the first 
maneuver to attempt after recognition. If pneumoperitoneum 
alone does not resolve the bleeding, the following most cru-
cial step is the visual identification of the vein’s particular 
injury site to achieve hemostasis by clip or suture ligation. It 
is recommended to limit suction as this could significantly 
decrease pneumoperitoneum. In an iliac vein injury, ipsilat-
eral sequential compression devices should be stopped to 
avoid worsening the bleeding and allow appropriate control. 
If it is difficult to determine the exact location of the injury, 
temporary clamping of distal branches may allow a window 
of no bleeding to determine the lesion location. Venous 
injury complications rarely go beyond this point. However, it 
is always recommended to be prepared to escalate the 
decision- making process in real time.

 Rectal Injury

Rectal injury is an infrequent complication of RALP, gener-
ally reported in <1% of the procedures [21]. The vast major-
ity occurred during the early phase of the surgeon’s robotic 
learning curve. It can be avoided by limiting aggressive elec-
trocautery and blunt dissection during the posterior plane 
dissection that occurs just above the rectum. If a rectal injury 
is recognized, closure of the defect with a 3-0 V-Loc suture 
in two layers is recommended as depicted in the picture 
(Fig. 48.4). It is crucial to make sure the edges of the injury 
are well vascularized, and this could be ensured using indo-
cyanine green. It is also essential to be aware of the rectal 
lumen diameter during the repair as rectal stenosis and stric-
ture are possible complications. A chest tube inserted in a 
retrograde fashion while placing the sutures can ensure 
proper diameter, or a rectoscopy can be performed by another 
team simultaneously. Some authors recommend the interpo-
sition of tissue between the rectum and the bladder to avoid 
the possibility of rectovesical fistula development, seen in 
1% of the cases [22].

 Obturator Nerve Injury

Obturator nerve injury is an uncommon complication of 
RALP reported in 0.2–5.7% of the cases [23]. The injury 
occurs due to the proximity of the nerve to the nodal packet. 
It can be preventable by clearly separating the bladder pedi-
cle from the lateral pelvic wall and ensuring that the obtura-
tor nerve is always visualized. Generally, an obturator lesion 
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Fig. 48.4 Rectal Injury Repair. Schematic drawing exhibits a rectal repair in a two-layer running fashion with 3-0 V-Loc suture after iatrogenic 
injury during posterior plane dissection

could be caused by direct thermal injury, stretching, or 
transection.

In pelvic lymph node dissection, visual identification at 
every step is critical to avoid blind use of electrocautery and 
direct thermal damage. Stretching nerve injury generally 
occurs due to forceful traction of the tissues. Therefore, gen-
tle management of them is encouraged. A total or partial 
transection could happen as the lymph node dissection 
occurs.

All these lesions may result in neuropraxia, characterized 
by gait disturbance, weakness, and atrophy of the adductor 
muscles. If identified intraoperatively, the best way to man-
age is by approximating and suturing both ends of the nerve 
together. In some circumstances, they will not reach each 
other if the patient is supine and extended; for these cases, 
thigh flexion may help reduce tension. Otherwise, a neural 
graft has to be used.

 Urinary Tract Injuries

The incidence of ureteral injury during RALP is reported in 
<1% of cases [24–26]. Some steps pose a risk for uninten-
tional ureteric injuries to occur. During the downward dis-
section between the prostate and the bladder in the anterior 
approach, the bladder neck can be injured if the detrusor 
muscle thickness is reduced. Therefore, it is crucial to con-
stantly check detrusor muscle thickness while performing 
this dissection. If a bladder neck lesion happens, it is recom-
mended to close the defect with a 3-0 V-Loc suture and do 
not remove the urethral catheter before a cystogram is per-

formed to rule out any urinary leak. Less frequently, a large 
defect could compromise the ureteric orifices. In this case, 
both ureters should be stented with double J stents to remain 
in place for at least 21 days. Again, a cystogram is mandatory 
before catheter removal.

The posterior approach for radical prostatectomy 
described by Guillonneau et al. poses a significant risk to the 
distal ureter during the seminal vesicles’ dissection. If there 
is no proper identification of the structures, the distal ureter 
can be confused for the seminal vesicles as they lie posterior 
to the vas deferens. Distal ureteral injuries can be partial or 
complete. If a partial ureteral injury is intraoperatively iden-
tified, a ureteral stent placement followed by suture with 5-0 
Monocryl is recommended. If there is a complete transection 
of the ureter, ureteral reimplantation will be the next step.

Lastly, during extended lymph node dissection of the pel-
vic lymph nodes, the middle third of the ureter can be injured. 
This type of injury occurs as the ureter runs with the psoas 
muscle and crosses anterior to the common iliac vessels at 
the bifurcation level. To prevent this, it is vital to visualize 
the ureter at all times during pelvic lymph node dissection.

 Complications from Technical Errors 
and Robotic Malfunction

 Electrocautery or Thermal Energy Injuries

A robot is still a machine with mechanical parts and acces-
sories, and their errors or malfunction can cause significant 
injuries. Monopolar instruments failure such as tip cover 
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Fig. 48.5 Electrocautery or 
Thermal Energy Injuries. 
Schematic drawing represents 
a thermo-electrical injury due 
to cover tip failure

failure can result in dissipation of monopolar electrical cur-
rent leading to significant damage [27]. Blood vessels and 
intestinal injury can be caused directly by electrosurgical 
arcs and thermal energy (Fig.  48.5). These electrical arcs 
may go over from the tip of the scissor to the non-isolated 
parts of the instrument or to a suction cannula, leading to 
visceral or bowel injury. Therefore, surgeons must take 
greater care and ensure the insulation’s integrity, preventing 
broad dissipation of monopolar electric current, allowing a 
safe dissection in proximity to blood vessels, nerves, and 
bowel.

 Instrument Malfunction

Different events of instrument malfunction can occur before 
or during surgery. Breaking of the endo-wrist wire and 
instrument jaws is the most common scenario of instrument 
malfunction. In cases where this happened, the instrumenta-
tion can be removed without difficulty [28]. Other common 
events that can be encountered are broken or disintegrated 
instruments, which can get lost intra-abdominally during 
surgery. In many cases, the broken instrument is easily 

retrieved with graspers. If the instrument cannot be simply 
visualized, imaging techniques as fluoroscopy can facilitate 
the location. Lastly, if fluoroscopy fails or is unavailable, 
open conversion is necessary to retrieve the part [29].

 Needle Loss

Intraoperative retained instruments have been reported in up 
to 0.11% of the surgical cases. One in five surgeons will 
encounter needle loss during surgery over their entire profes-
sional career [30]. For this reason, needle loss is an important 
matter. Needle loss during robotics procedures can occur, 
and the retrieval can pose a challenge due to laparoscope 
visual field limitation.

In order to avoid this situation, preventive measures can 
be followed. Ideally, only one needle at a time inside the cav-
ity, except in cases when double-armed sutures are used. 
Besides, a needle holder must be used instead of a grasper 
for needle insertion or retrieval. Needle retrieval and counts 
should be confirmed verbally; therefore, clear communica-
tion between the surgical team is essential in these 
scenarios.
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In cases of needle loss during surgery, it is imperative to 
avoid any instrumental movement that may lead further hid-
denness of the needle. During the searching process, exami-
nation of the surgical field by quadrants must be performed, 
starting in the last area manipulated. If there is no presence of 
the needle, a systematic inspection of the rest of the abdomi-
nal quadrants is done. If still not found, a searching process 
outside the abdominal cavity, including the operating room 
floor, is done. On the other hand, the trocar’s lumen and suc-
tion devices should be inspected and, in some cases, even 
X-rayed. Lastly, fluoroscopy imaging or abdominal X-ray can 
be used. Moreover, magnetic searching devices have been 
reported to locate and aid in needle retrieval [30, 31].

 Final Steps Consideration

During case finalization, there are some considerations the 
surgeons should make. Subcutaneous emphysema should be 
assessed, as it can easily be misled with generalized edema. 
Pneumoperitoneum must be reduced by 5 mm Hg to inspect 
for bleeders masked by high levels of insufflation pressures. 
Finally, the scrotum should be free of gas to avoid epider-
molysis and skin lesions.

 Postoperative Complications

The first three hours postoperative are the most crucial to 
assess the patient exhaustively, owing to the fact that early 
postoperative complications are the most common complica-
tions encountered. The overall incidence of postoperative 
complications is 1.9–9% [24, 32].

Assessment includes:

• Vital signs
• Inspection of skin coloration
• Level of consciousness
• Character and volume of catheter and drain outputs
• Abdominal tenderness

 Hemorrhage

The incidence reported for blood transfusions is less than 
1.5% [24, 32]. Blood transfusions represent the most critical 
immediate complication seen in the open approach. 
Indications for transfusions and reintervention are based on 
clinical findings. This is particularly important in patients 
presenting with hypotension, tachycardia, and abdominal 
distension, where immediate reintervention is the standard of 
care.

A CT scan with contrast will aid in determining the 
urgency of reintervention for patients experiencing postop-
erative hemorrhage, evidenced by a decrease in hemoglobin 
levels. In cases when active bleeding is encountered, reinter-
vention is imperative. In contrast to cases where active bleed-
ing is not present, the necessity of re-intervention is decided 
by the hematoma’s size and location.

 Urinary Anastomotic Leakage

Vesicourethral anastomotic leaks are one of the most com-
mon short-term complications of radical prostatectomy, with 
an incidence reported of 0.3–15.4% [33]. Increased drain 
output is the initial sign of urinary leakage. However, 
increased output can be indicative of ureteral injury as well. 
Therefore, to differentiate the origin between anastomotic 
leakage or ureteral injury, cystography is the easiest assess-
ment method. A cystography shows either partial or total dis-
ruption of the anastomosis. Furthermore, to differentiate 
urine leak from an anastomosis or a ureteral lesion, the gold 
standard is a CT urogram. In order to confirm the presence of 
urine drainage, drain fluid creatinine must be higher than 
serum creatinine.

Retrograde pyelogram is an alternative method that adds 
the benefit of identifying and treating ureteral lesions. In 
cases where the defect is minor, and guidewire passage is 
possible, ureteral stent placement for 4–6 weeks is the treat-
ment to follow. But, if retrograde pyelogram shows a larger 
defect, or in cases when the passage of a guidewire is not 
achievable, reintervention, combined with percutaneous 
renal drainage, is imperative.

 Port Site Hernia

Port site hernia is a rare but existing complication with an 
incidence reported ranging from 0.04% to 0.47% due to mul-
tiple incision sites and large trocars [34]. For this reason, fas-
cia should be closed on ports larger than 10  mm as a 
preventative measure. However, 5–8  mm port-site hernias 
have been described in the literature due to a cone effect in the 
abdominal incision caused by the trocar’s movement [14].

 Stricture and Bladder Neck Contracture

Stricture and bladder neck contracture represent an uncom-
mon, late complication following radical prostatectomy, 
with an incidence of 0.7–1.4%, presenting with symptoms of 
urinary retention [34–37]. To avoid the incidence of these 
complications, an ideal mucosa-to-mucosa, watertight, and 
tension-free anastomosis should be made.
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 Lymphoceles

Lymphoceles are considered the most common long-term 
complication, with an incidence of up to 50% in patients who 
underwent RALP with pelvic lymphadenectomy [38]. Pelvic 
pain, pressure, leg edema, thrombosis formation, and even 
abdominal distension are typical signs. Lymphatic collec-
tions are diagnosed with ultrasound. Doppler sonography of 
the lower extremities should exclude deep venous thrombo-
sis (DVT) [39, 40]. The modality of choice to treat lympho-
cele is CT-guided percutaneous drainage. Those who do not 
resolve or continue to recollect after drainage, may require a 
laparoscopic fenestration [41].

 Thromboembolic Events

Thromboembolic events refer to those complications caused 
by a triad of predisposing factors, such as Virchow’s triad 
(hypercoagulability, venous stasis, endothelial injury), spe-
cifically DVT, which can lead to pulmonary embolism (PE). 
They have been reported in <1% of the cases [24]. 
Nonetheless, prophylaxis is recommended with low molecu-
lar weight heparin and compressive devices.

 Conclusions

Robotic-assisted laparoscopic prostatectomy represents a 
safe and feasible procedure in experienced surgeons. 
Complications are inherent to surgery, yet immediate recog-
nition and reporting contribute significantly to the prevention 
of complications during the surgeon’s learning curve in addi-
tion to improving patient outcomes.
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49Functional Recovery After RALP: 
Erectile Function

Giacomo Rebez, Ottavia Runti, Michele Rizzo, 
Giovanni Liguori, Andrea Lissiani, and Carlo Trombetta

 Introduction

The radical prostatectomy is associated with different grades 
of erectile function loss due to the damage of the autonomic 
cavernous nerves injured during the surgery because of their 
anatomical position [1]. The reported incidence of long-term 
erectile dysfunction (ED) after radical prostatectomy ranges 
from approximately 14–90% [2]. In recent years, the new 
laparoscopic and robotic-assisted techniques have estab-
lished their role in prostate cancer surgery, with a compara-
ble or even slightly lower reported erectile dysfunction 
incidence of 7–33% [3]. The concept of erectile function and 
potency has eventually changed during the past two decades, 
after the introduction of Sildenafil on the market in 1998. 
The ‘Viagra’ has played an important role in the awareness 
of the erectile function for both men and society itself. 
Nowadays, patients are aware of different therapeutic choices 
over erectile dysfunction and are more demanding and con-
scious of them [4]. As awareness of potency was growing in 
the last two decades so was mini-invasive surgery that has 
changed the surgical approach to radical prostatectomy [5].

Robot-assisted radical prostatectomy (RALP), is a well- 
established method for treating localized prostate cancer, 
and potency outcome has become an important outcome 
both for patients and researchers. Over the last 10 years, the 
diagnostic pathway of prostate cancer has changed signifi-
cantly by the advent of multiparametric magnetic resonance 
imaging (mpMRI) which is the best technique to detect and 
localize suspicious areas for clinically significant prostate 
cancer, and it allows performing MRI targeted biopsy [6]. 
Therefore, many patients have a diagnosis of prostate cancer 
at an early stage and mini-invasive procedures can be easily 
performed. The ability to have a satisfactory erection and 
sexual function play a significant role in the overall quality 
of life of patients and their partners.

 Pathophysiology of ED After Radical 
Prostatectomy

The surgical removal of the prostate gland provokes damage 
to the neurovascular mechanism that initiates the erection 
causing the ED. The nerve-sparing technique is the result of 
an evolution of radical prostatectomy started 30 years ago. 
During this procedure, a postoperative defect in sexual func-
tion is usually common. However, patients are usually 
impaired in the early postoperative period recovering the 
erectile function in the next months. This happens because of 
a neuropraxia provoked on the neurovascular bundles during 
the surgical dissection. The mechanism of cavernous nerve- 
fibre injury in part involves, Wallerian degeneration with a 
loss of normal nerve tissue connections to the corpora caver-
nosal and associated neuroregulatory functions. Both of 
these processes cause cavernosal tissue degeneration and 
atrophy [7, 8]. Besides, some authors implicate arterial insuf-
ficiency as a possible contributory cause of ED. Polascik and 
Walsh reported that the preservation of the accessory puden-
dal artery was associated with a significant increase in 
potency rates. They showed that the time for recovery of a 
spontaneous erection was significantly less in the vascular 
preservation group [9]. ED in patients with arterial insuffi-
ciency is most likely provoked by collagen accumulation and 
the resulting fibrosis which provoke venous leakage. The 
contribution of prolonged tissue hypoxia to permanent ED to 
date remains open to further investigation [10].

In summary, ED after radical prostatectomy is likely to 
have a multifactorial aetiology and also a psychological 
component. Altered vascular factors and neuropraxia lead to 
absence of erection and therefore absence of oxygenation of 
cavernosal tissue. Penile hypoxia is the most important pre-
cipitating factor in cavernosal fibrosis [10] which with the 
collagen accumulation may result in a veno-occlusive dys-
function [11].
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 Robotic Surgery

It seems that adequate surgical technique during neurovascu-
lar bundles preservation leads to a successful recovery of 
erections in patients with good preoperative sexual function 
[12]. A focal point of both techniques is the nerve-sparing 
surgery. Nerve-sparing can be unilateral or bilateral but 
clearly, bilateral nerve-sparing has been proven better than 
unilateral (see Table  49.1). There are numerous different 
nerve-sparing surgical techniques. Different approaches in 
RALP and different techniques are mainly related to the sur-
gical anatomy of periprostatic fascia and their role in ED 
after RALP.

 Robotic Nerve-Sparing Surgery: Anatomy

Walsh and Donker initially described the dorsolateral loca-
tion of the neurovascular bundle (NVB) and proposed its 
contribution to potency in 1982 [13] and subsequently devel-
oped the technique of anatomic nerve-sparing radical prosta-
tectomy to preserve postoperative potency in patients [14]. 
Recently, many studies have updated the anatomical knowl-
edge of cavernous nerves and the classically described NVB, 
given that periprostatic nerves disperse on the ventrolateral 
and dorsal surfaces of the prostate, instead of in a confined 
single dorsolateral “bundle.” [15]. Such dispersion of peri-
prostatic nerve fibres can range up to the 2 o’clock and 10 
o’clock positions over the lateral prostate [16]. Inoue et al. 
evaluated the distance between cancer and the NVB at the 
classical 5 o’clock and 7 o’clock position in prostates with-
out nerve-sparing. In patients without extra prostatic exten-
sion, they found a mean distance of 3.3  mm (standard 

deviation [SD]: 2.6), 3.4 mm (SD: 2.7), and 3.7 mm (SD: 
2.4) at the apex, mid gland, and base, respectively. In patients 
with extra prostatic extension, the distance between cancer 
and the NVB was 2.0 mm (SD: 1.9), 1.9 mm (SD: 1.9), and 
1.8 mm (SD: 2.1) at the apex, mid gland, and base, respec-
tively. A note in this study was that in an individual case, the 
nerves could be in direct contact with the NVB. Preservation 
of these fibres may have a positive effect not only on the 
preservation of the patient’s erectile function but also on the 
recovery of continence following prostatectomy [17, 18]. In 
the current understanding of the neurovascular anatomy, 
conventional nerve-sparing radical prostatectomy has under-
gone some modifications and refinements, developed to 
maximize preservation of periprostatic nerves, and conse-
quently, enhance the potential for recovery of potency [19]. 
Anyway, the main goal is to avoid positive margins of resec-
tion balanced with a satisfactory nerve-sparing [20].

 Robotic Surgical Techniques to Preserve Sexual 
Function

The surgeon can’t reproduce the same surgical dissection in 
every patient because of different interindividual anatomic 
variations. Anyway, the multi-layered character of the peri-
prostatic fascia allows choice in the dissection between 
nerves and prostate pseudo capsule. The aim of leaving a 
more or less thick tissue layer on the prostate as a safety 
margin can be the objective of the urologist during the pros-
tatectomy. The chosen plane can vary: in cases with a low 
risk of extra prostatic extension (EPE), a closer dissection 
can be performed while in cases with a higher risk of EPE a 
wider dissection plane should be preferred [21, 22]. Surgeons 

Table 49.1 Potency rate after RALP

Study
No. of 
patients Inclusion criteria

Surgical 
technique

Definition of 
Potency

Potency 
pre %

Potency 
post % Treatment

Ahlering et al. 
(2008) [25]

90 41–65 years and 
IIEF-5 ≥22

RALP nerve 
sparing

Adequate 
erection for 
penetration

100 TOT 92
BNS 83
UNS 68

5-PDE inhibitors beginning 
immediately postoperatively 
and continuing for 1 year

Chien et al. 
(2005) [45]

56 At least 3 months 
follow-up

RALP nerve 
sparing and 
non-nerve sparing

Adequate 
erection for 
penetration

– TOT 40
BNS 50
UNS 44

5-PDE inhibitors

Van der Poel 
and de Blok 
(2009) [46]

107 Little or no ED 
and/or IIEF >19

RALP nerve- 
sparing and 
non-nerve sparing

Little or no ED 
and/or IIEF >19

– TOT 53
BNS 59
UNS 36

5-PDE inhibitors

Mendiola et al. 
(2008) [47]

227 SHIM >20 RALP nerve- 
sparing and 
non-nerve sparing

Adequate 
erection for 
penetration

100 TOT 57
BNS 76
UNS 63

–

Haglind et al. 
(2015) [48]

1847 IIEF score 
21 = some 
erectile function

RALP nerve- 
sparing and 
non-nerve sparing

IIEF>21 72 70 –

Nyberg et al. 
(2018) [49]

1847 IIEF score 
21 = some 
erectile function

RALP nerve- 
sparing and 
non-nerve sparing

IIEF>21 – 85 –

G. Rebez et al.
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are aware that EPE is in most cases only a matter of millime-
tres, which could allow a nerve-sparing procedure in selected 
cases with focal EPE [22]. Depending on the dissection 
plane chosen during the procedure three different surgical 
dissection planes are described (Fig. 49.1).

The intrafascial dissection is considered a dissection 
that follows a plane on the pseudo capsule, remaining inter-
nal to the prostatic fascia at the anterolateral and posterolat-
eral aspect of the prostate and anterior to the PPF/SVF. The 
intrafascial approach allows whole-thickness preservation of 
the NVB [16].

The interfascial dissection of the NVB is considered a 
dissection within the thickness or between the leaves of the 
periprostatic fascia and includes incremental nerve-sparing. 
Depending on anatomic variations, the NVB might be prone 
to partial resection. This approach allows a greater safety 
margin around the prostate relative to the intrafascial dissec-
tion, presumably resulting in an oncologically safer approach 
[23, 24].

The extrafascial dissection is a dissection carried out lat-
eral to the elevator ani fascia and posterior to the PPF/SVF. In 
this case, the NVB will be completely resected. This 
approach results in the largest amount of tissue surrounding 
the prostate and thus is the most oncological safe dissection, 
but it carries with its probable complete erectile dysfunction 
if done bilaterally [23].

According to Wang meta-analysis, intrafascial prostatec-
tomy led to a statistically higher postoperative potency rate 
at 3, 6 and 12 months with a potency rate of 42.2%, 54.2%, 
72.2% respectively, compared with the interfascial technique 
with 32.2% at 3 months, 40.1% at 6 months and 58.7% at 
12 months [19] (Table 49.2).

The choice of surgical instruments can play a key role in 
the intraoperative technique. For example, by avoiding the 
thermal energy damage on neurovascular bundles during NS 
procedure. Indeed, Ahlering in his study [25] shows that by 
avoiding thermal energy patients gained a nearly a fivefold 
improvement of potency recovery at 3 and 9  months (see 
Table 49.1). Moreover, their data suggest that the volume of 

LEGEND:
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VEINS
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INTERFASCIAL

EXTRAFASCIAL

PROSTATE

RECTUM

Fig 49.1 The three prostate 
dissection planes

Table 49.2 Nerve-sparing to preserve erectile function

Study
No. of 
patients

Nerve-sparing 
technique (n)

Potency 
rate %

Follow up 
time

Ahlering et al. 
(2008) [25]

500 BNS 165
UNS 33

83%
68%

24 months

Chien et al. 
(2005) [45]

56 BNS 28
UNS 20

50%
44%

12 months

Van der Poel 
and de Blok 
(2009)
[46]

107 BNS 58
UNS 49

59%
36%

6 months

Mendiola et al. 
(2008) [47]

227 BNS 80
UNS 40

76%
63

12 months

49 Functional Recovery After RALP: Erectile Function
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nerve preservation is not as critical as initially believed. As 
noted, increasing volume of nervous tissue by 100% from 
one to two nerves only improved potency recovery rates by 
approximately 1.2-fold. This finding seems to suggest the 
benefit of an intrafascial dissection with the potential total 
preservation of the nerves while other techniques that 
attempt to preserve 2–5% more nerve tissue would likely 
have little chance of increasing potency recovery and would 
certainly be outweighed by the risk of a positive surgical 
margin [25].

Bearing in mind that the anatomy of the nerves may 
vary substantially, the concept of different dissection 
planes aims to an incremental security margin on the pros-
tate. This is made to avoid positive surgical margins 
(PSMs) more than for true incremental nerves sparing. 
Moreover, the selection of patients for such an incremental 
safety margin approach depends on patient and cancer 
characteristics and is the fundamental concern with this 
technique. The main problem for surgeons offering an 
aggressive nerve-sparing approach is the lack of strategy 
that can ensure oncological safety, intraoperative frozen-
section analysis of the excised prostate specimen during a 
radical prostatectomy has the potential to help to solve the 
issue. Mirmilstein et  al. showed how NeuroSAFE tech-
niques allow the possibility to do an NS in higher-risk 
patients, reducing positive surgical margins rates and at 
improving potency rates at 12 months [26].

The new potential role of dehydrated human amniotic 
membrane (dHAM) positioned around nerve bundles (NVB) 
during robotic-assisted laparoscopic radical prostatectomy 
(RALP) was explored by Radzam in a recent publication 
[27]. Radzam et  al. studied potency outcomes in 1400 
patients who underwent full bilateral nerve-sparing RALP 
performed by a single surgeon, wherein 700 patients had 
dHAM allograft wrapped around the NVB and 700 did not. 
It is hypothesized that dHAM use would lead to better 
potency outcomes and results seem promising since the first 
noticeable erection sufficient enough for satisfactory pene-
trative intercourse was significantly earlier (p  <  0.01; 
34.6 ± 3.6 days) in the group treated with dHAM.

Another new scientific field is the stem cell-based therapy 
which has recently received a lot of attention for erectile 
function recovery. Multiple types of stem cells have been 
employed in animal models in the study of organic erectile 
dysfunction. Most studies involved mesenchymal stem cells, 
neural crest cells, embryonic ones, endothelial progenitor 
cells and muscle-derived stem cells [28]. Transplantation of 
these types of cells provides cells capable of restoring nor-
mal function after injury or deterioration and restoring ner-
vous capacity. Depending on the cell type, these transplanted 
cells display a paracrine effect on surrounding penile tissues 
and may differentiate into smooth muscle, endothelium, and 
neuronal tissues. The therapeutic efficacies of stem cells in 

research models will need more human trials to deeply 
understand their role in the treatment of erectile dysfunction 
in particular in surgical-induced neuropraxia.

 Penile Rehabilitation

The vast majority of men will experience an initial complete 
loss of erectile function following radical prostatectomy, 
regardless of whether or not the nerves were spared during 
surgery. Nonetheless, many of these men will ultimately 
regain erectile function. To improve the regain of erectile 
function after prostatectomy the first step is rehabilitation 
[10]. The concept of penile rehabilitation has been first intro-
duced in 1997 by Montorsi et al. which demonstrated that the 
use of the vacuum device or any drug after radical prostatec-
tomy could increase the recovery of erectile function in 
terms of quality and time needed [11]. Therapeutically, 
maintaining regular oxygen-rich blood flow to corpora seems 
to promote smooth muscle integrity and prevent fibrotic 
changes [29]. The recent literature suggests to start the reha-
bilitation immediately after surgery, without going past 
1 year postoperatively [10]. Furthermore pre-surgery reha-
bilitation is emerging: Santa Mina et al. [30] reported prom-
ising outcomes of preoperative pelvic floor training and 
moderate with physical and psychological benefits. However, 
the rehabilitation after robotic prostate cancer surgery is 
mainly based on restoring erectile function along with conti-
nence. The most common pharmacological therapies are 
phosphodiesterase type 5 (PDE-5) inhibitors, intraurethral 
prostaglandin E1 (PGE-1) gel or intracavernous PGE1 injec-
tion (Table 49.3). Some surgeons promote the use of mechan-
ical devices like vacuum pumps with or without constriction 
rings. Combinations of these modalities can be also effective 
as a rehabilitation program. Anyway, early postoperative 
penile rehabilitation/stimulation of erectile function appears 
to optimize the outcome [31]. The different non-invasive 
penile rehabilitation strategies are described in the following 
paragraphs.

 Vacuum Erection Devices

Vacuum erection devices (VED) work by creating a vacuum 
around the penis, drawing blood into the corpora cavernosa. 
It can be used both for rehabilitation and therapy. During 
rehabilitation patient without spontaneous erection or with 
partial tumescence can use this device to improve blood flow 
inside the penis. If reducing tissue hypoxia-induced fibrosis 
and loss of smooth muscle cells are the main target of penile 
rehabilitation therapy, VED may be beneficial as they would 
permit erections earlier than PDE- 5 inhibitors alone [10]. 
Moreover, as highlighted in a review by Wang, the majority 
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Table 49.3 Different methods of rehabilitation

Study Study typology
Method of 
rehabilitation Dosage

No. of 
patients Outcomes

% Patients 
achieving the 
outcome

Abandon 
rate

Jo (2018)
[33]

Prospective randomized 
trial

Sildenafil right after 
catheter removal

100 mg twice a 
week

58 IIEF >17 after 
12 months

41% –

Jo (2018)
[33]

Prospective randomized 
trial

Sildenafil after 
3 months

100 mg twice a 
week

62 IIEF>17 after 
12 months

17% –

Montorsi 
(2008)[50]

Randomised, double- 
blind double-dummy, 
multicentre, parallel- 
group study

Nightly vardenafil 
14 days after surgery

10 mg 210 IIEF >22 after 
9 months

32% 35%

Montorsi 
et al. (2014) 
[51]

Randomized placebo- 
controlled study

Tadalafil once daily 5 mg 139 IIEF>22 after 
13.5 months

32.4% 29%

Kohler 
(2007) [52]

Pilot study VED used daily 
1 month after 
surgery

28 IIEF>12 after 
6 months

38% 0%

Polito 2012
[53]

ICI of PGE1 after 
1 month

273 IIEF>20 after 
6 months

77% 19%

Nandipati 
(2006) [54]

Prospective study Combination of 
Sildenafil and ICI of 
Alprostadil

Sildenafil 
50 mg daily
Alprostadil 4 
mcg 2–3 times 
weekly

22 Sexually active 
patients after 
6 months

96% –

Engel (2011) 
[55]

Randomized clinical trial Combination 
PDE5 + VED

13 Hard enough for 
vaginal penetration 
after 12 months

92%

of blood entering the penis while using a VED is arterial in 
source [32]. VED can also be used for short periods, multiple 
times per day, which may be more physiologically relevant 
than intracavernosal injection as men usually have several 
erections per 24-h period [10]. Moreover, VED is a drug-free 
programme with limited side effects and good compliance 
[27]. VED can also be used as a therapy to get enough erec-
tion to be able to have sexual intercourse. In this context con-
striction rings can be placed at the base of the penis, causing 
a trapping of blood and a prolonged tumescence.

 Intracavernosal Injections

Intracavernous injections (ICI) work by local stimulation of 
the erectogenic mechanism, by causing vasodilation and 
therefore an increased inflow. Prostaglandins (PGE1) ana-
logues, such as alprostadil, are available for use both intra-
cavernous injection as well as intraurethral administration. 
ICI can give a rigid erection by increasing arterial inflow into 
the penis, similar to a natural erection, resulting in increased 
delivery of oxygenated blood and stretching of the penis. 
Therefore, if reducing tissue hypoxia-induced fibrosis and 
loss of smooth muscle cells are the main target of penile 
rehabilitation therapy, ICI can be very effective at the begin-
ning when PDE5 are still ineffective. A specific postopera-
tive programme of ICI administration does not exist at the 

moment but the majority of authors recommend at least 1 
injection per week for the first postoperative period [19].

 Phosphodiesterase-5 Inhibitors

These drugs work by improving cavernous oxygenation, 
thereby limiting the development of hypoxia-induced tissue 
damage. There are different molecules on the market nowa-
days and it seems that there are no great differences between 
them in the outcome of penile rehabilitation. Various admin-
istration methods and side effects can make the patient 
choice between one molecule and another.

 Sildenafil
Early treatment is thus aimed at minimizing cavernous 
hypoxia by the active use of PDE5 inhibitors [33]. Clinical 
data to suggest that earlier rehabilitation with phosphodies-
terase type 5 inhibitors can contribute to the recovery of 
erectile function after radical prostatectomy in the clinical 
setting. Patients who underwent bilateral or unilateral nerve- 
sparing had a better response than patients who underwent a 
non-nerve-sparing. A work showed that most patients who 
initially respond to sildenafil continue to use the drug long 
term [34]. All patients who undergo RP are routinely started 
on a dose of 50–100 mg of sildenafil daily or an on-demand 
dose of 100 mg of sildenafil and 200 mg of avanafil. After 
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6 months of treatment, patients in the two groups showed no 
significantly different sexual function scores.

 Combination Therapy

Various combinations of treatment can be used. By review-
ing the current literature, it seems that usually association is 
between PDE5 with either VCD or ICI.

The benefit of combination VED/PDE5 inhibitor therapy 
was demonstrated in a study of men undergoing penile reha-
bilitation following total mesorectal excision for rectal can-
cer (which tends to be a younger age group than prostate 
cancer) [35]. This study was done in rectal cancer patients 
undergoing radical prostatectomy and demonstrated that 
VED promoted early erectile recovery. This suggests that 
attaining an erection as soon as possible may yield the best 
results and supports combination therapy for penile reha-
bilitation. As seen in previous studies without a washout 
period, nightly low-dose sildenafil was associated with sig-
nificant improvement in IIEF-5 scores at 3, 6, and 12 months 
post- surgery compared to no intervention. Combination 
sildenafil with daily VED use had even greater improve-
ments, particularly at the earlier time points. These data sug-
gest that increasing blood delivery and stretching the penis 
with VED is superior to waiting for spontaneous PDE5 
inhibitor- assisted erections to take place. Also, in RP alone, 
Chen et al. found that combination of sildenafil and a VED 
resulted in greater satisfaction, as documented by a signifi-
cant improvement in IIEF scores, compared with either 
agent alone [36].

Moncada et al. evaluate the data on the combination of a 
PDE5I with alprostadil in patients who have previously 
failed therapy with either drug [37]. The results indicate that 
the combination therapy resulted in an improved outcome 
compared with either of the drugs as monotherapy. This was 
demonstrated by the increased total International Index of 
Erectile Function (IIEF) scores as well as IIEF erectile func-
tion domain scores. Soodong et  al. [38] performed penile 
duplex ultrasound in most of the patients after prostatectomy 
and found that over 50% of the men who had either arterial 
insufficiency or a normal exam would respond to PDE5 
inhibitors. By contrast, only 1 individual with venous leak 
responded. Penile ultrasound performed soon after RALP 
may help delineate who is likely to respond to PDE5 alone 
and who may benefit from combination therapy.

 Other Experimental Therapies for ED

Preclinical studies are divided by the outcome: some of them 
have largely focused on regaining erectile function after 
nerve damage has occurred while other, however, has been 

focusing on preventing the nerve loss and regeneration in the 
immediate period following nerve damage [10].

The regenerative properties of platelet-rich plasma (PRP) 
and stem cells have been investigated in animal models of 
bilateral nerve crush injury, a model of nerve injury that 
closely approximates radical prostatectomy. Currently, no 
studies have reported outcomes of PRP injection in men with 
post-surgical ED.  Injection of bone marrow-derived stem 
cells into the corpora of men with severe post-prostatectomy 
ED has previously been shown to improve erectile function 
and blood flow [39]. Preclinical and forthcoming clinical tri-
als in regenerative medicine therapies may expand rehabili-
tation and allow for the damage incurred by surgery to be 
reversed. As the regenerative studies reported to date have 
largely been preclinical, most surgeons stick to the classic 
rehabilitation methods.

 ED Therapy: Prosthesis

Dr. Brantley Scott revolutionized the treatment of ED in 
1973 with the three-piece silicone IPP consisting of a reser-
voir, pump, and Dacron-reinforced corporal cylinders. 
Whenever other conservative strategies do not work, penile 
prosthesis surgery is a last-line treatment to regain erectile 
function after radical prostatectomy (RP) for localized pros-
tate cancer [40]. Men in this series who underwent penile 
prosthesis surgery after RP generally reported good sexual 
function and 94% of men reported optimal satisfaction with 
a penile prosthesis and so did their partners. Penile prosthe-
sis placement can be performed simultaneously with the 
radical prostatectomy in the ‘one solution technique’. The 
ideal candidates for simultaneous penile prosthesis implanta-
tion are those who report pre-existent refractory ED and 
patients in whom there is a high risk of extracapsular dis-
eases, such as any cT2c or cT3, and undergo non-nerve spar-
ing RP. To the best of our knowledge, to date, there is no 
series of such procedures performed during RALP. Anyway, 
synchronous implantation seems a safe and effective treat-
ment option but future studies are needed to explore this field 
in robotic surgery [41].

 Conclusions/Discussion

Restoring erectile function does not always solve all the sex-
ual problems associated with erectile dysfunction; up to 60% 
of the patient will discontinue their erectile dysfunction 
treatment within 2 years, even if it is pharmacologically suc-
cessful [42]. This means that the rehabilitation programme 
after radical prostatectomy should not only be focused on the 
penile function but should involve a clinical psycho- 
sexologist to manage the sexual rehabilitation more effec-
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tively. This can lead to address other side effects of the 
surgery such as loss of ejaculate, penile shortening, change 
in orgasmic feeling, alteration of body image and various 
type of anxiety [43]. All these problems should be counted 
during the preoperative discussion with the patient. A  specific 
programme for rehabilitation after surgery in which every 
patient should fit doesn’t exist. Every person is different and 
so should be the rehabilitation programme; it should be cre-
ated specifically for every patient. Anyway, most important 
prognostic factors include the age of the patient, the quality 
of the spared neurovascular bundles and the baseline sexual 
function status [44]. More rigorous prospective trials are 
needed to deeply understand the role of rehabilitation post 
RALP in different patients and different surgical techniques. 
Preoperative counselling should be emphasized to under-
stand patient wills and objectives before planning a thera-
peutic path, bearing in mind that as physicians we should 
seek cancer survivorship but we can’t forget the importance 
of quality of life. Every patient has different needs which 
should be satisfied whenever possible. The introduction of a 
quality assurance programme should improve the quality of 
prostate cancer care in terms of consistency of patient selec-
tion and outcomes of surgery during a period of a major reor-
ganisation of cancer services.
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50Functional Recovery POST-RALP: 
Continence

Dahong Zhang, Yuchen Bai, and Qi Zhang

 Introduction

Prostate cancer (Pca) is the most common cancer in males 
and one of the significant cause of death [1]. Recently years, 
Pca prognosis has been improved a lot. Hence, earlier diag-
nosis and the availability of more effective treatments was 
the point [2]. Nowadays, radical prostatectomy (RP) and 
radiotherapy are performed as first-line treatment in patients 
with localized Pca, alongside with active surveillance in 
selected patients [3, 4]. However, population-based analyses 
reveals that there was high rates of interventional treatments 
has been performed, especially in radical prostatectomy (RP) 
in patients eligible to active surveillance [5]. Most-recent 
studies have reveals similar oncological and functional out-
comes in open RP (ORP) and robot-assisted RP (RARP) [6, 
7]. The most advantage of RARP was that could be more 
precise and decrease the blood loss during the procedures 
[8]. However, to date intra-operative advantages cannot be 
extended to functional outcomes [6, 7].

In order to improve functional outcomes, several surgical 
techniques have been developed [9]. Unfortunately, inconti-
nence still was one of the major concerns for surgeons and 
patients Post-RARP and remains one of the most annoying 
post-operative complication in RARP [10]. RP leading to 
anatomical variation of the pelvic anatomy, the pelvic floor 
supported and the dynamics of the urinary flow which might 
cause inability to hold urine due to a multifactorial failure 
system. The incontinence considering as really importance 
in the impact of UIon patients’quality of life (QOL) [11]. UI 
is one of the most frequent causes of dissatisfaction in 
patients who treated with RARP [12].

Nowadays, many surgical and conservative UI treatments 
are available. Surgical treatments and bulking agents are 
various and commonly been performed, artificial urinary 
sphincter implants, retro-urethral trans-obturator slings and 

adjustable male sling systems [13, 14]. On the other hand, 
conservative management strategies are available as well, 
which including lifestyle education, pelvic floor training and 
pharmacological treatments. Considering that RARP causes 
better preserve anatomical structures which responsible for 
urinary continence [15]; we might could expect that after 
RARP UI treatments, especially for conservative treatment. 
The proportion of continent patients was from 69% to 96% 
at 12 months after surgery [10]. Although, the time to achieve 
stable UC after prostatectomy might be changed. Which 
could lead to different results in the literature, However, 
those changes could consider associated with inconsistent 
definitions of urinary continence (UC) and measurement 
methods (questionnaires, number of pads, pad test). The 
advantages of RARP stands in as several potentials to 
develop further surgical technique in order to optimize UC 
recovery. Proof by facts, robotic-assist surgery has greater 
precision of exposure and suturing, magnification of the sur-
gery bed and simplicity of movements if compared with con-
ventional surgery. Three steps was important to achieve 
improvements of the early return of UC post-RAR: preserva-
tion, reconstruction, and reinforcement. More frequency per-
formed these steps in mini-invasive robotic surgeries, the 
patients could gain maximal benefit from curative prostatec-
tomy while experiencing early return of UC. We will criti-
cally summarize current knowledge of the factors influencing 
UC and technical innovations to optimize UC recovery 
post-RARP.

 Pathophysiology of Incontinence After 
Radical Prostatectomy

Postoperative UI presented with a multifactorial etiology, 
which including both anatomical and functional factors. UC 
in male more concerns about anatomical (basic structures 
and organs) and functional. It is the result of the cooperation 
of single components and dynamic movements of muscles 
and cavities anchored to the pelvic floor, except the prostate, 
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which might create physiopathology obstruction. The main 
urinary structures influencing continence are: puboperinealis 
muscle [15]: parts of the centrum perinea, the ventral suspen-
sion apparatus and the musculofascial plate. Smooth muscle: 
bladder neck and proximal internal urethral sphincter (vesi-
cal sphincter); distal external urethral sphincter (urethral 
sphincter); neurovascular structures in the pelvis.

Actually, the primary reason for post-RP UI is the incom-
petence of the external sphincter because which leading to 
stress urinary incontinence (SUI) [16]. However, some 
patients can also develop overactive bladder (OAB) in post- 
surgery, which might require pharmacotherapy [16, 17]. 
Porena et al. [18] found some degree of detrusor overactivity 
(DO) up to 77% of cases after RP. Surgical-related damage 
to anatomic structures or nerves, leading to levels of impair-
ment of the urinary sphincters, that is crucial etiological fac-
tor in post-RP UI. The external sphincter is a striatal muscle 
that is found above the membranous urethra which insert on 
the anterior prostate and under voluntary control. Moreover, 
the internal sphincter is located at the level of the bladder 
neck (BN) and is consist of smooth muscle fibers. The func-
tion of internal sphincter consists of maintaining UC under 
exertion which analogue to an hammock, Because it pro-
vides a complementary occlusive effect on the ureter, it is 
triggered by elevated intra-abdominal pressure [16]. 
Anatomically, the male anterior support system includes the 
pubic prostatic ligament and the pubic bladder ligament as 
well as the so- called intrapelvic fascia and tendon arch 
(EPF), which represents the thickened band of EPF [19]. The 
posterior support includes the perineal body, Denonvillier’s 
posterior prostate fascia, rectus urethral muscles, and pelvic 
diaphragmatic complex [16]. The pudendal nerve provides 
innervation for the external sphincter. Although it primarily 
follows an extrapelvic pathway, anatomical evaluation also 
shows limited intrapelvic trajectories through the neurovas-
cular bundle (NVB), which may help innervate the striated 
muscle [20]. In fact, NVB injury may be the cause of postop-
erative UI, and the preservation of NVB during RP can lead 
to early recovery of UC [21].

 Preoperative Setting

 1. Identification of the risk factors
Several risk factors for urinary incontinence has been 

reported. Their purpose was to comparison of surgical 
techniques for UC.  These factors can be classified as 
demographic/patient comorbidities, surgeon-related, and 
due to the patient’s anatomy. Patients who receive RARP 
treatment are often selected based on more favorable 
tumor and patient characteristics. Therefore, selection 
bias that may have misleading results cannot be ruled out. 

As robot experience increases, the options for such 
patients may decrease. In fact, over time, there has been a 
clear trend of more unfavorable characteristics.

A large number of studies recognized age as a funda-
mental factor for estimating the risk of UI. Mandel et al. 
[22] analysed data from 8295 RP patients, reveals that the 
one-year UC rates worsened in older patients. These find-
ings were confirmed in RARP series. The higher proba-
bility of UI may be due to some specific characteristics of 
the elderly subgroup of the RP population, so it takes into 
account the pre-existing benign prostatic hypertrophy 
(BPE) and some functional or structural damage of the 
bladder, urethra, and support system [23, 24].

 2. Bodyweight and obesity
In two large series of open retropubic RP, overweight 

patients were not found to have worse urinary outcomes 
compared with their nonoverweight counterParts. 
Although the reason for the relation between post-RP UI 
and obesity is not available [25], increased visceral adi-
posity has been associated with lower urinary tract symp-
toms (LUTS) in BPE- patients, therefore obese 
RP-candidates have a higher likelihood of being affected 
by pre-existing LUTS, which are related to post-RP UI 
outcomes [16]. Visceral fat cells secrete adipocytokines, 
which have an adverse effect on the lower urinary tract, 
because they may directly cause increased sympathetic 
tone and have a proliferation effect on prostate cells [26]. 
Among of 2849 RP patients, high BMI levels were pre-
dictors of poorer UC outcomes at 6- and 12-month fol-
low- up [27]. Worst UC-outcomes were identified for 
obese (BMI > 30 kg/m2) men undergoing RARP at both 
12 and 24 months after surgery [28]. Conversely, Xu et al. 
[29] reveals comparable UC outcomes between obese 
(BMI > 30 kg/m2) and non-obese RARP patients, arguing 
that RARP seemed to promote better functional outcomes 
even in obese men.

 3. Comorbidities
General health impairment has demonstrated a nega-

tive influence on UC recovery. However, only few stud-
ies focused on this issue. Teber et  al. showed a 
significant association between diabetes and lower rates 
of both early (e.g., 0–3  months) and late (e.g., 
12–24  months) postoperative UC recovery [30]. 
Similarly, in a cohort of 308 RARP patients, the 
Charlson comorbidity index was an independent pre-
dictor of the incidence of UC at 12 months [23]. Overall 
health was described as an independent predictor of UC 
recovery immediately after RP [31].

 4. Prostate surgery before radical prostatectomy
ExtiRPative surgery in those patients with previous 

prostate surgeries was technically more challenging and 
there was significant increase in the operative time; 
patients should be counseled according to adjust their 

D. Zhang et al.



399

expectations on functional outcomes following surgery. 
RP- candidates with a history of previous prostatic sur-
gery has higher likelihood of developing post-RP UI, due 
to both pre-existing LUTS and the challenging RP proce-
dure in this category of patients [16, 32]. Although sev-
eral studies showed that previous transurethral resection 
of the prostate (TURP) did not effect post-RP UC out-
comes, Tienza et al. [33] reveals a sixfold higher risk of 
postoperative UI in those who had already received 
TURP.  In a RARP cohort, Gupta et  al. [34] found a 
 14%-UI rate vs. 11.8% after 6 months, and 25% vs. 8% 
after 1 year for patients with or without previous TURP, 
respectively. The results of UC after RARP after hol-
mium laser enucleation of the prostate (HoLEP) were 
evaluated. Abedali et al. identified 27 RARP patients who 
had previously received HoLEP.  These patients were 
matched 1:1 with RARP patients who did not have any 
history of transurethral surgery; in the HoLEP cohort, 
27% of patients achieved strict UC, and matched 64% of 
the control group; however, this comparison is meaning-
less [35]. Suardi et  al. studied the functional results of 
open radical prostatectomy (ORP) with nerve preserva-
tion after HoLEP. In their 1:1 matched study, they failed 
to describe any significant differences in UC recovery 
among patients who received RP after HoLEP, TURP, or 
open simple prostatectomy [32].

 5. Prostate volume
The role of prostate volume (PV) on UC outcomes is 

controversial. Worst UC outcomes are expected with 
larger prostates because RP requires substantial urethral 
damage or because postoperative UI can be associated 
with antecedent LUTS. In a cohort of 5447 RP patients, 
Mandel et  al. showed that postoperative short-term 
(1 week–3 months) and long-term (6–12 months) UC was 
adversely affected by higher PVs [22]. Conversely, in 
3067 men PV was identified as an irrelevant factor on 
12 months post-RP UC recovery. High prostate volume 
(≥50 mL) significantly reveals slow recovery of urinary 
UC [36]. These results can be explained by a wide range 
of resection and more complicated surgery [37, 38].

 6. Membranous urethral length
The membranous urethral length (MUL), typically 

measured with magnetic resonance imaging (MRI), may 
be correlated with post-RP UC recovery. A recent sys-
tematic review concluded that larger levels of pre- 
operative MUL were related with a prompt return to UC 
[39]. In analyzing a large cohort of patients, pre-operative 
MUL levels were found to be predictors of faster UC 
recovery post-RARP [38]. A greater preoperative mem-
branous urethral length has a major positive effect on 
immediate and an overall time to UC recovery [39, 40]. 
Since a variable portion of the urinary sphincter complex 
is removed during RP a longer membranous urethral 

length may increase that continence zone which extends 
from bladder neck to corpus spongiosum (including inter-
nal and external sphincters) [15]. The combination and 
coordination function of intact smooth muscle fibers and 
striated sphincter play an important role in UC, support to 
maintain and increase urethral closure pressure.

 7. Variations in the shape of the prostatic apex
There are some evidence proved that anterior or poste-

rior overlapping of the prostate to the membranous ure-
thra may significantly affect early recovery of UC after 
RP [41]. Such result suggestion that a longer residual ure-
thral length after RP is associated with a more rapid 
return of urinary UC after surgery.

 8. Angle of the membranous urethra
Compared with patients who has incontinence during 

urination or Valsalva maneuvers, the angle of the mem-
branous urethra measured by MRI was found to be sig-
nificantly wider in non-incontinent patients [42].

 9. 3D printing Intraoperative image guided surgical system 
during RARP

Although preliminary, 3D printing seems to be the 
cutting-edge topic with potential implemen- tation in the 
robotic surgery and possible benefit even for the conti-
nence recovery [43]. Virtual reality may become a new 
field of robotic surgery [44].The benefits of virtual reality 
to clinicians today include several aspects Such as better 
surgical planning and patient staging during surgery. 
Preliminary results showed a potential role of image-
guided surgical systems to navigate, accuracy and the real 
time during the more challenging parts of RP including 
the apical dissection, the nerve sparing procedure and the 
bladder neck dissection [45, 46].

 Preoperative Preventative Strategies

The typical strategy to prevent UI in RP-candidates is pelvic 
floor muscle exercise (PFME), this strengthen the pelvic 
floor muscles, hence possibly improving the urinary sphinc-
ters and/or the supportive system. It can be associated with 
biofeedback, which assists patients’ muscles contraction 
whilst being provided with either a sound or a visual feed-
back of the correct exercise.

PFME was performed prior and after RARP. Preoperative 
muscle strength was defined as strong in 77 patients (79%), 
moderate in 12 (12%) and weak in 9 (9%) patients [47]. 
Chang et al. [48] performed a meta-analysis which including 
739 patients: They found that patients who received preop-
erative PFME had a significantly lower UI rate 3  months 
after RP.  However, no benefit was observed during the 
6-month evaluation. In addition, Yoshida et al. [49] prospec-
tively evaluated 116 men receiving RARP. 21 out of 36 peo-
ple received ultrasound-guided PFME before and after 
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RARP. The difference is that 80 patients only received oral 
guidance from PFME.

Continence recovery was considered achieved when the 
amount of leakage could be managed with a small pad (20 g) 
per day. The mean time to continence recovery was shorter in 
the ultrasound-PfM vs. verbal PFME group (75.6 vs. 
121.8  days; P  =  0.037). Continence recovery rates within 
4 weeks were 52.8% (19/36) and 35.4% (28/80) respectively 
(P = 0.081) [49]. Authors reported that the use of ultrasound- 
PFME was significantly associated with better postoperative 
continence status. A recent meta-analysis reveals signifi-
cantly better outcomes for those trials where a preoperative 
PFME was performed [50]. A finer comprehension of its use-
fulness will however only be available when studies includ-
ing standardized protocols will be carried out.

 Intraoperative Setting

The basic concept of the intraoperative technique to improve 
the early recovery of UC after RARP was to maintain the 
normal anatomy and functional structure of the pelvis as 
much as possible. Preservation, reconstruction and reinforce-
ment of the bladder-urethral sphincter and suspension com-
ponents can recreate a new supporting and closing system to 
ensure ureterovesical pressure dynamics, and thus improve 
recovery of UC after surgery. On the basis of this concept, 
three steps can be carried out in order to preserve post-pros-
tatectomy UC with different techniques: (1) preservation; (2) 
reconstruction; and (3) reinforcement of anatomical struc-
tures in the pelvis [51]. Table ii summarizes the surgical 
technique and the hypothesis of its potential benefit.

 Bladder Neck Preservation

BN includes internal sphincter muscles as described earlier, 
which helps ensure UC.  Different methods have been 
described to obtain the best BN preservation (BNP), includ-
ing anterior, lateral or anterolateral methods, all of which 
aim to carefully dissect the bladder from the base of the pros-
tate to preserve the round BN fibers [51, 52].

There are several approaches for the dissection between 
prostate and bladder, including anterior, lateral and anterolat-
eral approaches. In order to achieve bladder neck preserva-
tion (BNP), no matter what method is used, the bladder neck 
should be sharply dissected from the bottom of the prostate 
to preserve the round fibers of the bladder neck.

RP-outcomes with and without BNP were compared in an 
randomized controlled trial (RCT): post-RP UC rates (e.g., 
wearing 1 safety pad or no-pad at all) at 12  months were 
74.8% vs. 94.7% for those in the control vs. the BNP group, 
respectively [53]. Long- term follow-up from the same 

cohort confirmed Such trend [54]. Similarly, in a series of 
791 and 276 RARP patients who received and did not receive 
BNP treatment, the authors found a significant association 
between BNP and UC recovery time [55]. Finally, Ma et al. 
[56] analyzed 13 trials, which including 1130 cases and 1154 
controls, and confirmed that BNP promoted the occurrence 
of early recovery levels and better 1-year UC results. 
However, other studies have not confirmed these data, thus 
hindering to make final conclusione of this method [10]. A 
lower bladder neck position visualized by routine postopera-
tive cystography predicts prolonged incontinence. There are 
several reports assessing that a higher vesical-urethral anas-
tomosis (VUA) location was correlated with recovery of 
postoperative UC in the short and long term [57, 58]. It is 
assumed that stabilization and suspension of the urethral 
sphincteric complex by total reconstruction is an important 
procedure to achieve a higher bladder neck position.

 Bladder Neck Reconstruction

BNP may not be suitable for all patients. In these circum-
stances, some have shown improved urinary continence with 
bladder neck reconstruction. Lin et al. [59] published a series 
of 74 men undergoing RARP who did not undergo BNP for 
various reasons. Among these men, who underwent bladder 
neck folding, 12.7% of the men who underwent folding had 
urinary incontinence after the catheter was removed, and 
97.3% had urinary incontinence at 12 months, but the results 
were not compared with the control group. Similarly, Lee 
[60] describes a single bladder neck fold suture to improve 
urinary incontinence. After changing the technique of per-
forming bladder folding, they noticed that in the multivariate 
analysis, the urination time was shorter and the chance of 
urination increased significantly at 1 and 12 months.

 Nerve-Sparing Approach

The innervation of the penis comes from the pelvic plexus 
and passes through the NVB near the prostate. During RP, 
some branches of NVB that supply the striated fascicles may 
be damaged [61]. The multi-layered feature of the peripros-
tatic fascia allows the anatomy between the nerve and the 
prostate pseudocapsule to be selected according to the risk of 
prostate cancer and the T stage. This method is called incre-
mental neural preservation. A systematic review including 
13,749 patients concluded that significantly higher rates of 
UC recovery up to 6 months after surgery were observed in 
men submitted to NS approach as compared with those 
treated with non-nerve sparing (NNS) approach. However, at 
the 12-month follow-up this difference was not significant 
[62]. Another meta-analysis addressed the issue of functional 
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outcomes after intra-fascial or inter-fascial NS technique 
[63]. If compared with the inter-fascial technique, the intra- 
fascial approach was found to be associated with faster UC 
recovery at the 1-, 3-, and 6-month assessments, but not at 
the 12-month follow-up. Michl et  al. [64] compared long- 
term UC outcomes in 18,427 patients who had received a 
primary bilateral NS (BNS) procedure; a primary NNS pro-
cedure; or BNS intervention with subsequent resection of 
NVBs for positive surgical margins. Compared with the 
NNS group, the latter group is associated with a better 
12-month UC rate, which may indicate a careful surgical 
approach, not just the intention to retain NVB, and is associ-
ated with UC recovery.

 Maximal Urethral Length Preservation (MULP)

An increased urethral length, associated with higher levels 
of muscle tissue sparing, can possibly aid in rhabdosphinc-
ter’s functional rehabilitation. Preservation of the urethral 
length seems essential to improve postoperative UC. RARP 
techniques indeed may support in the urethral length preser-
vation as well as avoiding disturbance of the levator mus-
cles. Schlomm et  al. [65] described preservation of the 
entire length of the urethral sphincter by identifying and dis-
secting the distinct striated and smooth muscle part of the 
sphincter inside the prostate apex until the colliculus semi-
nalis is encountered. As a result, 50% of cases achieved UC 
within 1  week after extubation, and 97% at 12  months. 
Although it seems reasonable to preserve the entire urethral 
sphincter as much as possible, it is still unclear whether the 
seminal mound needs to be dissected. Hamada et  al. [66] 
mentioned that the length of the functional sphincter mecha-
nism is preserved by increasing the length of the urethra in 
the prostate. Their results are very promising, with inconti-
nence rates of 96.6% and 100% at 3 months and 13 months, 
respectively.

The group of Hakimi et al. [67] intraoperatively measured 
the urethral stump length in 75 MULP technique-treated 
patients; a urethral stump length of >2 cm significantly pre-
dicted time to pad-free state. With the support of pre- and 
postoperative MRI, Kadono et al. [68] recorded the location 
of the distal membranous urethra in 185 patients. These 
records, in terms of urethral positioning and length, were 
then analyzed taking into account the chronological changes 
in UC recovery. It was found that the distal membranous ure-
thra shifted proximally shortly after RP, and returned to its 
usual pre-RP position 1  year after RP [68].In parallel, the 
sphincter’s function worsened 10 days after RP, but recov-
ered 12 months later. Maximal preservation of the urethral 
stump’s length was associated with the entity of displace-
ment of the membranous urethra and impacted positively on 
UI after RP.

 Endopelvic Fascia Preservation

During the operation, the medial or lateral incision of the 
pelvic fascial fusion will produce different access to the lat-
eral prostate, and have different results in terms of nerve 
preservation and fascia preservation. The incision of this fas-
cia just outside the arch of the fascia makes an incision of the 
levator ani fascia and exposes the muscle fibers of the levator 
ani muscle and attaches the levator ani fascia to the prostate. 
An incision of the visceral endopelvic fasciax medial to the 
fascial tendinous arch results in a dissection plane that leaves 
the levator ani muscle covered with its fascia without expo-
sure of its fibers. The result is a prostate covered only by 
prostatic fascia, when present, and not by a layer of levator 
ani fascia. Avoiding incision of the endopelvic fascia with a 
medial access during RP may often, combined with an intra-
fascial nerve-sparing procedure, improve early recovery of 
urinary continence as well as postoperative erectile function. 
Endopelvic fascia preservation technique during RARP has 
been proposed by van der Poel et al. [21] In a prospective 
study of 151 men, they found that the extent of lateral fascial 
preservation was the strongest predictor of UC at 6 and 
12 months postoperatively [21].

 Retzius-Sparing Approach

“Retzius-sparing prostatectomy” is a surgical technique with 
a direct access to the posterior plane going directly through 
the Douglas space, aiming at minimizing surgical trauma 
whilst preserving regional anatomy. The goal of this surgery 
is to avoid the dissection of the anterior compartment where 
all the structures involved in the maintenance of UC and 
potency are present, as well as aphrodite’s veil, endopelvic 
fascia, dorsal vascular complex (DVC) and pubo-urethral 
ligaments. The results of this technique are very promising in 
terms of immediate and late UC and effectiveness recovery, 
with a one-year abstinence rate exceeding 96% [69]. In addi-
tion, even the satisfactory rate of immediate continence 
observed in larger prostates encourages the use of this 
method in any prostate volume.

The Retzius-sparing method allows the entire RP to be 
completed through the Douglas capsule. Therefore, the blad-
der does not descend, and the EPF and pubic prostatic liga-
ment are preserved, thereby improving urethral support. 
Several papers have compared the so-called “posterior 
approach” with traditional methods to prove the practicality 
of this kind of preservation surgery. As a prospective study, 
Sayyid et  al. [70] compared 100 patients undergoing a 
retzius-sparing and 100 a conventional anterior RARP. The 
study arm reveals superior rates of post-operative UC 
achieved, with 20% of patients continent within the first 
month, compared with 8% of patients in the conventional 

50 Functional Recovery POST-RALP: Continence



402

anterior group. A RCT with 60 patients to each arm, treated 
either with standard RARP or with retzius-sparing-RARP, 
found a rapid early return to UC in those patients with low 
and intermediate-risk localized Pca; 71% of patients with 
retzius-sparing-RARP were continent (0/1 pad/day) at 
1 week after surgery vs. 48% in the standard RARP group 
[71]. A systematic review concluded that early UC recovery 
when using this technique as opposed to conventional RARP, 
is significantly enhanced [72].

 Selective Ligature of Dorsal Venous Complex

Optimal dorsal vascular complex (DVC) management, hence 
avoiding any damage to the rhabdophane’s fibres, could 
influence UC recovery [73]. The standard “ligate and cut” 
technique can result in an accidental sphincter’s damage, 
whilst the “cut and ligate” technique is instead thought to 
provide better anatomical control [74]. Therefore, to obtain 
prompt UC recovery, the venotomies’ suture can be per-
formed after DVC section, and in a selective way. 
Pneumoperitoneum provided by laparoscopy makes selec-
tive ligature technique more feasible because it reduces the 
bleeding and increases the overview vision. Porpiglia et al. 
[74] identified a selective suture ligature during laparoscopic 
RP was associated with improved UC at 3 months in a pro-
spective randomized study of 30 patients undergoing selec-
tive suture ligature vs. 30 patients undergoing complete 
ligature. Although there was initial benefit in the early post-
operative time, no differences were observed at 6 and 
12 months. A significant difference in terms of UC outcomes 
was recorded between the 2 groups, e.g., 53% in group A vs. 
80% in group B, after 3 months. In another trial, UC out-
comes of 303 patients receiving DVC ligation and eventual 
section were compared with those of 240 patients who 
received a selective DVC division with sequent ligature [75]. 
With respect to the whole ligation, the selective ligature tech-
nique was associated with earlier UC-recovery (61.4% vs. 
39.6%, p < 0.001).

 Pubo-Prostatic Ligament Preservation

The pubo-prostatic ligament is the most important sup-
portive element between the pubis and the prostate; in sup-
porting the urethra the ligament concurs in maintaining 
UC [76]. Hence, the ligament section is expected to worsen 
the lack of urethral stability, thus negatively influencing 
UC outcomes. Pubo- prostatic ligament preservation was 
therefore proposed to hasten UC recovery, with some 
authors reporting an associated improvement of postopera-
tive UC [77, 78]. Indeed, data of 30 RARP patients treated 
with pubo-prostatic ligament preservation showed an 

impressive 80% UC recovery rate after catheter removal, 
and 100% 1 month after surgery [78].

 Anterior Reconstruction

Walsh et al. [79] proposed a technique based on arranging an 
anterior suspension stitch running through the urethra and 
then secured to the pubic periosteum [80]. In their cohort of 
331 RARP patients, Patel et al. [81] reported that the suspen-
sion of the tissues ventral to the urethra on the pubic bone 
providing anatomical support and stabilization of the ure-
thra, resulted in significantly greater UC rates at 3 months 
after RARP than a non-suspension technique. Moreover, in 
the case of suspension, the median interval of UC recovery is 
shorter, which indicates that the sling during RARP leads to 
a statistically significant reduction in the interval of UC 
recovery, and the incidence of UC is higher at 3 months after 
surgery [51].

 Posterior Reconstruction

Rocco et al. [82] described a technique based on the recon-
struction of the posterior area of the rhabdophane, thus 
allowing the positioning of the sphincter in a more natural 
fashion. The tissue included in this area extends from the 
retrovesical peritoneum to the central tendon of the perineum. 
Several RCTs investigated the role of posterior reconstruc-
tion (PR) regarding UC recovery [83–89]. In 2011, Patel’s 
group [90] described a modified suturing of the rhabdo-
sphincter applied to RARP. Several studies have been pub-
lished so far to compare pos- terior reconstruction versus 
traditional approaches [91]; furthermore, several modified 
approach to the concept of posterior reconstruction have 
been proposed. In a meta- analysis, typical data showed a 
significant advantage associated with the PR in terms of 
postoperative UC at different time intervals, but not at later 
follow-ups [92]. A recent RCT examined the usefulness of a 
3-layer/2-step RARP technique being carried out using peri-
toneum, in comparison with the standard RARP technique; 
48 patients were subdivided into 2 groups, being treated with 
either the standard or the 3-layer technique [84]. Four weeks 
after surgery, UC rates were higher in the experimental 
(57%) vs. the standard RARP group (26%). Even if its effi-
cacy on early recovery of continence is a common matter of 
debate, the posterior reconstruction of the rhabdosphincter as 
described, or with a modified approach, is performed by 
more than 50% of the robotic surgeons all over Europe. 
Several papers with various levels of evidence, including 
randomized control trials, challenged the efficacy of this 
technique with controversial results. as a matter of facts, 
three meta-analysis have been published so far, the last out of 
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2600 patients, reporting a significant advantage in terms of 
early continence recovery, and a reduction of peri- 
anastomotic urinary leakages in the first 90 days [10, 92, 93].

In an extensive prospective trial, Tan et al. [94] reported 
significant advantage for a complete reconstruction (CR) 
approach as compared with both AR and standard approaches. 
These results were confirmed in 2 RCTs showing better out-
comes for the CR compared to a standard technique at 
1-month follow-up [80, 87]. A novel CR approach was pro-
posed by Porpiglia et al. [95]: they reinforced the anastomo-
sis using three posterior and two anterior tissue’s layers, in 
order to re-establish the peri-urethral tissue’s anatomy. The 
last step of the technique involves suture the muscle fibers of 
the bladder neck with the previously dissected tissue around 
the urethra, located between the urethra and the DVC, with a 
barbed needle. Using the same suture, the reconstruction is 
completed by the connection of the visceral layer of endopel-
vic fascia that covers the bladder with the endopelvic fascia 
that covers the DVC, involving the pubo-prostatic ligaments. 
Results were encouraging, with UC rates of 94.4%, and 
98.0% at 12, and 24 weeks post-RARP, respectively. Based 
on the results of the RCTs [80, 87–89], it seems that CR is 
associated with better UC outcomes 1 and 3  months after 
RARP, whereas long-term outcomes are scarcely supported 
by solid evidence.

 Postoperative Setting

 Role of Postoperative Length 
of Catheterization

Many studies [96–99] have associated longer postoperative 
catheterization time with the worst results of UC. This con-
clusion comes from non-random, potentially biased studies. 
Therefore, it is impossible to draw a clear conclusion on this 
issue.

 Diagnostic Work-Up

History should identify possible features of urgency- or 
mixed-type UI and should include a bladder diary consisting 
in frequency of micturition; number of UI episodes; voided 
volumes; and 24-hour urinary output collection of related 
data. Validated tools, Such as the OAB questionnaire, are 
considered reliable and useful to evaluate postoperative UC 
[100]. Due to its replicability, the 24-hour pad test is the most 
accurate to quantify UI [101]. A urinalysis test should also be 
performed in order to rule out any infection. Although its 
routinal adoption is considered controversial [102], urody-
namic investigation had been habitually used in the past to 
assess DO in candidates for corrective treatment.

 Conservative Strategies

Conservative care should be appraised before moving to 
invasive options; in this context patients should be examined 
on a regular basis to evaluate the improvements. Indeed, UI 
status can last for more than 1  year after RP [103]. Fluid 
intake reduction, timed voiding and reduction of bladder irri-
tants (e.g., coffee, hot spices) have been associated with 
improvement of post-RP urinary symptoms and UC [104].

 Pelvic Floor Muscle Exercise
The most established conservative option for dealing with 
post-RP UI is PFME. However, drawing a definitive conclu-
sion about the advantage of PFME for surgery-related UI 
may be difficult due to the conflicting results provided by 
current evidences. There is large heterogeneity between tri-
als regarding both PFME content/delivery (e.g., biofeedback, 
muscles targeted, and time of commencement of the train-
ing) and UC definition (e.g., 1 hour pad test, 24 hour pad test, 
International Consultation on Incontinence Questionnaire 
(ICIQ), bladder diary, and number of pads/d) [105]. Over the 
past decade, several RCTs have been conducted to evaluate 
the effectiveness of PFME.  Although some RCTs support 
the benefits of PFME, a recent meta-analysis [106] of 45 
RCTs does not support PFME as a first-line rehabilitation 
method for UC recovery after RP. The method proposed here 
to deconstruct the details of the PFME protocol, as described 
in a recent review by Hall et  al. [105], can help to better 
understand the usefulness of this strategy. In their analysis, 
preoperative PFME, use of biofeedback, and UC defined as 
non-leaky were characteristics associated with successful 
patient outcomes. Four studies included a total of 656 
patients undergoing RARP treatment and investigated the 
use of PFME to improve recovery from incontinence after 
RARP [47, 49, 107, 108]. Manley et al. [47] evaluated the 
improvement of pelvic muscle strength after PfME.  They 
also studied the effect of improving pelvic floor muscle 
strength on the recovery of urinary incontinence. PfME is 
performed before and after RARP. Patients were trained by 
an expert physiotherapist. Preoperative muscle strength was 
defined as strong in 77 patients (79%), moderate in 12 (12%) 
and weak in 9 (9%) patients. Authors reported an improve-
ment in all categories of PfM strength from day 4 to day 28 
after catheter removal [47]. However, it should be noted that 
authors reported that most of the patients classified as strong 
preoperatively were still strong after RARP.

 Pharmacological Treatment
DO may be a contributing factor to post-RP UI [109], hence 
the attempt to improve UC with anti-muscarinics. in the 
pasted few years, several studies investigated their efficacy 
on post-RP OAB symptoms. An RCT found that the emer-
gency UI of tolterodine 2 mg was significantly lower than the 
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untreated UI early after catheter removal [110]. Two RCTs 
reveals a significant effect of the anti-depressant duloxetine 
on SUI after RP [111, 112]. Although off-label in many 
European countries, duloxetine is currently recommended 
by the European Association GUI delines panel as an effec-
tive drug for postoperative SUI, but the side effects should be 
adequately explained to the patient. Also two studies tested 
the possible use of solifenacin for the treatment of post- 
operative incontinence [113, 114]. Overall, 662 patients 
treated with RARP were included. Solifenacin 5  mg daily 
was dispensed for 3 months. Similarly, Bianco et al. [114] 
evaluated the efficacy of solifenacin in patients incontinent 
after 1 to 3 weeks after catheter removal. Authors conducted 
a randomized, double-blind, phase 4, multicentric trial. 
Urinary continence was considered achieved if patients did 
not require the use of pads for at least 3 consecutive days. 
Gandaglia et al. [115] prospectively assessed a large cohort 
of RP patients, finding that those who were taking phospho-
diesterase type 5 inhibitors (PDE5Is) presented with better 
UC recovery rates as compared with those left untreated. 
Conversely, other studies failed to show any benefits after 
PDE5Is in RP patients [116].

 Surgical Treatments

Surgical therapy for post-RP SUI is an option for patients 
with unsatisfactory improvements after conservative 
management.

 Male Slings
Male slings (MS) are considered a feasible alternative to arti-
ficial urinary sphincter (AUS) in a number of cases of mild to 
moderate post-RP UI. Different types of slings are available, 
and all of them are meant to appropriately reposition the ure-
thra. Compared with AUS, a obviously advantage of slings 
was that they do not require the dexterity of the patient, and 
they are also cheaper [117]. Over- all, slings are divide into 
adjustable and non-adjustable types. Furthermore, depending 
on the method of insertion, slings can be divided into retropu-
bic and transobturator categories. Currently, there is a range 
of adjustable MS commercially available; therefore, it is dif-
ficult to express an opinion regarding the superiority of one 
MS against another, due to significant heterogeneity of the 
available data and lack of long-term follow-up RCTs. There 
are many types of sling has already been used to treat post-RP 
UI. Among of them, the InVance sling is a polyester mesh 
positioned under the bulbar urethra and anchored to the 
ischiopubic bone bilaterally, thus restoring continence by ure-
thral compression. The success rate of this system is between 
13% and 66% [118], although it is mainly studied for patients 
with mild to moderate UI.  Patients who have previously 
received radiation therapy result with high failure rate [119].

Re-adjustable sling systems are sub-urethral slings allow-
ing for the regulation of the desired tension, by traction on 
the threads located in the subcutaneous tissue 2 cm above the 
pubic bone). Two different types of re-adjustable slings (e.g. 
Argus and Remeex system) are currently available, with few 
reported data showing comparable results in terms of effi-
cacy, but with an overall high explantation rate ranging from 
10% to 21% of cases [118].

Rehder and Gozzi [120] was first described the AdVance 
trans-obturator sling, acting via a repositioning of the sup-
porting structures of the sphincter to their former presurgical 
place. Treatment success rates ranging was between 9% and 
73%.According to previously reported, this technique has 
20% failure rate, and a higher risk of failure for patients hav-
ing a 24 h pad-test >200 g/day [121].

 Artificial Urinary Sphincter
The artificial urinary sphincter (AUS) is based on a pressure- 
regulating balloon placed in the prevesical space over the 
pubis and connected to an inflatable cuff placed around the 
urethra, with a control pump in the scrotum which allowing 
the patient to decrease the pressure for voiding the bladder. 
The AUS reveals the highest success rate ranging from 20% 
to 89% in several studies and it is currently considered as 
gold-standard for patients with moderate-to-severe post-RP 
SUI [122]. However, the high reported complication rate 
(19.4%) including erosions, infections, and Mechanical fail-
ure, coupled with the need for dexterity in operating equip-
ment, makes this option less popular than other options in 
male UI therapy [116].

 Alternative Options

 Urethral Bulking Agents
The injection treatment of fillers (e.g. collagen, Teflon, sili-
cone, autologous tissue, hyaluronic acid) is based on the 
development of tissue masses at the BN level, leading to the 
latter and/or urethral occlusion. There are only few available 
data reported the effectiveness of the procedure. Overall, the 
reported success rate is very low, with only less evidence that 
the patient’s QOL has improved.

 Adjustable Balloons
The Pro-Act system depends upon the compression force 
which is provided by two balloons that are located bilaterally 
to the BN. Adjustable balloons appear to be a valid alterna-
tive for patients with mild to moderate post-RP UI. A recent 
retrospective single-institution study [123] focusing on 143 
patients who received a post-RP Pro-Act implantation 
showed that, after a median follow-up of 56 months, 64% of 
patients showed levels of improvement, with daily pad use 
reduced by ≥50%, and 45% of patients either did not wear 
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any pad or used only one “security” pad per day. The treat-
ment was considered safe, as 90.2% patients showed no 
complications.

 Intravesical Onabotulinum Toxin A Injections
This treatment had been approved for OAB in 2014, follow-
ing the results of several RCTs. However, there are limited 
data relating to their use in the post-RP population. In a 
 retrospective series of 11 patients with post-RP OAB, 
Habashy et al. [124] observed a resolution of urgency-UI in 
45% after onabotulinum toxin A intradetrusorial injection.

 Conclusions

RP was a major cause of UI in male; Therefore, during the 
preoperative evaluation, the patient must be informed of the 
risk of UI after RP. In a long period of time, a large part of 
patients can regain self-control, but a shorter recovery time is 
very important to prevent the deterioration of QOL. Patient’s 
individual features should be well kept in mind, with the aim 
of better assessing the individual risk of UI. in the pasted 
decade, the advances of surgical technique opened the way 
to the progress of multiple intraoperative techniques to 
improve UC outcomes after RP.  Robotic approach to RP 
allows to have a greater precision, when compared to 
RRP.  Therefore, we can expect conservative and surgical 
treatment after RARP to be more effective than PRP. Since 
the outcome of UI surgery is affected by many factors, such 
as the state of the urethra, the type of treatment used, and 
other patient characteristics, we can expect that conservative 
treatment will also be affected by the same predictive factors. 
Future observational and randomized clinical trials should 
test the hypothesis that the same UI treatment may have dif-
ferent results depending on the RP technology used. Ideally, 
these studies should be designed to include pelvic and 
abdominal magnetic resonance imaging to study the anatom-
ical changes that occur after RARP. In addition, it is impor-
tant to include pelvic floor muscles and bladder system 
function studies in the research design. This kind of approach 
could provide important anatomical and functional informa-
tion and it will allow to tailor the UI management, according 
to patients’ needs. PFME and pharmacotherapy are reason-
able conservative approaches for post-RP UI, even if success 
rates using these techniques have been inconsistent. Several 
surgical procedures are currently available to treat post-RP 
UI. Out of these, AUS showed the longest record of safety 
and efficacy for patients with moderate to severe UI. MS are 
an alternative approach, with intermediate data supporting 
their efficacy. Other options, Such as injectable agents or 
adjustable balloons, should only be considered when more 
established options are contra-indicated. Further randomized 
trials should be carried out to compare the different options, 

and innovation in the field should continue to refine current 
techniques and produce novel, and possibly more effective 
treatment methods.
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