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Preface

Robotic surgery is a breakthrough in minimally invasive approach that amplifies a surgeon’s 
vision and dexterity to treatment of diseases across many surgical specialties. Where human 
dexterity is limited, the robotic arm takes over and seamlessly scales, filters, and translates the 
precise movements of the hand with greater precision and less collateral damage. We see the 
future ahead, and the applications of robotics are poised to grow exponentially as advances 
continue in the fields of machine learning, artificial intelligence, and advanced imaging.

Since the first edition of the book in 2007, the practice of Robotic Urologic Surgery has 
undergone a significant evolution. Something that was initially based on theory and possibili-
ties now presents concrete solutions. The early adopters have now amassed a significant 
amount of experience, allowing the new surgeons to benefit from a significantly shorter learn-
ing curve. The question is no longer whether robotic surgery is feasible, viable, or the right 
way forward, but how to further improve the surgical outcomes and quality of life for the 
patient. The field of urology has led the way in robotics for over two decades now and contin-
ues to be the sub-specialty of innovation and exploration.

The first edition of our book focused mainly on robotic prostatectomy as this was believed 
to be the best indication for robotics technology. The current edition shows a greater breadth 
of applications in urology as robotics has expanded into other organ systems and procedures. 
Robotic surgery in urology is now a mature practice, widely implemented for the improvement 
of patient care.

This third edition of “Robotic Urologic Surgery,” consistent with the goals of the initial 
endeavor 15 years ago, is not only a compilation of the knowledge and experiences of the best 
robotic surgeons around the world but is also an incorporation of the recent advances in 
machine learning, artificial intelligence, and advanced imaging. We are very grateful to the 
contributors who have shared their expertise and to all urologists who have adopted this book 
and given valuable insight.

As Albert Einstein said, “To raise new questions, new possibilities, to regard old questions 
from a new angle, requires creative imagination and marks real advances in science”. We hope 
this third edition of Robotic Urologic Surgery answers questions that arise on robotic surgery 
and raises new questions that will spearhead further advances and improved techniques in the 
field of robotic surgery; For Man and Machine in collaboration are here to stay!

Celebration, FL Vipul Patel
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3

History of Robotic Surgery

Jonathan Noël, Sunil Reddy, Camilo Giedelman, 
Rigby C. D. Swarovski-Adams, Evan Patel, 
and Richard M. Satava

1  Introduction

Since the mid-twentieth century, during the “Information Age,” 
there has been an exponential growth of information technol-
ogy. The substitution of information for physical objects, the 
hallmark of this period, laid the foundation for the development 
of the field of minimally invasive surgery. Digitization of infor-
mation allowed the surgeon to move from open surgery to lapa-
roscopic and eventually robotic surgery [1].

The benefits of minimally invasive surgery have been 
seen with decreased blood loss, shorter hospital stays, 
smaller incisions, less pain, and improved visualization 
among others. There have been limitations also, such as 
increased cost, steep learning curve, and operative time. 
Robotics has helped address some of these limitations of the 
laparoscopic approach such as surgical fatigue (ergonomics) 
and learning curve. Open surgery was the Industrial Age, 
where the surgeon directly touched and felt the tissues and 
moved the tip of the instruments. Laparoscopic surgery was 
the transition: half in the Industrial Age, where the surgeon 
still moved the tip of the instruments, and half in the 
Information Age, where the visual feedback was the elec-
tronic image (information) of the organs on the monitor. The 
robot completes the transition to the Information Age. In less 

than two decades, the robotic approach has even become the 
gold standard of surgical treatment for localized prostate 
cancer. How did we get to this point?

The word “robot” is from the Czech word “robota” which 
means forced labor; it is Slavic root “rab” meaning “slave.” 
The word was further popularized by Isaac Asimov in his 
short story Runaround where he coined the term “robotics” 
in 1942. In 1951, while working for the Atomic Energy 
Commission, Raymond Goertz designed the first teleoper-
ated master–slave manipulator to handle hazardous waste 
material. The first industrial robot was known as Unimate 
and was a 6-axis articulating robot used for die cast handling 
and spot welding in General Motors (GM) assembly lines. 
Since 1988, robots have continued to develop from machines 
capable of performing simple operations to those of today 
that can perform highly sophisticated tasks, as seen in Fig. 1.

2  Origins of Modern Robotics

The modern history of robotic surgery began with the 
Programmable Universal Machine for Assembly (PUMA) 
560®, a robot which was developed in 1978 by the same 
company that manufactured the Unimate. In 1985, Dr. Yik 
San Kwoh used the PUMA 560 to hold a stereotactic frame 
for brain biopsies. In 1988, Sir John Wickham and Brian 
Davies of the Imperial College London used this system to 
perform a transurethral resection of prostate (TURP). 
Integrated Surgical Supplies Ltd (Sacramento, USA) con-
structed two models with similar features: Probot®, a robot 
designed specifically for transurethral prostatectomy, and 
Robodoc®, a robotic system for more precision in hip 
replacement operations. The latter system was converted into 
the first robot approved by the FDA.
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Fig. 1 Timeline of developments in robotic surgery

2.1  Probot® System for TURP

The Probot bore similarity to ROBODOC, in that precision 
of the coring action was preplanned based on a scan, in this 
case ultrasound. The system had 7 degrees of freedom (DOF) 
coupled to a motorized component to automate 
TURP. Software allowed the surgeon to fully override and 
adjust it anytime, and the robot helped reduce the strain on 
the surgeon’s neck that came from looking through an eye-
piece without video assistance. The goal was to make the 
procedure safer and shorter to limit fluid irrigant absorption 
which mostly accounted for morbidity and mortality of 

TURP during the 1980s–1990s. In their feasibility study, the 
procedure would take five minutes and coagulation could 
occur by means of the surgeon manually. This was the first 
time an active robot had been used to remove tissue from a 
patient [2]. A safety frame allowed the resecting instrument 
to stay within predefined limits of the verumontanum and 
bladder neck. Their results showed the Probot system to be 
as good as traditional method of TURP, with respect to uri-
nary flow rates [3]. However, the dependence of Probot on 
preoperative TRUS, inaccuracies of TRUS estimation, and 
the need for manual electrocautery for hemostasis hindered 
adoption of this machine [2].

J. Noël et al.
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2.2  ROBODOC

The ROBODOC (Integrated Surgical Systems, Sacramento, 
CA, USA) was developed in the 1980s and was an orthopedic 
surgical system that assisted in hip and knee replacement sur-
geries. This robot was the creation of late veterinary surgeon 
Howard “Hap” A.  Paul and orthopedic surgeon William 
Bargar, both from the University of California. CT scan data 
overlayed with computer-assisted design/computer-assisted 
manufacturing (CAD/CAM) technology could produce a cus-
tomized orthopedic implant. A five-axis robotic arm with a 
milling device connected to the tip of the arm via a force 
torque sensor, ROBODOC could then mill the bone cavity to 
the corresponding dimension, serving as a rasp. Human trials 
in 1992 showed its feasibility and superiority [4] as a radio-
graphically superior implant fit and through elimination of 
intra-operative femoral fractures after total hip arthroplasty. 
In 1994, the ROBODOC was commercialized in Europe and 
in 2008 received 510(k) FDA approval for use in the USA. In 
2014, THINK Surgical Inc. acquired ROBODOC and used it 
as the core technology for its next generation TSolution One® 
Surgical System which received FDA approval in 2019. It 
never gained wide adoption in part due to studies showing no 
significant difference compared to conventional TKA [5].

2.2.1  Stanford Research Institute and National 
Aeronautics and Space Administration

In 1986, Colonel Dr. Richard Satava joined the Stanford 
Research Institute (SRI) where Philip Green was developing a 
telemanipulator system for hand surgery. The team combined 
several technologies to create an early “virtual reality,” one of 
which was VPL Inc.’s DataGlove, a hand gesture interface tool 
that could be used to measure hand position and orientation as 
well as provide haptic feedback. Another was a head-mounted 
display (HMD) which was developed by NASA-Ames Research 
Center’s Michael McGreevey and Stephen Ellis, who were uti-
lizing HMDs to allow 3D visualization of data for NASA’s plan-
etary exploration missions. 3D audio was added to the HMD by 
Scott Fisher to further immerse users, coining it “telepresence” 
as seen in Fig. 2. This concept allowed surgeons’ hands to have 
a computer interface with their patient in another room.

While laparoscopy gained popularity, the loss of three- 
dimensional visualization and the hindrance of dexterity due 
to the fulcrum effect made it advantageous for patients but 
challenging for many surgeons [6]. A workstation was cre-
ated with instrument handles instead of gloves, an arm rest, 
and a monitor located 5–15 degrees below the horizontal (see 
Fig. 3) [7]. The system allowed for haptic feedback through 
force-sensing elements on end effectors and motion prohibi-
tion when resistance was met [8, 9].

2.2.2  Defence Advanced Research Projects 
Agency

Dr. Satava was recruited by the Surgeon General of the 
Army, Alcide LaNoue, to join Defense Advanced Research 

Projects Agency (DARPA) and develop the telepresence sys-
tem for military use during the 1990s. The imperative was to 
reduce mortality of soldiers who had sustained battlefield 
casualties by at least 50%. The premise was to change access 
to trauma care “from the golden hour to the golden minute” 
through telepresence surgery. Data analyzed from the 
Vietnam war had revealed that life-threatening wounds were 
a major contribution to mortality and had not changed since 
the Civil war [10].

The DARPA project of a telepresence surgeon for the 
wounded soldier would be possible by positioning a surgi-
cal console workstation in a Mobile Advanced Surgical 
Hospital (MASH). The remote Robotic Surgical Unit 
(manipulator arms) would be mounted in an armored 
vehicle (mobile operating room) in the forward battlefield 
to perform critical lifesaving surgical tasks (damage con-
trol surgery) until the patient arrived at a MASH for defin-
itive care. This vehicle was known as the medical forward 
advanced surgical treatment (MEDFAST) vehicle. The 
concept envisioned that, when a soldier was critically 
wounded, the soldier would be placed in a portable inten-
sive care unit for life support and transport (LSTAT or 
“trauma pod”), which would be immediately inserted into 
the MEDFAST, so a surgeon would be able to operate 
with bedside assistance from a medic. The MEDFAST 
also integrated telepresence into non-surgical technology 

Fig. 2 Head-mounted display (HMD) with DataGlove interface dem-
onstrated by Dr. Scott Fisher (From George & Satava et al., Origins, 
Journal of the Society of Laparoscopic & Robotic Surgeons)

History of Robotic Surgery
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Fig. 3 Early prototype of surgical workstation (ergonomic design, armrest to stabilize arms, instruments handles)

of anesthesia, remote monitoring, radiography, and life 
support, to ensure that full operating room capabilities 
could be deployed in the battlefield. The first prototype 
was completed and demonstrated in October 1994 to the 
Secretary of Defence William Perry at the Annual 
Convention of the Association of the US Army in 
Washington, DC.  The subsequent development was the 
creation and demonstration by Oak Ridge National 
Laboratory of robotic surgical scrub and circulating 
nurses—integrated with the surgical robotic system and 
suitable for automatically performing tool changes and 
dispensing various surgical supplies, thus completing the 
total capabilities of a remote, mobile operating room. Due 
to political reasons the DARPA program came to a halt, 
and the intellectual property of the SRI telepresence sys-

tem was eventually pitched to venture capitalists and 
acquired by Intuitive Surgical, Inc. for commercialization 
[11].

3  First Telerobotic Commercial Systems

3.1  AESOP (Automated Endoscopic System 
for Optical Positioning)

Around the same time SRI was working on their “telepres-
ence” system. Computer Motion Inc. (Goleta, CA, USA) 
was founded by Yulun Wang, Ph.D., in 1989. Wang would 
eventually go on to develop an automatic endoscopic 
system for optimal positioning (AESOP®), which was a 

J. Noël et al.
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robotic arm designed to hold a laparoscopic camera. 
Following this commercial success, Computer Motion 
then independently developed Hermes and then the Zeus 
robotic surgery system [12].

The HERMES system was a software interface that was 
developed to control devices through voice command, offer-
ing the concept of a “smart operating room.” Computer 
Motion focused its research on the AESOP arm, which 
maneuvered an endoscope intracorporeally using verbal 
commands. The surgeon positioned the camera while con-
trolling the other two arms with conventional laparoscopy or 
by coupling it to the ZEUS system [13]. The development of 
the arm was carried out under a NASA SBIR (Small Business 
Innovation Research) contract. NASA funded these deriva-
tives of technological enterprise with the aim of eventually 
helping astronauts work remotely on repairs of orbiting 
space shuttles [14].

AESOP began in 1994, with the Model 1000, which was 
the world’s first FDA-approved general-purpose surgical 
robot. In 1996, Computer Motion Inc. continued with the 
improvements until reaching model AESOP 3000 (Fig. 4). 

Computer Motion used the FDA’s 510K process instead of 
class III approval, allowing it to be released to the market 
several years faster and set a precedent for future competi-
tion to use [15].

In 1998, the Journal of Thoracic Cardiovascular Surgery 
published an article where the feasibility of AESOP was evi-
denced in minimally invasive mitral valve repair [16].

AESOP’s success is illustrated by its adoption into more 
than 1000 hospitals and represents the beginning of robotic 
surgery’s global impact.

3.2  ZEUS System

In 1993, Computer Motion Inc. began working on the Zeus 
surgical robot, whose first prototype was available in 1995 
and was tested in an animal model in 1996. The system con-
sisted of 3 AESOP “arms” (two instrument holders and the 
camera holder) plus a surgical console to control the arms. 
Two years later, in 1998, the ZEUS Robotic Surgical System 
performed its first minimally invasive microsurgical proce-
dures on humans, including endoscopic coronary artery 
bypass grafting (E-CABG) [17], tubal reanastomosis, and 
other complex procedures such as heart valve surgery. In 
2000, the ZEUS was equipped to hold 28 different surgical 
instruments, and in 2001, it received FDA approval 
[14–18].

Jacques Marescaux used this robot in September 2001 to 
perform the first transatlantic remote laparoscopic cholecys-
tectomy from New  York. The patient was in Strasbourg, 
France (Fig. 5). This was a major landmark for surgery. The 
main drawback of the ZEUS system was the large size of 
robotic arms, which limited operating room space and caused 
frequent collisions between the trocars [19, 20].

The ZEUS system, seen in Fig. 6, was discontinued in 
2003 after Computer Motion was acquired by rival Intuitive 
Surgical; later it would develop the Da Vinci Surgical 
System [21].

3.3  Computer Motion vs. Intuitive Surgical

In 2000, Computer Motion filed lawsuits against its rival 
company in medical robotics, Intuitive Surgical, for alleg-
edly infringing Computer Motion’s patents related to robotic 
surgery.

In June 2000, Intuitive Surgical went public, and on 
March 7, 2003, Computer Motion and Intuitive Surgical 
were merged into one company. This was done in part to try 
to resolve the litigation between the companies, but in so 
doing, it increased the effectiveness and usability of such 
technology. Shortly after the merger, ZEUS was phased out 
in favor of Intuitive Surgical’s Da Vinci system [11].Fig. 4 AESOP (Automated Endoscopic System for Optical Positioning)

History of Robotic Surgery
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Fig. 5 Dr. Marescaux 
performing the first 
transatlantic remote 
laparoscopic cholecystectomy 
in New York on a patient in 
Strasbourg, France

4  Intuitive Surgical: Mona to DaVinci 
(FDA Approved 2000)

In 1995, the company Intuitive Surgical Inc. (Sunnyvale, 
CA, USA) was founded by Frederic H. Moll, John Dreund, 
and Robert Younge after negotiating for SRI’s intellectual 
property with the aim of developing a complete surgical 
robotics project. In 1996, the company started with a proto-
type known as “Lenny” (after Leonardo da Vinci) and was 
used in animal trials; however, its limitations in visualization 
and mechanical reliability precluded use in humans. As the 
company’s prototypes became more advanced, they were 
named using da Vinci themes; “Leonardo” and another 
“Mona.” The final version of the prototype was nicknamed 
the “da Vinci,” which was the final marketing label [14]. 
“Mona” prototype was the precursor robot with a control 
console and independent exchangeable arms. On March 3, 
1997, the first procedures, two cholecystectomies, were per-
formed by bariatric surgeons Dr. Jaques Himpen and Dr. 
Guido Leman out of St. Blasius General Hospital in Belgium 
[14]. The following day the creation of two arteriovenous 
fistulas was performed by Dr. Marc Bosiers using Mona.

Starting in 1997, various procedures of general surgery, 
gynecology, and urology were carried out, and in 1999, 
Intuitive Surgical began marketing this system in Europe 
while awaiting FDA approval in the USA [21]. The da 
Vinci surgical system obtained FDA approval in 2000 to 
perform laparoscopic abdominal surgery procedures in the 
USA [22, 23].

On September 16, 1998, using Mona, Dr. Guy-Bernard 
Cadière performed a band gastroplasty and published the 
report in Obesity Surgery which highlighted the safety, feasi-

bility, and ergonomic advantages of robotic surgery, espe-
cially in confined spaces [21]. By this time, the system had 
been improved with binocular 3D vision and use of a third 
arm for manipulation of the optical system; however, diffi-
cult instrument exchange coupling and setup were still limit-
ing factors [24].

The da Vinci entered human trials in 1998  in Mexico, 
Germany, and France. Its improvements included improved 
visualization, range of motion, and most notably a stand- 
alone robot which replaced the need for mounting instru-
ment manipulators to the table. Cholecystectomy, Nissen 
fundoplication, mitral valve repair, and eventually a CABP 
were performed using the system [5].

Leipzig Heart Center in Germany made the first purchase 
of the da Vinci in late 1998 where cardiac surgery was the 
main focus. By 2001, over 140 different types of robotic sur-
gery had been performed in Brussels, Mexico City, and Paris 
including cardiac, bariatric, gynecologic, and urologic pro-
cedures. On July 17, 2000, the da Vinci received full FDA 
approval through the same 510K expedited process used by 
Computer Motion. The Vattikuti Institute in Detroit, Michigan 
was the first to document the robotic-assisted prostatectomy 
in the year 2000, which offered decreased blood loss, low-
ered pain scores, and shortened hospital stays over the tradi-
tional open retropubic approach [25–27]. Rather than the 
expected implementation in cardiovascular surgeries, the da 
Vinci found robust adoption in urologic and gynecological 
surgeries.

In spite of the growth in robotic surgery in almost all the 
surgical areas, it has been the urology field where it has 
caused the main impact, with vast expansion and excellent 
results in different types of interventions: simple prostatec-

J. Noël et al.
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a b

Fig. 6 Zeus system in OR. (a) surgeon console and (b) robotic arms 
(from Lealghezzi et al. 2016)

Table 1 Timeline of the da Vinci® surgical system in general surgery

Year Author Surgery
1997 Cadiére Cholecystectomy
1998 Cadiére Adjustable gastric band
1999 Cadiére Nissen fundoplication
2000 Horgan Roux-en-Y gastric bypass

Giulianotti Total gastrectomy in malignant disease
Hashizume Colectomy in malignant disease
Hashizume Splenectomy
Hashizume Unilateral and bilateral inguinal hernia 

repair
2001 Weber Colectomy in benign disease

Horgan Adrenalectomy
Giulianotti Liver resection
Giulianotti Distal pancreatectomy and 

duodenopancreatectomy
Melvin Heller’s esophagomyotomy
Melvin Transthoracic esophagomyotomy in 

malignant disease
2002 Ballantyne Ventral and incisional hernioplasty
2003 Horgan Transhiatal esophagectomy in malignant 

disease
Giulianotti Anterior resection of the rectum

2007 Kang Thyroidectomy in malignant disease

From Leal Ghezzi, T., & Campos Corleta, O. (2016). 30 Years of 
Robotic Surgery. World Journal of Surgery, 40(10), 2550–2557. 
https://doi.org/10.1007/s00268-016-3543-9

tomy, radical prostatectomy, partial nephrectomy, live donor 
nephrectomy, and pyeloplasty, among others. The first 
robotic radical prostatectomy was realized by Binder in 
Germany, while Abbou and his colleagues, in France, were 
the first ones in publishing it in the literature [25–27]. The 
group of Guillonneau and his colleagues reported the first 
nephrectomy [28] and robotic lymphadenectomy as a treat-
ment for prostate cancer [29].

Technological advances continue to impact the modern 
practice of urology, none more so in recent years than the 
development of robotic surgery. Since the first publication of 
a series of patients undergoing robot-assisted radical prosta-
tectomy in 2001, the field has seen a dramatic increase in the 

use of robotic surgery for urologic procedures. In the USA, 
42% and 63% of all radical prostatectomies in 2006 and 
2007, respectively, were performed with robot assistance. 
This number is likely to increase to 85% for the year 2009.

The minimally invasive nature of these procedures allows 
for better precision, decreased blood loss, shorter hospital 
stay, decreased morbidity, and shorter convalescence while 
preserving functional and oncologic outcomes. Additionally, 
the application of robotic surgery has spread beyond radical 
prostatectomy to include radical cystectomy, nephrectomy, 
partial nephrectomy, adrenalectomy, and other upper urinary 
tract surgery (pyeloplasty, ureteral reimplant, etc.). Robotic 
surgery has even seen dramatic growth in pediatric urologic 
and general surgery applications (Table 1).

5  Current Status of New Platforms 
and Future

Haptic feedback and sound will add a dimension of reality, 
but the challenge is providing information to more than 20 
nerve endings for sensation in the hand. For instance, com-
puters judging 1  mm two-point discrimination and 
 proprioception with the need to display this to the user pres-
ent exciting future endeavors.

5G wireless networks will allow for faster information 
transfer with 100-fold increase in bandwidth, speed, and sig-
nificant decrease of latency to 1 ms, making remote telesur-

History of Robotic Surgery
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gery safer and for longer distances. However, the bedside 
cart will need to be upgraded with additional software to 
accommodate telesurgery since most of the control of the 
manipulators reside in the console in the current systems. A 
necessary consideration is security and reliability of the 
communication network, though the current 5G systems use 
blockchain for security and 7-nines reliability.

Single-port technology of robotic systems has become 
widely available in the USA, and this is discussed in a 
separate chapter. Patients should respond positively to less 
scars for the same procedure. The long-term outcomes of 
such minimal access surgery in cancer are still being eval-
uated [30].

Lastly, artificial intelligence is on the forefront and will be 
integrated into robotic surgical systems in unique ways.

6  Conclusion

Robotics is a cutting-edge technology that manipulates 
information in the service of the surgeon. Its high impact is 
given by the ease to develop almost any urologic procedure, 
a shorter learning curve, greater ergonomics, and proven bet-
ter results than other approaches.

The next step is to continue with the exploration of how to 
achieve an increasingly better, more accurate dissection that 
more closely matches our expectations to patients’ 
expectations.
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Current and Upcoming Robotic Surgery 
Platforms and Adjunctive Technologies

Nikhil Sapre, Taimur T. Shah, and Prokar Dasgupta

1  Introduction

Over the last 30 years, laparoscopic surgery has transformed 
care of patients in urological surgery. However, laparoscopy 
is limited by its 2-dimensional (2D) vision, ergonomics, and 
limited range of motion. This has meant several aspects such 
as operating in a narrow field in the pelvis, and complex 
reconstruction remains challenging with a significant learn-
ing curve. The advent of robotic assistance has overcome 
several limitations of laparoscopy with its 3-dimensional 
(3D) vision, better dexterity and range of movement, HD 
visualization, motion scaling, and tremor filtration. Robotic 
assistance has increased the utilization of laparoscopy sig-
nificantly changing the landscape of urological surgery. In 
urology, it has been used to perform pelvic surgery such as 
radical prostatectomy, cystectomy, and urinary diversion as 
well as upper tract surgery such as radical and partial 
nephrectomy, adrenalectomy, and pyeloplasty. More recently, 
we have seen robot-assisted laparoscopic surgery in female 
and functional urology as well as reconstructive urology. 
Robot assistance and autonomous systems are also being 
applied to BPH surgery, ureteroscopic stone surgery, and 
ultrasound-guided prostate biopsies.

Robot-assisted laparoscopy was first used in urology at 
Frankfurt, Germany, using the da Vinci surgical system 
(Intuitive Surgical Inc., Sunnyvale, CA, USA) [1] to perform 
radical prostatectomy. Since then, innovation in robot- 
assisted laparoscopy has seen several versions of this system 
enter the market from the original Si system to the current 
models such as Xi and SP (single-port) systems. Some pat-
ents for the da Vinci system expired in 2019 paving way for 
new platforms to enter the market.

In this chapter, we summarize the various robotic plat-
forms available in the market currently as well as systems in 
development which are likely to enter the market in the near 
future. We also discuss various adjunct technologies that are 
in use on these robotic platforms for pre-operative planning 
as well as intra-operative guidance.

Finally, we discuss how precision robotics, connectivity, 
and surgical data science are being used to expand the hori-
zons of robotic surgery.

2  Robotic Platforms

Table 1 summarizes the currently approved robotic assis-
tance systems currently available in the market [2].

2.1  da Vinci Surgical System

Approved by the FDA in 2000, this is the main surgical sys-
tem in the market and is used in adult cardiac, general, gyne-
cology, head and neck, and urological surgery as well as in 
pediatric surgery [3]. This master–slave robotic system con-
sists of a surgeons console system, which is used to control 
interactive robotic arms at the patient-side cart (Figs. 1 and 
2). The robotic arms have EndoWrist technology and seven 
degrees of freedom and can act as retraction, cutting, or elec-
trosurgical tools. Four generations of this system have since 
been released including the da Vinci, S, Si, and Xi. In 2018, 
the da Vinci SP (single-port) system was approved by the 
FDA.

The Xi system has an end-mounted camera that can be 
positioned in any port, thinner robotic arms, better endowrist 
joints, and longer instrument shafts allowing more efficient 
multiquadrant procedures.

The SP system patient cart utilizes a single robotic arm 
with a 2.5 cm cannula, through which an oval 12 × 10-mm 
3D-HD fully wristed endoscope and three 6-mm wristed and 
elbowed instruments can reach up to 24 cm depth. The can-
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Table 1 Currently approved robotic surgical systems

Robotic system Surgeon console Controller Key features
da Vinci Xi Closed Finger loops 8 mm camera port and 8 mm instruments

10 uses per instrument
Three instrument arms
Port hopping camera
Dual console

da Vinci SP Closed Finger loops Single-port
Single robotic arm through a 2.5 cm cannula with 360° of rotation
12 mm articulating camera
Three 6 mm instrument arms

Senhance Open/3D glasses Laparoscopic handles 10 mm camera
Four independent robotic arms (10 mm, 5 mm, 3 mm)
Infrared eye tracking for camera control
Haptic feedback
Dock free design
Reusable instruments

Revo-I Closed Finger loops 10 mm camera
7.4 mm instruments with 20 uses each
Excessive force use warning

Versius Open/3D glasses Joystick handles 10 mm camera and 5 mm instruments
Haptic feedback
Portable independent arms, individually mounted in separate patient-side 
carts
Surgeon can be in sitting or standing position
Dock free design

Avatera Open Finger loops 10 mm camera with 5 mm instruments
Only consists of 2 components
Single use instruments

Hinotori Semi-open Finger loops Dock free design
Only approved for use in Japan

Fig. 1 The three components 
of the DaVinci Xi system and 
the surgeons console, visual 
tower, and patient cart on a 
single extendable and 
maneuverable boom

nula and the boom can rotate 360° allowing excellent vision. 
The surgeon console of the SP system, while similar to multi-
port model, has additional features that allow the surgeon to 
move the entire robotic arm in addition to moving the instru-
ments separately. The navigation interface also allows the sur-
geon to tract the position of each instrument during surgery. 

Many surgeons have since published their experience and out-
comes of robot-assisted laparoscopic radical prostatectomy 
(RALP), robot-assisted radical cystectomy (RARC), robot-
assisted radical nephrectomy (RARN) and robot- assisted par-
tial nephrectomy (RAPN), robot-assisted pyeloplasty, and 
other reconstructive procedures using the SP system [4–8].

N. Sapre et al.
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Fig. 2 Surgeon sitting at the DaVinci Xi closed console

Fig. 3 CMR robot dockless individual patient arms

Fig. 4 Surgeon standing at the CMR robot console

2.2  Senhance

Initially developed by the Sofar (Milan, Italy) and originally 
named the ALF-X, the Senhance surgical system (TransEnterix 
Surgical Inc., Morrisville, NC, USA) has been approved by 
FDA for general and gynecology procedures. It has CE Mark 
certification for all abdominal and non-cardiac thoracic pro-
cedures and recently its use for various urological procedures 
was described in Europe [9, 10]. It has a remote console unit 
called a cockpit, up to four independent robotic arms in sepa-
rate patient carts. It provides 3D HD vision, haptic feedback, 
camera control using surgeon’s eye movements via infrared 
eye tracking system and reusable laparoscopic tools.

2.3  Revo-I

The Revo-I is approved for use in Korea and is based on a 
similar platform to the da Vinci system. It consists of a four- 
arm patient cart with 7.4 mm wristed instruments, a closed 
surgeon console, and a HD vision cart with a 10 mm endo-
scope. It has been used to perform retzius-sparing RALP in 
the first human trial in 17 patients with acceptable peri- 
operative, early oncological, and continence outcomes [11]. 
Specifically, there were no conversions to open to laparo-
scopic surgery.

2.4  Versius

The Versius surgical system (Cambridge Medical Robotics 
Ltd, Cambridge, UK) received the European CE Mark in 
March 2019. The robotic arms, which have shoulders, 
elbows, and wrists, are individually mounted in separate 
patient-side carts allowing for optimization of port place-
ments [12] (Fig. 3). Instruments are sleek at 5 mm diameter 

and are controlled through a joystick on the console. The 
open-console design with 3D HD vision allows for excellent 
communication between the console surgeon and the bed-
side team. The ability of the surgeon to be upright in the sit-
ting and standing position allows for excellent ergonomics 
(Fig. 4). The system has been used in a preclinical setting, 
where multiple surgeons successfully performed prostate 
surgeries, renal surgeries, and pelvic lymph node dissection 
(PLND) on cadavers and porcine models [13].

2.5  Avatera

The Avatera system (Avateramedical GmbH, Jena, Germany) 
consists of only two components. The surgical robot has four 
robot arms, which controls up to 3, 5  mm avatera instru-
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ments, which provide seven degrees of freedom and a 10 mm 
HD endoscope. The open-console control unit includes a 
microscope-like eyepiece, an integrated and flexible seat, 
and easy handling via haptic, manual input devices and foot-
switches. All instruments are single use eliminating the need 
for sterilization.

2.6  Hinotori

The Hinotori system (Medicaroid Corporation, Kobe, 
Japan) is approved for human use in Japan only with plans 
for expansion internationally [14]. The surgeon cockpit is a 
semi-open console with microscope-like eyepiece, which 
provides a 3D HD view and loop-like handles, which con-
trol the wristed robotic arms. The operative unit has four 
robotic arms, which have multiple joints with movement in 
eight axes. There are no publications of its use in human 
studies yet.

2.7  Future Robotic Surgical Systems

The global market for robotic surgery is $13.3 billion by 
2026 [15]. It is not surprising that many companies have 
developed surgical robotic systems to enter this lucrative 
market. Multiport robotic systems recently launched include 
the Hugo RAS system (Medtronic, Dublin, Ireland), a modu-
lar, open-console surgical robot; and in development the 
BITRACK system (Rob Surgical, Barcelona, Spain), a three- 
arm, open-console system, the Tumai surgical robot 
(MicroPort, Shanghai, China), Verb surgical (Johnson & 
Johnson, USA), Virtuoso Surgical system (Nashville, TN, 
USA). The Single-Port Orifice Robotic Technology (SPORT) 
surgical system now rebranded as ENOS (Titan Medical, 
Toronto, Canada) is a robotic single access system with a 
flexible camera and two multi-articulated instruments [16] 
and is expected to compete with the da Vinci SP if it receives 
FDA clearance for commercial use.

2.8  Other Robotic Systems in Urology

The use of robotics is not only confined to laparoscopic sur-
gery but has also been utilized within the fields of benign 
prostatic hypertrophy (BPH), urolithiasis, and diagnostic 
with a different method of application in each system.

Aquablation is a minimally invasive robotic system for 
the treatment of BPH using high-pressure saline. The aim 
being to destroy prostatic tissue through non-thermal 
hydrodissection, the system is made up of a conformal plan-
ning unit (CPU), a robotic hand-piece, and a console. Prior to 
commencing treatment, the prostate and ablation zone is 

mapped out in advance with the required depth and angle of 
the water jet selected. The high-velocity jet is controlled by 
the surgeons foot pedal and will proceed along the pre- 
defined ablation map [17].

Since 2010, ELMED (Ankara, Turkey) has been working 
on a system specifically designed for Robotic flexible ure-
terorenoscopy (FURS) called the Avicenna Roboflex. The 
robot consists of the surgeon’s console and the robotic arm 
which controls the flexible ureterorenoscope with different 
attachments available for the various endoscope manufactur-
ers. The robotic arm is controlled from the console using a 
joystick and wheel which allow for very accurate and fine 
movements in all directions such as forward/backward, 220° 
rotation in both directions, and 262° of deflection bilaterally. 
The entire procedure can be performed from a sitting posi-
tion, outside of radiation field. The laser fiber and the irriga-
tion speed of the fluid can both be controlled from the console 
[18].

Robotic systems have also been developed for automated 
prostate cancer biopsies such as the transperineal biopsy 
iSR’obot Mona Lisa from Biobot Surgical Ltd., Singapore. It 
incorporates fusion of the pre-biopsy MRI with real-time 
transrectal ultrasound images to construct a 3D model of the 
prostate. As with other MRI-fusion systems the images are 
contoured prior to biopsies taking place; however, in the case 
of the iSR’obot™ Mona Lisa a software-controlled robotic 
arm mounted to the operation table that takes biopsies 
according to the pre-defined plan up to a sampling density of 
every 1 mm [19].

3  Adjunct Technologies for Robotic 
Surgical Systems

3.1  Instruments

3.1.1  Robotic Staplers and Sealers
The EndoWrist Stapler, a fully wristed endoscopic linear sta-
pler, which can be introduced into the operative field through 
a 12 mm port, places more control in the hands of the console 
surgeon. It is equipped with SmartClamp technology, which 
detects whether the jaws can adequately close on the target 
tissue for the given staple height and informs the surgeon 
accordingly. It also notifies the surgeon and prevents firing 
when it detects that no reload or a spent reload is installed 
accidentally. The use of this system has been published in 
colorectal, thoracic, and upper gastrointestinal surgery but 
more evidence to document its equivalence to laparoscopic 
linear staplers are needed especially in urological surgery 
such as RARC and urinary diversion [20, 21].

The vessel sealer extend is another instrument compatible 
with the da Vinci Xi surgical system that has independent 
grasping, dissecting, cutting, and sealing functions. Its 

N. Sapre et al.



15

wristed technology with 60° articulation can cut and seal 
vessel or bundles of tissue up to 7 mm with orthogonal tran-
section at right angles and is manipulated directly by a sur-
geon utilizing a console. Used with the Erbe VIO dV 
generator system, a generator inserted in the vision cart of 
the da Vinci system, the energy and bipolar effect can be 
regulated, as with other instruments [22].

3.1.2  Magnetic Retraction System
Levita™ Magnetic Surgical System (LMSS) (Levita 
Magnetics, San Mateo, CA) is designed to magnetically 
grasp and retract the target tissue. It works by attaching a 
spring-loaded grasper, characterized by a small magnetic 
end, to the targeted tissue, subsequently controlling it using 
an external stronger magnet. This eliminates the need for a 
dedicated trocar and shafted instrumentation that may clutter 
the operative field. This may be especially useful in single- 
port surgery or reducing the number of ports in multiport 
surgery. Steinberg et al. [23] reported the feasibility of LMSS 
in 15 patients undergoing single-port RALP without any 
additional assistant ports or conversion to open surgery. They 
found that LMSS improved tissue exposure and ergonomics 
in single-port surgery, thus mimicking multiport surgery. 
Others have reported the safety and feasibility of LMSS dur-
ing robotic upper tract surgery [24]

3.2  3-Dimensional Pre-operative Planning

Conventional surgical planning based on cross-sectional 
imaging requires complex cognitive processing to convert 
2D images into a 3D reconstruction to guide intra-operative 
decision-making. The use of virtual 3D models and 3D print-
ing has evolved to enable the surgeon to create a roadmap for 
more precise surgery. In urology, this has been applied prin-
cipally to RALP and RAPN.

The current 3D model reconstructions utilize machine 
learning algorithms to convert cross-sectional images into a 
3D image segmentation of the scan, which is then validated 
by engineers to create a final 3D rendered model. Startups 
such as Innersight Labs from academic institutions in the 
United Kingdom are paving the way for this technology to be 
used in patient selection, planning, and intra-operative 
guidance.

For RAPN, better surgical planning using 3D models 
can be useful in patients with complex anatomy such as 
ectopic or horseshoe kidneys [25] and may have a role in 
reducing warm ischemia times and better preservation of 
renal function by allowing selective and super-selective 
clamping [26].

Porpiglia et al. [27] in their study of 101 patients showed 
that nephrometric scores obtained using 3D models were 
lower for half of the cases than when scored using conven-

tional 2D CT images. Interestingly, their study also showed 
that the scores obtained using 3D information were better 
predictors of postoperative complications, which they attrib-
uted to better perception of tumor depth and its relationships 
with intra-renal structures.

Bianchi et  al. [28] showed that during RAPN, the 
3D-guided plan allows the surgeon to perform selective 
clamping in higher proportion of patients compared with the 
standard 2D-guided approach without increasing intra- 
operative and postoperative complications.

Such 3D reconstructions can actually be 3D printed to 
give surgeons a sense of touch and potentially reduce posi-
tive margins during RALP [29] or RAPN.  Furthermore, 
these technologies can also be used for purposes of urology 
training, patient counseling, and patient consent.

3.3  Virtual and Augmented Reality 
and Artificial Intelligence

MIMIC technologies (Seattle, USA), the leading firm for 
virtual reality robotic simulators, has both standalone simu-
lation systems such as the dV-trainer and FlexVR as well as 
the da Vinci skills simulator, a simulator co-developed by 
MIMIC and Intuitive which connects a simulation computer 
directly to the da Vinci console to allow for simulation 
directly on the console [30].

Although virtual reality simulators are used for training to 
improve a surgeon’s skill set and shorten the learning curve, 
there is no high quality evidence of skills transfer from simu-
lation to clinical surgery on real patients [31]. Some studies 
have used virtual reality models to show that it can aid the 
identification of the renal artery during RAPN, and plan and 
guide various surgical steps during RARP for peripherally 
placed and advanced tumors [12, 32].

3D reconstructed images from cross-sectional imaging 
may be superimposed onto in-vivo anatomy to allow better 
surgical navigation using data from fused virtual reality 
images as well as real-time in-vivo observations. Such aug-
mented reality (AR) models have been developed and used 
for surgical navigation in RALP and RAPN [33–35].

Porpiglia et al. [35] demonstrated that using hyper accu-
racy 3D (HA3D) AR models during RAPN of complex renal 
masses can lead to lower rates of global ischemia with less 
violation of the collecting system and lower drop of the esti-
mated renal plasma flow at 3 months. Their tumor enucle-
ation rate was also higher using HA3D models than 
intra-operative ultrasound (US) guidance.

Using HA3D models in 30 patients undergoing RARP, 
Pulliati et al. showed 100% and 79% accuracy in predicting 
the location of the index lesion and ECE, respectively, using 
histopathological specimens as gold standard [33]. Their 
team also developed elastic HA3D AR models of the prostate 
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that allowed identification of ECE with 100% accuracy com-
pared to 47% with the 2D MRI cognitive models [34].

In the field of robotics, artificial intelligence (AI) has so 
far been used mainly to assess surgical performance. 
Baghdadi et  al. [36] used machine learning and logistic 
regression algorithms to train a model for computerized 
assessment of PLND during RARC. Compared to an expert 
panel of surgeons, the model was 83.3% accurate in assess-
ing the quality of the lymph node clearance. Another study 
showed that automated performance metrics using an AI 
model could distinguish surgeon expertise in various areas 
such as time, movement efficiency, camera manipulation, 
and tissue trauma during vesicourethral anastomosis of 
RALP [37].

3.4  Image-Guided Surgery

3.4.1  USS Guidance
The introduction of the drop-in ultrasound controlled by the 
ProGrasp forceps allows the surgeon to optmize the intra- 
operative assessment of the extent of the tumor, allowing for 
precise tumor excision and enucleation [38]. This is a useful 
tool especially when resecting endophytic tumors. Contrast- 
enhanced ultrasonography (CEUS), which uses microbubble- 
based contrast agents with existing ultrasound techniques, 
allows for enhanced evaluation of macrovascular and 
 microvascular structures, potentially allowing for selective 
clamping and reducing warm ischemia times [39]. Rao et al. 
[40] have described a novel technique of occlusion angiogra-
phy using intra-operative contrast-enhanced ultrasound scan 
(CEUS) for zero-ischemia RAPN in five patients. However, 
more studies are needed to assess whether this technology 
will consistently translate to better functional and oncologi-
cal outcomes.

3.4.2  Fluorescent Dyes
Fluorescence imaging in robotic surgery relies on detection 
of variable uptake of a molecular marker in different tissues, 
which can be detected by a high-resolution endoscope using 
near infrared (NIFR) light spectrum. Indocyanine green 
(ICG) is the most commonly used fluorescent dye in robotic 
urological surgery, as it can be detected using NIRF [41]. 
ICG has been used for guidance in selective clamping for 
nephron sparing during RAPN [42]; assess tissue vascularity 
during robot-assisted ureteral reconstruction [43, 44], pre-
cise dissection of prostatic neurovascular bundle [45], iden-
tification of lymph nodes during lymphadenectomy for renal 
cancer [46], and during RARP and robotic PLND [47].

Renal tumors are hypofluorescent after ICG administra-
tion as they are deficient in the transporter bilitranslocase 
which is present in normal renal parenchyma [46]. However, 
Manny et al. [48] showed that this property cannot reliably 

identify malignant renal lesions. In their study of 100 RAPN 
cases, they were able to identify malignant tumors with a 
positive predictive value of 87% and negative predictive 
value of 52%.

The risks of blood loss and suboptimal views leading to 
potential positive surgical margins on the off-clamp approach 
and risk of reperfusion injury and nephron loss in the on- 
clamp approach have driven the interest in selective arterial 
clamping [49]. ICG-based fluorescence imaging has been 
used to help identify the arterial supply to the tumor and 
adequacy of selective clamping to improve the functional 
outcomes [41]. In this large series of 318 patients undergoing 
ICG-guided RAPN, the authors showed that ICG-guided 
surgery is a promising tool for guiding the surgeon strategy 
of global versus selective during robot-assisted partial 
nephrectomy especially in cases with challenging vascular 
supply or impaired renal function. They reported a trifecta 
rate of 80%; however, their study lacked a control group. 
Other studies have also shown that ICG-guided selective 
clamping during RAPN shows promise with lower glomeru-
lar filtration rate (GFR) reduction compared to global clamp-
ing [49–51]. Other potential uses of ICG-guided RAPN lie 
in localization of completely endophytic tumors and assess-
ment of potential positive margin due to differing fluores-
cence of malignant and benign renal tissue [41, 52].

The use of ICG-guidance during ureteral reconstruction 
has helped in identification of the ureter in cases of inflam-
mation and fibrosis as well as allow precise marking of dis-
eased or strictured segments of the ureter allowing complete 
resection and guiding subsequent reconstruction. This may 
help prevent recurrences while allowing maximal preserva-
tion of the healthy ureter in cases such as complex pyelo-
plasty, ureteric reimplantation, ureteroureterostomy, and 
uretero-ileal stricture repairs post urinary diversion [43, 44].

Patel et al. demonstrated that ICG-guidance revised 30% 
of neurovascular bundle dissections [45] during 
RALP. Further studies are needed to assess if this can trans-
late to better functional outcomes of continence and erectile 
function. Similarly, ICG-guided PLND has been explored 
for lymphatic mapping with an aim to reduce the morbidity 
associated with extensive PLND but with suboptimal results 
to conventional PLND [53]. Others have reported improved 
results with ICG bound to fluorescent radiotracers with the 
hybrid ICG-99mTc-nanocolloid tracer capable of identifying 
80.4% of the lymph nodes detected by the combined pre- 
operative lymphoscintigraphy and SPECT/CT [54].

3.4.3  Gamma Probes and Sentinel Lymph 
Nodes

Laparoscopic gamma probes have enabled identification and 
resection of sentinel lymph nodes in robotic surgery. While 
the original probes have limitations of their length, move-
ment, and being only been able to be controlled by the assis-

N. Sapre et al.



17

tant, more recent trials have reported drop-in gamma probe 
that can be controlled by the ProGrasp robotic forceps for 
sentinel lymph node dissection during RALP [55]. When 
used for intra-operative identification and excision of meta-
static lymph nodes in robotic salvage PLND, 99mTechnetium- 
prostate- specific membrane antigen (PSMA) and 
111Indium-PSMA revealed a sensitivity of 83.6% and 92.3%, 
specificity of 100% and 93.5%, respectively [56, 57].

3.5  Intra-operative Pathological Processing

3.5.1  NeuroSAFE
To optimize oncological outcomes while maintaining func-
tional outcomes, NeuroSAFE, a frozen section-navigated 
nerve sparing during RALP, was first described by the 
Martini-Klinik in Hamburg, Germany [58] While some have 
reported positive reports on the benefits of NeuroSAFE [16, 
59, 60], others retrospective series do not show a clear ben-
efit and highlight the logistical problems of NeuroSAFE [61, 
62]. Randomized controlled trials are currently underway to 
prospectively evaluate this technique [63].

3.5.2  Confocal Microscopy
Intra-operative pathological processing can be resource and 
time intensive limiting its use in routine practice. Newer 
technologies have emerged such as confocal LASER 
 microendoscopy (CLE) [64] which uses intravenous fluores-
cein in vivo assessment of prostatic and periprostatic tissue 
using LASER probes and ex  vivo fluorescence confocal 
microscopy (FCM), which uses lasers to provide rapid histo-
pathological confirmation with high accuracy compared to 
traditional hematoxylin and eosin staining. Lopez et al. pub-
lished an initial report showing the feasibility of using CLE 
(Mauna Kea Technologies, Paris, France) to identify prostate 
pedicles and neurovascular bundles [64]. Two other studies 
show a 91–100% accuracy of FCM (MAVIG GmbH, 
Munich, Germany; Caliber I.D.; Rochester, NY, USA) in dif-
ferentiating benign and malignant prostate on intra-operative 
biopsies [65, 66]. While these technologies show initial 
promise, more studies are needed to assess their feasibility 
and impact on avoidance of positive margins while maintain-
ing functional outcomes.

4  Future Directions

4.1  Connectivity

A unique aspect of robotic surgery that has been lacking is a 
robust support for telepresence surgery over large distances. 
There is an unmet need for this in terms of training, mentor-
ing, performing surgery in remote locations and to allow 

complex sub-specialist procedures to be performed remotely 
by highly skilled surgeons. A limitation has been our global 
communication infrastructure with robotic surgery needing 
very low latency high bandwidth networks to remove and 
perceptible delay. Over the past decade, there has been sig-
nificant development of high bandwidth wired and now wire-
less networks such as 5G. AI may also be able to augment 
this process using predictive movement models to give the 
surgeon-console signal enough time to cover very long dis-
tances [67].

4.2  Surgical Data Science

The surgical data science initiative workshop in 2016 defined 
surgical data science as an emerging scientific field with the 
objective of improving the quality of interventional health-
care and its value through capturing, organization, analysis, 
and modeling of data [68]. This may be applied not only in 
the robotic operative theater for decision support but also for 
performance assessment and surgical training.

While a robotic surgical system may help with many 
assistance functions, the surgeon will always remain the one 
making the decisions. A future where the robot gathers and 
processes data from sensors, videos, images, and haptic 
feedback and provides assistance and feedback to the sur-
geon in real time to aid decision-making is very likely.

Similarly, data science registries could provide perfor-
mance feedback to the surgeon and culture of continuous 
measurement, assessment, and improvement using evidence 
from data is likely to become a key component of surgical 
practice and quality assurance for institutions.

In surgical practice, poor technical skills as well as poor 
non-technical skills such as judgement and decision-making 
are both associated with adverse surgical outcomes [69, 70]. 
Data collected from simulation training and real-time operat-
ing theater performance can be used in the future to provide 
targeted feedback and facilitate assessment, learning, and 
improvement of technical skills as well context-specific 
decision-making [71–73].

4.3  Precision and Soft Robotics

Current versions of the da Vinci do not provide haptic feed-
back, resulting in the surgeon having to rely on visual cues to 
assess tension on tissues. Some emerging robotic surgical 
systems on the market have incorporated haptic feedback 
technology into their systems. Surgeons and engineers con-
tinue to enhance haptic feedback in the form of force or tac-
tile feedback and these developments may have a role in 
further reducing intra-operative injury [74]. Improvements 
in motion scaling and tremor filters are likely to make sur-
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gery more dextrous. While fully autonomous surgery is still 
some while away, increasing automation in established sur-
gical systems is likely to lead to further incremental improve-
ments in delivering precision robotic surgery. While this will 
be challenging, especially in tasks that require contextual 
understanding, simpler tasks such as suturing are more likely 
to have incremental automation applied to them. At each 
step, we will need to ensure through research that these sys-
tems are ready for clinical use.

Current robotic systems are made from rigid structures 
limiting their access to certain sites. Soft robotics uses flexi-
ble systems where their stiffness can be controlled to over-
come these barriers. A team at Kings College, London, 
through the STIFFness controllable Flexible and Learnable 
manipulator for surgical OPerations (STIFF FLOP) project, 
have developed a soft-robotic arm that can be squeezed 
through a 12 mm Trocar-port, reconfigure and stiffen itself to 
perform tasks. This also allows greater flexibility and incor-
poration of haptic feedback in robotic surgery.

Increasing automation, in future, may have the advan-
tages of further reducing the learning curve in robotic sur-
gery, reducing dependence on surgical volume to achieve 
outcomes and thus making these technologies available to 
areas where they current may not be [75].

5  Discussion

The past decade of robotics technological advances has been 
dominated by Intuitive and the Da Vinci system. It has led to 
the widespread adoption of robotic-assisted laparoscopic 
surgery across all urological subspecialities. The next decade 
will bring much change in this field with new devices and 
companies entering the market. Each system will have its 
own pros and cons. In addition to these advances in 3D mod-
eling, intra-operative imaging, real-time fusion of cross- 
sectional imaging, ICG, haptics, Neurosafe, and remote 
telepresence have the potential to improve many surgical 
steps and also lead to better outcomes for the patients. 
Ultimately it will be the clinical results, cost, and how easily 
these new technologies are integrated into the surgical plan 
that will lead to their success.
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Robot-Assisted Radical Prostatectomy: 
Development of Nerve-Sparing 
Techniques at Vattikuti Urology 
Institute

Anudeep Mukkamala, Wooju Jeong, Michael Gorin, 
and Mani Menon

1  Introduction

Continued innovation of the robot-assisted radical prostatec-
tomy (RARP) since 2001 has resulted in an effective, high 
quality surgical treatment for prostate cancer. Complete 
recovery of sexual function, however, remains challenging to 
achieve. Multiple approaches have been tested with varying 
levels of success: preserving the prostatic fascia, dissecting 
the prostate antegrade versus retrograde, and athermal tech-
niques along the neurovascular bundles/cavernosal nerves. In 
2007, a pivotal study at Vattikuti Urology Institute (VUI) on 
the outcomes of the Vattikuti Institute Prostatectomy (VIP) 
with Veil of Aphrodite nerve sparing demonstrated a potency 
rate of 70% at 12  months [1, 2]. Other groups around the 
world have developed and published their nerve-sparing 
approaches with varied rates of success (range of potency 
from the reference) [3–7]. Despite these efforts, a paper pub-
lished by Capogrosso et al. in 2019 demonstrated that potency 
rate has not overall significantly changed in 20+ years, as 
illustrated in Fig.  1 [8]. Therefore, opportunities remain to 
continue building, innovating, and developing on prior tech-
niques to achieve complete recovery of sexual function.

2  Historical Perspective

Radical prostatectomy for the treatment of prostate cancer 
has evolved dramatically from its initial introduction by 
Hugh Hampton Young as an open perineal surgery in 1905 

to its current iteration as a robot-assisted retropubic proce-
dure with nerve-sparing techniques designed to achieve 
maximal oncologic control with complete recovery of sex-
ual function. First popularized by Mani Menon in 2001, 
RARP revolutionized the field of urology with major 
improvements in hospital stay (1 day, down from 3 weeks), 
blood loss (100 mL, down from >1 L), and erectile dysfunc-
tion (up to 40% recovery, improved from complete loss of 
erections) [7]. Efforts since its introduction have centered 
on improving sexual function without compromising onco-
logic outcomes.

Surgeons at the VUI have continued to hone and refine the 
RARP with nerve-sparing approaches such as the Veil of 
Aphrodite [9, 10] (2006) and the Super Veil [2] (2009) tech-
nique to improve post-operative sexual function. While the 
initial Veil approach develops the plane of dissection between 
the prostate capsule and the prostate fascia at the 1 o’clock 
and 5 o’clock positions and the 6 o’clock and 11 o’clock 
positions, the Super Veil approach extends the dissection 
anteriorly thereby preserving the prostatic fascia between the 
11 o’clock and 1 o’clock positions, the pubovesical liga-
ments and the dorsal venous complex. At 1  year, 70% of 
patients undergoing the VIP with Veil technique achieved 
potency with or without use of phosphodiesterase (PDE5) 
inhibitors [4]. Performing Super Veil resulted in 94% of 
patients achieving sexual potency with the use of PDE5 
inhibitors at 1 year [2].

Promising advances for RARP with nerve-sparing have 
also been reported at other institutions, including use of 
local hypothermia with an endorectal cooling balloon 
(ECB) system [4]; flexible CO2 laser fiber-guided dissec-
tion 2010 [11]; and use of dehydrated human amnion/cho-
rion membrane (dHACM) wrap around the neurovascular 
bundles to improve potency [12]. Trials utilizing augmented 
reality to improve RARP are currently being investigated, 
with preliminary data [13] showing feasibility and accu-
racy (2018).
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Fig. 1 (a) Unadjusted rate of patients reporting erectile function recov-
ery at 12 (blue line) and 24 (orange line) mo after radical prostatectomy 
(RP). (b) Rate of patients reporting regular use of phosphodiesterase 

type 5 inhibitors at 12 (blue line) and 24 (orange line) mo assessment. 
(c) Rate of patients treated with different surgical approach: open RP 
(blue line); laparoscopic RP (orange); robot-assisted RP (dark orange)

3  Indications/Contraindications

Indications for RARP with nerve-sparing [14]:

• Fully potent preoperatively (SHIM >17)
• Preservation of urinary continence
• Organ-confined cancer
• Clinical T1/T2a/T2b disease
• Gleason score ≤7
• PSA ≤10 ng/mL

Contraindications for RARP with nerve-sparing [14]:

Absolute
• Locally advanced disease (T3c lesions)
• Palpable disease at the apex
• Gleason Grade 5 disease
• PSA >20 ng/mL
• Preoperative impotence

Relative
• Intraoperative difficulties with mobilization of the neuro-

vascular bundles
• Palpable localized disease (T2c, other than at apex)
• PSA serology between 10 and 20 ng/mL
• Greater than 50% Gleason Grade 4 disease on biopsy
• Perineural invasion on biopsy
• Presence of cancer in three needle cores from the same 

prostate lobe on sextant biopsy

4  Nerve-Sparing Approaches

4.1  Standard Nerve-Sparing Technique

The prostate pedicle is exposed once the base of the semi-
nal vesicle is retracted superomedially and lies anterior to 
the neurovascular bundles. The pedicles provide only a 
prostatic blood supply and are controlled by either clipping 
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or individual cauterization using a bipolar robotic 
instrument.

Incisions are made on the prostatic fascia anterior and 
parallel to the neurovascular bundles. Careful sharp and 
blunt dissection is performed to separate the neurovascular 
tissue from the prostate posterolaterally, mostly at 5 or 7 
o’clock position. The assistant or fourth robotic instrument 
retracts the prostate to provide counter retraction to expose 
the dissection plane.

4.2  Nerve-Sparing Technique: The “Veil 
of Aphrodite”

The first decision for potency preservation to consider is 
sparing the cavernosal nerves during RARP by incising the 
prostate fascia anteriorly. Surgeons at the VUI first devel-
oped the lateral prostatic fascia sparing technique termed 
“Veil of Aphrodite” for the RARP in 2005, with results [1, 
15] showing significant improvement in sexual potency rates 
regardless of preoperative SHIM score after Veil technique 
compared with standard nerve-sparing approach: 13 to 22%, 
31 to 61%, and 39 to 73%.

Although the classical concept is that two neurovascular 
bundles are located near the posterolateral aspect at the 5 and 
7 O’Clock positions of the protate, the cavernosal nerves 
form “veils” that extend from the posterolateral at the base of 
te prostate to the anterolateral at the apex of the prostate. The 
veils of cavernosal nerves are spared by incising the prostate 
fascia anterolaterally and entering the plane deep to the 
venous sinuses of the Santorini plexus, starting infero-later-
ally where the prostatic fascia reflects off the prostate at the 
base of the seminal vesicles and proceeds in an antegrade 
fashion (Fig. 2).

Careful sharp and blunt dissection of the neurovascular 
bundle and contiguous prostatic fascia is then performed 
using the cold scissors, to mobilize the entire prostatic fascia 

and the ipsilateral pubourethral ligaments. This “veil” plane 
is mostly avascular except the anterior apex of the prostate 
where the fascia is fused with the puboprostatic ligaments 
and covers the dorsal venous plexus. The ultimate result is an 
intact “veil” of periprostatic tissue extending from the pubo-
urethral ligaments to the bladder neck (Fig.  3). In case 
patients have the difficult plane to enter, possibly from the 
fibrosis after biopsy, the dissection can be performed retro-
grade and enter the fascia on the anterolateral surface of the 
prostate at the 10 o’clock or 2 o’clock positions to develop 
the veil plane.

Robot-Assisted Radical Prostatectomy with Veil Nerve-
sparing technique (Vattikuti Institute Prostatectomy) 
video performed by Dr. Mani Menon (Jan 2009):

https://www.youtube.com/watch?v=QOqjt3- 3sqA
The mean distance between the resection margin and the 

tumor was 0.3 mm with Veil nerve sparing and 1.4 mm with 
conventional nerve sparing [16]. The photomicrograph of the 
Veil of Aphrodite shows the plane of dissection is clearly 
outside of the prostate capsule without capsular incision or 
positive margin (Fig. 4a). With staining with S-100 for the 
neural structures, the prostate fascia is on the prostate gland 
with the nerves at the conventional nerve-sparing side 
(Fig. 4b), while no nerve with an intact capsule is observed 
at the Veil nerve-sparing side, indicating that periprostatic 
nerve bundles were preserved in situ in Veil nerve sparing.

Figure 5 demonstrates the preoperative and postoperative 
SHIM scores between the conventional “standard” nerve- 
sparing group and the “Veil” nerve-sparing group from the 
initial series of 34 Veil nerve-sparing patients. Benefits of 
Veil nerve-sparing technique with respect to improved post- 
operative SHIM score and quality of erections satisfactory 
for intercourse. 86% of Veil nerve-sparing patients postop-
eratively achieved potency of SHIM score over 21 with or 
without PDE5 inhibitor, and 97% of patients were able to 
have intercourse postoperatively.

Fig. 2 Plane of dissection for veil of Aphrodite

Fig. 3 Control of dorsal venous complex and completed veil of 
Aphrodite after removal of specimen
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a

b

Fig. 4 Photomicrograph of the Veil of Aphrodite (a) showing the plane 
of dissection on the capsule of the prostate. Hematoxylin and eosin, 
×100. Compared to the conventional nerve sparing (b bottom left), pho-

tomicrograph shows lack of nerves on the prostate specimen with Veil 
nerve sparing (b bottom right). S-100, X200

Later, the authors updated the potency outcomes for 154 
patients with Veil nerve sparing [9]. This series reported 96% 
patients had intercourse postoperatively. 69% patients had 
normal erection of SHIM score over 21 and 45% had used 
PDE5 inhibitors.

4.3  Antegrade vs Retrograde Dissection

The second decision for potency preservation to consider is 
performing an antegrade approach versus a retrograde 
approach to nerve sparing during RARP. The first descrip-
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Intercourse
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4/23(17%)
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Intercourse
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Fig. 5 Every spoke in this graph represents an individual patient. * patients on PDESI, double ** patient on vaccum erection device, PDESI 
phosphodiesterase 5 inhibitors

tion of Vattikuti Institute Prostatectomy (VIP) technique 
was a retrograde dissection starting from the apex of the 
prostate after DVC ligation, which was changed to ante-
grade dissection as a standard technique for VIP [17]. The 
authors claimed that this early apical dissection provided 
enormous help to identify the apex at the time of specimen 
detachment. Later, the difference in approaches was 
described by Patel et al. in 2012 to evaluate oncologic and 
functional outcomes after RARP [18]. While the positive 
margin rate was similar between antegrade and retrograde 
dissections, the potency rate was significantly higher with 
the retrograde approach.

4.4  Athermal vs Thermal Dissection

The third decision for potency preservation to consider is 
performing an athermal versus thermal dissection near the 
neurovascular bundles and cavernosal nerves during 
RARP. Menon et al. proposed athermal dissection of NVB 
using Hem-O-Lok clips and sharp dissection using cold scis-
sors, to avoid electro-cautery during the dissection [1, 17]. 
Ahlering et al. published their results in 2008, demonstrating 
the effect of thermal energy on the return of sexual activity 
[19]. Potency was defined as “erections hard enough for vag-
inal penetration with or without the use of PDE-5 inhibitors.” 

In the thermal dissection/cautery group, 14.7% of patients 
were potent after 9  months (UNS-10%; BNS-16.7%) and 
63.2% were potent at 24 months (UNS-50%; BNS-67.9%), 
as compared to 69.8% after 9 months (UNS-56.3%; BNS- 
72.8%) and 92% after 24 months (UNS-83.3%; BNS-92%) 
for the athermal dissection/cautery free group.

4.5  Puboprostatic Ligament Preservation/
Super Veil Technique

The fourth decision for potency preservation to consider is 
preserving the puboprostatic ligaments and performing a 
tension-free dissection of the neurovascular bundle during 
RARP [2]. With favorable anatomy, the dissection complex 
formed an avascular “hood,” the so-called Super Veil. This 
technique was proposed to the highly selected patients with 
low-risk prostate cancer, and at a medial follow-up of 
18 months, 94% had an erection strong enough for penetra-
tion with a median SHIM score of 18. According to 
Asimakopoulos et  al., performing a pubovesical complex 
(PVC) sparing technique is feasible and may be effective in 
improving early functional outcomes [20]. The preliminary 
data from this trial showed that 73% of patients were potent 
(defined as IIEF score > 17) with or without PDE5 inhibitors 
at 3 months.
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4.6  Menon Precision Prostatectomy

As a nerve-sparing approach in development, the Menon 
Precision Prostatectomy (MPP) is a novel technique 
designed to maximize extirpation of prostatic tissue without 
affecting functional reserve. In brief, this procedure involves 
removal of all prostatic tissue except for a 5–10 mm rim of 
prostate capsule (“remnant”) on the side contralateral to the 
dominant lesion. An IDEAL Stage 0 study was performed 
by Sood et al. in 2019 to provide preliminary data (Fig. 6) 
for the current Phase III randomized clinical trial underway 
at the Vattikuti Urology Institute (VUI) evaluating this focal 
therapy approach for the treatment of prostate cancer [21]. 
Prior to the MPP, patients who are biopsy-naïve will undergo 
a transperineal saturation biopsy along with capsular biop-
sies, while patients who have had a prior prostate biopsy 
will only undergo capsular biopsies focusing on the remnant 
side. This method of thorough sampling will minimize the 
chances of leaving significant cancer behind at the time of 
robotic MPP.

As a fail-safe measure, the remnant prostatic capsule will 
be biopsied intraoperatively to ensure absence of cancer. If 
cancer is present on frozen section, a standard RARP will 
instead be performed. Based on early clinical trials, there is 
preliminary data (n = 8) showing that the MPP had multiple 
benefits over focal/hemi-ablation, most importantly 100% 
potency within 12  months. Upcoming data from patients 
being enrolled in the Phase III clinical trial ought to shed 
further light on functional and oncologic outcomes after 
MPP. In particular, it is important to be aware that preserva-
tion of sexual potency may come at the cost of oncologic 

control in MPP-eligible patients, many of whom will need 
follow-up biopsies given high likelihood of clinically signifi-
cant disease in remnant tissue.

5  Future Strategies

Novel approaches to nerve-sparing techniques for the RARP 
remain on the horizon, with the possible adoption of aug-
mented reality (AR) technology for prostatic surgery [22]. 
An early study published in 2020 demonstrated the effec-
tiveness of a 3D model with AR to guide nerve sparing dur-
ing RARP, with AR-3D technology changing the 
nerve-sparing approach in 38.5% of men on patient-based 
analysis and 34.6% of sides on side-based analysis. The 
theorized benefits of AR-3D technology include improved 
identification of the index prostate cancer, meticulously tai-
lored dissection to the index lesion, and modification of the 
extent of nerve sparing. Other efforts to help integrate 
mpMRI and clinical data for surgical planning of RARP are 
currently being investigated [23].

6  Conclusions

In summary, robotic technology and nerve-sparing approaches 
have transformed the field of urology—and urologic oncol-
ogy in particular—in tremendous ways. The ideal outcome of 
oncologic control with complete recovery of sexual potency 
after RARP remains elusive. However, as described above, 
multiple innovative nerve-sparing approaches including ret-
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Clinically non-significant
3+3

Clinically significant
3+4
4+3
4+4
4+5

Patient with no cancer left behind
Patient with cancer left behind

Analysis of whole-mount prostatectomy with focal therapy* n = 25

Simulated
focal HIFU

1
24

7 (0, 7)

11 (8, 3)
4 (4, 0)
1 (1, 0)
1 (1, 0)

Fig. 6 Simulation, pictorial 
representation, and outcomes 
of focal HIFU in the 
whole-mount radical 
prostatectomy specimens of 
patients eligible for focal 
therapy; n = 25 patients 
(IDEAL stage 0 study) 
(reproduced with permission 
from Sood et al., BMJ 
surgery, interventions & 
health technologies, 2019). * 
patients fulfilling the criteria 
of 40 g prostate weight for 
focal HIFU; only the 
dominant nodule was treated 
in this simulation—where the 
dominant nodule was within 
5 mm of the edge of prostate 
capsule, a part of the 
dominant nodule was 
considered not treated in this 
simulation. 14 patients had 
dominant nodules within 
5 mm of edge, hence, a part 
of dominant nodule was 
considered untreated; 10 
patients had dominant nodule 
completely treated, but had 
additional nodules

rograde dissection, going cautery- free near the neurovascular 
bundles, sparing the endopelvic fascia, and puboprostatic 
ligament preservation have been performed at multiple insti-
tutions with varying degrees of success in improving potency 
recovery. Thorough analysis of the MPP clinical trial data 
will be helpful in integrating current knowledge with future 
nerve-sparing strategies to achieve clinical excellence in the 
treatment of prostate cancer.
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Robotic Training, Certification, 
and Ongoing Evaluation of Robotic 
Skills

Richard M. Satava

1  Introduction

Technology and surgical practice are in the fourth generation 
of Surgery: Robotic-assisted Minimally Invasive Surgery 
(RAMIS). The three previous generations are: Open surgery, 
endoluminal surgery (flexible endoscopy), and laparoscopic 
surgery, each one building a new niche and even spawning 
new “specialties,” thus the need for continuous training at all 
levels of surgeons: novice initiates, current practitioners and 
even senior surgeons. In the author’s career, all three “gen-
erations” were “new” technologies with unique challenges 
and required initial training and retraining, as the technolo-
gies allowed opportunity for “less invasive” surgery, there 
was improvement in reduced pain, shorter hospital stay, 
lower cost, and improved outcomes. Repeatedly, it became 
time for retraining in the “new” technology—and currently, 
it is RAMIS. Some fundamental principles and basic skills 
remain the same (allowing the surgeon to build upon accu-
mulated knowledge and psychomotor skills), yet there is a 
need for adaptation and adopting to the new technology. And 
while the first three generations made major evolutionary 
changes, RAMIS is a totally disruptive change and uniquely 
representative of the Information Age (Digital Age).

Not only does the surgeon need new knowledge in medi-
cine and surgery, but also must learn (at least superficially) 
many of the new digital (non-medical) technologies (com-
puters, information science, mechanical engineering, and 
soon telecommunications). For the first time ever, the sur-
geon does not “see” or even “touch” the patient during the 
surgical procedure. The surgeon looks at a video monitor 
(not the patient’s organs, tissues, etc.) and does not “directly 
manipulate” instruments; rather the surgeon receives visual 
information (image on the monitor) and sends information 
using electronic “handles” (input device) to move the instru-
ments. The RAMIS is essentially an “information system,” 

allowing the manipulation of instruments with more accu-
racy and precision than the unaided hands. But it is also the 
only surgical system that can connect with the internet, the 
Internet of Things (IoT), supercomputers, artificial intelli-
gence, remote surgery sites, and yet to discover next genera-
tion of surgery (see FUTURE section). Just as flexible 
endoscopy (and its inherent technologies) was the transition 
from “traditional” Industrial Age open surgery to the 
Information Age minimally invasive surgery, RAMIS is the 
transition from Information Age minimally invasive surgery 
to a future of non-invasive surgery. With each transition, the 
complexity (and hence the need for training) increases.

All surgical education, and especially RAMIS, has under-
gone an entirely new approach to education and training, 
such that the following principles apply to not only RAMIS 
but to surgical education in general.

Changes from earlier education have suddenly changed, 
rather than evolving slowly over time. Traditional training 
consisted of knowledge gained from books in the library or 
didactic lectures in a lecture hall plus technical clinical skills 
observed and practice on a cadaver or patient. And assess-
ment of knowledge was through standardized testing and 
oral examinations, while technical clinical skills were mainly 
assessed through observation and subjective opinion of per-
formance. Engagement for learning/practicing was episodic 
and opportunistic, principally reliant upon the various dis-
eases which presented to the hospital or surgeon. This recent 
paradigm shift rapidly occurred during the final decades of 
the twentieth century.

2  Current Status

Information Age training has expanded the educational expe-
rience enormously by adding (not replacing) traditional 
methods and has introduced advanced technologies and 
learning principles, with as much patient-centered focus as 
there is a focus upon the needs of the surgical trainee. And 
while formal education/training previously ended upon com-
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pletion of residency, the current direction is upon planned 
continuous professional development CPD) and life-long 
learning - not specific learning at specific times of a career. 
There is a new emphasis on formal training for remediation 
and, because such rapid surgical technological changes are 
occurring, there is the need for learning new surgical 
 technologies and techniques. This is in counter-distinction to 
former surgical education, where knowledge and skills 
learned during residency were sufficient for an entire career. 
Thus, there is a need (requirement?) for continuous evalua-
tion and self-evaluation of RAMIS training.

The onset of online learning, which has been heralded by 
the inception of the Internet and personal mobile telecom-
munication, has resulted in learning at any time, from any 
place, about any subject, with any real-time or archived 
information, and near-limitless opportunities through the 
Internet. With the onset of the COVID-19 pandemic, educa-
tion is presented through telemedicine with remote individ-
ual learning or through webinars or conferences. Other 
adaptations include remote applicant interviews and the con-
cept of hybrid classrooms. Training is not only one-way 
transfer from teacher to student but has become highly inter-
active, especially with automatic real-time feedback.

One of the most important new aspects of current medical 
practice is that of “evidence-base medicine,” which has the 
foundational principles being that medical practice must be 
conducted through scientifically verified evidence derived by 
the scientific method—thus changing from subjective 
opinion- based practice to objectively proven evidence-based 
practice. For surgical technical skills training, in 1996, 
Reznick et al. [1, 2] introduced one of the first curriculum 
using objective scoring of skills performance called objec-
tive structured assessment of technical skills (OSATS) for 
surgical residents. Numerous new curricula followed, based 
upon the OSATS methodology. With the introduction of lap-
aroscopic surgery, the Society of American Gastrointestinal 
and Laparoscopic Surgeons (SAGES) created the 
Fundamentals of laparoscopic Surgery (FLS), which was 
later required by all surgeons by the American Board of 
Surgery.

One of the more important new methodologies in RAMIS 
surgical training was introduced in 2002 by Gallagher and 
O’Sullivan’s book is proficiency-based progression (PBP) 
skills training [3]. This is predicated upon a rigorously 
defined curriculum with objective outcomes measures, met-
rics and milestones, and then setting benchmarks values, 
which are derived from the mean of the performance of 
experienced (expert) surgeons performing the surgical skills 
curriculum, thus setting the values of performance which the 
learners must achieve before performing surgical 
procedure(s) upon patients This has been accomplished 
because of the introduction of surgical simulators, which 

allow the learner to practice surgical skills/procedures with 
“permission to fail” without harm to a patient, and continu-
ing to practice their skills until performing without errors for 
two consecutive trials. Then and only then may the learner 
progress to the next task or procedure. Using this methodol-
ogy, Satava et  al., developed and then validated a RAMIS 
curriculum called the Fundamentals of Robotic Surgery 
(FRS) [4]. Initial attempts were to use the FLS physical mod-
els; however, a new 3D model was created to optimize train-
ing of the “wrist” of the RAMIS systems. Regardless of 
future training, robotic or otherwise, the key issues with any 
surgical educational curriculum can be summated as: 
“Evidence-based medicine requires evidence-based 
education.”

The latest addition to RAMIS training assessment is video 
review of performance, especially using crowd-sourced 
assessment of technical skills (C-SATS) [5] methodology. 
While there are a number of variations of video review of 
surgical skills performance, all methods require submission 
of the whole (or a portion of) a procedure training on a simu-
lator or of an actual clinical surgical procedure. A panel of 
raters  - surgeons, faculty, educators, or a professionally 
trained group of non-medical professionals (the “crowd”)—
are selected to review a “critical and/or representative” por-
tion of the procedure to score with a validated checklist, such 
as the Global Evaluative Assessment of Robotic Skills 
(GEARS). Such a panel has the experience to objectively 
and rapidly quantify technical performance and evaluate the 
level of expertise (Novice, Intermediate, Expert) of the sub-
ject. The report that is generated can be used as feedback to 
the learner, or as evidence of technical performance for hos-
pital privileging committees. The issue of certification is 
addressed below.

3  Future Trends

One certainty is that the current rapid technological innova-
tion will continue, and likely at an even more accelerated 
pace. The next generation for RAMIS to transition to will be 
non-invasive surgery. While most of the infrastructure for 
this to happen is in place, the missing element is the next 
generation of “instruments.” An indication of one pathway 
will be non-invasive “directed energy.” Today there are a few 
early examples. In general surgery, there is the use of high- 
intensity focused ultrasound (HIFU) which is used for trans-
cutaneous, non-invasive ablation of solid tumors (benign and 
malignant) in many of the subspecialties; in the neurosur-
gery, transcranial HIFU is used for solid tumors in the brain 
and for eradication of foci of excitation in various motion 
abnormalities, like epilepsy, Parkinsonism and other dyski-
nesias. In addition, there are new applications using photon-

R. M. Satava



31

ics (of which lasers are one example). Photo-biomodulation 
(light that can induce apoptosis or angiogenesis) is in 
research phases. In addition, devices are available to provide 
instantaneous diagnosis through Raman spectroscopy or 
mass spectroscopy; combining both diagnosis and treatment 
in a single device is referred to as Directed Energy for 
Diagnosis and Therapy (DEDAT) [6]. Although current pro-
totype systems are handheld, future versions would require 
the use of robotics to provide the precision and systems inte-
gration for artificial intelligence enhanced image guidance. 
In the farther future, research on brain–machine interfaces 
(BMI), based upon current research success with implant-
able neural prostheses linked to prosthetic arms [7], suggests 
a distant future where remote robotic arms will be controlled 
by a surgeon’s thoughts. In the immediate future, the next 
generations of telecommunications (5-G and 6-G) will have 
such massive bandwidth, low latency, and high reliability 
that remote telesurgery can become a reality, depending 
more upon business models, regulations, opportunities, and 
acceptance than on technological capabilities. Such innova-
tive systems will clearly require special training for their use.

Although there currently are computer-based simulators, 
they are limited to basic skills, simple tasks, or elementary 
procedures and often at low visual fidelity. The next- 
generation surgical simulators will be significantly more 
complex, having high visual realism, interactivity, and feed-
back based upon very realistic tissue properties, and major 
improvement in haptic sensation. The stand-alone simula-
tors, as well as RAMIS systems (which will have the option 
for integrated simulation), can be connected to the internet, 
providing access to real-time augmentation by supercomput-
ers, artificial intelligence (AI), computational analytics, and 
feedback to improve not only technical skills but perception 
and decision making. There will be the opportunity to per-
form pre-operative planning and surgical rehearsal upon the 
patient-specific 3D reconstructed CT scan, permitting the 
surgeon to plan and practice various surgical approaches to 
customize and optimize the surgical outcome.

The above connectivity will bring an AI “virtual mentor” 
during simulation training, as well be available during surgi-
cal procedures, for guidance, alerts, or consultation. There 
will be automatic collecting of information (in all formats), 
intra-operatively for archiving the procedure into personal-
ized Big Data, analyzed by computational analytics and 
retrievable and immediately useable—for situational aware-
ness, predicting possible outcomes, answers to inquiries/
request, the electronic medical record (EMR), etc. There is 
research in automating certain simple tasks (suturing, knot 
tying, etc), to support the surgeon especially in very difficult 
or inaccessible locations, which will likely be implemented 
in the near future, though complex surgery performed auton-
omously by a robot is in far distant future—if at all.

4  Certification

It is critical at first to distinguish between certification, cre-
dentials, and privileging. Certification is “confirmation that a 
certain level of achievement has been reached”—this is nor-
mally awarded (a certificate) by an accredited authority to a 
surgeon after high stakes examination, such as one of the 
many surgical “boards,” which is forwarded to the Hospital 
Credentials Committee. Credentials is “any document used 
as a proof of identity or qualifications to serve as a recom-
mendation or qualification for a person, a person’s actions, 
etc.”—these are collected by the Credentials Committee and 
forwarded to the Hospital Privileging Committee. Privileging 
is “to be entitled to a special right or benefit; to authorize or 
permit something”—in healthcare, this is awarded by the 
hospital (or institution) through their Privileging Committee 
to which the surgeon is applying for permission to practice. 
It is the Privileging Committee that reviews all the docu-
ments and information (letters of recommendation, creden-
tials, license to practice surgery, educational (including 
fellowship and CME) and employment records, etc.) needed 
to recommend that the applicant surgeon met the qualifica-
tions to be permitted to the requested scope of practice of 
surgery at the hospital.

Initially, the certification process began with training dur-
ing the residency until the Program Director and Chair of 
Surgery determined that the surgeon was ready to graduate. 
Before the practice of “Surgery” was divided into the current 
major specialties (Neurosurgery, Urology, Orthopedics, 
General Surgery, etc.) and then further divided into subspe-
cialties (bariatric, hepatobiliary, colorectal, hernia, trauma, 
etc.), after completion of residency in “Surgery” the surgeon 
was “trained” to literally any type of surgery. Training and 
evaluation in the major specialties evolved to the additional 
evidence needed for competence, resulting in certification by 
the major specialty societies/boards. Current status, with 
multiple subspecialties, requires proof of graduation from 
one of the major specialties, and further evidence from the 
major specialty and/or proof of completion of a subspecialty 
fellowship. At this time, the issue of whether RAMIS is an 
additional subspecialty, or if it remains a part of the major 
specialties is under discussion. Although RAMIS is acknowl-
edged as needing additional training, the question remains 
whether a separate fellowship is required, or robotic training 
is required as part of every specialty and subspecialty. 
Wherein lies the conundrum of what constitutes “training” in 
RAMIS and hence what (if any) formal certification is 
required for the Privileging Committees.

The current status appears to be determined by the local 
hospitals—what will they accept as qualifications to perform 
robotic surgery. What the difficulty is the determination of 
amount of time and/or cases of non-patient training (fre-

Robotic Training, Certification, and Ongoing Evaluation of Robotic Skills



32

quently in a simulation laboratory or center), in addition to 
the number of surgical cases during completion of training. 
The minimal most thorough and advanced training appears 
to be the following:

 1. One week of laboratory training, with both: (1) instruc-
tions for use (IFU) of the robotic system, as required by 
the FDA for any surgical device; and (2) RAMIS  technical 
surgical skills training, conducted by surgical faculty, 
which can include basic skills (usually on a simulator), 
followed by procedure training on a high-fidelity simula-
tor, animal model and/or cadaver. [NOTE: This can be a 
dedicated week, or spread over multiple weeks—the total 
hours for training have not been clarified] This can be the 
initial part of a fellowship, or within a surgical residency, 
depending upon the resources and programming of the 
residency].

 2. Observation followed by acting as bedside first assistant 
during RAMIS procedures, with gradual increase of per-
forming steps of the procedure.

 3. Resident/fellow as a primary surgeon with faculty assist-
ing as a preceptor, with increasing responsibility for the 
resident/fellow.

 4. Resident/fellow as primary surgeon, with faculty (as a 
preceptor) available as needed.

 5. Proctoring first 2–3 cases (proctor observing and con-
ducting formal evaluation on behalf of Privileging 
Committee).

 6. After privileges granted: Minimum of 25 cases/year, with 
at least 2 cases/month—averaged as 6 cases/3  months 
(this is based upon data indicating that skills degradation 
reaches a maximum by 2 weeks).

 7. Some suggest addition of submission of 1 procedure vid-
eotaped/3 months for an independent video review by an 
independent panel of peer for the first 3 years, preferably 
by the C-SATS model of review.

The long-term evaluation is unclear, though there is some 
early evidence that submission of a minimal number of cases 
for video review every year for evaluation, especially for 
feedback from video review panel for quality improvement 
not only individual surgeons but the hospital robotic program 
performance should be monitored at least annually.

Suggestions for exploration of future program opportuni-
ties based upon emerging technologies include:

Technology to provide real-time outcomes and milestone 
assessment (intra-operatively or post-operatively?)

Comparison of outcomes to peer-performance—local/
national

Development of much larger/comprehensive personal/insti-
tutional database of performance (big data)

Scheduled reporting of deidentified video-review perfor-
mance of robotic surgery evaluations

5  Conclusions

Technology innovation is a major force in robotic surgery of 
all kinds. The non-medical information technologies can 
radically increase innovation and turn current potential 
robotic opportunities (telesurgery, pre-operative planning 
and surgical rehearsal, addition of AI and haptics, transition 
to non-invasive surgery, etc.) into realities within the next 
decade. However, every significant increase in technology 
will require a complimentary development of surgical educa-
tion, training, and assessment. The new tools of evidence- 
based education (Proficiency-based progression methods, 
objective assessment of skills (including C-SATS type of 
video review, surgical simulators)) will significantly enhance 
surgical training. Life-long learning and continued profes-
sional development will be necessary to keep up with the 
rapid pace of change.
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Preparation of the Operating Room, 
Back Table, and Surgical Team

Travis Rogers and Cathy Corder

1  Introduction

In order for hospitals and physicians to remain competitive, 
ongoing training and the use of new technology are neces-
sary to keep pace with the ever-evolving healthcare world. 
Robotic surgery is a perfect example of how technology has 
revolutionized the surgical field.

Establishing a robotic surgery program requires a struc-
tured plan and key elements in place to allow successful 
development. Once the decision has been made by your hos-
pital to become a robotic facility, there are several “next 
steps” that need to be taken before starting the program per 
se. The establishment of an economic model is crucial for a 
robotic program. Development of the business plan requires 
an evaluation of the direct costs (such as buying the robotic 
system) and of the associated material, staff recruitment, 
and/or staff training. Possible operating room (OR) modifi-
cations could be necessary to support the console and the 
other equipment. Meanwhile, a robotic surgical team needs 
to be established aiming to create and maintain the standards 
necessary to make the program successful.

The beginning of a robotic program is challenging as mul-
tiple members of the team are learning the technology and 
their personal roles. Although the learning curve can be con-
sidered less challenging than pure laparoscopic for the sur-
geon himself, there are so many other aspects that need to be 
developed at the beginning of the experience. Robot prepara-
tion, docking and undocking, use of disposable and new 
instruments, assisting at the bedside far from the console: all 
the different people involved in the robotic program have 
their own role and learning curve which can affect the overall 
outcomes.

In this chapter, we will discuss the essential elements 
involved in the preparation of the robotic operating room, the 
back table, and the robotic surgical team.

2  Preparation of the Operating Room

A robotic operating room reserved and dedicated for robotic 
surgeries is advisable. This will avoid the timely and arduous 
task of transferring the robot between rooms, which may 
lead to increased setup times, chances of mechanical or wir-
ing damages, and decreased productivity. A robotic OR 
needs larger spaces due to the surgical console and surgical 
cart. Farther, there is a potential need for specific robotic 
assistants used in addition to the regular OR staff, particu-
larly at the beginning of the learning curve. It is recom-
mended to maintain a specific number of stock due to the 
short life of many disposable instruments and the need for 
extra instruments in case of possible malfunctioning.

Therefore, OR planning should include time and room 
availability, room layout, availability of proper receptacles 
and circuits, imaging (either monitor or 3D room projec-
tion), and access to supplies. Having a dedicated robot 
room(s) enhances productivity, quickens turnover time, and 
limits potential damage to the robot in transport. With these 
aspects in mind, state-of-the-art operating theaters were 
designed to accommodate the specific needs of the surgical 
robot, OR team, and the patient. These rooms provided 
incorporation of additional imaging modalities and the abil-
ity to broadcast out educational live surgical cases to training 
physicians [1, 2].

Here are described particularities of a robotic OR that 
should be attended:

• Robotic operating theaters need larger rooms; around 
60 m2 feet is considered optimal for a robotic system to fit 
in comfortably. Smaller rooms will make personal flow 
and placement of equipment complicated.

• LCD screens and appropriate technological controls are 
advisable.

• Keeping all the electrosurgical units together can avoid 
scattering of the cables. A tower to hold all the cables and 
units can facilitate the circulation and avoid accidents 
inside the OR.T. Rogers (*) · C. Corder 
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• Make sure to have available an OR table that allows steep 
Trendelenburg and reverse Trendelenburg.

• Group apparatus according to their use. It will make 
location of replacements or extra instruments easier and 
faster.

• If possible, make available wall gas for pneumoperito-
neum. Gas tanks occupy space in the OR and often require 
hanging before finishing the case. During the longer 
cases, especially in the beginning of the learning curve, it 
is not uncommon to go through 2–4 tanks of gas. 
Occasionally tanks that are thought to be full are discov-
ered to be empty after changing.

Because robotic surgery is expensive but continues to 
grow, there is a need to improve its cost-competitiveness. 
Diminishing operative costs is of utmost importance and is 
enhanced with reduced operative time and faster turnover. In 
this regard, any modifications of procedure or technology 
that lower operative time are essential. Simple modifications 
can optimize OR productivity such as:

Time-oriented surgical goals for trainees. Trainees can 
significantly increase operative times when in learning curve. 
The establishment of time-oriented surgical goals (e.g., 
30  min for vesical-urethral anastomosis, then the proctor 
assumes the console) can decrease surgical times besides 
making surgery safer for the patient [3].

Having a dedicated anesthesia and OR team can deter-
mine significant reduction in operative times. As those teams 
surpass their learning curves, operative times reduce as well.

Create a presurgery robot-specific inspection checklist so 
that everything will be available and ready when the patient 
arrives in the room. Specifically, this checklist must include 
basic laparoscopic and robotic instruments that are crucial to 
initiate the surgical procedure: light cable connected to the 
light source and to the camera; white balance, focus, and the 
robotic scope alignment; suction and irrigation; insufflator 
tubing connected to the insufflators which is turned on to 
allow the surgeon to see that there is proper flow of CO2; an 
extra tank of CO2 if wall gas is not available; the Veress nee-
dle checked to make sure the tip retracts properly; both the 
handheld and robotic electrocautery tested to make sure they 
are functional; and, finally, a sterile open tray should be 
available in the room.

If wall gas is not available, monitor quantity of gas 
remaining in the CO2 tank to allow for anticipation of a 
change. It is also advisable to employ an insufflator system 
with two tanks of gas so they can be switched when the first 
one gets low and then replace the first empty tank.

Maintain enough instruments to perform at least two 
cases, so that back-to-back procedures will not have to wait 
for equipment to be cleaned.

Custom packs and minimal instrument sets can help to 
reduce the turnover time. The cost of the pack that contains 

everything needed for robot draping is close to the cost of 
opening each item individually. The savings are seen in the 
time it takes to open one pack versus several individual 
items.

Have available and sterile all types of individual instru-
ments that can be necessary during the procedure, such as 
positioning supplies, robotic instruments, drapes, scopes, 
light cords, and even camera heads.

Reducing turnover times is also essential for improving 
productivity and having a dedicated team for that is a key 
point. As with all surgeries, optimization is critical to ensure 
consistency between cases and to maximize efficiency. 
Determining personal function in every step of the turnover 
is essential [1–4].

Surgeon Surgeon is responsible for positioning the patient, 
performs surgical site assessment, makes incisions, places 
ports, and docks robotic arms. At the end of the procedure 
the surgeon closes the port sites and goes to speak with the 
family and sees the next patient.

First Assistant First assistant helps to set up back table, 
check presurgery inspection, and assist preparing the patient, 
gathers and inspects robotic and auxiliary instrumentation as 
well as prepares them for insertion. At the end of the surgery 
the first assistant can help in undocking the patient cart, 
clearing the back table, and assisting in the turnover 
process.

Surgical Scrub The scrub tech sets up the back table before 
the patient gets into the room, drapes the patient cart, assists 
the surgeon with incisions, port placement, and docking the 
cart. During the procedure the surgical scrub maintains all 
necessary sterile supplies on the back table and anticipates 
what to give the assistant for the next step in the surgical 
procedure.

Circulator Circulator gets the patient from the preoperative 
suite, positions and prepares the patient, prepares auxiliary 
equipment (energy source, gas, etc.), and positions the 
patient cart. At the end of the procedure, they remove the 
patient cart from the patient as well as undrape it, cleans the 
system, and takes the patient to recovery.

3  Preparation of the Back Table

In the beginning, preparing the back table for a robotic pro-
cedure is trial and error. Until the surgeon becomes skilled 
with robotic surgery, this will be a learning experience for 
everyone. Depending on the previous experience of the main 
surgeon, it will be necessary to keep laparoscopic or open 
surgery instruments on the table for eventual conversion. 
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Occasionally, both types of instruments will be necessary 
even if they obviously will not be used.

Once the surgeon works through the learning curve, it will 
be easy to make a robotic case preference card. A custom 
procedure pack should also be prepared. Prepare packs with 
supplies as base robotic instrument trays can help to decrease 
the room turnover time. Instruments that must be used by 
every surgeon using the robot can be put into a basic tray.

The items necessary to support a robotic program include:

• A dedicated robotic/laparoscopic room.
• Reusable robotic accessories (e.g., sterile adapters, 

scopes, light guide cables, trocars).
• Limited life reusable robot instrumentation that can be 

used on as few as eight or as many as 20 cases depending 
on which instrument it is (e.g., needle drivers, forceps, 
scissors, cautery tools).

• Disposable robotic supplies (e.g., drapes, cannula seals).
• Additional smaller (5 mm) ports and instruments which 

are necessary for pediatric programs as well as bariatric 
trocars for extremely obese patients.

As the surgical technique is refined, use of only one or 
two instruments (e.g., curved cautery scissors and bipolar 
Maryland grasper) becomes more common, thereby saving 
cost and time. In addition to the supplies provided by the 
robot vendor, other equipment and materials are required 
including insufflators, a suction irrigator, a scope warmer, 
video equipment, clips, sutures, trocars, and basic laparo-
scopic instruments (scissors, graspers, clip appliers, nee-
dle drivers). Examples of robotic and laparoscopic 
instruments used during robot-assisted laparoscopic radi-
cal prostatectomy (RALP) are listed in Table  1 and dis-
played in Fig. 1.

Table 1 Surgical instruments for robotic-assisted radical prostatectomy

Laparoscopic instruments and trocars Robotic instruments Sutures
•  Laparoscopic scissors
•  Laparoscopic needle driver
•  Laparoscopic Weck Hem-o-lok clip appliers and 

disposable clips
•  Laparoscopic grasper
•  Long suction tip (5 mm)
•  Endocatch bag
•  Laparoscopic trocars (5 and 12MM Surgiquest)
•  Veress needle
•  S retractors
•  Facial closure device

•  Monopolar
•  Long bipolar grasper
•  Robotic needle drivers
•  ProGrasp
•  Monopolar and bipolar cord
•  Robotic trocars (8 mm)

•  2-0 Quill Monoderm VLM
2005 (DVC)

•  2-0 Quill Monoderm VP
2000 (double arm cut in half, bladder neck 
reconstruction)

•  2-0 Quill Monoderm VLM
2005 (Rocco/Posterior Reconstruction)

•  2-0 Quill Monoderm VP
2000 (Double arm, anastomosis)

Fig. 1 Basic back table 
including laparoscopic and 
robotic Xi instrumentation. 
Laparoscopic and robotic 
instrumentation left to right: 
robotic and disposable 
trocars, Weck hem-o-lok 
disposable clips, Weck 
Hem-o-lok laparoscopic clip 
applier (10 mm Large). In the 
basket: Medtronic 
MicroFrance graspers ×2, 
suction tip 45 cm, needle 
driver, EndoWrist monopolar 
scissor, EndoWrist ProGrasp 
forceps, EndoWrist long 
bipolar grasper, EndoWrist 
large needle driver ×2, 
Ethicon Endocatch bag

Preparation of the Operating Room, Back Table, and Surgical Team
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4  Troubleshooting

Malfunction of the robotic system is rare and is mostly sec-
ondary to inappropriate setup or skipping fundamental steps 
in preparing the robot or docking. It can impair surgical 
times and even put the patient at risk. It is important to 
always have an experienced and well-trained team to over-
come any difficulty. Here are a few basic situations and the 
troubleshooting tips to deal with them.

• Dark Image or Pool Color: Check default settings on 
camera control unit (CCU) and redo black and white bal-
ance. If it does not work, replace endoscope or light cable 
and redo white and black balance.

• Flickering Image: Turn system off and reset vision cable 
connections and/or camera cable at CCU; then turn on 
again. Replace camera cable. If noise happens only when 
cautery is applied, separate energy source units.

• Blurry Image: Clean endoscope, review focus from 
focus controller or camera head, review focus from sur-
geon console, change endoscope or camera head.

• EndoWrist Instrument Not Engaging: Remove and 
reset instrument arm or EndoWrist instrument, try another 
instrument in that arm, replace sterile adapter, and drape 
and reset arm.

• EndoWrist Cautery Not Responding to Footswitch: 
Check cable connections, grounding pad, AC power con-
nection. If that does not work, attach generator to stan-
dard exterior foot pedal.

5  The Surgical Team

The creation of a functioning robotics team is imperative to 
the success of the program. The ability of the operating room 
staff can make or break a program; therefore, consistency of 
staff is necessary to avoid delays.

A proper OR setup includes at least two surgeons, a surgi-
cal scrub, circulating nurse, and anesthesia personnel. With 
the widespread use of the devices equipped with a fourth 
arm, the second assistant became unnecessary. A dedicated 
team of surgeons and OR staff is crucial to the successful 
implementation of a robotic program. Constantly changing 
assistants, nurses, and anesthesiologists delays the turnover 
and operative time, increasing cost [1–7].

The first assistant must be an individual that has fore-
thought into the procedure to ensure timely and efficient 
cooperation. Contrary to traditional open surgery, robotic 
surgery implies that the leading surgeon does not have direct 
contact with the patient, being completely immersed in the 
console, making the surgeon extremely dependent on the 
assistant. Usually, robotic surgeons feel more dependent on 
the assistant then when performing pure laparoscopic proce-

dures. Thereby, there must exist a perfect coordination 
between the team. A complete knowledge of the anatomy 
and the surgical steps is also mandatory for the assistant to 
provide adequate traction and exposure of the surgical field 
according to the surgeon’s preferences and to place vascular 
clips or vascular clamps. Because of this, it is extremely 
important that the bedside surgeon or the surgical technician 
has good laparoscopic skills. The first assistant will be 
responsible for the establishment of pneumoperitoneum, 
safe port placement, exposure and manipulation of tissue, 
suctioning, passage of suture and retrieval of needles, bag-
ging of specimens, and port closure. Knowing profoundly all 
the surgical steps can greatly reduce operative times and can 
be achieved with mentoring and careful study of recorded 
cases. Unlike open or other endoscopic surgeries, many 
robotic surgeries, especially radical prostatectomy, are nearly 
impossible to perform without an accomplished first assis-
tant [1, 2, 4].

There are not specific particularities to robotic surgery 
regarding anesthesia, when comparing to laparoscopic sur-
gery. Especially in the early stages of the program when 
cases are likely to be of longer duration, an anesthesiologist 
familiar with laparoscopic anesthesia is critical to patient 
safety. The steep Trendelenburg position used by many teams 
coupled with the intraperitoneal approach can create difficul-
ties with high ventilatory pressures and carbon dioxide reten-
tion and can also lead to facial and corneal edema. Anesthetic 
techniques to deal with these problems should be familiar to 
the team [1–7].

Finally, the scrub and circulating nurses play important 
roles in the background of the procedures [8]. The surgical 
scrub should coordinate with the assistant during the entire 
procedure, providing sutures and instruments and helping 
taking care of the camera. A team able to efficiently prepare 
the robotic system, including the draping and calibration of 
lenses, will make possible earlier start times and more rapid 
case turnover. The nursing staff should rehearse with the rest 
of the surgical team so that all parties know what equipment 
is regularly needed and have available instruments, sutures, 
and catheters that are needed less frequently. Efficiency and 
decreased learning time will be facilitated with a devoted, 
well-trained, and consistent team. Initial consistency will 
increase efficiency and facilitate education of future team 
members [1–7].

6  Training of the Surgical Team

Once a robotics program has been established, the focus 
shifts toward training. Proper training of the next genera-
tion of robotics surgeons is a key aspect to maintaining a 
successful program. Most hospitals generally require com-
pleting a Robotic Training course, taught by representatives 
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of the robotic company, for credentialing. All surgeons and 
supporting OR staff must complete this basic robotics 
course which emphasizes the various parts of the robot, 
robot setup, and basic use of the console. For OR staff, the 
course focuses on robot setup, draping, proper mainte-
nance, and troubleshooting. Staff training may be most 
beneficial in a  community setting where there are no rotat-
ing students. Everyone on the team should attend this in-
service training [7].

A “dry run” is also advisable before the first case. During 
this dry run, everyone on the team should have the chance to 
perform his role: set up the room the way it will be for the 
case, set up the back table with instruments, position the 
patient on the OR table safely, and place the equipment and 
instruments in the adequate location. Use this walk through 
to fine-tune your procedure and never stop fine-tuning. For 
the initial cases, it is advisable to have a robotic company 
representative present in the operating room. In the event a 
surgeon or any other member of the robotic team has a ques-
tion or problem, troubleshooting with a representative can 
occur immediately.

When the robotic program first starts, the team is often 
asked to stay late to finish cases, which eliminates staff 
changes mid-case in the beginning of the learning curve. 
They may find themselves working without breaks or even 
lunch because the team is small and specialized. The ideal 
team will have an extra trained person or facilitator. That per-
son can help with turnover, give breaks or lunches, run for 
supplies, or prepare the instruments for the next case. 
Everyone on the team needs to recognize how important they 
are to the success of the program. Surgical fellows, residents, 
physician assistants, and even the surgeons should be able to 
take over for any member of the team.

After the first few cases it is important to meet as a team 
and discuss what went wrong and how to make it better. But 
more importantly, talk about what went right and congratu-
late for a job well done. Inviting the staff for educational 
meetings as well as social events can also help to create the 
“team spirit,” crucial for a successful robotic program [7].

The surgical team should continue to maintain their 
robotic competencies by completing online modules pro-
vided by the robotic company, robotic in services, as well as 
attending any robotic educational conferences available to 
them and by using an established list of robotic competen-
cies developed by their institution. Certificates of completion 
should then be put in all staff education folders.

7  Conclusion

Robotic Surgery is rapidly becoming the benchmark for 
many different surgical procedures. The number of compa-
nies having surgical robots is constantly growing. No matter 
what system your institution has or may change to in the 
future, following the outline in this chapter can lead to a suc-
cessful and safe robotics program.
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The Role of Bedside Assistant in Robotic 
Urological Surgery

Fikret Fatih Onol, Ananthakrishnan Sivaraman, 
and John Andrich

1  Introduction

Robotic surgery is primarily based on an efficient team 
which includes the console surgeon (CS), bedside assistant 
(BA), anesthesiologist/CRNA, surgical technologist, and cir-
culating nurse. Teamwork in robotic surgery should correlate 
to a pit stop in a Formula 1 race. Each member has a specific 
role to play strictly adhering to the protocols. A delay in mil-
liseconds by one person can cost the trophy for the racer. The 
bedside assistant plays a key role which cannot be underesti-
mated as even a small error in assistance can potentially lead 
to a catastrophe. The assistant should anticipate and enhance 
the actions of the console surgeon. The prerequisites to be a 
BA are, first, a great passion toward surgery and robotics, 
second, basic training in laparoscopy, and third, knowledge 
about the surgery and mechanism of the robotic surgical 
system.

The reappraisal of every surgical video by the console 
surgeon along with the bedside assistant greatly improves 
their coordination in the surgery and thereby improving 
speed and efficiency of the surgery as a whole. By actively 
participating in the bedside assistance in robotic surgery, one 
can refine his or her laparoscopic skills and the lack of tactile 
sensation for the CS can be bridged by the BA at times. It is 
always prudent for the CS to walk through the surgical steps 
with his or her team prior to the surgery in complicated or 
uncommonly performed cases.

2  Preoperative Preparation

2.1  Room Setup

The operating room must be spacious enough to accommo-
date the robotic system (patient cart, vision cart, and con-
sole). Optimal temperature and humidity should be 
maintained in the operating room. Sterile draping of the 
robotic arms should be done before starting the surgery. The 
robotic team should be aware of the proper placement of 
patient table, carts (vision cart, patient cart, and anesthesia 
cart), instrument trolley, etc., for each surgery specifically. 
Vision cart or standalone monitors should be placed ergo-
nomically for the bedside assistant. All the cables between 
the carts and console should be properly tucked and guarded 
to avoid accidental dislodgement. A dedicated cart for robotic 
endoscopes (30° and 0° if needed) should be present.

The main instrument table should be arranged by the sur-
gical technologist who lays out the following (using robotic- 
assisted laparoscopic radical prostatectomy as an example):

 1. Veress needle/Hasson’s cannula
 2. Robotic and assistant trocars
 3. Anti-fog solution or hot water in sterile flask
 4. Laparoscopic instruments—scissor, needle holder, 

grasper, and bariatric suction tip with irrigator
 5. Hem-o-lok clip applier with clips
 6. Necessary suture materials for the surgery
 7. Monopolar cable, bipolar cable
 8. Tubings for insufflation, suction, irrigation
 9. Robotic instruments—monopolar curved scissors, bipo-

lar dissecting forceps (Maryland/Long/Fenestrated), 
Prograsp, and 2 large needle drivers.

Emergency table should be kept ready with the following 
instruments:

 1. Vascular clamps
 2. Rescue stitch with hem-o-lok clip
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 3. Tissue sealants
 4. Open surgical instruments in case of conversion

Each member of the team should be aware of the surgery 
and possible intraoperative complications. A short discus-
sion by the bedside assistant to the OR team prior to initiat-
ing surgery plays a major role for assuring a safe and effective 
operation.

2.2  Patient Positioning

The positioning of the patient in robotic surgery should be 
done right at the start, as after docking, repositioning of the 
patient cannot be done without undocking. Ideal positioning 
of the patient ensures proper exposure of the operating area 
without compromising the safety of the patient. The anesthe-
siologist or CRNA should be familiar with the possible com-
plications of OR table position (full Trendelenburg for 
example) and should be ready to address it and discuss with 
the surgical team. The BA should check adequate cushioning 
of pressure points, and make sure that the patient’s position 
is supported sufficiently to prevent sliding of the patient dur-
ing surgery (like shoulder supports in Trendelenburg posi-
tion and side supports in lateral position) and allows adequate 
range of movement of the robotic arms without causing any 
inadvertent injury to the patient.

3  Intraoperative Role with Console 
Surgeon

This section will be directly referring to the da Vinci Xi sur-
gical system and robotic prostatectomy technique we per-
form, which was described by Patel et al. [1, 2].

3.1  Starting the Surgery

3.1.1  Trocar Placement
As the patient is now completely secured to the operating 
table and our anesthesiology team has completed intubation, 
we can begin trocar placement. An important note for the 
robotic assistant before an incision is made relates to the 
patient’s past surgical history. Prior open abdominal surgery 
may preclude easy trocar placement due to the presence of 
adhesions. Ideally, the patient’s surgical history is addressed 
at their initial visit and a decision can be made for general 
surgery consultation prior to scheduling surgery. With this 
done ahead of time, the surgeon and assistant can have more 
confidence in safe trocar placement. One last note prior to 
trocar insertion is reviewing patient’s BMI and body habitus. 
Having immediate access to bariatric trocars for morbidly 
obese patients will prevent wasted operating time.

After Universal Protocol is completed with a “time-out,” 
an approximately 3 cm supraumbilical incision is made in 
the midline. This incision will serve as eventual robotic 
camera location as well as direct visualization for trocar 
placement. Minimal blunt dissection is done along with cau-
tery to allow bolstering bilateral fascial suture placement. 
Upward traction on these sutures will allow Veress needle 
placement to achieve pneumoperitoneum. An 8 mm blade-
less da Vinci Xi trocar is placed along with subsequent cam-
era insertion.

We now utilize the 30° robotic laparoscope for the remain-
ing trocar placement. The robotic assistant will make an 
8 mm incision about 8–10 cm from the camera location in 
horizontal line or just inferior with the umbilicus. The assis-
tant’s last incision will be for a 12 mm insufflation trocar, 
made another 8 cm laterally in the same line with the previ-
ous incision although in obese patients it may be more pru-
dent for this incision to be made slightly inferior, for better 
reach to the pelvis. A fascial suture will be necessary for this 
incision and can either be placed with a suture passer now or 
at the end of the case. The surgeon will make the remaining 
two 8  mm incisions lateral and left of the supraumbilical 
incision in line with contralateral incisions just made by the 
assistant. The surgeon will also, with guidance from the 
assistant, make the 5  mm incision for the other accessory 
port located in the right subcostal area inferior to the ribs and 
medial to the right robotic trocar. Each bladeless trocar is 
placed perpendicular to the patient’s abdomen with a twist-
ing or screwing motion. For radical prostatectomy, the oper-
ating table will need to be in at least 25° Trendelenburg. 
Achieving this position prior to docking is crucial to thus 
avoid redocking unless a compatible integrated table motion 
bed is being used. The patient is now ready for robot 
docking.

3.1.2  Docking the Robot
Continuing with a case of radical prostatectomy, 4 separate 
trocars will require cannula trocar placement with the 
robot. The bedside assistant should communicate with the 
circulating nurse and the anesthesia team to maintain steril-
ity during deployment for docking and positioning of the da 
Vinci Surgical System, making sure that all external moni-
tors and overhead OR lights are not colliding with the 
robotic arms [3]. Correct trocar placement starts with supi-
nation of the nondominant hand while continuously hold-
ing the trocar itself and gently pressing against the skin of 
the patient. This serves as both a guide for the robot to dock 
and protection for the patient’s skin. The dominant hand 
will then control the desired robotic arm either by using the 
port clutch button or the “grab and move” feature. The 
“grab and move” feature was introduced with the Xi robot 
and allows robotic arm movement by grabbing anywhere 
along the gray arm. This allows all robot joints to move 
freely and once movement has ceased, the arm will lock 
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Fig. 1 Three instrument view

Fig. 2 Nerve spare

into place. The dominant hand will then use the port clutch 
for fine movement along with the wing clip to fit into place 
with the trocar.

The camera port should be docked first by the robotic 
assistant (arm #3 in this case) to allow for targeting. The sub-
sequent trocars are then docked to the robot. The surgeon 
will utilize robotic arm #1 for the ProGrasp forceps and 
robotic arm #2 for the monopolar curved scissors. The fourth 
arm of the robot will utilize one of the bipolar instruments, 
Maryland bipolar forceps, or long bipolar grasper, for 
 example. The da Vinci Xi cautery settings are important to 
review prior to beginning surgery.

Once all instruments are introduced into the abdomen, 
“burping” the trocars allows for less tension on the skin and 
centering of the instruments for maximum working space. 
Besides burping of the trocars, the Xi robot features a guide 
to maximizing working space located at the top of each 
robotic arm. The 4 letter word, F-L-E-X, is on each robotic 
arm and if the arm is rotated between the L and E letters, 
the surgeon will then have maximum mobility. Centering 
the camera to display the three-instrument view (Fig.  1) 
signals the surgeon to initiate the robotic portion of the sur-
gery. The other 2 aforementioned trocars (5  mm and 
12 mm) will be utilized for suctioning and Hem-o-lok clip-
ping, respectively. The 12 mm portal entry is also used for 
introducing/removing sutures, laparoscopic scissors for 
suture cutting, as well as providing traction with laparo-
scopic graspers.

3.2  Robotic Assisting Techniques

The following section will include important techniques for 
the robotic assistant to master.

3.2.1  Substitution of Robotic Instruments
After docking has been completed, the tip of the instrument 
will then need guidance to the cannula opening using one 
hand while the other hand is fitting the housing of the instru-
ment into the robotic arm adapter. An important note is that 
the instrument itself should be closed and the wrist straight-
ened before attempting insertion. Instrument exchange starts 
with pressing both buttons located at the instrument housing 
and then physically pulling the instrument out of the trocar. 
LED colors are important to note as flashing green lights 
indicate “Guided Tool Change” is possible. This process 
allows quicker reset of the new instrument back to the loca-
tion the previous instrument occupied without needing 
visualization.

3.2.2  Exposure and Countertraction
The next set of robotic assistant techniques to cover encom-
pass basic surgery principles. Exposure and countertraction 
are hallmarks of surgery regardless of approach and are espe-
cially important for robotic bedside assisting. The robotic 
assistant needs familiarity with laparoscopic instruments 
such as laparoscopic grasper and suction/irrigator for exam-
ple. The suction/irrigator is typically thought of as the name 
implies but also is a great tool for providing exposure. 
Throughout a robotic radical prostatectomy, the suction can 
help with difficult aspects of the surgery such as neurovascu-
lar bundle dissection and the posterior dissection involving 
Denonvillier’s fascia simply by creating better exposure and/
or providing traction. Right-sided neurovascular bundle dis-
section is aided by the assistant once the surgeon has devel-
oped the appropriate plane. The suction is then advanced into 
the plane and lateral traction is applied by the assistant 
(Fig. 2). Similarly with posterior dissection, once the correct 
plane is developed by the surgeon, the assistant advances the 
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Fig. 3 Posterior dissection Fig. 4 Needle present

Fig. 5 Needle extract

suction into the space and inferior traction is applied (Fig. 3). 
Forceful traction can cause trauma to the rectum; thus, it is 
important for the assistant to know how to gauge appropriate 
traction.

Surgical field cleaning is another task accomplished 
through the use of the suction/irrigator. A surgical field with 
excess blood darkens the surgeon’s field of view and can 
cause unnecessary errors. Suctioning throughout surgery is a 
technique that sounds straightforward enough but can easily 
be overdone. A fine balance exists between over- and 
 under- suctioning. The goal should be to suction just enough 
to keep the immediate field clear [4].

3.2.3  Introduction and Extraction 
of the Needle

Needle presentation and extraction are another set of basic 
robotic principles crucial for the robotic beside assistant to 
master. This technique starts with communication between 
the surgeon and robotic assistant to how exactly the needle 
should be presented on the laparoscopic needle driver. This 
will vary depending on the surgeon. For a standard proce-
dure on needle presentation, the laparoscopic needle driver 
will hold the suture approximately 1–2  cm away from the 
needle itself. This facilitates the introduction of the needle 
holder and preserves the integrity of the membrane of the 
trocar [5]. The robotic assistant will then present the suture 
into the middle of the surgical field just inferior to the robotic 
instruments and then cease movement (Fig. 4). Once the sur-
geon grabs hold of the needle, the robotic assistant will then 
release the suture and withdraw the laparoscopic needle 
driver. Importance is placed on the assistant allowing the sur-
geon to take the needle for himself instead of the assistant 
presenting the needle to one of the robotic arms directly. The 
assistant does not have the same depth of vision as the sur-
geon; thus, this technique will provide quicker exchange and 
less fumbling of the suture.

Once suturing is completed or if another suture is required, 
needle extraction will occur in a similar fashion although the 
laparoscopic needle driver will this time grasp the needle 
itself. The surgeon will hold the finished suture approxi-
mately 1–2 cm away from the needle and present the needle 
with the half circle shape opening toward the camera (Fig. 5). 
The robotic assistant will then either allow the next suture to 
be taken by the surgeon as discussed earlier, or if no further 
suture is needed, the assistant will open the needle driver and 
allow the surgeon to place the needle within the opening 
(Fig. 5). After closure of the needle driver, the robotic assis-
tant will withdraw the needle and transfer the instrument 
itself to the scrub nurse with verbal communication of the 
needle being received outside of the patient.

3.2.4  Hem-o-lok Positioning
Endoscopic Hem-o-lok ligation is one of the more difficult 
techniques for the bedside assistant to master. This is particu-
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larly true for robotic prostatectomy as the tissue being ligated 
is denser in comparison to a single vessel in other proce-
dures. Hem-o-lok clip placement is completed through the 
12 mm assistant trocar and allows the surgeon to preserve the 
neurovascular bundles athermally (Fig.  6). Experienced 
assistants will typically be able to tell the difference in clip 
failure from bulkier tissue versus equipment malfunction or 
assistant error. An experienced assistant must also 
 communicate the reasoning for clip failure not only to the 
surgeon but to the OR staff. Improving clip success can be as 
simple as using a new set of clips or using a new clip applier. 
With regard to physical placement of the polymer clips, 
greater success is achieved when traction is provided either 
from the surgeon or the assistant themselves (Fig.  7). 
Orientation/angle of the clip is crucial as well and can be the 
difference between success and failure.

3.2.5  Catheter Management
Foley catheter manipulation is the final technique to review 
for the bedside assistant. Catheter manipulation begins with 
deflation of the balloon as the surgeon is performing anterior 
dissection between the bladder neck and base of the prostate 
gland. While the surgeon is continuing dissection, it is 
important for the assistant to have Kelly forceps when ready 
with lubricant. Once the surgeon has developed the correct 
plane and can see the catheter, the assistant must retract the 
catheter until the tip of the catheter is in view. The surgeon 
will grab hold of the bladder opening of the catheter with the 
ProGrasp forceps and then retract the prostate gland toward 
the abdominal wall. The assistant can now use the Kelly for-
ceps to grasp the catheter just distal to the meatus. Lubricant 
will allow minimal sliding of the Kelly forceps to keep con-
stant traction on the prostate internally but will also avoid 
trauma to the foreskin or glans penis externally. Catheter 
management will continue once this area of dissection is 
complete with a simple retraction of the catheter. As the sur-
gery progresses to dorsal venous complex suturing, the assis-
tant will periodically check the catheter for difficulty with 
retraction. An important note is that the catheter should be 
past the area of suturing as each suture pass can potentially 
limit catheter placement later in the surgery if not in the 
appropriate plane.

Presentation of the catheter tip is helpful for the surgeon 
during posterior reconstruction and visualization of the rhab-
dosphincter. Just having the catheter tip visible helps with 
the location of the rhabdosphincter and at the same time 
showcases the anatomy of the proximal urethra for anasto-
motic closure. Catheter management continues with repeti-
tive presentation and retraction of the catheter tip during 
anastomotic closure. Importance is placed on timing of the 
presentation or retraction of the catheter tip to coincide with 
suturing. Incorrect timing can lead to prolonged operative 
times or mistakenly suturing through the catheter. The final 
step is to introduce a new foley catheter after all suturing is 
completed to confirm the absence of catheter trauma.

3.3  Team Interaction During Surgery: 
Verbal and Nonverbal Communication

Communication is one of the more overlooked topics when it 
comes to reviewing surgical skills. It is paramount for the 
bedside assistant to communicate both verbally and nonver-
bally with the surgeon and the rest of the OR staff when 
needed. Feeling comfortable with the surgeon is the basis of 
good communication technique. Comfortability will grow 
with experience and especially collaboration between the 
surgeon and the assistant. In the case of robotic surgery, the 
console where the surgeon sits for the case is located away 
from the operating table and sometimes can be in another 

Fig. 6 Hemolock, neurovascular bundle

Fig. 7 Hemolock clip
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room adjacent to the operating room. This is particularly 
important regarding nonverbal communication. Although the 
da Vinci Xi robot has microphones allowing straightforward 
communication between the surgeon and assistant, there are 
many instances in which direct verbal communication is 
unnecessary.

Earlier in this chapter we discussed the three-instrument 
view which can be used by both the surgeon and the assis-
tant to signify progression to the next step of surgery 
(Fig.  1). The assistant utilizes this view after docking the 
robot and introducing the instruments into the abdomen 
(this implies the surgeon can now start). The surgeon com-
monly utilizes this view for instrument exchange, camera 
cleaning, and completion of the surgery. These are simple 
instances that do not require verbal communication but are 
yet important, nonetheless. Further instances of nonverbal 
communication are also accomplished by the assistant 
always being prepared for the next step in the surgery. For 
example, sometimes the PA (bedside assistant) can proac-
tively perform the suction task when he or she evaluates this 
is needed according to what is shown in the shared view, 
without the surgeon always requesting it [6]. The assistant 
should be skilled to the degree that functions like this are 
automatic.

Although nonverbal communication can be effective, it 
should never replace verbal communication. There are 
moments throughout surgery in which a quick verbal state-
ment can help avoid an adverse event. This would be no dif-
ferent than in any other surgery but should still rely on the 
relationship between the surgeon and the assistant. There are 
certain relationships that will require more verbal communi-
cation and some that require more nonverbal communication 
but understanding the appropriate amount of each is 
important.

3.4  Closing the Surgery: Undocking 
and Port Removal

Undocking will first begin with instrument removal which 
should always be achieved after the three-instrument view 
occurs. After all instruments are removed, including the 
camera, the robotic arms are released from the trocars in the 
opposite fashion as they were installed. The wing flap located 
on the robotic arm is depressed and then the port clutch is 
depressed as well to physically move the arm away from the 
trocar (this can also be accomplished with the previously 
mentioned grab and move feature as well).

Once all robotic arms are undocked, the circulating nurse 
may reverse the robot away from the operating table. The 
assistant in this case must watch carefully and guide the 
nurse on proper robot height to avoid contacting the patient. 

While the patient is still in Trendelenburg position, the 
robotic camera is inserted into the right lateral accessory tro-
car for visualization of specimen bag transfer from the 5 mm 
accessory port to the supraumbilical robotic trocar. Once 
transferred, the specimen bag is clamped with a hemostat or 
Kelly forceps and the robotic camera is moved back to the 
same supraumbilical trocar. Next, removing all trocars under 
vision is important to confirm no internal hemorrhage is 
present that may require cauterization or fascial suturing 
with a suture passer. The first trocars removed are both left 
robotic trocars, followed by the right robotic trocar, and the 
5  mm subcostal assistant trocar. Lastly, removal of the 
12 mm accessory trocar and tying off the fascial suture must 
occur right as the insufflation is turned off to avoid abdomi-
nal contents getting trapped in the fascial suture. The robotic 
camera is then removed from the supraumbilical trocar and 
handed off the surgical field while the operating table is 
leveled.

The supraumbilical incision may need further dissection 
at this point depending on prostate size. The assistant will 
use S retractors to provide visualization for the surgeon. 
Once the specimen bag is removed, fascial closure is accom-
plished through five interrupted figure of eight knots. Again, 
the assistant will utilize the S retractors along with suture 
following through completion of fascial closure. 
Subcutaneous skin closure is then accomplished with a run-
ning, absorbable monofilament suture. This same suture is 
used for the lateral incisions as well, although in an inter-
rupted fashion. Surgical skin glue is then administered over 
each incision.

4  The Impact of Bedside Assistant 
on Surgical Outcomes

Although the important role of the bedside assistant in 
robotic-assisted urologic surgery has been described above, 
the literature has mainly focused on the performance and 
outcomes of the CS. However, a successful robotic-assisted 
surgery depends on a successful team, and the BA represents 
a major part of such success. A remote interaction between 
the CS and BA makes the role of the BA critical. Cooperation 
and harmony between the two are fundamental to avoid time 
loss and prevent mistakes and complications.

There is a scarcity of literature analyzing the impact of 
bedside assistant on robotic urologic surgery outcomes. A 
summary of these studies has been presented in Table  1. 
These studies were conducted in different patient popula-
tions operated on by surgeons and assistants at varying expe-
rience levels and used different robotic systems (3-arm vs. 
4-arm), thus making it difficult to reliably compare the out-
comes among different studies
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Table 1 Summary of contemporary studies that examine the impact of bedside assistant experience on surgical outcomes

Study 
[reference]

Study 
period Cohort

Robotic system 
and technique Study groups

Outcome 
measures Methodology Findings

Yu et al. 2021 
[15]
Prospective

Mar. 
2016–
Nov. 
2016

92 RALPs
3 centers

Not specified 14 console 
surgeons

Global Evaluative 
Assessment of 
Robotic Skills 
(GEARS)

Association 
between 
BA- OSATS 
and CS- 
GEARS scores, 
Multivariable 
linear regression 
model to control 
for patient 
factors

Significant 
correlation between 
BA- OSATS and 
CS- GEARS score in 
the neurovascular 
bundle step in 
surgeons with prior 
>100 RALP 
experience

22 bedside 
assistants

Objective 
Structured 
Assessment of 
Technical Skills 
(OSATS)

Mangano 
et al. 2021 
[11]
Retrospective

2017–
2018

116 RALPs
Single surgeon 
beyond learning 
curve

Four-Arm Da
Vinci Xi
Transperitoneal, 
6-port technique

BA-bedside and 
console experience 
(n = 38)

OT, EBL, LOS, 
Catheterization 
days, PSM rate

Statistical 
comparison of 
outcomes 
measures

OT:193 vs 195 vs 
198 min, p = 0.80), 
EBL: 189 vs 190 vs 
213 mL, p = 0.32), 
LOS: 5.43 vs 5.87 vs 
5.26 days, p = 0.39), 
days of 
catheterization: 
12.28 vs 13.53vs 
13.18, p = 0.34), 
PSM rate: 32.3% 
vs30.3% vs 31.3%, 
p = 0.17).

BA-only bedside 
experience 
(n = 38)
BA-inexperienced 
(n = 40)

Garbens et al. 
2020 [9]
Retrospective

2013–
2015

170 RALPs
Single surgeon in 
initial learning 
curve

Transperitoneal 
posterior 
approach

Non-expert BA 
(PGY2–3 or PA 
w/o experience) 
N = 111

Primary: PSM 
status
Secondary: 
console time, 
EBL, LOS

Multivariable 
regression 
analysis to 
determine 
predictors for 
primary and 
secondary 
outcomes

PSM rate: 37% vs 
10% (p = 0.03)
EBL: 441 vs 296 mL 
(p < 0.0001)
LOS: 42 vs 31 h 
(p = 0.004)
Expert BA not 
predictor of console 
time, LOS
Expert BA 
significant predictor 
of PSM

Expert BA (PA w/
experience) N = 59

Albo et al. 
2020 [5]
Retrospective

2013–
2016

129 RALPs
Single surgeon 
>1000 case 
experience

Four-Arm Da
Vinci Si
Transperitoneal, 
6-port technique

Two non-expert 
BAs in their 
learning curve
Group 1: first 20 
cases

OT, EBL, LOS, 
Catheterization 
days, PSM rate, 
Complications

Linear 
regression 
analysis to 
assess the 
relationship 
between BA 
experience and 
surgical 
outcomes.
Uni- and 
multivariate 
logistic 
regression 
analysis to 
explore 
relationship 
between 
categorical 
variables.

Experience of the 
BA, patient age, 
BMI not predictive 
of OT, EBL, and 
LOS
No relationship 
between the 
experience of the BA 
and PSMs or 
complications.
Risk of 
complications 
increased if prostate 
weight >50 g (OR 
15.5) and high ISUP 
grade (OR 10.7)
High clinical stage 
(OR 9.1), age (OR 
9.7), and BMI (OR 
7.2) increased the 
risk of PSMs.

Group 2: 21–40 
cases
Group 3: >40 
cases

(continued)
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Table 1 (continued)

Study 
[reference]

Study 
period Cohort

Robotic system 
and technique Study groups

Outcome 
measures Methodology Findings

Cimen et al. 
2019 [8]
Retrospective

2009–
2015

36 RALPs
Two beginner 
surgeons

Same 
Transperitoneal 
posterior 
approach

Surgeon 
1 + beginner BA 
(n = 20)

Trocar insertion 
time, Robot 
docking time, 
Console surgery 
time, Anesthesia 
time, Specimen 
extraction time, 
EBL, LOS, 
Complication 
rates

Comparative 
analysis of 
variables

All surgical times 
significantly shorter 
in group 2
No significant 
difference in EBL, 
LOS, complication 
and PSM rates

Surgeon 2 + expert 
BA (>150 cases) 
(n = 16)

Abu-Ghanem 
et al. 2017 
[10]
Retrospective

2011–
2015

106 RALPs
Single surgeon 
beyond learning 
curve of 108 
cases

Transperitoneal 
approach

Group 1 BA 
(PGY1–3 
residents) (n = 44)

OT, EBL, LOS, 
Complication 
rates

Univariate 
analysis and 
Spearman’s 
correlation tests 
to assess the 
relationship 
between the 
variables of 
interest

No correlation found 
between the 
assistant’s seniority 
and OT, EBL and 
LOS.
No influence of 
assistant on 
Immediate post- 
operative 
complications.

Group 2 BA 
(PGY4–5 
residents) (n = 43)
Group 3 BA 
(senior surgeon) 
(n = 19)

Nayyar et al. 
2016 [7]
Retrospective

2006–
2013

222 robotic 
procedures
Single center
82 RALPs
100 pyeloplasty
12 partial 
nephrectomy
18 
ureterolithotomy 
10 cystectomy

Not specified Two BAs
First half of BAs 
(inexperienced 
stage)
Second half of 
BAs (experienced 
stage)

OT, EBL, 
Complications

Linear 
regression used 
to assess the 
possible cutoff 
level for the 
learning curve 
in terms of 
reduction in 
operative time 
for BAs.

For all procedures, 
mean OT reduced 
from 138.06 to 
124.32 min 
(P = 0.001) and 
mean EBL decreased 
from 191.93 to 
187.61 mL 
(p = 0.57) in second 
half
Most significant OT 
decrease observed in 
robotic pyeloplasty 
(102 vs 82 min for 
first and second half, 
respectively, 
P = 0.001)
OT and EBL did not 
drop significantly in 
RALP

Mitsinikos 
et al. 2017 
[12]
Retrospective

2011–
2013

162 RAPNs
Three hospitals

Transperitoneal Teaching vs 
non-teaching 
hospital
Teaching: PGY2–3 
residents (n = 112)

OT, WIT, EBL, 
LOS, Change in 
eGFR, 90-day 
readmission, PSM

Comparative 
analysis of 
variables, 2 
cohorts matched 
based on 
R.E.N.A.L. 
nephrometry 
score

OT longer in 
teaching hospitals 
(229 vs 213 min, 
p = 0.011)
WIT comparable (21 
vs. 20.5 min, 
p = 0.276)
Trend toward lower 
PSM in teaching 
hospitals (3.6% vs 
10%, p = 0.079)

Non-teaching: 
attending surgeon 
(n = 50)
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4.1  Impact on Operative Time (OT)

Nayyar et al. performed a retrospective analysis of 222 uro-
logic robotic procedures performed by two teams of CS and 
BA [7]. They split the data into two chronological halves, 
assuming that the assistant was inexperienced in the first half 
and had become experienced by the second half. They 
 demonstrated that with increasing experience of the BA, 
mean OT for all procedures showed a significant reduction. 
Maximum reduction was noted for pyeloplasty which was 
the most commonly performed surgery. However, the reduc-
tion in OT was not statistically significant in the subset of 82 
RALP cases.

Cimen et al. compared the outcomes of two CSs who per-
formed RALP with an inexperienced and experienced BA, 
respectively, and found that trocar placement, robotic dock-
ing, console surgery, and specimen extraction times were 
significantly shorter in the experienced BA group [8]. The 
surgeons were in their initial learning curve; hence, the 
authors attributed this difference to the experience of the 
assistant. In contrast, Garbens et al. did not find a significant 
difference in the console times when a novice or expert BA 
assisted the same CS during his initial 170 RALP cases [9].

Abu-Ghanem et al. reported that BA seniority (PGY 1–3 
vs. PGY 4–6 residents vs. senior surgeon) had no influence 
on surgery times in a cohort of consecutive 106 RALPs oper-
ated by a single surgeon beyond his learning curve [10]. In 
another single surgeon series, Mangano et al. analyzed 116 
RALPs assisted by three BAs randomly distributed based on 
availability, one with bedside and console experience, one 
with relevant bedside experience only, and one basically 
inexperienced. There were no statistically significant differ-
ences between the three BAs in terms of mean operative time 

(198 vs. 195 vs. 193 mins, respectively, p = 0.8), as well as 
other perioperative parameters [11].

Mitsinikos et al. investigated the impact of BA on robotic- 
assisted partial nephrectomy (RAPN) outcomes in 162 cases 
[12]. They compared outcomes in two teaching hospitals 
where PGY-2 or PGY-3 residents served as BA vs. a non-
teaching hospital where a senior surgeon had assisted all 
cases. The two cohorts were matched for R.E.N.A.L. neph-
rometry score. The total OT, but not warm ischemia time, 
was longer in the teaching hospitals (229 vs. 213  min, 
respectively, p = 0.011). Likewise, Potretzke et al. found a 
mean 9.3 min. Longer OT with a junior-level (PGY 2 or 3) 
vs. a senior-level (PGY 4 or 5, or fellow) BA in a cohort of 
414 consecutive RAPNs [13]. However, warm ischemia time 
was not significantly different between the BA groups (21.3 
vs. 20.9 min, p = 0.843).

4.2  Impact on Perioperative Outcomes 
and Complications

The majority of studies have shown no benefit in terms of the 
quality or experience of the BA as they pertain to periopera-
tive outcomes [10–13]. Estimated blood loss, length of stay, 
days of catheterization, and postoperative complication rates 
in RALP were similar between different BA groups [10, 11]. 
In a series of 129 RALPs, Albo et al. analyzed the effect of 
learning curve of two inexperienced BAs on perioperative 
outcomes and found that blood loss, hospital stay, catheter-
ization time, and complication rates were comparable in 
their first 20, 21–40, and >40 procedures [5]. However, the 
aforementioned studies examined single surgeons who were 
well beyond their learning curve.

Table 1 (continued)

Study 
[reference]

Study 
period Cohort

Robotic system 
and technique Study groups

Outcome 
measures Methodology Findings

Potretzke 
et al. 2016 
[13]
Retrospective

2011–
2014

414 RAPNs
Four experienced 
surgeons

Not specified Two BA groups:
Junior-level 
(PGY2–3 residents 
or nurse) (n = 115)

OT, WIT, EBL, 
LOS, 
Complications, 
PSM

Multivariate 
analyses to 
assess for a 
relationship 
between the 
level of BA 
experience and 
outcomes

Operative time 
9.3 min longer in the 
junior-level
group (p = 0.051)
No differences in 
outcomes between 
the junior and senior 
assistant groups, 
including for 
operative time, EBL, 
WIT, LOS, presence 
of a postoperative 
complication, and 
surgical margin 
status

Senior-level 
(PGY4–5 residents 
or fellow) 
(n = 299)

RALP robotic-assisted laparoscopic prostatectomy, RAPN robotic-assisted partial nephrectomy, BA bedside assistant, OT operative time, EBL 
estimated blood loss, LOS length of stay, PSM positive surgical margin, WIT warm ischemia time, PGY post-graduate year, BMI bod mass index, 
OR odds ratio
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In contrast, other series that included surgeons early in 
their learning curve have shown that an experienced BA can 
improve operative outcomes [8, 9]. Garbens et al. examined 
the effect of expert (physician assistants or advanced nurse 
practitioners who had completed formal bedside training fol-
lowed by a period of apprenticeship) vs. non-expert BAs 
(residents in their second and third years of training or physi-
cian assistants without formal laparoscopic or bedside train-
ing) on operative outcomes [9]. The series began with the 
first RALP performed by the surgeon after fellowship and 
involved his initial 170 cases. The expert and non-expert BA 
groups were similar in terms of patient demographics and 
cancer characteristics. The authors found almost 150  ml 
lower blood loss and shorter hospital stay in the expert BA 
group. Furthermore, the use of an expert assistant was asso-
ciated with a 60% decrease in positive margin rates than 
when surgery was performed with a non-expert assistant. 
Considering that more than 80% of urologists in the USA 
perform less than 10 prostatectomies per year and these urol-
ogists account for approximately 40% of the total number of 
prostatectomies performed [14], Garbens et al. emphasized 
the importance of an experienced BA in common urological 
practice.

However, all studies above suffer from retrospective 
design, small sample size, and lack of cost analysis and long- 
term outcomes. The only prospective, multicenter study 
scored the performance of 14 CSs and 22 BAs by using 
objective skill assessment tools, and tested the relationship 
between assistant and surgeon technical performance in 92 
RALP cases [15]. The dissection of the prostatic pedicle and 
neurovascular bundle (NVB) step were used for quantifica-
tion of CS and BA performance. Interestingly, CS scores 
were disproportionally affected by the technical ability of the 
BA in surgeons who had completed >100 RALP cases com-
pleted at the outset of the study. After controlling for patient 
age and BMI, prostate volume, tumor stage, and nerve- 
sparing presence, assistant’s performance remained a signifi-
cant predictor of console surgeon’s performance. The authors 
argued that the expectations of more experienced surgeons 
from their assistants to anticipate ahead and move with a 
similar pace and familiarity may be exaggerated, and this 
may negatively impact the surgeon’s performance when the 
technical gap between CS and BA is large. Nevertheless, this 
study did not take into account the RALP steps other than 
NVB preservation.

4.3  Impact on Oncological Outcomes

Cancer-specific survival data were not available in any of the 
series. Positive surgical margin (PSM) rate was the only 
examined oncological parameter in both RALP and RAPN 
studies [5, 8, 9, 11–13]. In most series, PSM rates were not 

affected by the presence of an experienced or inexperienced 
BA [5, 8, 11–13]. In contrast, Garbens et al. found a signifi-
cantly lower percentage of PSMs (20% vs. 37%, p = 0.03) in 
RALP surgeries that involved an experienced assistant [9]. In 
their multivariate analysis, the use of an expert BA, PSA at 
diagnosis, and prostate size were significant predictors of 
PSM status. They hypothesized that the expert BA can opti-
mize visualization in situations where significant bleeding 
obscures visualization of important structures and results in 
suboptimal identification of tissue planes, thereby resulting 
in lower surgical margin rates. They also argued that the 
expert assistants may provide more optimal tissue retraction 
allowing for improved visualization and dissection of correct 
tissue planes as they are more familiar with the steps of the 
surgical procedure.

In summary, currently available data on the impact of 
bedside assistant on robotic surgery outcomes are derived 
from small, retrospective studies that reported conflicting 
results. It was generally argued that it is the console sur-
geon’s experience which dictates perioperative outcomes 
and a less experienced assistant can be safely incorporated 
into this kind of surgery. However, others showed a benefit 
from experienced BAs in improving the surgical outcomes of 
a novice surgeon, including oncological outcomes such as 
PSM rates. As a BA is essential to complete any robotic uro-
logical procedure, it is important that the BA has sufficient 
experience to anticipate problems, reduce conflicts with the 
CS and the bedside team, and act in a timely manner in situ-
ations where patient safety may be compromised.

5  Conclusions

A skilled bedside assistant is an essential part of an effective 
urologic robotic surgery team. The bedside assistant repre-
sents a vital bridge between the console surgeon and the 
patient, and executes critical roles in preoperative prepara-
tion as well as intraoperative assistance and troubleshooting. 
Successful bedside assistance requires understanding the key 
steps of the operation, facilitating the flow of surgery, and 
timely management of unanticipated circumstances. The 
ability to work in harmony with the console surgeon depends 
on effective communication and repetitive execution. There 
is scarce literature that examined the impact of the experi-
ence of bedside assistant on robotic urological surgery out-
comes. In general, perioperative outcomes and complication 
rates did not differ significantly with utilization of a novice 
vs. experienced assistant when the console surgeon was 
beyond his learning curve. Some studies demonstrated a ben-
efit from an experienced bedside assistant in improving the 
surgical outcomes of a beginner surgeon. It is possible that 
the small number of cases and retrospective nature of these 
studies might have prevented from quantifying the effect of 
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assistant experience on surgical outcomes. Roles and respon-
sibilities of the robotic bedside assistant will continue to 
evolve; however, their position as a vital bridge between the 
console surgeon and the patient will remain.
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Anesthetics in Robotics

Ruban Thanigasalam, Joshua Makary , Scott Leslie, 
Ryan Downey, Michael Paleologos, and Joanne Irons

1  Introduction

Over the last two decades, robotic surgery has become 
increasingly preferred over laparoscopic and open tech-
niques. It provides the perioperative advantages of minimally 
invasive surgery, while the dexterity afforded by endowrist 
instruments has expanded the indications of robotic surgery 
to even the most complex pelvic operations. Urological sur-
geons in particular have transitioned to robotic surgery for 
major procedures with a 2018 study revealing the highest 
proportion of robotic assistance was seen in radical prosta-
tectomy and pyeloplasty [1].

The rise of robotic surgery requires anesthetists to also 
familiarize themselves with the management of these 
patients. Currently anesthetists unlike robotic surgeons do 
not complete a formal training program/fellowship specifi-
cally in managing robotic surgery patients. For this reason, 
anesthetists are encouraged to discuss anesthetic concerns 
with the robotic surgeon pre-operatively to prevent poten-
tially foreseeable issues and complications from occurring. 
A recent survey of American anesthetists identified that the 
three most common reported anesthetic complications in 
robotic surgery include facial/airway edema, brachial plexus 
injury, and corneal abrasion [2].

In this chapter, we will evaluate anesthetic issues associ-
ated with robotic surgery and provide the reader with strate-
gies to avoid and manage them.

2  Pre-operative Considerations

As with any major surgery requiring a general anesthetic, a 
thorough pre-operative evaluation of the medical history and 
physical examination are required. Particularly important 
considerations prior to robotic surgery include intraoperative 
airway access, pneumoperitoneum, and patient positioning. 
Especially the Trendelenburg position that is required for 
most robotic pelvic procedures.

An appreciation of the physiological response to position-
ing during robotic surgery is required to assess if the patient 
can safely tolerate the procedure. Patients being considered 
for robotic surgery with significant cardiac/respiratory con-
ditions (refer to Table 1), morbid obesity, raised intracranial 
pressure (ICP), other intracranial pathology, and glaucoma 
are a particularly high-risk group due to the Trendelenburg 
position and pneumoperitoneum used intraoperatively [3].

In our institution, patients with glaucoma or neurosurgical 
pathology are referred pre-operatively to ophthalmology and 
neurosurgical specialists as required to ensure these conditions 
are optimized. Similarly, patients with cardiac/respiratory dis-
ease may benefit from specialist review and pre-operative 
assessment. Through this multi-disciplinary approach, both 
the surgeon and anesthetist can ensure the likelihood of com-
plications related to these comorbidities is reduced.

Initially designed to focus on improving post-operative 
care, enhanced recovery after surgery (ERAS) is a protocol 
that now also includes guidelines for pre-operative optimiza-
tion [4, 5]. We will explore the ERAS protocol and its rele-
vance to both pre- and post-operative care later in this 
chapter.
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Table 1 High-risk cardio-respiratory conditions

High-risk conditions
• Severe valvular pathology (particularly aortic stenosis)
• Severe heart failure (both left and right sided)
• Ischemic heart disease/previous myocardial infarction
• Significant arrhythmia
• Severe respiratory disease (COPD, poorly controlled asthma)
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3  Intraoperative considerations

3.1  Airway and Ventilation

The standard for airway management is endotracheal intuba-
tion. This is usually achieved using an oral cuffed endotra-
cheal tube that additionally prevents aspiration of gastric 
contents that may occur with the steep Trendelenburg posi-
tion. Because of the significant patient movement that occurs 
during positioning it is recommended that the position of the 
endotracheal tube be checked not only before but also after 
positioning the patient [6].

Facial and airway edema is seen more frequently in 
robotic surgery patients secondary to the Trendelenburg 
position. Consequently, prior to extubating the patient, an 
assessment for airway edema should be undertaken to ensure 
airway patency. This can be carried out in the form of a “leak 
test” that involves listening for air escaping around the endo-
tracheal tube as the cuff is deflated. In addition, endotracheal 
tube ties can increase the risk of airway edema and should be 
avoided [3].

Robotic surgery can present unique issues with ventila-
tion. Both the steep Trendelenburg and pneumoperitoneum 
cause decreased functional residual capacity due to splinting 
of the diaphragm. This in turn can result in higher inspiratory 
pressures and impaired ventilation [7, 8]. To counteract these 
pulmonary physiological changes and avoid atelectasis it has 
been suggested to maintain positive end-expiratory pressure 
between 4 and 7 cm H2O and to keep the maximal airway 
pressure below 35 cm H20. Furthermore, altering the inspira-
tory: expiratory ratio from 1–2:1 to 1:2 is a reasonable alter-
native in achieving improved gas exchange and a lower 
partial pressure of carbon dioxide PCO2 [9].

A degree of hypercarbia is common during robotic sur-
gery and requires appropriate management. Caution is 
required when titrating the tidal volume as barotrauma can 
arise due to the elevated inspiratory pressures [3, 10]. In our 
institution, we use a volume guaranteed pressure mode of 
ventilation to reduce peak airway pressures. Measures that 
can be taken by the surgeon to assist with difficulty in venti-
lation include reducing the steepness/angle of Trendelenburg 
and lowering the pressure of pneumoperitoneum. This may 
need to be considered in the morbidly obese or those with 
restrictive lung disease [11].

3.2  Pneumoperitoneum

Pneumoperitoneum is required during robotic surgery to 
obtain appropriate visualization of abdominal and pelvic 
organs. The physiological impact this has on airway and ven-

tilation has been discussed but equally important are the 
changes that can occur in relation to cardiac output. 
Pneumoperitoneum leads to an increased intra-abdominal 
pressure (IAP). Small increases in IAP actually lead to 
increased venous return and cardiac output; however, more 
significant increases (i.e., >10 mmHg) can increase systemic 
vascular resistance and decrease cardiac output. An even 
higher IAP of >20  mmHg is associated with significant 
decreases in mean arterial pressure and cardiac output [12].

For these reasons, in our institution the IAP is usually 
maintained at the lowest level to achieve satisfactory surgical 
conditions (typically 12–15  mmHg). The practice of con-
ducting robotic surgery with low-pressure pneumoperito-
neum although ideal, may impact on the surgeon’s ability to 
visualize the surgical field. Improvements in the equipment 
used to maintain low-pressure pneumoperitoneum address 
this issue and can provide low pressure but high flow insuf-
flation, an example of such a device is the AirSeal intelligent 
flow system which relies on valveless trocar system technol-
ogy [13]. In addition to the cardiovascular benefits of low- 
pressure pneumoperitoneum, the incidence of post-operative 
ileus may also be decreased [14, 15].

Generally, the gas used for insufflation is CO2 and the 
relative hypercarbia seen in robotic surgery can be partially 
attributed to its solubility and rapid absorptivity. These prop-
erties are also advantageous in reducing the likelihood of 
catastrophic venous gas embolism [16]. Nonetheless, gas 
embolism should be considered and promptly managed in 
the case of sudden hemodynamic compromise. Particularly 
during robot-assisted laparoscopic prostatectomy (RALP), a 
degree of gas embolus can be expected during ligation of the 
dorsal venous complex, especially considering a higher IAP 
(up to 20 mm Hg) is often required to safely complete the 
ligation. A 2010 study conducted intraoperative transesopha-
geal echocardiograms in both patients undergoing RALP 
and open retropubic prostatectomy, they observed that 40% 
and 80% of patients, respectively, developed venous gas 
embolism. Reassuringly, none of these patients displayed 
signs of hemodynamic compromise [17].

3.3  Monitoring

Intraoperative access to the patient undergoing robotic sur-
gery is limited due to the robot itself occupying much of the 
space above the patient. Additionally, the sterile operative 
field further restricts access to the patient. The difficulty in 
accessing the patient, specifically the face is a likely factor in 
the relatively high rate of corneal abrasion. In a review of 
1500 RALP procedures, one institution found the rate of cor-
neal abrasion was 3% but were able to reduce this to 1% by 
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switching from using eye tape to eye pads [18]. Eye injuries 
can also occur from gastric/oral secretions tracking up the 
face secondary to the gravitational effect of Trendelenburg. 
To mitigate against this risk, the mouth can be sealed around 
the endotracheal tube using waterproof dressings/tapes. 
Additionally, the limited patient access mandates careful 
placement of monitoring equipment prior to the commence-
ment of surgery. Monitoring or IV access lines typically need 
to be longer to provide remote access distant from the patient. 
Arterial lines are not always required but should be 
 considered in patients with comorbidities that place them in 
a high- risk category for GA.

Once abdominal ports are placed and the robotic arms 
engaged it is critical the patient remains immobile. This is 
achieved with neuromuscular blockers to keep the patient 
paralyzed, any movement by the patient intraoperatively can 
be disastrous and potentially cause injury to intra-abdominal 
organs and blood vessels. Equally important is for the patient 
to remain securely positioned to avoid slipping. In open/
laparoscopic surgery the proceduralist is positioned adjacent 
to the operating table and is likely to observe changes in the 
patient position such as slipping. In contrast, robotic sur-
geons are removed from the operating table for the majority 
for the case and are less likely to notice inadvertent changes 
in patient positioning. Non-slip mats, bean bags, tape, and 
straps can all be used to secure the patient [3, 6]. When straps 
are used caution should be exercised in avoiding overtighten-
ing as this may lead to pressure injuries.

3.4  Trendelenburg

The Trendelenburg position involves tilting the operating 
table “head down.” This position is employed during robotic 
surgery particularly on pelvic organs as it allows for improved 
exposure by allowing the bowel to slide away from the pelvis. 
As previously alluded to, the Trendelenburg position leads to 
increased ICP and intra-ocular pressure [6]. Thus, patients 

with pre-existing elevated ICP, glaucoma, retinal detachment, 
and ventriculoperitoneal shunts may require further pre-oper-
ative planning and multi-disciplinary input. To mitigate these 
challenges and also to avoid cerebral/airway edema, it has 
been suggested to avoid aggressive IVF while the patient 
remains in this position [19]. Equally important in reducing 
the complications of Trendelenburg is minimizing the time 
that the surgery is conducted in this position. For potentially 
prolonged cases such as cystectomy it is not uncommon for 
the bed to be leveled at regular intervals. In our institution for 
extended cases that continue beyond 4 hours, a “second time-
out” is conducted which provides an opportunity for the sur-
geon, anesthetist, and nursing staff to discuss any relevant 
concerns. The feasibility of implementing a “second time-
out” has been previously reported; however, further studies 
are required to assess the benefits including any potential 
reduction in complications [20].

A recent case–control study of 67 urological patients 
compared two groups with different degrees of Trendelenburg 
tilt. The control group angle was set at 30°, and the mean 
angle in the reduced tilt group was 20.5°. The authors of this 
study demonstrated that robotic pelvic surgeries can be 
safely performed with a reduced Trendelenburg tilt and also 
noted the advantages of decreased hemodynamic and respi-
ratory stress [21]. The modified Z Trendelenburg position is 
a variant of the traditional position but with the head main-
tained at a horizontal position which creates a “Z” shape 
(Fig. 1).

A prospective randomized controlled study examined 
the differences in physiological parameters between the 
standard Trendelenburg position (angle set at 23°) and the 
modified Z version. A significant reduction in IOP and 
blood pressure in favor of the modified Z Trendelenburg 
position was observed for the majority of cases [22]. In 
summary, minimizing length of surgery, avoiding aggres-
sive IVF replacement, and reducing steepness of the oper-
ating table can reduce the complications associated with 
Trendelenburg.

a cb

Fig. 1 Courtesy of Raz et al. [22]. (a) Horizontal supine position with legs in lithotomy position. (b) Head down in 23° Trendelenburg position. 
(c) Modified Z Trendelenburg position with horizontal head and shoulders
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3.5  Fluid Balance

Because of the aforementioned unique physiological pertur-
bations that robotic surgery patients experience, the fluid bal-
ance management significantly differs from patients 
undergoing GA in a standard supine position. As previously 
mentioned to avoid complications such as facial/airway 
edema it is advised to limit the delivery of IVF while the 
patient remains in Trendelenburg [9]. The decreased urine 
output that results from limiting IVF also provides an added 
benefit of improving vision in the surgical field, particularly 
in RALP after the bladder neck has been dissected.

While the administration of IVF is initially restricted, 
toward the end of a RALP procedure when the urethro- 
vesical anastomosis is being performed, IVF replacement 
can be increased. Similarly in other robotic cases such as 
cystectomy when the patient’s position is reverted back to a 
supine leveled position, IVF should be administered to 
encourage urine production and avoid renal impairment. 
This is important to consider given decreased renal perfusion 
is expected intraoperatively secondary to the effects of pneu-
moperitoneum and decreased cardiac output. Evidence of 
renal impairment can be seen during routine post-operative 
blood investigations that reveal a transiently elevated serum 
creatinine [6]. Another benefit of adequate urine output at the 
completion of surgery is the reduced likelihood of blood 
clots occluding the urinary catheter. In summary we suggest 
limiting fluid administration intraoperatively while the 
patient is subject to the extreme positioning associated with 
surgery and later increasing the rate of IVF toward the end of 
the case and maintain a clear urine output.

3.6  Neuropraxia

Nerve injuries to both upper and lower limbs have previously 
been reported during robotic surgery and a significant por-
tion of closed claims can be attributed to this [23]. The 
 combination of Trendelenburg and lithotomy position is 
commonly used during robotic surgery and care should be 
taken to avoid overextension of the lower limbs and ensure 
appropriately placed stirrups. Stirrups should ideally provide 
adequate ankle support to reduce the pressure on the calf 
muscles. Appropriate lithotomy positioning should reflect a 
natural rather than exaggerated position to avoid injuring 
susceptible nerves such as the common peroneal, femoral, 
and obturator nerves [24, 25]. One of the main factors that 
have been linked to increased risk of lower limb neuropathy 
is prolonged surgical time >2 h duration [24, 26].

Brachial plexus injuries can also occur and are often sec-
ondary to slipping during changes in patient positioning. 
Depression of the acromioclavicular joint is thought to be at 
least partially responsible for brachial plexus injuries [27]. In 

one high volume robotic surgery institution, the arms had been 
positioned in abduction, with bean bags and shoulder girdle 
restraints utilized to prevent patient slipping. However, this was 
associated with several cases of brachial plexus injury. 
Subsequent modifications in patient positioning included keep-
ing arms adducted and using shoulder padding. Brachial plexus 
injuries were prevented in the subsequent 2674 cases [28]. In 
agreeance with the findings of this study, the most recent advice 
from the American Society of Anaesthetics practice advisory 
also suggests limiting arm abduction [29]. In summary, by 
avoiding restraints that place pressure on the shoulder girdle 
and keeping the arms well secured and adducted there is a 
reduced likelihood of brachial plexus injury.

3.7  Pressure Injuries and Compartment 
Syndrome

Adequate padding, especially at bony prominences is neces-
sary to prevent the formation of pressure sores (Refer to 
Fig. 2). Monitoring equipment and IV lines in contact with 
the patient are also potential sites of pressure injuries but eas-
ily preventable [3]. Compartment syndrome of the lower 
limbs or “Well leg” syndrome is a severe complication that 
can occur with prolonged steep Trendelenburg and lithot-
omy. Risk factors for developing this include extended length 

Fig. 2 Padding applied and gel pad beneath forearm
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Cardiac Arrest Massive Bleeding

Lights on!
Undock Robot

(Release ALL trocars!) 
Call for help!

• Perform CPR
• FiO2 : 100% 
• Attach defibrillator 
• Assess ECG rhythm 
• Adrenaline / Amiodarone 

administration guided by 
advanced life support 
algorithm 

• Laparotomy
• Activate massive 

transfusion protocol 
• Surgical control of bleeding 
• Send blood for cross match, 

alternatively use O negative
blood

Inform Intensive Care Unit

Re-evaluation: 
• Ready for transport? 
• End surgery as fast as possible? 
• Check with anaesthetist prior to changing

operating table to neutral position

Fig. 3 Summary of 
emergency undocking 
protocol

of surgery, obesity, hypotension, and peripheral vascular dis-
ease. Steps that can be taken to avoid compartment syndrome 
of the lower limbs include leveling the bed periodically, 
intermittent pneumatic compression of the calves, and ensur-
ing the stirrups used provide adequate padding and ankle 
support to increase the surface area in contact with the lower 
limb. In patients at risk of lower limb ischemia in 
Trendelenburg, placing a pulse oximeter on the great toe will 
detect changes in blood flow to the lower limbs and may trig-
ger earlier reversal of identifiable aggravating factors [16].

3.8  Emergency Undocking

Estimates for the rate of conversion from robotic to an open 
procedure vary from 1.3 to 4.3% [30, 31]. The proportion of 
these cases which represent emergency undocking is not clear 
but despite it being a relatively rare occurrence, the whole sur-
gical team (surgeon, surgical assistant, anesthetist, scrub/anes-
thetic nurses, and theater orderly/assistants) should familiarize 
themselves with local protocols in place for emergency 
undocking. The indications for emergency undocking include 
but are not limited to anesthetic concerns, cardiac/respiratory 
arrest, surgical complications (massive hemorrhage), and fail-
ure of the robotic equipment. A clear understanding of roles 
and communication is required by all members of the surgical 
team to ensure emergency undocking occurs in a safe but 
prompt manner [32]. Experienced and well-rehearsed teams 
have reportedly been able to progress through the emergency 
undocking process in less than 30 s [19].

Cardiopulmonary resuscitation is a challenge in robotic 
surgery due to the patient’s position and bulkiness of the 
robotic cart. Although not ideal, it is important to be aware 
that DC defibrillation shocks CAN be delivered, while the 
robotic arms remain docked [19]. A flow diagram summariz-
ing the emergency undocking protocol is shown in Fig. 3.

3.9  Enhanced Recovery After Surgery 
(ERAS)

The management of a surgical patient of course does not end 
immediately after the procedure. Arguably as important as 
the procedure itself is the pre-operative planning and post- 
operative care provided. An advantage of robotic surgery 
when compared to an open approach is the decreased length 
of stay (LOS) [33]. This is a result of the minimally invasive 
nature of the procedure but also post-operative management 
protocols play a role in ensuring patients recover more rap-
idly. ERAS is defined as a multi-modal and multi- disciplinary 
care pathway that influences the pre−/intra−/post-operative 
management of surgical patients.

Pre-operatively, patients should be screened in a pre- 
admission clinic and receive education across several 
domains including adequate nutrition, smoking cessation, 
pain management, and early mobilization (Refer to Fig. 4). 
From a detailed social history, issues that may hamper recov-
ery post- discharge can be anticipated and support services 
organized depending on the patient’s individual circum-
stances. Intraoperatively improved thermoregulation can be 
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Fig. 4 Example of RALP ERAS (pre-operative component)
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achieved by reducing the patient’s time exposed and raising 
the operating theater temperature. The choice of analgesia 
administered intraoperatively also plays a role in allowing 
earlier mobilization and for these reasons, epidural and 
patient- controlled analgesia are usually avoided.

The key elements of ERAS in the post-operative stage 
include minimizing opiates, encouraging early mobilization, 
early feeding, nausea and ileus prophylaxis and venous 
thromboembolism (VTE) prophylaxis [4] (Refer to Fig. 5). 
A cohort study of 110 patients undergoing radical cystec-

Fig. 5 Example of RALP ERAS (post-operative component)
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tomy showed a significant reduction in LOS in favor of the 
ERAS group when compared to conventional care (4 vs 
8 days) [5]. A larger study specifically assessing the impact 
of ERAS on robotic- assisted radical cystectomy patients also 
demonstrated a decreased LOS without significant differ-
ences in readmission rates [34]. RALP patients also benefit 
from ERAS in reducing LOS by 2.5 days based on a recent 
systematic review and meta- analysis [35]. Crucial to achiev-
ing these improved patient outcomes is the collaboration 
between surgeons and anesthetists in correctly implementing 
ERAS protocols.

3.10  VTE Prophylaxis

As previously mentioned, ERAS protocols contain recom-
mendations for the management of VTE prophylaxis. 
Variations in VTE prophylaxis regimen exist based on the 
patient’s VTE risk. Major risk factors that alter the VTE pro-
phylaxis regimen include previous/family history of deep 
vein thrombosis (DVT)/pulmonary embolus (PE), prolonged 
surgery (>2 h), and presence of active cancer. Other minor 
risk factors include age, obesity, and chronic venous insuffi-
ciency [36].

Low molecular weight heparin (LMWH) and low dose 
unfractionated heparin (LDUH) are the most commonly 
used forms of pharmacological VTE prophylaxis. Multiple 
studies have reported on the outcomes of both of these anti-
coagulants with both demonstrating similar efficacy [37]. 
Other important considerations in prescribing either LMWH/
LDUH include dosage and duration of treatment. Obese 
patients in particular seem to benefit from a reduction in 
VTE risk with appropriate weight adjusted dosing [38]. A 
systematic review of 1728 patients demonstrated continuing 
LMWH post-discharge in patients undergoing major abdom-
inal/pelvis surgery resulted in a significant reduction in VTE 
events [39]. The most recent American Society of hematol-
ogy VTE prophylaxis guidelines for cancer patients support 
the use of extended pharmacological VTE prophylaxis for 
major abdominal/pelvic surgery [40]. For radical cystectomy 
patients, the standard of care is to continue pharmacological 
VTE prophylaxis for 28  days post-operatively [41]. Post 
RALP, pharmacological VTE prophylaxis post-discharge is 
not usually necessary but can be considered if the patient is 
deemed high risk of VTE.

Early ambulation and mechanical VTE prophylaxis are 
also paramount in reducing the post-operative VTE risk. 
Both European and American VTE prophylaxis guidelines 
suggest the combination of pharmacological and mechanical 
VTE prophylaxis is superior to a single VTE prophylaxis 
modality. When mechanical prophylaxis is used the prefer-
ence is for intermittent pneumatic compression rather than 
graduated compression stockings [38, 40].

3.11  Analgesia

Post robotic surgery side effects include abdominal pain, shoul-
der tip pain, and ileus [6]. Compared to an open procedure, 
robotic surgery patients generally have smaller midline inci-
sions and subsequently a reduced requirement for analgesia. 
Multi-modal analgesia including paracetamol, NSAIDs 
(assuming normal renal function), limited use of opiates and 
local/regional anesthesia (for example, erector spinae/transver-
sus abdominus plane block) is common and usually sufficient 
in managing pain particularly in the context of ERAS [4].

Epidurals are infrequently used given the preference to 
encourage early mobilization as part of the post op recovery 
and the expected short length of admission. There may be 
cases where it is determined an epidural is required, it should 
however not be used intraoperatively as the Trendelenburg 
positioning may lead to cardiac instability from potential 
high block [19]. Spinal anesthesia may also be used as part 
of a multi-modal analgesia plan. However, anesthetists 
should first determine if the patient has been administered 
prophylactic anticoagulation. European Surgical Association 
(ESA) guidelines on VTE prophylaxis suggest if neuraxial 
anesthesia is planned that prophylactic anticoagulation be 
commenced post- operatively [42]. A significant common 
issue post RALP is abdominal pain due to bladder spasms. 
There is limited evidence suggesting intravesical local anes-
thetic is beneficial in reducing catheter related discomfort 
[43]. A small-scale 2013 study comparing RALP patients 
receiving intravesical ropivacaine and placebo suggested 
patients in the treatment arm had similar pain scores but 
required smaller doses of NSAIDs [44].
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The Role of Virtual Reality, Telesurgery, 
and Teleproctoring in Robotic Surgery

Barbara Seeliger, Justin W. Collins, Francesco Porpiglia, 
and Jacques Marescaux

1  Introduction

Computer interfaces and Internet connections have led to sig-
nificant technological advances, which impact our everyday 
life, as well as surgical practice. The SARS-CoV-2 pandemic 
has catalyzed the set-up of a telemedicine infrastructure in 
many healthcare systems worldwide, and remote workplaces 
have become increasingly common. Will tomorrow’s surgeons 
be able to simultaneously provide teaching across multiple 
continents, based on protected and secured connections? Will 
they not only virtually scrub in, but operate from home too?

Technological progress is paving the way for this change 
in surgical paradigm, and upcoming developments in digital 
surgery are highly anticipated.

2  Virtual and Augmented Reality 
in Robotic Surgery

Virtual Reality (VR) applications that immerse users into a digi-
tal version of reality are based on a synthetic three- dimensional 
(3D) environment. Augmented Reality (AR) is closely related, 

and superimposes VR data onto the real- world environment, 
through a variety of available displays. Three essential charac-
teristics of VR and AR include immersion, presence, and inter-
action. These digital technologies allow the automation of 
repetitive tasks and support medical education and training.

The use of VR has the potential to develop and improve 
surgical skills and reduce procedure errors [1]. VR simulators 
allow to familiarize surgeons with robotic systems and to shift 
robotic surgery training outside of the operating room (OR). 
Various sets of VR exercises are available for several robotic 
surgical platforms. Despite a growing evidence for skill trans-
fer to the OR from laparoscopic VR simulators, equivalent 
data is scarce for robotic VR simulators. Consequently, a 
recent systematic review and meta-analysis addressed the 
transferability of surgical skills acquired on robotic VR simu-
lators to the OR, as well as the predictability of intraoperative 
performance from robotic VR simulator performance [2]. Out 
of more than 14,000 articles on robotic VR simulation train-
ing, only 8 pertained to these inclusion criteria (skill transfer-
ability: 5, predictability: 3). The limited available data support 
the use of robotic VR simulators for surgical skill acquisition 
and assessment. Significant positive correlations between 
robotic VR simulator and intraoperative technical surgical per-
formance were observed in two of three studies. Quantitative 
analysis showed a positive combined correlation (r  =  0.67, 
95% CI [0.22, 0.88]). In addition to technical skills, non-tech-
nical aspects such as cognitive training and clinical decision-
making should also be investigated to assess robotic VR 
simulator training benefits and limitations [2]. More studies 
are necessary to correlate robotic surgery training modalities 
to intraoperative performance and operative outcomes.

By taking patient-specific data into account, procedures 
can be tailored to individual characteristics. Dedicated soft-
ware allows for 3D reconstructions of tomographic imaging 
studies, yielding patient-specific virtual models from com-
puted tomography (CT) or magnetic resonance imaging 
(MRI) [3–5]. A clear understanding of normal and patho-
logic patient anatomy is key for any type of surgery. Different 
methods are available to obtain a 3D reconstruction of 
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tomographic images. Direct volume rendering (DVR), com-
monly integrated into radiological workstations, creates a 3D 
reconstructed view, which makes the anatomy easier to 
understand. However, DVR is unsuitable for computing 
organ volumes or simulating a surgical resection. To do so, a 
surface rendering (SR) technique has to be used. SR is based 
on organ segmentation, which is a delineation of all  structures 
of interest. It allows for an interactive visualization of the 
reconstructed anatomy, including navigation features such as 
zooming in and out, rotating the virtual model, and transpar-
ent views selectively showing the chosen structures [4, 6]. 
Even anatomical variants which are potentially missed when 
screening CT or MRI images in conventional slices become 
apparent in SR 3D reconstructions. As a result, these recon-
structions best meet surgical needs, allowing for patient- 
specific virtual surgical exploration and surgical strategy 
planning by means of individual procedure simulation [5].

These 3D anatomical models provide an individual vir-
tual reality environment. The VR simulation of a procedure 
on the patient-specific digital clone allows trainers and train-
ees to discuss and come to an agreement upon the ideal oper-
ative approach. These digital clones are easy to share with 
experts around the world, if desired. The comprehensive 
visualization of the target anatomy can be shared to obtain a 
second opinion on the same 3D model, which minimizes the 
potential difference in interpretation based on 2D slices. In a 
pioneering study (Argonaute, 2004), the same 3D recon-
struction could be viewed virtually by several surgeons in 
different locations, in order to allow joint decision-making 
[7] (Fig. 1/Video 1).

As an example, a liver tumor occasionally appears to be 
located in one specific segment in standard tomographic 

images, whereas segmental vessel occlusion in the virtual 
model reveals that the affected segment is indeed a different 
one. Surgical planning based on a virtual model provided 
valuable assistance and led to a change in operative strategy 
in approximately 10% of more than 100 liver resections [5]. 
In the Visible Patient software, which is based on research of 
the IRCAD research and development team, additional vir-
tual surgical tools such as selective vascular clamping allow 
to simulate resections. This makes it possible to identify 
liver tumors with regard to the vascular territory and its 
respective segments (Fig. 2/Video 2). As a result, resections 
can be optimized for an organ-sparing approach with safe 
margins [8, 9].

When the ideal operative strategy has been defined, a vir-
tual environment allows to simulate the individual inter-
vention. The ability to repeatedly rehearse procedures allows 
to enhance surgical training and prepares for the real surgical 
procedure [10]. Repetition with deliberate practice is key 
for skill acquisition [11]. In other disciplines, rehearsing is a 
much more common practice than in surgery. Movie produc-
tion is based on the separate study of scenes, which are prac-
ticed and recorded until perfection, even in an arbitrary order 
under a director’s guidance, and then compiled into the final 
film. Surgery is somewhat different and more like a musical 
piece, which has to be performed at once in the predefined 
order. When playing an instrument, compositions are divided 
into passages which are practiced and repeated until perfec-
tion. The oeuvres are rehearsed individually, within smaller 
groups, and with the entire orchestra. Only then, the com-
plete piece is performed on stage in the intended order. 
During practice, musicians get input from their teachers and 
orchestral conductors. The time has come to integrate such 
practice routines into the preparation of similarly complex 
surgical procedures, which not only rely on procedural skills, 
but also include different tasks for each team member and 
necessitate team interaction.

The combination of simulation with surgical planning 
will thus lead to optimal care delivery [10], and rehearsal in 
the form of preliminary virtual operations should become 
mandatory for complex operations. Expert assistance pro-
vides valuable feedback during procedure rehearsals, where 
the specialist can be local or remotely connected. With vir-
tual procedure simulation environments, discussion of the 
ideal surgical approach is again accessible for validation by 
a second expert. The preplanned surgical strategy with antic-
ipated port positioning, procedural steps, resection planes, 
etc., then provides intraoperative guidance.

3D reconstruction in a pediatric urology case series, 
including congenital malformations and Wilms’ tumors, 
facilitated the understanding of complex anatomical rela-
tionships and diagnosis of anatomical anomalies. Virtual sur-
gical planning included the assessment of the renal 
vasculature, individual vessel clip applications, and 3D 

Fig. 1 Teleconference with interactive visualization of the virtual 3D 
model within the Argonaute project. The model can be rotated, and 
organ systems can be shown or hidden individually, in order to facili-
tate the remote assessment of liver tumors by several experts (see 
Video 1)
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Fig. 2 This central cholangiocarcinoma was interpreted as right-sided 
from the CT scan alone (a). The 3D model allows to focus on the rele-
vant anatomy (b). Once the hepatic and portal veins have been selected 

(c), vascular clamping can be simulated, demonstrating the need for a 
change in operative strategy to perform a left hemi-hepatectomy instead 
of a right-sided one (d) (see Video 2)

model volume measurements for the renal tumor and rem-
nant after organ-sparing surgery. Patient-specific stepwise 
procedural planning allowed for an accurate partial nephrec-
tomy simulation [4]. Such a simulation of resection accord-
ing to the vascular territory making it possible to check 
which segment can be preserved in a parenchyma-sparing 
approach is shown in Fig. 3. Video 3 shows the preoperative 
CT scan and 3D reconstruction of a bilateral nephroblastoma 
in a child, with planning of a function-preserving bilateral 
partial nephrectomy, as well as the reconstructed postopera-
tive CT scan.

Individual VR models can be displayed intraopera-
tively, with various software solutions available for 3D 
reconstruction. Intuitive Surgical offers Iris [12], a visualiza-
tion service segmenting and labeling anatomical structures 
to generate a 3D model from patient deidentified CT scans. 
In a recent multi-institutional propensity score-matched 
analysis assessing 3D-image-guided robot-assisted partial 
nephrectomy (3D-IGRAPN), the risk for major complica-
tions was significantly lowered and perioperative outcomes 
improved using virtual 3D models of the tumoral kidneys 
obtained with the Synapse 3D® Kidney analysis® application 
software (Fujifilm, Japan). The trifecta (namely, the combi-
nation of negative surgical margins, 90% preservation of 
eGFR at the first clinical visit postoperatively (3–6 months), 
and absence of perioperative complications) achievement 
rate was significantly higher in the 3D-IGRAPN group [13].

The da Vinci platforms’ built-in computer interfaces 
allow to connect a mobile device to display 3D reconstruc-
tions and navigate manually within any of these VR models. 
With the use of TilePro, the VR models are then shown in a 
side-by-side image within the console display next to the 
live video feed, and can also be visualized on the auxiliary 
screen for the rest of the OR team [5].

As a future perspective, artificial intelligence (AI)-based 
software will allow automatized reconstructions even in real 
time in the operating room. For automatized 3D reconstruc-
tions, the implementation of an AI approach was recently 
proposed as a means to avoid time-consuming manual seg-
mentation [14] (Fig. 4).

Similarly, 3D-printed models based on virtual 3D imag-
ing models support the understanding of the relevant anat-
omy and surgical planning. In a urological study focused on 
robot-assisted radical prostatectomy and partial nephrec-
tomy (RARP and RAPN), 3D-printed models were perceived 
as a useful tool, as evaluated by urologists (from trainees to 
experts) and patients regarding the understanding of the dis-
ease and the planned intervention [3]. The 3D-printed mod-
els allowed for a quick understanding of the specific case, 
and they were superior to virtual 3D models and standard CT 
in terms of vascular anatomy in particular [15]. While 
3D-printed models can be used for ex vivo procedure train-
ing, the virtual models have the advantage of a fusion with 
the real-time stereoscopic intraoperative view, resulting in an 
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Fig. 3 3D reconstruction for a patient with multiple tumors in the right 
kidney (a). Virtual clip application on the segmental arterial branches 
makes it possible to visualize each segment in a different color (b). 
Image courtesy Visible Patient online service

augmented reality view [9]. With a transparency adjustment 
of the virtual image, the overlay improves the orientation and 
identification of anatomical landmarks. The precise overlay 
(registration) is still a challenge, as respiratory motions, peri-
toneal gas insufflation, and organ deformation via surgical 
manipulation have to be taken into account for an AR view 
throughout any procedure [5]. The more stable the target 
organ during a procedure, the easier the AR overlay. In a 
pioneering study for laparoscopy, AR assistance was first 
described in adrenalectomy [16]. With the use of a video 
mixer, the 3D reconstruction was manually merged with the 
video feed from the integrated camera in the surgical light 
(external view), as well as with the laparoscopic view. The 
AR view was then displayed onto an additional video screen 
and adapted during the procedure, supporting the identifica-
tion of the dissection planes, the adrenal gland with a Conn’s 
adenoma, and the relevant vasculature [16] (Fig. 5).

In a subsequent adrenalectomy series (12 right-sided and 
3 left-sided procedures), AR superimposition was more pre-

cise on the right side (maximal error of 2 mm) than on the 
left side. In the anterior left adrenal approach, splenic mobi-
lization and organ retraction represented a challenge for the 
live manual interactive AR overlay with a computer scientist 
[6]. The virtual and augmented reality approach developed at 
the Institute for Research against Digestive Cancer (IRCAD) 
was applied to various clinical settings and minimally inva-
sive procedures, including endocrine [17], colorectal [18, 
19], hepatobiliary, and pancreatic surgery [8–10, 20–22].

With a focus on urologic cancers, a collaboration with a 
team of bioengineers was started 4 years ago by Porpiglia 
et  al. to define the “high-definition 3D models” [23]. 
Hyperaccuracy three-dimensional (HA3D) reconstruction 
also relies on the clinical expertise (of urologists and radiolo-
gists), with a professional software authorized for medical 
use managed by the engineers. The 3D models were merged 
with the camera images in a manual overlapping of the 
images, performed by an assistant of the surgeon with the 
use of a 3D professional mouse. Their AR display in the da 
Vinci surgical console via the integrated TilePro software 
provided intraoperative AR guidance during robotic surgery 
[24].

This technology was applied both in prostate and kidney 
cancer surgery (Fig. 6, Videos 4/5). In prostate cancer sur-
gery, the AR images allowed to correctly identify the tumor 
location in a static phase of the intervention [25]. 
Subsequently, with the development of elastic virtual mod-
els, it was also possible to overlap these models during a 
dynamic phase of the intervention, such as the nerve-sparing 
phase, in which the tissue shapes are deformed by the surgi-
cal action [26]. The implementation of AR guidance for the 
modulation of surgical resection on the neurovascular bundle 
reduced the risk of positive surgical margins. Concerning 
renal cancer surgery, the 3D AR images allowed to identify 
the arterial branches of the renal pedicle, thereby helping 
with the pedicle dissection and allowing to perform a higher 
rate of selective clamping.

In addition, these AR images demonstrated their useful-
ness during the extirpative phase during partial nephrectomy 
for endophytic tumors. The availability of AR technology 
allowed to project hidden lesions precisely on the organ sur-
face. Lastly, after tumor removal, AR guidance allowed to 
identify intraparenchymal structures involved in the resec-
tive phase, such as violated calyces or arteries and veins 
bleeding into the resection bed, which gave the surgeon the 
opportunity to manage them selectively [27].

The next step in the evolution of AR-guided robotic sur-
gery is the automatic overlay of 3D virtual images. The 
advent of AI in particular will help to recognize some struc-
tures as landmarks inside the operative field (artificial land-
marks such as the urinary catheter during prostatectomy, or 
natural landmarks such as the kidney shape during partial 
nephrectomy). After an algorithm training phase, AI-based 
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Fig. 4 Significantly reduced duration for 3D reconstructions with the implementation of artificial intelligence-based algorithms

software will allow to anchor the 3D models to the real anat-
omy automatically, hence avoiding the need for any manual 
assistance [28]. Recently presented pioneering experiences 
demonstrated promising findings for both kidney and pros-
tate cancer surgeries. Indeed, the automatically overlapped 
3D AR images correctly identified the tumor during the 
intervention [29].

Port placement for robotic surgery has to be planned by 
taking individual robotic arm movements into account. More 
and more robotic surgical systems reach the market, and sur-
gical access must be adapted for each one, according to the 
specific platform. VR models and AR overlay of the target 
anatomy support access planning via a “see-through” view, 
as shown for laparoscopic adrenalectomy [16], liver segmen-
tectomy [9] (Fig.  7), or to obtain an optimal triangulation 
despite the constraints of intercostal port positioning in a 
trans-thoracic approach for liver surgery [22]. For the 
Versius® Surgical Robotic System (CMR Surgical Ltd, 
United Kingdom), the subcostal port position can be adopted 
from the posterior retroperitoneoscopic adrenalectomy 
(PRA) approach as standardized by Professor Martin Walz, 
Germany [30] (Fig. 8).

Augmented reality is a critical step forward to the 
automatization of robotic interventions, for which the 
robot needs to learn to see in transparency what the camera 
does not show. Twenty years of experience on AR taught us 
about the challenges of registration accuracy, in particular 
of real-time deformable registration to fuse the digital 

model with the manipulated organs in a live video feed. 
Three main approaches were reported to address the limita-
tions of current registration solutions, namely manual 
alignment (operator- dependent, for small deformations 
only), automatic rigid registration (for small deformations), 
and deformable registration (for strong deformations, tech-
nically challenging and requiring organ-specific parameter 
tuning) [31].

To resolve such challenges, a hybrid operating room 
was built at IHU Strasbourg, a facility equipped with medi-
cal imaging (CT, MR, cone-beam CT, ultrasound, fluoros-
copy) and/or guidance systems in addition to full surgical 
capabilities. A hybrid OR allows for dynamic planning, 
guidance, and control via various human-machine interfaces 
intraoperatively [32]. However, it is neither in the interest of 
surgeons nor patients to undergo repetitive intraprocedural 
irradiation for continuous imaging updates. Additionally, 
there is little compatibility of large-footprint medical imag-
ing such as CT, cone-beam CT, and MRI with current robotic 
surgical systems. Unlike in interventional cardiology or 
 percutaneous procedures (e.g., ablation therapies), these 
technical challenges make general and urological surgery too 
complex for a routine integration of robotic laparoscopy into 
hybrid ORs. Ultrasound is an imaging modality that is much 
less expensive and more readily available. It carries a great 
potential for 3D reconstructed views, automated robotic nee-
dle placement, and integration with AI for diagnosis and 
treatment, particularly in percutaneous interventions.
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Fig. 5 Augmented reality-assisted laparoscopic right adrenalectomy. 
The contrast-enhanced CT scan (a) is reconstructed in 3D with the dis-
play focused on the relevant anatomy (b, c). The 3D volumes of the 

adrenal gland and lesion are congruent with the resected specimen (d). 
The intraoperative view (e) can be supplemented with augmented real-
ity guidance at any given step of the dissection (f, g, h)
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Fig. 6 Intraoperative augmented reality (AR) guidance in robotically assisted partial nephrectomy (a) and radical prostatectomy (b) (Videos 4 and 
5 for the digital version)

Fig. 7 AR-guided robotic port placement guided by projecting the vir-
tual model onto the patient via an external beamer above the patient [9]

Ablation procedures such as radiofrequency ablation and 
cryoablation, among others, are much more suitable for robot-
ization than laparoscopic approaches. Ablation therapies are 
increasingly being reported for prostatic [33], renal paren-
chyma-sparing, and adrenal procedures [34–36] to a lesser 
extent. Aquablation of benign prostatic hyperplasia is the first 
procedure to incorporate features of autonomous robot-
assisted surgery in clinical trials, and it is categorized at the 
level of conditional autonomy. Biplanar transrectal ultrasound 
(TRUS) is used for manual mapping of the target resection 
areas. The machine subsequently delivers the saline at a high 
velocity to autonomously perform prostatic resection accord-
ing to the mapping. A 3D reconstructed model built from 
TRUS images is also the basis for dosimetric planning and 
needle trajectories of the EUCLIDIAN system for autono-
mous robot-assisted prostate brachytherapy [33].

For small benign adrenal tumors, partial adrenalec-
tomy can replace total adrenalectomy if the lesion can be 

removed completely [37–39]. Partial adrenalectomy is 
increasingly performed for steroidogenic function pres-
ervation with low rates of adrenal insufficiency and 
recurrence [39–43]. When a partial adrenalectomy is 
envisaged, periadrenal dissection exposes the gland at 
the price of division of the abundant arterial network 
reaching the adrenal capsule. Devascularization of the 
future remnant has to be avoided, and as a result, the 
intraoperative view of the gland is limited. Intraoperative 
measurements with a flexible ruler and CT-calculated 
volumes showed a considerable discrepancy [44]. 
Intraoperatively, the adrenal glands can be hidden from 
view, particularly in an abundance of retroperitoneal adi-
pose tissue commonly encountered in Cushing’s syn-
drome (Fig. 9). Virtual 3D reconstructed models provide 
valuable guidance to ensure complete tumor removal 
while preserving a maximum of adjacent healthy adrenal 
gland. See- through vision with AR approaches based on 
3D image reconstructions, as well as a near-infrared 
light tissue penetration depth of several millimeters 
(<1 cm) in fluorescence imaging, are promising tools for 
partial adrenalectomy.

Fluorescence image-guided surgery (FIGS) is a navi-
gation modality based on the use of near-infrared (NIR) 
light sources that interact with an intravenously or locally 
administered fluorophores such as indocyanine green (ICG). 
During NIR light illumination, the fluorophore is excited 
and emits a fluorescent signal, which is then captured by a 
designated camera system [45]. The view captured in the 
NIR range is overlaid onto the standard visible light video 
feed. As a result, FIGS represents an enhanced reality imag-
ing modality.
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Fig. 8 Translation of the posterior retroperitoneoscopic adrenalectomy 
(PRA) technique to a new robotic surgical system. (a) intraoperative 
view of the retroperitoneum, dorsal view onto the right kidney and nor-

mal adrenal tissue (RA). (b) Exposure of the right adrenal metastasis 
(M). (c) Prone positioning and right-sided port placement derived from 
the PRA technique

FIGS allows for augmented reality registration, as 
reported via the use of fluorescent fiducials in kidneys 
[46]. A near-infrared fluorescence 3D visual tracking sys-
tem, including 3D surface reconstruction, is the basis for 
bowel anastomoses performed by the Smart Tissue 
Autonomous Robot (STAR) [33]. With a near-infrared 
visualization technology (Firefly mode) and the Iris navi-
gation tool, both AR imaging modalities are integrated into 
the da Vinci robotic systems (Intuitive Surgical, Inc., 
Sunnyvale, CA, United States). The Firefly mode can be 
activated from the surgeon console. Several other manu-
facturers plan to integrate fluorescence imaging into their 
robotic platforms over time.

In addition, fluorescence guidance is continuously gain-
ing interest during minimally invasive adrenal surgery. Since 
its first description [47], a handful of studies reported its use 
[48, 49]. ICG-enhanced imaging was felt to contribute to 
procedural safety and efficacy, based on the superior visual-
ization of the adrenal glands during robotic adrenalectomy 
[50]. Separate fluorescence characteristics were recently 
described for different pathological adrenal conditions [51]. 
The contrast between different fluorescence patterns allows 
for an enhanced tissue distinction between tumor and nor-

mal adrenal gland, as well as retroperitoneal tissue. Due to a 
favorable experience with ICG fluorescence, the Cleveland 
Clinic group incorporated it within their routine robotic 
adrenal surgery practice [51].

Most studies assessed adrenal fluorescence data qualita-
tively and subjectively [51, 52], which is valid to discrimi-
nate the adrenal glands from surrounding tissues. However, 
the interpretation of fluorescence signals can be biased. 
When moving the camera closer to the target, fluorescence 
signal intensity increases due to its relationship inversely to 
the square of the camera-to-target distance (inverse-square 
law in optics). Additionally, a residual fluorescence signal 
from a previous injection can limit qualitative assessment 
upon reinjection [45].

In contrast, a quantitative assessment of fluorescence sig-
nal intensity dynamics over time allows for a more objective 
documentation [51], and is a prerequisite for perfusion 
assessment. ICG injection in perfusion assessment is based 
on the fluorescence signal arrival in the target tissue resulting 
in distinct perfusion curves, which can only be visualized by 
quantitative fluorescence imaging [42, 45]. However, it is 
currently not integrated into commercially available sys-
tems. At the IRCAD, a quantitative software-based approach 
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Fig. 9 Cushing’s adenoma within the left adrenal gland. (a) standard axial CT view, (b) anterior 3D model view, (c) posterior 3D model view as 
in posterior retroperitoneoscopic adrenal surgery

was thus developed to allow a measurement of the dynamic 
evolution of fluorescence signal intensity over time [42, 45]. 
This dynamic fluorescent signal intensity evolution captured 
with a static camera is independent of the camera-to-target 
distance, and the arrival speed of the fluorescence signal 
after intravenous dye injection represents tissue perfusion. 
These data can be translated into a color-coded perfusion 
cartography for an intraoperative overlay.

In a bilateral posterior retroperitoneoscopic approach, the 
proprietary software was used to assess fluorescence dynam-
ics simultaneously for both adrenal glands. It allowed to cal-
culate bilateral perfusion cartographies and to superimpose 
them onto the images of the corresponding left and right 

camera systems [42, 45]. In the enhanced reality view after 
adrenal gland division without any circumferential dissec-
tion, the remnant segments with an impaired perfusion could 
easily be distinguished from the ones with regular perfusion, 
with the ipsilateral kidney serving as a reference for normal 
fluorescent signal arrival speed (Fig. 10). Quantitative evalu-
ation of adrenal remnant perfusion was congruent between 
FIGS and contrast-enhanced intraoperative CT scan mea-
surements and it has the potential to be a surrogate marker 
for cellular integrity [42]. Quantitative FIGS provides an 
evaluation of organ perfusion, and it is independent of resid-
ual fluorescence signal intensity when multiple fluorophore 
injections are administered [42, 45].
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Fig. 10 Intraoperative white light (a) and enhanced reality view (b) of 
a left adrenal gland divided in its middle. Asterisks mark measuring 
points for representative perfusion curves. On the right (c), correspond-
ing perfusion curves are shown for the cranial and caudal parts of the 

adrenal gland and the kidney. The cranial adrenal segment (dotted 
arrow) shows decreased perfusion (blue), whereas caudal perfusion 
(solid arrow, red) is equal to that of the kidney (Published in [42])

3  Telesurgery

Telesurgery is defined as a procedure performed by a sur-
geon operating from a remote location. Telepresence means 
that someone appears to be present or to have an effect at a 
location other than the actual place where the person is situ-
ated [11]. The initial impulse for the development of multi-
purpose robotic systems was to perform long-distance 
surgery, in order to minimize harm for the surgical team 
while decreasing trauma casualties in battlefield settings. 
The military intended to provide immediate surgical control 
at the site of injury, as opposed to evacuation of the wounded 
to the closest mobile army surgical hospital (MASH). A tele-
presence surgeon’s workstation would be operated from the 

MASH, and the remote surgical unit transported to the 
patient in an armored vehicle [53].

The Lindbergh Operation was a world premiere in the 
quest for the globalization of surgical procedures via long- 
distance robotic telesurgery, using the ZEUS system 
(Computer Motion, United States). The system compo-
nents were connected across the Atlantic Ocean at a dis-
tance of 6200 km via a high-speed fiberoptic connection. 
The time delay inherent to long-distance transmissions 
was defined during preliminary studies. A safe maximum 
threshold for the latency between the command of an 
action and its return on the screen was determined 
(330 ms). In order to allow for a safe surgical procedure, 
this latency was further limited to a level that was virtually 
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imperceptible to the human eye (155 ms). Consequently, 
the surgical team steering the console in New  York was 
able to perform a robotic cholecystectomy in a patient in 
Strasbourg, with telemanipulation of the 2 instrument 
arms, and electrosurgery activation via voice commands to 
the on-site surgical team in Strasbourg [54, 55]. Soon 
afterwards, the world’s first national telesurgical service 
was established in Canada, connecting a teaching hospital 
to a community medical center. A total of 22 remote tele-
surgical procedures were performed by two surgeons, 
including 13 laparoscopic fundoplications, 7 colorectal 
resections, and 2 inguinal hernia repairs, with a similar 
latency [56]. Despite this novelty and significant techno-
logical requirements, no major intraoperative complica-
tions were come across, and postoperative recovery was 
uneventful [54–56]. Telerobotic assistance provided “on 
the job” training to the community hospital surgeon, allow-
ing the expert surgeon to switch from performing the early 
procedures to assisting the later fundoplication case series 
[56]. These pioneering cases demonstrated that long-dis-
tance surgery was safe and feasible. However, it implied 
substantial costs, considering the expense of robotic surgi-
cal systems and telecommunication infrastructures. As 
technology advances, its implementation gets more cost-
effective. A few decades afterwards, a multitude of teleop-
erated surgical systems is now commercially available or 
about to enter the marketplace. When compatible, a single 
robotic console at an expert center could be connected to a 
number of bedside units located at various community 
hospitals [56].

Both high bandwidth and low latency are essential for 
optimal data transmission and telesurgical performance. 
The evolution of networks used for surgery included sat-
ellite, Integrated Services Digital Network (ISDN), ATM 
(used in the Lindbergh operation), Internet Protocol/
Virtual Private Network (IP/VPN used in the Canadian 
series), and current wireless networks [57]. The advent of 
fifth-generation cellular networks (5G) brings about a 
technology standard for broadband connectivity with a 
low latency. Download speeds can reach the gigabit per 
second (Gbit/s) range, and broadband capacity will fur-
ther increase during the rollout of 5G networks. In combi-
nation with near-instantaneous latency (1–2  ms), 5G is 
suitable for remote telesurgery and will even allow the 
integration of virtual and augmented reality. The use of 
high frequencies of up to 30GHz provides the high data 
transmission rate. However, with these shorter wave-
lengths, the range is influenced by a worse penetration of 
objects. Consequently, 5G high bands have a 100× faster 
data rate, a 10× lower latency, but overcome a 60× shorter 
distance when compared to LTE (Long-term evolution/4G) 
[57].

Despite an increasing amount of newspaper articles and 
announcements on company websites, peer-reviewed scien-
tific publications regarding the most recent telesurgical pro-
cedures using a 5G network are still awaited. 5G availability 
provides a more economical solution than the ATM technol-
ogy, and 5G networks will become the backbone for a 
democratized robotic telesurgery. A 2021 review [57] 
summarized the scientific publications on 5G use in surgery, 
with its use for remote robotic camera control [58], telemen-
toring (at a 4 and 6 km distance) [59], a vocal cord procedure 
on a cadaver (15 km distance) [60], remote laparoscopic sur-
gery in an animal model (3000 km) [61], and one case series 
of remote spinal surgery (120–3000 km) [62]. In only two of 
these studies, remote telesurgery was performed in vivo, and 
their network connection was reported as stable [61, 62]. In 
porcine laparoscopic long-distance surgery, the mean total 
latency was 264  ms (258–278  ms), as opposed to a wired 
Internet connection with 206 ms (204–210 ms). Whereas the 
delays from surgical robot servoing, mechanical response, 
imaging and image processing, and video codec were equal, 
the observed latency difference was due to a shorter mean 
round-trip delay via the wired Internet connection (5G: 
114  ms; wired connection 56  ms) [61]. With 3000 versus 
6200  km of distance covered, these round-trip delays are 
nearing the one achieved via ATM transport during the 
Lindbergh Operation (78–80 ms) [54]. In spine surgery case 
series with distances ranging from 120 to 3000 km for the 
various hospitals involved, the mean network latency was 
reported as 28 ms, without listing the involved components 
[62]. Although modern networks reduce signal latency, it 
remains an issue. Instrument motion scaling has been pro-
posed to improve safety and efficiency in robotic surgery that 
is subject to a latency. Not surprisingly, delays of 500 ms and 
750 ms significantly increased task time, as well as the num-
ber of errors. In these high latency settings, improvements in 
instrument path motion were observed with the implementa-
tion of negative robotic instrument motion scaling, and the 
error profile was equivalent to the no-latency scenario for 2 
out of 3 users [63].

5G-based advanced robotic telesurgery is an area of 
ongoing research, and it is paving the way for further tele-
surgery progress, along with other opportunities for 5G 
use in telementoring and telehealth. Transcontinental tele-
surgery demonstrated that the technological advances of 
robotic platforms allow for telepresence surgery from 
remote locations, irrespective of the geographical dis-
tance between surgeons and patients on the Earth. The 
concept of remote surgery reaches another dimension 
when envisaging space travel and outposts on other plan-
ets. Due to weight limitations in space travel, a telesur-
gery robotic patient-side module would have to be 
considerably more lightweight than current robotic sys-
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tems. Space surgery was explored in experimental settings 
of simulated microgravity and aboard spacecraft. In open 
surgery, microgravity leads to the floating of mobile bowel 
and body fluids, which can disperse throughout the cabin. 
As a result, a sealed laparoscopic approach is more suit-
able in weightlessness [64]. The feasibility of endoscopic 
surgery in weightlessness was demonstrated in the por-
cine model on parabolic flights, including laparoscopy, 
thoracoscopy, creation of bleeding, and observation of 
blood spread without gravity [65]. The rich history of uro-
logical investigations in spaceflight is detailed in a 2017 
review, with interesting issues such as urolithiasis, infec-
tions and antibiotic treatment, urological interventions, 
and fertility in weightlessness [66]. As there is no means 
to timely get an expert surgeon to a patient beyond Earth 
orbit or vice versa, surgical care on spaceflights relies on 
remote assistance, including telementoring and—poten-
tially—robotic telesurgery. Advanced surgical care will 
be required in future long- duration missions to the Moon 
or Mars, whereas it is not practiced in space missions in 
low Earth orbit. A similar isolation from medical care as 
in spaceflights exists in the Antarctic and enclosed under-
sea environment research stations, from which rescue 
missions are challenging. During the NEEMO 9 mission, 
extreme communication latencies of over 2 s were tested, 
representing the Earth-to-Moon communication time-of-
flight. This resulted in the duration of 10 min to accom-
plish a single knot-tying [67]. Communication lag time 
increases with the target distance from the Earth, so that 
teleoperated surgical robots can only be controlled in 
proximity to the Earth. Support further out in space has to 
rely on telementoring in a middle range, which transforms 
to offline consultancy telemedicine with the long-distance 
delay [68].

4  Telementoring/Teleproctoring

Remote procedural collaboration technology allows both 
telementoring (remotely delivered supervised surgical skills 
training via telepresence) and teleproctoring (remotely 
delivered proctorship for licensing and/or revalidation 
assessments) [11]. Over the last two decades, videoconfer-
ence equipment evolved from an expensive technology for 
the happy few towards an opportunity for virtually every-
one, democratized via the Internet and smartphone 
applications.

Next steps include the establishment of the necessary 
infrastructure (Internet access and 5G networks) worldwide, 
which might be delayed in rural and low-income areas which 
would most benefit from remote teaching and interventions. 
Worldwide, 313 million surgical procedures take place each 
year. However, only 6% of these operations are performed in 

countries where one-third of the world’s population lives. 
Many people die from conditions that necessitate surgical 
care (32.9% of deaths worldwide in 2010), and 143 million 
additional lifesaving and disability-preventing operations 
would be required. In low- and lower-middle-income coun-
tries, 9 out of 10 people lack access to basic surgical care, 
resulting in high case-fatality rates from common treatable 
surgical conditions [69].

Robotic surgery equipment is mainly available in larger 
centers, and may represent an additional factor of central-
ization [70]. The worldwide dissemination of robotic tele-
surgery might have to wait for new low-cost business 
models for robot accessibility other than in privileged first-
world environments. In contrast to remote telesurgery, 
which relies on an equally skilled local back-up team to 
complete the procedure in case of failure of the network 
and/or robotic system, telementoring and teleproctoring 
are becoming increasingly available. At the IRCAD, an 
entirely virtual university program has targeted teleeduca-
tion and tele- accreditation (WebSurg), telemanipulation, 
and telesurgery over the past two decades [71, 72]. In 
2007, a mobile videoconferencing robot was used for 
robotic telementoring to provide live remote laparoscopic 
training guidance (including an intercontinental connec-
tion between France and the United States) [73] (Video 6). 
Nowadays, integrated operating room solutions offered by 
various companies provide telementoring tools (Fig. 11). 
A recent systematic review indicates that the safety and 
efficacy profile of telementoring is similar to on-site men-
toring [74].

Telementoring has the potential to deliver surgical exper-
tise to underserved areas and to allow for a global reach of 
expertise to facilitate the teaching of advanced surgical skills. 
However, a successful delivery requires a shared understand-
ing of set-up requirements, including legal and ethical impli-
cations, how the service will be delivered, and how to audit 
outcomes to allow for continuous incremental improvements 
[11]. Both the preceptor and preceptee should have appropri-
ate training and agreement on how the service will be run 
prior to implementation, as underlined equally for on-site 
preceptorship [75]. A checklist of the requirements for the 
successful implementation of telementoring is shown in 
Fig. 12.

Future research into the beneficial effects of collabora-
tion will likely result in new thinking strategies. If benefits 
to patient outcomes and improved safety are confirmed, 
both legal and reimbursement issues will be more easily 
resolved [76].

Telementoring and teleproctoring will impact the 
worldwide democratization of surgery at two levels of 
expertise: the global dissemination of basic surgical tech-
niques, as well as the targeted expansion of specialized 
interventions.
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Fig. 11 Telementoring provided from IRCAD to the University Hospitals of Strasbourg for a laparoscopic sleeve gastrectomy (a, b) and laparo-
scopic colorectal surgery (c, d)

TELEMENTORING SET-UP, PLANNING AND SAFETY CHECKLIST

Before installing the service ���������Before patients involved �����������Before patient leaves operating room

SET-UP

Local IT contact confirmed
• Sufficient bandwidth (>5MbS)
• Good audio-visual links
• Secure connection
• Stable connection available
• Enable firewall traversal, appropriate
 ports

Surgeon records in the notes
• Name of the procedure
• Length of time of the operation
• Whether there were any telepresence
 problems to be addressed

Connectivity
• Good image quality
• Good audio
• Drops ≤ 1 drop per hour

Telepresence functionality
• Telepresence software functioned

Trainer followed agreed protocols
• Trainer and trainee discussed case
 before the operation
• Available for WHO checklist ‘time out’
• Present for port placement
• Available for agreed op plan timings

THIS CHECKLIST NOT INTENDED TO BE COMPREHENSIVE, ADDITIONS AND MODIFICATIONS TO FIT LOCAL PRACTICE ARE
TO BE ENCOURAGED

Trainee followed agreed protocols
• Trainee followed agreed operative plan
• Satisfactorily followed telementorship
 guidance during the operation

OR team trained in telepresence

Communication terminology

TTT certified telementor identified

Telepresence service agreement
signed between trainer and trainee

Teleconference with trainer

Review: procedural phases, visual
cues, tasks and errors

Review: patient Hx, imaging, MDT

Informed consent form for patients

Informed consent form for OR team

Agree op plan and telepresence
schedule for the planned operation

Equipment required
• Laptop
• Video converter
• External camera(s)
• Telestration/image overlay/VR and
 AR options
Telepresence software licence

Test connectivity
• Ability to view video streams on laptop
• Video resolution for use case –
 between 720p at 20fps to 1080p at
 30fps
• Drops ≤ 1 drop per hour
• RTD <250ms between centres

Hospital organisation confirms
• Protocols for telepresence services
• Legal implications/GDPR/HIPAA
 compliance

DELIVERY AUDIT

Fig. 12 Telepresence set-up, planning, and safety checklist (modified version of figure published in [11])
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5  Global Dissemination of Basic 
Techniques

In a new era of global health, the Lancet Commission on 
Global Surgery targeted the global health goal to ensure 
access to safe and affordable surgical care for all. Scaling up 
basic surgical care promotes global health, welfare, and eco-
nomic growth. Access to affordable and timely essential sur-
gery, with a high surgical volume and low perioperative 
mortality, is one among several core indicators. By the year 
2030, in order to reach the target of at least 20 surgical, anes-
thetic and obstetric physicians per 100,000 people in all 
countries, an additional 1.27 million providers will need to 
be trained, costing more than $45 billion, as 44% of the 
world’s population lives in countries below this specialist 
surgical workforce density threshold. In addition to a major 
international surgical workforce shortage, a gross inequity 
results from its maldistribution [69].

Experts are used to traveling in order to provide humani-
tarian aid, perform procedures, and train local teams in order 
to overcome knowledge gaps and lack of local infrastructures 
[11]. On the other hand, visitors are welcomed and taught in 
training centers such as the IRCAD, in order to disseminate 
standard-of-care surgical skills. However, such travels, often 
halfway around the world, entail logistical and financial hur-
dles, even prior to COVID-19 restrictions. Telepresence is a 
means for expert surgeons to provide mentoring of novice 
surgeons who are performing new procedures in remote loca-
tions. For many community surgeons, the completion of a 
training period at a distant site is not a viable option, entailing 
a slowed adoption of advanced laparoscopic skills in the 
global surgical community [56]. In 1999, remote knowledge 
translation via telementoring was already successfully used 
for laparoscopic surgery aboard a naval vessel [77] or in a 
mobile surgical truck in the  rainforest [78], and is of no less 
relevance today for rural areas within the United States [79].

6  Targeted Expansion of Specialized 
Interventions

An organized educational program is of paramount impor-
tance to achieve proficiency in complex procedures, in con-
trast to simple ones. Adrenal surgery carries a significant 
potential for morbidity and mortality, and it is subject to a 
clear volume-outcome effect [70]. The European guidelines 
recommend a minimum volume threshold of 6 adrenalecto-
mies per year per surgeon to ensure sufficient experience, 
and >20 adrenalectomies per year for adrenocortical cancer 
surgery [80]. Although the threshold of 6 annual adrenalec-
tomy procedures is low, only 55–65% of patients were oper-
ated on by a surgeon performing ≥6 adrenalectomies 
annually, which corresponded to a third of surgeons, as 

reported in a recent study on 4189 unilateral adrenalectomies 
over a 6-year period in the UK. Twenty-one percent of pro-
cedures in this study were performed for malignancy, and the 
majority of unilateral adrenalectomies were minimally inva-
sive approaches (76%). Robotic surgery was increasingly 
performed over the 6-year study period, although it repre-
sented <5% of procedures [70].

Despite the existence of convincing data favorable to pos-
terior retroperitoneoscopic adrenalectomy (PRA), its dis-
semination was slowed down by the lack of surgical 
familiarity with the altered view on the anatomy and the pos-
terior operative field, patient positioning and set-up, as well 
as the different dissection technique via the creation of the 
working space in the retroperitoneum [45, 81, 82]. Due to the 
relative rarity of adrenal diseases when compared to colon 
cancer as an example, on-the-job training opportunities are 
limited. Sufficiently high case numbers for state-of-the-art 
training are available in specialized centers only [45, 83]. 
Ideally, on-site observation of an experienced surgeon- 
mentor precedes hands-on experience of the surgeon-learner 
under supervision, with involvement of the entire local OR 
team [82]. Time constraints and long-distance travels for the 
mentor make implementation of complex procedures in 
remote areas challenging. When on-site supervision in the 
surgeon-learner’s institution is unavailable, distant precep-
torship via broadband Internet access and videoconferencing 
equipment is a valid option.

Remote telementoring has proven to be safe and effective 
when introducing PRA to Melbourne, Australia [82]. The 
surgeon-learner was trained in advanced laparoscopy and 
had >10 years of adrenal surgery experience before undergo-
ing a dedicated training period in a high-volume center in the 
United States, and a surgical workshop with an internation-
ally renowned expert who developed and standardized the 
PRA technique. The Australian OR team had the necessary 
equipment available and was prepared including video 
review of the PRA procedures to be implemented via a dis-
tant preceptorship support. Consequently, the first three 
PRAs were performed via audiovisual telementoring without 
any technical events and without any intraoperative or post-
operative complications. The transcontinental visual or audio 
lag between the United States and Australia was minimal or 
absent, and the connection quality (via Skype) was perceived 
as excellent, despite the use of inexpensive standard laptop/
desktop computers without advanced telecommunication 
systems [82]. PRA telementoring was continued in further 
collaborations [84]. If no local mentor is available, the telep-
resence of an experienced surgeon during the implementa-
tion of a new technique eases stress on the operating team 
and provides a valuable safety net [82]. Recently, telemen-
toring was used for the integration of transurethral enucle-
ation of the prostate using bipolar energy into an expert 
endourologist’s portfolio [85].
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1  Introduction

Artificial intelligence (AI) has pervaded nearly every aspect 
of our life: from Internet search engines, social media chan-
nels, facial recognition, to self-driving cars, or even language 
translation. Of its various definitions, it commonly refers to 
the general ability of a machine (usually, a computer) to 
independently replicate intellectual processes typical of 
human cognition in deciding on an action in response to its 
perceived environment to achieve a predetermined goal [1].

The intersection of AI and medicine has resulted in 
remarkable accomplishments in the past few years: image 
diagnostic algorithms on par with or even better than humans, 
accurate prediction of 1-year mortality for palliative care 
based on big data, and an AI clinician optimizes treatment 
strategies for sepsis in the ICU, just to name a few [2–5].

Surgery is no exception to this trend. AI, and its associ-
ated computer science techniques, such as machine learning, 
deep learning, reinforcement learning, and computer vision, 
have been extensively used in the surgical field in recent 
years, across areas such as preoperative surgical candidate 
selection, surgical assessment and training, surgical outcome 
prediction, intelligent intraoperative assistance, and eventu-
ally, autonomous surgery. Collectively, these applications 
have been referred to Surgical AI. In this chapter, we will go 
into various aspects of Surgical AI and delineate its progress 
during the past few years.

2  Artificial Intelligence for Surgeons

AI may seem mysterious at first, but they are actually deeply 
related to traditional statistical models and should be recog-
nizable to physicians. Generally speaking, by the scope of its 
ability, AI can be classified as narrow, general, and super AI 
(Fig. 1).

• Most if not all AI in use now are narrow AI, which means 
they are designed to solve one specific task, like AlphaGo, 
who specializes in Go and successfully beat the best 
human player [6].

• General AI, in theory, should be able to solve any tasks 
humans can do, even the ones we have not thought of.

• Then Super AI is defined by its ability to solve any intel-
lectual tasks better than humans.

Since the latter two AI concepts are still in the theoretical 
stage and have not existed in reality, in this chapter, the term 
AI only refers to narrow AI.

As a subfield of AI, machine learning (ML) involves the 
development and deployment of algorithms that, instead of 
being explicitly programed to assign specific outputs 
(actions) in response to specific inputs (perceived environ-
ment), analyze the data and its properties on its own to deter-
mine the actions, thus constantly learning from data [7, 8].

ML algorithms can be further classified as either super-
vised learning (labeled) or unsupervised learning (unla-
beled), depending on whether outputs are labeled by humans 
[1]. Supervised learning (i.e., Naïve Bayes classification, 
support vector machines, and random forests) is often used 
to predict clinical outcomes, whereas unsupervised learning 
(i.e., k-means clustering, principal component analysis, and 
autoencoders) is often used to search for patterns within 
complex data, such as genomics [1].

Deep learning (DL), on the other hand, refers to the 
model structure. It is a form of artificial neural networks 
inspired by the human biological nervous system. These 
models consist of multiple layers, as each layer receives, pro-
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Fig. 1 Artificial intelligence (AI) and machine learning

cesses, and outputs information to the next layer [9]. The 
input into the first layer is the data set of interest, while the 
output of the last layer is the outcome of interest. DL is often 
used in image analysis.

Reinforcement learning (RL) also refers to the model 
structure; however, it is generally in an interactive feedback 
loop as the model receives either a reward or penalty for its 
action. The model eventually learns the best action with each 
turn. Two forms of RL have been reported in the literature—
implicit imitation learning, which learns from experts’ action 
directly, and inverse RL, which learns through inferring 
experts’ intention [10]. RL has the potential to be used for 
autonomous surgery [9].

Computer vision is about machine discovers and learns 
information from videos or images in a way similar to human 
beings [11]. Some of the greatest successes of AI applica-
tions in medicine come from computer vision, including 
diagnostic pathology, radiology, and autonomous surgery.

Natural language processing is a subfield of AI that 
emphasizes building a computer’s ability to parse and com-
prehend human written and spoken language [11]. In health-
care, it is mainly used in digging through electronic health 
records.

One advantage of these ML algorithms is their flexibility 
to deal with different sources of input (Fig.  2). Recent 
advances in surgical technology and electronic healthcare 
databases have been generating big volumes, various kinds 
of data in the surgical field, including surgical video, audio, 

instrument kinematics, surgeon biometrics, and detailed 
patient characteristics [12]. The combination of ML and “big 
data” have produced and will continuously produce a huge 
impact in medicine.

3  AI in Surgical Candidate Selection

With a large amount of data available from medical imaging 
and electronic health records, ML has shown the ability to 
aid preoperative surgical candidate selection.

The first application of AI in this field is to facilitate accu-
rate preoperative diagnosis, which could avoid unnecessary 
surgery. For example, preoperatively distinguishing benign 
renal masses (e.g., oncocytoma and angiomyolipoma) from 
renal cell carcinoma can be challenging, yet remaining fun-
damental to treatment choices. Some studies suggest ML 
models have appeared to be on par or even better than imag-
ing experts in this area [13, 14]. Feng et al. used quantitative 
texture analysis to differentiate small benign lesions (i.e., 
lipid-poor angiomyolipoma) from renal cell carcinoma based 
on preoperative CT [15]. The model utilized support vector 
machine to establish discriminative classifiers and achieved 
an AUC of 0.955 [15]. Nityanand et al. utilized three differ-
ent algorithms, namely random forest, logistic regression, 
and support vector machine, to facilitate Bosniak classifica-
tion of cystic renal masses based on CT [16]. All models 
achieved moderate sensitivity (0.56–0.67) and high specific-
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Fig. 2 Machine learning applications in the surgical field

ity (0.91–0.93) in distinguishing benign (Bosniak I or II) vs. 
potentially malignant lesions (Bosniak IIF, III, or IV) [16]. 
Furthermore, several studies aimed to identify low Fuhrman 
nuclear grade (I and II) from high-Fuhrman nuclear grade 
(III and IV) renal cell carcinoma preoperatively, in order to 
facilitate decision-making between active surveillance vs. 
surgery [17, 18]. By unenhanced CT, one study achieved an 
AUC of 0.71, while by three-phase CT, another study 
achieved an AUC of 0.87 [17, 18].

The second application of AI is to predict surgical mor-
bidity and mortality by preoperative risk factors. For exam-
ple, radical cystectomy is complicated and associated with as 
high as 8% postoperative mortality rate [19]. Identifying 
appropriate surgical candidates is of huge importance to 
decrease surgical mortality. Using an ML model, Klén et al. 
identified strong preoperative risk factors for early (<90 days) 
postoperative mortality following radical cystectomy and 
constructed a user-friendly risk table [20].

Finally, AI can learn from existing data and inform a 
patient of management strategies chosen by patients with 
similar conditions. Based on the large-scale clinical registry 
data, the Michigan Urological Surgery Improvement 
Collaborative (MUSIC) group trained an ML algorithm that 
can yield individualized treatment options for new prostate 
cancer patients [21]. The group created a web-based plat-
form, namely askMUSIC (http://ask.musicurology.com), to 
inform patients of the percentage of choices among active 
surveillance, radical prostatectomy, radiation therapy, and 

androgen deprivation therapy made by other prostate cancer 
patients with similar demographic and clinicopathologic fea-
tures. In their validation cohort, the AUC of prediction 
achieved 0.81. Though the intention of this study is to pro-
vide data-driven information for patients facing difficult 
treatment choices, the methodology also has the potential to 
be used in the development of AI treatment decision 
algorithm.

4  AI in Intelligent Intraoperative 
Assistance

Decision-making is an important aspect of a successful sur-
gery. With the advantage of powerful computing ability and 
compatibility with a wide range of data sources, AI has the 
potential to provide a variety of intelligent assistance to facil-
itate intraoperative decision-making.

Utilizing shortwave Raman spectroscopy data, an AI 
algorithm has been trained to differentiate malignant kidney 
tumors from normal kidney tissue with high accuracy 
(92.5%) under laboratory settings [22]. Since this technol-
ogy does not require any special lighting condition changes 
in the operation room, it has the potential to expedite the 
process of surgical margin check-in partial nephrectomy and 
even replace traditional frozen section pathology [22].

Another aspect AI has been used in intraoperative assis-
tance is to identify surgical anatomy. Altieri et al. annotated 
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264 frames from 63 laparoscopic cholecystectomy videos 
about where is safe vs. dangerous zones to dissect, and 
trained an AI model to identify these regions with an accu-
racy of more than 95% [23]. This technology may eventually 
provide intraoperative guidance, especially for surgical train-
ees, and reduce the happening of adverse events [23].

Finally, AI has been used in combination with augmented 
reality (AR) to facilitate intraoperative decision-making. 
Porpiglia et al. reconstructed preoperative mpMRI into 3D 
prostate models and overlay them to da Vinci surgical con-
sole video during RARP, which enabled surgeons to visual-
ize prostate cancer locations directly [24, 25]. Their initial 
study has shown the precision of 3D reconstruction and the 
ability to accurately identify extracapsular extension loca-
tions, but the image-overlaying process was manually done 
during surgery [24, 25]. In a later study, they automated this 
process by training a computer vision algorithm to anchor 
the virtual 3D models to the live surgical view of the prostate 
[26]. The authors noted that this technology could not only 
be used in prostate surgery but also in robotic partial nephrec-
tomy, especially for endophytic or posteriorly located tumors 
[26]. Although further validation is required, the combina-
tion of AI and 3D AR promises to advance intraoperative 
navigation, and help to optimize the balance between onco-
logical control and sexual function preservation [27].

5  AI in Autonomous Surgery

5.1  Autonomy

Similar to autonomous driving, there are different levels of 
autonomy in surgical robots. One commonly accepted frame-
work classifies the autonomy of robotic surgery from level 0 
(no automation) to level 5 (full automation) [28].

• Level 0 (no autonomy): The operator is in charge of all 
duties, including monitoring, producing performance 
alternatives, choosing which option to perform (decision- 
making), and carrying out the decision.

• Level 1 (robot assistance): The operator keeps constant 
control of the system while the robot assists in certain 
ways.

• Level 2 (task autonomy): The operator maintains discrete 
control of the system, and the robot can automatically 
accomplish specified tasks initiated by the operator.

• Level 3 (conditional autonomy): The surgeon chooses and 
approves the surgical plan, and the robot executes the pro-
cedure automatically but under the supervision of a 
human surgeon.

• Level 4 (high autonomy): The robot can make decisions on 
its own, but only with the help of a competent operator.

• Level 5 (complete automation): No human intervention is 
required, and the robot can perform the entire procedure.

In urology, the most commonly used robotic system, the 
da Vinci surgical system (Intuitive Surgical Inc., Sunnyvale, 
California, USA), is currently at level 1 autonomy (surgeon 
assistance), as it assists surgeons with magnified visualiza-
tion, improved dexterity, and mitigated instrument tremors, 
but does not automate any tasks [27]. Apart from da Vinci 
robotic surgical system, many new robotic systems, such as 
Senhance (TransEnterix Surgical Inc., Morrisville, NC, 
USA), Versius (Cambridge Medical Robotics Ltd., 
Cambridge, UK), Revo-I (Meere Company Inc., Yongin, 
Korea), and KangDuo-Surgical Robot-01 (Suzhou KangDuo 
Robot Co., Ltd, Suzhou, China) have been granted approval 
for human use in their own countries [29, 30]. Some of these 
new systems have more autonomy than the da Vinci system. 
For example, Senhance (TransEnterix Surgical Inc., 
Morrisville, NC, USA) uses eye-tracking to automate cam-
era movement, which has been reported helpful for the visual 
flow of a procedure [31, 32]. Another newly approved semi-
autonomous transurethral prostate aquablation robot, 
Aquablation™ (Procept BioRobotics, Redwood Shores, CA, 
USA), expands the application of surgical robots to endou-
rology [33]. Surgeons only need to create a procedural plan 
by contouring the tissue to be removed, and then the robot 
will autonomously resect tissues with high pressure, non- 
heated saline. Studies have shown comparable operation 
time and symptom relief to conventional transurethral resec-
tion of the prostate (TURP), but with fewer complication 
rates (25.9% vs. 41.5%, p < 0.02) [33]. Besides, this system 
is especially useful in patients with large prostate volumes 
(80–150 ml), where TURP operated by the surgeon is usu-
ally challenging [34]. This novel system should be deemed 
as an example of level 2 autonomy (task autonomy). Ongoing 
studies are mostly exploring the feasibility of level 2 automa-
tion (task autonomy), in which robots perform repetitive 
tasks (e.g., camera positioning and tissue retraction), 
enabling surgeons to concentrate more on the critical aspects 
of a procedure.

The rapid growth of surgical robots provides a new 
opportunity to incorporate AI into the operating room. The 
abundant, diverse data derived from surgical robots serve as 
nutritious soil to develop, train, and validate AI algorithms. 
AI, in return, has the unique ability to learn from prior 
experience and process new data, which enables a self- 
perpetuating cycle, much like how surgeons grow in their 
daily practice. To be more specific, computer vision and 
reinforcement learning are the most commonly used mod-
els in autonomous surgery—the former one can perceive 
the surgical environment and identify surgical planes, and 
the latter one can learn surgical techniques from surgeons’ 
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demonstration or in a trial-and-error manner [9]. A tradi-
tional theory in robot autonomy is the “sense-think-act 
paradigm” [28, 35].

5.2  Sense

In current practice, the most important “sense” during robotic 
surgery is vision. To achieve autonomous vision, two aspects 
need to be addressed—automatic camera positioning and 
vision recognition.

Automatic Camera Positioning Wang et al. developed an 
auto-tracking algorithm to navigate robotic camera based on 
its kinematic relationships with robotic instrument arms 
[36]. However, this approach is limited by the requirement of 
accurate instrument/camera coordinates, which is difficult to 
acquire in some robotic systems. The other way is by video 
input. Rivas-Blanco et  al. used reinforcement learning to 
train a magnet-manipulated camera to automatically navi-
gate based on vision information of instruments movement, 
and the system was validated through an in-vivo experiment 
in a pig [37]. The drawback of this method is the possible 
occlusion of instruments or vision markers during the sur-
gery. To solve this problem, Sun et al. developed a predictive 
model based on computer vision to predict instruments’ tra-
jectories in case they are occluded by blood [38]. By the pre-
diction, the robotic camera can automatically adjust to the 
appropriate position, thus solving the difficulty of automat-
ing camera navigation when vision is partially occluded 
[38]. Another study by Wagner et al. developed a cognitive 
camera with learning ability, which can optimize camera 
position tailored to the surgeon’s need [39]. The system’s 
performance and efficiency improved along with the increase 
in experience [39].

Visual Recognition Samiei et al. exploited computer vision 
strategies to recognize different anatomical structures during 
surgery [40]. By combining AI with their novel molecular 
chemical imaging endoscope, which comprises molecular 
spectroscopy and digital imaging, the algorithm successfully 
discriminated anatomical structures like ureter, lymph node, 
blood vessels, and nerve bundles with an AUC ≥0.90 in live 
porcine models [40]. The advantage of their technique is no 
need for a contrast agent or special lighting conditions. This 
technology has the potential to enhance surgeons’ ability to 
differentiate structures, avoid iatrogenic injuries, and enable 
autonomous robot vision. Another aspect of visual recogni-
tion is recognizing the position of instruments. Seemingly 
easy at first, this task is actually challenging. A recent pixel- 
wise instrument segmentation technique, developed by deep 
neural network architectures, has shown promise in this 

aspect [41]. Another study by Sun et al. further reduced the 
computational burden of the algorithm, making it more fea-
sible to perform in real time [42].

5.3  Think

Trajectory planning is important. After sensing outside sig-
nals, the robot needs to make a reasonable plan about how to 
move instruments to achieve the determined task while not 
colliding with other instruments or surrounding tissues. 
Current research suggests planning trajectory during static 
conditions is relatively easy, but planning trajectory in a 
dynamic environment can be difficult [43]. To solve this 
problem, Baek et al. combined reinforcement learning with a 
probabilistic roadmap [44]. Taking advantage of reinforce-
ment learning’s ability to deal with uncertainty, the algorithm 
achieved collision-free pathway planning in real time to 
automate dissection tasks [44].

5.4  Act

During the action phase, it is essential for an autonomous 
system to control and adjust tissue tension spontaneously. 
Thananjeyan et al. used reinforcement learning to optimize 
tensioning policies during a pattern cutting task and com-
pared this algorithm with the traditional fixed and analytic 
algorithm [45]. They concluded the reinforcement learning 
algorithm outperformed the traditional method in both per-
formance and robustness of tension adjustment [45]. Another 
group further developed the reinforcement learning algo-
rithm by allowing multipoint grasping, rather than one-point 
grasping, which improved the performance and robustness 
of the model further [46].

5.5  Training AI Model

Much like training a surgeon, the process of training an AI 
requires repetitive practice. As mentioned before, reinforce-
ment learning (RL) is the most commonly used model in 
autonomous surgery. The learning process happens through 
trial and error, demonstration, or a hybrid of the two 
approaches [9]. Shin et al. compared models learning from 
experts’ surgical demonstration vs. from trial and error, and 
found that experts’ demonstration helped the model learn 
faster than purely data-driven, highlighting the profound role 
of expert surgeons in the learning process of AI [47]. Another 
study from Pedram et al. conjoined these two methods and 
found that with an initial selection of simple and intuitive 
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features instructed by surgeons, the mixed machine learning 
algorithm can be trained successfully in multiple tissue 
dynamic circumstances [48]. This synergic learning model 
may serve as an efficient tool to lessen the time cost of sur-
geons training AI while still keeping the best performance of 
the system.

6  AI in Surgical Outcome Prediction

Outcome prediction is no new thing in the surgical field. By 
traditional statistical models (e.g., logistic regression and 
Cox regression), multiple prediction nomograms have been 
established to estimate patient outcomes [49, 50]. The advan-
tage of AI models is their potential to improve prediction 
accuracy, their freedom from strict statistical assumptions, 
and their flexibility of data distributions [51]. Due to these 
advantages, AI can combine novel intraoperative surgical 
data and traditional patient features to predict postoperative 
outcomes in a more accurate fashion.

For example, Hung et al. used intraoperative robotic sys-
tem data (e.g., energy usage and camera pedal counts) and 
kinematic data (e.g., instruments velocity and wrist articula-
tion), namely automated performance metrics (APMs), to 
train an ML model which accurately predicted postoperative 
length of hospital stay after RARP [52, 53]. The same group 
then utilized APMs combining with patient features to pre-
dict urinary continence recovery after RARP [54]. The pre-
dictive accuracy was moderate, and intriguingly the top ten 
predictive features all came from APMs [54]. These results 
were further validated in a bi-institutional study [55]. 
Furthermore, APMs have been reported correlating with 
intraoperative outcomes of RAPN, and the next step would 
be to predict postoperative outcomes [56]. These studies 
highlight the significant impact of surgical performance on 
surgical outcomes and indicate the huge potential of AI mod-
els in digging intraoperative data.

Another example is that Soguero-Ruiz et al. used natural 
language processing (NLP) to automatically comb through 
EMRs (i.e., operative reports and progress notes) to accu-
rately predict anastomotic leak after colorectal resections 
[57]. The model achieved a sensitivity of 100% and a speci-
ficity of 72% [57]. This technology could detect the cata-
strophic complication before actually happening, winning 
time for effective management.

However, AI also has its limitations. First, it sacrifices the 
transparency of the model. Most AI algorithms operate like a 
“black box,” which makes humans unable to interpret what is 
going on inside the model [58]. Thus, AI has mostly been 
used for the prediction of outcomes rather than the inference 
of the biological process [51]. Second, overfitting is a con-
cern. Big data increases the chance of confounders, and the 
implicit nature of AI models amplifies the chance of “false 

positive” findings. Careful preselection of variables should 
be carried out to avoid false discovery.

7  AI in Surgical Education

Conventional surgical skill assessment and performance 
evaluation are performed manually, which is time- consuming 
and prone to observer biases. AI provides an ideal solution to 
both problems. Utilizing big data (i.e., video footage and 
instrument kinematics) derived from surgery, ML models are 
starting to play an important role in novel surgical assess-
ment. However, there are also risks to application in training, 
which include data and privacy issues, transparency, biases, 
accountability, and liabilities [59].

7.1  Video Segmentation

Surgical videos have educational value [60]. By reviewing 
surgical videos, formative assessment can be provided, sur-
gical techniques can be improved, and patient outcomes can 
be enhanced [61]. However, organizing and finding the rele-
vant clip from surgical videos is usually time consuming, 
which becomes the main hurdle for routinely utilizing videos 
to improve surgical techniques [62].

ML has the potential to reduce the time cost of surgical 
video review by automatically segmenting and identifying 
critical steps [63]. For example, Zia et al. applied a machine- 
learning model to automate the segmentation of RARP into 
12 surgical steps [64]. Compared with expert annotations, 
the model correctly annotated most RARP steps with less 
than 200 s error [64].

Khalid et  al. utilized an ML model to classify surgical 
tasks of JHU-ISI Gesture and Skill Assessment Working Set 
(JIGSAWS), which comprises da Vinci robotic suturing, 
knot-tying, and needle-passing tasks on a bench-top model 
[65]. The model achieved highly accurate results (precision 
91% and recall 94%) [65]. Using the same dataset, Wang and 
Majewicz Fey predicted the surgical task type with similar 
accuracy [66]. However, their ML approach only requires 
1–3 s for data interpretation, making it especially useful for 
active summative feedback.

AI has even been shown to be able to recognize the most 
basic movements in surgery at the gesture level. Luongo 
et  al. trained deep-learning-based computer vision algo-
rithms to identify different dissection gestures with an AUC 
of 0.87 [67].

A more recent study used computer vision to identify 
important clinical clips of surgery. Mascagni et al. trained an 
algorithm based on an expert annotated critical safety view 
of laparoscopic cholecystectomy to automatically locate 
important video clips with 91% accuracy [68].
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Overall, using the ML method to segment surgical videos 
may drive the workflow toward standardization, efficiency, 
and objectiveness.

7.2  Automated Surgical Skills Assessment

Surgical data usually has three layers: kinematics, video 
footage, and surgeons’ biometrics. Studies have been using 
AI models to analyze these data aiming to quantify 
expertise.

Instrument kinematic metrics generally measure instru-
ment motion such as traveling distance, moving velocity, 
acceleration/deceleration, Endowrist® articulation, and jerk 
(a derivative of acceleration with respect to time) [69, 70]. In 
laboratory settings, Fard et al. used ML analysis of raw kine-
matic tool movements in JIGSAWS to predict expertise with 
>90% accuracy [71]. In clinical settings, Hung et al. showed 
that expert surgeons performed significantly better than nov-
ices during RARP in nearly all these metrics (e.g., shorter 
instrument path length, less time, and faster velocity) [53]. 
Utilizing ML models, the group re-ranked eight surgeons 
based on the most important kinematic metrics and found the 
new ranking correlated with continence-recovery better than 
the ranking by surgeon experience [54]. Chen et al. utilized 
kinematic metrics at stitch and sub-stitch levels to predict 
expertise [72]. They found that sub-stitch metrics could bet-
ter distinguish experts from novices [72].

With the development of minimal invasive surgery, 
surgical videos have become easily accessible. Using AI to 
analyze surgical videos can be an effective way of surgical 
assessment. Baghdadi et al. automated the assessment of pel-
vic lymph node dissection by computer vision algorithms 
[73]. Their model achieved an accuracy of 83.3% compared 
to the scores experts gave [73]. In an intriguing study, Jin 
et al. extracted instrument kinematic metrics from surgical 
video [74]. They first detected the instrument by leveraging 
region-based convolutional neural networks in real-world 
laparoscopic surgical videos, and then successfully extracted 
instrument movement ranges and economy of motion. They 
finally inspected the relationship of these extracted metrics 
with surgical quality scores given by experts and found 
apparent associations between them [74].

Another approach to assessing surgeon proficiency is by 
biometrics, which represents the internal responses of sur-
geons. AI has shown promise in this field.

Richstone et al. recorded surgeons’ eye data during sur-
gery, including eye movement, blinking, fixation and sac-
cade, and pupil size change during simulation tasks and renal 
surgery, and then utilized linear discriminate analysis and 
nonlinear network analyses to distinguish experts from nov-
ice surgeons [75]. In the simulated surgical setting, the mod-
els achieved an accuracy of >90%; while in the live operating 

room setting, the accuracy was >80% [75]. Another study by 
Koskinen et al. found that by pupil diameter change alone on 
a suture level, the ML model support vector machine classi-
fier can distinguish expertise with 75% accuracy, while add-
ing blinking rate and further segmenting the eye data into 
sub-suture granularity failed to improve prediction accuracy 
[76].

7.3  Automated Training Feedback

Studies using AI to provide useful real-time feedback are 
still in the infancy state, represented by the exploratory 
nature of most research. Opportunities to change the status 
quo lie in this field and are waiting for researchers to explore. 
Fawaz et al. developed a new model based on convolutional 
neural network to classify surgical skills by extracting latent 
patterns in the trainees’ motions performed during robotic 
surgery [77]. The novelty of this model is that it utilized a 
technique called class activation map, which can pinpoint 
which parts of the surgery determined the predictive results 
most, thus allowing trainees to understand where to focus 
practicing on [77].

8  Challenges and Future Directions

Despite the promise of machine learning, there are still for-
midable obstacles and limitations [59].

Data and Privacy ML models usually need a large amount 
of data for initial training, ongoing validation, and further 
improvement. This amount of data may need to be shared 
across multiple institutions and potentially across the nation. 
Data privacy is a big concern during this process, especially 
if compromised by a cyber-attack [78]. Issues related to data 
privacy need to be addressed with hospitals having agreed 
protocols that follow rules and guidance established by the 
Data Protection Officer for surgeons and patients. Data can 
be improved by collecting data in a standardized way 
(Table 1). In robotic surgical training, this can be achieved 
with standardized robotic curricula, train-the-trainer courses, 
and agreed metrics that define surgical training at a granular 
level that can be aligned with telemetry data and more easily 
interpreted in computer vision analysis [53, 79–81].

Transparency and Reproducibility The accuracy of 
supervised ML models highly relies on labels annotated by 
humans. Thus, transparency of how the model was trained is 
important for others to critically evaluate the model [82]. 
Besides, most ML algorithms operate like a “black box,” 
lacking transparency like traditional statistical models, 
which means if anything goes off, humans may not be able to 
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Table 1 General guidelines for anonymizing data to protect privacy 
(adapted from Collins et al. [59])

How to anonymize data to safeguard privacy?
1.  Data deidentification is a shared duty for everyone who works 

with it.
2.  The data protection officer (DPO) is in charge of all data 

protection compliance issues.
3.  All data that is to be gathered, approved, and maintained in 

accordance with the organization’s data protection office’s 
requirements.

4. A DPO’s tasks include:
    •  Informing and counseling organizations on their data protection 

duties.
    •  Monitoring compliance with the legislation and related policies, 

as well as personnel knowledge and training.
    •  Providing procedures, guidance, and advice to support this 

policy, such as for Data Protection Impact Assessments (DPIAs).
    •  Assisting the Information Commissioner’s Office as the 

organization’s initial point of contact (ICO).
    •  Handling third-party subject access requests and official requests 

for personal data.
    •  Losses and unlawful disclosures of personal data are being 

investigated.
5.  Organizational accountability is required under GDPR to 

implement the following measures:
    • Governance issues on a broad scale.
    • Impact assessments on privacy.
    • By design, there are privacy safeguards.
6.  Legality: Data processing must be done for a specified reason that 

the user has agreed to, and it must match how it is described.
7.  Reason limitations: Data will only be used for a specific purpose 

that the user has given clear agreement to.
8.  Data minimization: Think about what data you have and why 

you have it. Capture only the information you require.
9.  Data accuracy: Ensure that the data is correct, and that it is kept 

in a fashion that allows the user to change or delete it (securely).
10.  Limitations on storage: Data that is no longer needed should be 

deleted. To safeguard users’ identities, data should be 
pseudonymized if maintained for longer than necessary.

11.  Integrity: Processors must secure user data from unauthorized 
access or loss. Encryption of user data and privacy by default 
design is ideal.

explain why. Transparency and reproducibility will be aided 
by the adoption of standardized performance metrics for key 
index procedures. To achieve this, metrics will need to be 
open source and culminated together in data registries in 
established robotic surgery networks [83]. The development 
of research networks that share open-source material is 
already established in areas of healthcare such as diagnostic 
imaging [84].

Bias and Inequality It has been reported that AI technolo-
gies have the potential for algorithmic bias and may bring 
medical inequality by reinforcing discriminatory practices 
based on race, sex, or other features. Transparency of train-
ing data and of model interpretability would enable evalua-
tion for potential biases. Machine learning could be a solution 
to resolve recognized biases [85]. A recent Delphi consensus 

view concluded that AI could avoid certain biases that may 
occur in human assessments, but maybe worse in other areas. 
Among the Delphi panelist, there was 100% consensus that 
both confirmation bias and interpretation bias would be bet-
ter or at least the same with AI. Whereas there was concern 
that both prediction bias and information bias could be worse 
or equivalent with AI [59].

Accountability and Liability If a patient suffers from an 
adverse event due to AI-based technology, it is not presently 
clear who would be responsible. With the utilization of AI 
algorithms to facilitate medical diagnosis, treatment strategy, 
and even operational procedures, the responsibility will shift 
from the physician mainly to a shared liability among the 
physician, the vendor providing the software, the developer 
who built the algorithm, and even the source for the training 
data [86].

The implementation of AI into medicine, or specifically 
the surgical field, is not simply a technical question but a 
multidimensional question that must involve a multidisci-
plinary team to solve. For the surgeon, the ideal role is to be 
a critical link between patients, data scientists, and regula-
tors. After all, no one knows better than a physician what a 
patient needs and what technology may benefit them 
eventually.

9  Conclusions

The intersection of AI and surgery is a swiftly evolving field, 
harboring the potential to optimize surgical safety and qual-
ity. Predictive machine learning models have been used for 
preoperative surgical patient selection, intraoperative intelli-
gent assistance, and postoperative outcome prediction. 
Reinforcement learning empowers surgical robots to learn 
procedures autonomously through expert demonstrations, 
trial-and-error, or a hybrid of these two approaches, which is 
extremely useful in autonomous surgery design. Various 
studies have used AI models to provide objective and effi-
cient surgical assessment, with the fundamental goal of pro-
viding timely and meaningful surgical feedback. With the 
rapid development of computer science and surgical tech-
niques, the story of applying AI in the surgical field has just 
begun.
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Robotic Simple Prostatectomy

Ram A. Pathak, Marcio C. Moschovas, David D. Thiel, 
and Ashok K. Hemal

1  Background

Management of bladder outlet obstruction (BOO) secondary 
to benign prostatic hyperplasia (BPH) is dependent on the 
degree of lower urinary tract symptoms (LUTS). Oftentimes, 
medical management is prescribed initially. As LUTS prog-
ress and become more severe, dual therapy with a combina-
tion alpha-blocker and a 5-alpha reductase inhibitor is 
recommended based on the findings of the Medical Therapy 
of Prostate Symptoms (MTOPS) trial [1]. Surgery, however, 
can be considered initially and is recommended in patients 
with renal insufficiency due to BPH, catheter dependence, 
recurrent urinary tract infections, recurrent gross hematuria, 
or cystolithiasis [2]. There is a multitude of surgical options 
ranging from minimally invasive surgical therapies (MIST) 
to open or robotic prostate removal. Treatment is not innocu-
ous and can have significant perioperative morbidity [3]. To 
assist clinicians in triaging patients to the appropriate surgi-
cal therapy, an amendment to the 2018 AUA Guidelines for 
BPH published in 2020 strongly encourages urologists to 
rely on prostate size and morphology when determining 
treatment [4]. For large prostates (>80 g), laser enucleation 
of the prostate or simple prostatectomy remains the only rec-
ommended options. Herein, we will discuss the role of 
robotic simple prostatectomy in the management of LUTS 
attributed to BPH.

Since the initial publication of laparoscopic simple pros-
tatectomy [5], several studies have cemented the superiority 
of the laparoscopic technique over the open approach with 
respect to estimated blood loss (EBL), continuous bladder 
irrigation (CBI) time, duration of catheterization, and length 
of hospital stay (LOS) [6, 7]. Shortly thereafter, the robotic 

technique became popularized [8–10]. Data from a multi- 
institutional series of 487 patients undergoing robotic simple 
prostatectomy solidified this approach, demonstrating supe-
rior functional outcomes defined by International Prostate 
Symptom Score <8 and maximum flow rate >15 with a mini-
mal intraoperative complication rate (3.2%) [11]. A recent 
comprehensive review of the literature was performed illus-
trating several nuances in surgical technique over the past 
20 years [12]. In this chapter, we will review some of the 
more popularized approaches and examine specific surgical 
innovations that have contributed to the manner in which we 
perform the procedure today.

2  Preoperative Patient Selection

Patients with symptomatic LUTS in enlarged glands (>80 g) 
serve as the main indication for performing a simple prosta-
tectomy. An expanded indication can be considered in 
patients who require concomitant surgery due to symptom-
atic bladder diverticula, inguinal hernia repair, cystolithot-
omy, or other pelvic pathology. A thorough patient history 
and examination is integral due to the inherent risk of pros-
tate cancer, especially in elderly patient. If required, we rou-
tinely perform prostate biopsy in a risk-stratified manner 
employing shared decision-making with both provider and 
patient input. Usually, these patients are referred to with 
appropriate imaging studies. CT Urogram is indicated in 
patients with a history of hematuria, stone disease, or recur-
rent UTI. Select patients can undergo multi-parametric MRI 
to further stratify the risk of prostate cancer.
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3  Patient Positioning and Port 
Placement (Standard Transperitoneal 
Approach)

Patients are routinely positioned in dorsal lithotomy and 
arms tucked with care to pad all pressure points. Alternatively, 
patients can be placed in supine position with the robot (Xi®) 
docked perpendicularly. The operating table is tilted in 
Trendelenburg position to about 25–28°. Side-docking can 
also be utilized with the patient in supine position. For 
patients undergoing a multi- or single-port extra-peritoneal 
technique, the Trendelenburg position is not necessary.

Port placement [13] is similar to robotic radical prostatec-
tomy which includes a central camera port (above or below 
the umbilicus), flanking robotic trocars with an additional 
left robotic trocar approximately 3–4 cm cranial to the ante-
rior superior iliac spine (ASIS). A 12-mm and 5-mm assis-
tant port are placed 3–4 cm above the right ASIS and lateral 
and cranial to the camera port, respectively (Fig.  1). For 
patients undergoing an extra-peritoneal multi-port approach, 
a 2–3  cm periumbilical incision is made and dissection is 
carried to the posterior rectus sheath. A balloon dilator is 
then utilized and under direct visualization, the space of 
Retzius is developed. Port placement can be done under 
direct vision in a similar template as above. For single-port, 
a similar incision is made as the extra-peritoneal approach; 
however, the bladder is incised and the robot is docked in a 
trans-vesical manner [14].

Instruments that are required for this case include mono-
polar scissors, Maryland bipolar forceps, ProGrasp™ for-
ceps, and one of two needle drivers (SutureCut™). If 
available, the surgeon may also use a robotic Tenaculum for-
ceps but 0 PDS stay sutures can suffice just as well.

4  Surgical Technique

A multitude of techniques and approaches have been 
described when performing robotic simple prostatectomy 
[12] with no Level I evidence of one technique or approach 
showing superiority over another. With respect to approach, 
the first step in the decision tree (Fig. 2) is to decide if the 
surgery will be performed in an extraperitoneal or transperi-
toneal approach. The extraperitoneal approach may be pre-
ferred in patients with a hostile abdomen due to significant 
prior surgical history. Although the dissection to the adenoma 
may differ, the technique of dissecting and extracting the 
adenoma is similar.

4.1  Transperitoneal

Bladder mobilization is initiated by incising medial to the 
medial umbilical ligaments and the space of Retzius is 
exposed. The dissection is carried until the peri-prostatic fat 
is visualized. The fat overlying the prostate is dissected off 
the prostate exposing the superficial venous complex which 
is ligated. There is no need to do any further apical dissec-
tion, ligate the dorsal venous complex or incise the endopel-
vic fascia as is commonly done in radical prostatectomy. At 
this point, an incision can either be made at the prostatic cap-
sule, bladder neck, or 1–2 cm proximal to the bladder neck 
depending on surgeon preference (Fig. 3). Typically, for sig-
nificant intravesical protrusion, a greater visualization of the 
bladder is required and therefore a more generous, proximal 
bladder neck incision should be made.

Inevitably, at this step, surgeons can encounter a median 
lobe. Elevation of the median lobe using stay sutures allows 

Upper Quadrant
Lower Quadrant

Costal
Margin

Iliac
Crest

8mm Robotic Port

Assistant Ports

Fig. 1 Port placement for 
robotic simple prostatectomy. 
Port placement for robotic 
simple prostatectomy is 
shown above. Four 8mm 
robotic trocars are placed with 
one 12mm and one 5mm 
assistant port
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Robotic Simple
Prostatectomy

Trans-peritoneal

Bladder neck
incision Trans-vesical

Prostatic
capsule
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Prostatic
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Fig. 2 Decision tree algorithm for approach to robotic simple prostatectomy. A multitude of approaches can be adopted when performing robotic 
simple prostatectomy dependent on concomitant pathology, prostate morphology, and patient characteristics

Fig. 3 Prostatic incision vs. bladder neck incision vs. proximal bladder 
neck incision. Black-dotted line: Prostatic capsule incision. Red-dotted 
line: Bladder neck incision. Blue-dotted line: Proximal bladder neck 
incision

Fig. 4 Incision overlying the posterior bladder wall. An incision is 
made approximately second/third anterior from the posterior bladder 
neck on the mucosal overlying the median lobe

identification of the trigone and clear visualization of the 
bilateral ureteral orifices. It also permits identification of 
the posterior bladder wall mucosa and overlying median 
lobe or intravesical protrusion (Fig.  4). After making an 
incision on the bladder mucosa the shiny, white adenoma is 
visualized and the posterior plane established (Fig. 5). This 
plane is developed with a combination of both sharp and 
blunt dissection utilizing cautery where needed. Posterior 
dissection is completed at the level of the anatomic capsule 
and then lateral and anterolateral dissection may ensue. 
However, more practically, toggling between posterior, lat-
eral, and anterior dissection is routinely done, especially in 
large glands with limited working space. The EndoWrist® 
instruments facilitate this dissection by maintaining the 
various angles of the anatomic capsule. Focal coagulation 

can assist with hemostasis and following the correct plane. 
Continuous application of sequential stay sutures or manip-
ulation with a robotic Tenaculum forceps is needed to facil-
itate dissection.

When approaching the distal prostatic urethra, first ensure 
the foley catheter is advanced. The assistant should grab the 
prostatic capsule anteriorly while the third arm is retracting 
the prostate cranially. The urethra can be seen by incising the 
distal most aspect of the anterior commissure. The urethra 
can then be divided sharply at the apex, freeing the specimen 
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Fig. 5 Adenoma plane. The adenoma plane is readily visible after inci-
sion into the bladder mucosa. Adenoma is encountered after the inci-
sion is made and is characterized by white shiny tissue

Fig. 6 Concomitant pathology during robotic simple prostatectomy. 
Stones are removed from the bladder and placed into a specimen 
retrieval bag

Fig. 7 Longitudinal incision on the wall of the bladder. A longitudinal 
incision is made on the bladder exposing the foley catheter balloon and 
prostate

from the capsule of the prostate. The specimen can be placed 
in a retrieval bag or alternatively taken out piece-meal to 
avoid a large extraction incision.

After removal of the adenoma, the potential space should 
be inspected to ensure adequate hemostasis. This may be 
achieved by using focal bipolar cautery or running sutures. A 
complete circumferential anastomosis is preferred [9] using 
3–0 barbed suture in a running fashion similar to the vesico-
urethral anastomosis in radical robotic prostatectomy. The 
surgeon should take particular attention to identifying the 
effluxing ureteral orifice so as not to injure these vital struc-
tures. Often with this technique, there is no need for a 3-way 
catheter and continuous bladder irrigation. The urethral cath-
eter should remain for a minimum of 3–5 days.

4.2  Transvesical

The transperitoneal, transvesical approach is ideal for 
patients who need concomitant diverticulum surgery (espe-
cially posteriorly located) or in patients with multiple blad-
der stones (Fig. 6). This approach allows facile identification 
of the additional pathology.

A generous, longitudinal incision is made in the posterior 
bladder exposing the Foley catheter and bladder mucosa 
(Fig. 7). Stay sutures are used to maintain exposure to the 
prostate (Fig. 8). The prostate is identified and the mucosa 
overlying the prostate is incised. The remainder of the opera-
tion is identical to the technique described above. Closure of 
the bladder is done in 2 layers. CBI is not necessary and the 
catheter should remain for about 5–7 days.

4.3  Extraperitoneal

The extraperitoneal approach is ideal in patients who have 
had prior surgery and the concern for scar tissue is high. 
Disadvantages of this approach are limited working space 
and significant difficulty in establishing the proper plane in 
patients with history of laparoscopic inguinal hernia repair 
with mesh.

A 2–3 cm infraumbilical incision is made exposing the 
posterior rectus sheath. Next, a balloon dilator is used to 
develop the space of Retzius. Ports can be placed in a similar 
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Fig. 8 Use of stay sutures on bladder. Stay sutures are used to maintain 
exposure to the prostate during robotic simple prostatectomy

template with similar spacing as the intraperitoneal approach. 
After developing this space, the prostate is readily identified 
and an incision on the prostate or bladder neck can be made. 
Technique of removing the adenoma is similar to the above.

5  Commentary

Several alternatives have supplanted transurethral resection 
of the prostate secondary to the minimal perioperative mor-
bidity profile of these newer treatments. However, as the 
prostate gland approaches 80 g, the AUA guidelines propose 
simple prostatectomy or enucleation as the preferred man-
agement strategy [4]. A relatively higher perioperative mor-
bidity profile has made open simple prostatectomy less 
favorable [15], paving way for the minimally invasive robotic 
approach.

The initial technique of laparoscopic simple prostatec-
tomy was published in 2002 [5]; however, estimated blood 
loss was 800  ml while operative time was approximately 
225 min. When examining this technique over a follow-up of 
6 years and 60 patients, estimated blood loss decreased to 
331 ml with a mean operative time of 138 min [16]. Despite 
a superior perioperative complication profile, operative time 
remained high. The laparoscopic approach remained chal-
lenging due to a narrow operative field in the pelvis, diffi-
culty in intracorporeal suturing, and limited ergonomics of 
laparoscopic instruments [10].

The robotic approach has largely supplanted the laparo-
scopic approach by overcoming these challenges. Improved 
dexterity and ergonomics of robotic instruments make the 
procedure technically easier for the surgeon. After being first 
described in a series of 7 patients in 2008 [8], the robotic 
approach was adapted to larger [17] and more complex cases 

[10]. Adoption of the robotic platform outpaced the laparo-
scopic approach by almost a 3:1 from 2012 to 2014 [11]. A 
key technical advance to robotic simple prostatectomy was 
the introduction of the urethro-vesical anastomosis. Both 
incomplete [18] and 360o [9] complete urethro-vesical anas-
tomosis have been described. Both approaches minimize the 
need for continuous bladder irrigation hastening postopera-
tive recovery while decreasing the length of stay [10].

A recent multi-institutional study reported functional out-
comes and complication profiles of 1330 minimally invasive 
robotic simple prostatectomies, finding a median improve-
ment in IPSS of 19 (23 → 4) and a median improvement in 
Qmax of 17 ml/s (5 ml/s → 22 ml/s) [11]. The 90-day peri-
operative complication rate was exceedingly low with 1.3% 
of patients experiencing a Grade 3 or higher complication.

5.1  Concomitant Pelvic Pathologies

Robotic simple prostatectomy can be a highly versatile oper-
ation as it can treat a variety of pelvic pathologies concomi-
tantly. In a series of 20 patients undergoing robotic simple 
prostatectomy [10], the authors performed 6 concomitant 
procedures: inguinal hernia repair in two patients, cystoli-
thotomy in three patients, and bladder diverticulectomy in 
one patient. The feasibility of performing adjunctive proce-
dures at the same time of robotic simple prostatectomy is 
highly conducive. In fact, the robotic approach is preferential 
in these circumstances compared to a transurethral approach. 
In a large National Inpatient Sample (2002–2012) database 
consisting of 35,171 patients, bladder diverticulum was 
found in 5% of patients and 17% of patients underwent con-
comitant cystolithotomy [19]. In a series of 65 patients 
undergoing robotic bladder diverticulectomy, 4 patients suc-
cessfully underwent concomitant robotic simple prostatec-
tomy [20]. For these cases, a transvesical approach and 
identification of the diverticular neck or incision into the 
diverticulum itself [21] may be preferred. For diverticula 
located adjacent to the ureteral orifice, a double J stent is 
placed to minimize the risk of ureteral injury.

5.2  Prostate Adenocarcinoma

Active surveillance is the mainstay therapeutic management 
strategy for low-risk adenocarcinoma of the prostate. 
Typically, LUTS can be managed by medical therapy. 
However, in cases where LUTS persists despite maximal 
medical therapy, a therapeutic dilemma exists with respect to 
the patient’s diagnosis of cancer: radical prostatectomy may 
incur unwanted side effects of urinary incontinence and/or 
erectile dysfunction and endoscopic enucleation techniques 
result in higher postoperative PSA compared to patients 
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without cancer [22] and uncertainty and anxiety of posttreat-
ment PSA follow-up exist [23].

Pathak and Hemal [24] describe a series of 12 patients 
who underwent a novel surgical procedure—robotic total 
prostatectomy (RTP) to combat the cancer diagnosis and 
treat the symptoms from the enlarged gland. The essence of 
the surgery is to resect the central, transitional, and periph-
eral zones to the level of the pseudocapsule. Technically, 
the procedure varies from simple prostatectomy as the dis-
section occurs at the level anterior to the anterior 
Denonvillier’s fascia. This allows preservation of the mus-
culofascial plate, without violation to the seminal vesical 
and ampulla of the vas deferens. Final pathology revealed 
adenocarcinoma in 11/12 patients (92%) with negative sur-
gical margins. Mean postoperative PSA at 3  months was 
0.03 with no patients requiring adjunctive hormonal or 
radiotherapy [24].

Moschovas et al. also addressed this conundrum by per-
forming a modified simple prostatectomy in 34 patients with 
a full-nerve sparing technique, intrafascial dissection, and 
seminal vesical sparing [25]. Fifty percent of the patients 
harbored malignancy and AUA symptom score improved in 
97% of patients.

5.3  Single-Port Platform Approach 
to Simple Prostatectomy

Recently, the da Vinci single-port platform has been used to 
popularize the simple prostatectomy operation. A GelPoint™ 
port is placed directly into the bladder dome. The robot is 
docked and the procedure is performed using a transvesical 
approach as described above. Kaouk et al. first described this 
technique initially in 10 patients. Minimal blood loss and 
hospital stay were reported in a series of 10 patients [26]. 
Advantages of this approach include not requiring steep 
Trendelenberg, minimal CO2 absorption by maintaining 
pneumovesicum, and optimum working space.

5.4  Conclusion

Robotic simple prostatectomy remains a highly efficient and 
durable procedure for maximum improvement to a patient’s 
voiding symptomatology and should be considered the stan-
dard approach for tackling enlarged prostate glands with or 
without concomitant pathology. The postoperative functional 
outcomes are excellent with many patients resolving the 
need for chronic catheterization. Compared to the open 
approach, utilizing the robotic platform has obviated the 
need for prolonged length of stay and excessive blood loss. 
An important technical advancement is performing a com-

plete urethrovesical anastomosis precluding the need for 
continuous bladder irrigation. Moreover, robotic simple 
prostatectomy has a minimal learning curve for those sur-
geons proficient in robotics.
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Prostate Cancer Screening and Biopsy

K. R. Seetharam Bhat, Siddharth Yadav, Sarah Kind, 
Sanoj Punnen, and Anup Kumar

1  Introduction

Prostate cancer is the most common cancer and the second 
most common cause of cancer-related death in the USA [1]. 
Screening for prostate cancer typically involves clinical digi-
tal rectal examination (DRE) with serum prostate-specific 
antigen (PSA). Recent advances in imaging technology have 
improved the identification and localization of a potentially 
malignant lesion. However, a biopsy is still required to con-
firm and grade the disease.

2  Screening for Prostate Cancer

There is nothing more controversial in the field of urology 
than the routine screening for prostate cancer. Due to its rela-
tively high cancer-specific survival rates compared to other 
cancers, we question whether we should routinely screen our 
patients for prostate cancer. Currently, the most contentious 
issue is the overdiagnosis of prostate cancer and the inability 
to identify low-grade prostate cancer that will become clini-
cally significant in the future.

2.1  Digital Rectal Examination

A thorough DRE is recommended when prostate cancer is 
suspected. It has been a part of the standard screening and is 

currently recommended by most guidelines. The rectal 
exam’s sensitivity, specificity, and PPV are 81, 40, and 42%, 
respectively [2]. An abnormal DRE indicates a more aggres-
sive disease with possible high-volume prostate cancer. On 
secondary analysis of the US cohort, abnormal DRE and 
abnormal PSA were independently associated with clinically 
significant prostate cancer (csPCa) and prostate cancer- 
specific mortality [3].

2.2  Prostrate-Specific Antigen

The use of PSA for prostate cancer screening was described 
first by Dr. William Catalona in 1991 [4]. PSA and DRE are 
the most commonly used tools for screening prostate cancer. 
Though a serum PSA cutoff of 4 ng/ml is used universally by 
physicians to recommend a prostate biopsy, about 15% of 
malignancy occurs below this cutoff [5]. Many derivatives 
and complex calculations based on PSA have been studied to 
complement PSA to better risk-stratify patients. These 
include free: total PSA ratio (F/T ratio), PSA density 
(PSAD), PSA velocity (PSAV), complex PSA (cPSA), etc. 
Of note is the PSAD, which has been increasingly adopted in 
deciding when patients need a biopsy. Traditionally, 0.15 ng/
ml3 has been used as a cutoff to predict clinically significant 
prostate cancer. However, many reports suggest that this 
value should be lowered and that one should consider biopsy 
even when PSAD is lower than 0.15  ng/ml3, especially in 
small prostates [6, 7].

2.3  Free to Total Ratio

There are two forms of PSA which include a free and a com-
plex form. The PSA produced by prostate cancer cells is 
mainly in the complex form wherein it is bound to serum 
proteins such as alpha1 antichymotrypsin, alpha2 macro-
globulin, and alpha1 protease inhibitor. A free to total PSA 
ratio (F/T ratio) less than 25% may indicate malignancy and 
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can prevent about 20% of unnecessary prostate biopsies [8]. 
In a recent series, an F/T ratio of less than 15% may have 
higher predictive accuracy [9].

2.4  Prostate Cancer Antigen 3

Prostate cancer antigen 3 (PCA3) is a gene that is highly 
expressed in prostate cancer patients. Measuring PCA3  in 
urine is being used increasingly to evaluate prostate cancer. 
The sensitivity and specificity of urinary PCA3 were 62 and 
75%, respectively, at a cutoff of 35 [27–29]. Patients with the 
BRCA mutation may have elevated PCA3 in urine even in 
the absence of prostate cancer [10].

2.5  4K Test

The 4K test involves a nomogram developed by combining 
the values of total PSA, free PSA, intact PSA, and human 
kallikrein 2 (tPSA, fPSA, iPSA, and hk2) in serum, along 
with DRE, prior biopsies, and age to predict the probability 
of prostate cancer. The 4K test can predict aggressive fea-
tures such as an extension of cancer outside the gland, tumor 
volumes >0.5 cm3, or any Gleason grade ≥4 prostate cancer. 
The area under curve (AUC) of the 4K test is >0.80 [11] 4 
[12]. The 4K test can reduce the number of biopsies by 
30–58% and at a cutoff of 7.5%. It only misses clinically 
significant prostate cancer in 1.3–4.7% of patients [13].

Table 1 enlists other miscellaneous commercially avail-
able biomarkers.

In summary, PSA with DRE is commonly used for 
prostate cancer screening. However, the largest unan-

swered question is at what PSA cutoff should one biopsy 
the prostate. Prostate cancer can be present even in PSAs 
as low as 0.1 ng/ml [22, 23]. For this, PSA density is the 
most useful. An F/T PSA may add some value to a PSA, 
but, in the current setting of biomarkers and MRI, it has 
little added value. PSA velocity has been shown to increase 
the number of negative or indolent biopsies performed. 
Judicious use of these PSA derivatives and newer tests 
such as the 4K may be used to predict clinically significant 
prostate cancer. Many risk calculators are available, utiliz-
ing these tests that can predict clinically significant pros-
tate cancer. However, these calculators are not widely used 
yet clinically [24, 25].

3  Biopsy of the Prostate Cancer

Biopsy of the prostate has been a part of clinical practice 
since the beginning of the twentieth century. At first, prostate 
biopsies were performed using the open perineal technique 
in 1926. However, given its invasiveness and the morbidity, 
the procedure never gained widespread acceptance [26]. In 
1930, this technique was modified, and transperineal needle 
aspiration, or punch biopsy, was introduced. However, given 
the small amount of tissue recovered, it lacked the diagnostic 
potential and thus, too, was abandoned [27]. In 1937 when a 
finger-guided transrectal prostate biopsy was described, this 
became the standard of care and remained so for the next 5 
decades [28]. In 1974, Watanabe et al. were the first to image 
the prostate via the transrectal ultrasound, and the develop-
ment of an attachable biopsy needle guide allowed the pos-
sibility of transrectal ultrasound-guided prostate biopsy in 
the 1980s [29].

Table 1 Commercially available miscellaneous biomarkers

Biomarkers Type of biomarker Specimen collected Comments
Prostate core mitomic test Genome-based markers—3.4-kB 

mitochondrial genome deletion (3.4 
mtD)

Prostate biopsy Sensitivity—84%, Specificity—54%, 
NPV—91% [14]

ConfirmMDx Epigenome-based marker—GSTP1, 
APC, and RASSF1

Prostate biopsy On repeat biopsy ConfirmMDx [15]
• Sensitivity—74.1%
• Specificity—60.0%
• NPV—88–90%

SelectMDx Transcriptome- based markers—
mRNA expression of HOXC6 and 
DLX1

Urine following DRE The NPV to detect csPCa of SelectMDx is 
95% [16]
SelectMDx test avoids unnecessary biopsies 
in 38% (biopsy-naïve) [17]
Misses only 10% high-grade PCa [17]

Progensa Transcriptome- based markers—
PCA3: noncoding mRNA on 
chromosome 9q21–22
Third-generation assays calculate 
PCA3 score (ratio of PCA3 mRNA to 
PSA mRNA)

Urine following DRE Uses of Progensa [18–21]
• AUC: 0.66–0.69.
• Combined with other predictive factors for 
PCa at biopsy, AUC: 0.71–0.75
• Cutoff scores of 20–35 have been suggested 
for optimal accuracy

DRE digital rectal exam, NPV negative predictive value
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3.1  TRUS-Guided Prostate Biopsy

Over the years, several advances in ultrasound imaging tech-
nology and the biopsy technique made transrectal ultrasound- 
guided prostate biopsy the procedure of choice to diagnose 
prostate cancer. The appearance of the malignant prostate 
lesion on a TRUS could be hypoechoic, isoechoic, or hyper-
echoic, none of which are pathognomonic.

3.1.1  Pre-operative Preparation
Once a decision to biopsy has been made, significant coagu-
lopathy, severe immune suppression, and acute prostatitis, 
which are the contraindications to prostate biopsy, must be 
ruled out. Patients should be counseled regarding the risks 
and benefits of the procedure and briefed about the possible 
complications.

3.1.2  Prostate Biopsy and Anticoagulation
All prescribed medications must be reviewed with a particu-
lar focus on anticoagulant/antiplatelet therapy such as aspi-
rin, warfarin, and clopidogrel and novel oral anticoagulants 
such as dabigatran, rivaroxaban, and apixaban. It is impera-
tive to assess the underlying cause for which anticoagulants/
antiplatelets are prescribed and the risk of thrombotic events. 
A detailed consultation with the treating interventionist/car-
diologist can help assess the risk–benefit ratio in patients on 
long-term anticoagulants/antiplatelets, and an individualized 
approach is preferred. In a patient with a low risk of throm-
bosis, discontinuation of anticoagulants/antiplatelets may be 
considered, whereas those at high risk of thrombosis must be 
bridged [30].

For patients at low risk of thrombotic events, the antico-
agulants/antiplatelets can be safely discontinued without an 
increased risk of bleeding complications. It is common prac-
tice to discontinue aspirin for 5 days and warfarin and clopi-
dogrel for 7–10 days before biopsy, and use can be restarted 
as soon as 12–24 h after biopsy, balancing the risk of bleed-
ing and thrombosis. A large body of evidence suggests low- 
dose aspirin can be safely continued in patients undergoing 
prostate biopsy without an increase in moderate or severe 
hematuria, rectal bleed, or hematospermia [31, 32]. However, 
patients on aspirin are 1.36 times more likely to have mild 
hematuria, which tends to last longer than in patients who 
discontinue aspirin [31, 32].

There is limited evidence to suggest that individuals at 
high risk of thrombosis may undergo prostate biopsy while 
on warfarin and maintain the INR in the therapeutic range of 
2–3 [33, 34]. However, in clinical practice, the majority of 
the patients at high risk of thrombotic events are bridged 
with unfractionated or low-molecular-weight heparin [35].

In patients with significant post-biopsy bleeding, it is 
preferable to shift the patient to heparin, as none of these 
novel oral anticoagulant agents are reversible in action. 

Caution is also required in patients with deranged renal func-
tion as these agents are predominantly cleared through kid-
neys, and a longer wait time may be required before these 
patients can safely undergo prostate biopsy [36].

3.1.3  Antibiotic Prophylaxis
Infectious complications are the most frequent cause of post- 
biopsy hospitalizations and have risen in the past few years 
[37]. A recent systematic review and meta-analysis found 
that antibiotic prophylaxis significantly reduces the risk of 
infectious complications to 5.6%, compared to 11.6%, in the 
patients randomized to placebo or no antibiotic prophylaxis 
(RR 0.56) [38]. Unlike other lower urinary tract procedures, 
antimicrobial prophylaxis is recommended for all patients 
undergoing prostate biopsy irrespective of the risk factors. 
Fluoroquinolones have been traditionally the antibiotic pro-
phylaxis of choice in this setting. However, overuse and mis-
use have resulted in an increase in fluoroquinolone resistance, 
and their use as a prophylactic antibiotic has been suspended 
in some European countries. The US FDA has restricted the 
use of fluoroquinolones, as they can cause long-term dis-
abling joint problems [39]. Additionally, the increased anti-
biotic resistance for fluoroquinolone is so widespread that 
the readmission rates following quinolone use were similar 
to no antibiotic use, suggesting increasing antibiotic resis-
tance due to the widespread use of fluoroquinolone [40, 41]. 
For these reasons, there has been an increase in the use of 
either carbapenems/multiple antibiotic combinations or anti-
biotics based on rectal swab culture for prostate biopsy [42, 
43]. The AUA also recommends shortening the fluoroquino-
lone prophylaxis to a maximum of 24 h, given the potential 
of severe adverse events. First-, second-, or third-generation 
cephalosporins and aminoglycoside are recommended alter-
natives. The 2014 AUA update added trimethoprim- 
sulfamethoxazole as a prophylactic agent, and the 2021 EAU 
guidelines also recommend fosfomycin trometamol as a fea-
sible alternative based on the findings of a recent meta- 
analysis [38, 44, 45].

Another method to tackle infectious complications result-
ing from antibiotic resistance is augmented prophylaxis, 
where a combination of antibiotics is used as prophylaxis 
rather than a single antibiotic. However, indiscriminate use 
of multiple broad-spectrum antibiotics is bound to result in 
antibiotic resistance and goes against antibiotic stewardship 
protocols. In order to overcome these shortcomings, targeted 
prophylaxis has been evaluated in patients undergoing a 
prostate biopsy, where rectal swabs are taken in patients 
being planned for prostate biopsy and cultured. Prophylactic 
antibiotics are administered based on the swab culture anti-
biograms. Targeted prophylaxis has been shown to reduce 
infectious complications when compared to empirical antibi-
otics and may prevent the development of antibiotic resis-
tance [38, 46].

Prostate Cancer Screening and Biopsy
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Thus, targeted prophylaxis, based on the rectal swab- 
directed antibiotics, prescribed for a full 24 h should be the 
preferred approach based on the current evidence. 
Alternatively, antibiotics such as an aminoglycoside, cepha-
losporin, or fosfomycin trometamol (in regions where fluo-
roquinolones are not licensed) can be an alternative approach 
and allow the biopsy to be more spontaneous rather than 
planned, as the swab-directed approach requires 48 h for the 
antibiogram to be available. Although effective and recom-
mended, augmented prophylaxis contradicts antibiotic stew-
ardship and requires up-to-date knowledge of the local 
antimicrobial resistance patterns.

3.1.4  Non-antibiotic Strategies to Reduce 
Post-biopsy Infections

Many institutions routinely advise self-administration of a 
cleansing enema prior to the biopsy at home. Although this 
practice reduces the number of feces in the rectum and pro-
vides a superior acoustic window to image the prostate, it 
has not been found to reduce the rates of infectious compli-
cations. The rates of infectious complications or hospital-
ization were similar between those who received cleansing 
enemas and those who did not [47]. On-table rectal prepara-
tion can be performed by soaking a piece of gauze in a slurry 
made by mixing 15  ml of commercially available 10% 
povidone- iodine solution with 5 ml of 1% lidocaine jelly, 
which is then inserted into the rectum and left in place for 
2 min, prior to its removal and proceeding to biopsy [48]. 
Some authors also advocate rubbing the anterior rectal wall 
with gauze soaked in povidone-iodine rather than simply 
inserting it into the rectum to ensure uniform application 
[49]. A recent meta-analysis evaluated the use of rectal 
povidone- iodine. It found a statistically significant reduc-
tion in the infectious complications in the povidone-iodine 
group as compared to the control group (60 infections in 
930 men in the povidone-iodine group versus 131 in 1006 
men in the control group, RR 0.56) [47]. In the light of these 
findings, recent guidelines recommend rectal cleansing with 
povidone- iodine prior to transrectal prostate biopsy [45]. 
Rectal povidone- iodine suppositories placed for 1–2  h or 
just before the biopsy have been shown to reduce the infec-
tious complications [50, 51]. The mean number of colony-
forming units in the rectum, as assessed by the rectal swab, 
was reduced by 99.9% after the povidone-iodine supposi-
tory [50].

3.2  Biopsy Technique

3.2.1  Equipment
Trans-rectal prostate biopsy is usually performed with a 
grayscale trans-rectal ultrasound machine with a 6–10 MHz 
probe. The newer machines currently in use at most of the 

centers are self-programming to allow for the best possible 
imaging of the prostate. They have both end- and side-firing 
modes and allow for the simultaneous visualization of the 
prostate in the transverse and the sagittal planes. To allow for 
adequate coupling, it is common practice to place the lubri-
cant or sonographic jelly between the probe and the condom 
covering it and between the condom and the rectal surface.

Biopsies can be performed in the side-firing or end-firing 
mode. For the side-firing configuration, advancing the probe 
cephalad inside the rectum images the base of the prostate, 
whereas withdrawing it images the apex. Imaging the lateral 
aspects requires rotating the probe. The clockwise rotation 
images the left side of the prostate, whereas the counter- 
clockwise rotation visualizes the right lobe. For the end- 
firing probe, the anus is utilized as the fulcrum. Angling the 
probe toward the scrotum images the base of the prostate, 
whereas moving it toward the sacrum visualizes the apex. To 
image the lateral aspects, lifting the probe toward the ceiling 
images the left lobe of the prostate, whereas taking it down 
toward the floor visualizes the right lobe.

Although the side-firing mode is more commonly 
employed, a few large retrospective studies found higher 
cancer detection rates in patients undergoing biopsy with the 
end-firing method than the side-firing method [52, 53]. 
However, these were refuted by two randomized studies pub-
lished on the topic, both of which did not find a difference in 
cancer detection rates among the two configurations [54, 55]. 
Van der Slot et al. noted higher cancer detection in the end- 
firing configuration (52.4% vs. 45.6%, p = 0.066), which did 
not reach statistical significance, and the cancer detection 
rates at the apex were similar between the two groups [55]. 
However, they noted longer core lengths could be obtained 
by the end-firing configuration as compared to the side-firing 
method (151 mm vs. 138 mm), thus suggesting better sam-
pling of the prostate by the end-firing method. Besides can-
cer detection, side-firing probes tend to have a smaller profile 
and require rotatory and in-out motion and thus may cause 
less pain, as compared to the end-firing probe, which has a 
larger tip and requires fulcrum motion at the anal sphincter 
[56]. However, with the majority of the probes now having 
both the modes built in a single probe, these factors may no 
longer play a part.

3.2.2  Patient Positioning and Imaging 
the Prostate

The patient is positioned in the left lateral position somewhat 
diagonally on the operating table, with the buttocks at the 
edge of the table. The knees and hips are flexed at 90 degrees, 
and a pillow is placed between the knees to help maintain 
this position. Keeping the buttocks at the edge or just beyond 
the edge of the table allows for free unobstructed movement 
of the ultrasound probe. Occasionally, a right lateral decubi-
tus or a lithotomy position may be required.
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The patient is advised to empty the bladder, and the parts 
are prepared and draped. Perianal skin is then inspected for 
fissures or other abnormalities, and a digital rectal examina-
tion is performed to evaluate for prostate nodules. With the 
attached biopsy guide and covered with a well-lubricated 
condom, the ultrasound probe is gently introduced into the 
rectum, and the prostate is imaged.

The prostate imaging begins from the base and proceeds 
to the apex. The peripheral zone is scanned for the presence 
of any hypo- or hyperechoic lesions, which may be suspi-
cious for malignancy. Any nodules felt on the digital rectal 
examination are also screened with ultrasonography. The 
volume of the prostate is then calculated using the ellipse, 
sphere, or the prolate formula.

3.2.3  Anesthesia
Prostate biopsy is usually performed under local anesthesia, 
either under pelvic plexus block (PPB) or peri-prostatic 
nerve block (PNB), which is usually augmented with intra- 
rectal local anesthesia (ILRA) and intra-prostatic local anes-
thesia (IPLA) with or without oral analgesics. Although a 
combination of sedoanalgesia with PNB or a low-dose spinal 
anesthesia is likely the most effective way to alleviate pros-
tate biopsy-related pain, a potential increase in the medical 
cost and the associated additional risk limit their use [57]. 
Simple intra-rectal instillation of local anesthetic jelly alone 
provides inferior analgesia as compared to local prostatic 
block and is no longer recommended. Local anesthetic injec-
tion can be performed with a 22G, 25 cm Chiba needle with 
5 ml of 2% lidocaine, 2.5 ml on each side of the prostate, 
either as a pelvic plexus block (PPB) or a peri-prostatic nerve 
block (PNB). For the PPB, the injection is given directly into 
the pelvic neurovascular bundle, situated at the tip of seminal 
vesicles, on each side. As these bundles are not visualized on 
the grayscale ultrasonography, once the tips of the seminal 
vesicles are visualized in the parasagittal longitudinal scan, 
the color Doppler mode is activated to identify the tiny ves-
sels, and the anesthetic is injected inside the pelvic neurovas-
cular plexus, making sure to aspirate before injection to 
avoid intravascular injections [58, 59]. For PNB, a similar 
concentration and volume of local anesthetic is injected in an 
echogenic triangle containing fat formed by the angle 
between the seminal vesicle and the base of the prostate in 
the parasagittal longitudinal scan, called as “the Mount 
Everest sign” [60, 61]. The PNB can be augmented by add-
ing an apical block, where the local anesthetic is injected into 
a small echogenic triangle between the apex of the prostate 
and the puborectalis muscle, on either side of the apex [62]. 
This injection aims to block the sensitive somatic nerves at 
the apex of the prostate, which are commonly the most pain-
ful sites during prostate biopsy. Besides the apical block, the 
local anesthetic can be injected along the lateral aspects of 
the prostate to block the nerves coursing along the prostate or 

direct injections into the prostate parenchyma (intra- prostatic 
injections) can be made to augment the effects of PNB [63, 
64]. A recent meta-analysis has compared the efficacy of 
local anesthetic techniques described for trans-rectal prostate 
biopsy and concluded that PPB +  ILRA provided the best 
analgesia under the outpatient settings followed by 
PNB + IPLA, PPB, PNB + ILRA, and PNB alone [57].

3.2.4  Biopsy Technique
A 16- or an 18-gauge spring-loaded biopsy gun is used to 
take cores of the prostate tissue. The needle is introduced 
through the needle guide, and, depending on the configura-
tion, the operator chooses the points to sample. Side-firing 
and end-firing modes are different and typically follow the 
ruled puncture path. Upon activation, the biopsy gun 
advances 0.5 cm and then samples 1.5 cm of tissue with the 
tip extending 0.5 cm beyond the sampled area. Thus, the tip 
of the needle must be 0.5 cm from the prostate capsule before 
activation to sample the peripheral zone adequately. 
Otherwise, one may end up sampling more of the transition 
zone, missing the most common location of the tumor. Also, 
directing the needle path laterally allows sampling the 
anterolateral part of the peripheral zone. The ultrasound 
probe must be pressed against the rectal wall. This mini-
mizes the discomfort as the needle traverses the rectal 
mucosa and may reduce the chances of bleeding. One must 
also take care not to move the probe while the biopsy needle 
is in contact with rectal mucosa to avoid unnecessary injury 
and bleeding (Fig. 1).

3.2.5  Number of Cores
The introduction of sextant biopsy scheme, introduced by 
Hodge et al., as compared to finger-guided biopsy of palpa-
ble nodules or ultrasound-guided biopsy of suspicious 
lesions significantly increased the cancer detection rates 
[65]. The original scheme sampled one core each from the 
base, mid gland, and apex, bilaterally, and missed out on the 
apical and the lateral regions of the peripheral zone. 
Increasing the number of cores from 6 to 12 improved the 
cancer detection rates by 31% and reduced the likelihood of 
a repeat biopsy by improving the negative predictive value 
without increasing the likelihood of detecting insignificant 
cancers [66, 67]. However, further increasing the number of 
biopsy cores from 12 to 18 or 21 did not have the same effect. 
The cancer detection rate did not improve on comparing 18- 
or 21-core biopsy schemes with the 12 core biopsies, and 
neither did the need for a repeat biopsy [66, 68], but the rate 
of detection of insignificant cancers was found to be higher 
in the 21-core protocol as compared to the 12-core protocol 
[69]. Thus, for the initial biopsy, extended 12-core biopsy 
protocol provides acceptable cancer detection rates and neg-
ative predictive value while maintaining a low detection rate 
of insignificant cancers.
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Fig. 1 Illustration demonstrating transrectal biopsy of the prostate

The distribution of the 12 cores must be such to ade-
quately sample the apical and the far lateral regions (anterior 
horns) of the prostate. Studies evaluating the distribution of 
cancer in the anterior prostate in the radical prostatectomy 
specimens found the most common cancer site was the mid 
gland followed by the apex [70]. The apex is entirely com-
posed of the peripheral zone, and the anterior apex may be 
missed if not specifically sampled and is the common site of 
missed cancers detected at repeat biopsy [71]. The laterally 
directed sampling (far lateral cores) of the peripheral zones 
allows for adequate sampling of the anterior horns of the 

peripheral zone and improves the cancer detection rates, as 
some cancers may only be detected on these cores [72, 73]. 
These findings suggest the importance of sampling the apical 
and far lateral regions. Regarding the transition zone sam-
pling, although 15–25% of the cancers are located in the 
transition zone, only around 2% are exclusively in the transi-
tion zone, and the rest can be picked up cores directed at the 
peripheral zone [74, 75]. Specific sampling of the transition 
zone at the initial biopsy was not found to improve the can-
cer detection rates or to reduce the need for repeat biopsy and 
is not recommended [75, 76].
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Thus, an extended 12-core systematic biopsy that incor-
porates apical and far lateral cores in the template distribu-
tion allows for maximum cancer detection while avoiding 
detection of insignificant cancers or the need for a repeat 
biopsy is the standard of care.

3.3  Repeat and Saturation Biopsy

A benign biopsy finding in a patient with rising PSA or an 
abnormal digital examination is a common clinical dilemma. 
Besides, multifocal high-grade prostatic intra-epithelial neo-
plasia or atypical small acinar proliferation on the prior 
biopsy may also mandate a repeat biopsy. The most common 
site under-sampled in the extended 12-core template is the 
anterior apex and should be one of the sites of focus on the 
repeat biopsy [77]. The cancer detection rates are known to 
fall on each subsequent biopsy. In a cohort of 1051 men with 
PSA between 4 and 10 ng/ml, the initial cancer detection rate 
on the sextant biopsy was 22%, which reduced to 10%, 5%, 
and 4% on the subsequent second, third, and fourth biopsies, 
respectively [78]. Given the low rate of cancer detection on 
repeated biopsy, a second biopsy may be contemplated in 
patients suspected to harbor cancer. However, a third or a 
fourth biopsy is not warranted. Low cancer detection rates 
combined with improved cancer detection on the initial 
extended 12-core biopsy suggest that whenever a repeat 
biopsy is planned in a patient with a prior negative biopsy, a 
saturation biopsy (>20 cores) should preferably be under-
taken [79]. Repeat saturation biopsies must sample the tran-
sition zone and have been shown to detect cancer in 30% of 
the patients [80].

4  Magnetic Resonance Imaging-Guided 
Biopsy

Multiparametric magnetic resonance imaging (MP-MRI) 
helps to identify lesions of the prostate with reasonable 
accuracy. Various studies on MRI-targeted biopsy conclude 
that the sensitivity, specificity, a negative predictive value 
(NPV), and a positive predictive value (PPV) could be 
between 91% and 93%, 36% and 41%, 89% and 92%, and 
51% and 52%, respectively [81–83]. There are three types 
of MP-MRI- based prostate biopsy, namely, in-bore mag-
netic resonance imaging-targeted biopsy (MRI-TB), MRI 
cognitive biopsy (MRI-CB), and MRI fusion biopsy 
(MRI-FB). While the MRI cognitive biopsy is the easiest 
and the most cost- effective to perform, it may not be as 
accurate as the other two modalities. The in-bore MRI-TB, 
though it theoretically sounds superior as it uses real-time 
MRI imaging to perform the prostate biopsy, has similar 
efficacy to the MRI fusion biopsy, which appears to be the 

middle ground. The ability to accurately target prostatic 
lesions is the main advantage of the MRI-based technique. 
However, the data on these techniques in small lesions are 
limited and, at best, anecdotal. The exact size of the lesion 
below which the MRI-based techniques have a definite 
advantage is unknown.

4.1  Multiparametric MRI (MP-MRI)

A combination of high-resolution T2-weighted images 
(T2WI), dynamic contrast-enhanced MRI (DCE-MRI), and 
diffusion-weighted imaging (DWI) constitutes the 
MP-MRI. MP-MRI can be used to evaluate tumors >0.5 cm3 
[84–87]. The prostate imaging reporting and data system 
(PIRADS) is a scoring system to diagnose prostate cancer 
was initially proposed in 2012 by the European Society of 
Urogenital Radiology (ESUR) and has been subsequently 
revised with the current reiteration being PIRADS v2.1 pub-
lished in 2019 [88, 89]. The current scoring system utilizes 
the DWI MRI as the dominant sequence in the peripheral 
zone and T2-weighted (T2w) MRI as the dominant sequence 
in the transitional zone. The latest version clarifies the spe-
cific use of DCE and b values in DWI, particularly in scores 
2 and 3. The changes in T2w are assessed in scores 1 and 2, 
defining encapsulated nodules and atypical nodules [89].

Final PIRADS v2.1 assessment categories [89]:

 1. Very low (clinically significant cancer highly unlikely)
 2. Low (clinically significant cancer unlikely)
 3. Intermediate (clinically significant cancer equivocal)
 4. High (clinically significant cancer likely)
 5. Very high (clinically significant cancer highly likely)

The detection rates for prostate cancer using PIRADS v2 
for PIRADS 3, 4, and 5 lesions were 35%–39%, 60%–72%, 
and 91%, respectively. However, the rates of csPCa for 
PIRADS 3, 4, and 5 were 17%–23%, 34%–49%, and 67%–
77%, respectively [90, 91]. Saturation biopsy could poten-
tially be avoided by using PIRADS 3 or above. Using this as 
the cutoff for MRI-TB, 83.8% of the csPCa were diagnosed, 
with a false-negative rate of 16.2% [92]. The advantage of 
using the standardized PIRADS scoring system is that it has 
moderate interobserver reproducibility with a kappa score of 
0.55 [93]. MP-MRI has limited sensitivity to prostate carci-
noma (PCa) in the TZ, particularly the presence of concomi-
tant benign prostatic hyperplasia (BPH). This could 
potentially lead to an error in interpretation. Additionally, in 
DWI sequence, one can easily interpret BPH nodules as 
malignant lesions. There are also many benign and premalig-
nant lesions that can mimic prostate cancer, namely, granulo-
matous prostatitis, adenosis, and prostatic intra-epithelial 
neoplasia [94].
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4.2  MRI-TB

MRI-TB has a sensitivity, specificity, NPV, and PPV between 
91% and 93%, 36% and 41% 89% and 92%, and 51% and 
52%, respectively [81, 82, 95]. Compared to the standard 
TRUS biopsy, MRI-TB has more sensitivity in identifying 
clinically significant prostate cancer (csPca). A combination 
increases the yield of the biopsy [96].

MRI-TB approaches:

 (a) MRI-CB
The surgeon targets the suspicious spots while doing 

a TRUS biopsy by mentally visualizing the lesions based 
on prior study of the MRI images. This involves analysis 
of images and measurement of various distances by rec-
ognizing various patterns and 3D spatial reasoning. 
MRI-CB is superior to the systematic prostate biopsy 
especially in anterior and apical tumors [97, 98]. It is 
cheap and can be performed with a simple setup and 
may be comparable to MRI-FB in expert hands.

 (b) MRI-FB
MP-MRI images are superimposed on TRUS images 

during the prostate biopsy using commercially available 
systems that overlay MP-MRI scans with real-time 
ultrasounds. Many systems are available, and they vary 
based on registration algorithm, navigation strategy, 
real-time tracking systems, and the method of documen-
tation of the needle track [99]. Each system has its mer-
its and demerits. The most common systems for this 
purpose include Artemis (Eigen, Grass Valley, California, 
USA) (Fig. 2), UroNav (Philips Electronics, Amsterdam, 
the Netherlands), and Urostation (Koelis, LaTronche, 
France) [100]. Table  2 lists commercially available 
devices and the basic differences between them.

With more widespread acceptance of transperineal 
biopsy, these systems have been modified to accommo-
date transperineal modules to perform MRI-FB trans-
perineally. The BiopSee system was designed to perform 
transperineal biopsy [101]. Major limitations while 
using these systems are the added cost and the associ-

Fig. 2 OR setup of Eigen Artemis system
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Table 2 Overview of commercially available MRI-based biopsy systems

Device Routes Tracking mechanism
Fusion 
mechanism

Artemis • Transrectal
• Transperineal

• Electromagnetic tracking by 
the mechanical arm with no 
external trackers
• Rigid motion compensation

Rigid and Elastic 
registration

Biopsy plan can be stored and used to guide the 
subsequent biopsy or for subsequent focal treatment

Uronav • Transrectal
• Transperineal

• Electromagnetic tracking 
mechanism

• Elastic 
registration

Biopsy plan can be stored and used to guide the 
subsequent biopsy or for subsequent focal treatment

Urostation • Transrectal
• Transperineal

• Organ-based tracking using 
3D TRUS

• Rigid and elastic 
registration

PET/CT can be used for fusion biopsy
Biopsy plan can be stored and used to guide the 
subsequent biopsy or for subsequent focal treatment

Biojet • Transperineal
• Transrectal

• Trackers and angle sensors in 
the mechanical arm

• Rigid 
registration

Biopsy plan can be stored and used to guide the 
subsequent biopsy or for subsequent focal treatment

Real-time 
virtual 
sonography

• Transrectal
• Transperineal

• Electromagnetic tracking • Rigid 
registration

Compatible with many other USC modalities like the 
B-mode, color Doppler, real-time tissue 
elastography, and dynamic contrast harmonic 
imaging

LOGIQ 9 • Transrectal
• Transperineal

• Electromagnetic tracking • Rigid 
registration

PET/CT can be used for fusion biopsy
Automatic motion correction using CIVCO 
omniTRAXtm, a plastic support bracket

Fusion 
Biopsy.2.0

• Transrectal
• Transperineal

• Electromagnetic tracking by a 
robotic arm

• Rigid and elastic 
registration

Automatic motion compensation

Virtual navigator • Transrectal
• Transperineal

• Electromagnetic two sensors • Rigid 
registration

PET/CT/MRI/3D ultrasound fusion

Biopsee • Transperineal • Two built-in encoders 
tracking the TRUS probe
• A stepper for the transperineal 
biopsy

• Rigid 
registration

Limited by only 2 degrees of freedom motion

PET positron emission tomography, CT computer tomography, MRI magnetic resonance imaging

ated learning needed. These systems also involve coordi-
nation between various specialties, especially the 
radiologists, to identify and mark the lesion.

Additionally, one needs to be cognizant throughout 
the procedure, as a faulty segmentation of MP-MRI 
images and poor registration of the MP-MRI images or 
transrectal US images can lead to problems and errors 
during targeting. More than one spatially distributed tar-
get may help in overcoming the registration and target-
ing errors [102].

 (c) In-Bore MRI Target Biopsy
MR imaging guidance in MRI gantry is used to target 

the lesion in real time in this method. This procedure can 
be performed using the open/closed MRI system or 
either 1.5T/3T MRI systems. The real advantage of 
using the in-bore MRI biopsy technique is that it is real 
time, and any sequence of MRI imaging can perform the 
biopsy. The most popular device is the DynaTRIM, a 
portable device used to perform transrectal biopsies 
[103]. This device uses an adjustable needle guide with 
three degrees of freedom and is fixed underneath the bed 
while the patient lies prone. Using the DynaTRIM work-
station, the prostate and lesions are identified, and the 
biopsy is performed transrectally.

The learning curve of this procedure is about 25–30 
procedures. The procedure takes about 30 min to  perform 

and may take an additional 15 min for each extra lesion 
[102].

Recently, the use of the biparametric MRI (BP-MRI) 
with transverse T2w images and diffusion-weighted 
images has been suggested to identify suspicious lesions 
for prostate biopsy, as they are the two main sequences 
in PIRADS scoring. This cuts down the cost/time to per-
form the procedure and reduces contrast exposure in 
these patients. Biparametric MRI has a negative predic-
tive value of 97%, and the only potential drawback is its 
inability to differentiate between PIRADS scores 3 and 
4  in the peripheral zone due to the lack of dynamic 
contrast- enhanced images. The odds of finding csPCa in 
PIRADS 3 lesion on BP-MRI are 17% [104].

4.3  Transperineal Biopsy

The drawbacks of the transrectal biopsy have led urolo-
gists to explore the transperineal biopsy. The most signifi-
cant advantage of transperineal biopsy is the reduced use 
of antibiotics, leading to its increased acceptance by many 
clinicians [40]. Fluoroquinolones have been the preferred 
antibiotics used in transrectal prostate biopsy. However, 
its use has substantial limitations as described above. 
Transperineal biopsy is relatively a clean procedure as the 
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needle does not pass through the rectum. In a large multi-
centric study, the readmission rates due to infections fol-
lowing transperineal biopsy were zero [105]. Another 
advantage of the transperineal biopsy is the increased 
detection of cancer by about 10% in the anterior zone of 
the prostate [106–108]. The disadvantages of the trans-
perineal biopsy are the increased rates of urinary retention 
and the need for general anesthesia [109]. The feasibility 
of the prostate biopsy transperineally under local anesthe-
sia has been reported [110–112]. In fact, as per the 
Cambridge Prostate Biopsy (CAMPROBE) trial [113], 
87% of the patients preferred the transperineal biopsy 
under local anesthesia over TRUS biopsy and reported 
less pain.

Transperineal biopsy may be technically more sound 
than transrectal biopsy, as the needle passes longitudinally 
and the biopsy can be confined to the peripheral zone, while 
in transrectal biopsy, due to the direction of the needle, the 
biopsy needle can hit the central or transitional zone. Like 
the TRUS biopsy, transperineal biopsy can also be done 
using various MRI-based techniques but requires special 
planning software and equipment. The detection rates of 
MRI-based transperineal biopsy are similar to template 
biopsy [114].

4.4  Cost Implications of MRI-TB [115]

The lowest cost of biopsy is that of using standard TRUS 
biopsy under local anesthesia followed by the cost of TRUS 
biopsy under sedation, the cost of transperineal template 
biopsy under general anesthesia, and MRI-FB under seda-
tion and sedation in-bore prostate biopsy (1 vs. 1.9 vs., 2.5 
vs. 2.2, p < 0.001). However, the cancer detection rates using 
the above techniques were as follows: TRUS—16% vs. 
MRI-FB—36% vs. transperineal template biopsy—34%, 
p < 0.001) [116].

In a separate model-based cost analysis MRI, FB had an 
incremental cost-effectiveness ratio of $1470 per quality- 
adjusted life-year gained compared to TRUS biopsy [117]. 
The main drawback is that the cost calculation is based on 
input parameters and may not be generalized.

Another suggested cost-cutting measure is to use the 
biparametric MRI (BP-MRI) which is cheaper and is just as 
cost-effective as the MP-MRI.  The main drawback is 
BP-MRI’s inability to correctly classify PIRADS 3 vs. 
PIRADS 4  in the peripheral zone due to the lack of DCE 
images, hence mandating the need for biopsy of all PIRADS 
3 lesions in the peripheral zone. However, with the BP-MRI, 
there is a high negative predictive value of 97%, and it takes 
only 15 min to perform the exam. One added advantage is 
that ADC maps can be generated using computer software 
[104]. Another suggested strategy is the use of additional 

MP-MRI in PIRADS 3 lesion detected by BP-MRI to avoid 
unnecessary biopsies [118–120].

5  Complications

Like any other procedure, prostate biopsy is associated with 
a number of complications, although the absolute risk of life- 
threatening complications is low. A number of adverse events 
such as hematuria, hematospermia, rectal bleeding, urinary 
retention, and infectious complications such as urinary tract 
infection, epididymitis, prostatitis, and sepsis have been 
reported after transrectal prostate biopsy.

5.1  Bleeding

Bleeding-related complications, such as hematuria, hemato-
spermia, or rectal bleeding, are one of the most frequent and 
bothersome complications after prostate biopsy. A wide 
range of patients, 10–84%, report post-biopsy hematuria 
depending upon the definition used, although only a few 
(6.2%) report it as a moderate or severe problem [121, 122]. 
While mild hematuria is common, only a few patients require 
catheterization (0.4%) or admission (0.14%) [123, 124]. Few 
authors have reported an increased incidence of hematuria 
with a higher number of cores sampled, and others have cor-
related it with larger prostate volumes and transition zone 
volumes [125, 126]. Hematospermia, similar to hematuria, is 
also reported by a wide range of patients 1.1–93%, but unlike 
hematuria, a fourth of the men considered this alarming or 
concerning [121]. It was found to be associated with anxiety 
and reduced sexual activity, and lasts for 2–4 weeks or about 
eight ejaculations [121, 127]. Age, prostate volume, prior 
transurethral resection of the prostate, and the number of 
cores were the risk factors associated with hematospermia 
[121, 126, 128]. The incidence of rectal bleeding varies 
between 1.3% and 45% and is usually perceived as minor 
and of little consequence, with major life-threatening rectal 
bleeding being uncommon [121].

5.2  Post-biopsy Infection

Most infectious complications after prostate biopsy are lim-
ited to symptomatic urinary tract infection or low-grade 
febrile illness, not requiring hospitalization. However, infec-
tious complications are the most common cause of post- 
biopsy hospital admissions, and an increased incidence has 
been reported recently [37]. In a multinational, multicenter 
study, the incidence of febrile UTI was 3.5%, and 3.1% 
required hospitalization [129]. The recent rise in infectious 
complications has been attributed mainly to fluoroquinolone 
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resistance [130]. Non-white race, comorbidities, especially 
diabetes, foreign travel, catheter presence, recent antibiotic 
use, especially fluoroquinolone, recent hospitalization, and a 
positive pre-biopsy urine culture have been suggested as the 
risk factors for infectious complications [121]. Various anti-
biotic prophylaxis and non-antibiotic prophylaxis strategies 
to reduce these infectious complications have been detailed 
above. Targeted prophylaxis is a suitable option in areas with 
high fluoroquinolone resistance or patients at high risk for 
post-biopsy infections. It is shown to be effective in prevent-
ing life-threatening complications and follows the general 
principles of antibiotic stewardship, unlike the augmented 
prophylaxis. Initially, there were particular concerns about 
the cost-effectiveness of this approach, given the additional 
cultures and alternative antibiotics required and the low 
overall incidence of post-biopsy infectious complications. 
Also, not all patients with fluoroquinolone-resistant E. coli 
on rectal swab cultures developed post-biopsy infections 
[131]. However, recent studies have shown the efficacy and 
cost-effectiveness of targeted prophylaxis [132, 133]. In a 
study by Li et  al., by reducing the incidence of infectious 
complications from 2.42% to 0.23%, targeted prophylaxis 
reduced the direct cost by 37.5%, and the hospital days 
avoided per 100 patients was 7.08 days [132]. The number of 
patients needed to screen to prevent one infection episode 
was 45.7. Among the non-antibiotic strategies, the number of 
biopsy cores, peri-prostatic nerve block, the number of injec-
tions required for peri-prostatic nerve block, and dipping the 
biopsy needle into formalin or povidone-iodine between the 
biopsy cores were not found to reduce post-biopsy infection 
[47].

5.3  Post-operative Urinary Retention

About 25% of the patients experience worsening of lower 
tract symptoms after prostate biopsy, but the risk of acute 
urinary retention is low <2% [121]. Larger prostate size and 
higher IPSS score are associated with an increased risk of 
retention and, the majority of the time, the retention is tran-
sient and does not require surgical intervention [126]. 
Although premedication is not necessary for the majority of 
patients, peri-procedural alpha-blockers can be considered 
for at-risk patients [121].

6  Take-Home Message

The use of MRI in prior prostate biopsy is the current stan-
dard of care and is widely used. The modality used depends 
on the availability of technology and surgeon preference. 
With the increasing use of transperineal biopsy, the rates of 
post-biopsy sepsis have decreased.
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1  Ultrasound in Prostate Cancer 
Diagnosis

1.1  Introduction

Conventional transrectal ultrasound (TRUS) imaging has 
been studied extensively to assess its performance for PC 
diagnosis. However, the sensitivity and specificity of con-
ventional TRUS are limited, ranging between 40 and 50% 
for PC detection, with minimal additional improvement 
using color/power Doppler [1–3]. Therefore, within the cur-
rent standard of care, TRUS is used mainly to guide system-
atic biopsies to general geographic regions of the prostate.

New sonographic modalities such as high-resolution 
micro-ultrasound, micro-Doppler, sono-elastography, and 
contrast-enhanced ultrasound (CEUS) have provided prom-
ising preliminary findings, either alone or combined with the 
so-called multi-parametric US.  However, these techniques 
still have limited clinical applicability due to a lack of stan-
dardization and large-scale evaluation of inter-observer vari-
ability and conflicting results among lesions in the transitional 
zone [4–6].

1.1.1  High-Resolution Micro-Ultrasound
A novel high-resolution micro-ultrasound system (ExactVu™ 
system) developed at Sunnybrook Health Sciences Centre 
operates at 29 MHz compared to 9–12 MHz for a conven-
tional urologic ultrasound. Theoretical spatial resolution at 
this frequency is between 50 and 70 μm, improving resolu-
tion by 300% compared to conventional ultrasound. This 
system allows identification of anatomic details, ductal anat-
omy, cellular density, and detection of additional focal 
lesions usually not seen in conventional US examinations. 
The focal lesions are stratified based on a standardized PC 
risk score called “Prostate Risk Identification using Micro- 
Ultrasound: PRI-MUS,” analogous to PI-RADS (Table  1) 
[5–6]. Thus, micro-ultrasonography allows US real-time 
guided biopsy of even small suspicious nodules.

Micro-ultrasound system is a novel technology, and its 
data is still preliminary. However, it is inexpensive, accessi-
ble, and can improve the sensitivity of TRUS prostate biopsy, 
thus becoming a convenient alternative to multiparametric 
magnetic resonance imaging (mpMRI) for imaging and 
diagnosing PC. Published studies report increased PC detec-
tion rate (up to 94%) and an Area Under the Curve (AUC) 
between 0.60 and 0.80. In addition, initial studies have dem-
onstrated that micro-ultrasound can visualize magnetic reso-
nance imaging (MRI) targets in real time, rather than relying 
on MRI–TRUS fusion software coupled with conventional 
TRUS for targeting. Micro-ultrasound, therefore, may have 
the potential to enhance the accuracy of mpMRI in detecting 
csPC [7–10].

1.2  Color-Doppler Ultrasound

Conventional color-Doppler ultrasound and power Doppler 
exhibit a slightly increased PC detection rate when biopsy 
samples are taken on hypervascular areas, despite normal 
B-mode appearance [3]. Recently, micro-Doppler imaging 
techniques have been introduced using adaptative algorithms 
to eliminate motion artifacts and more pulses dedicated to 
flow encoding. Preliminary results are encouraging, with a 
positive correlation between micro-vascularity detected by 
micro-Doppler imaging and Gleason score (GS) [4]. In addi-
tion, micro-Doppler imaging can be performed after ultra-
sound micro-bubble contrast agent administration allowing 
temporal summation of the signals.

1.3  Contrast-Enhanced Ultrasound (CEUS)

PC exhibits increased micro-vessel density compared to nor-
mal tissue due to the proliferation of pathologic neo-vessels 
and tumor-associated angiogenesis. This neo-vasculature is 
typical of small diameter, and it is below the resolution of 
conventional Doppler imaging; however, micro-bubble con-
trast agents have demonstrated the ability to enhance sono-
graphic visualization. Therefore, contrast imaging allows 
accurate guidance of targeted biopsy to areas of increased 
vascularity [11–13].

The active agents are microbubbles, and their tolerance in 
clinical practice is excellent, with an incidence of severe ana-
phylactoid reactions well below that of iodinated contrast 
media (≈ 0.014%) [12]. Microbubbles are blood pool agents, 
do not reach the interstitial space or the urine, and do not 
have renal toxicity. PC exhibits earlier and increased 
enhancement compared to surrounding benign parenchyma. 
Furthermore, newer CEUS techniques allow visualization of 
microvascular anatomy. Vessels that supply tumor areas are 
more numerous and irregular in configuration than the 

Table 1 PRI-MUS™ (prostate risk identification using 
micro-ultrasound)

Category
Probability of clinically significant prostate cancer 
(csPC)

PRI-MUS 
1

Small regular ducts “Swiss Cheese”

PI-RADS 
2

Hyperechoic with/without ductal patches

PI-RADS 
3

Mild heterogeneity or Bright Echoes in hyperechoic 
tissue

PI-RADS 
4

Heterogeneous “Cauliflower,” “smudgy or mottled,” or 
Bright Echoes (“Starry Sky”)

PI-RADS 
5

Irregular shadowing or mixed-echo lesions or irregular 
prostate/PZ border
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 normal radially oriented vessels extending into the prostate 
parenchyma from the neurovascular bundles and peri- 
urethral vascular plexus.

Preliminary studies showed that CEUS improved the 
detection of the hyper-vascularity of PC nodules, increasing 
both sensitivities from 54 to 93% and specificity from 79 to 
87% for baseline Doppler examination and CEUS examina-
tion, respectively [14]. Conventional Doppler imaging is not 
the most appropriate method to visualize lesions due to some 
artifacts. Real-time low acoustic power harmonic grayscale 
imaging is most suitable for prostate CEUS. Using this tech-
nique, CEUS demonstrates improved diagnostic accuracy 
for PC diagnosis compared to pre-contrast imaging, particu-
larly for high-grade (GS ≥ 7), high volume (more than 50% 
biopsy core involvement), cancer (p  =  0.001) (ROC AUC 
0.90) [11]. In a large prospective study enrolling 1024 
patients, CEUS-targeted biopsies detected 67/326 (20.5%) 
additional cases of csPC, including 51 patients (15.6%) 
missed by systematic biopsy [15].

1.4  Prostate TRUS Elastography

Conventional imaging techniques do not provide informa-
tion about in  vivo prostatic elastic properties. PC tissue is 
stiffer than surrounding healthy prostate tissue due to several 
changes, including increased cellular density and micro- 
vascularization, destruction of glandular architecture, and 
development of stromal reaction combined with collagen 
deposition in the surrounding prostate parenchyma. This 
increase in tissue stiffness has been correlated with Gleason 
score and disease severity [16–19].

Prostate elastography should be performed after a com-
plete B-mode and color-Doppler examination conducted in 
transverse and sagittal planes to measure prostate volume, 
identify suspicious areas in the peripheral gland (mostly 
hypoechoic or hypervascular), and analyze the peri-prostatic 
space (including the seminal vesicles, SV). Several 
ultrasound- based methods have been developed to measure 
in vivo prostate tissue elasticity and provide elasticity maps. 
In addition, elastography may improve lesion characteriza-
tion and PC detection, as stiff lesions not visible on conven-
tional TRUS imaging may be detected on elastograms [19].

Two different approaches have been developed. Strain 
elastography analyzes tissue deformation during mechanical 
stress and shear wave elastography (SWE) measures the 
speed at which a shear wave generated via a sonographic 
pulse travels through tissues with increased propagation seen 
in stiffer tissues. SWE, unlike strain elastography, does not 
require manual compression with the TRUS probe. A pro-
spective evaluation of SWE in 50 patients with a 12-core sys-
tematic biopsy as the gold standard demonstrated a cancer 

detection rate of 66% with a sensitivity and specificity of 0.9 
and 0.88, respectively. Moreover, stiffness values were sig-
nificantly higher in confirmed PC with the potential of asso-
ciation with GS [20].

1.5  Multiparametric Ultrasound (mpUS)

The notion of multiparametric US (mpUS) has been intro-
duced as an analogous imaging tool to mpMRI. Grayscale 
imaging, vascular image techniques, CEUS, and elastogra-
phy are measurements of anatomic detail, micro-vessel den-
sity, and tissue stiffness or cellularity, respectively.

In a prospective study of 78 patients, mpUS had higher 
sensitivity, negative predictive value, and accuracy than mul-
tiparametric MRI (97.4% versus 94.7%, 96.9% versus 
92.3%, and 87.2% versus 76.9%, respectively) for detecting 
localized PC.  The mean area under the receiver-operating 
characteristic curve ± SD for multiparametric TRUS was 
0.874 ± 0.043 (95% confidence interval, 0.790–0.959), and 
0.774  ±  0.055 (95% confidence interval, 0.666–0.881) for 
multiparametric MRI [21].

Advanced prostate US imaging techniques have incre-
mental improvements in PC detection, but up to now, none 
has provided sufficient accuracy when considered on its 
own. Their combination, especially with elastography and 
CEUS, is more powerful, but the overall evaluation of 
patients with a suspicion of PC cannot obviate the utility of 
mpMRI and the potential of combined information.

2  Role of Computed Tomography (CT) 
in Prostate Cancer

Abdominal and pelvis CT is recommended to assess lymph 
node (LN) invasion. Any LN measuring >10 mm in short- 
axis diameter is considered suspicious for LN metastasis 
[22]. Recommended size thresholds range from 8  mm to 
15 mm. An attempt to standardize these thresholds has been 
made using Response Evaluation Criteria in Solid Tumors 
(RECIST) [23].

CT sensitivity for LN detection is low, less than 40% 
[24, 25]. In a study of 4264 patients, of whom 654 (15.3%) 
had positive LNs after lymph node dissection (LND), CT 
was positive in only 105 patients (2.5%) [26]. In a multi-
center database of 1091 patients who underwent pelvic 
LND, CT sensitivity and specificity were 8.8% and 98%, 
respectively [27].

The size criteria alone does not provide adequate staging. 
An imaging method utilizing both anatomical and functional 
information for accurate imaging of the pelvic LN is needed 
for successful nodal staging.

Current Imaging Modalities to Assess Prostate Cancer
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3  Bone Scan in Prostate Cancer

The current standard imaging test to assess bone metastasis 
is a whole-body 99mTc-bone scan. It has a role in initial stag-
ing, biochemical recurrence, and serial monitoring of treat-
ment response [28]. The bone scan is a low-cost and widely 
used method, but its diagnostic yield is limited. It can miss 
bone metastasis in the early stages of the disease. Its specific-
ity is low because it is difficult to distinguish among bone 
tumors, trauma, degenerative changes, and infection.

The bone scan is significantly influenced by the PSA 
level, clinical stage, and the International Society of 
Urological Pathology (ISUP) tumor grade [28, 29]. The 
mean bone scan positivity rate in 23 different series was 
2.3% in patients with PSA levels <10 ng/mL, 5.3% for PSA 
levels between 10.1 and 19.9 ng/mL, and 16.2% in patients 
with PSA levels of 20.0–49.9 ng/mL.  It was 6.4% in men 
with organ-confined cancer and 49.5% in men with locally 
advanced cancers. Detection rates were 5.6% and 29.9% for 
ISUP grade 2 and >3, respectively. Bone scanning should be 
performed in symptomatic patients, independent of PSA 
level, ISUP grade, or clinical stage [26, 32] (Fig. 1).

A systematic review and meta-analysis compared bone 
scan to prostate-specific membrane antigen–positron emis-
sion tomography/computed tomography (PSMA-PET/CT), 

choline-PET/CT, sodium fluoride (NaF)-PET/CT, and 
MRI. Results for bone scan showed combined sensitivity and 
specificity of 86% (95% CI: 76–92%) and 95% (95% CI: 
87–98%) at patient level and 59% (95% CI: 55–63%) and 
75% (95% CI: 71–79%) at lesion level. Compared with other 
diagnostic techniques bone scan sensitivity and specificity 
were inferior in detecting bone metastases [30].

According to initial risk stratification, National 
Comprehensive Cancer Network (NCCN) guidelines recom-
mend performing a bone scan in an unfavorable intermedi-
ate-, high-, and very high-risk group [31].

4  Magnetic Resonance Imaging (MRI) 
to Assess Prostate Cancer

4.1  Introduction

Since the 1980s, MRI has been used for the noninvasive eval-
uation of the prostate. MRI was used at the beginning exclu-
sively to perform loco-regional staging in patients with 
biopsy-proven PC through anatomic sequences (T1-weighted 
images (T1WI) and T2-weighted images (T2WI)). However, 
technological progress, both in software and hardware, led to 
the development of the mpMRI that combines the above- 
mentioned anatomic sequences with functional ones, includ-
ing diffusion-weighted imaging (DWI) (and its derivative, 
the apparent-diffusion coefficient (ADC) maps) and dynamic 
contrast-enhanced (DCE) MRI.  These technical advances 
enriched the ability to differentiate clinically significant 
prostate cancer (csPC) from benign diseases or indolent 
malignancies. Consequently, clinical applications of prostate 
MRI went beyond loco-regional staging to image guidance 
(for biopsy, surgery, focal therapy, and radiation therapy), 
tumor detection and characterization, risk stratification, sur-
veillance, and assessment of recurrence.

4.2  General Principles of Prostate MRI

4.2.1  Sequences on Prostate MRI
As mentioned above, a variety of anatomic and functional 
sequences can be performed with MRI to evaluate the pros-
tate. Table 2 summarizes the main utility of each sequence to 
evaluate the prostate. According to the number and type of 
sequences performed, it is possible to differentiate two types 
of MRI protocols:

• Multiparametric MRI (mpMRI): includes anatomical 
sequences (T1WI/T2WI) and two functional sequences 
(DWI and DCE).

• Biparametric MRI (bpMRI): includes identical ana-
tomical sequences but only one functional sequence (does 

Fig. 1 Bone scan from a patient with Gleason 4 + 5 = 9 PCa and PSA 
87 ng/ml showing multiple bone metastases
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Table 2 Sequences on MRI to evaluate the prostate

Anatomical sequences
T1-weighted imaging 
(T1WI)

• Delineate the contour of the gland.
• Elucidate the presence of hemorrhage within the prostate and the SV.
• Detect lymph node and bone metastasis.

T2-weighted imaging 
(T2WI)

• It is the fundamental sequence to evaluate the morphology of the CZ, TZ, and PZ.
• Identify csPC in the ZT and ZP.
• Identify the invasion of SV, extracapsular extension, and lymph node invasion.

Functional sequences
Diffusion- weighted 
imaging (DWI)

• Reflect the random movement of water molecules.
• Rationale: In healthy tissues, there is a great, random movement of water. On the contrary, water moves with more 
difficulty in tumor tissues due to the high cellularity (restriction to diffusion).
• DWI must include an “ADC map” and “high b-value images.”
• ADC map
   – There is an inverse correlation between the Gleason score (GS) and ADC (the lower the ADC, the higher the GS; 

usually, the csPC has an ADC <1). Hence, ADC improves the identification of csPC.
   – However, the ADC map should be carefully interpreted due to the considerable overlap between benign prostatic 

hyperplasia and PC.
• High b-value images
   − b images can be performed with low, intermediate, or high b-values, but the latter is preferred. Although there is 

no optimal “high b-value,” is recommended a value of ≥1400 s/mm2.
Dynamic contrast- 
enhanced (DCE)

• Analyze the change in signal intensity in T1WI during the time of the intravenous contrast administration.
• Rationale: In healthy tissues, there is an increase in the signal during the passage of the contrast followed by 
resetting the signal value to normal ranges. Like other malignancies, PC often shows early uptake compared to 
normal tissue.
• Limitation: The kinetics in tumor tissue is quite variable and heterogeneous.
   – Early uptake alone is not definitive for cancer.
   – The absence of early uptake does not exclude cancer.
• Nowadays, the value of DCE is modest and not firmly established.

ADC apparent-diffusion coefficient, csPC clinically significant prostate cancer, CZ central zone, PZ peripheral zone, SV seminal vesicles, TZ 
transitional zone

not include DCE). Given the limited role of DCE, there is 
a growing interest in performing bpMRI, which would 
decrease the costs and the time to perform the exam.

4.2.2  Prostate Imaging-Reporting and Data 
System (PI-RADS)

The Prostate Imaging-Reporting and Data System version 1 
(PI-RADS™ v1) are guidelines for prostate mpMRI pub-
lished in 2012 by the European Society of Urogenital 
Radiology (ESUR) based on the deliberations of the 
International Prostate MRI Working Group (organized by 
the AdMeTech Foundation).

The American College of Radiology (ACR), jointly with 
ESUR and the AdMeTech Foundation, established the 
PI-RADS Steering Committee to update and improve the 
PI-RADS™ v1 that resulted in the development of 
PI-RADS™ v2 in 2016 [33] and PI-RADS™ v2.1 in 2019 
[34]. These updates try to promote global standardization 
and reduce variation in the acquirement, interpretation, and 
reporting of prostate mpMRI exams.

The most critical clinical considerations and technical 
specifications before performing a mpMRI of the prostate 
are summarized below.

Clinical Considerations [34]
• Delay After Prostate Biopsy. A systematic TRUS biopsy 

may produce hemorrhage (manifested as a hyperintense 
signal on T1WI) in the PZ and SV, which may confound 
mpMRI assessment. If the objective of the mpMRI is to 
detect and characterize csPC, there may be no need to 
delay mpMRI after prostate biopsy due to the detection of 
csPC is not likely to be substantially affected by post- 
biopsy hemorrhage. However, if the purpose of the exam 
is staging, a delay of at least six weeks between biopsy 
and MRI should be considered.

• Improvements at the Bowel Level. To improve the qual-
ity of the images during the mpMRI, it has been proposed 
to decrease bowel peristalsis with antispasmodic agents 
(e.g., glucagon, scopolamine bromide, or sublingual hyo-
scyamine sulfate). Additionally, if the exam is performed 
without an endorectal coil, bowel preparation with an 
enema before the exam may be beneficial; however, the 
enema may also promote peristalsis.

• Seminal Vesicle Preparation. Some authors recommend 
that patients refrain from ejaculation three days before the 
mpMRI exam to maintain maximum distention of the SV, 
but an increase in csPC detection has not been firmly 
established with this routine.

Current Imaging Modalities to Assess Prostate Cancer
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In general, all these measures may be unnecessary, and 
the incremental cost and potential for adverse drug reactions 
should be considered. Unfortunately, nowadays, there is no 
consensus on any of the aspects related to patient 
preparation.

Technical Specifications [34]
• Magnetic Field Strength. Although mpMRI of the pros-

tate can be performed at both 1.5 T and 3 T, most mem-
bers of the PI-RADS Steering Committee prefer, use, and 
recommend 3 T for prostate mpMRI, reserving 1.5 T 
mpMRI for exceptional cases (e.g., patients with an 
implanted device).

• Endorectal Coil (ERC). An ERC increases the signal-to- 
noise ratio (SNR) in the prostate at any magnetic field 
strength but may also increase the time and cost of the 
exam, deform the gland, introduce artifacts, and be 
uncomfortable for the patients. However, other technical 
factors apart from an ERC can influence SNR (e.g., coil 
design, receiver bandwidth, etc.), and satisfactory results 
have been obtained with both 1.5 T and 3 T without 
ERC. Then, the recommendation is to optimize imaging 
protocols to obtain the best and most consistent image 
quality possible with the MRI scanner used.

4.3  Structure and Function of the Prostate 
and Seminal Vesicles on MRI

The prostate is an accessory gland of the male reproductive 
system with an inverted pyramid shape surrounding the pros-
tatic urethra (a urethral segment extending from the blad-
der’s neck to the external urethral sphincter). It is possible to 
differentiate the “base of the prostate” as the region directly 
attached to the urinary bladder neck and the “apex of the 
prostate” as the distal portion resting against the urogenital 
diaphragm. A normal gland weighs 15–20 g and has the size 
of a walnut. Prostate volume (PV) increases with age (mean 
of 11.5 cc (range 1.6–20.6) in young men; mean of 39.6 cc 
(range 38–83) at 60 years) [35, 36]. Prostate MRI allows to 
measure the PV through the ellipsoid formula:

 PV MAD MLD MTD� � � �0 52.  
Where …

• PV: prostate volume
• MAD: maximum anteroposterior dimension (on the mid- 

sagittal T2WI)
• MLD: maximum longitudinal dimension (on the mid- 

sagittal T2WI)
• MTD: maximum transverse dimension (on the axial 

T2WI)

Taking PSA and PV is possible to calculate PSA density 
(PSAD) according to the following formula:

 
PSAD

PSA

PV
=

 

Where …

• PSAD: prostatic specific antigen density (ng/mL2)
• PSA: prostatic specific antigen (ng/mL)
• PV: prostate volume (mL)

The prostate produces a liquid medium for the spermato-
zoa to swim in and provides proteolytic enzymes that 
increase the likelihood of successful fertilization, constitut-
ing 15–20% of the total ejaculation volume [37].

The seminal vesicles (SV) are paired organs of 30  mm 
length and 15 mm diameter in a young, healthy male, attached 
to the posterior aspect of the prostate and bladder wall. At the 
prostate base, the SV join with the ipsilateral vas deferens to 
form the ejaculatory ducts, which drain in the mid-prostatic 
urethra, in an elevation called verumontanum [38, 39].

Understanding the lymphatic drainage of the prostate is 
essential to accurately stage PC. The prostate is drained by 
obturator and intern iliac LN, which disembogue in the 
external iliac LN. However, it is also described as a direct 
drain from the prostate to the external iliac LN [40].

4.4  Classification Systems for Prostatic 
Areas

Defining the different areas of the prostate is of utmost 
importance to use standard terms when describing findings 
on MRI reports. Initially, the prostate was structured into two 
lobes [41]. In 1982, John McNeal described four distinct 
anatomical regions: peripheral zone (PZ), transition zone 
(TZ), central zone (CZ), and the anterior fibromuscular 
stroma (AFS) [38]. PI-RADS™ designs a more complex 
prostate sector map with 41 regions to enable radiologists, 
urologists, and pathologists to accurately localize findings 
described in MRI reports [34].

4.4.1  Zonal Anatomy of the Prostate on MRI 
(McNeal)

Table 3 contains a detailed anatomical description of each 
McNeal’s area and its characterization on prostate 
MRI. Comprehending the cellularity, the glandular pattern, 
and the embryological origin of each prostatic zone is 
 essential to understand the different behavior in prostate 
MRI [42, 43]. In this regard, the TZ and PZ are derived from 
the urogenital sinus; however, they have different signal 
intensities on MRI due to the minor differences in cellularity 
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Table 3 Summary of the main characteristics of McNeal’s zonal anatomy in a non-tumoral prostate [2, 6, 11–13]

Anatomical description mpMRI description
Anterior fibromuscular stroma 
(AFS) (non-glandular tissue)

• AFS is an apron from the bladder neck to the 
prostatic apex that forms the anterior surface of the 
prostate.

• T1WI and T2WI: low signal intensity, much like 
skeletal muscle.
• DWI: low signal intensity without restricted 
diffusion.
• DCE: hypovascular relative to the glandular 
prostate.

Peripheral zone (PZ) (70–80% of 
the glandular tissue)

• PZ of both sides forms an incomplete ring 
surrounding the TZ in varying proportion: roughly 
all the tissue is PZ at the apex, decreasing its 
presence towards the base.

• T1WI: it is indistinguishable from the rest of the 
gland.
• T2WI: homogeneous high signal intensity that 
allows differentiation from other zones.
• DWI: uniform signal intensity without areas of 
restricted diffusion.
• DCE: uniform enhancement after intravenous 
contrast administration.

Transition zone (TZ) (5% of the 
glandular tissue)

• TZ surrounds the prostatic urethra proximal to the 
verumontanum; it is absent at the prostatic apex.
• Benign prostatic hyperplasia can enlarge the TZ 
until it replaces the entire gland.

• T1WI: it is usually indistinguishable from the rest 
of the gland but may contain proteinaceous material 
or blood products that produce foci of hyperintensity.
• T2WI: heterogeneous signal intensity that 
progresses with age and the development of benign 
prostatic hyperplasia.

Prostatic pseudocapsule or 
“surgical capsule”

• There is no true capsule between TZ and PZ on 
histological evaluation.
• Corresponds to compressed stromal and 
fibromuscular tissue from TZ.

• T2WI: thin, dark (low signal intensity) rim at the 
interface of the TZ with the PZ.

Central zone (CZ) (20% of the 
glandular tissue)

• CZ is a conical area surrounding the ejaculatory 
ducts: the base of the cone comprises most of the 
posteromedial sector of the prostatic base, with the 
vertex directed toward the verumontanum.
• Unlike the TZ, the volume of the CZ decreases 
with age.

• T2WI: low signal intensity tissue encircling the 
ejaculatory ducts.
• DWI: mildly hyperintense on the high b-value 
image.

Prostatic capsule • The prostate lacks a true capsule but has an outer 
band of concentric fibromuscular tissue inseparable 
from prostatic stroma, usually called “prostatic 
capsule.”
• Then, it is not a true anatomic structure but serves 
as an essential landmark for assessing the 
extracapsular extension of cancer.

• T2WI: thin, dark (low signal intensity) rim that is 
outside the PZ.

Neurovascular bundles (NVB) • NVBs are two paired longitudinal structures of a 
triangular section with a posterolateral course to the 
prostate bilaterally (at 5 and 7 h).
• NVBs consist of nerve fibers that supply the 
corpora cavernosa and arterial branches from the 
inferior vesical artery and its corresponding veins, 
which are nestled between three periprostatic 
fascial planes (prostatic fascia, lateral fascia, and 
Denonvilliers’ fascia).

• T2WI: small and dark (low signal intensity) 
punctate and tubular structures surrounded by a high 
signal from adipose tissue. The NVB is less 
discernible as it moves towards the apex because it 
becomes intimately adjacent to the prostatic capsule.

ADC apparent-diffusion coefficient, AFS anterior fibromuscular stroma, CZ central zone, DWI diffusion-weighted imaging, PZ peripheral zone, 
T1WI T1-weighted images, T2WI T2-weighted images, TZ transitional zone

and patterns of glandular formation; the CZ is derived from 
the Wolffian duct [44]. The McNeal’s zonal anatomy is visi-
ble on MRI due to different embryological origins and its 
patterns of epithelial cells in each specific zone (Fig.  2). 
Approximately 70–75% of PC arise in the PZ and only 
20–30% in the TZ.  Instead, primary CZ cancers are rare. 
Usually they are a result of direct invasion from the PZ to the 
CZ [34].

4.5  Assessment and Reporting 
on Prostate MRI

MRI helps us to identify patients with csPC and, therefore, 
to decide which patients should undergo a prostate biopsy. 
csPC is defined in PI-RADS™ v2.1 as Gleason score ≥7, 
and/or tumor volume ≥0.5 cc, and/or extracapsular exten-
sion (ECE) [34]. The probability that the mpMRI 
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Saggital plane Coronal plane (posterior) Coronal plane (anterior)

Axial plane (base) Axial plane (midgland) Axial plane (apex)

Blue = transitional zone; Green: anterior fibromuscular stroma; Purple = seminal vesicles; 
Red: central zone; Yellow, peripheral zone.

Fig. 2 McNeal’s zonal anatomy of the prostate on MRI. Blue = transitional zone; Green: anterior fibromuscular stroma; Purple = seminal vesicles; 
Red: central zone; Yellow, peripheral zone

Table 4 PI-RADS™ v2.1 assessment categories

Category
Probability of clinically significant prostate cancer 
(csPC)

PI-RADS 1 Very low (csPC is highly unlikely to be present)
PI-RADS 2 Low (csPC is unlikely to be present)
PI-RADS 3 Intermediate (the presence of csPC is equivocal)
PI-RADS 4 High (csPC is likely to be present)
PI-RADS 5 Very high (csPC is highly likely to be present)

(T2WI  +  DWI  +  DCE) correlates with the presence of a 
csPC for each lesion in the prostate gland is assessed with a 
5-points scale (Table 4). The assignment of a PI-RADS cat-
egory should be based only on mpMRI findings (should not 
consider serum PSA, DRE, or clinical history). In 2019, a 
systematic review established the probability of csPC 
according to PI-RADS™ v2.0: 6% of csPC in PI-RADS 
1–2, 12% in PI-RADS 3, 48% in PI-RADS 4, and 72% in 
PI-RADS 5 [46].

According to PI-RADS™ v2.1 assessment categories, 
patients with PI-RADS 1 or 2 should not be considered for 
prostate biopsy, whereas patients with PI-RADS 4 or 5 
should be strongly considered for a biopsy. In addition, those 
patients with PI-RADS 3 should be discussed according to 
factors other than mpMRI alone.

Generally, there is a primary (dominant) sequence (T2WI 
or DWI) and a secondary sequence that may upgrade the 
assessment category (DWI or DCE). In particular, T2WI is 
the sequence that commands in the TZ, and DWI may 
upgrade the category in the case of PI-RADS 2 or 3. In the 
PZ, DWI is the sequence that commands, and, in the case of 
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a PI-RADS 3, DCE may upgrade to PIR-RADS 4 (Fig. 3, 
Table 5). To assign a PI-RADS category, each prostate lesion 
must receive a PI-RADS for each sequence. Subsequently, 
following the established rules for categorization, a single 
PI-RADS will remain for each prostate lesion.

Considering that PC is often multifocal, according to 
PI-RADS™ v2.1, up to four lesions with a PI-RADS 3, 4, or 
5 may be assigned on the Sector Map. Additionally, the intra- 
prostatic index lesion (one with the highest PI-RADS 
 category) should be identified. If there are more than four 
suspicious lesions, only the four with the highest likelihood 
of csPC should be reported.

To better understand the PI-RADS™ v.2.1 guidelines, 
please consult the original publication from Turkbey 
et al. [34].

Many benign signal abnormalities within the prostate can 
be seen on an MRI exam. For example, benign prostatic 
hyperplasia (BPH) has a heterogeneous signal pattern on 
MRI. On T1WI, they usually appear isointense to the back-
ground prostate. On T2WI, the TZ has been described as 
“organized chaos” and is composed of well-demarcated or 
encapsulated nodules (some appearing predominantly hyper-
intense, while others show heterogeneous or low signal) with 
intervening areas of low signal intensity [45, 47]. After the 
administration of contrast, nodules demonstrate variable 
enhancement, with some demonstrating early hyperenhance-
ment. The PI-RADS™ v2.1 guidelines clarify the distinc-
tions between TZ PC and BPH [34].

Hemorrhage in the PZ and SV is a common finding after 
a prostate biopsy that appears as a focal or diffuse hyperin-
tense signal on T1WI and iso-hypointense signal on T2WI. 
Calcifications appear as markedly hypointense lesions on all 
pulse sequences. Prostatitis can decrease signal in the PZ on 
both T2WI and the ADC map and may create a “false posi-
tive” on DCE by increasing perfusion. Normal aging or 

chronic inflammation can evolve to prostatic atrophy, typi-
cally associated with hypointense wedge-shaped areas on 
T2WI and mildly decreased signal (not as low as cancer) on 
the ADC map. After inflammation, prostatic fibrosis can also 
be identified by hypointense wedge- or band-shaped areas on 
T2WI.

Peripheral zone(PZ)

T2WI DWI: ADC map DWI: High b value image DCE

Fig. 3 The behavior of TZ and PZ lesions in each of the mpMRI 
sequences. A 65-year-old patient with a focal abnormality of 17 mm in 
posterolateral midgland peripheral zone of the left prostate lobe that is 

hypointense in T2WI and presents restricted diffusion and is hypoin-
tense on the ADC map (0.540  mm2/s); bulges adjacent capsule, sus-
pected extracapsular extension (T3a) (PI-RADS 5)

Table 5 PI-RADS assessment for prostate lesions on the peripheral 
and transitional zone

T2WI DWI DCE
Final 
category

Transitional 
zone

PI-RADS 
1

Any 
PI-RADS

Any 
PI-RADS

PI-RADS 
1

PI-RADS 
2

PI-RADS ≤ 3 Any 
PI-RADS

PI-RADS 
2

PI-RADS 4–5 Any 
PI-RADS

PI-RADS 
3

PI-RADS 
3

PI-RADS ≤ 4 Any 
PI-RADS

PI-RADS 
3

PI-RADS 5 Any 
PI-RADS

PI-RADS 
4

PI-RADS 
4

Any 
PI-RADS

Any 
PI-RADS

PI-RADS 
4

PI-RADS 
5

Any 
PI-RADS

Any 
PI-RADS

PI-RADS 
5

Peripheral 
zone

Any 
PI-RADS

PI-RADS 1 Any 
PI-RADS

PI-RADS 
1

Any 
PI-RADS

PI-RADS 2 Any 
PI-RADS

PI-RADS 
2

Any 
PI-RADS

PI-RADS 3 Negative PI-RADS 
3

Positive PI-RADS 
4

Any 
PI-RADS

PI-RADS 4 Any 
PI-RADS

PI-RADS 
4

Any 
PI-RADS

PI-RADS 5 Any 
PI-RADS

PI-RADS 
5

DCE dynamic contrast-enhanced, DWI diffusion-weighted imaging, 
T2WI T2-weighted images
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4.6  Role of MRI in Active Surveillance

Active Surveillance (AS) is the standard of care for low-risk 
PC and highly selected intermediate-risk patients [48–50]. 
The goal of AS is to avoid overtreatment side effects without 
compromising survival in those patients who progress.

In the last few years, mpMRI is being introduced in sev-
eral AS protocols [51] because it has shown a high negative 
predictive value (NPV) and, thus, a high likelihood of 
excluding significant PC [52]. In addition, Schoots et  al. 
showed that in patients on AS, a negative MRI will have a 
reclassification rate of 17% compared with a positive MRI 
with 39% [53].

One of the major disadvantages of MRI use was the lack 
of a standardized reporting system, making it difficult to 
compare different studies and define disease progression. As 
a result, the European Society of Urogenital Radiology rec-

ommended using the PI-RADS [54] and the Prostate 
Diagnostic Imaging Consensus Meeting panel proposed 
using 5-point Likert scaling [55]. Fortunately, both systems 
have similar inter-reader variability and reproducibility [56, 
57], so most conclusions of previous literature can still be 
applied in the same manner.

Regarding the PI-RADS system, nowadays, the most 
used and well-known grading system, it is known that MRI 
visibility of disease (PI-RADS 4–5) in AS candidates con-
fers a higher probability of adverse pathology at surgery, 
which indicates an association between MRI phenotypes and 
biological features [58]. On the other hand, PI-RADS 3 or 
less indicates relative safety for AS enrollment and 
maintenance.

PI-RADS lesion categories at baseline mpMRI during 
active surveillance enrollment can also be used to predict 
cancer progression, as shown by Wang et al. [59]. Thus, this 
information, along with other clinical data, can assist urolo-
gists in identifying appropriate candidates for active 
surveillance.

Prostate Cancer Radiological Estimation of Change in 
Sequential Evaluation (PRECISE) panel objective was to 
define patients’ conduct and reporting standards on AS hav-
ing serial MRI scans [60]. Radiologists should assess the 
likelihood of actual change over time (i.e., change in size or 
lesion characteristics on one or more sequences) on a 1–5 
scale (Table  6). Figure  4 describes the evolution of a 
PI-RADS 3 lesion during active surveillance.

Patients without radiological progression on MRI 
(PRECISE 1–3) during AS have a very low likelihood of 

Table 6 PRECISE assessment categories

Category
Probability of clinically significant prostate cancer 
(csPC)

PRECISE 
1

Resolution of previous features suspicious on MRI.

PRECISE 
2

Reduction in volume and/or conspicuity of previous 
features suspicious on MRI.

PRECISE 
3

Stable MRI appearance: no new focal/diffuse lesions.

PRECISE 
4

Significant increase in size and/or conspicuity of 
features suspicious for prostate cancer.

PRECISE 
5

Definitive radiologic stage progression.

a b

Fig. 4 Evolution of a prostatic lesion during active surveillance. (a) Left apex, peripheral zone posterolateral (PZpl) lesion. (b) The lesion expe-
rienced a 3 mm growth (5 vs. 8 mm) in 18 months. PRECISE 4
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clinical progression, and many could, potentially, avoid rou-
tine re-biopsy [61].

Against this attractive trend of avoiding routine biopsies, 
Recabal et al. proved that mpMRI alone missed a clinically 
relevant proportion of high-grade tumors with lesions resided 
in areas that were not denoted as regions of interest on 
mpMRI (17, 12, and 10% of patients with mpMRI PI-RADS 
score of 3, 4, and 5, respectively) [62]. Also, recent studies 
suggest that grade progression occurs not infrequently in the 
absence of image progression on MRI [63].

Stavrinides and colleagues published their outcomes on 
MRI-based surveillance for their AS cohort. The treatment 
rate was similar to that reported from standard AS cohorts 
with comparable follow-up [64]. Nevertheless, concern 
remains regarding variability in the performance of MRI and 
MRI-TBx across different practice settings, not allowing to 
adopt this strategy massively yet.

Regarding baseline and serial biopsies for patients on AS, 
MRI also plays a significant role. Recently, it has been 
reported that patients who were on a “Pre-MRI AS Protocol” 
and then, after the introduction of MRI, underwent TBx if 
warranted and were significantly more likely to be re- 
classified and undergo treatment than those who underwent 
systematic prostate biopsy alone [65]. This statement is con-
firmed by Schoots et al. in their systematic review and meta- 
analysis, where they showed that a combined approach of 
MRI-TBx plus systematic biopsy identified an extra 7% of 
men who were upgraded compared to TRUS-guided biopsy 
alone [66].

The ASIST trial objective was to determine if there is a 
difference in AS failure rate among patients undergoing 
MRI before initial confirmatory biopsy compared to those 
who did not [67]. They showed that in patients with Grade 
Group (GG) 1 PC after confirmatory biopsy, after two 
years of follow- up, the ones who had a baseline mpMRI 
before confirmatory biopsy resulted in 50% fewer surveil-
lance failures and less progression to higher-grade cancer. 
This confirms the value of mpMRI during AS, increasing 
the chance of detecting patients that are excellent candi-
dates for AS.

MRI-TBx has not only proved its value with the transrec-
tal (TR) approach. For example, the Johns Hopkins group 
recently published their patients’ data on AS undergoing 
transperineal (TP) biopsy. They showed that patients with 
PI-RADS 3–4 lesions who underwent MRI-TBx TP biopsies 
had a significantly higher upgrade rate to GG 2 PC than those 
who underwent the TR approach [68].

In the last years, AS has gained popularity among treat-
ment options for patients with GG 2 PC. In this setting, MRI 
plays a vital role, as shown by Stonier [69]. In addition, a 
positive mpMRI (visible lesion) was associated with higher 
rates of adverse pathology and upgrading. These reports 
 suggest that mpMRI findings help assess the baseline risk of 

men with GG2 PC and help select patients who may be good 
candidates for AS.

In conclusion, mpMRI is useful for detecting clinically 
significant disease at the initial assessment of men consider-
ing AS and facilitates the risk stratification of AS patients by 
increasing the detection of significant cancer to direct suit-
able men to active treatment. Potentially, it may reduce the 
need for additional biopsies in patients with a negative 
mpMRI.

4.7  Staging Before Local Therapy

MRI can provide details on anatomic staging that help inform 
decision-making, particularly in patients at higher risk for 
locally advanced disease based upon clinical factors.

4.7.1  Tumor Staging
Regarding the T stage, MRI is helpful to discriminate 
between a tumor confined to the gland (≤T2 disease) and one 
that extends beyond the gland (≥T3 disease). In this sense, it 
is necessary to evaluate the extracapsular extension (ECE) 
and seminal vesicles invasion (SVI).

ECE should be suspected when (1) there is asymmetry or 
invasion of the neurovascular bundles; (2) there is bulging of 
the prostate contour; (3) there are irregular or spiculated 
prostate margins; (4) there is an obliteration of the rectopros-
tatic angle; (5) the suspicious lesion has contact with the 
prostate capsule >1 cm (the more extensive contact size, the 
greater possibility of ECE); or when (6) there is a rupture of 
the capsule with evidence of direct tumor extension or inva-
sion of the bladder wall.

The SVI should be suspected when (1) there is focal or 
diffuse signal hypointensity in T2WI and/or abnormal 
enhancement of contrast within and/or along with the SV; (2) 
there is restricted diffusion; (3) there is an obliteration of the 
angle between the base of the prostate and the SV; or when 
(4) direct tumor extension from the base of the prostate is 
seen.

It is also vital to carefully rule out the presence of a tumor 
in the apex of the prostate because its existence can pro-
duce a positive margin (in the case of more conservative sur-
geries) or injure the external sphincter and lead to 
incontinence (in the case of more radical surgeries). In addi-
tion, tumors in this region may also have implications for 
radiation therapy.

T2WI is the most useful sequence on MRI for the purpose 
of T staging. Pooled data from a meta-analysis of 9796 
patients showed a sensitivity and specificity of 0.57 (95%CI: 
0.49–0.64) and 0.91 (95%CI: 0.88–0.93), 0.58 (95%CI: 
0.47–0.68) and 0.96 (95%CI: 0.95–0.97), and 0.61 (95%CI: 
0.54–0.67) and 0.88 (95%CI: 0.85–0.91), for ECE, SVI, and 
overall stage T3 assessment, respectively [70].
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However, prostate MRI cannot detect microscopic 
ECE.  In this regard, MRI sensitivity and specificity for 
detecting the pT3 stage were 40% and 95%, respectively, for 
focal (e.g., microscopic) ECE and 62% and 95% for exten-
sive ECE [71]. Jager et al. reported an ECE detection rate of 
14% vs. 100% for an extension radius of <1 mm vs. > 3 mm, 
respectively [72]. Then, the sensitivity of MRI to detect 
microscopic ECE increases with the radius of an extension 
within peri-prostatic fat. It has been demonstrated that the 
use of high field strength (3T) and functional imaging in 
addition to T2WI improves sensitivity for ECE or SVI detec-
tion [70]. However, the experience of the reader remains of 
utmost importance [73]. Some studies based on cohorts of 
men diagnosed with systematic biopsy have suggested that 
combining MRI findings with clinical and biopsy data could 
improve the prediction of the pathological stage [74]. 
However, the generalizability of these findings in the TBx 
setting is debatable. To improve ECE and SVI prediction, 
risk calculators have been developed based on MRI findings, 
clinical data, and prostate biopsy (systematic and targeted) 
results [75].

Based on the low sensitivity for detecting microscopic 
ECE, the European Association of Urology (EAU) does not 
recommend MRI for local staging in low-risk patients (level 
of evidence (LE): strong), but the examen can be helpful to 
plan treatment [76].

4.7.2  Lymph Nodes Staging
Pelvic LND is indicated when the probability of LN invasion 
is >5%. According to the literature, patients with low-risk, 
intermediate-risk, and high-risk PC have a chance of <5%, 
3–20%, and 15–40%, respectively, of LN invasion [76]. 
LND is the most reliable staging method, but it is an invasive 
procedure with a high frequency of potential complications, 
and positive LN can be located outside the template of the 
performed LND [77].

When the LN is staged, it is recommended to evaluate the 
following nodal groups bilaterally: common femoral, obtura-
tor, external iliac, internal iliac, common iliac, pararectal, 
presacral, and paracaval and para-aortic up to the level of the 
aortic bifurcation [34, 78]. The categorization of the LN 
within the pelvis and retroperitoneum as abnormal on MRI is 
limited to size, morphology, shape, and enhancement pattern 
[78]. Usually, LNs with a short axis >8 mm within the pelvis 
and >10  mm outside the pelvis are considered malignant; 
however, not all LN harboring metastases are enlarged, and 
there are enlarged LN without malignant invasion. Therefore, 
increasing the sensitivity by decreasing these thresholds is 
possible, but the specificity will also decrease, so the ideal 
size threshold remains uncertain [79, 80].

The preferred sequences to assess the diameter and mor-
phology of LN are T1WI and T2WI. DWI may detect metas-

tases in normal-sized nodes, but a negative DW cannot rule 
out the presence of LN metastases [78, 80].

Peabody et  al. recently presented a retrospective study 
with 10,250 patients who underwent radical prostatectomy, 
with 3924 patients (38.3%) undergoing CT and/or mpMRI 
before surgery [81]. In this cohort, mpMRI showed a sensi-
tivity, specificity, negative predictive value, and positive pre-
dictive value of 19.0%, 97.3%, 95.9%, and 26.7%, 
respectively.

Because MRI has low sensitivity for detecting positive 
LN, nomograms combine clinical and biopsy findings to 
identify patients at higher risk of LN invasion, which 
should be considered for LND.  Some examples of the 
nomograms using systematic biopsy findings can be the 
one designed by the Memorial Sloan Kettering Cancer 
Center (MSKCC) [82], by Briganti et  al. [83], or by 
Gandaglia et al. [84]; however, these instruments may not 
be sensitive to patients diagnosed with combined MRI-
MRI-TBx and systematic biopsy.

Recently nomograms incorporating MRI-TBx biopsy 
have been developed [75, 85]. Draulans et al. presented a 
model tested on an external cohort of 187 patients treated 
with radical prostatectomy, and extended LND showed a 
C-index of 0.73 (vs. 0.81 in the development cohort); at 
calibration analysis, the model tended to overpredict the 
actual risk [85]. Gandaglia et al. presented a model vali-
dated in an external multicenter cohort of 487 patients 
with an area under the curve (AUC) of 0.79 (vs. 0.81 in 
the development cohort). According to their results, they 
would have avoided LND in 56% of patients while miss-
ing LN invasion in 34% of patients using a threshold of 
7% [75].

4.7.3  Metastasis Staging
MRI can detect bone, visceral, and nodal metastases. Bone 
metastases appear as hypointense lesions on T1WI replacing 
bone marrow or heterogeneous vs. hyperintense lesions 
(when fast saturation is used) on T2WI.  Generally, bone 
metastases show restricted diffusion and are hyperintense on 
high b-value DWI [86].

DWI whole-body and axial MRI are more sensitive than 
bone scan and targeted conventional radiography in detect-
ing bone metastases in high-risk PC [87, 88]. In addition, 
whole-body MRI is more sensitive and specific than com-
bined bone scan, targeted radiography, and abdominopelvic 
CT [89]. However, the prognosis and ideal management of 
patients labeled as metastatic with this more sensitive exami-
nation are unknown, chiefly if patients with metastases 
detectable only by MRI should be managed with systemic 
therapies as has been done until nowadays or, on the con-
trary, if they should undergo aggressive local therapies tar-
geting metastasis [90].
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4.8  Detection After Local Therapy

PSA persistence (defined as PSA > 0.1 ng/mL at 4–8 weeks 
after treatment) occurs in 5–20% of patients following radi-
cal prostatectomy and evolves to BCR in 74% of cases [91, 
92]. Biochemical recurrence (BCR) occurs in 27–53% of 
patients following local therapy with curative and clinical 
metastasis in 7–8 years and died in 12–13 years [93, 94].

4.8.1  Imaging in Patients with PSA Persistence 
After Radical Prostatectomy

Like CT scan and bone scintigraphy, MRI has a low metasta-
sis detection rate in PSA persistence after radical prostatec-
tomy when PSA < 2 ng/mL. On the contrary, prostate-specific 
membrane antigen (PSMA)-positron emission tomography 
(PET)/CT scan has shown higher sensitivity and specificity 
detecting residual cancer with PSA level > 0.2 ng/mL [76].

4.8.2  Imaging in Patients with PSA-Only 
Recurrence

Assessment of Metastases
The accuracy of whole-body or axial MRI detecting metasta-
ses in patients with BCR after RP or RT is not well known 
[95]. Therefore, the role of MRI in detecting occult bone or 
LN metastases in patients with BCR requires further 
evaluation.

Assessment of Local Recurrence after Radical 
Prostatectomy
The sensitivy of MRI to detect local recurrence in the pros-
tatic fossa directly correlates with the PSA level and its 
diagnostic ability is limited with a PSA level <0.5 ng/mL 
[96, 97]. MRI has been demonstrated to be more sensitive 
than choline-PET/CT detection local recurrences when the 
PSA level is <1  ng/mL [98]. However, whole-body MRI 
had a lower performance than PET in detecting regional 
(16 vs. 9, p = 0.016) and distant (12 vs. 6, p = 0.031) metas-
tases in a retrospective study with a medium level of 1.5 ng/
mL PSA [99].

The sensitivity of anastomotic biopsies is low, especially 
for PSA levels <1 ng/mL [100]. Additionally, the radiation 
dose delivered to the prostate surgical bed tends to be uni-
form since it has not been demonstrated that dose escalation 
improves the outcome. Hence, salvage radiotherapy is usu-
ally based on BCR without local imaging and histological 
proof of local recurrence [76].

Assessment of Local Recurrence After Radiation 
Therapy
Given the morbidity of local salvage options, it is necessary 
to obtain histological proof of the local recurrence before 
treating the patient [100]. Unlike TRUS that is not reliable in 

identifying local recurrence after radiotherapy, MRI has 
shown excellent results and can be used to perform TBx and 
guide local salvage treatment [100–103]. However, it slightly 
underestimates the volume of the local recurrence [104]. 
Choline-PET/CT is an alternative to detect local recurrence 
in this setting [105] but has not been compared to mpMRI 
yet.

In summary, MRI has shown excellent results detecting 
local recurrences and guiding prostate biopsy after radiother-
apy. In this regard, and according to the most recent EAU 
Guidelines for imaging in patients with BCR, MRI should be 
performed only to localize abnormal areas and guide biop-
sies in patients fit for local salvage therapy in the scenario of 
BCR after radiotherapy (LE: weak) [76].

Prostate Magnetic Resonance Imaging for Local 
Recurrence Reporting (PI-RR)
Experts from the European Society of Urologic Imaging, the 
European Society of Urogenital Radiology, and individual 
members of the PI-RADS Steering Committee have recently 
published Guidelines to standardize the way of reporting PC 
recurrence after radiation therapy and radical prostatectomy 
called Prostate Magnetic Resonance Imaging for Local 
Recurrence Reporting (PI-RR) [106].

PI-RR offers a uniformly structured assessment score 
based on five assessment categories that summarize the sus-
picion of local recurrence (Table  7). Thus, PI-RR tries to 
standardize the acquisition, interpretation, and reporting of 
mpMRI for PC recurrence. However, PI-RR is based on 
expert consensus and therefore still requires validation.

4.9  Conclusion

MRI is an invaluable tool in diagnosing, staging, active 
surveillance, treatment planning, and detection of recur-
rence in patients with PC.  Anatomical and functional 
sequences on MRI conformed to the so-called mpMRI, 
constituting a major step forward in increasing this 
exam’s accuracy. However, each sequence included in a 
protocol must be carefully weighed for incremental clini-
cal utility over additional exam time and costs. A meticu-
lous selection of imaging parameters, appropriate 
hardware, and adequate patient preparation can optimize 
image quality.

Table 7 PI-RR assessment categories

Category Probability of recurrence
PI-RR 1 Very low likelihood of recurrence
PI-RR 2 Low likelihood of recurrence
PI-RR 3 Uncertain likelihood of recurrence
PI-RR 4 High likelihood of recurrence
PI-RR 5 Very high likelihood of recurrence
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5  PET Scan in Prostate Cancer

5.1  Introduction

Unlike conventional imaging, such as CT or MRI, which are 
primarily based on the anatomical size, PET scans bank 
upon changes at the molecular level, thus having a distinct 
advantage over conventional imaging.

PET is functional imaging that utilizes positron emitters 
such as 18F, 11C, 68Ga, etc., to “visualize” a molecular process 
relatively specific to either the disease or the organ of inter-
est. This tumor or tissue specificity is achieved by attaching 
these positron emitters to molecules targeting a specific 
molecular process such as the increase in metabolism in the 
majority of the tumor tissues (fluorodeoxyglucose, a glucose 
analog) or the increased utilization of choline (Choline), 
amino-acids (Fluciclovine) by the prostate tissues. In addi-
tion, these positron emitters can also be attached to mole-
cules that target the overexpression of an antigen-specific to 
either the disease or the organ of interest (prostate-specific 
membrane antigen). In the past, the role of PET in the evalu-
ation of PC was limited. However, several new PET tracers 
have emerged in recent years which offer improved diagnos-
tic accuracy and are currently undergoing evaluation to 
establish their role in the standard diagnostic algorithm in 
patients with PC.

5.2  18F-FDG PET/CT

18F-fluorodeoxyglucose (FDG) is the most widely used tracer 
for PET scans. However, its role in the evaluation of PC is 
limited. FDG is a glucose analog accumulated in most 
tumors, demonstrating an increase in the glucose metabolism 
and up-regulation of glucose transporters [107]. However, on 
the other hand, PC is characterized by low glucose metabo-
lism and depends on alternate pathways such as the fatty acid 
pathways or the fructose metabolism for their energy needs 
[108]. The normal prostate gland usually demonstrates 
homogenous low-level uptake of FDG [109].

Occasionally, incidental high prostate uptake of FDG 
may be seen in patients being evaluated for unrelated dis-
eases. The pooled prevalence of incidental high uptake was 
found to be 1.8% in a systematic review, and 17% of such 
incidental high uptakes, which were further evaluated and 
62% of those who underwent biopsy, were found to be 
malignant [110]. Thus, it has been suggested that incidental 
high uptake on FDG PET/CT scans should not be ignored, 
and at least a serum PSA measurement should be considered 
[111, 112].

Considerable overlap exists in the levels of FDG accumu-
lation found in normal prostatic tissues, the benign prostatic 

enlargement, and the malignant diseases, limiting accurate 
differentiation of the benign from malignant diseases [113, 
114]. FDG-PET was found to have low sensitivity and speci-
ficity for the detection of the primary disease.

Minamimoto et  al. evaluated 50 subjects with elevated 
PSA with FDG-PET/CT and found the sensitivity, specific-
ity, and positive predictive value of 51.9%, 75.7%, and 
42.9%, respectively [115]. However, a larger cohort found 
the sensitivity to be still lower at 37% when the FDG-PET/
CT was used as a screening tool [116]. FDG-PET/CT has 
also been evaluated in the initial staging of PC, albeit the 
data is limited. In a cohort of men with high-grade PC, FDG- 
PET/CT detected only 27% of the patients with histologi-
cally proven LN metastasis, and only 6% of the scans showed 
intra-prostate tracer accumulation [117]. However, the intra- 
prostatic FDG uptake showed a positive correlation with the 
Gleason score and the histopathologic T stage, and in addi-
tion, the presence of intra-prostatic FDG uptake correlated 
with poor prognosis [117].

The role of FDG-PET/CT in biochemical recurrence is 
also limited. For example, in a retrospective study of 91 men 
with biochemical recurrence following prostatectomy, the 
overall PET detection rate was only 31%, and the mean PSA 
levels in FDG-PET/CT positive patients were higher than 
those with negative results (9.5 ± 2.2 ng/mL vs. 2.1 ± 3.3 ng/
mL) [118].

Thus, the 18F-FDG-PET/CT has poor sensitivity as the 
primary staging investigation in detecting the primary lesion 
and the LN metastasis and as a restaging investigation while 
evaluating the patients with biochemical relapse, especially 
when the PSA level is low. However, FDG PET/CT may help 
predict the grade and the stage of the disease and the progno-
sis of the patients.

5.3  11C- and 18F-Choline-PET/CT

Choline is an essential cell membrane phospholipid and is 
internalized by choline kinase, an over-expressed enzyme in 
PC [119]. Three tracers are available for clinical use, 
11C-Choline, 18F-Fluoroethylcholine, and 
18F-Fluoromethylcholine. The 18F isotopes have a longer 
half-life, enabling more accessible transport than the 11C iso-
tope, the use of which is limited to centers with an on-site 
cyclotron. On the other hand, the 11C isotope has lower uri-
nary excretion than the 18F isotopes, enabling theoretically 
superior prostate imaging. However, both isotopes have 
demonstrated comparable results [120].

Increased choline uptake within the prostate is observed 
in benign and malignant pathologies, such as benign pros-
tatic hyperplasia, prostatitis, and PC.  Hence, choline-PET 
cannot reliably differentiate benign from malignant diseases 
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and has a limited role in the localization of PC. For example, 
in a prospective evaluation of men who underwent 
11C-choline-PET/CT before radical prostatectomy, the cho-
line uptake pattern correlated to the histological localization 
of PC in only 46% of the lesions [121].

For the initial staging of PC, choline-PET/CT is reported 
to have a higher sensitivity and a similar specificity for the 
detection of nodal disease as compared to conventional 
imaging [122]. A positive nodal involvement on choline- 
PET/CT is of clinical importance, whereas a normal scan 
cannot exclude micro-metastatic disease. The pooled sensi-
tivity and specificity for detecting pelvic nodal disease are 
62% and 92%, respectively [120].

To detect bony metastasis, choline-PET/CT was more 
sensitive and specific than bone scintigraphy and showed 
similar sensitivity and higher specificity than sodium fluo-
ride scan [122, 123]. Furthermore, in a meta-analysis com-
paring choline-PET/CT, bone scintigraphy, MRI, and single 
positron emission computed tomography (SPECT), choline- 
PET/CT was found to be most specific of all the investiga-
tions for detection of bone metastasis, whereas magnetic 
resonance imaging had the highest sensitivity [124].

The pooled detection rates of choline-PET/CT for locat-
ing the site of relapse in patients with biochemical recur-
rence were reported as 62%, with a pooled sensitivity and 
specificity of 89% each [125]. The chances of reporting a 
positive scan rise with the rising PSA values, with a 19% rate 
of a positive scan at PSA level 0.2 to 1.0 ng/mL, 46% at PSA 
level 1 to 3  ng/mL, and 82% at PSA >3  ng/mL [126]. 
Choline-PET/CT is more accurate in detecting lymph nodal 
recurrence but somewhat lacks locating prostatic fossa recur-
rence [127]. Overall, the findings of PET/CT lead to a change 
in the management in 41–48% of the patients [120].

11C-choline- and 18F-choline-PET/CT have good overall 
performance in detecting nodal disease in high-risk patients 
during the initial staging and in patients with biochemical 
recurrence, especially when the PSA level is high. The cur-
rent EAU guidelines recommend choline-PET/CT in patients 
with biochemical recurrence post radical prostatectomy and 
a PSA level > 1 ng/mL [128].

5.4  18F-Fluciclovine PET/CT

Trans-1-amino-318F-fluorocyclobutanecarboxylic acid 
(18F-fluciclovine), a synthetic non-metabolized leucine 
amino-acid analog, exploits the increased demand of amino 
acids in tumor tissues for PC imaging. In contrast to the 18F- 
FDG, which is excreted via the kidneys and the resultant 
bladder activity hinders the prostatic imaging, the limited 
renal excretion and bladder activity of fluciclovine are of 
particular benefit [129].

18F-fluciclovine PET has a limited role in the initial diag-
nosis and staging of PC.  Non-specific uptake related to 
benign prostatic hyperplasia limits its use in  localizing the 
primary tumor. Using histopathology as the reference stan-
dard, a recent systematic review reported high sensitivity and 
a variable specificity ranging from 67%–92.5% and 17%–
96.6%, respectively, for localizing the primary tumor [130]. 
The authors explained the high sensitivity because the evalu-
ated patients were already diagnosed cases of PC and pro-
posed that these results may not reproduce in clinical 
settings.

For the detection of LN metastasis, 18F-fluciclovine 
showed high specificity (84.8%–100%) but low sensitivity 
(0%–57.1%) [130]. The authors believed that a certain 
amount of tumor is required to be detected by 18F-fluciclovine 
PET.  A higher detection rate has been reported for 
LN ≥ 9 mm (83.3%) as compared to those which are ≤3 mm 
(23.7%) [131]. Another meta-analysis, with less stringent 
inclusion criteria, has shown better results, with a sensitivity 
and specificity of 83% and 77%, respectively, for the diagno-
sis of primary carcinoma and 57% and 99% for pre-operative 
LN staging [132].

18F-fluciclovine has also shown reasonable overall detec-
tion rates, ranging from 26–83%, with 78% of the studies 
reporting >50% detection rates in patients with biochemi-
cal recurrence [133]. The pooled sensitivity and specificity 
for the overall detection of recurrence in a relapsed patient 
were 68% and 68%, respectively [132]. In general, the 
detection rates varied with the PSA level, and a detection 
rate of 55–97% was reported for PSA > 2 ng/mL [133]. A 
lesion could be detected in 53% of the patients if the PSA 
was ≤0.5  ng/mL, whereas the detection rate was only 
29–33% if the PSA was ≤0.2  ng/mL.  The findings of 
18F-fluciclovine impacted the patient management in 
59–63% of the patients and impacted the failure-free sur-
vival [133]. Nanni et al. compared 18F-fluciclovine-PET/CT 
with 11C-choline-PET/CT in 89 patients presenting with 
rising PSA levels post radical prostatectomy and reported 
superior overall diagnostic performance with 
18F-fluciclovine-PET/CT.  The overall sensitivity, specific-
ity, and accuracy of fluciclovine-PET/CT were 37%, 67%, 
and 38%, respectively, whereas for choline- PET/CT were 
32%, 40%, and 32%, respectively [134].

The data on 18F-fluciclovine is still emerging, and the 
dosimetry and the imaging protocol are yet to be standard-
ized. Nevertheless, based on the preliminary data, 
18F-fluciclovine appears to be superior to 11C-choline-PET in 
patients with biochemical recurrence and hence has been 
approved by the FDA to detect recurrent PC. Although the 
results are promising, its role in detecting primary tumors 
and pre-operative LN staging remains to be defined. The cur-
rent EAU guidelines recommend 18F-fluciclovine-PET/CT as 
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an alternative to choline-PET/CT in patients with biochemi-
cal recurrence post radical prostatectomy and a PSA level 
>1 ng/mL [128].

5.5  68Gallium Prostate-Specific Membrane 
Antigen PET/CT

Prostate-specific membrane antigen (PSMA) is a 750-amino 
acid transmembrane glycoprotein with a small intra-cellular 
and sizeable extracellular component. It is localized within 
the apical epithelium of the secretory ducts of benign pros-
tatic tissues. PSMA acts as an enzyme and cleaves α-linked 
glutamate from N-acetylaspartyl glutamate and γ-linked glu-
tamates from polyglutamate folates, although the physiolog-
ical significance of this process remains to be defined [135].

PC tissues overexpress PSMA, and instead of being on the 
apical epithelium, PSMA translocates to the luminal surface 
of the ducts [136]. Contrary to the name, PSMA is not spe-
cific to the prostate and can be found within lacrimal and sali-
vary glands, the kidneys, liver, spleen, and the small intestines 
[137]. Other tumors such as thyroid, gastric, breast, renal, and 
colorectal cancers also express PSMA [137]. However, 
PSMA is over-expressed 100–1000 times in PC tissues com-
pared to other tissues and benign prostatic cells [137]. Also, 
on binding to its ligand, PSMA is internalized, resulting in 
enhanced uptake and retention, and both these features result 
in superior imaging characteristics when used for imaging of 
PC [138]. Besides, PSMA expression appears to correlate 
with advanced disease, high Gleason score, high PSA, and 
castrate-resistant disease; this may result in better imaging 
quality in patients with aggressive features [139, 140].

5.6  PSMA Targeting Agents

5.6.1  Introduction
PSMA was initially targeted with anti-PSMA monoclonal 
antibodies, the murine mAb 7E11, which binds to the intra- 
cellular domain of PSMA, and the humanized mAb hJ591, 
which binds to its extracellular domain. 7E11 was radiola-
beled with 111In and was developed as a single positron emis-
sion tomography (ProstaScint™). However, the overall poor 
sensitivity gradually phased it out of clinical use [141]. 7E11 
was also radiolabeled with 90Y with therapeutic potential. 
However, high myelotoxicity ultimately stopped further 
development [142]. The hJ591 was also clinically evaluated 
for imaging as well as for therapy [143, 144].

These antibody-based imaging agents were marred by 
long circulation half-life, low signal-to-noise ratio, and poor 
target tissue uptake. Hence, to overcome imaging shortcom-
ings, small molecule PSMA-peptide inhibitors were devel-

oped, which are the current mainstay of PSMA-based 
imaging and therapeutic modalities. These agents target the 
extracellular domain of PSMA, have higher PSMA affinity, 
and are internalized into endosomal recycling system with a 
rapid blood clearance and low background activity resulting 
in superior imaging characteristics.

The most widely used PSMA-based tracer is 68Ga-PSMA- 
N , N ′ - b i s - ( 2 - h y d r o x y - 5 - ( c a r b o x y e t h y l ) b e n z y l )
ethylenediamine-N,N′-diacetic acid (68Ga-HBED-CC or 
commonly known as 68Ga-PSMA-11). 68Ga-PSMA-11 
belongs to the substance class of peptidomimetic PSMA 
inhibitors, a class of glutamate-urea-based PSMA inhibitors 
and has been in clinical use since 2012 [145]. Another prom-
ising PSMA specific small molecule imaging agent based on 
the Glu-urea-Lys structure, similar to Ga-PSMA-11, is 
2-(3-{1-carboxy-5-((6-(18F)fluoro-pyridine-3-carbonyl)-
amino)-pentyl}-ureido)-pentanedioic acid (18F-DCFPyL).

5.6.2  Physiologic Biodistribution of 68Ga-PSMA
The kidneys excrete unbound 68Ga-PSMA, and this physi-
ologic urinary activity may affect image interpretation and 
cause a “halo” effect, which is relative photopenia in areas 
surrounding the areas of high tracer activity such as kidneys 
and bladder. Because of this halo effect, mild tracer activity 
in areas surrounding the areas with high tracer activity may 
not be detected, leading to false-negative results. By this 
principle, focal physiologic ureteric activity may limit the 
assessment of small pelvic or retroperitoneal LN, and physi-
ologic urinary bladder activity may activity in mask prostate 
bed. However, similar limitations caused by urinary physio-
logic activity are observed with all PET tracers, and 
68Ga-PSMA is no exception.

Physiologic uptake of 68Ga-PSMA may also interfere in 
adequate staging or can be inappropriately reported as meta-
static disease. The physiological uptake of PSMA has been 
demonstrated in lacrimal and salivary glands, the kidneys, 
liver, spleen, and small intestines, resulting in false-positive 
or false-negative results [137].

The physiological uptake of 68Ga-PSMA in the liver may 
obscure liver metastasis, whereas physiologic uptake in the 
celiac ganglia may be misinterpreted as metastatic retroperi-
toneal LN and that in the cervicothoracic ganglia may be 
misinterpreted as bone metastasis [146]. Systemic diseases, 
such as tuberculosis and sarcoidosis, might also mimic vis-
ceral metastasis. Benign bone lesions such as osseous hem-
angioma, fibrous dysplasia, Paget’s disease, and fracture 
may also show PSMA uptake and may be misreported as 
metastasis [147]. Several non-prostatic malignancies may 
demonstrate PSMA uptake, and the most common of them is 
renal cell carcinoma, particularly clear cell histology fol-
lowed by chromophobe cell [147]. Of note, 5% of the PC do 
not demonstrate appreciable PSMA uptake.
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5.6.3  68Ga-PSMA in Localization and Primary 
Staging of Prostate Cancer

Limited data is available concerning the role of 68Ga-PSMA 
in the localization of PC. Therefore, 68Ga-PSMA is seldom 
undertaken and is not recommended for the primary detec-
tion of PC in patients with suspicious clinical or biochemical 
findings. A recent systematic review and meta-analysis eval-
uated the accuracy of 68Ga-PSMA in patients with suspicion 
of PC, using histopathology as the reference standard [148]. 
The authors could identify seven studies with a total of 389 
patients, and the mean PSA level of the study group was 
12.9 ng/mL. They reported a pooled sensitivity, specificity, 
positive likelihood ratio, and negative likelihood ratio of 
0.97, 0.66, 2.86, and 0.05, respectively, and concluded that 
68Ga-PSMA had excellent sensitivity and negative likelihood 
ratio in the initial detection of PC in patients with clinical or 
biochemical suspicion [148].

The potential of 68Ga-PSMA for the local staging of PC 
has been evaluated in biopsy-proven PC patients planned for 
radical prostatectomy. Fendler et  al. evaluated 21 patients 
with biopsy-proven PC who underwent 68Ga-PSMA before 
radical prostatectomy [149]. For the detection of primary 
prostatic cancer, 68Ga-PSMA was found to have a sensitivity, 
specificity, positive predictive value, negative predictive 
value, and accuracy of 67%, 92%, 97%, 42%, and 72%, 
respectively, as compared to the histopathology. PET/CT 
could correctly detect the SVI with an 86% accuracy, and the 
tumor spread through the capsule with a 71% accuracy [149]. 
The intensity of tracer accumulation in primary tumors of 
patients with PC has been shown to correlate with Gleason 
score and PSA levels.

Uprimny et al. evaluated 82 patients and noted a signifi-
cantly lower 68Ga-PSMA uptake in patients with Gleason 
score 7 or less as compared to those with Gleason score > 7 
(median SUV max of 5.9 for Gleason 6, 8.3 for Gleason 7 
(3 + 4), 8.2 for Gleason 7 (4 + 3), and 21.2 for Gleason >7; 
p < 0.001) [150]. Also, the patients with PSA ≥ 10.0 ng/mL 
exhibited significantly higher uptake than those with PSA 
levels <10.0  ng/mL (median SUV max: 17.6 versus 7.7; 
p < 0.001) [150]. 68Ga-PSMA has been shown to correlate 
well with the findings of multiparametric MRI for the pri-
mary localization of PC [151]. Rhee et al. compared multipa-
rametric MRI and 68Ga-PSMA in 50 histologically confirmed 
clinically significant lesions and found the sensitivity, speci-
ficity, positive predictive value, and negative predictive value 
for multiparametric MRI as 44%, 94%, 81%, and 76%, 
respectively, whereas for 68Ga-PSMA were 49%, 95%, 85%, 
and 88%, respectively [152]. The PSMA-PET/CT yielded a 
higher specificity and positive predictive value, but a signifi-
cant proportion of cancers were potentially missed and 
underestimated by both the imaging modalities [152] 
(Fig. 5).

A combination of 68Ga-PSMA-PET and MRI 
(68Ga-PSMA-PET/MRI) has also been evaluated for the 
local staging of PC. PSMA-PET/MRI was able to correctly 
identify cancer in 97.5% of the patients [153]. Furthermore, 
the accuracy for overall T staging was 82.5%, for T2 stage 
was 85%, for T3a stage was 79%, for T3b stage was 94%, 
and for N1 stage was 93%. In addition, PSMA-PET/MRI 
changed the therapeutic strategy in 28.7% of the patients 
with either the onset of systemic therapy/radiotherapy 
(n = 16) or active surveillance (n = 19). Therefore, the authors 
concluded that PSMA-PET/MRI has high accuracy in the 
initial staging of PC and can change the plan in about a third 
of the patients [153].

The possible role of 68Ga-PSMA-PET/CT in detecting 
lymph nodal metastasis during the initial staging is being 
explored. A prospective multicenter study enrolled 103 
patients with newly diagnosed PC with more than 10% 
Memorial Sloan Kettering Cancer Center (MSKCC) risk for 
LN metastasis [154]. Ninety-seven extended LND were per-
formed, and 85 LN metastases in 41 patients (42.3%) were 
found. PET was positive in 17 patients, and per-patient sen-
sitivity, specificity, positive and negative predictive values 
were 41.5%, 90.9%, 77.3%, and 67.6%, respectively. A PET- 
based change in the treatment was observed in 12.6% of the 
patients [154]. Another study retrospectively evaluated 130 
patients with high-risk PC staged with 68Ga-PSMA-PET 
prior to radical prostatectomy and template LND and com-
pared it with morphological imaging [155]. Positive LN at 
surgery was found in 31.5% of the patients. On the template- 
based analysis, the authors reported the sensitivity, specific-

Fig. 5 Staging 68Ga-PSMA PET/CT from a 70-year-old patient dem-
onstrating a large enhancing nodule on the right prostate lobe that 
extends pass the midline with signs of extraprostatic extension. A single 
LN involvement is visible on the right external iliac vessels
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ity, and accuracy of 68Ga-PSMA-PET as 68.3%, 99.1%, and 
95.2%, and those of morphological imaging as 27.3%, 
97.1%, and 87.6%, respectively. On patient-based analysis, 
the sensitivity, specificity, and accuracy of 68Ga-PSMA-PET 
were 65.9%, 98.9%, and 88.5%, and those of morphological 
imaging were 43.9%, 85.4%, and 72.3%, respectively [155]. 
A recent systematic review, comprising 13 articles and 1597 
patients, compared the diagnostic efficiency of 68Ga-PSMA- 
PET and MRI for staging the LN metastases in patients with 
PC [156]. 68Ga-PSMA was found to have a higher sensitivity 
and a comparable specificity for staging pre-operative LN 
metastases in intermediate- and high-risk PC.  The pooled 
sensitivity and specificity of 68Ga-PSMA-PET were 0.65 and 
0.94, respectively, while the corresponding values of MRI 
were 0.41 and 0.92. Moreover, the area under the symmetric 
receiver-operating characteristic was higher for 68Ga-PSMA 
than MRI, indicating a more effective imaging modality in 
predicting LN metastasis before radical surgery [156].

The efficacy of 68Ga-PSMA-PET/CT has been evaluated 
to detect bone metastasis as part of initial staging. A recent 
retrospective review evaluated 1253 men with PC with 
68Ga-PSMA-PET/CT with the primary aim to determine the 
risk of metastasis [157]. The median PSA level was 6.5 ng/
mL, and 49.7% had high-risk disease. Metastatic disease was 
identified in 12.1% of men, including 8.2% with a PSA level 
of <10 ng/mL and 43% with a PSA level of >20 ng/mL. LN 
metastases were suspected in 107 men, with 47.7% outside 
the boundaries of an extended pelvic LND. Skeletal metasta-
ses were identified in 4.7%. The chances of detecting metas-
tasis were higher in men with high-risk diseases than those 
with intermediate-risk PC (19.9% vs. 5.2%) [157].

A prospective randomized multicenter study evaluated men 
with high-risk PC with either conventional imaging (CT and 
bone scan) or 68Ga-PSMA-PET/CT with the primary outcome 
focused on the accuracy of first-line imaging for the identifica-
tion of pelvic LN or distant metastases, using a predefined ref-
erence standard consisting of histopathology, imaging, and 
biochemistry at 6-month follow-up [158]. PSMA-PET/CT 
had a 27% greater accuracy than conventional imaging (92% 
vs. 65%; p < 0·0001). Also, the sensitivity (85% vs. 38%) and 
specificity (98% vs. 91%) of PSMA-PET/CT were higher than 
conventional imaging. Subgroup analysis revealed that 
PSMA-PET/CT was superior to conventional imaging for the 
detection of pelvic LN metastasis and distant metastasis. 
Furthermore, 68Ga-PSMA- PET/CT prompted management 
change more frequently than conventional imaging (28% vs. 
15%) and had fewer equivocal findings (23% vs. 7%). Another 
prospective multicenter study evaluated 108 patients with an 
intermediate- and high-risk disease with 68Ga-PSMA-PET/CT 
as part of initial staging [159].

The findings of Ga-PSMA lead to a change in manage-
ment in 21% of the patients. Compared to conventional 
imaging, additional LN and bone/visceral metastasis were 

found on 25% and 6% of the patients, respectively [159]. 
Thus, 68Ga-PSMA-PET/CT detects additional lesions over 
conventional imaging. However, the prognosis and the ideal 
management of patients diagnosed as metastatic by 
68Ga-PSMA-PET/CT are unknown [160]. It is currently 
unclear whether the patients with metastases, detectable only 
with PET/CT, should be managed using systemic therapies 
or whether they should be subjected to aggressive local and 
metastases-directed therapies [160]. In the absence of pro-
spective studies demonstrating survival benefit, caution must 
be used when making therapeutic decisions based on 
68Ga-PSMA-PET/CT [161].

5.6.4  68Ga-PSMA in the Restaging of Prostate 
Cancer

Restaging men with biochemical recurrence after radical 
treatment is one of the most common clinical indications of 
68Ga-PSMA-PET/CT. A single-arm protective study evalu-
ated 635 men with biochemically recurrent PC, either after 
radical surgery or radiotherapy, who underwent 68Ga-PSMA- 
PET/CT [162]. 68Ga-PSMA PET localized recurrent PC in 
75% of the patients and the detection rates significantly 
increased with increase in PSA levels: 38% for <0.5 ng/mL, 
57% for 0.5 to <1.0 ng/mL, 84% for 1.0 to <2.0 ng/mL, 86% 
for 2.0 to <5.0 ng/mL, and 97% for ≥5.0 ng/mL. On a per- 
patient basis, the positive predictive value of 68Ga-PSMA- 
PET/CT was 84% by histopathologic validation and 92% by 
the composite reference standard. Two meta-analyses have 
reported the overall detection rate of 68Ga-PSMA-PET/CT at 
74–76% in patients with biochemical relapse and that the 
pooled estimated rate of positive scans correlates with the 
PSA levels [163, 164]. 68Ga-PSMA-PET/CT scan also helps 
identify the affected LN regions before salvage LND in 
patients with biochemical recurrence [165]. Thirty patients 
suspected of exclusively nodal PC relapse after primary ther-
apy underwent a template pelvic or retroperitoneal salvage 
LND after 68Ga-PSMA-PET/CT. The sensitivity, specificity, 
positive predictive value, negative predictive value, and 
68Ga-PSMA-PET/CT accuracy were 93.2%, 100%, 100%, 
88.9%, and 95.6%, respectively. The necessary short diame-
ter of tumor deposits in LN metastasis required to reach a 
detection rate of 50% and 90% was estimated to be ≥2.3 mm 
and ≥4.5 mm, respectively (Fig. 6).

The findings of 68Ga-PSMA-PET/CT have been shown to 
impact treatment planning in patients with biochemical 
recurrence. Two hundred seventy patients with biochemical 
recurrence post radical prostatectomy and PSA < 1 ng/mL 
underwent 68Ga-PSMA-PET/CT before radiotherapy as per 
consensus clinical target volumes (CTVs) based on the 
Radiation Therapy Oncology Group (RTOG) guidelines 
[166]. The mean PSA level was 0.48 ng/mL, and 49% of the 
patients had a positive 68Ga-PSMA-PET/CT result. However, 
19% of the patients had at least one PSMA-positive lesion 
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Fig. 6 68Ga-PSMA PET/CT from a 65-year-old patient who underwent 
RALP with extended LN dissection 24  months earlier. His PSA has 
risen to 2.4 ng/ml. PET CT demonstrates saddle uptake of radio-marker 

on para aortic lymph nodes. Also, some uptake is observed on residual 
left internal iliac LNs

not covered by the consensus CTVs. In addition, 12% had 
extra-pelvic PSMA-positive lesions, and 7% had PSMA- 
positive lesions within the pelvis but not covered by the con-
sensus CTVs. Another study reported a change in the TNM 
stage in 50.7% of the patients and a change in radiotherapeu-
tic management in 56.3% of the patients with 68Ga-PSMA- 
PET/CT compared to the conventional imaging in patients 
with PSA persistence or PSA recurrence post definitive ther-
apy [167]. A meta-analysis that included 15 studies with 
1163 patients reported that 68Ga-PSMA-PET/CT findings 
result in management change in 54% of the patients [168]. In 
patients with biochemical relapse, 68Ga-PSMA-PET/CT 
results lead to an increase in the patients being treated with 
curative intent such as radiotherapy, surgery, focal therapy, 
or multimodal therapy and a decrease in systemic treatment 
or no treatment.

5.6.5  68Ga-PSMA PET/CT Versus Conventional 
Imaging

Multiple studies have compared 68Ga-PSMA-PET/CT with 
multiparametric MRI to evaluate men with PC, usually as the 
initial staging modalities. However, with mixed results, few 
studies have compared both the imaging modalities for 
detecting extracapsular extension, SVI, and bladder neck 
invasion. For example, Celen et al. found that multiparamet-
ric MRI had better accuracy than 68Ga-PSMA-PET/CT for 
detecting extracapsular extension and SVI, whereas both 
were similar for the detection of bladder neck invasion [169], 
whereas Muehlematter et al. reported similar detection rates 
for both the imaging modalities for detecting extracapsular 
extension and SVI [170].

A recent systematic review compared 68Ga-PSMA-PET/
CT and MRI and reported that 68Ga-PSMA-PET/CT had a 
higher sensitivity and a comparable specificity for staging 
pre-operative LN metastases in patients with intermediate- 
and high-risk PC [156] (Fig. 7).

Few studies have compared available imaging for evalua-
tion of bone metastasis—68Ga-PSMA-PET/CT, bone scan 
(99mTc-labeled diphosphonate), 18F-sodium fluoride PET 
scan, and MRI.  However, a meta-analysis reported that 
68Ga-PSMA-PET/CT had the highest per-patient sensitivity 
and specificity in detecting bone metastases with PC ( [171]). 
The per-patient pooled sensitivities of 68Ga-PSMA-PET/
CT, NaF-PET/CT, MRI, and bone scan were 0.97, 0.96, 0.91, 
and 0.86, respectively, and the pooled specificities were 1.00, 
0.97, 0.96, and 0.95, respectively.

5.6.6  68Ga-PSMA PET/CT Versus Other PET/CT
68Ga-PSMA-PET/CT and choline-PET/CT are used to detect 
LN metastasis and distant metastasis in patients with pri-
mary and recurrent PC. Although 68Ga-PSMA-PET/CT was 
found to have higher detection of both LN metastasis and 
bone metastasis, both imaging modalities tend to miss lesions 
and complement each other [172]. A meta-analysis did not 
find a significant difference between 68Ga-PSMA-PET/CT 
and 18F-choline-PET/CT for staging and restaging perfor-
mance in patients with PC [173]. The patient-based overall 
pooled sensitivity, specificity, positive likelihood ratio, nega-
tive likelihood ratio, diagnostic odds ratio, and area under the 
summary receiver-operating characteristic curve of 
68Ga-PSMA-PET/CT for staging in PC (13 studies) were 
0.92, 0.94, 7.91, 0.14, 79.04, and 0.96, respectively, whereas 

Current Imaging Modalities to Assess Prostate Cancer



136

Fig. 7 Staging mp prostate MRI (left) from a 64-year-old patient showing no signs of pelvic LN involvement, whereas 68Ga-PSMA PET/CT 
(right) from the same patient demonstrates a positive LN on the right external iliac vessels

those of F-choline-PET/CT (16 studies) were 0.93, 0.83, 
4.98, 0.10, 68.27, and 0.95, respectively.

Head-to-head comparison studies between 68Ga-PSMA- 
PET/CT and 18F-fluciclovine-PET/CT are limited but have 
reported slightly inferior results for 18F-fluciclovine-PET/CT 
for the detection of pelvic nodal disease, extra-pelvic nodal 
disease, and bone metastasis [174]. The key advantage of 
18F-fluciclovine is its capacity to detect localized foyers in 
close anatomical relation to the urinary bladder, an area 
where the physiological accumulation of 68Ga-PSMA-PET/
CT hinders the detection [175].

68Ga-PSMA PET/CT is the current imaging modality of 
choice in patients with biochemical recurrence post  definitive 
therapy. The current EAU guidelines recommend 
68Ga-PSMA-PET/CT in patients with biochemical recur-
rence post radical prostatectomy and a PSA level >0.2 ng/
mL [128]. Its role in the primary staging of PC patients is 
under evaluation. Available data has found 68Ga-PSMA- 
PET/CT to be superior to conventional imaging in detecting 
LN metastasis and distant metastasis in intermediate- and 
high-risk patients. In addition, 68Ga-PSMA-PET/CT findings 
have been shown to affect management decisions. However, 
in the absence of prospective studies demonstrating survival 
benefits, caution must be exercised while making manage-
ment decisions.

5.7  18F-DCFPyL PET/CT

2-(3-{1-carboxy-5-((6-(18F)fluoro-pyridine-3-carbonyl)-
amino)-pentyl}-ureido)-pentanedioic acid (18F-DCFPyL) is 
a PSMA specific small molecule imaging agent based on 

Glu-urea-Lys structure, similar to 68Ga-PSMA-11. Introduced 
in 2015, 18F-DCFPyL is a second-generation fluorinated 
PSMA-targeted PET radiotracer and is gradually becoming a 
front-runner candidate for PSMA PET imaging. 18F labeled 
small molecules offer a few advantages over those labeled 
with 68Ga. More favorable dosimetry allows for higher 
injected radiotracer doses, and lower-energy emitted posi-
trons lead to higher spatial resolution and reduced blurring 
effects producing superior quality images [176]. Also, the 
longer half-life (109 min vs. 68 min) allows 18F radiotracers 
to be produced in cyclotrons in large, centralized batches and 
then transported to remote locations compared to 68Ga 
radiotracers that require an on-site generator. These distinct 
advantages make 18F-DCFPyL a better PSMA-targeted PET 
radiotracer than 68Ga-PSMA-11, at least in theory.

18F-DCFPyL PET/CT has been evaluated in various clini-
cal scenarios related to PC, and the results have been promis-
ing. In patients with intermediate- and high-risk PC, the 
addition of 18F-DCFPyL PET/CT to the current recom-
mended conventional imaging leads to an upstaging to meta-
static disease in 23% of the patients, and 50% of those who 
were thought to be metastatic were downstaged to non- 
metastatic disease [177]. Incorporating 18F-DCFPyL PET/
CT into the initial conventional imaging workup for PC leads 
to a change in the pre-specified treatment recommendations 
in 39% of the patients. In patients with biochemical recur-
rence, 18F-DCFPyL PET/CT showed a 77.8% overall detec-
tion rate, with the PSA stratified detection rates of 47.6%, 
50%, 88.9%, and 94% for PSA levels of >0.2 to <0.5, 0.5 to 
<1.0, 1 to <2.0, and ≥2.0 ng/mL, respectively [178]. A meta- 
analysis reported a pooled detection rate for 18F-DCFPyL 
PET/CT as 92%, the detection rate for PSA ≥0.5 ng/mL was 
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89% whereas that for PSA <0.5  ng/mL was 49% [179]. 
Dietlein et  al. compared 18F-DCFPyL PET/CT with 
Ga-PSMA PET/CT in 14 patients with biochemical relapse 
[180]. All suspicious lesions identified by Ga-PSMA PET/
CT were also detected with 18F-DCFPyL PET/CT. In three 
patients, additional lesions were observed using 18F-DCFPyL 
PET/CT.

18F-DCFPyL PET/CT is a fluorinated PSMA-targeted 
radiotracer and should have all the essential qualities of 
PSMA-based imaging with additional benefits of 18F radio-
tracer such as longer half-life and superior image quality. It 
has shown promising results in evaluating men with PC in 
primary as well as recurrent settings. Based on the promising 
reports, FDA recently approved 18F-DCFPyL PET/CT for 
use in PC. Ongoing evaluation and research will further help 
in establishing its role in the diagnostic armamentarium for 
PC.
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Pelvic Anatomy and Its Relationship 
to Radical Prostatectomy Urinary 
Continence Outcomes

Robert P. Myers, Walter Artibani, Markus Graefen, 
Arnauld Villers, and Jochen Walz

The surgical anatomy of the prostate and adjacent tissues 
involved in radical prostatectomy is complex. Precise knowl-
edge of all relevant anatomic structures facilitates surgical orien-
tation and dissection during radical prostatectomy and ideally 
translates into both superior rates of cancer control and improved 
functional outcomes postoperatively. [1]

Loss of urinary control post-radical prostatectomy is dev-
astating. No health-related quality of life (HRQOL) func-
tional outcome is more life-troubling. Patients make lifestyle 
changes proportional to level of incontinence [2]. Erectile 
function is key for some and an added benefit, but of less 
importance than not being wet [3]. Regret at having chosen 
radical prostatectomy as a treatment alternative has been 
shown to be significant by EPIC-low urinary domain score 
[4]. In 17 studies comprising those with urinary incontinence 
at 1 year. after robot-assisted radical prostatectomy (RARP), 
only 84% were pad-free in those studies for which pad-free 
was the measure of full urinary control, and 91% when con-
tinence was measured by either no pads or a security pad [5]. 
HRQOL is significantly greater for no pad requirement vs. 1 
pad (p < 0.0001) [5]. This data behooves rendering urinary 
control as soon as possible after surgery. Speeding the pro-
cess is aided by intraoperative techniques to ensure the 
desired outcome; that is making no mistakes.

Membranous Urethra Membranous urethra as a term has 
been common parlance for the urethral segment in the male 

from apex of prostate to superior surface of the corpus spon-
giosum. In fresh gross cadaveric dissection, the membranous 
urethra appears laterally as an endopelvic fascia-enshrouded 
segment emanating from the apex of the prostate and headed 
distally between lateral leaves of the levator ani constituting 
the pelvic diaphragm (Fig. 1). The fascial covering is a distal 
continuation of endopelvic fascia that also covers not only 
urethra but also the neurovascular bundles containing the 
cavernous nerves. Thinking of the membranous urethra as 
the sphincteric urethra provides much-needed ancillary func-
tional connotation [6]. The Terminologia Anatomica lists 
“Intermediate part of urethra” as preferred terminology and 
“Membranous urethra” as secondary [7]. However, in light 
of radical prostatectomy in this day and age, “membranous 
urethra” has lost practical utility in favor of “urethral sphinc-
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Fig. 1 Lateral view of 1—Prostate, 2—Endopelvic fascia obscures 
underlying striated urethral sphincter and membranous urethra, 3—
Levator ani, bare of fascia, 4—Rectum (From Myers RP. Radical pros-
tatectomy: pertinent surgical anatomy. Atlas of Urol. Clin North Am 
1994; 22: 1–18)
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ter” for the urethral stump to which vesico-urethral anasto-
mosis will be performed.

From the standpoint of its smooth muscle and elastic tis-
sue thereby creating a lissosphincter, the sphincteric or 
membranous urethra extends from seminal colliculus or 
verumontanum (veru) in the prostatic urethra to the superior 
surface of the bulb of the penis, not just from apex of the 

prostate to the bulb. Components consist of external striated 
urethral sphincter, lissosphincter, urethral mucosal coapta-
tions from multiple invaginations in the resting state, pubo-
perineal levator ani subdivision, officially termed the 
puboperineales, and intact vascularity and nerve supply, all 
of which needs to be protected (Figs.  2 and 3 right). The 
puboperineales (TA) represent the most anteromedial por-

PV/PPL

PB

LAF

VEF DVC

C SMS

SS

L SMS

MDR
NVB

R

PR

RU

pp

Fig. 2 Axial section of 
sphincteric or membranous 
urethra: DVC dorsal vascular 
complex, LAF levator ani 
fascia, MDR median dorsal 
raphe, NVB neurovascular 
bundle, PB pubic bone, PV/
PPL pubovesical/
puboprostatic ligament, pp 
puboperinealis muscle, PR 
puborectalis muscle, R 
rectum, RU rectourethralis 
muscle, SS striated sphincter 
(rhabdosphincter), C SMS 
circular smooth muscle 
sphincter (lissosphincter), L 
SMS longitudinal smooth 
muscle sphincter 
(lissosphincter), U urethra, 
VEF visceral endopelvic 
fascia (From Walz J et al. Eur 
Urol 2010; 57: 179–92)

Fig. 3 Left—Coronal MRI-Striated sphincter in urogenital hiatus 
between levator ani. Middle-Sagittal MRI for MUL. Right—Parasagittal 
MRI-Puboperinealis (Left—From Myers, R.P.: Anatomy and physiol-
ogy of the external urethral sphincter: implications for preservation of 
continence after radical prostatectomy. In: Schröder, F.H. (ed): Recent 

advances in prostate cancer and BPH.  New  York: Parthenon, 1997, 
pp.  81–86. Right—from Myers RP, Cahill D, Devine RM, King 
BF.  Anatomy of radical prostatectomy as defined by magnetic reso-
nance imaging. J Urol 1998; 159: 2148–58)
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Fig. 4 Coronal Masson trichrome (MT)-Striated sphincter (black 
arrows) in urogenital hiatus with flanking levator ani as pelvic dia-
phragm (PD) (From Myers RP, Goellner JR, Cahill DR. Prostate shape, 
external striated urethral sphincter and radical prostatectomy: the apical 
dissection. J Urol 1987; 138: 543–50)

tions of the levator ani flanking the membranous urethra. 
This portion of the levator ani extends from pubis to the 
perineal body anterior to the rectum and anal canal. They 
function precisely for quick stop of urination and Kegel 
exercise [8].

Importantly, distal to the prostate apex, the sphincteric 
or membranous urethra lies in a urogenital hiatus [9] 
flanked by pelvic diaphragm (Figs. 3 left and 4). Notably, 
the membranous urethra is not situated in a urogenital dia-
phragm as illustrated by a muscle sandwich spanning the 
pubic rami with superior and inferior fascia enclosing bul-
bourethral (Cowper’s) glands, a configuration that for 
years has been depicted erroneously in atlases of anatomy, 
urology textbooks, commercial advertising at urology 
meetings, and urology news bulletins. Urogenital dia-
phragm as a term should be confined to the perineal mem-
brane and not infer membranous urethra or a muscle 
sandwich.

Bladder Neck Urinary control in the male is both proximal 
in a pre-prostatic sphincter at the bladder neck and distal in 
what Turner Warwick labeled the “distal continence mecha-
nism,” which he described extending from veru to bulb [10]. 
With bladder neck resected as opposed to preservation, as 
part of prostate removal, bladder neck function as a conti-
nence contributor is lost. No amount of intraoperative dis-
section, tubularization, or mucosal eversion ever makes it 
function again as a sphincter. The bladder neck post-surgery 
is endoscopically observable as a fixed open entity of vari-
able caliber. However, plicating the new bladder opening to 
the right caliber to meet the urethral stump at the time of 

anastomosis prevents splaying of the stump lumen distally 
and may aid in earlier continence recovery. Bladder neck 
preservation has proved to hasten urinary control at 4 
months but not at 1 and 2 years [11]. Importantly, bladder 
neck size was not associated with EPIC incontinence scores 
at 6 and 12 weeks [12]. Bladder neck preservation poses the 
risk of a positive surgical margin demonstrated to be a sig-
nificantly poor prognostic factor in terms of PSA and clini-
cal failure [13].

Furthermore, preservation of the bladder neck to the 
greatest possible extent seems to have a positive effect on 
postoperative orgasm-associated incontinence (climacturia). 
This side effect has been reported to occur in between 20% 
and 93% of patients after radical prostatectomy; yet, it is 
under-reported or non-reported in the vast majority of surgi-
cal series [14].

Preservation of Sphincteric or Membranous Urethra The 
surgical goal is to remove the prostate leaving membranous 
urethra as a functioning sphincteric urethral stump, protrud-
ing proximally to variable degrees from the urogenital hiatus 
and awaiting vesico-urethral anastomosis. Variable degree 
means variation in membranous urethral length (MUL). 
Short vs. long, MUL can be ascertained by preoperative ret-
rograde urethrography (Fig. 5), MRI in midline sagittal or 
coronal images (Figs. 3 middle and 6) when possible, trans-
perineal ultrasound [15], and endoscopy to observe relation-
ship of veru to sphincter [16] (Fig. 7). In cadaveric study of 
33 specimens, MUL was 1.3–2.8  cm (mean 1.72  cm) and 
mode 1.5  cm in 10 cases [17]. Multiple studies confirm a 
critical MUL necessary for the patient to be dry [18–21]. 
Pre-and post-op endorectal coil MUL by MRI were both 
associated with superior time to post-op urinary continence, 
the postop measurement ≥13 mm vs <13 mm (p <  .0005) 
[19]. A careful review of multiple studies measuring MUL 
by MRI revealed a mean range of 1.04–1.45 cm and an indi-
vidual range 0.5–3.43 cm with the conclusion “Every extra 
millimeter of MUL increased the odds of pad-free conti-
nence by 9%” [21].

In a huge meta-analysis study, MUL as a variable was 
identified together with age, and Charlson Comorbidity 
Index (≤3 months) as main patient-related factors influenc-
ing postprostatectomy urinary incontinence [22]. Clearly, a 
full-length preservation of the urethral sphincter up to the 
veru preserves a longer urethral sphincter and may therefore 
result in better continence.

Useful for preoperative staging, standard multiparametric 
MRI prostate imaging also includes the routine capturing of 
T2-weighted coronal and sagittal images allowing the added 
knowledge of preoperative MUL with ramifications in pre-
operative patient counseling.

Pelvic Anatomy and Its Relationship to Radical Prostatectomy Urinary Continence Outcomes
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Fig. 5 Retrograde urethrograms. Left—short membranous urethra. Right—long membranous urethra

Fig. 6 T2-weighted coronal MRI- MUL 11 mm left, 28 mm right (Courtesy of T. E. Ahlering)

External Striated Urethral Sphincter or 
Rhabdosphincter Associated with maintaining MUL is 
preserving external striated sphincter integrity. The striated 
sphincter inserts on the apex and the anterior surface of the 
prostate. Histologically, the striated sphincter on axial sec-
tion is dominant in thickness anterolaterally with tapering 
toward the midline posteriorly where a fine raphe exists in 
contact with the posterior termination of Denonvilliers’ fas-

cia as it approaches the perineal body. Mirrored in the ure-
thral pressure profile, the cross-sectional diameter of the 
striated sphincter increases from prostate apex to penile bulb 
which makes closure capability strongest distally [17].

The external striated urethral sphincter with a demonstra-
ble midline posterior raphe invests the urethra in a near- 
circular collar of variable cross-sectional dimension from 
prostate apex to bulb, and in one study was found to have 
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Fig. 7 Endoscopic views—Bulbous urethra to veru. Left—sphincter presumed short. Right—sphincter presumed long

fibers 1/3 the diameter of adjacent levator ani fibers, contains 
no muscle spindles, by electron micrography and histochem-
ically in cryostat-preserved sections of fresh muscle in 9 sub-
jects composed exclusively of type 1 “slow twitch” fibers 
designed to maintain tone over long periods without fatigue 
and no type 2 “fast twitch” fibers, functionally suggesting 
striated sphincter assistance in post-void urethral closure but 
not the ability to participate in quick stop like that provided 
on demand by the puboperineales with their type 2 fibers 
[23]. At odds is a second study, whereby a disparate subse-
quent histochemical study showed both type 1 and type 2 
fibers, nearly 50–50 by volume, thereby suggesting dual 
sphincter function. The study was conducted with cadaveric 
(16–72 h) tissues applying histochemistry without corrobo-
ratory electron microscopy, and rendering a challenging 
result [24]. The only agreement was the finding of no muscle 
spindles. A third study followed using fresh frozen tissue in 
2 subjects with the finding of 100% slow twitch in one sub-
ject, and mixed slow twitch/fast twitch in a second subject 
[25]. These studies suggest a possible dual role in some sub-
jects. Urinary continence has been well demonstrated by 
pudendal blockade in post-prostatectomy patients thereby 
making intact smooth muscle and elastic tissue of the mem-
branous urethra the predominant primary continence compo-
nent at rest with the lissosphincter making the striated 
sphincter of ancillary support [26].

The adjacent pelvic diaphragm levator ani (the puboperi-
neales) was found to contain both types 1 & 2 fibers, infer-
ring a role of the levator ani in sustaining pelvic support [23]. 
Mirrored in the urethral pressure profile, the cross-sectional 

diameter of the striated sphincter increases from prostate 
apex to bulb showing less continence function from the stri-
ated sphincter proximally than distally [17] (Fig. 8). Relevant 
to proper patient counseling and selection, with advanced 
age comes atrophy, meaning decreased thickness and vol-
ume of the sphincter to some degree, making age an indepen-
dent predictor of postoperative urinary continence in 
multivariate analysis [27].

Prostate Apical Shape The membranous urethra as sphinc-
teric urethra meets the apex of the prostate in different ways 
making optimal urethral transection tricky in light of vari-
ably shaped or configured prostate apices. Shape variations 
include anterior notch, anterior, posterior, unilateral and 
bilateral projections, and irregular nodular BPH surrounding 
or extending distally beside the sphincter, and circumferen-
tial extension around the sphincter [6] (Fig.  9). Failure to 
recognize these shapes intraoperatively with corresponding 
accurate apical dissection risks potentially deleterious MUL 
shortening in light of imprecise urethral transection. For best 
results, surgery should be directed to full functional sphinc-
teric urethral length preservation in concert with a particular 
prostate apical shape [28]. In multivariate analysis, overlap 
anteriorly or posteriorly of the membranous urethra by the 
prostate apex as demonstrated on preoperative MRI was the 
only variable significantly associated with an early return of 
continence. Circumferential overlap was observed in 38% of 
all cases, anterior overlap in 25%, posterior overlap in 22% 
and no overlap in 15% [29]. Significant overlap makes the 
preservation of both long and short urethral sphincters 
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Fig. 8 Axial MT from 3 subjects: Left—high sphincteric urethra with 
DVC, striated sphincter, lissosphincter, puboperineal levator ani. 
Middle—Mid-sphincteric urethra with DVC, striated sphincter, lisso-
sphincter, mucosal invaginations. Right—Distal sphincteric urethra 
with DVC, striated sphincter with bulbourethral glands, lissosphincter, 

mucosal “seal” (Middle—from Myers RP.  Anatomy: Anatomic 
Considerations for Efficiency and Precision in Robotic-Assisted 
Radical Prostatectomy. Chap. 1 In: John H, Wiklund P, Witt JH (eds) 
Atlas of Robotic Prostatectomy, Springer-Verlag Berlin Heidelberg 
2013)

 difficult and should be considered during dissection and 
appropriate transection of the urethra at the apex.

Ischioprostatic Ligaments Supporting and flanking the 
sphincter are two bands of fibrous tissue, the ischioprostatic 
ligaments [30], in the past dubbed “pillars,” [31] at the 10 
and 2 o’clock positions, that anchor and provide a measure 
of rigidity to the sphincter and membranous urethra. 
Specifically, they potentially factor into countering membra-
nous urethral hypermobility during postoperative healing. 
The anterior layer of the sphincter’s striated muscle inserts 
into the fibrous bands that constitute the pillars (Fig. 10). The 
pillar insertion of sphincter should prevent it from posterior 
displacement on sphincter contraction, an anatomic observa-
tion in conflict with transurethral sonomorphologic evalua-
tion [32] and transperineal ultrasound study, both revealing 
posterior displacement of sphincter toward the perineal body 
on contraction [33]. These bands have to be transected close 
to the apex to free the urethral stump. They represent a path 
for direct extension of prostate cancer from the apical pros-
tate into pillar and striated sphincter (Fig. 11).

Neural Control Nerve supply to the urethral sphincter is 
complex including somatic innervation from the distal 
pudendal nerve, intrapelvic from the proximal pudendal 
nerve, recurrent from the dorsal nerve of the penis, extra- 
pudendal somatic fibers among autonomic fibers that enter 
the sphincter complex from the inferior hypogastric plexus 
and neurovascular bundle [34]. Both striated sphincter and 
lissosphincter innervations have to be supplied in coordi-

nated function with respect to micturition. Significant auto-
nomic afferent denervation of the membranous urethral 
mucosa was studied and found to be significant in patients 
postoperatively with impaired membranous urethral sensi-
tivity seemingly associated with urinary incontinence. The 
conclusion was that afferent autonomic nerve interruption 
“may have a role in the continence mechanism after nerve- 
sparing radical retropubic prostatectomy” [35]. Autonomic 
innervation of the male pelvic floor smooth muscle was 
found to be notably “dense” posterior to the urethral sphinc-
ter [36]. The conclusion from multiple studies is that, when 
feasible, as much nerve tissue as possible should be saved 
with respect to achieving urinary continence.

Urinary Continence Preservation Many technical modifi-
cations have been proposed and used to preserve sphincteric 
urethral function with patients able to live without loss of 
urinary control. These techniques include a urethral suspen-
sion stitch [37], preservation of bladder neck [11, 38], and 
the pubovesical complex including pubovesical/pubprostatic 
ligaments with detrusor apron [39] left in situ as a reverse 
perineal prostatectomy [38, 40, 41], nerve-sparing [27, 42–
45], MUL optimized, anterior and posterior reconstruction 
[46, 47], and puboprostatic collar with puboperineoplasty 
[48, 49].

Although robotic-assisted radical prostatectomy (RARP) 
was introduced and popularized as a retropubic anterior 
approach to the prostate to be removed and the urethra to be 
preserved, the anterior approach now competes with a poste-
rior Retzius-space preserving dissection. Reports employing 
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a b

c d

e f

Fig. 9 Radical prostatectomy specimens with difficult dissection api-
ces: (a) anterior apical notch with posterior lip. (b) “Donut” or circum-
ferential apex. (c) Bilateral apical protrusion (top view). (d) Same 
prostate as (c). Frontal view. (e) Irregular BPH distorts apex. (f) 

Unilateral apical protrusion (From Myers RP. Gross and applied anat-
omy of the prostate. In: Kantoff PW, Carroll P, D’Amico A. Prostate 
Cancer, Chap. 1. Philadelphia: Lippincott Williams & Wilkins, 2002, 
pp. 3–15)
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a b

Fig. 10 (a) Fascial bands, ischioprostatic ligaments or “pillars,” supporting striated sphincter as illustrated from fresh cadaveric specimen (b)

Fig. 11 Looking distally, intraoperative prostate foreground. Prostate 
cancer (yellow) invading left “pillar” and striated sphincter. Operation 
aborted

Retzius-sparing RARP (RS-RARP) include 74% pad-free at 
7 days in the first 100 patients [50], and 70% pad-free with 
92% pad-free exclusive of a “safety liner” at 1 month [41]. 
As Level 1 evidence in a randomized control trial (RCT) 
comparing posterior (RS-RARP) vs anterior approaches, 
results found significantly earlier recovery of pad-free uri-
nary control with a posterior approach: 71% vs 48% at 1 
week, 95% vs 86% pad-free at 3 months [51]. Also docu-
mented in this study was the finding of significantly reduced 
measured pad weights and urinary bother scores in those 

patients undergoing the posterior approach. However, on 
long-term follow-up, the posterior approach showed no ben-
efit beyond 6 months by urinary function scores [52]. Another 
RCT utilizing advanced vesico-urethral support including 
suture anchor of the bladder neck to the arcus tendineus as 
anterior fixation produced significantly increased continence 
across all time periods: 24 h, 2, 4, and 8 weeks, and 6 and 12 
months [53].

A careful anterior approach, either with a peri-urethral 
suspension stitch mimicking an open technique [36, 54] or 
in a propensity score study of modified anterolateral intra-
fascial dissection with complete nerve bundle preservation 
vs conventional dissection [27], resulted in equivalent pad-
free continence of 92.8% vs. 92%, respectively, at 3 months. 
An alternate study with preservation of the pubovesical 
complex utilizing a “tunnel” or “hood” anterior approach 
resulted in 91% pad-free urinary continence at 3 months 
while allowing benefit of incremental nerve sparing, dealing 
with BPH, protection of the ureteral orifices, and a very low 
6% PSM rate [55]. An anterior approach in 30 patients uti-
lizing intrafascial dissection of the neurovascular bundles 
also with preservation of the pubovesical complex resulted 
in 80% pad-free on catheter removal and 100% pad-free at 1 
month [38].

While varied, all approaches are designed and promoted 
for patients to be pad-free and dry as soon as possible after 
surgery. A careful review concluded that while “the Retzius- 
sparing approach seems to provide an earlier return to con-
tinence than the traditional anterior transperitoneal 
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approach, no technique has been proved to be superior to 
other(s) in terms of long-term outcomes” [56]. The focus on 
nerve sparing has led to more precise or modified apical dis-
section that could reflect improved continence outcomes 
rather than the nerve sparing per se [27, 45]. More precise 
dissection allows greater MUL, but also may prevent injury 
to an intrapelvic pudendal nerve branch coursing with the 
long pelvic nerve to enter the striated sphincter [57]. To our 
knowledge, blood supply to the sphincter may accompany 
the pudendal innervation of the sphincter but has not been 
studied. The finding of and avoiding small arteries during 
dorsal vascular complex (DVC) dissection may be signifi-
cant with respect to sphincter vascularity and urinary conti-
nence postoperatively [50].

Summarizing with additional references, with multiple 
variables plus and minus comparing postoperative urinary 
continence, outcome analysis is decidedly problematic in 
trying to measure what is important anatomically and in 
technique with respect to prostate removal [56]. Variables 
include patient age and preoperative AUA symptom score 
[27], surgeon experience [56], an easier, more anatomically 
straightforward anterior [36, 58], vs “more demanding” pos-
terior pouch of Douglas (RS-RARP) dissection [41], pre-
serving the detrusor apron-pubovesical complex with 
features of a reverse perineal prostatectomy [38, 40, 41], fas-
cial collar to invest the remaining urethra after transection 
[48], the degree of nerve sparing [43], preventing bladder 
and pelvic “descent” [59]. Once the prostate is removed, 
skilled tension-free anastomosis of the reconstructed bladder 
neck to the urethral stump is paramount. Aggressive bladder- 
to- urethra anastomosis may create a ring of fibrosis, possible 
stricture, and shortened MUL leading to incontinence. Of 
note, anastomotic technique in RARP is very safe with 
Clavien–Dindo Class IIIB stricture formation exceedingly 
rare involving only one patient in 453 in a series review [27, 
38, 41, 50, 52].

In one study MUL preservation technique trumped poste-
rior urethral reconstruction and anterior bladder suspension 
technique with respect to urinary continence rates [60]. 
Continued study emphasizes the importance of maximizing 
MUL [61]. Urethral hypermobility can be countered by DVC 
control proximal to the prostate apex prior to both apical dis-
section and urethral transection thereby avoiding direct 
suture trauma to the underlying urethra, which will then be 
left undisturbed including its vessels and nerves.

Transvesical single-port RARP as a new platform has 
proven promising with immediate continence of 64%, 73% 
at 1 week, 80.9% at 6 weeks, and 100% pad-free with no 
leakage at 3 months in a limited series of 39 patients 
(J. Kaouk—personal correspondence).

All studies to date designed to accelerate postoperative 
urinary control suggest that best results occur when the pros-
tate is removed with the least disturbance to the surrounding 

anatomy, that is nerves, vessels, and fascia supporting the 
urethral stump. It should be kept in mind that techniques by 
a single surgeon in a single institution, however encouraging, 
do not guarantee reproducibility of results. Anterior dissec-
tions followed by assiduous anterior and posterior recon-
struction provide urethral stump stability during healing. 
Interestingly, urethral suspension [37] to restore a proper 
vesico-urethral junction angle anteriorly is a reminder of the 
goal in Marshall–Marchetti–Krantz urethropexy in women 
[62].

Oncologic Safety The importance of avoiding positive mar-
gins of resection (PSMs) has become nebulous in light of the 
fact that PSMs impact biochemical recurrence, local recur-
rence, and the need for salvage therapy, but are not associ-
ated with cancer-specific or overall survival [63]. Despite 
this, biochemical recurrence, local recurrence, and the need 
for salvage therapy are disheartening and do not match con-
tinued good health for patients found to have negative mar-
gins and no future recurrence.

PSMs for radical prostatectomy vary widely based on 
patient selection, stage, grade, volume of cancer, surgeon 
experience, and technique in selecting correct planes of dis-
section. Extrafascial and interfascial dissections are always 
safer than intrafascial with respect to PSMs. While it has 
been shown to improve early return of urinary control, intra-
fascial dissection increases the risk of PSMs. Preoperative 
staging by multiparametric MRI could help reduce PSMs by 
allowing, when presumed necessary, to plan wider resection 
if there is evidence of advanced local disease.

Multiple meta-analysis studies to date reveal increased 
PSMs for RS-RARP as compared with conventional RARP 
[64–66]. PSMs are most common at the prostate apex, which 
should be kept in mind with respect to optimizing MUL.

Conclusion The key to success in producing a happy, pad- 
free patient boils down to technical steps to provide adequate 
urethral sphincter length and to prevent urethral hypermobil-
ity with maneuvers such as a urethral suspension stitch. 
Necessary technical precision aside, thorough preoperative 
imaging to identify and counsel patients with respect to short 
or marginal length urethras is paramount as this relatively 
small cohort of patients are at the highest risk for an unsuc-
cessful outcome, and some may want to select treatment 
other than surgery.
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Prostate Neurovascular Anatomy 
and Its Impact on Nerve-Sparing RALP

Anthony J. Costello and Fairleigh Reeves

1  Introduction

A detailed anatomic knowledge of the prostate and pelvic 
structures informs precise surgical technique for radical 
prostatectomy. All surgeons performing radical prostatec-
tomy need to have a foundation based on the prostatic neuro-
vascular and sphincteric anatomy. It was the discovery by 
Walsh and Donker in their seminal paper in 1982 [1], which 
heralded the ability of surgeons to preserve the neurovascu-
lar bundles at radical prostatectomy. Their anatomical 
insights led to the birth of the nerve sparing procedure as we 
note today. Prior to their discovery urologists believed that 
the nerves for erection traveled through the prostate and by 
removing the prostate impotence was guaranteed after 
prostatectomy.

Walsh’s work represented a rediscovery of the intricate 
anatomy of the cavernous nerves, that had been thoroughly 
described over a century earlier by Johannes Müller [2]. This 
German-language paper by Muller was essentially lost on a 
practical level and it was not until Walsh described the cav-
ernous nerves nearly 40 years ago now, that this important 
anatomy became internationally recognized and integrated 
into surgical practice.

The autonomic cavernous nerves, which are destined for 
the erectile tissue, do not accompany the blood vessels to the 
penis but take a much shorter path [2]. It is via the peripros-
tatic neurovascular bundle (NVB) that they course instead 
(Fig. 1). The NVB transmits other important neurovascular 
structures including nerve branches to the prostate, rectum, 
and pelvic floor musculature, and it is not appropriate to use 

the terms cavernosal or cavernous nerves and “NVB” inter-
changeably [4].

Walsh’s description of the position of the NVB postero-
medial to the prostate transformed a procedure that virtually 
guaranteed impotence, into a procedure where potency 
could be preserved through the preservation of these NVB 
structures. NVB (and therefore cavernosal nerve) sparing 
correlates strongly with improved post-operative potency 
rates. A systematic review has reported 12-month post-
RALP potency rates of 74% (62–90%) for bilateral nerve 
sparing [5].

This chapter outlines the neurovascular anatomy of the 
prostate requisite for nerve-sparing RALP.

2  Fascia

An appreciation of the fascia of the pelvis is imperative to the 
performance of nerve sparing surgery, as the NVB runs 
through leaves of periprostatic fascia (Fig. 2).

The precise detail of the complex multilayered fascia 
around the prostate remains controversial [6]. One of the 
contributing factors to confusion in this area is the variability 
of the terminology used [7]. For the operating surgeon, the 
following is a summary of our knowledge to date.

“Endopelvic fascia” is commonly used in prostate surgery 
to collectively describe the parietal and visceral fascia that 
lines the pelvis (pelvic fascia, lateral pelvic fascia, superior 
pelvic fascia, parietal pelvic fascia, levator fascia, outer 
layer of periprostatic fascia, parapelvic fascia [7, 8]). The 
prostatic fascia (inner layer of periprostatic fascia, inner 
layer of lateral pelvic fascia [7]) forms the medial boundary 
of the NVB and is applied directly to the prostatic capsule 
anterolaterally [9].

Posterior to the prostate, between it and the rectum, is 
Denonvilliers’ fasica. Superiorly, Denonvilliers’ covers the 
posterior aspect of the seminal vesicles. Laterally, it merges 
with the endopelvic fascia at the NVB [7].
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Fig. 1 Neurovascular bundle dissection (left [3]) and schematic (right)

Fig. 2 Illustrative 
representation of periprostatic 
autonomic innervations. DF 
Denonviller’s Fascia, LA 
Levator ani, LPF lateral 
prostatic fascia, PF pararectal 
fat, P rectum and prostate, 
Rec rectum (reprinted from 
[4])

In McNeal’s formative paper on the zonal anatomy of the 
prostate, the anterior fibromuscular stroma was described as 
a thick, non-glandular region, continuous with the external 
urethral sphincter distally and detrusor muscle proximally 
[10]. Myers later went on to study the detrusor apron in 
detail, concluding that it should be considered a major com-
ponent of McNeal’s anterior fibromuscular stroma. The 
detrusor apron ends anteriorly where it forms puboprostatic 
ligaments that attach to the pubis, anchoring the prostate, 
urethra and bladder neck, affording stabilization to the uri-
nary continence mechanism [11]. In Li and colleagues’ 
recent celloidin anatomical sections, the detrusor apron is 
demonstrated overlying the DVC (Fig. 3) [12].

3  Neuroanatomy

The NVB provides an excellent intraoperative landmark for 
surgeons aiming to preserve the cavernous nerves during 
RALP, as the individual nerve fibers carried in this structure 
are extremely fine (measuring 0.04–0.37 mm in diameter). 
The human hair is a diameter of 0.20 mm [13]. Our work has 
identified between 6 and 16 nerves in these bundles [3]. 
Although nerves in the NVB can sometimes be visualized 
with the assistance of magnification, they are mostly 
obscured by fibrofatty tissue and blood vessels [13].

The individual nerves within the NVB are vulnerable at 
multiple points during RALP. They may be subject to direct 
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a b

Fig. 3 Sagittal celloidin sections. (a) Midsagittal section; (b) section 
through lateral border of striated sphincter. Black triangles indicated the 
capsule. CM circular muscle of detrusor; SS striated sphincter; T trigone 

muscle; LM longitudinal muscle of detrusor; LAM levator ani muscle; 
DA detrusor apron; DVC dorsal vascular complex; P prostate; SV semi-
nal vesicles; CG Cowper’s glands; MU membranous urethra. From [12]

Pudendal
nerve

Pudendal
canal

Urethral
rhabosphincter

Pelvic
plexus

Fig. 4 The pelvic plexus, showing contributions of hypogastric nerve 
and S2–S4 segments

injury by cutting, diathermy or suture ligation or indirect 
trauma from undue tension leading to a neuropraxia. Areas 
where maximum care should be exercised during surgical dis-
section to remove the prostate, include apical dissection, mobi-
lization of the bundles laterally along the mid-prostate, pedicle 
ligation, and dissection of the seminal vesicles [13]. Our strong 
belief is that the maximum potential for injury to the cavernous 
nerves is at the apex where they swing anteromedially on the 
urethra to run subpubic into the cavernous tissue. It is here 
where overzealous dissection can injure these delicate nerves.

The NVB originates from the pelvic plexus (also known 
as inferior hypogastric plexus) [14]. The pelvic plexus lies in 
a sagittal plane lateral to the rectum at the approximate level 
of S4 and S5 [15]. It varies from 3 to 5.5 cm by 2.5–5 cm 
high and is a culmination of fibers from the hypogastric 
plexus which transmits the sympathetic outflow from T10- 
L2 via the hypogastric nerves, and parasympathetic supply 
that is delivered via the pelvic splanchnic nerves (S2–4) 
(Fig. 4). The NVB is commonly understood to carry auto-
nomic fibers, but histological examination has demonstrated 
that a small percentage of periprostatic nerves are somatic 
[16]. Note that the ganglion or pelvic plexus where parasym-
pathetic and sympathetic nerves join is situated at the base of 
the prostate and in some cases slightly more distal than that.

Prostate Neurovascular Anatomy and Its Impact on Nerve-Sparing RALP
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Three major projections are given off from the pelvic 
plexus. (1) Anterior: extends across the lateral surface of the 
seminal vesicle and the inferolateral surface of the bladder; 
(2) antero-inferior: passes to the vesicoprostatic junction and 
then obliquely along the lateral surface of the prostate; (3) 
inferior: the most caudal fibers of the plexus travel between 
the rectum and the posterolateral surface of the prostate to 
form the NVB [3].

Fascia creates functional compartmentalization of the 
NVB, which is not absolute and is less distinct proximally [3] 
(Fig. 5). There are three or sometimes four major compart-
ments that comprise the neurovascular bundle. The cavernous 
nerves travel most anteriorly in the NVB. Posteriorly and pos-
terolaterally nerves to the rectum run within the leaves of 
Denonvilliers’ and pararectal fascia. Laterally, levator ani 
supply travels within the lateral pelvic fascia [3, 12].

Traveling distally, from its origin at the vesicoprostatic 
junction, at the base of the prostate, the NVB is closely 
applied to the posterolateral aspect of the prostate [2, 13]. 
Tiny branches come off the NVB at right angles to enter the 
prostatic capsular surface alongside tiny arteries and veins. 
These need to be divided in order properly release the NVB 
during nerve sparing [13].

Proximally the neurovascular bundle lies close to the 
inferolateral aspect of the tip of the seminal vesical and the 
arterial supply to the bladder base [3, 17]. This can be easily 
appreciated on the celloidoidin section published by Li and 
colleagues [12] (Fig. 6).

At the base of the prostate, the NVB is spread between 
three and nine o’clock. At the level of the mid-prostate, the 

NVB converges to form a more condensed NVB, only to 
diverge again near the prostatic apex [3]. The position of the 
NVB is influenced by the presence of BPH. In smaller pros-
tates, the bundles tend to obscure the lateral surface of the 
prostate. Whereas, as the transition zone of the prostate 
enlarges with BPH, the peripheral zone is compressed pos-
terolaterally, and the NVB is found tucked more underneath 
the prostate [13]. Some authors have described a wider 
spray-like distribution of nerves, rather than a discrete bun-
dle [18]. Certainly, variations can be seen. Histological eval-
uation however has demonstrated that only a minority of 
anterolateral nerves are functionally significant parasympa-
thetic fibers [4, 19].

Beyond the apex of the prostate, the cavernous nerves 
come forward and traverse the urogenital hiatus posterolat-
eral to the prostatic apex. Then, as described by Muller nearly 
200 years ago, the minor cavernous nerves penetrate the root 
of the corpus cavernosum [2]. The main cavernous nerves 
then continue with the deep artery and vein of the penis [20].

Nerve sparing surgery tends to focus on the extirpation 
component of radical prostatectomy. However, care must 
also be paid during reconstruction to ensure the nerves that 
were once carefully preserved are not later damaged. 
Posteriorly, in close proximity to the prostatourethral junc-
tion is a point of decussation of nerves. Passing a needle 
here, such as in the reconstruction of the posterior musculo-
fascial plate with a “Rocco stitch” [21], comes close to the 
junction of the neurovascular bundles, and must be done 
with care in order to avoid the risk of entrapment of nerves 
from the neurovascular bundle [13].

a b c

Fig. 5 Compartmental architecture of the neurovascular bundle. (a) 
Left: hematoxylin and eosin slide showing compartmental NVB archi-
tecture. (b) Right (overlay): prostate (green), fascial bands (blue), 

nerves (yellow), para-rectal tissue (gray), levator ani musculature (spot-
ted pink) [3]. (c) Schematic representation
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a b

Fig. 6 Coronal celloidin sections. (a) Section through seminal vesi-
cles; (b) section through the posterior portion of striated sphincter. Note 
that the capsule and the levator fascia adhered together at the upper 
lateral aspect (green arrow). Black and white triangles indicated the 

capsule and the levator fascia respectively. SS striated sphincter; AD 
anterior division; CS cavernous supply; DP-CS the distal part of the 
cavernous supply; PNB pudendal neurovascular bundle; SV seminal 
vesicles; LAM levator ani muscle; U urthra

In addition to cavernous nerves, nerves essential to conti-
nence preservation are potentially at risk during performance 
of the vesicourethral anastomosis. Pudendal nerve branches 
to the urinary sphincter have been described as close as 
3  mm from the prostate apex [22], and in another study, 
sphincteric branches of the pudendal nerve were a mean dis-
tance of 5.5 mm from the lowest point of the endopelvic fas-
cia [23], thus highly vulnerable to over-enthusiastic posterior 
anastomotic sutures or a deep Rocco reconstruction.

4  Vascular Anatomy

Arterial supply to the prostate arises from the prostato- vesical 
artery off the internal iliac. This well-defined trunk has a vari-
able origin and often has anastomotic connections to the inter-
nal pudendal and inferior rectal arteries [13]. The 
prostato-vesical artery passes forward and medially over the 
antero-inferior surface of the bladder and has its main pedicle 
located at the junction of the bladder and prostate in close prox-
imity to the seminal vesicle. Although its branching pattern can 
vary, typically its terminal branches are the inferior vesical and 
prostatic branches. In some cases, supply to the prostate is 
received from branches of the superior rectal artery [24].

In addition to nerve sparing, preservation of vascular 
supply to the erectile tissue must be considered when opti-
mizing functional outcomes. Accessory pudendal arteries 
pass  superior to the pelvic diaphragm before coursing 
under the pubic bone to enter the penile hilum [6], and as 
such are at risk during radical prostatectomy. Accessory 
pudendal arteries have variable origin from the obturator, 
inferior vesical or external pudendal artery [25]. They are 
generally seen in the setting of congenital anatomical varia-
tion but sometimes correlate with the presence of pudendal 
atherosclerosis [26]. In some cases, they may provide the 
sole arterial supply to the corpora [27], thus their injury 
provides an explanation for vasculogenic impotence after a 
nerve sparing procedure [28]. For maximal preservation of 
erectile function post prostatectomy, both nerve sparing 
and preservation of accessory pudendal arteries should be 
done where feasible.

Maintaining clear vision within the operative field, 
through meticulous hemostasis, facilitates precise nerve 
sparing. A pre-prostatic superficial vein often exists the fas-
cia between puboprostatic ligaments, nestled in prepro-
static adipose tissue, which then re-enters vesicovenous 
plexus. Although it may be absent in 10%, if it is large it 
may bleed [29].
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The key venous structure in radical prostatectomy is the 
dorsal vascular complex (DVC). Venous bleeding was his-
torically associated with life-threatening bleeding that 
deterred many surgeons from performing prostatectomy. 
Recognition and ligation of the DVC is associated with 
reduced blood loss. It was Walsh who first described the 
technique of ligation of the dorsal venous complex in 1979 
[30]. It was this insight that made surgery much safer for the 
open radical prostatectomist. Before Walsh described liga-
tion of the dorsal vein, tamponade with a balloon catheter 
was used along with often unsuccessful attempts to oversew 
the vein after significant bleeding had occurred. Blood loss 
of up to 1500 cc was not uncommon.

The DVC is often considered a venous structure but does 
also include small arteries [31]. It lies anterior to the pros-
tate, cloaked by the DVC, and passes under the pubic arch. 
An avascular plane lies between the DVC and the prostate at 
the prostate-urethral junction, providing a landmark for con-
trol. To avoid injuring the external urethral sphincter, or neu-
rovascular bundles, one must use caution not to pass ligation 
sutures distal to the prostate-urethral junction [11]. With the 
advent of RALP, the DVC ligation technique has been modi-
fied to minimize the risk of collateral tissue damage. 
Exploiting increased intra-abdominal pressure from CO2 
insufflation, and improved vision and dexterity afforded with 
RALP has enabled surgeons to divide the DVC without ini-
tial ligation. This allows the surgeon to precisely select the 
site of division, maximizing urethral length while ensuring 
negative apical margin [31]. Hemostasis can then be achieved 
later with controlled oversewing of any open vessels rather 
than mass ligation.

5  Application of Anatomical Principles 
for Optimization of Functional 
Outcomes

The earliest description of the technique of neurovascular 
bundle sparing was described by Walsh for open retropubic 
radical prostatectomy in the 1980s. This technique was 
adapted by Menon who was trained by Walsh and first popu-
larized the early technique of nerve-sparing robotic prosta-
tectomy. Since the first descriptions of the technique of 
robotic prostatectomy, there have been many papers pub-
lished regarding a variety of methods used to avoid injury to 
the neurovascular bundle in an attempt to preserve potency. 
In a discussion of the nerve sparing technique at radical pros-
tatectomy, it is of paramount importance that the cart stays 
behind the horse. The primary aim of radical prostatectomy 
is to remove all prostate cancer with the specimen. 
Secondarily, but very importantly, the surgeon’s aim is to 

maintain both potency and continence of the quality of life 
issues associated with this surgery. The oncological efficacy 
of robotic prostatectomy must be the principal goal of the 
surgeon. Walsh and Epstein have published that the maxi-
mum average capsular penetration of prostate cancer in pT3 
disease is 3 mm [32]. The distance between the prostatic cap-
sule and the fascia surrounding the neurovascular bundle is 
between 3 and 5 mm. Thus, the surgeon can incrementally go 
a little wider on the specimen and still preserve the neurovas-
cular bundle.

In 2005 Menon described his technique of the Veil of 
Aphrodite NVB preservation [33]. Menon suggested that 
high release of the fascia above the NVB would maximize 
neural preservation. We do know that the majority of cavern-
ous nerves in the neurovascular bundle lie below the 3 to 9 
O’clock level of the prostate. However, the high fascial 
release described by Menon could potentially produce less 
traction on the NVB and thus avoid neurapraxia.

Tewari later described risk stratified approach to neural 
hammock sparing during robot-assisted radical prostatec-
tomy [34]. This thesis was assisted by the insights derived 
from MRI of the prostate and surrounding fascial tissue. 
However, there is great variation in the fascial architecture 
surrounding the prostate and this grading system remains 
difficult.

Patel and his co-workers in 2012 described an anatomic 
grading of the extent of nerve sparing during robot-assisted 
radical prostatectomy [35]. In the paper, they described a 
nerve sparing score from 5: at least 95% nerve sparing to 1: 
non-nerve sparing surgery. In the description of optimal 
nerve sparing (grade 5/5), they highlight the presence of a 
visual clue. A landmark artery that runs medially at mid 
prostate to distal apex of the prostate. The artery is used to 
delineate the course of the neurovascular bundle in a retro-
grade manner up to the prostatic pedicle. The nerve sparing 
is performed medial to this artery just outside the prostatic 
fascia and in the areolar tissue between the prostate and neu-
rovascular bundle. This is a bloodless plane and can be 
detached without the need for sharp dissection. In the 
authors’ opinion, the technique can be mastered by expert 
robotic radical prostatectomists. However, it may be difficult 
to perform for surgeons not as skillful as the lead author of 
this manuscript. This manuscript is very well illustrated with 
graphics and histological confirmation of the various layers 
involved in this anatomically graded nerve sparing.

Another well-described technique of nerve sparing relates 
to the NeuroSAFE prostatectomy open and robotic methods, 
popularized by the group at the Martini Clinic in Hamburg, 
Germany [36]. In this technique, the surgeon requests intra-
operative fresh frozen section analysis of the posterolateral 
aspect of the prostate margin to assess whether cancer 
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extends beyond the capsule. Several authors report evidence 
from large observation studies of functional outcomes which 
can be improved and positive surgical margin rate reduced 
when the neuro-safe technique is used during robotic prosta-
tectomy. However, this technique has not been widely 
adopted as it is time and resource intense with low sensitivity 
and specificity and some have said has potentially conflicting 
oncological results [37, 38].

As the technique has not been widely introduced in the 
United Kingdom [39], This is due to the lack of level 1 evi-
dence to support the NeuroSAFE robotic prostatectomy 
method, Dinneen and colleagues propose a randomized trial 
to test the hypothesis.

In conclusion, most robotic radical prostatectomists do 
not perform a large number of surgeries and do not have the 
technical competence of some of the super expert surgeons 
publishing their techniques. When commencing to perform 
robotic radical prostatectomy the less experienced surgeon 
may find it easier to perform a technique of simple retro-
grade neurovascular bundle preservation and later move to 
the more complex techniques once proficiency in the simpler 
technique has been gained.

Although the primary aim of nerve sparing surgery is the 
preservation of erectile function, there may also be benefits to 
continence outcomes. Systematic review demonstrated nerve 
sparing was associated with early return of continence (up to 6 
months), but no difference in long-term continence rates [40]. 
The relationship, however, between nerve sparing and conti-
nence outcomes remains controversial. Somatic supply to the 
external urethral sphincter (rhabdosphincter) is variable. Direct 
intrapelvic supply to the sphincter may exist in some men [41–
44], and in these cases, could account for improved rates of 
continence return with nerve sparing. However, confounding 
factors also exist. These include meticulous apical dissection, 
which may result in preservation of nearby pudendal nerve 
branches to the sphincter, as well as improved membranous 
urethral length [45], thereby preserving the external striated 
rhabdospincter. Decreased collateral tissue damage with vigi-
lant dissection may also result in the preservation of supportive 
continence structures and urethral vascular integrity [40].

6  Conclusion

Neuroanatomy of the pelvis is complex and varied. We are 
now fortunate to have a solid foundation of anatomical 
knowledge that has shaped the current technique of 
RALP. Ongoing work is warranted to better understand ana-
tomical variations and to develop improved intraoperative 
monitoring systems to provide more patients access to the 
best possible functional outcomes after surgery.
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Techniques and Potency Outcomes 
for Nerve-Sparing RARP

Marcio Covas Moschovas, Mani Menon, Jonathan Noël, 
and Vipul Patel

1  Introduction

The first report of radical prostatectomy (RP) to treat prostate 
cancer (PCa) was initially described by Young et  al. at the 
beginning of the 1900s [1]. Since then, multiple authors had 
described similar techniques with poor functional outcomes 
due to the limited knowledge of the prostate anatomy until the 
beginning of the 1980s, when Walsh and Donker described 
the first report of RP with the nerve-sparing technique. The 
authors illustrated the technical and anatomic aspects of this 
surgery and established the anatomic basis of erectile func-
tion preservation. The surgical technique innovation was a 
landmark study for patients and surgeons due to the signifi-
cant improvement in the potency outcomes following RP [2].

In this scenario, open retropubic RP with nerve-sparing 
(NS) technique became the gold-standard surgical treatment 
for localized prostate cancer for years. However, with recent 
technological advancements and the advent of laparoscopy 
and robotic surgery, in the United States, robotic-assisted 
radical prostatectomy (RARP) is the current standard 
approach [3, 4]. The long-term outcomes of open and robotic 
RP are similar with experienced surgeons; however, the 
robotic approach is associated with less blood loss and 
shorter hospital stay than the open procedure [5].

In 2000, Binder and Kramer described the first robotic- 
assisted radical prostatectomy (RARP) performed in 10 
patients with prostate cancer. The authors used an NS tech-
nique combining the Walsh retrograde approach with 
Campbell’s anterograde procedure [6]. Since then, several 

groups have reported different techniques and outcomes of 
this surgery. This chapter will describe these NS techniques 
and anatomical considerations to optimize potency in 
patients undergoing RARP.

2  Anatomical Considerations 
of NS-RARP

Some preoperative factors, such as potency (evaluated with 
SHIM score), comorbidities, and habits, play an essential 
role in the potency recovery following RP [7, 8]. In addition, 
different studies of prostate neuroanatomy and physiology 
performed since the 1980s improved the understanding of 
the poor outcomes described in the previous RP series. 
Currently, it is established that potency following RARP is 
also related to multiple intraoperative factors, and NS tech-
nique refinements, with NVB preservation, are crucial to 
optimize postoperative outcomes [9].

Different neuroanatomical studies of the male pelvis have 
described that preserving the corpora cavernosa neurovascu-
lar supply is an essential factor for erection recovery follow-
ing RP. These authors have described that maintaining the 
arterial supply of the pudendal artery and its variants, such as 
an accessory pudendal artery, optimizes postoperative 
potency [10]. In addition, sparing the cavernous nerves while 
dissecting the tip of the seminal vesicles with the athermal 
technique is also related to better outcomes [11].

Another important factor for potency recovery regards the 
application of mechanical or thermal energy on the neural 
bundles during the surgery. Three classifications for periph-
eral nerve injury have been described according to the dam-
age severity. Neuropraxia is a mild compression usually 
performed during tissue manipulation and low energy appli-
cation, which recovers from hours to weeks. Axonotmesis is 
a moderate to severe injury with up to 24 months of recovery. 
Neurotmesis is described as a complete nerve transection 
with no capacity for regeneration [12]. Understanding the 
neural lesion mechanisms and the outcomes of neural 
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damage is essential for the prognosis of potency recovery 
and patient counseling. Some authors have described the 
Neuropraxia impacts in the erection outcomes by evaluating 
patients who had intraoperative NVB counter traction per-
formed by the tableside assistant. According to the study, 
these patients had worse early potency rates than patients 
without NVB traction [13]. Other articles also have described 
the negative impacts and outcomes of electrocautery and 
thermal injury on cavernous nerves [14].

3  Degrees of Nerve Sparing

Following the pioneer studies of prostate neuroanatomy, 
some groups have described different types of NVB dissec-
tion and preservation, associating anatomic landmarks with 
tumor characteristics, allowing optimal functional outcomes 
with a safe oncological dissection. These techniques described 
degrees of nerve-sparing based on prostatic vasculature land-
marks associated with the tumor extension to the NVB.

In this scenario, Tewari et al., in a series of 2317 patients 
who underwent RARP, divided the grades of NS into four 
categories, Grade 1 being the best intrafascial preservation 
and Grade 4 an extrafascial dissection with no preservation 
[15]. Schatloff et al. upgraded this classification in a series of 
patients who underwent NS-RARP, reporting five grades of 
NS based on visual cues using the prostatic artery as a land-
mark (LA) to delineate the course of NVB. The grades of NS 
are performed according to the medial or lateral dissection of 
this LA.  Grade 1 indicates no nerve preservation, while 
Grade 5 indicates ≥95% of preservation [9, 16]. In this study, 
the author reported 100% of potency rates in patients who 
were potent before surgery and underwent Grade 5 nerve 
preservation.

3.1  Intrafascial Dissection

The intrafascial plane is located between the capsule and 
prostatic fascia at the anterolateral and posterolateral aspects 
of the prostate. In this plane, the NVB has the optimal pres-
ervation with the best outcomes for potency. Potdevin et al. 
compared interfascial and intrafascial athermal dissection 
(AIR) in two groups of patients who underwent 
NS-RARP. According to this study, patients who underwent 
intrafascial athermal dissection had faster continence recov-
ery. The potency rates at 3, 6, and 9 months in the interfascial 
group were 16.7%, 43.8%, and 66.7%, respectively, while in 
the AIR group were 24.2%, 81.8%, and 90.9%. However, 
these patients have the highest chances of positive surgical 
margins (when performed in the pT3 disease) compared to 
the interfascial dissection [17].

3.2  Interfascial Dissection

The interfascial plane is located between the prostatic fascia 
and the lateral pelvic fascia, allowing partial NS with safe 
surgical margin rates. In this plane, the lateral prostatic fascia 
(LPF) is not preserved, and the degree of NVB preservation 
is inferior compared to the intrafascial approach [18]. Weng 
and colleagues reported a systematic review and meta- 
analysis involving 1663 patients (916 intrafascial and 747 
interfascial). The author reported advantages for the intrafas-
cial approach in terms of continence (at 6 and 36 months), 
potency (at 6 and 12 months), positive surgical margins, and 
biochemical recurrence [19].

3.3  Extrafascial Dissection

The extrafascial plane is located at the external aspect of the 
lateral prostatic fascia, and its dissection involves complete 
NVB resection. This is the safest dissection in terms of onco-
logic outcomes; however, it leads to worse potency recovery 
[18]. Sergey et  al. compared extrafascial with interfascial 
nerve-sparing in 813 patients who underwent radical prosta-
tectomy (110 extrafascial vs. 703 interfascial). The author 
described better potency rates for the interfascial group, and 
the overall positive surgical margins were not statistically 
significant [20].

4  Techniques for Neurovascular Bundle 
Preservation

The technique used for neurovascular bundle preservation is 
one of the crucial aspects of RARP.  The different NS 
approaches described in the literature are derived from the 
anterograde or retrograde NVB release. Despite the different 
methods, all techniques have the same basic concept of mini-
mizing neuropraxia and neural damage by avoiding cautery 
use and traction during the NVB dissection. Some studies 
described that NVB preservation also improves outcomes for 
continence [21].

4.1  Anterograde NVB Dissection

After lifting the prostate by the seminal vesicles, the antero-
grade dissection is performed from the base to apex by 
accessing the NVB in the space between Denonvilliers fas-
cia, lateral pelvic fascia, and prostate. Then, the prostatic 
pedicles are controlled with athermal technique and Hem-o- 
lock clips. Afterward, intra-, inter-, or extrafascial dissection 
is performed according to the surgeon’s preference [4].
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4.2  Retrograde NVB Dissection

After dissecting the seminal vesicles and accessing the pos-
terior plane, the levator ani fascia is transected over the pros-
tate to identify the NVB. Then, the plane created (from the 
apex to the base) is connected with the posterior dissection at 
the prostate base, performed between the Denonvilliers 
layers.

Ko YH and colleagues described this technique and com-
pared it to the anterograde approach. In this study, the author 
described two groups of 172 patients who underwent RARP 
and concluded that, in patients with optimal preoperative 
potency, retrograde NS dissection leads to early potency 
recovery at 3,6, and 9 months compared to the anterograde 
(80.8%, 90.1%, and 92.9% vs. 65%, 72.1%, and 85.3%, 
respectively) [22].

Covas Moschovas et al. described a modified retrograde 
technique with lateral prostatic fascia preservation and mini-
mal apical dissection. In this study, the author reported ear-
lier recovery of continence (46 vs. 70 days) and potency (74 
vs. 118 days) for patients who underwent the modified tech-
nique compared to the previous retrograde approach [23]. 
Recently, the same group described their retrograde tech-
nique using de da Vinci SP robot. The authors described the 
step-by-step technique and the modifications necessary to 
approach NS-RARP with this single-port robot [24–26]. 
Other authors also reported modified approaches to retro-
grade dissection, with endopelvic fascia preservation and 
optimal outcomes [27].

4.3  Veil of Aphrodite

Also known as high anterior release of the prostate, this 
technique was defined by Menon et  al. in 2006 and con-
sisted in developing a plane between the prostatic capsule 
and prostatic fascia at the seminal vesicle base followed by 
a bilateral posterior dissection from 1 to 5 o’clock and 6 to 
11 o’clock positions [28, 29]. At the end of this dissection, 
the periprostatic tissue (Veil of Aphrodite) is suspended 
bilaterally, resembling a curtain from the pubourethral 
ligament.

Three years later, Menon and colleagues described the 
Super Veil technique based on technical modifications of 
the previous approach by expanding the dissection more 
anteriorly [30]. Ghani and colleagues described the tech-
nique outcomes in 85 patients who underwent RARP. The 
author reported 95% of potency rates in 18 months of fol-
low-up [31].

4.4  Other Techniques

Different authors have described less commonly used tech-
niques to approach NS-RARP, such as hypothermic NS 
robot-assisted laparoscopic prostatectomy (hRLP) [32], 
modified clipless antegrade [33], flexible carbon dioxide 
(CO2) laser fiber guided [34], potassium titanyl phosphate 
laser, laparoscopic Doppler ultrasound (LDU) probe in, and 
transrectal ultrasound (TRUS) guided NSRP [3]. Most of 
these studies are based on retrospective series with short- 
term follow-up.

5  Technology Applications to Optimize 
NS Surgery

5.1  Indocyanine Green (ICG)

The role of indocyanine green application aims the prostatic 
artery identification during the NS by infusing intracavern-
ous ICG to visualize the contrasted artery with the firefly 
robotic view. After identifying the landmark artery, the dis-
section proceeds according to the surgeon’s preference, as 
described earlier in this chapter [35].

5.2  Biological Membranes (BM) for NVB 
Recovery

The rationale for using BM to accelerate neurovascular 
recovery is based on previous studies evaluating the healing 
benefits of these allograft tissues for wound management 
due to their anti-inflammatory properties [36]. In this sce-
nario, Patel et  al. reported the application of dehydrated 
human amnion/chorion membrane (dHACM) in patients 
who underwent RARP. The author compared two groups of 
58 patients; one group had the NVB covered by the tissue 
after the prostate removal while the other group had no 
membrane. In this study, patients with dHACM had better 
rates of early potency recovery (1.34  months vs. 
3.39 months). Afterward, the same group performed another 
study using dHACM in 235 patients. The author also 
reported better potency rates at 1, 3, 6, and 9 months for the 
allograft group [37].

Porpiglia et al. described a similar study using Chitosan 
(polysaccharide from shellfish exoskeleton) in patients who 
underwent RARP.  Patients with allograft tissue had early 
potency at 1 and 2 months compared to the control group 
[38].
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5.3  Magnetic Resonance Imaging (MRI) 
for NS Preservation

The MRI role in the preoperative staging of prostate cancer 
is already established in the literature. In this scenario, 
Schiavina et al. described the use of multiparametric MRI to 
guide NS during RARP comparing two groups of patients 
who underwent RARP and reported statistically significant 
lower rates of PSM for patients who underwent preoperative 
MRI (12.4% vs. 24.1%) [39].

5.4  NeuroSAFE Approach

Initially described by Scholmm et al., this technique is used 
to evaluate the prostate specimen, soon after the removal for 
identifying positive margins on the NVB [40]. During this 
evaluation, the surgery proceeds with lymphadenectomy, 
hemostasis, and anastomosis. If the microscopic evaluation 
detects a positive margin, the surgeon expands the NVB dis-
section on that side. This study was conducted by Scholmm 
and colleagues evaluating 5392 RARP. The author described 
lower PSM rates in patients who underwent the NeuroSAFE 
technique.

5.5  Augmented Reality (AR)

Porpiglia et al. proposed the use of augmented reality in a 
study with 30 patients who underwent RARP. Although the 
author described safe and feasible preliminary results, some 
technological limitations still restrict the application of AR 
in radical prostatectomies [41].

6  Comparing Different Techniques

In the current literature, no RCTs compared the outcomes of 
NS techniques in patients who underwent robotic-assisted 
radical prostatectomy, and there is no consensus on the opti-
mal technique for NVB preservation. Most studies are based 
on single-surgeon retrospective data with all its inherent risk 
of bias [42]. The lack of standardized methods for reporting 
potency outcomes [43] and penile rehabilitation protocols, 
associated with different preoperative characteristics 
between the cohorts of the studies, are the main challenges to 
establishing accurate data on potency recovery between the 
series of RARP.

In summary, potency outcomes following RP depend on 
different factors [44]. The literature reporting outcomes for 
NS-RARP is based mainly on retrospective studies of sur-
geons with distinct techniques, reporting patients with 
divergent preoperative demography, describing multiple 

classifications for potency and penile rehabilitation 
protocols.

7  Conclusion

Potency outcomes following radical prostatectomy still 
remain a challenge for patients and surgeons due to its mul-
tifactorial etiology. Different techniques to optimize potency 
recovery have been described in the literature, and pelvic 
neuroanatomy understanding played a fundamental role in 
enhancing cavernosal nerve preservation. The literature still 
lacks well-designed studies comparing the benefits of one 
technique over the others. However, basic concepts for 
nerve-sparing are common to all RP techniques, such as min-
imizing the amount of traction used on dissection, avoiding 
excessive cautery (energy) during hemostasis, and neural 
preservation based on anatomical landmarks (arteries and 
planes of dissection).
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Pneumoperitoneum Physiology

Hal D. Kominsky, Jeffrey A. Cadeddu, 
Marcio Covas Moschovas, and Raymond J. Leveillee

1  Introduction

Laparoscopy was initially utilized as a diagnostic procedure 
and had very limited applications [1]. This technology was 
revolutionized with the introduction of laparoscopic chole-
cystectomy in 1990 followed by laparoscopic nephrectomy 
shortly thereafter [2, 3]. Modern urologic practice routinely 
incorporates laparoscopy, and more recently robotic surgery, 
in the treatment of both benign and oncologic disease. Thus, 
the importance of a surgeon’s familiarity with the physio-
logic principles of pneumoperitoneum and its effects on the 
patient cannot be understated. This chapter describes the 
basic physiology of pneumoperitoneum and potential com-
plications arising from its use.

2  Insufflation Agents

Early laparoscopic surgery employed room air or oxygen to 
establish pneumoperitoneum [4]. These gases proved to be 
clinically impractical due to the strong potential for venous 
embolism and intracorporeal combustion. The ideal insuffla-
tion gas should:

 – Be relatively inexpensive.
 – Is noncombustible.
 – Perhaps most importantly, rapidly dissolve in plasma [5].

Options for various gases are discussed below with the 
following section of the chapter focusing primarily on car-
bon dioxide effects of pneumoperitoneum.

2.1  Carbon Dioxide

Carbon dioxide (CO2) is the most commonly used gas at the 
disposal of the modern laparoscopic and robotic surgeon. It 
is rapidly absorbed in both blood and tissue. Due to a sharp 
diffusion gradient, CO2 quickly evacuates the peritoneal cav-
ity into the surrounding body compartments (fat, bone, vis-
ceral organs). While this feature makes CO2 an excellent 
option for obtaining pneumoperitoneum, patients are at risk 
for developing hypercapnia, hypercarbia, and cardiac 
arrhythmias. The patient population in which these concerns 
are most relevant are those with chronic obstructive pulmo-
nary disease (COPD). These individuals are particularly sen-
sitive to the acute changes in blood concentrations of CO2 
and may have difficulty with compensatory ventilation 
required to expel excess gas. Additionally, CO2 is a well- 
known stimulant of the sympathetic nervous system, which 
leads to increased cardiac contractility, heart rate, and sys-
temic vascular resistance. A more robust discussion of these 
principles comes later in this chapter. Although CO2 is rap-
idly absorbed in blood, it can remain in surrounding tissues 
for several hours or even days [6]. It is prudent that following 
long operations with CO2, the surgeon has a low index of 
suspicion for patients showing signs and symptoms of 
hypercarbia.

2.2  Helium

Helium (He), an inert and noncombustible gas, emerged as 
an attractive alternative insufflant to CO2, particularly in 
patients who would poorly tolerate hypercarbia. However, 
due to its lower blood solubility, the risk for air embolus is 
higher in He compared to that of CO2. It has been suggested 
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that if He is to be used for the procedure, the initial pneumo-
peritoneum should still be achieved with CO2 to minimize 
the risk of air embolus. Similarly, if a patient develops refrac-
tory hypercarbia during a surgery utilizing CO2, the surgical 
team can switch to He to continue the case [7].

2.3  Nitrous Oxide

Nitrous oxide (NO2) was popularized as an insufflation agent 
during the 1970s and 1980s due to its low cost as well as 
minimal irritation to the peritoneum and lower rate of 
cardiac- related changes [8, 9]. Importantly, NO2 is combus-
tible, and reports exist of intraoperative explosions during 
laparoscopy, which has greatly limited modern use of this 
gas for pneumoperitoneum [10, 11]. It is imperative that the 
use of NO2 insufflation be restricted to those procedures not 
utilizing electrocautery.

3  Insufflation Pressure Effects on Organ 
Systems

3.1  Cardiovascular Effects

The intra-abdominal pressure generated from pneumoperito-
neum impacts cardiac function directly in the chest and indi-
rectly with changes to venous return and systemic vascular 
resistance. Increased intra-abdominal pressure decreases 
venous return through the inferior vena cava (IVC) as a result 
of increased venous resistance [12]. This relationship 
assumes low or normal atrial pressure. In a patient with high 
atrial pressure, such as in the case of a hypervolemia, the 
IVC pressure resists the pneumoperitoneum force, and 
venous return is unaffected or increased [13]. At the same 
time, increasing peritoneal compartment forces in excess of 
20 mmHg transmits pressure to the small capacitance vessels 
which in turn increase mean systemic pressure. In common 
practice, most cases are performed at a pressure of 
10–12 mmHg, and rarely exceed 15 mmHg.

It has been suggested that pneumoperitoneum actually 
creates phasic hemodynamic changes observed as a 50% 
decrease in cardiac index within five minutes of initial insuf-
flation. Then the cardiac index increases as the systemic vas-
cular resistance drops after about 10 minutes [14]. Performing 
laparoscopy at 15 mmHg can lead to 30% reduction in car-
diac output and stroke volume with corresponding 60% 
decrease in mean atrial pressure [15]. These cardiac changes 
can be mitigated with pneumoperitoneum at lower pressures 
[16]. This is relevant for patients with significant cardiac 
pathology who are particularly sensitive to the hemodynamic 

dysregulation caused by pneumoperitoneum. When patients 
have poor cardiac reserve, special attention must be paid to 
keep insufflation pressure low and balanced with volume sta-
tus and blood pressure changes during the case [6, 17].

3.2  Renal Effects

Increased intra-abdominal pressure affects renal blood flow. 
This was empirically demonstrated in 1923  in a bovine 
model by Thorington and Schmidt, reporting that intra- 
abdominal pressures exceeding 15  mmHg and 30  mmHg 
produced oliguria and anuria, respectively [18]. Similarly, in 
a study of 17 healthy human subjects, Bradley and Bradley 
showed that an intra-abdominal pressure of 20  mmHg 
reduced renal blood flow and glomerular filtration rate [19]. 
Changes in renal function and urine output caused by pneu-
moperitoneum are most likely the result of multiple factors 
as demonstrated by several animal studies [20–23]. 
Diminished renal perfusion, parenchymal compression, and 
to a lesser extent, hormonal influences from antidiuretic hor-
mone and vasopressin have all been implicated [20, 21, 23, 
24]. Of note, decreased cardiac output and ureteral compres-
sion do not seem to contribute significantly [21].

Longer duration of laparoscopic cases has been associ-
ated with intraoperative oliguria [24, 25]. This phenomenon 
is reversed upon discontinuation of the pneumoperitoneum 
at the end of the surgery. Options for the intraoperative man-
agement of oliguria include furosemide, mannitol, and dopa-
mine. Vigilant use of these pharmacological agents rather 
than volume expansion may prevent the patient from experi-
encing volume overload and edema when treating 
pneumoperitoneum- related oliguria [26].

3.3  Gastrointestinal Effects

Pneumoperitoneum may lead to diminished blood flow and 
perfusion of the gastrointestinal system. By measuring 
intramucosal pH as a surrogate for gastric and splanchnic 
perfusion, multiple studies have demonstrated the relation-
ship between decreased blood flow to the stomach during 
prolonged periods of pneumoperitoneum [14, 27]. Caldwell 
and Ricotta reported on a canine model, wherein they 
observed decreased visceral blood flow (stomach, small and 
large intestine, spleen, liver, and kidney) out of proportion to 
diminished cardiac output as intra-abdominal pressures 
increased [28]. Although it was theorized that diminished 
splanchnic blood flow may be a risk factor for bacterial 
translocation from the peritoneum to the blood [29], this has 
not borne out in clinical practice.
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3.4  Intracranial Pressure Effects

Both experimental and clinical studies have implicated 
pneumoperitoneum, particularly with CO2, in the changes of 
intracranial pressure (ICP) associated with laparoscopic 
procedures [30–32]. There are multiple reports suggesting 
that increasing PCO2 increases ICP [33, 34]. In addition, 
Schob and colleagues demonstrated a consistent phenome-
non of increased ICP with pneumoperitoneum using alter-
native agents (He, NO2), but to a lesser severity compared to 
CO2 [35].

Multiple theories have been put forth to explain the posi-
tive correlation between increasing intra-abdominal pressure 
and increased ICP.  One explanation utilizes the Monroe- 
Kellie doctrine, or the principle that changing the parameters 
of one intracranial compartment (parenchymal, cerebrospi-
nal fluid (CSF), and osseous) forces compensatory changes 
in at least one of the other non-osseous compartments. When 
there is a rapid change in the pressure within one compart-
ment, as in the case with quick onset of pneumoperitoneum 
at the beginning of a procedure, there is not enough time for 
compensatory measures, and the result is increased ICP. An 
alternative explanation of increased ICP from pneumoperito-
neum was suggested by Este-McDonald et  al., in which 
intra-abdominal pressure increase leads to higher intratho-
racic pressure, which in turn leads to obstruction of venous 
outflow from the spinal cord [36]. Higher intravascular vol-
ume in the spinal cord transmits to the intracranial compart-
ment and generates higher ICP.  Another popular theory 
speculates that patients experience impaired CSF absorption 
during laparoscopic surgery, and this has some effect on 
increasing ICP.  This concept was demonstrated in a pig 
model that showed a 55% reduction in CSF reabsorption 
after 4 hours of pneumoperitoneum at 15 mmHg [37].

There is a two-phase model proposed by Rosenthal and 
colleagues [32, 38] that divides the mechanism of ICP 
increase into an (1) early, passive, venous phase and (2) late, 
active, arterial phase. The early, passive, venous stage comes 
about from compression of the IVC, which lowers the 
CVP.  Lower CVP impairs venous drainage from lumbar 
plexus, which causes a corresponding increase in ICP. In the 
late arterial stage, hypercarbia brings about vasodilation of 
the intracranial vessels, and subsequently a rise in 
ICP.  Additionally, the acute elevation in ICP produces a 
Cushing reflex that releases catecholamines and vasopressin. 
This leads to increased MAP and SVR while simultaneously 
decreasing blood flow to the splanchnic circulation. The 
milieu of hemodynamic alterations leads to a rise in ICP.

The true clinical implications of increased ICP during 
laparoscopic procedures are not fully understood. To date, 
there are no reports of patients experiencing any adverse 
neurological sequelae specifically attributed to intra- 
abdominal pressure increases from laparoscopic or robotic 

surgery. In the specific situation of performing laparoscopy 
on a patient with prior head trauma or with an intracranial 
lesion, minimizing changes to ICP is prudent. Considerations 
for these patients include minimal time in the head-down 
position, low insufflation pressure, and possibly the use of 
gasless laparoscopy. The use of continuous ICP monitoring 
during procedures is an option, although not commonly 
employed in everyday practice.

3.5  Respiratory Effects

The increased intra-abdominal pressure of pneumoperito-
neum weakens diaphragmatic excursion, which decreases 
functional residual capacity and can increase pulmonary 
dead space. Correspondingly, the peak airway pressure must 
be increased to maintain constant tidal volume [6]. Motew 
demonstrated that the average peak airway pressure needed 
to maintain the same tidal volume increased by 45% when 
intra-abdominal pressure was increased from 0  mmHg to 
20 mmHg [39]. For patients with pulmonary disease, con-
trolling ventilation and use of positive expiratory pressure 
(PEEP) can counteract the increased dead space and proten-
tional alveolar-perfusion mismatch, which would otherwise 
result in hypoxemia [40]. However, these tools have not been 
shown to have clinical significance in patients without lung 
disease [41].

Additional respiratory parameters altered by pneumoperi-
toneum include increased chest wall mechanical resistance 
and decreased pulmonary compliance.

When comparing patients who underwent laparoscopic 
and open surgery, multiple reports found that after surgery, 
the laparoscopy patients had better forced expiratory volume 
in one second (FEV1), forced vital capacity, peak expiratory 
flow, and higher blood oxygen saturation compared to match 
open subjects [42, 43]. The exact reasoning for these obser-
vations is not clear.

4  Physiology of Carbon Dioxide 
Absorption

4.1  Acid–Base Effects of CO2 Absorption

The absorption of CO2 from pneumoperitoneum has inde-
pendent effects on the cardiac and pulmonary systems.

The body has the natural ability to eliminate CO2 effi-
ciently and effectively using a buffering system. This is done 
when CO2 combines with water in red blood cells to form 
carbonic acid. The carbonic acid quickly dissociates into 
hydrogen and bicarbonate. The bicarbonate rapidly diffuses 
into plasma. The hydrogen ion complexes with hemoglobin. 
This system prevents significant alternations in plasma 
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pH. CO2 that does not undergo this conversion (about 10% of 
total blood concentration) is transported to the lungs where it 
is eliminated through respiration. When CO2 concentration is 
increased, as is the case with pneumoperitoneum, pulmonary 
circulation increases, as the body attempts to evacuate the 
excess CO2.

Diffusion of a gas within the body occurs from areas of 
higher concentration to lower concentration. Multiple factors 
can influence rates of diffusion, including pressures across 
different body compartments, gas solubility, distance the gas 
must travel, gas molecular weight, and body temperature. 
The diffusion coefficient is an index value for a specific gas 
that compares the solubility of the gas to the standard diffu-
sion of oxygen. Diffusion coefficients for common gases 
include O2 1.00, CO2 20.30, CO 0.81, N 0.53, and He 0.95. A 
high diffusion coefficient means that the gas is more rapidly 
absorbed. This is why CO2, with a markedly higher diffusion 
coefficient compared to other gases, makes an excellent 
choice for pneumoperitoneum during laparoscopy.

In a study comparing blood gas concentrations before and 
after laparoscopy at 20 mmHg of CO2 pneumoperitoneum, it 
was reported that the average P CO2 increased by 8.6 mmHg 
and the arterial pH decreased by 0.082  units [44]. When 
patients underwent laparoscopy at 15–20 mmHg, Montalva 
and Das noted the development of hypercarbia when minute 
ventilation was unchanged [45]. Interestingly, when patients 
were allowed to ventilate spontaneously, they saw a decrease 
in the CO2 concentration in the blood. These results demon-
strate the body’s natural drive to eliminate CO2 which can be 
suppressed during controlled ventilation.

Tan and colleagues attempted to quantify the absorption 
of CO2 during laparoscopy. By measuring CO2 elimination, 
they were able to calculate the average CO2 absorption of 
twelve subjects at 15 minutes and 30 minutes after insuffla-
tion. They reported that the CO2 absorption from the perito-
neal cavity was 42  mL/min and 39  mL/min, respectively. 
These results suggest that the absorption of CO2 actually 
reaches a steady state. Another study by Mullet et al. demon-
strated a plateau in CO2 absorption at 15–20  minutes in 
patients undergoing laparoscopy for cholecystectomy and 
gynecological procedures [46].

4.2  Hemodynamic and Pulmonary 
Influences of CO2 Absorption

The hypercarbia from CO2 absorption produced several 
hemodynamic changes. The lower blood pH of hypercarbia 
can cause local myocardial depression and in turn decrease 
cardiac contractility and heart rate [47]. Low pH in the blood 
can also have a vasodilatory effect. Conversely, CO2 is a 
known stimulant to the sympathetic nervous system; an 
increased CO2 concentration can directly increase cardiac 

contractility and peripheral vascular resistance. Overall, 
hypercarbia actually creates a state of increased cardiac out-
put, increased heart rate, and mean arterial pressure. 
Peripherally, the local vasodilation overcomes the sympatho-
mimetic vasoconstriction which results in decreased periph-
eral vascular resistance [48].

Carbon dioxide diffuses into body tissue until it is eventu-
ally eliminated from the lungs [49]. Bone is typically thought 
to be the largest storage reservoir for CO2 retention, but mus-
cle can also host a high concentration of the gas because of 
its high rate of perfusion [50]. Naturally occurring, short- 
term CO2 increases are buffered in alveolar and visceral tis-
sue. In the case of a rapid increase of high CO2 concentration 
from pneumoperitoneum, the body has an increase in PCO2 
that drives ventilatory changes. Carbon dioxide continues to 
undergo elimination following laparoscopy as well.

Wallace et al. compared the hemodynamic and pulmonary 
effects of high- and low-pressure CO2 pneumoperitoneum. 
Forty patients undergoing laparoscopic cholecystectomy 
were randomized to low-pressure insufflation (7.5 mmHg) or 
high-pressure insufflation (15 mmHg). No differences were 
observed in terms of PCO2, end tidal CO2, peak airway pres-
sure, heart rate, cardiac index, stroke index, or MAP [51]. 
Slightly different results were reported by Dexter and col-
leagues, who showed laparoscopy at higher pressure pro-
duced a decrease in stroke volume. Cardiac output was 
favored in the lower pressure laparoscopy group [16].

5  Pneumoperitoneum Effects 
with Patient Positioning

There are multiple animal and human studies describing the 
relationship of positioning with pneumoperitoneum [52–54]. 
Williams and Murr evaluated hemodynamic changes of dogs 
undergoing pneumoperitoneum, placed at different posi-
tions. Cardiac output with the dogs in the horizontal position 
went from 79% at 15 mmHg to 77% at 30 mmHg. When the 
dogs were put in the head-down position, cardiac output 
went to 86% and 82% at 15 mmHg and 30 mm, respectively. 
In the head-up position, the reductions in cardiac output 
were 70% and 67% of baseline at the corresponding insuffla-
tion pressures, respectively.

Joris et al. observed hemodynamic changes in 15 patients 
undergoing laparoscopic cholecystectomy at different posi-
tions [53]. After induction of anesthesia, while in supine 
position, patient MAP dropped by 9% and cardiac index fell 
by 25%. With the patient in head-up position, the investiga-
tors found further decreases in MAP and cardiac index by 
17% and 14%, respectively. Upon insufflation, the patients 
experienced a MAP increase of 37% and cardiac index 
decrease of 18%. Those authors speculated that the reduced 
cardiac index was a function of increased afterload and 
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decreased venous return. The afterload increase was thought 
to be a result of both increased abdominal pressure from the 
pneumoperitoneum and sympathomimetic response from 
elevated CO2 concentration in the blood. Similarly, Kelman 
and colleagues studied how patient positioning affects 
 hemodynamics during pelvic laparoscopy. The baseline car-
diac output was higher with the patient’s head down com-
pared to the supine position (4.8 L/min vs 3.9 L/min). Once 
the abdomen was insufflated with 10–20 cmH2O, cardiac 
output increased to 5.3 L/min with the head up. Once insuf-
flation pressures reached 30–40 cmH2O, cardiac output 
decreased. The authors felt that the central venous pressure 
increase from the head-down position translated to increased 
cardiac output but could not be overcome at higher intra-
abdominal pressures.

To summarize, patients in the supine position have rela-
tively little change to their cardiac output. When the abdo-
men is insufflated at a relatively low pressure of 
pneumoperitoneum (below 15  mmHg), there is minimal 
change to the cardiac output. Once higher pneumoperito-
neum pressures are generated (>20 mmHg), one can expect 
to observe decreased cardiac output as the patient’s venous 
return is reduced. When the patient is placed in head-down 
position, cardiac output can be improved, but is still influ-
enced to some degree by intra-abdominal pressure, espe-
cially when that pressure is high.

6  Hormone and Immunologic 
Considerations 
of Pneumoperitoneum

Abdominal insufflation may contribute to the hormonal and 
immunologic environment of patients undergoing laparo-
scopic surgery.

Interleukin-6 (IL-6) is an acute phase reactant, considered 
to be an early maker of tissue damage and trauma. In the 
context of comparing laparoscopic and open surgery, blood 
concentrations of IL-6 appear to be decreased in patients 
undergoing laparoscopic procedures [55–58]. A similar rela-
tionship has been demonstrated for C-reactive protein (CRP) 
[59, 60], while other studies have found CRP to actually be 
increased following laparoscopy [61–63].

Chekan et al. measured bacterial clearance rate in mice 
undergoing laparotomy as well as laparoscopy with pneu-
moperitoneum using either CO2 or He. Interestingly, CO2 
pneumoperitoneum displayed the lowest bacterial clear-
ance rate compared to open surgery or pneumoperitoneum 
using He [64].

Likewise, West and colleagues showed that cells incu-
bated in CO2 display lower IL-1 and tumor necrosis factor 
(TNF) levels as well as lower rates of bacterial clearance 
compared to cells incubated in air or He [65]. They proposed 

that CO2 absorption leads to higher levels of intracellular 
acidification, which in turn impairs macrophage cytokine 
production.

Sietses randomized patients undergoing laparoscopic 
cholecystectomy to abdominal insufflation with CO2, He, or 
abdominal wall lifting without gas insufflation. The systemic 
immune response was evaluated, and the investigators 
reported higher CPR levels in the He and gasless groups 
compared to the CO2 group [66].

Neuroendocrine markers have also been evaluated to 
compare the effects of stress from laparoscopic and open sur-
gery. Laparoscopic surgery, when compared to open surgery, 
leads to lower production of cortisol, epinephrine, and nor-
epinephrine in the postoperative period [67, 68].

7  Pneumoperitoneum Complications

Complications can occur either from establishing pneumo-
peritoneum or its maintenance during a procedure.

Superficial placement of a Veress needle or a trocar can 
lead to subcutaneous emphysema. This results when CO2 
leaks directly into the subcutaneous or preperitoneal tissue. 
This is generally a benign, self-limiting complication; how-
ever, numerous reports of subcutaneous emphysema leading 
to hypercarbia exist [69–71]. Because the gas is not con-
tained within the abdominal cavity, it can traverse tissue 
planes and diffuse into the extrapleural space, mediastinum, 
or even pericardium. There are descriptions of subcutaneous 
emphysema causing pneumothorax [72, 73] and pneumo-
pericardium [74, 75]. Small pneumothoraces are generally 
managed with observation and supportive care, while larger 
pneumothoraces require decompression and thoracostomy 
insertion.

Perhaps, the most feared and morbid complication of 
pneumoperitoneum is a gas embolism. This can result from 
inadvertent placement of the Veress needle in a vein or into 
the liver/spleen, wherein gas will infuse directly into the 
venous circulation. A gas bubble can travel into the right 
atrium, and from there it can enter the pulmonary circulation. 
If the bubble sits in the atrium, it can obstruct venous return 
to the heart, and cardiac output will be compromised. And if 
the bubble obstructs pulmonary artery flow, pulmonary 
hypertension and right heart failure can occur. Gas embolism 
can be identified clinically by observation of a sudden state 
of hypoxia, hypercarbia, arrhythmia, or hypotension upon 
insufflation. The patient will also become cyanotic. 
Capnography and transesophageal echocardiography (TEE) 
have both been studied as tools to detect gas emboli, with 
TEE having the highest sensitivity [76–78].

A more theoretical consideration concerning gas emboli 
is a venous injury during pneumoperitoneum. To test this, 
O’Sullivan and colleagues made venotomies in pigs under-
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going pneumoperitoneum at 10–25  mmHg [78]. They 
detected gas emboli in 20 of 22 cases. The extent of emboli-
zation correlated with a decrease in central venous pressure 
attributed to blood loss, the duration of the venotomy, and 
higher intraperitoneal pressure. For significant venous injury 
during laparoscopic surgery, it is prudent to directly occlude 
the site of injury and increase intravascular volume.

The treatment of gas embolism involves immediate termi-
nation of the pneumoperitoneum, administration of 100% 
inspired oxygen, and any other resuscitative measures 
required. The patient should be positioned in the left lateral 
decubitus position, right side up, and head down. This posi-
tion will stop the air bubble from transferring into the pulmo-
nary circulation and allows for percutaneous aspiration in the 
right atrium.

Another complication of pneumoperitoneum is cardiac 
arrythmia. Bradycardia has been reported with the initiation 
of abdominal insufflation [79], and may be the result of vagal 
reflex in response to the stretch of the peritoneum. In a com-
parison of 100 patients undergoing CO2 insufflation and 45 
patients undergoing N2O insufflation, the rates of dysrhyth-
mia were 17% and 4%, respectively [80]. The authors attrib-
uted the higher rate of dysrhythmia in the CO2 group 
(extra-systolic ventricular beats, most commonly) to 
hypercarbia.

7.1  AIRSEAL® Insufflation Mechanism: 
A New Generation of Valveless Trocar—
How AirSeal® Works

The AirSeal System maintains pressure in two unique ways:

 1. Inside the cannula housing of the AirSeal® Access Port, a 
series of high-pressure nozzles direct gas downward into 
the cannula until the desired intra-abdominal pressure is 
achieved. At this point, an equilibrium is reached, creat-
ing an invisible, horizontal air barrier inside the cannula 
housing. As pressure inside the cavity drops (due to a leak 
or the use of suction), the equilibrium shifts downward 
allowing more gas to enter the cavity until the set pressure 
is re-established. Similarly, when pressure in the cavity 
increases (as it does when external pressure is present and 
during every ventilation cycle), the equilibrium shifts 
upward, venting any overpressure almost instantaneously, 
until the set pressure is again re-established.

 2. The iFS measures pressure multiple times per second and 
responds to changes in pressure by either venting (when 
an overpressure is present and the cannula cannot respond 
quickly enough) or by increasing gas flow through to both 
the 4 holes at the distal end of the cannula and to the jets 
in the cannula housing when a drop in cavity pressure is 
sensed.

The AirSeal System continuously clears smoke:

 1. A continuous flow circuit is also activated simultaneously 
evacuating intra-abdominal gas (now containing CO2 and 
smoke), filtering it, and recirculating it through the high- 
pressure nozzles.

 2. The smoke evacuation rate can be chosen by the operator. 
In LOW smoke evacuation mode, gas is evacuated and 
recirculated at a rate of 3 liters per minute. In HIGH 
smoke evacuation mode, gas is evacuated and recircu-
lated at a rate of 8 liters per minute (Figs. 1, 2 and 3).

The concept of low-impact laparoscopy (LIL), sup-
ported by the European guidelines of Urology, is based on 
performing the surgery using small-diameter trocars and 
low insufflation pressures [81]. Previous studies described 
respiratory and cardiovascular impacts of increased intra-
abdominal pressures due to the CO2 insufflation in laparo-
scopic procedures. Additionally, the elimination of CO2 
has also been associated with increased postoperative pain 
and the use of opioids [81]. Therefore, new insufflation 
systems have been developed to decrease these negative 
impacts of high intra- abdominal pressure in laparoscopic 
surgeries.

Fig. 1 AIRSEAL® 12 mm cap (available in 8 mm as well) (with per-
mission from Conmed, Largo, FL 33773, USA)
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Fig. 2 AIRSEAL® Access port (with permission from Conmed, Largo, 
FL 33773, USA)

Fig. 3 AIRSEAL® iFS (Intelligent Flow System) (with permission 
from Conmed, Largo, FL 33773, USA)

The AIRSEAL® Intelligent Flow System (ConMed, 
New York, USA) is a three-lumen insufflation method with a 
valveless trocar, which maintains constant intra-abdominal 
pressure and removes the surgical smoke periodically [82, 
83]. Several authors have described in the literature the 
 outcomes of the AIRSEAL® insufflation system compared to 
the standard CO2 insufflation (12–15 mmHg) in laparoscopic 
procedures.

7.1.1  Current Literature Reporting AIRSEAL 
Use and Outcomes

Intraoperative Performance
Bucur and colleagues, in a study with 56 patients divided 
into two groups who underwent renal surgery, reported 
higher blood loss in the AIRSEAL® group compared to the 
conventional insufflation [84]. On the other hand, several 
studies reported no significant blood loss and transfusion 
rates differences between both techniques [82, 85–90].

Different studies assessed the insufflation impact on the 
surgical field visibility. Madueke-Laveaux et  al. reported 
better surgery visualization when performing cases with the 
AIRSEAL® [ 89]. Horstmann and colleagues described no 
difference in the time spent cleaning the camera in radical 
prostatectomies [88]. The current literature also has reports 
of faster operative times associated with the AIRSEAL® use 
[82, 87, 91].

Postoperative Pain Evaluation and Morphine 
Analgesia
Some authors had described the impacts of lower pressures 
on postoperative pain (abdominal or shoulder) [82, 89, 92, 
93]. Sroussi and colleagues performed a study enrolling 60 
patients who underwent laparoscopic gynecologic surgery 
comparing the standard intra-abdominal pressure (15 mmHg) 
with lower pressures (7 mmHg) provided by the AIRSEAL® 
Intelligent Flow System (ConMed, New York, USA) [93]. 
The author reported AIRSEAL® benefits to reduce postop-
erative shoulder pain from four to twenty-four hours after 
surgery (p < 0.001). In addition, patients using this system 
needed 23.3% less morphine for managing postoperative 
pain.

Complication Rates
Different authors assessed complication rates at 30  days 
(using Clavien-Dindo Classification) comparing the 
AIRSEAL® Intelligent Flow System (ConMed, New York, 
USA) with the standard CO2 insufflation [82, 85, 87, 89, 90, 
92]. All studies described no differences between both insuf-
flation techniques.

7.1.2  Insufflation Improvements
Since the beginning of the COVID-19 pandemic, the con-
cerns regarding aerosolization of hazards have increased 
among laparoscopic and robotic surgeons. Some studies 
described the potential CO2 leakage and aerosolization asso-
ciated with the AIRSEAL® system, even with the trocar sup-
plied cap [94]. Therefore, new methods have been tested to 
improve staff security during the surgery and maintaining the 
concept of low abdominal pressures in laparoscopic and 
robotic surgeries.
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In this scenario, the recently introduced LEXION (Lexion 
Medical, MN, USA) system has some modifications com-
pared to the AIRSEAL®. The system also produces a con-
stant intra-abdominal pressure, but instead of using CO2 gas 
mixed with air (nitrogen), LEXION (Lexion Medical, MN, 
USA) provides insufflation using 100% CO2, which reduces 
the subcutaneous emphysema, according to the manufac-
turer. In addition, this system offers ULPA filtration, which 
filters smaller particles (down to 0.01 micron), eliminating 
virus and combustion hazards. However, despite the poten-
tial advantages of this new system, the literature still lacks 
comparative studies assessing the advantages of this insuffla-
tion mechanism over the standard AIRSEAL®.

7.1.3  Overall Summary and Consideration
Balayssac and colleagues performed a literature review eval-
uating ten studies from the USA, Europe, and Japan, com-
paring AIRSEAL® with conventional CO2 insufflation in 
laparoscopic surgeries [95]. Four studies were randomized 
controlled trials (RCT), five were retrospective, and one was 
prospective non-RCT enrolling a total of 1394 patients (639 
AIRSEAL® and 755 CO2 insufflation). The author concluded 
that the current literature does not support the benefits of the 
AIRSEAL® over the conventional CO2 insufflation in laparo-
scopic surgeries. However, most studies have less than 100 
patients, and most are based on retrospective data analysis 
with all its inherent risks of bias.

8  Conclusions

With more than five decades of clinical use, laparoscopy has 
become a foundational component of modern surgery. 
Carbon dioxide is the most commonly chosen agent for 
pneumoperitoneum because of its rapid absorption in blood 
and low combustibility. However, other options for insuffla-
tion exist and may be considered for patients with cardiac, 
pulmonary, and neurologic pathologies that may not tolerate 
hypercarbia. Pressure effects and gas absorption are well- 
studied phenomena that promote a variety of physiologic 
changes in the patient. Understanding the interplay of these 
physiological changes is vital to patient safety when consid-
ering a laparoscopic approach for an operation.
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Patient Positioning, Port Placement, 
and Docking: Si, Xi, and SP Robots

Raymond J. Leveillee, Oscar Schatloff, 
Marcio Covas Moschovas, and Jean V. Joseph

1  Introduction

Intuitive Surgical, founded in 1995 and headquartered in 
Sunnyvale, California, USA., has been the leading computer- 
assisted surgical device company (aka “robot”) for over two 
decades. This chapter, written in collaboration with my col-
leagues Oscar Schatloff, MD, Marcio Moschovas, MD, and 
Jean Joseph, MD, is based on experts’ opinion and covers the 
last 25  years in development and technological improve-
ments since the introduction of the “standard 3-armed 
Model” in 1998.

This chapter will focus on relevant clinical applications of 
the four-arm platforms as we currently utilize in our clinical 
practices for the performance of Radical Prostatectomy. All 
images are either ones that we have taken ourselves or are 
readily accessible on the Internet. Appropriate references 
will be given when warranted. There may be additional mod-
ifications/adaptations that other surgeons have utilized. The 
intent is not to go through the steps of the operation but 
merely to render our opinions and current practices. We 
anticipate that future “robotic” surgeons will read these 
pages with either awe or amusement.

2  Traditional Docking 
for Prostatectomy (Multiport Robot)

Patient positioning for Multiport Robotic Prostatectomy 
between the legs using the Si and the Xi Da Vinci Robot 
involves optimizing placement of the “surgical cart” close to 

the perineum to allow maximal reach and permit the bedside 
assistant to manipulate the penis, Foley catheter, and in some 
instances, the perineum.

The use of a rectal bougie has all but been abandoned by 
most surgeons currently. Positioning of the vision cart is dic-
tated by the size of the operating room and the length of the 
cables for the camera and energy cords [often within 3–5 feet 
(1.0–1.5 meters) from the operating table].

Patient positioning and port placement are similar for the 
Da Vinci Xi and Si and will be described below. There are 
many differences between the two systems. The primary dif-
ference is that in the Da Vinci Xi, the camera and all the 
interchangeable instruments are 8 mm in diameter, while in 
the Si and previous models, the camera is 12 mm in diameter, 
allowing for “port hopping” with the Xi, which is especially 
helpful during initial trocar placement, avoiding the use of a 
separate 5 mm laparoscopic telescope and camera. The arms 
of the Xi model are also thinner and lighter, allowing a sig-
nificant improvement in motion and arm clashing for pros-
tate and pelvic surgery.

3  Patient Positioning

Patients are administered a general endotracheal anesthetic 
with paralysis and put into leg stirrups to allow space and 
then placed in a 25 to 30 degree supine Trendelenburg (Head 
down) position to allow gravity displacement of the small 
intestines once pneumoperitoneum is created. Placement of 
anti-embolic stockings and sequential compression devices 
should be routinely done for pelvic surgery. As the risk of a 
thromboembolic event is thought to be greatest during sur-
gery, we routinely use 5000 UI of unfractionated heparin 
subcutaneously after the patient is anesthetized. Previous 
studies have not shown an increase in intraoperative bleeding 
nor lymphocele.

In sequence, foam rubber padding is often used to protect 
pressure points, and an anti-sliding foam or conformable 
vacuum bean bag is placed on the operating table under the 
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patient. The patient is then wrapped across the chest for extra 
safety. However, care should be taken not to restrain thoracic 
expansion. The elbows and wrists are positioned to allow 
slight flexion, and the arms are tucked at the patient’s side. 
The arms should be kept low at the patient’s side to avoid 
contact with the fourth robotic arm or the 12 mm assistant 
port.

After correctly positioning the patient, the table is turned 
into Trendelenburg (Head down) of approximately 15 
degrees. Patient safety and stability are checked, including 
inspecting all pressure points and allowing the anesthesia 
team to visualize the extent to which the patient will be posi-
tioned once the drapes are applied. Attention is made to 
assure that the neck is not hyperextended, and adjustments 
are made as necessary.

In sequence, the abdomen and genitals are prepared from 
xiphoid to perineum. Sterile drapes can include cystoscopy 
leggings, an under buttocks drape, and a standard laparot-
omy drape. A 16 or 18 French Foley catheter is inserted and 
kept in the sterile field. Using a blue silicone catheter can 
improve the visualization of the urethra at the time of pros-
tatic apex division and vesicourethral anastomosis.

4  Port Placement (Multiport Robot)

The minimum distance necessary for the arms to move with-
out colliding utilizing the Si is approximately 9  cm. After 
pneumoperitoneum is created, we recommend placing the 
12 mm camera port 2 cm cranial to the umbilicus for better 
exposure of the cranial part of the pelvis, such as the aortic 
bifurcation, ureteral crossing, and also for a better view dur-
ing an extended lymph node dissection. In addition, it allows 
a higher placement of the robotic arms 1 and 2, to adequately 
perform the tasks just described. We place the ports in a “W 
shape.” Alternatively a gentle “Rainbow” arc can be used.

After the camera port, we mark a horizontal line 1  cm 
below the umbilicus and then connect a line from the camera 
port to the horizontal line a minimum of 9 cm apart. It is bet-
ter, while entering, to have ports 1 and 2 pointing toward the 
symphysis pubis in a diagonal direction, so the midpoint 
between the midline and the iliac crest is usually the optimal 
place so that a triangle is formed between the camera port 
and the robotic arms 1 and 2.

We usually place the robotic arm three on the left side of 
the patient and the 12 mm assistant port on the right side. 
However, this could be the opposite, according to the sur-
geon’s preference. The 12 mm assistant port is placed at least 
9 cm from the robotic arm 1 in a diagonal direction lateral 
and upwards. The assistant port needs to be placed through 
the transversus muscles and not through the fascia. Otherwise, 

it will be too lateral and will collide with the patient’s arm 
and surgical table. This holds true for the third robotic arm 
on the contralateral side. Finally, we place a 5 mm port below 
the ribs on the right side for suction, usually on the same 
vertical line as the right 8 mm port.

The same trocar placement process is performed with the 
Da Vinci Xi. However, the supraumbilical trocar (camera 
port) has 8  mm as the other instruments’ arms. Another 
advantage of the Xi with it’s overhead, extending and rota-
tional boom is the ability to dock from virtually any angle 
including the patient’s side. This can be especially useful in 
smaller confined spaces such as older operating rooms. One 
must remember to make the assistant port on the contralat-
eral side to the docking side. Figures 1, 2, 3, 4, 5, 6, 7 and 8 
illustrate the details of port placement with the multiport 
robot.

5  Single-Port (SP) Robot-Assisted 
Radical Prostatectomy (RARP)

This century began with the approval of the DaVinci multi-
port robot-assisted surgery in 2000, ushering in a new era in 
urologic surgery. While the robot brought forth significant 
advantages in decreasing surgical invasiveness and easing 
laparoscopic interventions for surgeons, there has been a 
relentless pursuit to further decrease the invasiveness of sur-
geries. From the first standard DaVinci system (Intuitive 
Surgical, Sunnyvale CA, USA) to the multi-armed platforms 
(S, Si, and Xi), surgeons have sought ways to decrease the 
number of ports utilized.

The “single port” (SP) robot was approved by the FDA in 
2018, giving surgeons the ability to perform surgery via a 
single cannula via which all necessary instruments are 

Fig. 1 Diagram illustrating patient positioning with >15 degree 
Trendelenburg. This is applicable for Davinci S, Si, or Xi. Copyright 
Intuitive Surgical—reproduced courtesy of the manufacturer)
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PORT PLACEMENT

Measurements should be made AFTER insufflation
to 15 mmHg.
> da Vinci Camera Port, 12 mm (BLUE); Place port near
   umbilicus. Place camera port 1-2 cm superior to the
   umbilicus and make a transverse incision at the midline.
   Utilizing a transverse incision significantly reduces the risk
   of incisional hernia.1, 2

> da Vinci Instrument Arm � Port, 8 mm (YELLOW); Place
   8-10 cm from the camera port on a line to the right anterior
   iliac spine.

> da Vinci Instrument Arm � Port, 8 mm (GREEN):
   Place 8-10 cm from the camera port on a line to
   the left anterior iliac spine.

> da Vinci Instrument Arm � Port, 8 mm (RED): Place on the
   patient’s left side, at least 2-3 cm from the itiac crest and  > 8
   cm from da Vinci Instrument Arm � Port, just inferior to the
   camera port.

> Assistant Port #1 (A1), 12 mm (WHITE): During a 3-arm
   procedure, place the port on the patient’s left side, lateral to
   da Vinci instrument arm �. During a 4-arm procedure, place
   the port on the patient’s right side, lateral to the da Vinci
   instrument arm � port.

> Assistant Port #2 (A2), 5 mm (BLACK): In a 3-arm case,
   place the port 3-4 cm superior to the camera port and
   between the camera port and da vinci instrument arm
   � port. During a 4-arm procedure place the port 3-4 cm
   superior to the camera port and between the camera port
   and da Vinci instrument arm � port.

Camera

3-ARM SETUP

4-ARM SETUP

A2

A1��

Camera

A2

A1 �
�

�

Fig. 2 Prostatectomy set-up card (3 and 4 arm) Si. (Copyright Intuitive Surgical—reproduced courtesy of the manufacturer)

deployed. Before the arrival of the SP robot, several surgeons 
had performed single-site surgeries through rearrangement 
or crossings of the multi-arm robot placed through a single 
skin incision.

Whether via multiport or single-port robotic surgeries, the 
adoption of robotic surgery continues to increase. 
Maneuvering the SP at the surgeon’s console mimics the 
prior robotic systems. Regardless of the approach, proper 
access, proper patient positioning, and selection remain key. 
Adequate training and experience of the surgical team are 
paramount for the success of any new program. In this sec-
tion, we focus on single-port patient positioning and access 
for robot-assisted radical prostatectomy.

Radical prostatectomy has been performed with the SP 
robot using a variety of techniques. These include transperi-

toneal, extraperitoneal, and perineal. The transperitoneal 
route can accommodate various techniques, including an 
anterior or posterior approach and the Retzius sparing.

6  Patient Positioning (SP Robot)

Whether a transperitoneal or an extraperitoneal approach is 
used, the patients undergoing radical prostatectomy are 
placed in a supine position. In contrast to the transperitoneal 
approach, the extraperitoneal access requires less 
Trendelenburg (less than 10 degrees Trendelenburg for the 
entire procedure), as illustrated in Fig.  9. The peritoneum 
serves as a natural barrier keeping all intra-abdominal con-
tents out of the surgical field. Avoiding the peritoneal cavity 
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OVERHEAD VIEW OF
3-ARM DOCKING

OVERHEAD VIEW OF
4-ARM DOCKING

Fig. 3 Diagrams of docking 
“between the legs, Si.” 
(Copyright Intuitive 
Surgical—reproduced 
courtesy of the manufacturer)
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Fig. 4 Traditional docking “between the legs” with the DaVinci Xi. 
(Photo courtesy R. J. Leveillee, MD, FRCS-G)

provides several advantages, including patients with prior 
abdominal surgeries, avoiding lysis of adhesions. The abdo-
men is also left unviolated, easing subsequent abdominal 
exploration.

7  Da Vinci SP Port Placement

An open Hasson technique is used for the single-port place-
ment. The SP trocar is 2.5 cm in diameter (Fig. 10) and is 
inserted with a blunt trocar which requires an initial fascial 
opening. The latter should be kept at less than 2 cm to ensure 
it stays snug in the fascia. It is an unribbed trocar that can 
easily slide in and out of the abdominal cavity with motion. 
Desufflation of the abdomen can cause the abdominal fascia 
to slide away from the robotic port while the latter stays fixed 
in space. Intra-Abdominal pressure is routinely kept between 
8 and 10 mm Hg.

8  SP Intraperitoneal Access

For a single-port intraperitoneal access, the initial port is 
best placed cephalad to the umbilicus, usually 20  cm 
away from the pubis. This facilitates visualization of the 
necessary landmarks for the bladder take-down step, such 
as the pubic bone and bilateral vas deferens. The instru-
ments must be deployed about 10 cm away from the tip of 
the trocar to allow extension of the instrument’s elbow 
and subsequent internal triangulation toward the target 
organ. Adequate visualization of the medial umbilical 
ligaments and the urachus is helpful to ensure a good 
dissection.

9  SP Extraperitoneal Access

A midline 3–4-centimeter incision is made 2–4 cm below the 
umbilicus (Fig.  11). The fascia is incised in the midline 
exposing the underlying supravesical fat. A finger can be 
used to develop the retropubic space bluntly. Given the 
potential risk of bleeding, we prefer using a balloon dilator to 
create the extraperitoneal space. With a camera placed inside 
the balloon, the space is developed under direct vision. Once 
the epigastric vessels are visualized, the insufflation is 
discontinued.

There is no need to create additional space laterally even 
when an additional trocar is used or with a “Plus One” tech-
nique (Figs.  12 and 13). This contrasts with the multiport 
approach where the balloon is inflated maximally to create 
space laterally for additional robotic arms or assistant tro-
cars. In the early adoption phase of the SP robot, a “Plus 
One” technique allows the surgeon to benefit from the help 
of a skilled assistant (Fig. 14). The assistant can retract, use 
a suction device, or clip as necessary, similar to the standard 
multiport approach.

Once the retropubic space is developed, the SP trocar 
can be inserted directly, provided that the fascial opening 
is less than the trocar site for allowing a tight fit. This 
approach works for supraumbilical docking. For infraum-
bilical docking, which is required for the extraperitoneal 
route, the trocar length and the need for the SP instru-
ments to fully deploy require the trocar entry point to be 
further away from the fascial opening. In this scenario, we 
use a GelPOINT (Applied Medical, Rancho Santa 
Margarita, CA, USA) system to provide the appropriate 
space for the instrument deployment (Figs.  15 and 16). 
The SP also has a port access kit that facilitates docking 
away from the fascial opening. The wound protector is 
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Anatomy
Pelvic

Cart Location
Patient Right (shown) or Left

Cart Location
Patient Legs

Working Direction
Towards Feet

APPROACH ‘PATIENT RIGHT’ IS SHOWN

Working Direction
Towards Feet

Anatomy
Pelvic

Fig. 5 Schematic demonstrating the versatility of the Xi system illustrating the “side docking” approach. (Copyright Intuitive Surgical—repro-
duced courtesy of the manufacturer)
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Fig. 6 View of “Side docking” from the patient’s left side. Patient feet 
(red arrow). Patient’s head and anesthesia cart (yellow arrow). (Photo 
courtesy R. J. Leveillee, MD, FRCS-G)

Fig. 7 View of “Side docking” from the patient’s feet. Surgical cart is 
at the patient’s left. (Photo courtesy R. J. Leveillee, MD, FRCS-G)

4 3 2 1 A
4* 3 2 1 A

A

Surgical Workspace Initial Endoscope Port

Image shows ports placed so the right hand is controtting two instruments
and the left hand is controlling one.
* Farthest Lateral port may be repurposed as an EndeWrist® Stapler port.

da Vinci Port

Assistant Port

Target Anatomy

LEGEND

APPROACH:
PATIENT
RIGHT

Fig. 8 Schematic demonstrating suggested port placement utilizing the “side docking” approach. For radical prostatectomy (Copyright Intuitive 
Surgical—reproduced courtesy of the manufacturer)
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Fig. 9 SP Robot docked. Minimal Trendelenburg positioning (Photo 
courtesy of J. Joseph, MD)

Fig. 10 SP cannula (below), obturator above (Photo courtesy of 
J. Joseph, MD)

Fig. 11 View of midline (marking) of single-port site, and site of addi-
tional trocar for “Plus one” approach, marked in the right lower quad-
rant (Photo courtesy of J. Joseph, MD)

Fig. 12 View of midline single-port incision, with balloon dilator 
(Photo courtesy of J. Joseph, MD)

Fig. 13 Balloon dilator inserted in space of Retzius. Lower abdomen 
(below the umbilicus) is expanding with balloon inflation developing 
the extraperitoneal space. (Photo courtesy of J. Joseph, MD)

R. J. Leveillee et al.
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Fig. 14 View of inflated balloon dilator in the space of Retzius. The 
right epigastric vessels are visualized. The assistant trocar is being 
inserted in the right lower quadrant, lateral to the epigastric vessels. 
(Photo courtesy of J. Joseph, MD)

Fig. 15 View of GelPOINT in place with SP port and additional trocar inserted through the gel cap. A wet towel is used to keep gelcap elevated 
to increase distance from the fascia opening. (Photo courtesy of J. Joseph, MD)

Fig. 16 View of instruments deployed through trocar (Courtesy of 
Intuitive Surgical, Sunnyvale, CA, USA)
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SP Short
entry guide

Access port Wound retractor

Fig. 17 View of the SP access port and its components. (Courtesy of Intuitive Surgical, Sunnyvale, CA, USA)

Fig. 18 View of wound retractor adjacent to midline skin opening. 
Airseal trocar (CONMED, Largo, FL, USA) placed in right lower quad-
rant (Photo courtesy of J. Joseph, MD)

placed, followed by the access port and the entry guide 
(Figs. 17 and 18). The metal trocar is not necessary when 
the entry guide is used, and the robot is directly connected 
to the latter.

The wound retractor sleeve is rolled inward, coiling all 
redundant sleeve components into the ring overlying the 
abdominal wall. Then, the SP access port and guide are con-
nected before docking the robot as illustrated by Figs. 19 and 
20. Figure  21 illustrates the final port placement and the 
robotic docking to SP kit access port.

The SP Kit access port offers several advantages. The 
clear port allows visualization of the instruments as they 
pass into the fascial opening. It contains an assistant port 
that can rotate, allowing entry from multiple directions, 
including several other accessory ports. With experience, 
these ports obviate the need for an extra trocar placed via a 
separate opening. The specimen can be placed in the “bowl” 
of the SP access port. This is advantageous in the extraperi-
toneal space where actual spacing can be limiting (Fig. 22). 
Removing the specimen from the operative field facilitates 
anastomosis (Fig.  23). The robot can also be quickly 
undocked to examine the specimen and redocked for the 
lymph node dissection or the completion of the vesicoure-
thral anastomosis.

Upon completion of the procedure, the midline fascia 
opening is closed. We routinely use a drain regardless of 
whether the prostatectomy was done intra or extraperitone-
ally. When a “Plus One” technique is used, the drain is placed 
in that site (Fig. 24).

R. J. Leveillee et al.
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Fig. 19 Wound retractor in place before and after coiling (Photo courtesy of J. Joseph, MD)

Fig. 20 SP access port and entry guide in place (Photo courtesy of 
J. Joseph, MD)

Fig. 21 Close-up view of robot docking using SP kit access port 
(Photo courtesy of J. Joseph, MD)

10  Conclusion

In this chapter, we have described the details and principles 
about the trocar placement in patients who underwent radical 
prostatectomy with the multiport and single-port robotic 

platforms. After years of experience with robotic surgery, we 
believe that appropriate patient positioning and port place-
ment are the first step for optimal operative visualization and 
performance while minimizing the risks of perioperative 
complications.
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Fig. 22 Retropubic space view after docking (Photo courtesy of 
J. Joseph, MD)

Fig. 23 Transillumination through the access port. The specimen can be visualized (bottom). (Photo courtesy of J. Joseph, MD)

Fig. 24 Postoperative view following prostatectomy. Drain placed in 
the right lower quadrant (Photo courtesy of J. Joseph, MD)

R. J. Leveillee et al.
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Step-by-Step Approach 
to Robotic- Assisted Radical 
Prostatectomy

Marcio Covas Moschovas, Kenneth J. Palmer, Kris Maes, 
Luísa Alves, and Vipul Patel

1  Introduction

Robotic surgery is constantly evolving since the first pro-
cedure was cleared by the FDA (Food and Drug 
Administration) in 2000. Despite the technological 
advancements provided by successive generations of the 
da Vinci Robot, urinary continence, and erectile dysfunc-
tion are still unpredictable following robotic-assisted radi-
cal prostatectomy (RARP) [1–4]. Recent studies and 
metanalyses reported incontinence rates ranging from 14% 
to 31% and erectile dysfunction from 32% to 81% [5, 6]. 
However, new studies comparing techniques of RARP 
described improvements in early potency and continence 
rates after modifying the apical dissection and preserving 
the lateral prostatic fascia [7].

Among different factors associated with the preservation 
of functional outcomes following RARP, preoperative SHIM 
score, degree of nerve sparing, age, pathological stage, and 
D’Amico class are the most relevant [8]. Excluding the 
patient’s preoperative characteristics, technique with degrees 
of nerve-sparing is the only factor potentially controlled by 
the surgeon. In this scenario, the surgical technique is con-
tinuously evolving because functional and oncological out-
comes still did not reach 100%. In this chapter, we are 
describing the details of our most recent RARP technique 
after performing more than 15,000 RARP.

2  Preoperative Routine

For each patient, in our preoperative routine, we consider the 
age, body mass index (BMI), comorbidities, prostatic- specific 
antigen (PSA) levels and trends, prostate biopsy report 
(Gleason /ISUP) [9], and Median Charlson Comorbidity 
Index age-adjusted. To access the sexual and urinary func-
tion, we use the Sexual Health Inventory for Men (SHIM) and 
American Urologic Association (AUA) symptom score ques-
tionnaires before and after the surgery. Before surgery, all 
patients underwent a complete physical examination and a 
digital rectal exam (DRE) for cancer staging.

Operative complications are reported according to the 
modified Clavien–Dindo classification [10]. Continence is 
defined as the use of no pads and potency as erections firm 
enough for satisfactory sexual intercourse with or without 
using PDE-5. Biochemical recurrence was defined as two 
consecutive prostate-specific antigens (PSA) >0.2 ng/ml.

3  Da Vinci Xi Instruments Setup

 – 8 mm Scope
 – Monopolar scissors.
 – Long Maryland Bipolar.
 – Needle drivers.
 – Prograsp.

4  Surgical Technique

4.1  Patient Positioning and Trocar 
Placement

We place the patient in dorsal decubitus with pads in all 
points of articulations. After general anesthesia and antibi-
otic prophylaxis, the anesthesia team performs a Transversus 
abdominis plaine (TAP) block [11].
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Fig. 1 Trocar placement

Fig. 2 Anterior bladder neck
After anesthesia, a supraumbilical midline incision is per-

formed and the pneumoperitoneum is achieved with Veress 
needle. In sequence, we place four robotic trocars and 2 assis-
tant trocars in the conventional position for RARP (Fig. 1). 
Then, we use an AirSeal® system to provide a constant 
pneumoperitoneum of 10 mmHg during the procedure. The 
table is then angled to 26 degrees Trendelenburg position, and 
the robot is docked on the left side of the patient.

4.2  Retzius Space Access and Bladder 
Takedown

Instruments used: Scissors (Right arm), Maryland bipolar (Left 
arm), Prograsp (fourth arm), Scope (30 degrees up or down).

Once the robot is docked, and instruments are placed, the 
peritoneum is then incised using the bipolar and scissors on 
the umbilical ligaments to enter Retzius’ space extending to 
the pubic bone up and medially, and the vas deferens later-
ally, fully exposing the anterior aspect of the prostate. It is 
crucial to start the Retzius space dissection on the lateral side 
of both umbilical ligaments.

Once the prostate is accessed, we usually dissect the pros-
tatic fat for skeletonizing the puboprostatic ligaments for 
optimal apex and dorsal vein complex (DVC) visualization.

4.3  Anterior Bladder Neck Incision

Instruments used: Scissors (Right arm), Maryland bipolar 
(Left arm), Prograsp (fourth arm).

The precise location of the bladder neck is identified by 
using the double pinch maneuver and pulling on the catheter 
repeatedly. In some cases, there is a deviation of the catheter 
toward one side, which indicates the presence of a possible 
median lobe or, less frequently, a ureterocele. Once identi-

fied, the bladder neck is horizontally incised with scissors 
and bipolar (applying traction) in a downward direction until 
reaching the Foley catheter (Fig. 2), which will then be used 
as upward traction for delineating and approaching the pos-
terior bladder neck.

Some technique variations are described in the literature 
during this step because some centers, such as Hospital da 
Luz (Portugal), tend to preserve the bladder neck when ana-
tomically possible [4]. In our technique, we open the BN 
performing the reconstruction before the anastomosis.

4.4  Posterior Bladder Neck and Seminal 
Vesicle Dissection

Instruments used: Scissors (Right arm), Maryland bipolar 
(Left arm), Prograsp (fourth arm).

Using the catheter as upward traction (with fourth 
Prograsp), the plane between the bladder neck and the pros-
tate is dissected until reaching the seminal vesicles. Special 
care is taken during this step to flatten the lateral aspects of 
the bladder before entering the posterior dissection. This 
ensures ample exposure and adequate bladder neck width 
circumferentially, allowing for a subsequent watertight anas-
tomosis. It is crucial to check the ureteral orifices (UOs) 
location and anatomy before proceeding to the posterior dis-
section (Fig. 3). It is necessary to identify the musculofascial 
plate correctly during the dissection, avoiding the wrong dis-
section into prostatic tissue. Vertical muscle fibers (retro- 
trigonal fibromuscular layer) are key landmarks in posterior 
bladder dissection. A horizontal incision of this tissue will 
expose fatty tissue until the seminal vesicle space.

Once reached, the seminal vesicles are ligated at the tip 
using hem-o-loc clips and traction provided by the fourth 
arm. Upon their release, the SVs are used as upward traction 
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to enter the posterior plane through Denonvilliers’ fascia and 
dissect the rectum of the prostate. It is crucial to minimize 
the energy use in this step, especially during the seminal 
vesicle tip, to avoid damaging the posterior neural fibers.

4.5  Denonvilliers’ Fascia (DF) and Posterior 
Neurovascular Bundle (NVB) 
Preservation

Instruments used: Scissors (Right arm), Maryland bipolar 
(Left arm), Prograsp (fourth arm), Scope (30 up).

The DF comprises multiple layers of connective tissue 
created of the fusion between the posterior prostatic fascia 
and the seminal vesical fascia presenting an enormous inter- 
patient variability in terms of tension and thickness [12]. 

Laterally, it ends in the neurovascular bundles at the prostatic 
pedicles.

After incising the posterior fascia, the camera is toggled 
from 30 degrees down to 30 degrees up. The dissection of 
this plane encompasses entering in between (Fig. 4a) the lay-
ers of DF (pearly white plane). Once we reached and dis-
sected this avascular plane, we start preserving the NVB by 
accessing the prostatic fascia from 5 to 1 o’clock on the right 
side and 7 to 11 o’clock on the left side (Fig. 4b). During this 
step, we use the prostatic vasculature (prostatic artery) as 
landmarks to guide the nerve-sparing degrees of preservation 
[13, 14]. The degrees of nerve-sparing vary according to the 
tumor Grade, tumor location, and Neural bundle anatomy.

4.6  Retrograde Neurovascular Preservation

Instruments used: Scissors (Right arm), Maryland bipolar 
(Left arm), Prograsp (fourth arm), Scope (30 down).

Upon completing the posterior plane, the endopelvic fas-
cia (EF) is opened medially, next to the prostate, to complete 
a retrograde nerve spare while preserving the lateral aspect 
of EF.  After communicating the lateral with the posterior 
plane, the nerve preservation is performed with an athermal 
dissection and by using hem-o-lock clips for vascular control 
of the prostatic pedicles bilaterally.

Our recent modification described the preservation of 
the lateral prostatic fascia in selected cases to improve 
neural preservation and increase early potency rates 
(Fig. 5) [7]. The Endopelvic fascia is attached to the pelvic 
fascia diaphragm and tendinous arch covering the levator 
muscle fibers. Its anterior reflection forms the pubopros-
tatic ligaments. Sharp and blunt dissections during endo-
pelvic fascia incision and release of levator fibers from the Fig. 3 Posterior bladder neck and ureteral orifices

a b

Fig. 4 (a) Dissection plane between DF. (b) Posterior Nerve-sparing
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Fig. 5 Retrograde Nerve-sparing dissection

Fig. 6 Apical dissection

Fig. 7 Urethra division

prostatic apex could injure the levator muscle, which has 
crucial importance for continence [15, 16]. Additionally, 
endopelvic fascia is closely related to the neurovascular 
bundles, which emerge from the pelvic plexus and run lat-
erally to the bladder neck and on the anterolateral aspect of 
the prostate [3].

4.7  Apical Dissection and DVC Control

Instruments used: Scissors (Right arm), Maryland bipolar 
(Left arm), Prograsp (fourth arm).

The apical dissection, another modification of our technique 
[7], is performed from the base toward the urethra, underneath 
the puboprostatic ligaments, preserving the maximum amount 
of periurethral tissue and urethral length (Minimal apical dis-
section) (Fig. 6). The urethral sphincter is a complex structure 
distal to the prostate apex and in a close relationship but func-
tionally independent from the muscular pelvic floor. Some 
challenges in this step regard the variation in apical anatomy 
and the absence of a clear transition between the prostate cap-
sule and urethra. The correct apical dissection has implications 
in functional and oncological outcomes [4, 7, 17].

After approaching the urethra, the Prograsp pulls the 
prostate downward (performing traction), and the DVC is 
closed with a running suture (Quill® 2.0) while the abdomi-
nal pressure is maintained at 6–8 mmHg. After controlling 
the DVC, we return the pressure to 10 mmHg.

4.8  Urethra Division

Instruments used: Scissors (Right arm), Maryland bipolar 
(Left arm), Prograsp (fourth arm).

The urethra is divided with cold scissors, avoiding cautery 
energy, especially when reaching the mucosa, while ensuring 
maximum length and periurethral tissue preservation 
(Fig. 7). During this step, we maintain the Prograsp, apply-
ing downward traction on the prostate.
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4.9  Bladder Neck and Posterior 
Reconstruction

Instruments used: Needle drivers (Right and Left arm), 
Prograsp (fourth arm).

The bladder neck reconstruction is performed by plicat-
ing the lateral aspects of the bladder wall with a barbed 
suture (Quill® 2.0) and running it medially and back laterally 
(to the place of origin) until the bladder neck and urethra 
diameters are matched. An essential part of this step is veri-
fying that the ureteral orifices (UOs) are preserved and dis-
tant from the edge of the bladder neck.

The posterior reconstruction is performed with Rocco’s 
technique in two planes by approaching the cut edge of 
Denonvilliers’ fascia to the rhabdosphincter (first plane) and 
then the posterior lip of the bladder neck to the posterior lip of 
the urethra (second plane) [18]. This step is performed with a 
single barbed suture (Quill® 2.0) with a loop at the end.

4.10  Anastomosis

Performed as a modified van Velthoven with a bidirectional 
running barbed suture starting at the 5 o’clock position 
(using the urethra as reference) and running the posterior 
aspect of it (clockwise) with one arm until reaching the 10 
o’clock position and counterclockwise with the second arm 
until reaching the same position on the urethral stump where 
they are tied (Fig. 8) [19]. A new 16 Fr Foley catheter is then 
inserted and the bladder irrigated with saline solution to clear 
any clots and confirm a watertight anastomosis.

After the anastomosis, some centers, such as Hospital da 
Luz (Portugal), perform the anterior reconstruction, consist-
ing of the re-attachment of the arcus tendinous to the anterior 
bladder neck through a 2/0 barbed running suture. Attention 
is taken to avoid piercing any accessory vessels and exces-
sive tightening of the suture. This allows for anterior stabili-
zation of the vesicourethral complex. In addition, after 
finishing the anastomosis, the peritoneum is closed with a 
2/0 barbed running suture.

4.11  Lymphadenectomy

When performing the lymphadenectomy, we remove the 
standard template anteromedial to the external iliac vein and 
around the obturator nerve and vessels [20]. In our tech-
nique, we use Hem-o-lock® clips on the superior and inferior 
edges of the lymph node template.

5  Postoperative Routine

In our routine, no abdominal drain is placed at the end of the 
surgery. The postoperative analgesia is performed with non- 
opioid medication. The patients are stimulated to ambulate 
soon after anesthesia recovery, and patients with favorable 
recovery and clinical conditions are discharged on the same 
day of surgery.

After discharge, all patients return on the fifth postopera-
tive day to remove the foley catheter and receive the final 
pathology report. Then, the next appointments are scheduled 
for six weeks, 3, 6, 9, and 12 months after surgery. During 
these appointments, we evaluated PSA, SHIM, and AUA 
scores.

6  RARP Technique Variations

Surgical techniques for RARP are not uniform among the 
different centers worldwide. However, the common concept 
to optimize functional and oncological outcomes lies in min-
imizing thermal and mechanic injury when approaching the 
neural bundles associated with apical and endopelvic anat-
omy preservation.

7  Conclusions

In this chapter, we have described our current step-by-step 
RARP technique after recent refinements. Potency and 
continence outcomes following Robotic-assisted radical 
prostatectomy still challenge surgeons and patients due to 
its multifactorial etiology. In this scenario, as long as we Fig. 8 Anastomosis
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still do not have one hundred percent of the patients with 
optimal functional and oncological outcomes, we believe 
that surgical technique is constantly evolving with refine-
ments and modifications in order to further improve func-
tional results in patients undergoing surgical therapy for 
prostate cancer.
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Outcomes of RALP: An Evidence-Based 
Approach

Maria Chiara Sighinolfi, Francesco Montorsi, 
Ahmed Eissa, and Vipul Patel

1  Introduction

Prostate cancer (PCa) is the third most common malignancy 
(7.3%) following breast (11.7%) and lung cancers (11.4%), 
and the eighth most common cause of cancer mortality 
(3.8%) in 2020. Furthermore, it is the most frequently diag-
nosed male cancer in 112 countries around the globe [1]. 
PCa represents a major health burden as it was responsible 
for 7.1 million disability-adjusted life-years (of which, 88% 
are years of life lost and 12% are years of life with disability) 
around the world in 2017 [2]. Radical prostatectomy (RP) is 
considered the mainstay of surgical treatment for men with 
localized PCa and life expectancy >10  years [3]. The first 
description of RP for treatment of PCa dates back to the early 
1900s, when Young H [4], reported his experience with open 
perineal prostatectomy in 75 patients; however, this approach 
was associated with high morbidity and mortality as it was 
used in the era before the introduction of antibiotics, balloon 
catheters and blood transfusion in the medical practice. After 
approximately 40 years, Millin [5] modified the RP approach 
to be performed through an abdominal incision, yet it was 
still associated with severe blood loss from the dorsal venous 
complex (DVC) as it was not tied [6]. Later on, Walsh intro-
duced several modifications to the retropubic RP technique 

including the ligation of the DVC and the nerve-sparing RP, 
which reduced the perioperative complications of this sur-
gery and improved its outcomes [6]. As laparoscopic 
approaches became popular among surgeons, Raboy et  al. 
[7], reported the first case of laparoscopic radical prostatec-
tomy (LRP), which seemed to be associated with several 
advantages over the ORP, including less intraoperative blood 
loss and postoperative pain, and shorter hospitalization [8]; 
however, the laparoscopic approach was not devoid of draw-
backs such as the longer operative time and learning curve, 
and the two-dimensional vision compared to the open 
approach [6]. In the early 2000s, robotic surgery was intro-
duced and popularized because of its important advantages 
including three-dimensional (3D) vision, articulated instru-
ments with seven degrees of freedom, magnified vision, 
tremors filtration, and shorter learning curve [8]. In this set-
ting, the robotic approach to RP was first introduced in 2001 
[9], and since then it gained great acceptance among sur-
geons and patients; as a consequence, to date, approximately 
85% of RPs are performed through robotic-assisted laparo-
scopic approach in the USA [10, 11].

The present chapter reports the highest scientific evidence 
(Level 1) on robotic-assisted laparoscopic radical prostatec-
tomy (RALP), by considering randomized controlled trials 
(RCT) and meta-analysis currently available in literature. A 
PubMed search was performed including the terms “robotic- 
assisted radical prostatectomy” OR “robotic-assisted laparo-
scopic prostatectomy” OR “RALP” OR “RARP” AND 
“randomized controlled” OR “Meta-analysis.”

Articles dealing with the following topics were 
considered:

 1. Comparison of different approaches to Radical 
Prostatectomy (open, laparoscopic, robotic).

 2. Outcomes of RALP in special settings.
 3. Techniques of prostate dissection.
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Novelties and tools complementary to RALP were con-
sidered separately, with the inclusion of prospective 
 comparative studies and retrospective matched-paired analy-
sis or cohort studies.

1.1  Different Approaches to Radical 
Prostatectomy

Although robot-assisted approach is the most common 
approach for RP, there are still limited first-level evidence in 
the literature to support the superiority of any of the three 
approaches (ORP, LRP, and RALP) over the other due to the 
scarcity of randomized controlled trials comparing different 
approaches, where most of the available evidence is based on 
observational prospective or retrospective studies with low 
methodological quality [10, 12]. Furthermore, most of the 
systematic reviews and meta-analysis showed inconsistent 
and non-definitive conclusions [10, 13].

1.2  Evidence from Randomized Controlled 
Trials (RCTs)

Despite RALP being introduced more than two decades ago, 
there are scarce RCTs in the literature comparing it to other 
approaches (laparoscopic and open). This may be attributed 
to the difficult organization of such trials because the patients 
have the right to decide the type of surgical approach and the 
randomization concept may be unacceptable for them given 
the potential life-impacting consequences of different 
approaches [12]. To date, there are only six RCTs comparing 
RALP to ORP or LRP in the literature (Table 1) [11, 19–23], 
of which two RCTs [11, 22] were just an extended follow-up 
of already published RCTs [20, 21].

1.2.1  RALP Versus LRP
The first RCT was published in 2011 aiming to compare the 
oncological and functional outcomes of patients treated with 
RALP or LRP [19]. In this trial, 128 patients with clinically 
localized PCa were randomly assigned to undergo either 
RALP (64 patients) or LRP (64 patients). Interestingly, there 
was no statistically significant difference between the two 
approaches for all the outcomes under testing (i.e., operative 
time, estimated blood loss, transfusion rates, complications, 
positive surgical margins, biochemical recurrence, and post-
operative continence recovery) except for the erectile func-
tion at 12-months after surgery, where RALP showed 
statistically significant superiority over LRP (77% vs 32%, 
P < 0.0001) [19]. Similarly, Porpiglia et al. [20], supported 
RALP superiority over LRP not only on the erectile function 
recovery at 12-months (80% vs 54.2%, P = 0.020) but also 

on the rates of continence recovery (95% vs 83.3% at 
12-months, p  =  0.04). Notably, the functional outcomes 
superiority was maintained over 5-years of follow-up (conti-
nence OR = 2.47, p = 0.021—potency OR 2.35, p = 0.028) 
[11]. Recently, the early results of the largest RCT compar-
ing RALP (547 patients) and LRP (171 patients) were pub-
lished, endorsing the superiority of RALP for early functional 
outcomes recovery (at 3-months follow-up) [23].

1.2.2  RALP Versus ORP
On the other hand, only one RCT compared the outcomes 
between RALP (163 patients) and ORP (163 patients) show-
ing that the two approaches were comparable in terms of 
functional and oncological outcomes. Regarding periopera-
tive complication rates, even not reaching statistical signifi-
cance (p = 0.05), postoperative complication rate was lower 
in RARP vs ORP (4 vs 9%). Moreover, this study reported 
shorter operative time (p < 0.0001), lower estimated blood 
loss (p < 0.001), shorter length of stay (p < 0.001), and lower 
intraoperative adverse event rates for RALP (p = 0.02) rela-
tive to ORP. Similarly, pain relief at 24 hours and 1 week, as 
well as lymph nodal yield, were in favor of RALP (both 
p < 0.001) [21]. In a recent update of the RCT, patients were 
further followed up for 24-months showing that the func-
tional outcomes were still comparable among the two surgi-
cal approaches; however, the biochemical recurrence rate 
was significantly higher in the ORP group (4 vs 13 cases of 
recurrence, 3 vs 9%) [22]. However, as also remarked by the 
authors, this data needs to be interpreted with cautions due to 
the absence of standardization in postoperative management 
between the two trial groups and the use of additional cancer 
treatments.

1.3  Evidence from Systematic Reviews 
and Meta-Analysis

Most of the claims in the current literature about the supe-
riority of RALP over other approaches derive from meta- 
analyses that are based on prospective non-randomized and 
retrospective studies that are mostly characterized by a low 
level of evidence [20, 24]. Between 2010 and 2021, 19 sys-
tematic reviews and meta-analyses concerned with the 
comparison between different surgical approaches to RP 
were identified (Table 2). Of these, five studies compared 
RALP vs LRP [10, 12, 13, 26, 33], two compared mini-
mally invasive RP (RALP and LRP) vs ORP [24, 25], five 
compared RALP vs ORP [17, 27–29, 34], and seven 
included comparison between all the three approaches [8, 
30–32, 35–37]. Noteworthy, the results of these systematic 
reviews and meta-analyses are not consistent and do not 
provide sufficient evidence to give strong recommenda-
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tions as most of them are characterized by the scarcity of 
RCT, the lack of long-term follow-up in most of the 
included studies, evident time bias (where the learning 
curve for each approach was not comparable), high hetero-
geneity among the included studies in each meta-analysis 
(in terms of the definition and measurement of continence 
and potency, the surgical technique used for surgery, and 
follow-up period). Furthermore, considering that surgical 
experience is generally accepted as one of the key indica-
tors of high-quality outcomes after RALP, data derived 
from high-volume centers with highly experienced robotic 
surgeons usually shows improved outcomes compared to 
patients operated in low-volume centers by surgeons with 
lower experience [30, 38–40]. Yet, some of the data in the 
included systematic reviews may be derived from studies 
performed in low-volume centers affecting the overall 
results of the study.

1.3.1  Minimally Invasive (RALP/LRP) 
Versus ORP

Cao et al. [24], included 15 articles (two RCTs and 13 pro-
spective non-randomized comparative trials) in their pooled 
analysis showing that minimally invasive RP was signifi-
cantly associated with reduced estimated blood loss, transfu-
sion rates, and shorter hospital stay compared to ORP; 
however, there was no difference regarding oncological and 
functional outcomes between the different approaches. 
Similarly, Ilic et al. [25], performed a Cochrane systematic 
review including two RCT supporting the superiority of min-
imally invasive RP over ORP regarding transfusion rate (low 
quality of evidence) and hospital stay (moderate quality of 
evidence). Furthermore, the authors showed that RALP 
probably results in little or no difference regarding postop-
erative urinary and sexual functions (moderate quality of 
evidence).

1.3.2  RALP Versus ORP
Generally, most of the studies showed that RALP is associ-
ated with lower rates of biochemical recurrence at follow-up 
[17, 27, 28, 34]. On the contrary, two meta-analyses demon-
strated that RALP was associated with lower rates of positive 
surgical margins compared to ORP [27, 34]. Only three stud-
ies discussed the functional outcomes after RP, where RALP 
was significantly associated with improved erectile function 
recovery compared to ORP at 3-,6-, and 12-months [27–29]. 
On the other hand, Seo et al. [28] reported superior urinary 
function recovery for RALP compared to ORP at 12-months 
after surgery. Furthermore, ORP was associated with signifi-
cantly shorter operative time and higher estimated blood loss 
compared to RALP [27–29]; however, RALP was associated 
with lower overall complication rates, especially bladder 
neck contracture, organ injury, and pulmonary embolism 
[27, 28].

1.3.3  RALP Versus LRP
Interestingly, Lee et al. [26] and Huang et al. [13] demon-
strated that RALP was associated with lower transfusion 
rates compared to LRP. Furthermore, RALP was associated 
with lower perioperative complications, especially bladder 
neck contracture and organ injury compared to LRP [26, 33]. 
On the contrary, Huang et al. [13] and Carbonara et al. [10] 
reported that there was no significant difference between 
these approaches in terms of perioperative complications. 
Considering oncological outcomes, all the studies reported 
no superiority of one approach over the other in terms of 
positive surgical margins and biochemical recurrence, except 
for Lee et  al. [26] and Carbonara et  al. [10], who demon-
strated statistically significant lower rate of biochemical 
recurrence after RALP compared to LRP. Regarding func-
tional outcomes, all the available meta-analyses favored 
RALP over LRP for both continence and potency rates 
recovery [10, 12, 13, 26, 33].

1.3.4  RALP Versus LRP Versus ORP
In systematic review which performed a pooled comparison 
of outcomes of all the approaches, operative time resulted 
similar in RALP and ORP approaches [8, 30, 31], but it was 
significantly shorter for RALP compared to LRP [8]. In gen-
eral, estimated blood loss was significantly lower in mini-
mally invasive RP (RALP/LRP) compared to ORP [37]; 
within the minimally invasive approaches, Du et  al. [8] 
reported that estimated blood loss was significantly lower in 
patients undergoing RALP compared to LRP. This was also 
reflected on the transfusion rates, where RALP was associ-
ated with significantly lower transfusion rates compared to 
both LRP and ORP [8, 31, 37]. Furthermore, most of the 
studies that assessed the perioperative complications demon-
strated that there was no significant difference between the 
three approaches [30, 31]. On the contrary, Tewari et al. [37] 
supported the superiority of RALP regarding the overall rate 
of perioperative complications.

Considering oncological outcomes, Tewari et al. [37] and 
Du et al. [8] were the only authors that demonstrated a supe-
riority for RALP over LRP (but not ORP) regarding positive 
surgical margins. Moreover, Novara et al. [35] reported that 
biochemical recurrence rates were not significantly different 
between the three approaches. On the contrary, RALP was 
associated with significantly better functional outcomes over 
LRP and ORP [8, 30, 32, 36]; however, it is worth mention-
ing that Ficarra et al. [36] showed that the potency recovery 
was comparable among patients undergoing RALP and LRP.

1.4  Current Status

In the light of these findings, there are few evidences sup-
porting better functional and, to a lesser extent, better onco-
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logical outcomes after RALP compared to LRP and ORP; 
however, this evidence is not sufficient to draw a definitive 
conclusion on the superiority of RALP.  In these settings, 
both the European Association of Urology (EAU) and the 
American Urological Association (AUA) guidelines do not 
recommend yet one approach over another [3, 41]. However, 
it should be highlighted that the strength of such recommen-
dation (“no approach over another”) moved from “Strong” in 
2019 to “Weak” in 2020 and 2021—according to the EAU 
Guidelines—postulating a possible paradigm shift toward 
robotic approach.

2  Outcomes of RALP in Special Settings

2.1  High-Risk PCa

The setting of high-risk PCa has been considered with a 
meta-analysis of studies comparing different surgical 
approaches and their impact on surgical margin and bio-
chemical recurrence. Srougi et al. [34], performed a system-
atic review of nine retrospective studies comparing ORP and 
RALP and found that high-risk patients treated with RALP 
had the least risk of positive surgical margin (risk differ-
ence  −  0.004) compared to similar patients submitted to 
ORP.  Similarly, from five studies included in the meta- 
analysis, the risk of BCR was lower with RALP compared to 
open interventions (HR 0.72). However, the retrospective 
and observational nature of most of the studies precluded a 
strong conclusion [34]. Recently, Mazzone et  al. [15] 
described the feasibility of RALP in locally advanced cases 
with extracapsular extension at preoperative magnetic reso-
nance imaging (MRI). Here, RALP technique was not asso-
ciated with an increased rate of postoperative complications 
after surgery compared to previous RALP series on locally 
advanced cases [16]. This evidence further supports the fea-
sibility and safety profile of this approach in patients with 
posterior extracapsular extension at MRI.  Notably, the 
robustness of these results on postoperative complications is 
supported by the use of standardized methodology provided 
by the EAU [42]. Indeed, by fulfilling all the suggested crite-
ria, the high reliability of data report on postoperative com-
plications was ensured.

2.2  RALP after Previous Benign Prostatic 
Hyperplasia Surgery

Beyond the comparison between approaches, a certain level 
of evidence is reported for the use of RALP in special set-
tings, such as after previous bladder outlet surgery or previ-
ous treatments for PCa. Minimally invasive radical 
prostatectomy (RALP + LRP) after previous bladder outlet 

surgery of benign prostatic hyperplasia (BPH) has been ana-
lyzed through a pooled analysis of studies comparing these 
cases to those patients who did not undergo previous treat-
ments for BPH. Veccia et al. [18] performed a pooled analy-
sis of 12 comparative studies and concluded that previous 
BPH surgery is associated to lower odds of nerve-sparing 
completion, longer operative time, higher rate of bladder 
neck reconstruction, longer catheterization time, higher 
complication rate, higher PSM rate, higher BCR, and less 
potency and continence recovery rates. Of note, when con-
sidering RALP vs LRP, the robotic approach seems to offer 
superior outcomes. More recently, Liao et al. [14], performed 
a meta-analysis of 13 studies specifically addressing PCa 
patients after transurethral resection of the prostate (TURP) 
and found similar outcomes in terms of PSM, bladder neck 
reconstruction rate, nerve-sparing rate, and overall complica-
tion rate, with RALP approach being the one with a signifi-
cant difference in PSM rate between TURP and non-TURP 
patients. In summary, literature evidence about RALP after 
previous surgery for BPH confirm its feasibility but confirm 
the more challenging nature of the procedure.

2.3  Salvage Prostatectomy

The salvage setting (RALP after the failure of previous active 
treatment for PCa) has been mainly addressed with retro-
spective studies, including propensity score-matched analy-
ses. Martinez et al. [43] recently compared open (50 patients) 
and robotic approaches (26 patients) for the management of 
post-radiotherapy, brachytherapy, and intensity-modulated 
radiotherapy (IMRT) failure. The authors found that RALP 
yielded a lower incontinence rate (9.1% vs 34%) and com-
plete absence of anastomotic stricture (0% vs 8.7%) com-
pared to ORP [43]. Onol et al. [44], addressed the issue of 
different functional outcomes after RALP based on the type 
of previous treatment, where the authors compared between 
post-radiation (94 patients) and post-focal ablation (32 
patients) cases, reporting that radiation prior to RALP was 
associated with inferior functional outcomes whereas focal 
ablation therapies were associated with higher PSM rate and 
higher risk of non-organ confined disease at final pathology. 
These findings were confirmed by the retrospective series of 
DeGroote et al. on 106 patients [45].

The same group of authors recently published a 1:1 pro-
spective propensity-score matched analysis comparing sal-
vage (n  =  135) versus primary RALP and concluded that 
salvage RALP have similar perioperative outcomes with 
inferior potency rates; consistently with previous studies, a 
prior whole gland treatment was associated with a higher 
risk of urinary incontinence [46].

On the same hand, a prospective single-group interven-
tional study about RALP after previous focal therapies 
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(RAFT clinical trial) was recently published [47]. With the 
enrolment of 24 men in roughly 2 years, the authors mainly 
focused on functional outcomes and reported that 96% of 
patients had an almost complete continence recovery (0/1 
pad) one year after surgery. The EPIC-26 questionnaire prior 
to salvage RALP and after 3 months found that urinary con-
tinence was at least similar to preoperative baseline in 74% 
of patients. This study concluded that salvage RALP after 
focal therapy provides good urinary outcomes despite being 
associated with sexual function impairment [47].

Summarizing evidence from the salvage setting, salvage 
RALP is technically more challenging compared to the pri-
mary settings, but it represents a feasible option in high- 
volume centers. Patients should be counseled that functional 
outcomes are inferior to those from primary 
RALP.  Adjustment of surgical technique according to the 
primary treatment may improve surgical outcomes.

3  Techniques of Prostate Dissection 
and Literature Evidence

RALP has been addressed with Level 1 evidence in the fol-
lowing fields: (1) Surgical access; (2) Retzius sparing vs con-
ventional approach (3) reconstructive techniques (posterior 
reconstruction, anterior suspension + posterior reconstruc-
tion, advanced reconstruction of vesicourethral support) (4) 
DVC control and sutures.

3.1  Surgical Access: Extra- Versus 
Transperitoneal

The surgical access represents a matter of debate in the lit-
erature; however, over the last decade, the extraperitoneal 
access gained more popularity and was presented as a safe 
alternative to the traditional transperitoneal approach [48]. 
Furthermore, the extraperitoneal approach has been recently 
gaining more interest due to the introduction of single-port 
robotic platforms [49]. Each approach has its own advan-
tages and disadvantages. The transperitoneal approach pro-
vides a larger working space facilitating the port insertion 
[50]; however, it carries the risk of bowel injury, complica-
tions related to an intraperitoneal urine leak and peritoneal 
irritation, and the cardiopulmonary complications resulting 
from the steep Trendelenburg position (30–45 degrees) and 
the artificial pneumoperitoneum [50, 51]. On the other hand, 
supporters of the extraperitoneal approach state that it mir-
rors the technique of ORP, reduces the risk of intraperitoneal 
complications, and may represent a safer option for patients 
with histories of previous abdominal surgery, symptomatic 
inguinal hernia needing mesh repair, or cardiac disease with 
inserted drug-eluting stents [50, 52, 53].

Only two prospective randomized trials were compared 
between the two approaches [54, 55]. The first one was car-
ried out by Capello et al. [55], in 2007, showing no signifi-
cant difference between both approaches in terms of operative 
times, blood loss, pathological Gleason Score, specimen 
weight, complications, and PSM rates. Similarly, Akand 
et al. [54] supported that both approaches have similar onco-
logical outcomes; however, the extraperitoneal approach was 
associated with significantly shorter operative and anesthesia 
times, catheterization time, hospital stay, and time to oral 
diet. These findings were recently supported by a meta- 
analysis, including 16 studies for an approximative number 
of 4000 patients, concluding that the extraperitoneal 
approach offers shorter operative time, decreased length of 
hospital stay, and decreased rates of postoperative ileus and 
inguinal hernia formation [48].

3.2  Bladder Detachment Vs Retzius Sparing 
Approach

Conventionally, in the classical anterior trans-peritoneal 
approach, RALP requires the access to the Retzius space, 
potentially disrupting anatomical structures contributing to 
the urinary continence mechanism. In 2010, Galfano et al. 
[56] first described the Retzius-sparing technique (RS-RALP) 
which starts and proceeds from Douglas space onward: this 
approach maintains the integrity of the anterior compart-
ment—NVBs, pubourethral or puboprostatic ligaments, 
Aphrodite’s veil, accessory pudendal arteries—and carries 
the perspective of improved and earlier recovery of conti-
nence and erectile function. The first prospective trial from 
the authors reported over 90% of immediate continence at 
catheter removal and a 70% rate of erectile function at 1 year 
[57]. Other added benefits are a likely lower incidence of 
inguinal hernias and Peyronie’s disease, less patient-reported 
penile shortening, and preservation of an untouched Retzius 
space for patients in whom future surgery is anticipated in 
this area [58, 59].

Reflecting the increased interest in this RS-RALP, several 
studies and six meta-analyses were published in just two 
years on the comparison between anterior RALP and 
RS-RALP (2019–2020) [60–65]. Phukan et  al. [62] per-
formed a systematic review and meta-analysis including 2 
RCTs and 4 non-randomized prospective comparative stud-
ies for an overall amount of 638 patients. RS-RALP was 
associated with better early continence rates (≤ 1  month) 
(moderate-quality evidence) (RR 1.72, 95% CI 1.27, 2.32, p 
= 0.0005) and at 3 months (low quality evidence) (RR 1.39, 
95% CI 1.03, 1.88, p = 0.03). Furthermore, RS-RALP did 
not alter T2 positive margin rates (RR 1.67, 95% CI 0.91, 
3.06, p = 0.10) and T3 positive margin rates (RR 1.08, 95% 
CI 0.68, 1.70, p = 0.75) (very low-quality evidence). Short- 
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term biochemical free survival appears to be similar between 
the two approaches. Finally, RS-RALP did not alter overall 
and major complication rates (low-quality evidence) [62].

Dirie et al. [64] drafted similar conclusions; however, it 
should be noted that their meta-analysis included low- 
evidence studies (one RCT, six observational studies, two 
case reports, one case series, and one descriptive study). 
Similarly, another meta-analysis included 8 studies (2 RCT, 
3 retrospective, 3 prospective) for a total of 1620 patients 
and concluded that the continence rate following RS-RALP 
may be significantly improved compared to the classical 
anterior RALP. Notably, PSM rate, complication rate, oper-
ative time, EBL, and postoperative hernia were similar 
between groups [63].

PSM rate represents the major concern of the RS approach. 
Checcucci et  al. [65] reported in their meta-analysis that 
RS-RALP was associated with improved continence recov-
ery but it was also associated with an increase in the risk of 
PSM.  These findings were further confirmed in the meta- 
analysis from Tai et al. [60], which included two RCTs and 
four observational studies, confirming better continence 
achievement with RS despite a significantly higher PSM rate 
(OR 1.68, p  =  0.02). Specifically, higher PSM rates were 
reported for the anterior site (OR 4.34, p = 0.03) and for the 
subset of RCT (OR 2.80, p = 0.007). The authors stated that 
the limited view of surgeons performing RS-RALP in the 
anterior aspect of the prostate may account for a higher PSM 
rate at this site, whereas the PSM rate was similar in other 
anatomical regions [60].

Evidence about RS-RALP have been analyzed also in a 
Cochrane review, that pooled data from 5 unique RCT (two 
published, one in press, two abstract proceedings) for an 
overall amount of 571 randomized participants. The analysis 
confirmed that RS-RALP improves continence rate within 
one week after catheter removal (RR 1.74) and may increase 
continence at 3 months (RR1.33). The effects of RS-RALP 
on potency remain uncertain, whereas RS-RALP may 
increase PSM (RR1.95) [61].

In conclusion, current evidence suggest that RS approach 
is feasible and may lead to better and earlier continence 
recovery. However, beyond PSM, some points of concern 
persist, such as the challenging nature of the approach—
especially in the case of anterior tumors, post-TURP or high- 
volume prostates or median lobes—and the absence of 
high-level evidence in high-risk diseases.

3.3  Nerve-Sparing Approaches: Antegrade 
and Retrograde Release of NVB

Approaches for the preservation of NVBs can be performed 
from the prostate base to the apex (antegrade) or from the 
apex to the base (retrograde). In 2013, Ko et  al. [66] per-

formed a propensity score-matched analysis to compare the 
outcomes among patients who received antegrade (n = 235) 
and retrograde (n = 266) nerve-sparing surgery. The authors 
reported a higher potency rate in the retrograde approach at 
3-,6-, and 9-months (65% vs 80.8% and 72.1% vs 90.1% and 
85.3% vs 92.9%, respectively) with similar PSM rates; thus 
they concluded that a retrograde NS approach facilitates 
early recovery of potency [66]. The possible benefit of the 
retrograde NS approach is the avoidance of misplaced clip 
on the prostatic pedicle as a result of the earlier identification 
and release of the NVB from the prostate before ligating the 
prostatic pedicle; moreover, the earlier release of the NVB 
while the pedicle is still intact may theoretically reduce the 
neuropraxia [66].

The anatomic principles of nerve-sparing as described by 
Walsh [67] have been more recently reviewed with micro-
anatomical studies finding a complex neuronal distribution 
around the prostate, including the anterior surface. This find-
ing raised interest toward the preservation of anatomical 
structures located anteriorly [68, 69]. De Carvalho et al. [70] 
reported a prospective, non-controlled case series of 128 
patients who underwent RALP with retrograde release of 
NV and preservation of dorsal venous complex (DVC): the 
approach yielded 85.9% of immediate continence and 86% 
of potency one year after surgery. Thus, a retrograde NS 
approach that includes the preservation of anterior fibers 
seems to enhance the recovery of functional outcomes.

3.4  Reconstructive Techniques

RALP results in the disruption of peri-prostatic structures 
and the mechanisms underlying urinary continence. It short-
ens the urethral length and reduces bladder-outlet resistance; 
RALP may hinder bladder-neck sphincteric function and 
changes the structure and function of the urinary sphincteric 
complex. Considering the impact of surgery on these func-
tions, multiple approaches to surgical reconstruction of the 
pelvic floor have been suggested [71].

The available evidence from reconstruction techniques 
after robotic prostatectomy has been summarized and divided 
into: (1) posterior reconstruction (PR) of the rhabdomyo-
sphincter “Rocco stitch” (2) peri-urethral suspension stitch 
“Patel stitch”, (3) anterior suspension (AS+PR) plus poste-
rior reconstruction techniques, (4) advanced reconstruction 
of vesicourethral support (ARVUS), (5) total anatomical 
reconstruction (TAR) [72]. Beyond these reconstruction 
techniques, the role of preserving of urethral length and 
bladder neck preservation have been explored in retrospec-
tive or non-randomized prospective trials [73–75]. 
Noteworthy, only one RCTs assessed the value of complete 
bladder neck preservation on continence recovery showing 
that this technique is associated with significantly better con-
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tinence recovery and improved quality of life even at long- 
term follow-up without compromising the cancer control 
[76, 77]. Similarly, only one RCT evaluated the potential 
benefit of maximal urethral length preservation showing that 
it is associated with earlier recovery of continence [78].

As far as pelvic floor reconstruction is concerned, RCTs 
comparing a specific technique vs no-reconstruction are 
available for PR (4 RCT) [79–82], for AS + PR (4 RCT) 
[83–86], and for ARVUS (1 RCT) [87]. Regarding TAR, a 
prospective cohort study on 1008 patients, demonstrated a 
continence rate of 61%, 58%, 79%, 90%, 94%, and 94% at 
24  hours, 1,4,12, 48  weeks after catheter removal [88]. 
Similarly, Checcucci et al. [89] recently published a system-
atic review of anatomical reconstruction techniques and 
pooled data from referral centers with more than 250 patients: 
overall, they included 2 prospective cohort studies and 9 pro-
spective case series, for an overall amount of 10,117 patients. 
The authors found that total reconstruction showed higher 
continence recovery rates, compared to their anterior and 
posterior reconstruction counterparts at 1, 4, 12, 24, and 
52 weeks (p < 0.001 at all time-points) [89]. Another meta- 
analysis involved 32 studies for a sample size of 4697 
patients and considered the impact of each pelvic floor 
reconstruction technique on functional outcomes. Nineteen 
trials evaluated the efficacy of PR, 7 trials evaluated the effi-
cacy of AS, 4 trials evaluated the efficacy of PR + anterior 
reconstruction (AR), and 2 trials evaluated the efficacy of 
PR + AS. Seven of these trials were RCTs [90]. Interestingly, 
this meta-analysis showed that patients who underwent PR 
had the lowest rates of urinary incontinence, where the 
pooled results of patients who had solely PR showed signifi-
cant improvement of the urinary continence at 1–4, 28–42, 
90, 180, and 360 days but not after 7–14 days following cath-
eter removal. The use of AS technique was associated with 
significant improvement only at 28–42  days, whereas the 
AR + PR was associated with significant urinary continence 
at 1–4, 90, and 180 days. Furthermore, pooled data from six 
trials showed that PR was associated with a lower risk of 
cystogram leakage after surgery (RR = 0.37; P = 0.004) [90].

3.5  DCV Control and Sutures

The quality of apical dissection is important as it can affect 
continence and erectile function and is likely to impact the 
PSM rate as well. The division of the dorsal venous complex 
(DVC) represents a cornerstone of apical dissection. The 
impact of different techniques for DVC management has 
been addressed in two RCTs. Antonelli et al. [91] performed 
a prospective randomized trial to compare standard vs 
delayed approach to DVC (s-DVC vs d-DVC) during 
RALP. In s-DVC arm, an early suture of the DVC was per-
formed at the beginning of the procedure then the DVC was 

cut at the time of apical dissection, while in the d-DVC arm 
the DVC transaction and suturing was delayed at the end of 
the prostatectomy, prior to apex dissection.

After the enrollment of 162 cases (81 s-DVC, 81 d-DVC), 
an interim analysis showed significantly higher EBL and sig-
nificantly higher PSM rate (21.0 vs 14.8%, p = 0.323) in the 
d-DVC arm, with a statistical significance difference in the 
group of localized tumors (15.5 vs 3.6%, p  =  0.031). The 
authors demonstrated that both approaches are feasible; 
however, the delayed technique may increase the risk of 
PSM, especially in organ-confined disease with a reduction 
of risk of apical involvement [91]. The low risk of apical 
involvement with d-DVC was further confirmed in a system-
atic review and meta-analysis (OR = 0.39; 95% CI, 0.22 to 
0.71; p = 0.002) [92].

The other RCT addressed the impact of different tech-
niques for DVC management on urinary continence. The 
authors considered the effect of endoscopic stapling, divi-
sion and suture ligation, and suture ligation with suspension 
of the DVC on 300 patients randomized to three groups [93]. 
They concluded that there is no difference regarding the 
overall continence rates at 3  months. On the contrary, at 
15 months follow-up, ligation and suspension provided sig-
nificant superior continence rates (99%) compared to stapler 
(88%) (P  =  0.002) and cut and suture ligation (88%) 
(P  =  0.002). Furthermore, the authors demonstrated that 
potency was not affected by the technique of DVC [93].

Finally, the suture materials for the urethrovescical anas-
tomosis were also discussed in the literature. The introduc-
tion of unidirectional barbed absorbable poly-glyconate 
thread—armed with a surgical needle at one end and a 
welded-loop end effector at the other—challenged the previ-
ous Monocryl monofilament and Vicryl braided suture. A 
meta-analysis of three RCT, four prospective, and two retro-
spective trials compared barbed with conventional non- 
barbed sutures. The study concluded that barbed suture could 
significantly reduce anastomosis time, operative time, and 
posterior reconstruction time. However, possible complica-
tions deriving from the use of barbed suture (such as intra-op 
leakage/urethral tear and its management, erosion and blad-
der neck contracture) have not been addressed [94].

4  Novelties and Complementary Tools 
to RALP

A modified technique of apical dissection with endopelvic 
fascia preservation has been recently described by Moschovas 
et al. [95]. This technique allows to maintain NVB untouched 
and covered together with the maximal preservation of the 
apical complex and peri-urethral tissues. The authors per-
formed a propensity score matching with a similar group 
who underwent conventional RALP (104 patients in each 
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group) and found that the modified technique yielded signifi-
cantly faster continence (mean 46 vs 70 days) and potency 
recovery (mean 74 vs 118 days) [95].

The preservation of endopelvic fascia alone has been 
evaluated in another recent RCT enrolling 158 patients ran-
domized in a 1:1 fashion [96]. The approach failed to provide 
improvement of urinary continence or sexual functions. 
Similarly, no significant differences in terms of complica-
tions and oncological outcomes.

Another preservation approach recently delivered is the 
“Hood technique,” which includes the sparing of peri- 
urethral anatomic structures in the space of Retzius [97]. In 
this approach, the detrusor apron, puboprostatic ligament 
complex, arcus tendinous, endopelvic fascia, and pouch of 
Douglas remain untouched. With a prospective observational 
study, the authors reported an early return to continence 
without negatively compromising PSM rates. However, the 
exclusion of anterior tumor location may have contributed to 
the low rate of PSM [97]. In summary, recent literature is 
moving toward the preservation of the anterior compartment 
to improve functional recovery after RALP.

In more recent years, several technological improvements 
have been proposed to enhance the recovery of potency. 
When a nerve-sparing is performed, the intraoperative con-
trol of surgical margins at the NVB adjacent site has been 
proposed in order to ensure oncological safety; the approach 
further aims to offer a full intrafascial NS surgery also in 
cases otherwise not elected to, with the direct effect of wid-
ening the indication to a nerve-sparing surgery [98]. A recent 
trial evaluated the reliability of the NeuroSAFE approach 
and concluded for a concordance between frozen section and 
the final section with 100% sensitivity and 99.2% specificity 
[99]. Similarly, Rocco et al. [100, 101], addressed the issue 
with the use of digital confocal microscopy to verify intraop-
eratively the absence of PSM at the NVB site. Since the con-
focal microscope allows the location of PSM with respect to 
previously positioned markers, the authors described the fea-
sibility of a wedge secondary resection of the primarily pre-
served NVB, to avoid its complete disruption while pursuing 
oncological safety [100].

The use of dehydrated human amnion/chorion membrane 
(dHACM) allograft to wrap and protect the spared NVB has 
been proposed by Ogaya-Pinies et al. [102], with a propen-
sity score-matched analysis. By comparing 235 patients who 
underwent a RALP with dHACM with RALP patients with-
out dHACM (1:3 matching), the authors concluded that the 
device allows for a faster return to potency, regardless of the 
degree of NS, without compromising oncological outcomes 
[102]. However, high costs associated with the use dHACM 
may be an important limitation for its wide implementation 
in the context of RALP.

The use of a three-dimensional (3D) augmented reality 
(AR) system to optimize the identification of PCa location 

during RALP has also been proposed in 2019 by Porpiglia 
et  al. [103]. In their prospective study comparing patients 
with and without 3D-AR, the authors found that the superim-
position of virtual models allows for a possible reduction in 
PSM rates with maximization of functional outcomes. 
Similar findings were recently confirmed by a prospective 
comparative propensity score analysis comparing patients 
who had 3D-AR and frozen section to patients who had not 
[104]. Here, the authors showed that PSM at the level of the 
index lesion was significantly lower with the use of 3DAR, 
providing guidance toward a tailored dissection and maximi-
zation of functional outcomes.

5  Conclusions

Robotic represents the mostly used approach to RP in coun-
tries with a widespread diffusion of robotic platforms. 
However, to date, evidence from the Literature highlighting 
a clear superiority of the approach are still limited but seem-
ingly emerging. The current evidence-based approach to 
RALP literature points out the topics that have been compre-
hensively analyzed through decades. Some technical refine-
ments and robotic complementary tools deserve further 
insights through RCT in order to strengthen the scientific and 
surgical impact of RALP advances.
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Techniques to Improve Urinary 
Continence Outcomes Following 
Robot- Assisted Radical Prostatectomy

Bernardo Rocco, Alberto Martini, Maria Chiara Sighinolfi, 
and Young Hwii Ko

1  Introduction

Over time, robot-assisted surgery has become more and 
more common for the removal of the prostate gland. 
However, owing to the adjacent anatomical location of the 
prostate to the neurovascular bundles, responsible for erec-
tile function, and the urethral sphincter complex, radical 
prostatectomy can be associated with adverse functional out-
comes, in terms of erectile function and urinary continence. 
Among them, post-prostatectomy incontinence (PPI) 
remains a dominant problem for patients who are reluctant to 
undergo surgery and tend to choose alternative ways instead. 
To date, the incidence reported by different surgeons consid-
erably varies, in the range of 8–77%.

Since the late 1980s, with the introduction of radical pros-
tatectomy by an open approach, the depth of the anatomical 
understanding of the structure surrounding the prostate has 
improved dramatically. That led to the development of new 
surgical techniques that were consequently aimed at reduc-
ing the incidences of PPI. Recent data on PPI from robot- 
assisted radical prostatectomy (RARP) looks quite acceptable 
compared to past reports. Nevertheless, urethrovesical anas-
tomosis is still a demanding procedure requiring a steep 
learning curve for a novice and this can importantly affect 
patients’ quality of life during the early postoperative period. 
For both patients and surgeons, in addition to the oncological 
outcomes, functional recovery especially from PPI is being 
recognized as an important goal of surgery. Therefore, sev-
eral surgeons suggested various technical refinements to 
improve urinary continence outcomes following RARP. To 

this purpose, in this chapter, we aimed to summarize the 
results of recent studies and systematic reviews regarding 
PPI following RARP.

1.1  Causes and Frequency of PPI

The prostate gland surrounds the proximal part of the male 
urethra and it is adjacent to several anatomical structures 
involved in maintaining urinary continence and responsible 
for erectile function. As a result, in cases of resection involv-
ing the surrounding area, which is the aim of radical prosta-
tectomy, the more successful the process of resection, the 
greater the risk of impairing urinary continence due to unin-
tended damage to surrounding structures. Considering the 
close involvement of periprostatic structures in urinary con-
tinence, in most patients, PPI shows a pattern of early occur-
rence followed by gradual recovery over time. Recovery 
from PPI is usually evaluated by asking the patient about 
incontinence pad usage, rather than obtaining objective evi-
dence via a 24-hour pad test. This means that the reported 
incidence is affected by the duration of the investigation and 
the types of questions being asked. To date, the incidence 
reported by different surgeons considerably varies, in the 
range of 8–77% [1], but this seems to be, in part, due to 
authors using different definitions. Specifically, up to the 
early 2000s, the most common definition of recovery from 
incontinence was using 0 or 1 pad per day postoperatively, 
and this typically included the use of “security” pads. This 
led to a large number of patients being classified as having 
recovered from incontinence very early after surgery; how-
ever, major differences in quality of life were observed 
between patients who still used pads in daily living and those 
who did not, so this classification was criticized for only 
making surgeons’ outcomes appear more favorable. Indeed, 
one study found that among 1616 patients who were fol-
lowed up for a mean of 50.7 months (range, 12–216 months) 
after open retropubic prostatectomy, 1459 (90.3%) reported 
experiencing urinary leakage, which clearly shows the enor-
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mous effect of the definition of the prevalence of the condi-
tion [2]. With regards to the appropriate definition of PPI, 
Ahlering et  al. divided 500 patients who had undergone 
RARP into groups with daily pad usage of 0 and 1 and 
reported a significant difference in quality of life between the 
groups (1.16 vs. 3.41, p < 0.0005), arguing, on this basis, that 
recovery from PPI should be defined as using 0 pads per day 
[3]. Likewise, the definitions of survival, continence, and 
potency (SCP) proposed in 2012 by world-leading surgeons 
as objective indicators to evaluate the outcomes of radical 
prostatectomy also consider 0 pad usage to be the standard 
definition for recovery from PPI [4]. However, different 
authors are still using their own definitions in studies pub-
lished since then; thus, some caution is required when inter-
preting individual studies.

1.2  Anatomical Mechanisms of Male 
Urinary Continence

Although we still cannot claim to fully understand the mech-
anisms of urinary continence in males, alongside advances in 
radical prostatectomy techniques and increased numbers of 
operations, a large amount of related anatomical knowledge 
has been accumulated. In the 1980s, on the basis of the clas-
sical anatomical theory, the urogenital diaphragm, lying flat 
below the prostate gland, was thought to be a key structure in 
urinary continence by acting as the urethral sphincter; how-
ever, at the end of the 1990s, human and cadaver studies 
showed that the structure previously identified as the uro-
genital diaphragm did not exist [5, 6].

Currently, male urinary continence is understood to be 
achieved by the combined actions of multiple anatomical 
structures surrounding the prostate gland [7–10]; below, we 
summarize the major constituent muscular structures in this 
urethral sphincter complex and their roles.

 1. The smooth muscle sphincter (lissosphincter) consists 
of two layers (inner longitudinal and outer circular) and 
is innervated by the autonomous nervous system. It 
forms a spongy structure below the urethral mucosa, 
and external contraction completely cuts off the flow of 
urine.

 2. The stratified sphincter (rhabdosphincter; the posterior 
part forms the median fibrous raphe [MFR] with no mus-
cle layer) is responsible for the slow-twitch, passive con-
trol. It forms a cylindrical shape that originates from the 
prostate apex and attaches to the deep transverse perineal 
muscles. In the transverse cross-section, the muscle in the 
stratified sphincter is distributed in an omega shape; pos-
teriorly, there is no muscle, but instead, forming the MFR 
are dense fibrous tissues. The MFR forms a posterior sup-
port complex by connecting to the central tendon posteri-
orly and Denonvilliers’ fascia superiorly.

 3. The puboperinealis muscle is responsible for fast-twitch, 
active control. It forms the medial part of the levator ani 
muscle. In the coronary view of magnetic resonance 
imaging, the puboperinealis muscle appears as two tear-
drop shapes running bilaterally, lateral to the urethra. As 
it attaches to the perineal body posterior to the urethra, 
the puboperinealis muscle ultimately forms a structure 
that supports the urethra [9].

Based on this understanding of the urethral sphincter 
complex, widespread efforts have been made to mitigate PPI 
by identifying and preserving this complex during surgery. 
Conceptually, these techniques can be summarized as the 
preservation of the internal/external sphincters and recon-
struction of anterior/posterior support structures. Figure  1 
illustrates the operative view of these key structures, once the 
prostate gland has been dissected free.

Lissosphincter, rhabdosphincter, median fibrous raphe 
(MFR), puboperinealis muscle.

Fig. 1 The key functional structure for continence identified right after the removal of the prostate during RARP
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1.3  Correcting PPI Based on Anatomical 
Understanding: Development 
of Surgical Techniques and Clinical 
Outcomes

On the basis of the understanding of the urethral sphincter 
complex described earlier, widespread efforts have been 
made to mitigate PPI by identifying and preserving this com-
plex during surgery. Conceptually, these techniques can be 
summarized as preservation of the internal/external sphinc-
ters and reconstruction of anterior/posterior support struc-
tures [11].

1.3.1  Preservation of the Bladder Neck
The bladder neck is a structure that includes the intravesical 
sphincter; in open surgery, broad incision and dissection of 
the bladder neck is performed to allow complete dissection 
of the prostate base, followed by suture ligation to restore the 
original thickness. However, the proximal internal urethral 
sphincter, previously referred to as the internal sphincter, has 
been reported to play a role in urinary continence [13]. Many 
comparative studies have been published where surgical 
methods aimed at maintaining the bladder neck without any 
artificial manipulation have been investigated. Friedlander 
and colleagues reported the largest number of patients 
recruited (1067 RARP cases). The 791 who underwent blad-
der neck-sparing surgery showed a significantly shorter time 
to urinary continence return than the 276 patients who under-
went conventional surgery [14]. In a systematic review of 13 
studies on this topic, 1130 patients in whom the bladder neck 
was spared were compared with 1154 control patients and 
showed a significant improvement in the rate of urinary con-
tinence at both 6 and 12 months of follow-up [15]. However, 
bladder neck sparing is not possible in all the patients, and in 
patients who have previously undergone endoscopic prostate 
surgery such as transurethral resection of the prostate or in 
patients with a medial lobe, proper reconstruction of the 
bladder neck after resection is essential. In these cases, the 
bladder neck reconstruction with a transverse plication has 
been described by Lin et al. in 2009. The technique involves 
the bilateral plication of the lateral aspect of the bladder, in 
order to reduce the size of the bladder nack making it match-
ing the size of the membranous urethra [16].

1.3.2  Preservation of the Neurovascular 
Bundle

From the perspective of classical anatomy, preservation of 
the neurovascular bundle (NVB) is intended to facilitate 
early recovery of erectile function rather than to prevent 
incontinence. However, preservation of the NVB is consis-
tently reported to help recovery from PPI. Ko et al. analyzed 
1299 patients operated on by a single surgeon using the same 

technique and found that recovery from PPI, defined as 0 pad 
usage within 3 months, was significantly earlier in patients 
for whom the NVB was even partially spared than in patients 
with no NVB preservation [17]. A recent systematic review 
also demonstrated the association between NVB preserva-
tion and recovery from PPI [18]; thus, unless NVB preserva-
tion is impossible oncologically owing to the presence of 
aggressive cancer, preservation of the NVB even partially is 
important to aid recovery from PPI.

1.3.3  Meticulous Apical Dissection
The prostate apex, which is connected to the urethra, com-
municates immediately with the smooth muscle sphincter 
and stratified sphincter, so partial dissection of the prostate 
while sparing these structures is directly related to functional 
recovery.

1.3.4  Sparing of the External Sphincter
As explained in the discussion of the anatomical structure, 
the puboperinealis muscle forms a hammock structure that 
supports the urethra as one aspect of urinary continence. 
Thus, preservation of the puboperinealis muscle could pro-
vide functional benefits in the prevention of PPI. Attached to 
the lateral part of the prostate apex, this muscle layer should 
be dissected under careful observation. Takenaka et  al. 
reported that sparing the puboperinealis muscle could reduce 
the time to recovery from PPI [19].

1.3.5  Posterior Reconstruction 
and Preservation of Supporting 
Structures

As anatomical knowledge about the prostate gland increased, 
the importance of the posterior supporting structures, par-
ticularly the posterior support complex, has received greater 
attention. Posterior reconstruction has become a major mile-
stone in modern prostate surgery; this procedure is also 
called the Rocco stitch, named after the surgeon who first 
introduced the concept of reconstructing the posterior struc-
tures that are damaged or lost while operating on the prostate 
[20]. Patel et  al. extended this concept to include anterior 
reconstruction, as the role of the puboprostatic ligament, 
superior to the prostate apex, is also important in supporting 
the urethra [21]. Recently, the usefulness of the so-called 
total anatomical reconstruction has been reported, in which 
the prostate apex is divided into 5 anatomical units, each of 
which is reconstructed [22].

Among the suggested techniques to minimize PPI, poste-
rior reconstruction has become a major milestone in modern 
radical prostatectomy. As a result of prostatectomy, the pos-
terior supportive layers of the bladder and prostate are 
divided, including Denonvilliers’ fascia and its confluence 
with the posterior rhabdosphincter. Thus, the reconstruction 
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of these supportive structures has been attempted [20]. 
Several suggested mechanisms for posterior reconstruction 
include reestablishment of the posterior anatomic support to 
the bladder and urethra, improving urethral coaptation dur-
ing voiding, reduced tension at the vesicourethral anastomo-
sis, and increase in the functional length of the striated 
urethral sphincter complex [23, 24].

Its role in terms of earlier continence recovery has been 
widely studied across time. While several technical modifi-
cations from the original concept should be considered, two 
initial randomized trials with some technical modifications 
have found no significant benefits in the earlier regain of 
continence [25, 26]. Nevertheless, a recent meta-analysis on 
the published series including the other randomized trial 
demonstrates that the implementation of posterior recon-
struction during radical prostatectomy improves early conti-
nence recovery at 3–7, 30, and 90 days after catheter removal, 
while the continence rate at 180  days was not clinically 
affected [24, 27]. A recent RCT confirmed a role for an early 
continence recovery when applying the “no pad usage” defi-
nition of continence [28]. A Cochrane review published by 
Rosemberg et al. in 2021 addressed the effectiveness of pos-
terior reconstruction compared to no posterior reconstruction 
on early continence recovery after RALP. Authors analyzed 
8 unique RCTs, of which 6 were published studies and 2 
abstract proceedings. Overall, 963 randomized participants 
completed the trials. Authors stated that posterior reconstruc-
tion may improve urinary continence recovery one week 
after catheter removal (RR1,25; 95%CI 0.90–1.73) but has 
little to no effect on urinary continence 3 months after sur-
gery [29]. Another meta-analysis addressed the topic of post- 
RARP urinary continence by considering all the techniques 
involved in pelvic floor reconstruction, including anterior 
suspension, anterior reconstruction, posterior reconstruction, 
and their combinations [30]. Thirty-two studies were finally 
included in the meta-analysis, accounting for a total of 4697 
patients considered. Authors found that posterior reconstruc-
tion is associated with complete urinary continence improval 
at 1–4, 28–42, 90, 180, and 360  days following catheter 
removal. Also when considered in combination with other 
techniques, patients who had posterior reconstruction had 
the least urinary incontinence [30].

It is also notable that no significant complications related 
to the posterior reconstruction have been reported so far. 
The undeniable advantage of posterior reconstruction is that 
this step reduces the distance between the bladder neck and 
urethra, thereby facilitating the completion of a tension-free 
vesicourethral anastomosis, as we illustrated previously. 
Moreover, the evidence does suggest the incidence of pelvic 
hematoma may be reduced by performing a posterior recon-
struction [31]. In the same context, expending this concept, 
the usefulness of the so-called total anatomical reconstruc-
tion has been suggested, in which the prostate apex is 

divided into 5 anatomical units, each of which is recon-
structed [22].

1.3.6  Urethrovesical Anastomosis: The Surgical 
Principle

The greatest change and development with the introduction 
of RARP was, first, that a safe and complete urethrovesical 
anastomosis became possible as compared to open or laparo-
scopic approaches, and this change has led to a decrease in 
the incidence rates of urine leakage and urethral strictures at 
the urethrovesical anastomosis or bladder neck contracture, 
which were previously common in the era of non-robotic 
prostatectomy. Besides posterior reconstruction, though sev-
eral surgical principles including the preservation of the 
bladder neck, sparing of the external sphincter, and maximal 
preservation of the urethral length have been suggested, the 
secured urethrovesical anastomosis still plays a key role in 
earlier return to continence.

In the era of robotic surgery, while there are several tech-
nical modifications by surgeon’s preference, a continuous 
stitch that distributes tension broadly across multiple points 
along the bladder neck and urethra utilizing two separate 
sutures tied together at their ends, which was originally 
described by van Velthoven et al. [12] became the most typi-
cal way. To prevent the suture from slipping thereby 
 maintaining tissue approximation, double-armed barbed 
sutures are used to accomplish this step. If it is available, two 
different colors for each suture could be helpful to facilitate 
visual distinction on each side of the suture. Mucosal ever-
sion sutures at the bladder neck, commonly used during open 
prostatectomy, are unnecessary when excellent running 
mucosa-to-mucosa anastomosis is achieved.

1.3.7  Maximal Preservation of the Urethral 
Length

Ahlering et al. highlighted the remaining length of the ure-
thra after resection of the prostate apex as an important fac-
tor in urinary continence [32]. Maintaining urethral length 
during surgery is essential to facilitate perfect urethrovesi-
cal anastomosis, which is one of the most important and 
demanding aspects of prostatectomy in terms of techni-
cal skill. In the dissection of the prostate apex, the final 
stage of prostatectomy, thorough dissection of the urethra 
before completely isolating the prostate is crucial to ensure 
enough urethral length. Meanwhile, unlike other parts of 
the prostate, the apex is not covered by the prostate capsule, 
so when cancer develops in this area, the risk of residual 
cancer after surgery is high. Preserving the length of the 
urethra can sometimes increase the risk of residual can-
cer, so when prostate cancer is confirmed to be located in 
the apex by using histological tests or preoperative imag-
ing, cutting the apex as close to the urethra as possible is 
recommended.
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1.3.8  Watertight Urethrovesical Anastomosis
The greatest change and development with the introduction 
of RARP was, first, that a safe and complete urethrovesical 
anastomosis became possible as compared with the previous 
methods. In the age of open surgery, anastomosis was per-
formed using interrupted stitches in 6 places, but now, by 
using a continuous stitch, the incidence of leakage has been 
reduced considerably. This change has led to a decrease in 
the incidence rates of urethral stricture and bladder neck con-
tracture, which were previously common in the era of open 
retropubic prostatectomy.

1.3.9  Regenerative Materials
In addition to surgical techniques, another strategy that can 
be expected to ameliorate PPI is to minimize surgical trauma 
and to maximize the healing process. Active research has 
been conducted on techniques such as stem cell injection, but 
the most successful clinical effort to date was the use of 
dehydrated human amnion/chorion membrane allograft by 
Patel et al., reported in 2015. In PPI, defined by the use of 
safety pads, groups that received the intervention for 1.2 and 
1.8 months showed significantly shorter recovery times from 
incontinence [33], and in a subsequent study on 235 more 
patients, the use of this material during surgery was reported 
to have a similar effect of shortening the time to recovery of 
urinary continence and erectile function [34].

1.3.10  Novel Approaches
A modified technique of apical dissection with endopelvic 
fascia preservation has been recently described by Moschovas 
et al. [35]. This technique allows to maintain NVB untouched 
and covered together with the maximal preservation of the 
apical complex and peri-urethral tissues. The authors per-
formed a propensity score matching with a similar group 
who underwent conventional RALP (104 patients in each 
group) and found that the modified technique yielded signifi-
cantly faster continence (mean 46 vs 70 days) and potency 
recovery (mean 74 vs 118 days) [35].

Another preservation approach recently described is the 
“Hood technique,” which includes the sparing of peri- 
urethral anatomic structures in the space of Retzius [36]. The 
detrusor apron, puboprostatic ligament complex, arcus tendi-
nous, endopelvic fascia, and pouch of Douglas remain 
untouched. With a prospective observational study, the 
authors reported an early return of continence without com-
promising positive surgical margin rates.

1.3.11  Rehabilitative Approaches: Emphasis 
on Kegel Exercises

Although the most important factor is to thoroughly apply 
the aforementioned techniques during surgery and perform 
the techniques at a high level, exercise can be considered as 
another important factor that can affect early postoperative 

recovery from PPI, and Kegel exercises, which can strengthen 
the urethral sphincter complex, are especially important. In 
66 patients who had undergone open retropubic prostatec-
tomy, Park et al. reported statistically significant differences 
in the extent of PPI, measured by a 24-hour pad test, between 
a control group and patients who had performed Kegel exer-
cises for 1 hour once a week for 12 weeks [37]. As Kegel 
exercises can promote considerable recovery from inconti-
nence even when performed sometime after surgery, postop-
erative patient education and follow-up of exercise levels 
should not be overlooked in outpatient care after radical 
prostatectomy.

2  Conclusion

Owing to the increased incidence of prostate cancer due to 
aging, heightened social interest, and the increase in individu-
als at high risk of cancer after the modification of the recom-
mendation on the PSA screening since 2012, RARP in the 
advanced disease is expected to become increasingly com-
mon. As this procedure is often performed in elderly patients, 
postoperative functional recovery will become a more impor-
tant task in clinical care. As we have seen in this chapter, the 
incidence of postoperative incontinence has been reduced 
greatly by focusing on the development of surgical techniques 
based on anatomical knowledge and advancements in tech-
nology. The duration of disease has also decreased consider-
ably since the introduction of robotic surgery.
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Nomograms and RALP Techniques 
for Management of ECE: Partial Nerve 
Sparing

Bernardo Rocco, Luca Sarchi, Tommaso Calcagnile, 
Matthew R. Cooperberg, Zhu Gang, Andrè N. Vis, 
Simone Assumma, Giorgio Bozzini, 
and Maria Chiara Sighinolfi

1  Introduction

1.1  Background

Radical prostatectomy (RP) is a trade-off between oncologi-
cal safety and functional outcomes.

Balancing the risk of positive margins with the goal of 
improving quality of life is one of the most challenging 
aspects of performing RP for prostate cancer (PCa). The first 
described nerve-sparing RP (NSRP) was performed in 1982, 
and it led to an increase in postoperative sexual function and 
quality of life [1].

Extracapsular extension (ECE) related to PCa impacts 
both patient outcomes and surgical technique [2, 3].

ECE reveals the continuous growth of the tumor in non- 
organ- confined PCa. The presurgical detection of ECE is 
critical for the disease’s appropriate treatment [4, 5].

The persistence of ECE has a negative impact on the 
choice of surgical preservation of pericapsular structures, 
particularly the neurovascular bundles (NVB) on the pos-
terolateral side [6].

In case of extrafascial NVB dissection, postoperative 
functional recovery such as urinary continence [7] and erec-
tile function [8] will likely face an arduous path.

Patient selection is key when planning nerve-sparing (NS) 
dissection strategy; if patients are properly selected based on 
tumor location, size, and grade, NS surgery does not impair 
cancer control [9].

It is established that age and preoperative function might 
be the most significant factors of postoperative erectile 
recovery, NS has also been related to better continence 
results, so it may still be helpful for men with poor sexual 
function [10].

To date, major urologic guidelines agree on the recom-
mendations to preserve the NVB during RP for organ- 
confined PCa [11]. However, recent EAU guidelines 
recommend not to perform NVB preservation when there is a 
risk of ipsilateral ECE (based on cT stage, ISUP grade, nomo-
gram, multiparametric magnetic resonance imaging) [12].

Historically, PCa clinical staging was related to digital 
rectal examination (DRE). Nevertheless, the accuracy of pre-
operative clinical staging based on DRE is limited, with ECE 
under-staging occurring in 25–30% of instances [13, 14].

Nomograms such as the Partin tables and the Memorial 
Sloan Kettering Cancer Center nomogram have been 
described for the prediction of ECE [15, 16].

However, these models do not give insight on ECE’s later-
ality. As ECE is predominantly one-sided (85%), identifica-
tion of side-specific ECE is critical because in the majority of 
patients, unilateral NS approach may indeed be feasible [17].

In order to optimize localization of ECE, several side- 
specific ECE prediction tools have been developed.

The ability to predict a unilateral ECE allows the surgeon 
to plan a partial preservation of the NVB.

Furthermore, nomograms able to calculate the amount of 
ECE involving periprostatic layers allow for implementing a 
partial graduated NS, external to the site involved by 
malignancy.
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Even if some of these models have been described before 
the intensive adoption of multiparametric magnetic reso-
nance imaging, and therefore lack of MRI data, they are still 
able to predict with good accuracy the presence and amount 
of ECE [17, 18].

In the last few years the use of mpMRI to assist clinical 
practice, and particularly local staging in prostate cancer, has 
increased significantly [19].

Though, due to a low per-patient sensitivity of 57 percent 
for identifying ECE, mpMRI alone has limited efficacy to 
suggest patient selection for NS [20].

Moreover, the prediction accuracy of ECE by MRI, when 
integrated with other clinical factors, is not well established 
yet. The use of mpMRI data in addition to conventional pre-
operative clinical factors such as biopsy findings and serum 
prostate-specific antigen (PSA) may help predict adverse 
postoperative pathology including ECE [21, 22].

Nowadays, the number of available nomograms including 
a combination of both mpMRI and clinical parameters for 
the prediction of side-specific ECE is growing.

The goal of this chapter is to provide an overview of all 
the nomograms able to predict side-specific ECE available 
for RALP, distinguishing them in clinical nomograms and 
MRI-included nomograms.

1.2  Anatomical Hints for Partial Nerve 
Sparing

NVBs run parallel to the prostate’s posterolateral margin. 
Nerves extend as a hammock laterally to the lateral pelvic 
fascia (LPF) and pararectal fascia junction, posteriorly to the 
dorsal layer of Denonvilliers’ fascia (DF), which constitutes 
a thick fibrous sheath dividing the prostatic capsule from the 
rectum. The pelvic fascia has a double layer which separates 
the levator ani muscle from the prostate [23]. The NVB is not 
a singular entity but a network of multiple fine dispersed 
nerves running inside these periprostatic layers.

In order to find a balance between the goal of cancer erad-
ication and functional preservation, Tewari et al. described a 
risk-stratified approach toward NS according to the patient’ s 
likelihood of ipsilateral ECE. Authors classified 4 different 
degrees of NVB preservation according to various dissection 
techniques of specific fascial layers [24] Grade-1 incision 
inside DF and LPF is just outside the prostatic capsule. This 
represents the greatest degree of NS possible and is recom-
mended only for patients with minimal risk of extraprostatic 
extension (EPE). Grade-2 incision through the DF (leaving 
outer layers on the rectum) and LPF is taken outside the layer 
of veins of the prostate capsule. This is known as peri-venous 
plane and preserves most large neural trunks and is used for 
patients at low risk of EPE.

Grade-3 (partial/incremental NS) incision is taken through 
the outer compartment of the LPF, excising all layers of 
DF.  This is performed for patients with moderate risk of 
EPE. Grade-4 (non-NS), in case of high risk of EPE, wide 
excision of the LPF and DF containing most of the peripros-
tatic neurovascular tissue is performed.

Moreover, Patel et al. described key anatomic landmarks, 
such as elements of the prostatic vasculature as prostatic and 
capsular arteries, which allow us to perform a partial NS in a 
standardized and graded manner. Particularly, a landmark 
artery, located approximately 2–3 mm outside the capsule, 
can be used as a visual cue to delineate the extension of the 
resection of the bundles in case of patients with suspected 
ECE [25].

Thus, the authors developed a five-point NS score (NSS), 
which reflects the subtle differences in the amount of nerve 
preservation needed among individual patients.

As several degrees of partial NS can be obtained, side- 
specific predictive models were created to guide partial, 
graded preservation of NVB in patients with low- intermediate 
or monolateral high risk of ECE.

2  Clinical Nomograms

2.1  Graefen et al. Predictive Tool

Published in March 2001, this study examined a variety of 
preoperative tumor features, to check if they could predict 
organ-confined tumor growth for each lobe of the prostate, 
indicating whether NSRP could be done unilaterally or bilat-
erally [26].

The authors reported that, until then, selection criteria for 
NSRP (including DRE, Gleason score in the preoperative 
biopsy, or intraoperative palpation) were not reliable [27]. A 
first retrospective analysis on 278 patients – each lobe was 
evaluated separately since it has its own neurovascular bun-
dle – was published in 1999 [28]. Subsequently, a prospec-
tive validation study was performed on 353 consecutive 
patients, therefore investigating 706 prostate lobes in total.

The retrospective phase included, in both univariate and 
multivariate regression analyses, nine preoperative tumor 
features. These characteristics, except for PSA density 
(PSAD) and serum PSA, were examined separately for each 
lobe. The statistical analysis was performed to determine, 
with regard to EPE, the relationship between clinical stage, 
PSA, PSAD, results of transrectal ultrasound, and systematic 
sextant biopsy, including a quantitative assessment of cancer 
in the biopsies with organ-confined tumor growth. The num-
ber of positive biopsies on univariate analysis revealed the 
most useful single parameter able to predict EPE, followed 
by mm of cancer in the biopsy. On multivariate analysis, 
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only the number of biopsies with high-grade cancer, the 
number of positive biopsies, and PSA were found to be inde-
pendent predictors of organ-confined cancer. With a PSA 
level < 10 ng/ml and no more than 1 biopsy with high-grade 
cancer in a lobe, organ-confined tumor growth was discov-
ered to be present in 86.1% of cases. The same criteria 
resulted in an 88.5% incidence of organ-confined prostate 
cancer on prospective validation. For predicting organ- 
confined tumor, clinical stage and simple Gleason grade did 
not provide independent information.

Even if a real nomogram was not introduced, Graefen’s 
tree regression model created and validated objective dis-
crimination rules for selecting patients for NSRP, with an 
esteem superior to traditional Gleason score derived from the 
biopsy. This discrimination rule constituted a useful tool for 
urologists to suggest unilateral or bilateral NSRP.

2.2  Ohori et al. Nomogram

The first real displayed nomogram, mathematical model able 
to accurately predict the probability of EPE, was developed 
by Ohori et al. in November 2003 [17] (Fig. 1a and b). The 
sample consisted in 763 patients, who were subsequently 
treated with pelvic lymphadenectomy and radical retropubic 
prostatectomy, with no androgen deprivation therapy or 
radiotherapy performed in advance. In this population, PCa 
was diagnosed through systematic needle biopsies from left 
and right apex, middle, and base.

The area under the ROC curve (AUC) was calculated to 
estimate the accuracy of predicting the side-specific prob-
ability of EPE. PSA (AUC value of 0.627), clinical T stage 
on each side of the prostate (0.695), and biopsy Gleason 
sum on each side (0.788) were found to be the most statis-
tically relevant clinical features. Based on the logistic 

regression model, three nomograms were constructed. Full 
model included information about the percent positive 
cores and the percent cancer in the biopsy specimen: its 
predictive accuracy increased even more than the previous 
two (AUC 0.806).

Ohori’s PTs, especially if considered together with other 
relevant characteristics as intraoperative findings, are there-
fore considered the first models that could be applied in clin-
ical practice for discerning the best therapeutic choice 
between wide dissection versus NSRP.

2.3  Tsuzuki et al. Predictive Tool

Tsuzuki’s et  al. conducted in 2005 a retrospective study 
which selected 2660 cases treated with RP – without preop-
erative adjuvant therapy  – at the Johns Hopkins Hospital 
(Baltimore, Maryland) [29].

3006 prostate lobes were evaluated: 2070 showed organ- 
confined disease, 620 presented EPE in the neurovascular 
bundle (NVB) at the posterolateral edge of the gland, and 
316 had EPE in a region different from the NVB. Univariate 
and multivariate logistic regression analyses were performed. 
On multivariate analysis, PSA (10 or greater versus less than 
10), biopsy Gleason score (7 or greater versus 6 or less), 
DRE (abnormal versus normal), percent of side-specific 
cores with tumor (greater than 33.3% versus 33.3% or less), 
and average percent involvement of each positive core 
(greater than 20% versus 20% or less) resulted in statistically 
significant independent predictors of NVB penetration. A 
model was generated, stratifying the variables into high and 
low risk. If the patient presented 0 or 1 high-risk variable, the 
probability of EPE in the NVB was less than 10%; on the 
other hand, the probability was 10% or greater in case of 
presence of more than 1 high-risk features.
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When applied to the validation set, the PT resulted in a 
good fit, with an area under the ROC curve of 0.780. Tsuzuki 
et al. acknowledge as a limitation of the study the absence of 
assessment of tumor location on biopsy. Nevertheless, it was 
recognized by the authors that the algorithm introduced in 
the paper would allow the urologists to predict with 90% or 
greater accuracy the patients who could be ideal candidates 
for NSRP.

2.4  Steuber et al. Nomogram

According to Steuber et al., the tree regression model intro-
duced by Graefen et al. lacks quantitative, AUC-based, pre-
dictive accuracy estimates, whereas Ohori’s nomogram, 
developed on North American patients, could be barely 
applied to European men, whose disease characteristics 
might be different. In 2006, a validated nomogram was 
therefore generated by analyzing data from 1118 European 
patients (the 2236 prostate lobes were considered separately 
to provide side-specific results) [30] (Figs. 2 and 3). Features 
as pretreatment PSA, clinical stage, biopsy Gleason sum, 
percent positive cores, and percent cancer in the biopsy spec-
imen were included as predictors in a logistic regression 

model, which was then used to calibrate a nomogram. EPE 
was found in 303 out of 1118 RP specimens (27%) and in 
385 lobes in total (17%). All the variables included were sta-
tistically significant in predicting EPE on multivariate analy-
sis, except the percent of positive biopsy cores.

Based on these findings, Steuber’s nomogram is consid-
ered a highly accurate method to assist the treatment 
decision- making process in a European population setting.

2.5  Satake et al. Nomogram

354 patients who underwent radical retropubic prostatec-
tomy and bilateral pelvic lymphadenectomy – with no andro-
gen deprivation therapy or radiotherapy performed before 
surgery – at Tokyo Medical University (Tokyo, Japan) were 
enrolled from Satake et  al. in a study whose aim was to 
develop a nomogram able to predict side-specific EPE [31] 
(Fig. 4a–b).

165 out of 708 prostate lobes (23%) showed EPE. Whereas 
on univariate logistic regression analysis all the variables 
were significant in predicting EPE, on multivariate study 
only clinical stage (P = 0.039), Gleason sum (P = 0.005), and 
maximum percent of cancer had statistically significant fea-
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tures. An ROC analysis was conducted to examine, sepa-
rately and in combination, the predictive values of every 
clinical and pathological feature of interest. Serum PSA had 
an AUC of 0.624, clinical stage of 0.627, and biopsy Gleason 
sum on each side of 0.747. AUC increased to 0.773 when the 
three characteristics were combined; therefore, this was con-
sidered as the standard model. The AUC of the standard 
model did not substantially differ from 0.791 of maximum 
percent of cancer alone, but it considerably improved (0.799) 
when maximum percent of cancer on each side was included. 
A nomogram was later constructed and calibrated, based on 
the logistic regression analysis.

Because the percent of positive cores was not significant 
in multivariable logistic regression analysis and provided no 
more information over the standard plus maximum percent 
of cancer in ROC analysis, this nomogram only included the 
standard model and maximum percent of cancer.

A limitation of the study was constituted by the small 
sample of patients enrolled, which was not enough to make 
the nomogram as a definitive tool. Nevertheless, it was con-
sidered by the authors able to provide an accurate judgment 
about whether to resect or preserve NVBs.

2.6  Sayyid et al. Nomogram

A nomogram to help surgeons in better selecting patients for 
an NS versus non-NS approach was developed by Sayyid 
et  al. in 2016 [32] (Fig.  5a–b). Overall, 753 patients  – 
accounting for 1506 evaluable lobes  – treated with RP at 
University Health Network (UHN) were enrolled in the 
study. Patients whose biopsy lacked side-specific data or 
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missing outcome, as well as those with anterior predominant 
tumors (hence distant from the NVB), were excluded.

In this developmental cohort, the overall rate of EPE was 
19.8% of all the prostate lobes. Age, PSA, percentage of 
positive cores, highest core involvement, and Gleason score 
remained significant predictors of EPE risk in both univari-
ate and multivariate analyses (p < 0.01). DRE (p = 0.10) and 
the presence of hypoechoic nodule on TRUS (p = 0.49) was 
no longer predictive of EPE risk on multivariate analysis. 
Based on the logistic regression model, a nomogram was 
constructed, showing an AUC of 0.880 (Fig. 3a and b).

Similarly, 311 men – 622 sides – from Ottawa Hospital 
Research Institute (OHRI) were enrolled for the external 
validation of the model, which confirmed its generalizability 
to various populations and clinical scenarios. The AUC from 
the OHRI cohort appreciably dropped to 0.740: this finding 
was explained by Sayyid et al. as a result of the differences 
in the characteristics of the two populations.

Nevertheless, according to the authors, the nomogram 
developed and externally validated constituted a reliable 
model which could be used to assist surgical decision- 
making prior to RP.

2.7  Patel VP, Rocco B. et al. PRECE 
Nomogram

Since many authors stated that NS can be graded up to five 
levels, depending on the fascial dissection plan on each side 
of the prostate, the knowledge of the presence and extent of 
ECE before surgery would help surgeons to tailor the amount 
of NS [25–31, 33].

With the present tool, Patel aimed to develop a predictive 
model of the presence and amount of ECE and to develop a 
decision rule to assist the surgeon in the trade-off between 
NVB preservation and absence of PSM [18] (Figs. 6 and 7).

From a population of 6360 patients who underwent robot- 
assisted laparoscopic prostatectomy (RALP) between 
January 2008 and January 2016 by a single surgeon, 11,794 
prostatic lobes overall were included in the analysis. A statis-
tical approach was used to predict the maximum ECE width 
using clinicopathological parameters. For the presence of 
ECE and ECE widths of >1, >2, >3, and > 4 mm, five multi-
variable logistic models were constructed.

A five-zone decision rule, with a lower and a higher 
threshold, was presented. Through the use of a graphical 
interface, it was guaranteed to the urologist the chance of 
viewing the patient’s pretreatment parameters and a curve 
indicating the estimated probabilities for ECE amount, as 
well as the areas identified by the decision rule.

1351 out of 11,794 lobes showed ECE; its width was up 
to 15 mm. In 498 cases, the disease was extended beyond the 
capsule for >1 mm (4.2%), in 261 for >2 mm (2.2%), in 148 
for >3 mm (1.3%), and in 99 for >4 mm (0.8%).

A selection of variables considered potential predictors of 
ECE was performed. Variable selection identified seven pre-
dictors of ECE: age, PSA, clinical stage, average percentage 
of cancer, ratio of number of cores with percentage of cancer 
>60% and number of positive cores, ratio of the number of 
cores with Gleason score > 6 and number of positive cores, 
and rate of positive cores. ROC curves of the regression analy-
sis and their AUCs showed good predictive performances of 
the models: AUC was 0.810 for ECE, and 0.84, 0.85, 0.88, and 
0.90 for ECE width of >1, >2, >3, and > 4 mm, respectively.
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The tool proposed was considered by authors as an accu-
rate method of predicting the presence and amount of 
ECE.  Furthermore, the graphical interface appeared to be 
user-friendly so that it would constitute an optimal support in 
both patient counseling and preoperative planning.

3  Nomograms with MRI

Diagnostic imaging is essential for evaluating ECE and 
determining the optimal surgical approach. Authors have 
proved that mpMRI is a useful adjunct for clinically staging 
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PCa, as radiologic data improved accuracy of preexisting 
clinical nomograms for prediction of pathologic ECE [34].

ECE, which is traditionally diagnosed using T2-weighted 
imaging, can be confidently predicted with mpMRI (T2-WI). 
Unfortunately, there is still a wide range of sensitivity and 
specificity based exclusively on MRI data for ECE, with 
reports ranging from 30% to 70.7% sensitivity and 73.9–
100% specificity, respectively [34].

As a result of these concerns, the necessity to combine 
radiological and clinical data to increase the predictivity of 
the risk of ECE arose, prompting the development of several 
nomograms.

3.1  Giganti et al. Nomogram

Interestingly, one of the first side-specific nomograms was 
developed by an experienced uro-radiology group, in 2015 
[35]. The goal of this study was to develop and verify a 
nomogram that could predict ECE by combining diffusion- 
weighted imaging (DWI) data with other imaging and clini-
cal characteristics (Fig. 8).

Authors focused on the importance of evaluating specific 
phases of mpMRI, in particular on apparent diffusion coef-
ficient (ADC). As DWI provides a significant and clearly vis-
ible contrast of tumor site (increased signal intensity) with 
low ADC values, adding DWI to T2-WI protocol improves 
sensitivity and specificity to predict ECE.  Additionally, 
tumor ADC—as well as the ratio between pathological and 
normal ADC—correlates inversely with Gleason grade, 
implying that they can be considered as ECE predictors [36].

The Giganti nomogram was generated from a population 
of 70 men affected by PCa, who underwent 1.5 T mpMRI 
study using an endorectal coil and subsequently treated with 
RP at a single center. After RP 23 out of 70 patients (33%) 
showed ECE. Based on T2-WI, 18 out of 70 patients (26%) 
were diagnosed with ECE. In all, 13 out of 23 patients (57%) 
were correctly staged with ECE at mpMRI.

The variables considered on the graphic model are normal 
and pathological ADC, lesion volume, Gleason score, and 
ECE on T2-WI.  The nomogram has been externally vali-
dated by another institution on 31 patients; results from the 
external validation showed an overall accuracy of 81% and a 
sensitivity, specificity, positive predictive value, and negative 
predictive value of 65%, 100%, 100%, and 70%, 
respectively.

The most interesting finding of this study is the signifi-
cant, increased sensitivity (88%) of this nomogram to detect 
ECE when DWI is included.

Limitations of the study are represented by the restricted 
number of patients and the retrospective nature of the study 
itself.

3.2  Chen et al. Nomogram

In 2016, a group of Chinese researchers described a side- 
specific ECE nomogram based on a population of 353 
Chinese men affected by PCa and treated by RP [37].

All patients underwent preoperative mpMRI using a 1.5 T 
(113 of 353 patients) or 3.0 T (240 of 353 patients) without 
an endorectal coil. The authors integrated clinical informa-
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tion from the Partin tables and the MSKCC nomogram with 
the ECE risk score, obtained from mpMRI data, to construct 
a novel nomogram to predict the likelihood of ECE on each 
side of the prostate (Fig. 9).

The ECE risk score represents the probability of a cancer-
ous lesion to have extraprostatic extension on MRI and is 
classified on a five-point scale, providing an ordinal risk 
score level, with higher scores corresponding to higher risk 
of ECE [38].

ECE tumor characteristics were calculated according to 
the following features: (a) ECE score 0, no sign of extrapros-
tatic extension; (b) ECE risk score 1, capsular abutment; (c) 
ECE risk score 3, capsular irregularity, retraction, or thicken-
ing; (d) ECE risk score 4, neurovascular bundle thickening 
and capsular signal loss or bulging; and (f) ECE risk score 5, 
direct sign of tumor tissue in the extraprostatic tissues.

This predictive model includes clinical stage, PSA, total 
Gleason sum, % of positive cores, maximum cancer percent-
age, and ECE risk score.

Histopathologic evaluation of the prostatectomy speci-
mens revealed ECE in 196 of 353 patients (55.5%). Bilateral 
ECE was reported in 49 patients (13.9%), while unilateral 
left and right ECE was recorded in 87 (24.6%) and 60 

(17.0%) patients, respectively. Lobe-specific ECE was pres-
ent in 245 of 706 prostate lobes (34.7%).

ECE risk score significantly enhanced the predictive 
accuracy of the nomogram compared to conventional Partin 
and MSKCC tables. The Chinese nomogram proved to have 
an excellent calibration, with an AUC of 0.851, with ECE 
risk score as highest AUC for single variable.

Limitations of the study are the retrospective nature, the 
lack of external validation, and the difference on lifestyle and 
genetic factors of Chinese population that may imply differ-
ent predictive value applied to Western and african men.

3.3  Nyarangi-Dix et al. Risk Model 
on Extraprostatic Extension (EPE-RM)

In 2018, Nyarangi-Dix et  al. developed a risk model on 
extraprostatic extension (EPE-RM) based upon a consecu-
tive cohort of 264 men undergoing preoperative MRI and RP 
[39] (Fig. 10). Complete data of biopsy outcomes, PSA, age, 
DRE, prostate volume (PV), PSAD, RP outcome, including 
T stage, EPE, and tumor volume (TV) were retrospectively 
analyzed. In addition, data on PI-RADSv2.0 of every lesion 
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detected by radiologists (in particular, the index lesion), 
ESUR classification, capsule contact length (CCL), TV and 
diameter of the lesion on MRI, and localization (side/hemi- 
sphere) were collected [39, 40]. These samples served for 
EPE-RM tool development, generation of a clinical model 
with MRI, internal validation, and comparisons with ESUR 
classification, cT, the Steuber, and MSKCC nomograms.

All MRI images were acquired according to the ESUR 
guidelines with 3Tesla scanners.

Final pathological results showed EPE in the RP speci-
men on 48% of the patients and 41% of prostate hemispheres 
overall.

The EPE-RM includes the following parameters: cT 
stage, PSA, ISUP grade in biopsy, MRI lesion volume, 
ESUR classification, and capsule contact length [41]. On the 
multivariate logistical regression analysis for the prediction 

of EPE, ISUP grade, PV on MRI, ESUR classification, PSA 
level, cT, and CCL were considered relevant. Conversely, 
inclusion of the lesion diameter, core involvement in %, per-
centage of positive cores, and PI-RADSv2.0 in the EPE-RM 
did not improve discrimination of the model.

EPE-RM, full model, and novel clinical model + MRI 
reached almost identical AUCs (0.86, 0.86, and 0.85, respec-
tively), all being higher compared with the ESUR classifica-
tion for EPE (0.81), cT (0.66), the published Steuber (0.70), 
and MSKCC (0.73) nomograms.

Several comments are discussed in this study: ISUP grade 
was a significant contributor to regression analysis. This is in 
contrast to the MSKCC and Steuber nomograms, using 
Gleason score. The proportion of positive cores and tumor-
ous core involvement in % are often incorporated to predict 
the potential tumor extension and EPE; in this cohort, both 
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proportion of positive cores and percentage of cancer 
involvement were selected only in 7% and 7.7% of cases, 
and their inclusion in the EPE-RM did not demonstrate a 
statistical benefit.

The quality of MRI for EPE prediction is highly depen-
dent on the radiologist’s expertise and subspecialization, and 
therefore varies significantly [42]. Consequently, it is crucial 
to define specific parameters in order to improve MRI pre-
dictability and reproducibility. According to this, the novel 
EPE-RM included CCL on MRI as well as the ESUR catego-
rization as EPE predictors.

On the other hand, the inclusion of these complex MRI 
features as variables, which may not always be readily avail-
able in a real-world clinical setting, may represent a limita-
tion for an extended application.

3.4  Martini et al. Nomogram

In order to develop a side-specific ECE predictive tool, 
Martini et al. retrospectively analyzed data from 561 patients 

who underwent RARP performed by a single surgeon 
between 2014 and 2015 [43] (Fig. 11). All patients under-
went 3 T preoperative MRI.

PSA, Gleason biopsy grade (1 vs. 2 vs. 3 vs. 4–5), maxi-
mum % of core involvement with the highest Gleason (50 vs. 
>50), and confirmed positive ECE on mpMRI were all vari-
ables included in the model.

NVB invasion or asymmetry, bulging, irregularity of cap-
sular margins, obliteration of the recto-prostatic angle, 
broad-based tumor abutment of the pseudocapsule greater 
than 1.0  cm, and breach of the pseudocapsule with direct 
evidence of tumor infiltration or bladder invasion were all 
imaging elements considered positive for ECE.  Prostatic 
lobes with no biopsy-documented tumor were excluded; 
thus, study cohort included 829 side-specific observations.

ECE was reported on mpMRI and final histopathology in 
115 (14%) and 142 (17.1%) cases, respectively. Among 
these, mpMRI was able to correctly predict ECE in 57 
(40.1%) cases. All variables in the model, except highest per-
centage of core involvement, were predictors of ECE (all 
p ≤ 0.006). After internal validation, the AUC was 82.11%. 
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When compared to relying on just mpMRI prediction of 
ECE, the model showed better calibration and increased 
clinical risk prediction.

The Martini model was externally verified by Sighinolfi 
et al. [44]. At the 20% cutoff, this external validation study 
revealed moderate to low discriminative performance (AUC 
0.68), with sensitivity and specificity of 53.6% and 77.1%, 
respectively. Thus, when externally validated, this predictive 
tool revealed a poor calibration with tendency toward under-
estimation of ECE.

3.5  Soeterik et al. Nomogram

The authors made a retrospective analysis of 1870 consecu-
tive men affected by PCa who underwent RALP from 2014 
to 2018 at three different national centers [45].

PSAD, highest ipsilateral ISUP biopsy grade, ipsilateral 
percentage of positive cores, and side-specific clinical stage 
determined by DRE and mpMRI were included in four mul-
tivariable logistic regression models. The staging data from 
DRE and mpMRI were divided into 3 subclasses: nonpalpa-
ble disease (T1), organ-confined nodal disease (T2), and 
ECE (T3) about DRE findings. Non-visible lesions (T1), 
organ-confined lesions (T2), and lesions with ECE about the 
mpMRI data (T3).

Microscopic bladder neck infiltration (the presence of a 
tumor between thick smooth muscle bundles in the absence 
of benign prostate glands) and seminal vesicle involvement 
were not considered ECE.

Four models were built: model 1 considered PSAD, DRE, 
ISUP grade, and percentage of positive cores. Model 2 
involved PSAD, MRI findings, and ISUP grade. Model 3 
involved PSAD, MRI, DRE, and ISUP grade. Model 4 
included all previous five predictors. Each patient’s right and 
left prostatic lobes were considered as separate cases.

Overall, 887 men were included in the development 
cohort, 513  in validation subcohort 1, and 470  in valida-
tion subcohort 2. The rates of ECE prevalence on prostatic 
lobes of these samples were, respectively, 458/1774 (26%), 
225/1026 (21%), and 148/940 (16%). PSAD, DRE, 
mpMRI staging, ISUP grades 3–5, and percentage of posi-
tive cores were all found to significantly predict ECE on 
multivariable analyses. The greatest AUC was obtained by 
Model 4, which included all available predictors (AUC; 
0.82). The other three models had AUCs ranging from 0.80 
to 0.81.

In terms of AUC, calibration, and net benefit, the three 
nomograms based on clinical information associated with 
mpMRI staging data (models 2, 3, and 4) outperformed the 
nomogram without mpMRI staging data (model 1). In terms 
of agreement between predicted and observed probabilities, 
however, model 2 outperformed both models 3 and 4. As a 
result, this nomogram should be the favorite tool for predict-
ing side-specific EPE risk. Interestingly, it was also the most 
simple model in terms of calibration, as it only has three pre-
dictor variables (PSAD, highest ISUP grade, and mpMRI 
staging). This predictive model is freely accessible online at 
the website https://www.evidencio.com/models/show/2142 
(Fig. 12).
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Though the study has some advantages, such as a high 
number of cases and external validation in two different 
patient cohorts, it does have few drawbacks that must be 
addressed. To begin with, the majority of clinical data came 
from daily clinical practice, and no central histopathological 
or radiological evaluation was performed. Furthermore, the 
number of prostatic lobes with one or more incomplete 
covariates (27%) must be considered as a limit. Finally, both 
model construction and external validation were carried out 
by the same research group.

3.6  Wibmer et al. MRI-Inclusive Nomogram

In 2021, ten institutions from the USA and Europe collabo-
rated to develop an international, multicenter nomogram for 
side-specific prediction of EPE of PCa based on clinical, his-
tological, and radiologic MRI based data [46] (Fig. 13).

Overall, 840 men from these institutions were consecu-
tively enrolled to undergo RP after MRI.

The novel generated nomogram involved the following 
parameters: age, PSAD, side-specific biopsy results (Gleason 
grade group, percent positive cores, tumor extent), and side- 
specific MRI features (presence of a PI-RADS 4 or 5 lesion, 
level of suspicion for EPE, length of capsular contact).

Imaging was evaluated according to previously published 
ESUR criteria; the interpreting radiologist scored the likeli-
hood of EPE on a 5-point Likert scale separately for the left 
and right sides of the gland.

This predictive model showed excellent performance, as 
AUC ranked at 0.828.

Moreover, the accuracy of the MRI-inclusive nomogram 
created by the authors was compared to existing models for 
EPE prediction, based on clinical and biopsy data but lacking 
radiologic data, such as the MSKCC “Pre-Radical 
Prostatectomy” nomogram, the updated Partin tables, a vali-
dated multi-institutional model from the Belgian Cancer 
Registry, and the side-specific Steuber nomogram [15, 30, 
47, 48].

Authors’ findings revealed that MRI-inclusive model signifi-
cantly outperformed any of the benchmarked statistical models 
in terms of accuracy of EPE prediction (p < 0.001 for all).

Furthermore, the authors claim the importance of the 
application of their novel nomogram in case of patients with 
ambiguous MRI findings and/or patients with low/intermedi-
ate risk characteristics, in order to evaluate more carefully 
the likelihood of ECE and partial NS decision.

On the other hand, the nomogram may thus give only lim-
ited additional information in high-risk subjects with evident 
EPE on MRI.
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4  Conclusions

Although MRI has been found to improve PCa preoperative 
staging, it may not be sufficient alone to properly assess the 
amount of ECE. When MRI information is integrated into 
predictive models as nomograms, ECE extension can be 
 predicted more accurately. The application of these statisti-
cal tools in clinical practice, especially if combined with 
intraoperative surgical margins control, can ensure a tailored- 
graded NS approach and increase functional outcomes with-
out compromising oncological radicality.
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Intraoperative Evaluation 
and Management of High-Risk Prostate 
Cancer during Robot-Assisted Radical 
Prostatectomy

Ahmet Urkmez and John W. Davis

1  Introduction

It has been predicted that high-risk prostate cancer (HRPC) 
accounts for between 20% and 35% of newly diagnosed 
patients of localized disease, and approximately 10% of 
contemporary patients present with locally advanced dis-
ease [1–3]. Men with HRPC are at an increased risk of PSA 
failure, developing metastases, need for adjuvant treatment, 
and death from prostate cancer (PC) [4, 5]. The PIVOT 
(Prostate Cancer Intervention Versus Observation Trial) 
study showed a significantly lower rate of PC-specific death 
in men with HRPC undergoing surgery compared with 
observation (9.1% vs 17.5%) as well as a significant decrease 
in bone metastases at 10- and 12-year follow-up, while 
PC-specific mortality was not significantly lower in the radi-
cal prostatectomy (RP) group among men with low- or 
intermediate-risk PC [6]. Moreover, SPCG-4 (Scandinavian 
Prostate Cancer Group) trial demonstrated overall survival 
advantage with RP over watchful waiting (all-cause mortal-
ity, 46.1% vs 52.7%, RR, 0.75; 95% CI, 0.61 to 0.92%) [7]. 
The risk of death from PC and biochemical recurrence 
(BCR) after surgery in patients with HRPC was found to be 
11.5 and 3.3 times higher, respectively, than in patients with 
low-risk PC [8].

2  Definition of High-Risk Prostate 
Cancer

In 1998, D’Amico et al. first suggested a three-group risk 
stratification system based on preoperative serum PSA level, 
clinical T stage, and biopsy Gleason score to predict BCR 
following RP and radiation therapy (RT) [9]. HRPC was 
defined as having any of the following features: serum 
PSA ≥ 20 ng/mL, Gleason score ≥ 8, or clinical stage T2c 

or higher. However, the definition of HRPC covers a very 
heterogenous population which consequently resulted in 
wide variability in outcomes [10, 11]. Therefore, the 
National Comprehensive Cancer Network (NCCN) guide-
lines suggest subdividing this group to separate patients 
thought to have the worst prognosis into the very high-risk 
category [11]. On the other hand, the American Urological 
Association (AUA) and the European Association of 
Urology (EAU) guidelines panels did not recommend sub-
stratifying HRPC patients into high risk and very high risk 
because of the similarity in treatment options and lack of 
clinical utility for substratifying these patients. They alter-
natively classify clinical T3 or higher disease as locally 
advanced PC [4, 5]. The EAU guidelines also suggest 
including preoperative clinal lymph node positivity into this 
subgroup [5]. Most commonly used definition of locally 
advanced PC is clinically ≥ T3 disease with any serum PSA 
and any Gleason score [12].

3  Treatment Options for High-Risk 
Prostate Cancer

Treatment of HRPC is a subject of constant discussion due to 
poor prognosis seen in this group. Historically, RARP was 
not offered to patients with HRPC because of the anticipa-
tion of poor oncological and functional outcomes. However, 
many recent studies proved that RARP in these patients pro-
vides at least comparable oncological control with accept-
able perioperative complications [13–16]. Even though some 
of the patients who underwent RARP may require adjuvant 
treatments (radiotherapy and/or hormonotherapy) in case of 
BCR, RT and/or hormonotherapy and their toxic effects can 
be avoided or at least deferred to a later period in a signifi-
cant number of patients [17]. Besides, when surgery is 
selected as the first treatment modality, salvage RT is avail-
able in case of recurrence. The reverse is also feasible, but 
salvage RP after RT is a challenging surgery which yields 
higher rates of complications [18, 19].
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Another crucial benefit of RARP with extended lymph 
node dissection (ePLND) in patients with HRPC or locally 
advanced disease includes the opportunity to assess the sur-
gical specimen. Because accurate staging in advanced 
 disease is an important determinant of future management 
strategy [12], both upstaging and downstaging may occur 
after surgery because clinical staging based on digital rectal 
examination is subjective and may be discordant between 
examiners [20, 21]. Another concern is the possibility of 
upgrading and downgrading. Lavery et al. reported a down-
grading rate of 37% (Gleason score 8–10 to Gleason 
score ≤ 7) and an upgrading rate of 28% (Gleason score 7 to 
Gleason score 8–9) in patients with HRPC [22]. Additionally, 
a downgrading rate of 20% and an upgrading rate of 9 to 
27% have been reported for locally advanced PC [23, 24].

Today, there is still no consensus regarding the optimal 
treatment of men with HRPC; definitive therapy options for 
localized or locally advanced disease include RT with andro-
gen deprivation therapy (ADT) or RP with ePLND, which 
may be part of multimodal treatment [5]. A recent systematic 
review comparing RP versus RT and ADT in men with local-
ized HRPC showed that RT without specification of ADT 
was associated with worse overall (HR 1.65; CI, 1.42–1.91, 
p  <  0.0001) and cancer-specific mortality (HR 1.90; CI, 
1.61–2.23, p < 0.0001). Even though the magnitude of these 
associations was decreased in the comparison of RT with 
ADT versus RP relative to the comparison of RT versus RP, 
a benefit for both overall and cancer-specific mortality in 
favor of RP was still observed [25].

4  Timing of Surgery

Since there is no gold standard treatment for patients with 
HRPC, many patients need time to make their decisions and 
often ask for a second or third opinions, which consequently 
may cause a significant delay in treatment. Other potential 
occasions for delayed treatment include patients’ anxiety, 
treatment of comorbidities before surgery, limited surgical 
capacity, and long waiting lists for some hospitals as well as 
unprecedented situations as in COVID-19 outbreak [26]. A 
recent multicenter study from Canada reported that more 
than 90 days of surgical waiting time (time from biopsy to 
surgery) was associated with a higher risk of BCR in patients 
with HRPC [27]. On the contrary, another recent study from 
Germany observed that a surgical waiting time of >3 
and < 6 months compared to ≤3 months does not worsen 
any of the pathological outcome variables (e.g., pT stage, 
grading, surgical margin positivity, lymph node involve-
ment, lymphovascular invasion, perineural invasion) nor 
decrease the chance of nerve-sparing surgery in patients 
with HRPC [26].

5  The Role of Preoperative 
Multiparametric MRI

Multiparametric magnetic resonance imaging (mpMRI) is 
increasingly being utilized in the management of PC, nota-
bly in diagnosis and risk stratification, but also in staging and 
treatment planning [28, 29]. Prediction of adverse pathologi-
cal features at surgery, in terms of extraprostatic extension 
(EPE), seminal vesicle invasion (SVI), and node positivity, is 
of particular interest when assigning the surgical approach. 
Surgical margin status represents the most important surgery- 
related oncological outcome of RP and the only factor to be 
influenced by surgical method and nerve-sparing strategies. 
Despite the ongoing discussion about the influence of posi-
tive surgical margins (PSMs) on long-term outcome, patients 
with PSMs are at a higher risk of BCR [16, 30, 31]. In HRPC 
patients, knowledge of the presence and localization of EPE 
is likely to reduce the number of PSMs since it enables the 
surgeon to select patients eligible for nerve-sparing proce-
dures [32–34].

Surgeons performing RARP lack tactile sense which may 
limit the ability to assess the potential involvement of neuro-
vascular bundles. The sensitivity of MRI in predicting EPE 
tends to increase from low- to high-risk groups (33% vs 
80%). In their study, Park et  al. reevaluated their nerve- 
sparing plan during RARP by including mpMRI report, 
which was initially determined on the basis of the clinical 
information. After reviewing the mpMRI reports, the surgi-
cal plan was changed in 40% of HRPC patients and the 
change was correct in 89% [35]. Similarly, Kukreja et  al. 
conducted a study to evaluate the added value of mpMRI on 
presurgical planning of patients with HRPC. Six fellowship- 
trained urologic oncologists were asked for their surgical 
planning in regard to degree of nerve sparing and ePLND 
during RARP, first with only clinical information followed 
by the addition of mpMRI images and reports. After incorpo-
rating mpMRI in decision-making process, 98% of patients 
had a change in the degree of the planned nerve sparing: 
wider excision in 32% and increased nerve sparing in 24%. 
Additionally, lymph node dissection was converted from 
standard to extended in 17% of patients, and the bladder 
neck sparing was changed to the appropriate surgical plan in 
37% of cases [36]. Moreover, compared to patients who 
underwent RARP without mpMRI, the overall rate of PSMs 
was significantly decreased by the use of mpMRI (12.4% vs 
24.1%) [37]. In another very recent study including 366 
high-risk and very high-risk PC patients who had preopera-
tive mpMRI staging and underwent RP and ePLND, authors 
reported that in men with HRPC, mpMRI demonstrating no 
evidence of SVI, EPE, or neurovascular bundle involvement 
is the most robust independent predictor of organ-confined 
disease in a multivariate model including other clinical 
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 predictors. They also showed that mpMRI adds significantly 
to model performance in predicting organ-confined disease 
in men with HRPC [38]. In conclusion, preoperative mpMRI 
for HRPC appears to have a significant favorable impact on 
surgical planning and may be the best tool to guide robotic 
surgeons without haptic feedback to determine the extent of 
nerve sparing and bladder neck dissection with the potential 
for decreasing PSMs [35, 36].

6  Technical Aspects of Robot-Assisted 
Radical Prostatectomy in High-Risk 
Prostate Cancer

Robot-assisted radical prostatectomy has comparable onco-
logical and functional outcomes in HRPC patients to the 
traditional open approach with a number of benefits of 
improved 10x magnification, 3-dimensial (3D) vision, bet-
ter visualization of tissue planes, precise dissection, and 
reduced blood loss [14, 18, 39]. However, the lack of tactile 
feedback in robotic surgery raises concerns about both func-
tional and oncological outcomes after RARP specifically in 
men with high-risk and locally advanced disease owing to 
the extracapsular extension of cancer, irregular-bulky bor-
ders, and the need for broader dissection in such cases. 
Therefore, most experts suggest proceeding to perform 
HRPC cases after acquiring sufficient surgical expertise in 
low-risk cases [40, 41].

The majority of RARP procedures have been performed 
via transperitoneal approach owing to the fact that it pro-
vides easy access to prostate and offers a large working 
space which is especially important during the dissection of 
large- advanced tumors and when ePLND is needed. Six-
port transperitoneal approach was used in all of the reported 
studies in patients with locally advanced PC who underwent 
RARP [12]. Posterior approach was usually favored to gain 
a better view of the pelvis. During RARP in HRPC cases, 
firm seminal vesicles might suggest tumor invasion and 
requires gentle and careful dissection of tissues in order to 
prevent PSMs. Besides, in advanced disease, utmost care 
should be given during the dissection of the plane between 
the rectum and prostate following incision of Denonvillier’s 
facia. Because anatomical planes might be unclear in such 
cases due to the extracapsular extension of the tumor and 
previous ADT, broad dissection might cause rectal injury. 
Therefore, performing dissections as close as up to the apex 
between the plane of rectum and prostate facilitates the pro-
cedure and prevents rectal injury [42, 43]. Gandaglia et al. 
described their surgical technique of extrafascial RARP 
in locally advanced PC which resulted in a large amount of 
tissue surrounding the prostate specimen. In their technique, 
the Denonvilliers’ fascia was completely dissected free and 
left on the posterior surface of the seminal vesicles, thus 

ensuring oncological safety of the procedure. The extrafas-
cial dissection was subsequently carried out laterally to the 
levator ani fascia. During this approach the neurovascular 
bundles were clipped and transected below the Denonvillers’ 
fascia [13].

Another crucial step of performing RARP in HRPC 
patients is dissecting the plane between prostate base and 
bladder neck. Preoperative mpMRI and virtual 3D printed 
models could be useful in surgical planning of nerve sparing 
and bladder neck dissection as well as reducing PSMs in 
these patients [36, 44]. Intraoperative frozen section analysis 
during nerve-sparing RARP (nsRARP) in HRPC patients 
has reduced the rate of PSMs and urinary incontinence [45, 
46]. It could also be useful in reducing PSMs during the dis-
section between bladder neck and prostate base [42]. While 
dissecting posterior-lateral side of the prostate, visual clues 
should be considered to reduce the risk of PSMs: color and 
texture of the tissue, periprostatic veins as a landmark for 
athermal dissection, and a freely separating bloodless plane 
showing loose shiny areolar tissue [47].

7  Nerve Sparing Planning/Algorithms

In patients with HRPC, traditionally, nerve sparing was not 
encouraged because of the anticipation of the increased rate 
of PSM and BCR after RARP. On the other hand, nsRARP 
has resulted in better postoperative potency and continence. 
Therefore, surgeons have the challenge of decreasing the rate 
of PSM while maintaining the patients’ quality of life [40, 
48]. Kumar et al. proposed selective nerve sparing in HRPC 
based on patients’ preoperative clinical parameters (clinical 
stage, positive cores on biopsy) and surgeon’s intraoperative 
judgment (loss of dissection planes, focal bulge of prostate 
capsule, etc.). Consequently, they reported that complete or 
partial nsRARP could be performed in 89% of patients with 
HRPC without compromising the rate of PSM and BCR, and 
also ensuring better postoperative functional outcomes [40]. 
Similarly, Lavery et al. suggested using visual clues such as 
poorly defined or sticky dissection planes, bulging of the 
prostate capsule, or the appearance of prostate tissue on the 
preserved neurovascular bundle in selecting patients for 
nsRARP. Consequently, they were able to perform nsRARP 
in 73% of patients with HRPC [22]. Punnen et al. compared 
RARP with open RP in patients with HRPC and reported 
that RARP patients underwent bilateral nerve sparing more 
often than open RP patients (54% vs 34%, p < 0.01) while 
PSM rates were comparable in two groups (29% vs 23%, 
p = 0.13) [49]. Shikanov et al. compared extrafascial nsRARP 
with intrafascial nsRARP and observed a remarkable trend 
toward lower rate of PSMs in patients with pT3 disease who 
underwent extrafascial nsRARP compared to intrafascial 
approach (28% vs 51%). The reduction in PSMs was more 
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prominent in posterolateral and mid-prostate locations [50]. 
Therefore, extrafascial nsRARP has been suggested over 
intra- or trans-fascial approach in patients with HRPC to bal-
ance oncological safety with preservation of functional out-
comes. Besides, surgeons should consider certain 
preoperative clinical parameters along with intraoperative 
visual clues to assess the extension and/or invasion of the 
cancer and to guide selective/individualized nerve sparing 
since nerve sparing is not “all or none phenomenon” [40].

8  Retzius Sparing in High-Risk Patients

Retzius sparing, also called the Bocciardi approach, pro-
vides the maintenance of the normal anatomy as much as 
possible by preserving supportive structures such as the 
puboprostatic ligaments, endopelvic fascia, and Santorini 
plexus [51]. Studies reported excellent postoperative func-
tional outcomes, specifically early return to continence, 
with this approach. However, these studies mostly include 
low- and intermediate-risk PC patients [52]. Because 
Retzius-sparing surgery follows a completely intra- or inter-
fascial plane and requires staying very close to the prostate 
throughout its mobilization, a concern is raised whether the 
functional outcomes can be replicated in patients with 
HRPC without compromising oncological outcomes [53]. A 
very recent study including 50 men with HRPC (84% of the 
patients had ≥ pT3 disease) showed that Retzius-sparing 
RARP was feasible and safe (only 3 patients had Clavien 
Grade 3 complications related to ePLND; the rest had ≤ 
Clavien Grade 2 complications) in high-risk and locally 
advanced PC [54]. Although their PSM rate was seemingly 
high (43%), it was comparable with other studies on HRPC 
patients who underwent conventional RARP (16–58%) 
[12]. Nevertheless, they reported very promising continence 
(0 or 1 safety liner pad) rates at 3 and 12 months of surgery 
(82% vs 98%) [54].

9  Extended Pelvic Lymph Node 
Dissection

Extended pelvic lymph node dissection still represents the 
most reliable method of detecting lymph node metastases of 
PC in spite of the recent introduction of Gallium-68 (68Ga)- 
and Fluorine-18 (18F) prostate-specific membrane antigen 
(PSMA) positron emission tomography/computed tomogra-
phy (PET/CT), which provided improved detection of local-
ization of primary or recurrent PC with higher sensitivity and 
specificity when compared with other imaging modalities [5, 
55–57]. The NCCN guidelines for PC treatment recommend 
performing an ePLND if the nomogram-predicted lymph 
node metastasis probability is 2% or greater [11], while the 

EAU guidelines set this cutoff at 5% [5]. Both guidelines 
suggest following an extended PLND template in patients 
with HRPC [5, 11]. Despite proven benefits of ePLND in PC 
staging and consequent guiding of or omitting adjuvant treat-
ment, the therapeutic efficacy of ePLND remains debatable 
[58–60]. Historically, it was reported that urologists per-
forming RARP were up to five times more prone to omit 
PLND compared with urologists performing open RP, even 
in HRPC patients [41, 61]. However, a significantly increased 
contemporary trend has been observed in the concomitant 
PLND rate during RARP in patients with intermediate- to 
high-risk PC likely owing to the increased expertise in 
robotic surgery [62].

From a technical aspect, ePLND can be performed either 
before prostatectomy or after prostatectomy and vesicoure-
thral anastomosis. No related oncological or functional out-
comes highlight that any of these options as more 
advantageous than the other. Placing the ports more cranially 
may help better explore the iliac bifurcation and presacral 
region during ePLND.  Additionally, placement of metal 
clips instead of hem-o-lock clips at prostate pedicles and in 
the ePLND site may facilitate targeting of adjuvant RT in 
case of residual tumor or local recurrence [42]. One of the 
concerns about performing an ePLND is lymphocele forma-
tion. It has been shown that the extent of the PLND is an 
independent predictor of lymphocele formation [63]. 
Although various strategies have been proposed to prevent 
lymphocele development after RARP, randomized controlled 
trials (RCTs) revealed no significant differences in the rate of 
symptomatic lymphocele development after RARP with 
PLND in comparing peritoneal interposition flap with con-
trol [64], non-drainage with pelvic drainage [65], titanium 
clips with bipolar energy [66], TachoSil (a hemostatic 
sponge) with control [67], and Arista AH (a hemostatic pow-
der) with control [68].

10  Sentinel Node Biopsy 
and Fluorescence-Supported 
Lymphography

Studies have shown that 25% of lymphatic landing sites of 
PC are located outside of the ePLND template owing to the 
aberrant dissemination pathways [58, 69]. Sentinel node 
biopsy (SNB) and indocyanine green (ICG)-guided ePLND 
have been proposed to improve the efficiency of ePLND dur-
ing RARP [70, 71]. Although SNB appears to increase nodal 
yield by detecting more affected nodes when combined with 
ePLND than ePLND alone, it rarely detected positive nodes 
outside the ePLND template, raising concerns that SNB may 
not have any additional value over ePLND [72]. A recent 
RCT showed that ICG-guided ePLND improves the under-
standing of the lymphatic drainage and detects significantly 
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more lymph nodes with a median number of 25 vs 17 
retrieved nodes (p < 0.001) [71]. However, due to the reported 
low sensitivity (44%) in this study, authors suggested combi-
nation of ICG guidance with ePLND instead of stand-alone 
ICG lymph node dissection [71].

11  Complications

A few recent RARP series for HRPC have reported total 
and major complication rates ranging between 4% and 
29% and 0% and 9.1%, respectively [18]. Ham et al. com-
pared the outcomes of RARP performed in organ-confined 
and locally advanced PC and found no significant differ-
ences between two groups in many preoperative features 
including operation time, estimated blood loss, length of 
hospital stays, and intraoperative complications [73]. 
Rogers et al. showed similar recovery period after RARP 
compared with open RP in the elderly population 
(≥70-year-old), in which group complications were 
expected to be higher [74]. Additionally, it has been shown 
that patients undergoing major urologic surgeries includ-
ing RARP with ePLND benefited from application of 
enhanced recovery after surgery (ERAS) protocols such as 
preoperative counseling, medical optimization, avoidance 
of fasting and bowel preparation, venous thromboembo-
lism prophylaxis, avoidance of salt and water overload, 
appropriate antibiotic use, ileus prevention, pain control, 
early mobilization, and early oral nutrition with avoidance 
of nasogastric tubes [75].

12  Oncological Outcomes

The avoidance of PSMs during RARP is regarded as the 
most important surgery-related oncological outcome. 
Because its presence may signify an indication for adjuvant 
treatments, such as RT and ADT, which might significantly 
affect patients’ quality of life [16, 76]. RARP currently rep-
resents the most commonly performed surgery in men with 
PC, and several studies have demonstrated significant advan-
tages of RARP compared with open RP regarding blood loss, 
hospital stays, complication rates, early recovery of urinary 
incontinence, and erectile dysfunctions [15, 77, 78]. Besides 
the mentioned benefits of RARP, Suardi et al. showed that 
RARP was associated with a significantly lower rate of 
PSMs in HRPC patients compared with open approach 
(19.7% vs 30.1%, p < 0.001), while no significant difference 
was observed in low- and intermediate-risk patients [16]. 
However, it should be kept in mind that their analysis was 
restricted to patients operated on by expert surgeons who 
have performed a minimum number of 300 procedures per 
each technique (RARP and open RP) [16]. Current RARP 

studies in HRPC patients report the BCR rate ranging from 
13% to 35% [18]. However, most series lack long-term 
follow-up.

So far only a few retrospective studies reported oncologi-
cal outcomes in patients with locally advanced PC. The rates 
of PSMs in patients with locally advanced PC who under-
went RARP ranged from 20% to 60%. BCR rates ranged 
from 18.5% to 28.6% [12, 13, 21, 73]. Among these studies, 
Gandaglia et  al. reported a relatively lower rate of PSM 
which might be related to their surgical technique of extra-
fascial RARP that yields a large amount of tissue surround-
ing the surgical specimen. Additionally, at 3-year follow-up, 
two out of three patients were free from BCR as well as 95% 
of patients were free from clinical recurrence [13].

13  Functional Outcomes

Functional outcomes are major concerns in patients seeking 
treatment for PC. Surgical techniques, such as nerve-sparing 
and Retzius-sparing surgery, anterior and posterior recon-
struction, and bladder neck preservation approaches, have 
improved particularly early functional outcomes [4]. A 
recent study including 764 men with D’Amico HRPC 
(62% ≥ pT3a) who underwent RARP at two centers in the 
USA and Europe demonstrated that functional outcomes 
continue to improve beyond 1 year after RARP. The authors 
reported urinary incontinence (0 pad or 1 safety liner) and 
sexual function (SHIM ≥17) recovery rates of 92% and 69%, 
respectively, at 3-year follow-up of surgery [5]. Along with 
their report on the oncological safety of RARP in patients 
with HRPC [6], they suggested that a significant majority of 
patients with HRCP who underwent RARP can be expected 
to recover urinary continence and sexual dysfunction with-
out compromising long-term oncological outcomes [5].
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during Robot-Assisted Laparoscopic 
Prostatectomy

Gilberto J. Rodrigues, Peter Sutherland, Vipul Patel, 
and Rafael F. Coelho

1  Introduction

The first robot-assisted laparoscopic prostatectomy (RALP) 
emerged in 2000 [1]. Twelve years later, 17 world leaders in 
prostate cancer and radical prostatectomy brought together 
in Pasadena, California—the Pasadena Consensus Panel 
(PCP) [2]—to systematically review available data on RALP 
and to generate best practice recommendations.

The PCP identified specifically some subgroups of 
patients who should be treated by experienced surgeons due 
to the increased difficulties brought by certain scenarios that 
may require additional dexterity to surpass.

Data from a systematic review showed that 40 RALPs 
appears to be the minimum to surpass the learning curve and 
to perform usual cases adequately [3]. However, as surgeons 
get more confidence with the procedure, there is a natural 
trend to take on increasingly complex cases [4].

Multiple intra-abdominal adhesions may be present in 
patients with previous surgery making the creation of pneu-
moperitoneum more difficult even to start the surgery, as 
well as the trocars placements and risk to bowel injuries [5]. 
Previous prostatic surgery may lead to a denser periprostatic 
dissection plane, resulting in worst rates of nerve-sparing 
and positive surgical margins (PSM) [6]. Obese patients, 
presence of median lobe (ML), larger prostates or difficult 
anatomy may decrease the surgical field increasing the oper-
ative time (OT) and the estimated blood loss (EBL) [7–9].

Therefore, in this chapter, we provide some tips and tricks 
helping to overcome these challenging scenarios and review 
the surgical outcomes in these subgroups of patients.

2  Challenging Scenarios

2.1  Obese Patients

2.1.1  Tips and Tricks
Particularly in overweight and obese patients, using the usual 
port placement for RALP as for normal-weight patients, the 
instruments pass through the abdominal wall at a sharper and 
more vertical angle and it is frequent to have the distal move-
ments limited by the pubic bones (Fig.  1). This anatomic 
variation might cause worst visualization of the pelvis, espe-
cially to reach properly the apex region of the prostate.

A valuable resource to overcome this situation is to insert 
the ports at a longer distance from the pubic symphysis mak-
ing it more cranially. In general, for normal-weight patients, 
this distance is slightly above the belly button, around 15 cm. 
For overweight and obese patients, the camera port should be 
inserted into 15.5 to 18 cm from the pubic bone [10]. The 
remaining trocars should follow the camera reference and be 
placed slightly below and in line with the camera port, 
respecting a minimum distance of 8 cm from each other.

Extra attention must be given during the trocar insertion, 
always at a perpendicular angle to the abdominal wall so it 
will pierce the fascia with the correct distance into the 
abdominal cavity among them, avoiding clashing instrument 
issues. A tangential insertion will dissect the subcutaneous 
fat, piercing the fascia in a different location that was previ-
ously planned to alter the center point of the trocar creating 
two wide places of resistance at the skin and fascia, interfer-
ing with the instruments’ movements.

Initiating the procedure by performing a large periprostatic 
and perivesical defatting at the bladder neck region in these 
patients is very helpful to increase the workspace for RALP.

In case the instruments present an inability to reach the 
surgical field satisfactory, trocars may be advanced into, 
lower and laterally within the abdominal cavity combining 
with a decrease in the pneumoperitoneum pressure to 
10 mmHg, making the prostatic apex dissection and the vesi-
courethral anastomosis easier.
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Fig. 1 Schematic model of differences in port placements during a 
robot-assisted laparoscopic prostatectomy according to patients habi-
tus. (a) Instrument trajectory in the presence of a pneumoperitoneum in 
a normal-weight patient (A) and an obese patient (B) at a distance of 
15 cm measured from the pubic symphysis. (b) Instrument trajectory in 
the obese patient in the presence of a pneumo-peritoneum at 15 cm (B) 
and at 18 cm (C) measured from the pubic symphysis. Pending permis-
sion for use: Mikhail, A. A., Stockton, B. R., Orvieto, M. A., Chien, 
G. W., Gong, E. M., Zorn, K. C., … Shalhav, A. L. (2006). Robotic- 
assisted laparoscopic prostatectomy in overweight and obese patients. 
Urology, 67(4), 774–779. https://doi.org/10.1016/j.urology.2005.10

Another maneuver especially useful to get a better visu-
alization of the urethra is a perineal pressure trying to bring 
the surgical field closer to the instruments. If even though 
the pubic bone is overriding proper identification of the 
apex or anastomosis, changing the 30-degree camera lens to 
0-degree is an optional resource to achieve a better visual-
ization angle [7].

We routinely perform posterior reconstruction as initially 
described by Rocco et al. [11] and posteriorly modified by 
Coelho et al. [12] to get the bladder neck closer to the urethra 
aiming an anastomosis tension-free and a double posterior 
layer of running suture to avoid leakage. However, excep-

tionally in extremely obese patients, due to a very large and 
fatty bladder, omitting the posterior reconstruction and going 
straight to the anastomosis is an alternative to get it done 
easier.

2.1.2  Surgical Outcomes
Surgical outcomes in this challenging scenario had already 
been described with significant worst functional outcomes at 
12 and 24 months regarding potency and continence [13, 14]. 
Other recurrent findings among series including these 
patients are mainly longer OT, some higher PSM rates, and 
complications [14, 15].

Especially in this scenario, higher body mass index (BMI) 
was already found to be an independent predictive factor 
(OR: 1.1; 95% CI, 1.0–1.3; p = 0.0119) for apical PSM [16]. 
It was also proved to be an independent predictor of Clavien- 
Dindo grade 3 complications, increasing chances by 18.4% 
for each unit rise [17]. Still, results from a national inpatient 
sample comparing different approaches to radical prostatec-
tomy (53,626 RALPs vs 35,757 open prostatectomies) 
showed that obesity predisposed to higher rates of periopera-
tive complications in both arms—OR 1.6–1.8 and 1.3–2.8—
besides increasing costs in 740$ and 312$, respectively [18].

In a multicenter study from the United Kingdom with 17 
institutions and more than 3000 RALPs, although rare, even 
a serious complication such as lower limb compartment syn-
drome was observed in nine patients (0.29%) [19]. They 
identified the main risk factors as: console time longer than 
4 hours in 8/9 cases, early learning curve (<20 cases) in 3/9; 
obesity in 5/9; and peripheral vascular disease in 2/9. One 
patient was positioned incorrectly.

Another report with 180 consecutives RALP concluded 
that rhabdomyolysis (creatine kinase >1050 IU/L) occurred 
in 6.1% of patients with significant transient decrease in 
renal function (p = 0.007) in 45.5% of them [20]. These 
findings were associated with higher BMI (>25.7; 
p = 0.02) and OT (>188 min; p = 0.005).

In contrast, outcomes from 44 RALPs in morbidly obese 
patients by a very high-volume surgeon demonstrated that 
despite technically demanding, it is a safe and feasible pro-
cedure [21]. This propensity score-matched analysis showed 
a significant, but small increase in EBL (130 ml vs 113 ml; 
p = 0.049) and a more difficult vesicourethral anastomo-
sis (VUA) in these patients (p = 0.001). There were similar 
results in OT, ease of nerve-sparing, transfusion rate, 
complications, indwelling catheter duration, length of 
stay (LOS), and pain scores.

Furthermore, another report from a patient-based model 
for estimating OT during RALP showed that the main pre-
dictor was the surgeon, followed by the BMI [22].

Besides all the complications issues, obesity was found to 
be a strong predictor (OR = 6.950; p = 0.002) of clinically 
undetected node metastases in intermediate and high-risk 
prostate cancer patients who underwent RALP associated 
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with extended pelvic lymphadenectomy (ePLND). Also, 
patients with metabolic syndrome, very prevalent in obese, 
presented to have higher Gleason grade (≥ 7: 78% vs. 64%, 
p  <  0.001) and tumor stage (≥T3 disease: 43% vs. 32%, 
p < 0.001) on final pathology as well were more likely to 
have upgrading (63% vs. 45%, P < 0.001) [23].

Thus, most of the evidence shows so far that a more expe-
rienced surgeon is the key to surpassing the challenging sce-
nario of RALP in obese patients and that is not advised to 
include these patients during the learning curve [7, 14].

Another protective step described for these patients is to 
promote weight reduction before surgery. During a weight 
loss program, it was observed that lower weight, fat mass 
(FM), percent FM, trunk FM, and visceral FM were associ-
ated with less surgery-related adverse effects (rs = 0.335 to 
0.468, p < 0.010) [24]. Still, blood pressure was significantly 
reduced over the intervention carrying additional protective 
benefits to surgery.

A narrative review with the main series in this scenario is 
summarized in Table 1.

Table 1 Narrative review of outcomes from obese with non-obese patients following robot-assisted radical prostatectomy

N Study design
Operative 
time (min)

Estimated 
blood loss 
(ml) Complications

Urinary 
function

Sexual 
function Pathology

Wiltz et al. 
(2009) [13]

945 Prospective; 
compare obese 
patients with 
normal and 
overweight

HIGHER SIMILAR SIMILAR  but higher 
case abortion due to 
respiratory-pressure 
issues

WORSE  UB 
and 
continence  
at 12 and 
24 months

WORSE  SB 
at 3 months; 
potency at 12 
and 
24 months

SIMILAR

Coelho 
et al. 
(2010) [16]

876 Prospective; 
predictive factors 
for PSM

N/A N/A N/A N/A N/A WORSE  BMI: 
Independent 
predictive factor 
for apical PSM

Kheterpal 
et al. 
(2013) [23]

1051 Retrospective; 
matched pairs 
analysis with 
controls and 
patients with MS

N/A N/A N/A N/A N/A WORSE   Gleason 
grade and 
pathologic stage

Pridgeon 
et al. 
(2013) [19]

3110 Multicenter and 
retrospective 
(prevalence of 
LLCS)

N/A N/A N/A N/A N/A N/A

Abdul- 
Muhsin 
et al. 
(2014) [21]

88 Retrospective; 
propensity 
score-matched 
with patients 
40 > BMI ≥ 40

SIMILAR  
but 
increased 
difficulty in 
VUA

HIGHER SIMILAR N/A N/A SIMILAR

Xu et al.  
(2015) [14]

6622 Meta-analysis HIGHER HIGHER SIMILAR WORSE   at 
1 year

WORSE   at 
1 year

SIMILAR

Knipper 
et al.  
(2019) [18]

53,626 Retrospective N/A N/A HIGHER  obesity 
predicted 5 of 11

N/A N/A N/A

Porcaro 
et al. 
(2019) [17]

211 Retrospective N/A N/A HIGHER  each unit 
rise in BMI ↑18.4% 
grade 3 complications

N/A N/A N/A

Goßler 
et al.  
(2020) [15]

232 Prospective 
randomized 
multicenter study

HIGHER  
(180 vs 160; 
p = 0.013)

N/A HIGHER  (31.4 vs 
14.9%; p = 0.013)

N/A N/A SIMILAR for BMI 
threshold value of 
30  HIGHER for 
BMI threshold 
value of 33.7  
(34.8 vs 13.4%; 
p = 0.013)

Onagi 
et al. 
(2020) [20]

180 Retrospective N/A N/A HIGHER  (on 
multivariate analysis, 
rhabdomyolysis was 
significantly 
associated with 
BMI > 25.7 kg/m2)

N/A N/A N/A

HIGHER or WORSE results with statistical significance, SIMILAR statistically significance not reached, N/A not available, VUA vesicourethral 
anastomosis, MS metabolic syndrome, BMI body mass index, PSM positive surgical margin, LLCS lower limb compartment syndrome, UB urinary 
bother, SB sexual bother
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2.2  Median Lobe

2.2.1  Tips and Tricks
The easier and safer way to not be surprised into a wrong 
dissection plane due to an ML during the bladder neck dis-
section is to carefully look at the preoperative images, espe-
cially into the sagittal and coronal plane of magnetic 
resonance of the prostate [25].

The presence of a ML might add some challenges mainly 
in the surgical step of bladder neck dissection because it may 
distort the anatomic conformation and carrying difficulty to 
identify proper surgical planes. A large ML can lead the sur-
geon to dissect into a wrong plane, causing more bleeding, 
PSM, or even unintended injuries of the ureteral meatus [26–
29]. Trying to overcome these concerns, some tips and tricks 
have already been described [26, 30].

There are two classical steps to achieve exactly the right 
plane during the anterior bladder neck dissection. The first is 
to make a symmetric pressure with the right and left robotic 
arms at the level of the bladder neck, while pulling the blad-
der dome cranially with the ProGrasp in the fourth robotic 
arm, aiming to identify a tent of detrusor fibers over the vesi-
coprostatic transition (Fig. 2). Next, pushing and pulling the 
Foley urethral catheter through the prostate boundaries is 
possible to estimate where the ML is located. If the balloon 
is laterally shifted during this maneuver, it may be a sign of 
the presence of a unilateral ML. However, if the Foley bal-
loon does not reach the level of the true visualized bladder 
neck, it may be a sign of a circumferential or a midline ML.

After precise identification of the vesicoprostatic transi-
tion, the next step is to cut the anterior bladder neck with 
electrocautery and scissor over the detrusor fibers until the 
identification of the Foley urethral catheter (Fig. 3).

The presence or absence of a bladder drop-off after open-
ing the bladder is another clue for the existence of an ML. In 
cases without ML, after opening the bladder the posterior 
bladder neck usually drops downwards into the body of the 
bladder. While the ML is present, the posterior bladder neck 
continues straight back without a drop-off.

For a usual posterior bladder neck dissection without a 
prominent ML, anteriorly traction of Foley urethral catheter 
with the ProGrasp into the pubic symphysis combined with a 
Kocher fixation of its distal extremity is usually enough to 
present an adequate view of the posterior bladder neck 
(Fig. 4). In cases of a large ML, this region is better exposed 
retrieving it inside out the bladder applying a continuous 
traction upwards by the ProGrasp forceps on it (Fig.  5). 
Another option is to perform a “rescue stitch” on it to pro-

Fig. 2 Identification of a tent over the vesicoprostatic transition while 
pulling the bladder cranially with the prograsp in the fourth robotic arm. 
Concomitant to this, pushing and pulling the Foley urethral catheter 
against the prostate boundaries help proper identification of the bladder 
neck

Fig. 3 Using scissor with electrocautery over the detrusor fibers until 
identification of the Foley urethral catheter

Fig. 4 Usual posterior bladder neck dissection without prominent 
median lobe: anteriorly traction of Foley urethral catheter with the pro-
grasp into the pubic symphysis combined with a Kocher fixation of its 
distal extremity
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Fig. 5 Retrieving the ML inside out the bladder applying a continuous 
traction upwards by the prograsp forceps on it

Fig. 6 Maryland bipolar forceps pull the anterior bladder neck crani-
ally; the scissor cuts de posterior bladder neck mucosa respecting the 
ureteral meatus boundaries

vide a clearer view of the trigonal region to avoid ureteral 
meatus injuries [30].

After the correct identification of the region to be dis-
sected, the Maryland bipolar forceps pull the anterior blad-
der neck cranially and the scissor cuts the mucosa over the 
posterior bladder neck, beginning by the corners and work-
ing our way medially and posteriorly, respecting the ureteral 
meatus boundaries (Fig. 6).

It is frequent to observe a disproportional bigger bladder 
neck when compared with the diameter of the membranous 
urethra in a presence of an ML. So, as it occurred in open 
prostatectomy, bladder neck reconstruction is indicated in 
this situation. It is an option to perform a tennis-racket or 
anterior-bladder tube reconstruction as it was performed by 
the open approach, but due to difficult visualization of the 
posterior bladder neck in RALP, we prefer to perform a mod-
ified bilateral transverse plication as it was described by Lin 
et al. [31].

In case of iatrogenic meatus injuries or trigone resections, 
Molinari et al. [26] have already reported an easier fashion 
way to implant double-pigtail stent during RALP. Preferably 
after the prostatectomy and posterior plane reconstruction, a 
guidewire is introduced through the lumen of the Foley ure-
thral catheter by the assistant. After the guidewire is grasped 
by the robotic arm, it is introduced into the ureteral meatus, 
the Foley is removed, and the double-pigtail stent is 
implanted.

2.2.2  Surgical Outcomes
It is already well established that on experienced hands, only 
the presence of an ML does not affect EBL, PSM, biochemi-
cal recurrence (BCR), or complications [8, 32]. When ana-
lyzing the OT, an interesting finding was shown by Coelho 
et al. [8] following 1693 consecutive patients who underwent 
RALP. Although OT was significantly increased in patients 
with ML (80 vs 75 minutes, p < 0.001), there was no differ-
ence in the OT when stratifying this result by prostate weight. 
Likewise, they did not find any difference in functional out-
comes regarding urinary continence between the groups.

Similar findings were recorded by Hamidi et al. [32], but 
in this series, the presence of ML seems to present a disad-
vantage in gaining early urinary continence at 1 month fol-
lowing RALP (49.2% and 56.5%, p = 0.03) with no major 
difference from 3 months onwards.

Rajih et  al. [33] evaluated several predictor factors for 
post-prostatectomy urinary incontinence following RALP 
and found ML did not correlate with delayed continence 
along 24 months of follow-up. Of note, only prostate size, 
OT, smoking history, and bladder neck sparing played a role 
on this outcome.

As well as found by Jenkins et al. [34] in a retrospective 
review of 345 consecutive RALPs. There were 29 (8%) 
patients with an ML identified intraoperative. They com-
pared the outcomes of these patients with the 29 consecutive 
patients without an ML. Patients with ML presented larger 
prostates (60 vs 23 cm3; p = 0.003) and required reconstruc-
tion of the bladder neck more frequently (55 vs 3%; 
p  <  0.0001). However, OT, EBL, PSM, final pathological 
stage, complications and postoperative urinary outcomes 
were similar between groups.

Still, Alnazari et al. [35] reported no relation between ML 
and acute urinary retention (AUR) after catheter removal 
since RALP.  Instead, they found a higher rate of AUR for 
men with catheter removal at Day 4 (4.5% [16/351]) vs. Day 
7(0.2% [1/389]) (p = 0.004).

Finally, as found in large prostates, Jung et  al. [36] 
showed that patients with ML were less likely to have 
PSM (16 vs 24.4%; p = 0.044). However, in multivariable 
model, the presence of ML on PSM was not statistically 
significant (RR 0.97, 95% CI, 0.64–1.47, p = 0.88). Despite 
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presenting higher levels of PSA (6.1 vs 5.4; p  =  0.003), 
patients with ML had lower Gleason scores (< 7, 58.1% vs 
42.1%; p = 0.012), lower pathological stages (T2, 87.4% 
vs 75.4%; p  =  0.024) and large prostates (64 vs 48  g; 
p < 0.0001), all found to be predictive factors of decreased 
PSM (p < 0.01).

A narrative review with the main series in this scenario is 
summarized in Table 2.

2.3  Large Prostates

2.3.1  Tips and Tricks
A particular challenge regarding large prostates is exposure 
and rotation to complete nerve-sparing, reach the apex 
region, and finishing the prostatectomy itself. Additionally, 
these patients usually present prostates with a substantial 
blood supply, posing a risk of major bleeding.

Opening the endopelvic fascia and making early control 
of the dorsal vein complex may help to reduce vascular flow 
and bleeding. It is essential a clear visualization of the tissues 
to avoid getting out of the dissection plane.

During the bladder neck dissection, respecting the con-
tour of the prostate getting all the vesicoprostatic down is 
advised rather than work in a deep middle hole. The key ele-
ment for this scenario is a wider exposure, a bloodless field, 
and reviewing the surgical plane constantly, releasing and 
pulling the prostate many times as necessary.

2.3.2  Surgical Outcomes
As well as reported by some authors regarding the challeng-
ing scenario of RALP in patients with ML, Rajih et al. [33] 
identified large prostates (≥47  g) as predictors of urinary 
incontinence following RALP.  Besides this, Alenizi et  al. 
[37] showed that prostate volume was also a significant pre-
dictor of longer OT not only for individual surgical steps 
such as dorsal vein complex ligation (OR 1.02), bladder 
neck division (OR 1.03), pedicle control (OR 1.04), urethral 
division (OR 1.02) and VUA (OR 1.03) as well for overall 
OT (1.04).

An inversely proportional outcome of PSM and prostate 
weight (OR 0.97%; 95% confidence interval [CI] 0.96, 0.99; 
P  =  0.0003) was reported by Marchetti et  al. [38] from a 
cohort of 690 men with low-risk prostate cancer who under-
went RALP with bilateral nerve-sparing from 2003 to 2009.

Data from a different center with 1168 RALPs by a single 
surgeon found consistent outcomes of longer OT for pros-
tates ≥75 g and also demonstrated significantly higher EBL 
in these patients [9]. However, no significant differences 
were found regarding intraoperative complications and 
oncologic outcomes (PSM or BCR at 1 year of follow-up).

Coelho et al. [39] reported 1009 consecutive RALPs by a 
single surgeon and stratified the patients according to pros-
tate weight. They found patients with larger prostate (≥70 g) 
were older with a median age of 64.9 years (p < 0.001), pre-
sented higher PSA pretreatment with a median of 6.5 
(p < 0.001) and had more urinary symptoms (mean AUA-SS 

Table 2 Narrative review of outcomes from patients with and without median lobe following robot-assisted radical prostatectomy

N Study design
Operative time 
(min)

Estimated 
blood loss 
(ml) Complications Urinary function

Sexual 
function Pathology

Jenkins 
et al. 2008 
[34]

58 Retrospective SIMILAR SIMILAR SIMILAR SIMILAR N/A SIMILAR

Coelho 
et al. 
(2012) [8]

1693 Prospective HIGHER
80 vs 75; 
p < 0,001
But with no 
difference when 
stratifying by 
prostate weight

SIMILAR SIMILAR SIMILAR N/A SIMILAR only 
difference in prostate 
weight, 64 vs 46 g; 
p < 0.0001

Jung et al.  
2012 [36]

791 Retrospective N/A N/A N/A N/A N/A BETTER  lower 
PSM, Gleason score 
and pathological 
stage

Hamidi 
et al. 
(2018) 
[32]

924 Retrospective HIGHER  (144 vs 
136; p = 0.01)

SIMILAR SIMILAR WORSE at 1 month 
(49.2% and 56.5%, 
p = 0.03)   SIMILAR 
at 3 months onwards

N/A SIMILAR

Rajih 
et al. 
(2019) 
[33]

322 Retrospective N/A N/A N/A SIMILAR N/A N/A

HIGHER or WORSE results with statistical significance, SIMILAR statistically significance not reached, N/A not available, PSM positive surgical 
margin

G. J. Rodrigues et al.



257

Table 3 Narrative review of outcomes from patients with and without large prostates following robot-assisted radical prostatectomy

N Study design
Operative 
time (min)

Estimated 
blood loss 
(ml) Complications Urinary function

Sexual 
function Pathology

Marchetti 
et al.  
(2011) [38]

690 Retrospective N/A N/A N/A N/A N/A BETTER  significant 
inverse relation 
between PSM and 
PV  OR 0.97%; 
95%CI 0.96, 0.99; 
p = 0.0003

Coelho 
et al. 
(2012) [39]

1009 Retrospective HIGHER  
83.3 ± 15.7
p < 0.001

HIGHER  
129.2 ± 14.6
p < 0.001

N/A SIMILAR WORSE at 
6 weeks 39% 
were potent
p = 0.01  
SIMILAR at 
3 months 
onwards

BETTER: PSM 
7.8%; p < 0.001  
SIMILAR: Gleason 
score and 
pathological stage

Labanaris 
et al. 
(2013) [40]

370 Matched pairs 
analysis

HIGHER  
164 vs 144
p < 0.05

HIGHER  
(192 vs 152
p < 0.05

Intraoperative: 
HIGHER  4.8 vs 
1.6%; p < 0.05
Postoperative: 
SIMILAR

SIMILAR WORSE at 
12 months  
61.9 vs 
72.9%
p < 0.05

BETTER  lower 
PSM, Gleason score, 
tumor volume and 
pathological stage

Alenizi 
et al. 
(2015) [37]

247 Retrospective HIGHER   
(OR.1 0.04)

N/A N/A N/A N/A N/A

Kim et al. 
(2019) [9]

1168 Retrospective HIGHER   
61.7 ± 18.3
p < 0.001

HIGHER   
646 ± 423
p < 0.001

SIMILAR N/A N/A SIMILAR: PSM  
BETTER: Gleason 
score and 
pathological stage

Rajih et al. 
(2019) [33]

322 Retrospective N/A N/A N/A WORSE  PV 
predicted 
incontinence along 
the first 12 months 
following RALP; 
p = 0.02

N/A N/A

HIGHER or WORSE results with statistical significance, SIMILAR statistical significance not reached, N/A not available, PV prostate volume, PSM 
positive surgical margin, RALP robot-assisted laparoscopic prostatectomy

of 12.8; p < 0.001). Despite positive statistic trans operative 
findings as longer OT (83.3  ±  15.7; p  <  0.001) and EBL 
(129.2 ± 14.6; p < 0.001), there was only a slightly clinically 
difference comparing patients with smaller prostate (<30 g) 
of less than 10 min regarding OT and a few more than 20 ml 
in terms of EBL. All other perioperative variables were simi-
lar among groups of different prostate sizes and the only 
pathological difference found was lower PSM (7.8%; 
p < 0.001) in larger prostates. Functional outcomes differed 
significantly in terms of potency rates, patients with larger 
prostates presented lower early recovery rates at six weeks of 
the postoperative period (39%; p  <  0.01), while the 
intermediate- term results from the third-month postoperative 
period were similar.

Similar findings were reported by Labanaris et al. [40] in 
a matched-pairs analysis of 4000 RALPs, comparing 185 
men with prostates ≥100 g (large prostates) with individuals 
whose prostates ≤50  g (smaller prostates) and equivalent 
clinicopathologic characteristics. Large prostates presented 
also significant longer OT, need for bladder neck reconstruc-
tion, higher EBL, beyond an increase in intraoperative com-
plications rates. There were also less aggressive tumors, 

PSM and BCR in patients with larger prostates. Despite there 
being no difference in continence between the groups, it was 
identified lower-potency rates in patients with larger 
prostates.

A narrative review with the main series in this scenario is 
summarized in Table 3.

3  Previous Treatment for Benign 
Prostatic Hyperplasia

3.1  Tips and Tricks

The scenario of RALP following trans-urethral resection of 
prostate (TURP) or simple prostatectomy may be even more 
challenging than ML, due to possible distortions in the anat-
omy of the bladder neck or to a dense surgical plane harming 
a clear view and the proper identification of the anatomy.

We believe the best way to achieve the correct plane dur-
ing the bladder neck dissection in this situation is to quickly 
enter the bladder in the midline, elevate the prostate and then 
survey the anatomy from the inside (Fig. 7a). In patients that 
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a b

Fig. 7 Anterior bladder open in the midline identifying from inside the bladder distorted prostatic lobes (a) and pulling the remaining medium 
lobe upwards to begin the posterior bladder neck dissection (b)

underwent previously a generous TURP, a Foley balloon 
may lodge inside the prostatic urethra misrepresenting the 
real location of the bladder neck during a gentle tug on the 
urethral catheter.

During the posterior bladder neck dissection, the ProGrasp 
fourth robotic arm pulls upwards the remaining of the ML, 
while the Maryland bipolar forceps carefully pull cranially 
the posterior bladder neck (Fig. 7b).

3.2  Surgical Outcomes

Still, in 2008, Hampton et  al. [41] analyzed 1768 patients 
submitted to RALP by six different surgeons, identifying a 
subgroup of 51 patients that previously underwent TURP 
surgery as well. Retrospectively compared these two groups 
and concluded that RALP in post-TURP scenario led to an 
increase in PSM [35.3% vs 17.6% (p = 0.015)], mainly blad-
der neck margin.

In 2014, a review of RALP following surgery for benign 
prostate hyperplasia (BPH) recorded contradictory results, 
while some series reported comparable results to patients 
without previous prostatic surgeries, others have demon-
strated inferior outcomes [6].

Tugcu et al. [42] reported no difference in PSM or BCR in 
a match-paired analysis of 25 patients with prior surgery for 
primary bladder outlet obstruction (20 TURP and 5 open 
prostatectomies). Instead, they observed longer OT, higher 
EBL as well greater urinary leakage, and anastomotic 
stricture.

Then, Su et al. [43] reported a cohort of 49 patients who 
had prior prostatic surgery and compared it with 2644 
surgery- naïve patients by a single surgeon. Although 
observed a greater PSM in patients with prior prostatic sur-
gery around 10%, it wasn’t statistically significant 
(p = 0.110). Also, EBL, OT, urinary and sexual functional 

outcomes were similar. However, bigger rates of weakness 
of the urinary stream (EPIC #4d) at 12 months were found in 
the first group (p = 0.012).

Similar findings with satisfactory oncological and func-
tional outcomes were reported by Campobasso et al. [44] in 
2019, demonstrating that when done by a skilled robotic sur-
geon, RALP in patients with previous surgery for BPH 
should be managed as naïve patients when performed by a 
skilled robotic surgeon. They identified 40 patients from a 
total of 953 RALPs who also presented a previous surgery 
for BPH. Only descriptive data was recorded. There was no 
need for open conversion, neither major intraoperative nor 
postoperative complications occurred. No blood transfusion 
was required. Nerve-sparing was performed in all patients 
and bladder neck reconstruction in 25% of them. The median 
catheterization time was 5  days [3–14]. Continence rate, 
defined as usage of 0 or 1 pad/day at 1, 3 and 12 months 
occurred in 82.5%, 90% and 95%. While PSM was present 
in 20%, 75% of which was ≥T3.

In contrast, a meta-analysis gathering 13 studies compar-
ing radical prostatectomy (included RALP, open and laparo-
scopic prostatectomies) in patients with prior BPH surgery 
with surgery-naïve patients concluded that the first group 
was found to present significantly higher PSM, need of blad-
der neck reconstruction, and overall complication rate. While 
OT, EBL, and 1-year continence rates were comparable 
between the two groups [45].

Finally, a study from Indiana University described its ini-
tial experience of the first 27 patients who underwent RALP 
with prior history of Holmium Laser Enucleation of the pros-
tate and matched 1:1 with surgery-naïve patients [46]. They 
found that OT was longer in the first group, as well erection 
function appeared to be generally poor (despite bilateral 
nerve-sparing was performed only 11% and the poor initial 
potency). Also, there were reported higher rates of bladder 
neck reconstruction, time to continence—while improved 
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with increased experience—and similar low complications 
rates. While PSM and BCR appeared to be unaffected by 
previous enucleation.

A narrative review with the main series in this scenario is 
summarized in Table 4.

3.3  Previous Multiple Prostate Biopsies

3.3.1  Tips and Tricks
The periprostatic inflammation caused due to multiple pros-
tate biopsies is the main concern in this scenario. Although 
surprisingly variable, increased difficulty can be found espe-
cially during the posterior dissection plane above the 

Denonvilliers fascia and nerve-sparing. Sometimes these tis-
sues are binder to the prostate and harder to dissect.

A general recommendation is to wait at least the first 
4 weeks following the last biopsy to perform RALP, or even 
up to 6 weeks if a prostatitis occurred. Cautiously dissection, 
trying to keep the field as clean as possible aiming at better 
identification of structures is highly recommended.

3.3.2  Surgical Outcomes
Since the introduction of prostate cancer screening in the last 
thirty years, a reduction trend of advanced disease with an 
increase of low-risk stage was found [47]. The overdiagnosis 
of these cases led to a challenging scenario of proper identi-
fication of candidates who will most benefit from a radical 

Table 4 Narrative review of outcomes from patients with and without previous treatment for benign prostatic hyperplasia following robot-assisted 
radical prostatectomy

N Study design
Operative 
time (min)

Estimated 
blood loss 
(ml) Complications Urinary function

Sexual 
function Pathology

Hampton 
et al. 2008 
[41]

153 Prospective N/A N/A N/A N/A N/A WORSE  any 
PSM: 35.3 vs 
17.7%
p = 0.02
Bladder neck 
PSM: 13.7 vs 
2.0%
p = 0.004

Su et al. 
2015 [43]

2693 Retrospective SIMILAR SIMILAR N/A SIMILAR (overall)  
WORSE at 
12 months weak 
stream: 1 vs 0.29%
p = 0.012

N/A SIMILAR

Tugcu 
et al. 2015 
[42]

61 Match paired 
analysis

HIGHER  
238 vs 203
p = 0.028

HIGHER  
187 vs 116
p = 0.001

WORSE  stricture rate 16 
vs 2.8%
p < 0.05

SIMILAR SIMILAR SIMILAR

Liao et al. 
2020 [45]

6750 Meta-analysis, 
including open 
prostatectomy, 
laparoscopic 
prostatectomy and 
RALP

SIMILAR SIMILAR WORSE   for overall 
complication rate 
OR = 2.09, 95% CI 
1.26–3.46, p = 0.004, 
I2 = 70%  and only for 
RALP OR = 2.92, 95% 
CI 1.45–5.90, p = 0.003, 
I2 = 0%

SIMILAR N/A WORSE  PSM 
overall: 
OR = 1.31, 
95% CI 
1.09–1.58, 
p = 0.004, 
I2 = 0%
PSM only for 
RALP: 
OR = 1.71, 
95% CI 
1.16–2.52, 
P = 0.006, 
I2 = 0%

Abedali 
et al. 2020 
[46]

54 Match paired 
analysis

HIGHER 
193.5 vs 
164.2
p < 0.001

SIMILAR SIMILAR 0–1 pad/day: 
SIMILAR 0 pad/
day: WORSE 22 
vs 74%; p < 0.001 
WORSE time to 
continence in 
months 20 vs 7; 
p = 0.007

SIMILAR SIMILAR

HIGHER or WORSE results with statistical significance, SIMILAR statistical significance not reached, N/A not available, PSM positive surgical 
margin, RALP robot-assisted laparoscopic prostatectomy, OR odds ratio, CI confidence interval
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treatment and who will have an indolent course [48]. 
Therefore, active surveillance protocols have been devel-
oped, including the need for a baseline prostate biopsy with 
at least an extra follow-up biopsy [49, 50]. Concerns related 
to multiple biopsies include not only periprocedural compli-
cations, such as pain, infection, hematuria and hematosper-
mia, but there are reports suggesting also nerve damage with 
subsequent erectile dysfunction [51–53].

There are few series correlating outcomes of patients 
submitted to multiple prostate biopsies and RALP so far. 
The higher number of transrectal ultrasound-guided pros-
tate biopsy cores were already linked to higher EBL (422 
vs 463  ml; p  =  0.003) and perioperative complications 
(6.4% vs 8.5%; p = 0.03) in RALP. As well as multiple pre-
vious prostate biopsies have been shown to decrease post-
operative potency rates at 6 months (80% vs 57%; p = 0.03) 
due to local inflammatory process increasing difficulty dis-
sections during neurovascular bundle sparing [54, 55]. No 
significant impact was found in the postoperative conti-
nence for single and multiple biopsies, neither in PSM in 
both series.

While new series scrutinizing outcomes in this subgroup 
of patients who underwent RALP are desired, data from the 
largest open radical prostatectomy series including more 
than 27,000 patients—of which 4780 (17.3%) were submit-
ted to ≥2 biopsies before surgery—concluded that this sub-
group of patients presented higher perioperative blood 
transfusion rate (12.77 vs 15.50%; p < 0.0001), longer LOS 
(4.6 vs 4.7 days; p = 0.014), more need of procedures associ-
ated with bladder neck contracture (23.35 vs 27.03%; 
p < 0.0001) and less oncological interventions, such as adju-
vant radiation therapy (13.23 vs 10.21%; p  =  0.0001) or 
androgen deprivation therapy (4.90 vs 3.41%; p < 0.0001) 
[56]. Readmission rate and 30-day mortality were similar, as 
well as postoperative functional outcomes of potency and 
continence.

A narrative review with the main series in this scenario is 
summarized in Table 5.

3.4  Narrow Pelvis

3.4.1  Tips and Tricks
There are two main challenges to deal with during RALP in 
this scenario: the intrabdominal limited working space to 
manipulate the instruments, especially during the apex dis-
section of the prostate and VUA performance that are lim-
ited by the pelvic bones and the clashing instruments 
externally.

Trying to overcome this, respect a minimum distance of 
8 cm among the ports combining with additional maneuvers, 
such as depressing the fourth arm, elevating and medially 
rotating the third to prevent them to clash. Constantly adap-
tations in the robot arms during the surgery may be necessary 
depending on the site of interest. More experienced surgeons 
may even perform some steps such as VUA with only one 
arm in extremally unfavorable cases such as obese patients 
combined with narrow pelvis.

3.4.2  Surgical Outcomes
The definition of narrow pelvis is not a standard measure-
ment. There are many pelvic dimension references already 
analyzed, and so far, the best estimation of the working 
space for robotic arms in the pelvic cavity is the pelvic cav-
ity index (PCI).

Hong et al. [57] developed the PCI multiplying the pelvic 
inlet by the interspinous distance and dividing it by the pel-
vic depth. In this series, no pelvic dimensions were associ-
ated with increasing OT neither EBL, only PCI approached 
significance to OT (p = 0.071) and only intertuberous dis-
tance and interspinous distance approached to EBL 
(p = 0.087 and = 0.072, respectively). Only prostate volume 
had a significant association with OT and EBL, p = 0.015 
and p = 0.045. Again, no pelvic dimension presented any sig-
nificant effect on PSM or functional outcomes at 6 months 
following RALP.

Mason et  al. [58] proved that patients with larger pros-
tates, narrower and deeper pelvis were predicted to increase 

Table 5 Narrative review of outcomes from patients with and without previous multiple prostate biopsy following robot-assisted radical 
prostatectomy

N Study design
Operative 
time (min)

Estimated 
blood loss 
(ml) Complications

Urinary 
function

Sexual 
function Pathology

Sooriakumaran 
et al. 2012 [55]

73 Match paired 
analysis

SIMILAR SIMILAR N/A SIMILAR at 
3 and 
6 months

WORSE at 
6 months  57 
vs 80%
p = 0.03

SIMILAR

Carneiro et al. 
2017 [54]

2054, categorized 
in patients with 
previous prostate 
biopsy
12 < cores ≥12

Retrospective WORSE  
146.5 vs 
136
p = 0.01

WORSE  
463 vs 422
p = 0.003

WORSE   8.5 
vs 6.4%
p = 0.03

N/A N/A SIMILAR

HIGHER or WORSE results with statistical significance, SIMILAR statistical significance not reached, N/A not available, PSM positive surgical 
margin, RALP robot-assisted laparoscopic prostatectomy, OR odds ratio, CI confidence interval
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Table 6 Narrative review of outcomes from patients with and without narrow pelvis following robot-assisted radical prostatectomy

N Study design Operative time (min)
Estimated blood 
loss (ml) Complications

Urinary 
function

Sexual 
function Pathology

Hong 
et al. 
2009 
[57]

141 Retrospective SIMILAR SIMILAR N/A SIMILAR SIMILAR SIMILAR

Mason 
et al. 
2010 
[58]

76 Prospective Predicted by 
PV-to-PCI ratio, 
when >6:   190 vs 
166
p = 0.009

Predicted by 
PV-to-PCI ratio, 
when >6:  201 vs 
122
p = 0.007

SIMILAR N/A N/A Patients with apical 
PSM had statistically 
narrower and deeper 
pelvises

Yao 
et al. 
2015 
[60]

100 Retrospective Predicted only by 
PV-to-PCI ratio 
during the first 50 
cases p = 0.014, HR 
7.12, 95% CI 
1.51–12.73

Predicted by 
PV-to-PCI ratio 
during the first 50 
cases p = 0.027, HR 
4.12, 95% CI 
0.47–7.76

N/A N/A N/A SIMILAR

Chen 
et al. 
2019 
[59]

78 Prospective Associated with PD
β: 13.7, p = 0.039   as 
PD increased by 
1 cm, surgery time 
increased by 13.7

SIMILAR N/A N/A N/A Associated with PCI
p = 0.01, OR 0.25, 95% 
CI 0.09–0.72 indicating 
a lower odd of PSM 
with a greater PCI 
(shallow and wide 
pelvis)

HIGHER or WORSE results with statistical significance, SIMILAR statistical significance not reached, N/A not available, PV prostate volume, PCI 
pelvic cavity index, PSM positive surgical margin, OR odds ratio, CI confidence interval, PD pelvic depth

difficulty to RALP. They found a positive relation between 
prostate volume-to-PCI that could impact OT and EBL sig-
nificantly. Patients presenting this ratio smaller than 6 had 
39% less EBL and 12% shorter OT. Still, an interesting find-
ing regarding PSM was found, patients with apical positive 
margins presented smaller PCI than those with PSM at other 
sites (6.53 vs 8.24, p = 0.0085).

In a similar way, another report from surgeon automated 
performance metrics (i.e., camera movement, third-arm 
swap, energy use, console time) obtained by a systems data 
recorder (Intuitive Surgical, Sunnyvale, CA, USA) during 
RALP translated this difficulty into evidence. Analysis from 
78 RALPs concluded that narrower and deeper pelvis 
affected surgeon performance and patient outcomes [59]. On 
a multivariable linear regression, pelvic depth was found to 
increase OT, β = 13.5 (95% CI 0.1–26.8; p = 0.048). On mul-
tivariable logistic regression, PCI was a predictive factor of 
PSM, odds ratio of 0.25 (95% CI 0.09–0.72; p = 0.01), while 
a wider and shallower pelvis was less likely to result in 
PSM. Continence recovery was related only to the surgeon’s 
previous experience.

Yao et al. [60] evaluated their RALP learning curve with 
patient’s anatomical dimensions. They found BMI, the 
prostate anteroposterior diameter, and the prostate volume-
to- PCI ratio were all significantly correlated with console 
time and EBL, on univariate analysis. While on multiple 
linear regression, only the prostate volume-to-PCI ratio 
was found to be a significant predictor of console time and 
EBL. Although with increasing experience, only the first 50 

RALPs kept these findings. No positive association was 
found between anatomical parameters and PSM in this 
series.

A narrative review with the main series in this scenario is 
summarized in Table 6.

4  Patients with Previous Abdominal 
Surgery

4.1  Tips and Tricks

We routinely perform pneumoperitoneum insufflation using 
the Veress needle through the midline incision where the 
camera port will be inserted. Patients with previous abdomi-
nal surgery may present a variable degree of intraabdominal 
adhesions that may prevent gas insufflation.

Recently, a comparative study was recorded between 
patients readmitted to hospital due to adhesion-related surger-
ies according to laparoscopic or open approach. They found 
minimally invasive surgeries reduced the incidence of adhe-
sion-related readmissions (1.7% vs 4.3%; p < 0.0001) [61].

As well as is in our impression, patients with previous 
minimally invasive surgery usually do not present major 
adhesions requiring many adjustments to pneumoperito-
neum creation. However, patients with previous larger open 
access abdominal surgery, especially those who presented 
inflammatory acute abdomen, can pose a real challenge to 
the pneumoperitoneum confection.
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In our daily clinical practice, we use the three alternatives 
described by Menon et al. [5] to create the workspace safely, 
even in this challenging scenario.

The first one is to insert Veress needle on the opposite side 
from the previous surgical site to insufflate the gas. Following 
the pneumoperitoneum confection, a possibility is to insert 
firstly a 5-mm clear tip port to inspect the abdominal cavity, 
making a minor local trauma and introducing the remaining 
trocars under direct vision. In case of multiple adhesions, 
this may avoid major injuries.

The second is to use the Hasson technique, where access 
to the abdominal cavity is done under direct vision of the 
fascia and the peritoneum opening.

However, in cases of extensive and thick adhesions when 
the previous techniques were not enough to perform the 
pneumoperitoneum properly, a mini midline laparotomy 
may be done and cautiously adhesiolysis can be carried out. 
Then, the incision is closed allowing the camera port to pass 
through it.

Beyond all these surgical modifications to achieve the 
pneumoperitoneum confection in patients with previous 
abdominal surgeries, a remarkable evolution of the surgical 
system was the miniaturization of the previous 12 mm cam-
era size to the newer 8 mm from da Vinci Xi. This mitigated 
the abdominal trauma and allowed the camera to be inserted 
through any robotic trocar, allowing intrabdominal visualiza-
tion in a more versatile way.

4.1.1  Surgical Outcomes
There are few series analyzing outcomes of RALP in patients 
with prior abdominal or pelvic surgery (PAPS). The two ini-
tial series recorded still in 2010 showed feasibility and safety, 
with no contraindications to RALP in this scenario [5, 62].

In a retrospective review of a prospective database, 
Ginzburg et al. [62] reported 839 RALPs from 2004 to 2008, 
embracing 251 (29,9%) patients with PAPS.  Interesting to 
highlight that even the initial cases during the learning curve 
from all the surgeons were included. Comparing patients 
with and without PAPS, they found no significant differences 
in OT (209 vs 204  min; p  =  0.20), console time (165 vs 
163 min; p = 0.59), PSM (21.1 vs 27.2%; p = 0.08) or inci-
dence of complications (14.3 vs 17.3%; p = 0.33).

Analysis from a larger prospective cohort of 3950 consec-
utive patients submitted to RALP between 2001 and 2008, it 
was identified 1049 (27%) patients with PAPS [5]. Comparing 
these two groups of patients, the only positive finding was the 
increased need for adhesiolysis in patients with PAPS (24 vs 
8%; p < 0.001). Appendectomy was the most common previ-
ous surgery performed (11%) and patients with a previous 
history of colectomy presented the highest rates of adhesioly-
sis (72%). There were 5 bowel injuries in 3950 patients, 3 of 
these patients had PAPS.  There were no differences in the 
preoperative data as BMI (27.8 vs 27.4; p = 0.2), PSA base-

line (6.1 vs 6.3; p = 0.07), clinical stage (p = 0.71), as well as 
in trans-operative findings such as EBL (150 vs 151  ml; 
p = 0.79) and OT (158 vs 155 min; p = 0.15).

Still, in a single-surgeon RALP series including 1414 
patients, 420 individuals (30%) also presented PAPS [63]. 
The study found PAPS and the presence of adhesions were 
associated with increased OT (147 vs 119; p < 0.001 and 120 
vs 154; p < 0.001). In addition, PAPS did not affect the safety 
either feasibility of RALP, with all patients experiencing 
comparable perioperative, functional, and oncological 
outcomes.

Another single-surgeon series reported 339 RALPs from 
2008 to 2014, of which 92 (28.4%) had PAPS [64]. They 
observed no major differences between patients with or 
without PAPS in terms of mean OT (257 vs 260  min; 
p = 0.597), median lymph node yield (17 vs 16; p = 0.484), 
mean LOS (7.1 vs 7.2; p  =  0.151), PSM (16.3 vs 12.5%; 
p = 0.233) or complications rates (31.5 vs 26.7%; p = 0.187). 
At a median follow-up of 36 months, neither there were dif-
ferences in functional (continence in 100 vs 97.9%; p = 0.329 
and potency 62.2 vs 69.5%; p = 0.460) and oncological out-
comes (BCR free survival 79.8 vs 78.5%; p = 0.467).

Similar findings were reported by a Japanese single- 
center experience, including 203 RALPs of which 65 (32%) 
also presented PAPS [65]. Excepting a higher port-insertion 
time in PAPS patients (22 vs 17 min; p = 0.01), there were 
similar EBL (197 vs 170 ml; p = 0.29), catheterization time 
(7.1 vs 6.8; p = 0.74), PSM (26.2 vs 20.2%; p = 0.32) and 
complications rates (12.3 vs 8.7%; p = 0.42) between patients 
with and without history of PAPS. Still, the location of PAPS 
(above or below the umbilicus) or even if single or multiple 
surgeries were performed did not affect these outcomes.

Finally, in 2017 Horovitz et al. [66] prospected the role 
of the extraperitoneal RALP (e-RALP) in patients with 
PAPS and compared it with transperitoneal RALP (t-RALP) 
in this setting. They performed a retrospective review of 
2927 RALPs and identified 620 (21.18%) patients who were 
also submitted to PAPS (excluding patients with inguinal 
hernia repair or unclear surgical histories). Selecting only 
patients with PAPS, there were 340 patients who underwent 
e-RALP and 280 t-RALP. Due to the study design and pre-
operative patient selection, e-RALP patients were younger 
and  healthier and presented lower D’Amico risk. Both 
approaches were safe to perform surgery, however, on uni-
variate analysis, e-RALP presented lower OT (188.96 vs 
197.92 min; p = 0.003), extensive lysis of adhesions (0.9 vs 
14.3%; p < 0.0001), LOS (1.13 vs 1.33 day; p = 0.003) and 
a slightly higher EBL (210.74 vs 190.79; p  =  0.06). 
Extraperitoneal approach was also associated with lower 
rates of gastrointestinal complications (0 vs 3.21%; 
p = 0.0007), overall complications (9.41 vs 15%; p = 0.03) 
and a trend toward lower early postoperative complications 
(8.53 vs 12.86%; p = 0.08).
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Table 7 Narrative review of outcomes from patients with and without previous abdominal surgery following robot-assisted radical 
prostatectomy

N Study design
Operative time 
(min)

Estimated blood 
loss (ml) Complications

Urinary 
function

Sexual 
function Pathology

Ginzburg et al. 2010 
[62]

839 Prospective SIMILAR N/A SIMILAR N/A N/A SIMILAR

Bernstein et al. 2013 
[63]

1414 Prospective HIGHER  147 vs 
119
p < 0.001

SIMILAR SIMILAR SIMILAR SIMILAR SIMILAR

Di Pierro et al. 2016 
[64]

339 Prospective SIMILAR N/A SIMILAR SIMILAR SIMILAR SIMILAR

Kishimoto et al. 
2016 [65]

203 Retrospective SIMILAR SIMILAR SIMILAR N/A N/A SIMILAR

HIGHER or WORSE results with statistical significance, SIMILAR statistical significance not reached, N/A not available

A narrative review with the main series in this scenario is 
summarized in Table 7.

4.2  Renal Transplant Recipients

4.2.1  Tips and Tricks
It is feasible to perform RALP without adapting ports place-
ment. However, inserting them more cephalad and medial-
izing the ipsilateral robot arm, as well putting the assistant 
port contralateral from transplant graft is a good idea to per-
form it safer.

As it occurs for previous abdominal surgeries, it is of 
utmost importance to perform all the ports under direct 
vision avoiding inadvertent bowel or renal graft injuries.

Besides that, another modification that may prevent ure-
teral renal graft injury is to perform bladder drop partially, 
avoiding large dissections ipsilateral to the renal graft. The 
remaining surgical steps are the same as usual RALP, except 
for the pelvic lymphadenectomy, which usually is skipped in 
this scenario or performed only on the contralateral side of 
the renal graft.

4.2.2  Surgical Outcomes
Initial records of RALP in renal transplant recipients (RTR) 
consisted of cases and series reports including few patients 
undergoing surgery from the first decade of the XXI century, 
since robot-assisted surgery was introduced [67, 68].

Subsequent reports recorded modifications regarding 
lymphadenectomies templates, port-placement, approach, 
and reduced insufflation pressure of 10  mmHg aiming to 
avoid injuries to renal allograft [67, 69–71]. They found sat-
isfactory perioperative, functional, and oncological out-
comes encouraging RALP in this scenario.

Even the first case report of a second RTR submitted to 
RALP was described recently [72]. The first kidney trans-
plant (KT) in the right iliac fossa was performed 20 years 
ago, patient followed with chronic allograft nephropathy, 
requiring the second KT (in the left iliac fossa) 8 years ago. 

The surgical duration was 208 min, and EBL was 50 ml with 
no intraoperative complications. Until 21 months of follow-
 up, the patient was continent and biochemical recurrence- 
free with allograft function preserved.

Then, a better grade of evidence of RALP in this setting 
was found through a systematic review including 10 articles 
and 35 RTR [73]. No major technical difficulties precluding 
the operation were recorded. Technical modifications to the 
standard technique were described in 10 of the 11 articles spe-
cifically including modifications to port placement (54% of 
patients), development of the space of Retzius (60% of 
patients), and performance of lymphadenectomy. Graft func-
tion did not deteriorate in any patient. Perioperative complica-
tion rate was 17.1% (6 of 35 patients), with only one major 
complication (Clavien ≥3). The rate of PSM was 31.4%. Data 
on biochemical recurrence revealed a combined rate of 18.1%.

In the last year, the two largest multicenter comparative 
series so far were reported.

Leonard et al. [74, 75] reported 27 RALPs in RTRs and 
compared outcomes with patients with similar characteris-
tics except the history of renal transplant. Similar periopera-
tive data was found between groups regarding OT and EBL, 
respectively, 244 vs 221 min; p = 0.273 and 571 vs 543 ml; 
p = 0.824. Hospital stay was shorter in the RTR group (4.4 vs 
5.7 days; p = 0.041). Similar immediate postoperative com-
plications (29.6 vs 22.2%; p = 0.279) were found between 
groups. Continence rates did not differ between RTR and 
control group at 3, 6, 12 or 24 months of follow-up (26 vs 
26%, 68 vs 57%, 92 vs 82%, 96 vs 85%; p = 0.186). As well 
as at a similar median of follow-up (34.9 vs 47.5 months; 
p  =  0.052), there was similar BCR rate (7.4 vs 11.1%; 
p = 0.639). Multivariate analysis showed that a renal graft 
history was an independent risk factor of shorter BCR-free 
survival (hazard ratio  =  4.291; 95% confidence interval, 
2.102–8.761 and P < 0.001). Even as the first comparative 
study on this topic, the low number of men included was the 
main limitation of this study.

Felber et  al. [75] performed an analysis from 5 French 
referral centers and described the main findings. They retro-
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Table 8 Narrative review of outcomes from patients with and without renal transplant recipient following robot-assisted radical prostatectomy

N Study design
Operative time 
(min)

Estimated 
blood loss (ml) Complications

Urinary 
function Sexual function Pathology

Zeng et al. 
2018 [73]

35 Systematic review SR: 220  usual 
RALPs: 180

SR: 383  usual 
RALPs: 185

17.1% N/A N/A PSM of 
31.4%

Léonard 
et al. 2020 
[74]

54 Retrospective 
multicenter controlled 
study

SIMILAR SIMILAR SIMILAR SIMILAR N/A SIMILAR

Felber et al. 
2020 [75]

321 Multicenter with 
matched pairs 
analysis

SIMILAR SIMILAR HIGHER 51.2 
vs 8.2%
p < 0.001

SIMILAR at 
6 months

WORSE at 
6 months potency 
rates of
12.9 vs 31.4%
p = 0.001

SIMILAR

HIGHER or WORSE results with statistical significance, SIMILAR Statistical significance not reached, N/A not available, RALPs robot-assisted 
laparoscopic prostatectomy

spectively identified between 2008 and 2017 39 RTRs 
patients who underwent RALP and compared them with 282 
matched non-RTR RALP patients (control group). An 
increased and marginal difference in terms of OT was found 
(180 × 150 min; p = 0.0623) in the RTR group, while similar 
findings in terms of EBL (150 × 250 mL; p = 0.1826) was 
recorded. RALP was performed safely with no grafts being 
damaged during surgery. Median LOS was 4 days in RTR 
patients and 3 days in the control group (p = 0.0249). Despite 
higher rates of postoperative complications in RTR patients 
(51.2% vs 8.2%; p  <  0.0001), most of them were minor 
(41%) according to Clavien–Dindo classification. 
Pathological tumoral staging and PSM were comparable 
between groups (p  =  0.77 and p  =  0.65). However, ISUP 
grade was mostly 1 and 2 in RTR patients, while for the con-
trol group it was 1, 2, and 3 (p = 0.0308), probably due to 
higher screening rates at this population and earlier diagno-
sis. At 6  months of follow-up, no major differences were 
found in terms of recurrence (7.7 vs 8.5%; p = 0.84). Erectile 
function was normal in 12.9% of RTR patients, while it was 
preserved in 31.4% of the control group (p = 0.001). At this 
same time since RALP, continence was similar between 
groups (68.8 vs 65.0%; p = 0.71) and at one year of follow-
 up, no patient had a significant preoperative to postoperative 
change in renal function (p = 0.07).

A narrative review with the main series in this scenario is 
summarized in Table 8.

5  Conclusion

Challenging cases are better managed by high-volume sur-
geons since the increased difficulty presented in these sce-
narios requires extra dexterity to surpass them. Surgical 
outcomes are variable among surgeons and are mainly 
related to a learning curve. Technique modifications are 
often required.

The key to achieving proficiency in RALP is a judicious 
patient selection during the first cases and facing progres-

sively more complex cases in a presence of a more experi-
enced surgeon to guarantee similar favorable results.
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1  Introduction

Robotic surgical technique has been improving since the first 
procedure in the USA was cleared by the FDA (Food and 
Drug Administration) in 2000. Since then, this technology 
has expanded worldwide, and currently Robotic-assisted 
Radical Prostatectomy (RARP) is the standard surgical treat-
ment for localized prostate cancer in the USA [1]. During 
this time, five successive models of robotic platforms have 
been described and efficiently used. The first models (S, Si, 
Xi, and X) had independent trocars to house each instrument 
and a rigid scope. In 2018, the FDA cleared a new platform, 
named da Vinci SP (SP), exclusively built for single port sur-
gery [2, 3]. This novel robot has only one trocar, in which 
three instruments and one flexible scope are placed at the 
same time (Fig. 1).

The first urologic surgery performed with the SP was 
described by Kaouk et al. In this study, 11 of the 19 patients 
involved underwent radical prostatectomy with transperito-
neal access. The author described successful procedures 
without intraoperative complications [4]. Since then, differ-
ent centers have also reported SP use in several urologic pro-
cedures, with radical prostatectomy being the most common 
surgery performed with this platform [3]. In this scenario, 
our chapter will describe details of the SP approach to radi-
cal prostatectomy, sharing the experience of pioneers and 
referral centers using this new robot in the urology field.

2  Da Vinci SP Modifications 
and Challenges

2.1  Trocar Placement Differences

Different techniques have been described for the SP-RARP 
trocar placement [5–7]. In the extraperitoneal approach, the 
SP trocar is usually attached to a GelPOINT using the float-
ing trocar technique [7, 8]. Other authors have described the 
transperitoneal approach, placing the robotic trocar in the 
midline above the umbilicus (Fig.  2) using Hasson’s tech-
nique, and a 12-mm assistant trocar in the right lower quad-
rant (SP plus one) [5, 6, 9]. Each SP instrument has two 
different articulation points (elbow and shoulder-like), and 
the appropriate working angles and rotations are achieved 
when these instruments are entirely deployed from the tro-
car. Therefore, the correct trocar placement is crucial for 
attaining the optimal triangulation and working distance 
from the surgical site. Placing the trocar too close to the 
prostate, with a distance lower than 15 cm from the pubis, 
inhibits the appropriate instrument triangulation, increasing 
internal clashing and restricting the scope movement. This is 
one of the reasons for using the floating trocar on extraperi-
toneal SP-RARP, because even with an infraumbilical inci-
sion, the trocar position (outside of the body) still provides 
the optimal working distance.
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Fig. 2 Transperitoneal technique (SP plus one)

Fig. 3 Relocation pedal

2.2  Different Scope Angles and Working 
Distances

The SP also presents modifications in the working distance 
and scope angles that demand a new learning curve. Even 
with the appropriate trocar placement and instrument trian-
gulation, the working distance differs from the previous mul-
tiport console. While the Xi robot enables a close view 
during the surgery, the SP demands a wider distance (similar 
to the laparoscopy) because all arms are working simultane-
ously with constant repositioning to avoid clashing and 
movement restrictions. The flexible scope has different set-
tings necessary for each surgery step to achieve appropriate 
angulation and movement [5]. One extra pedal, named the 
relocation pedal, is responsible for guiding the scope and all 
instruments to work in a different quadrant (Fig. 3). During 
this maneuver, all instruments must be located at the center 
of the screen under visualization to avoid unexpected lesions 
outside the operative field. This pedal is often used during 
the lymphadenectomy to guide the robot to the left or right 
pelvic side. However, this relocation process often adds extra 
minutes to the total operative time because it usually happens 
slowly.

2.3  Traction and Capacity of Dissection

While the multiport Xi console has four 8-mm working 
ports, the SP has reduced the instrument thickness to 6 mm 
to enable surgery with a single trocar. However, this modifi-
cation impacts the capacity of gripping, traction, and dissec-
tion of this robot. During our study period in the lab, we 
realized that cases with a higher need for traction during sur-
gery might not be ideal candidates for SP-RARP [5, 6]. The 
delicate instrument tip and lack of rigid arms reduced the 
optimal gripping and traction during surgery. Therefore, to 
minimize the learning curve challenges, overcome instru-
ment limitations, and maintain the surgical outcomes, some 
authors have described selection criteria for SP-RARP can-
didates. The SP selection criteria are not mandatory, because 
other centers are presenting satisfactory outcomes without 
selecting patients [10–13].

3  SP-RARP Literature Summary 
and Outcomes

Table 1 summarizes the current studies reporting SP-RARP 
outcomes. Not all articles reporting procedures in cadavers or 
animals were included in our summary. Five different accesses 
have been described with this platform (extraperitoneal, trans-
peritoneal, Retzius sparing, transperineal, and transvesical). 
The intraoperative complication rates range from 0 to 5%, 
with bowel serosal injury being the most common complica-
tion. The postoperative complications range from 0 to 45%, 
with reports ranging from Clavien 1 to Clavien 4B. Total oper-
ative time ranges from 114 to 343 minutes, and console time 
from 80 to 210 minutes. Blood loss ranges from 50 to 750 ml. 
Positive surgical margins range from 0 to 65.4%.
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Table 1 Current series reporting outcomes of SR Radical Prostatectomy

Author Year
N. of 
cases Access

Intraoperative 
complication rates

Postoperative 
complication rates 
(Clavien)

Operative 
time (min)

Console 
Time (min)

Blood 
loss (ml)

Positive 
margins 
(%)

Kaouk et al. [4] 2014 11 TPR None 239 350 18%
Kaouk et al. 
[10]

2019 3 TPR None None 180-300 50-100 33%

Chi-Fai Ng 
et al. [11]

2019 20 TPR None 25% (Clavien 1 and 2) 208 296 55%

Deepak A et al. 
[12]

2019 49 TPR or 
Retzius

None 8.1% (Clavien 1) 161 200 28%

Kaouk et al. 
[14]

2019 10 RTP None None 197 50-400 50%

Doobs et al. 
[13]

2019 10 TPR None None 234 189 20-150 20%

Kaouk et al. 
[10]

2019 5 TPR None 25% (Clavien 2) 180-330 50-750 20%

Doobs et al. 
[15]

2019 24 TPR 1 Bowel serosal 
injury

45% (Clavien 1 to 4B) 191-343 75

Kaouk et al. [7] 2019 46
52

TPR
EPT

None
None

15% (Clavien1 and 2)
11% (Clavien1 and 2)

201 117 27%

Covas 
Moschovas 
et al. [5]

2020 26 TPR None None 121 85 50 11%

Kaouk et al. [8] 2020 8
52

TPR
EPT

None None 106-281 50-200 30%

Valero R et al. 
[16]

2020 1 TPR None None 256 108 100 0

Kim et al. [17] 2020 20 TPR None None 200-255 165-210 155-300 35%
Jones R et al. 
[18]

2020 23 TPR None 26% 236 50 39%

Wilson et al. 
[19]

2020 60 EPT None 18% (Clavien 3a) 198 179 23%

Covas 
Moschovas 
et al. [6]

2021 50 TPR None None 118 80 50 14%

Lenfant et al. 
[20]

2020 100 EPT None 16% (Clavien 1-3a) 195 199 24%

Abaza R et al. 
[21]

2021 59 TPR NA NA NA NA NA NA

Covas 
Moschovas 
et al. [22]

2021 71 TPR None None 114 80 55 17%

Talamini et al. 
[23]

2021 20 TPR 1 Bowel serosal 
injury

20% (Clavien 1-4B) 225 191 20-250 45%

Lenfant et al. 
[24]

2021 26 RPP None 50% (Clavien1-3A) 255 NA 100 65.4%

Kaouk et al. 
[25]

2021 20 TVC None None 199 119 135 15%

TNP Transperitoneal, EPT Extraperitoneal, RPP Radical Perineal Prostatectomy, NA non-available data, TVC Transvesical

4  SP Radical Prostatectomy: Dr. Patel’s 
Step-by-Step Technique

Our SP-RARP technique follows the same concepts and steps 
adopted in our conventional multiport RARP [26–29]. The 

patient undergoes surgery in dorsal decubitus with pad protec-
tion in all articulations and contacts with the operative table. 
After general anesthesia, all patients undergo bilateral transver-
sus abdominis plane (TAP) block [30]. In our technique, we do 
not place an abdominal drain at the end of the procedure.

Da Vinci SP Radical Prostatectomy
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4.1  Trocar Placement (Single Port Plus One)

A supraumbilical incision (3 cm) is performed in the mid-
line, at least 20 cm away from the pubis, to place the SP 
multichannel port with Hasson’s technique [9]. In 
sequence, an extra 12  mm trocar is placed in the right 
lower quadrant for tableside assistant use. In our experi-
ence, the additional trocar was crucial to maintain our 
established RARP technique, avoiding excessive cautery 
use on the pedicles. The assistant performs suction and 
hemostatic clipping, which benefits the patient with opera-
tive time reduction.

After placing the trocar, we perform the pneumoperito-
neum with the AirSeal system until 8 to 10 mmHg, and then 
the table is angled in 26 degrees Trendelenburg position.

4.2  Bladder Dropping and Anterior Bladder 
Neck Dissection

The robotic instruments follow the order: Cadiere–
Bipolar–Scissors (Cadiere on the left side, Bipolar at 6 
o’clock position, and Scissors on the right side). When 
dropping the bladder, the pubic bone and vas deferens are 
landmarks to guide the Retzius space dissection until the 
anterior bladder neck access. The Cadiere Forceps, placed 
on the left side, grasp the tissue while the bipolar and scis-
sors perform the dissection. In this step, the relocation 
pedal is often used to target the robot to different surgical 
sites. The anterior bladder neck is then opened with scis-
sors, while the Cadiere applies downward contra traction 
on the bladder (Fig. 4).

4.3  Posterior Bladder Neck Dissection 
and Seminal Vesicles Approach

After opening the anterior bladder neck, the Foley catheter is 
lifted and maintained by the Cadiere toward the pubic bone. 
In sequence, the posterior dissection is performed until the 
seminal vesicles (SV) plane (Fig.  5). The bipolar applies 
traction on the bladder neck, while the scissors dissect until 
reaching the posterior transverse fibers, which separates the 
posterior bladder wall from the SVs. Then, the vas deferens 
and SVs are dissected and clipped with Hem-o-lock clips. 
During this step, we avoid using excessive cautery to mini-
mize prostatic nerve injury. The SP approach to the posterior 
bladder neck and SVs is more challenging than the Xi robot, 
especially in prostates with large median lobes, due to the 
more delicate instruments with less traction capacity and 
blunt tip scissors.

4.4  Nerve Sparing (Posterior Access 
and Lateral Dissection)

In our experience, the most challenging step of the SP-RARP 
is the posterior dissection and nerve sparing (NS), because 
even with a flexible scope, the angulation used to visualize 
the posterolateral prostate (between the Denonvilliers layers) 
is not as good as the Xi, with the scope toggled 30 degrees 
up. The posterior dissection is performed between the 
Denonvilliers fascia layers while the prostate is lifted by the 
seminal vesicles (Fig.  6). In sequence, we deflect the SP 
scope until visualizing the posterolateral prostate anatomy. 
The neurovascular bundle and prostatic fascia are then spared Fig. 4 Anterior bladder neck

Fig. 5 Posterior bladder neck

M. C. Moschovas et al.



271

Fig. 6 Nerve sparing Fig. 7 Anastomosis

bilaterally from the 5 and 7 o’clock positions to the 1 and 11 
o’clock positions. Afterward, we open the endopelvic fascia, 
preserving the lateral prostatic fascia, and perform the lateral 
neural bundle retrograde dissection. Then, the prostatic arte-
rial pedicles are ligated with Hem-o-lock clips.

4.5  Minimal Apical Dissection and DVC 
Control

We perform a minimal apical dissection underneath the 
puboprostatic ligaments, preserving the maximum amount 
of periurethral tissue, urethra length, and anterior apical 
attachments to the prostate. Then, the DVC control is per-
formed with a 2-0 running suture (Quill) while the pneumo-
peritoneum is on 6–8 mmHg. Lowering the intra-abdominal 
pressure facilitates the identification of bleeding vessels.

4.6  Posterior Reconstruction 
and Anastomosis

We divide the urethra with scissors avoiding cautery energy, 
minimizing thermal injury of the urethra mucosa. After the 
urethra division, we perform a posterior reconstruction with 
Rocco’s technique [31] using a 2-0 Quill, followed by the 
anastomosis (Fig. 7) performed with a 2-0 bidirectional Quill 
suture [32].

4.7  Lymphadenectomy

We usually remove the standard template anteromedial to the 
external iliac vein and around the obturator nerve and vessels 

[33]. The extremities of the lymph node template are clipped 
with Hem-o-lock. The instrument configuration follows the 
same position as the beginning of the surgery (Cadiere–
Bipolar–Scissors). In this step, the relocation pedal is often 
used to guide the robot to the left and right pelvic lymphad-
enectomy. The Cadiere is used for maintaining the tissue 
traction, while the bipolar and scissors perform the hemosta-
sis and dissection.

4.8  Postoperative Care and Follow-Up

In the postoperative period, patients complete a question-
naire every six hours, rating their current abdominal pain on 
a 0–10 scale (0 being no pain, 10 being the most intense 
pain). Based on the patient’s pain score, they are adminis-
tered non-opiate analgesia if needed. We report postopera-
tive complications according to the modified Clavien–Dindo 
system classification [34]. Following catheter removal, on 
the fifth day, patients have postoperative appointments at 
6 weeks, and 3, 6, 9, and 12 months after surgery to evaluate 
the Prostate Specific Antigen (PSA), Sexual Health Inventory 
for Men (SHIM) score, and American Urological Association 
(AUA) questionnaires.

5  Extraperitoneal Approach to SP 
Radical Prostatectomy

In our practice, we offer the SP-RARP using the extraperito-
neal approach to patients who have similar indications for 
the traditional multiport transperitoneal radical prostatec-
tomy (14, 35). Over 200 SP-RARP extraperitoneal cases 
were performed in our institution. Patients with previous 
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Fig. 8 (a) Patient flat positioning in extraperitoneal and transvesical 
SP-RARP. (b) Development of extraperitoneal space. (c) The da Vinci 
Access Port. (1) Wound retractor. (2) Access port. (3) AirSeal. (4) 

12-mm assistant port. (5) 25-mm multichannel cannula. (6) ROSI suc-
tion device. (d) Extraperitoneal SP-RARP Robot docking and instru-
ment insertions

intra-abdominal surgeries and bowel adhesions can particu-
larly benefit from this approach. Patients are positioned in 
the supine position (Fig.  8a), allowing patients who are 
unable to tolerate the peritoneal insufflation or Trendelenburg 
positioning due to significant respiratory disease and glau-
coma, to be well suited for the extraperitoneal approach.

5.1  Extraperitoneal Access and SP Docking

Using a 3–3.5 cm infraumbilical incision, a blunt finger dis-
section is performed between the rectus muscles to partially 
develop the Retzius space under the pubic bone. We do not go 
beyond the posterior rectus fascia to avoid entry of the perito-
neum. We then introduce the kidney-shaped balloon dilator 
(Spacemaker™ balloon, Covidien, Dublin, Ireland) below the 
pubic bone to develop the extraperitoneal space (Fig. 8b).

Similar to the “floating dock” technique described earlier 
in this chapter [36], we currently use the new da Vinci 
Access Port (Intuitive Surgical, California, United States) in 
our SP-RARP (Fig. 8c). The inner ring of the wound retrac-
tor is placed into the developed extraperitoneal space. We 
roll the wound retractor rolling ring and insert the access 
port. Next, the 25-mm SP multichannel port, 12-mm AirSeal 
(CONMED, Largo, FL) assistant port, and a ROSI (Remotely 
Operated Suction Irrigation, Vascular Technology Inc., 
Nashua, NH) flexible suction device are individually 
inserted through the access port and insufflate the extraperi-
toneal space to a pressure of 12 mmHg (Fig. 8d). We do not 
require any additional port in our SP-RARP procedures. 
The ROSI device is activated by a foot pedal by the bedside 
assistant but is entirely controlled by the console surgeon. It 
allows for both suctioning and retraction during the 
procedure.
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5.2  Postoperative Care and Follow-Up

Foley catheter is removed 6  days postoperative. Patients’ 
follow-up is similar to the one stated earlier.

5.3  Outcomes

Our experience with the extraperitoneal SP-RARP has been 
widely positive [7, 14, 19, 20]. In comparison to the SP 
transperitoneal approach, the extraperitoneal approach 
resulted in shorter operative time, significant reduction of 
postoperative pain and narcotic use, and shorter hospital stay 
(4.3 vs 25.7 hours) [7]. Similar results were observed when 
comparing the SP extraperitoneal to the standard multiport 
RARP [20]. There was no difference in rates of positive sur-
gical margins, 12  months’ biochemical recurrence rate, or 
12 months’ functional outcomes between the extraperitoneal 
SP-RARP and the standard transperitoneal multiport RARP 
[20] (Table 1).

6  Perineal Approach to SP Radical 
Prostatectomy

SP-RARP using the perineal approach was developed to take 
advantage of the purpose-built SP platform that presents an 
excellent narrow profile and allows for procedures in narrow 
working spaces. In our practice, we offer the perineal 
approach to patients who are not otherwise candidates for the 
traditional retropubic robotic approaches [24]. Patients with 
extensive prior abdominal or pelvic surgeries such as total 
proctocolectomy and J-pouch, previous pelvic radiotherapy, 
or kidney transplants are offered the perineal approach to 
avoid working in a hostile abdomen.

Patients are positioned in a high lithotomy position with a 
15-degree Trendelenburg, and arms are tucked (Fig. 9a).

6.1  Perineal Access and SP Docking

At the begining of the surgery, a foley catheter is placed in 
the bladder, and a modified sterile glove is placed and sutured 
into the rectum to permit checking the rectum without steril-
ity breaking. Next, an inverted 3  cm semilunar incision is 
made in the midline between the ischial tuberosities (Fig. 9b). 
After incision of the central tendon, the rectourethralis and 
levator ani muscles are dissected, and a subcutaneous space 
is developed. Suspension sutures are placed to lift the subcu-
taneous flap. Using the same technique of “Air docking” 
described earlier, the SP robot is docked (Fig. 9c). ROSI suc-
tion tubing is inserted into the GelPOINT. Initially, robotic 

scissors (right), Cadiere graspers (left), and Maryland bipo-
lar (down) are used.

6.2  Posterior Seminal Vesicles and vas 
Deferens Dissection

After exposing the levator ani muscle fibers, the Denovilliers 
are identified and incised, developing the posterior plane 
toward the base of the prostate. At this point, the seminal 
vesicles and vas deferens are identified and dissected. The 
seminal vesicles’ blood supply is controlled using a robotic 
clip applier.

6.3  Vascular Pedicle and Nerve Sparing

The tip of the seminal vesicle is retracted medially to expose 
the vascular pedicle and neurovascular bundles. The pedicles 
are sequentially clipped using the robotic clip applier. Once 
completed, the release of the neurovascular bundle continues 
apically using sharp dissection, avoiding the use of 
electrocautery.

6.4  Apical and Bladder Neck Dissection

Next, the urethral-prostatic junction is defined, and the mem-
branous urethra is sharply divided starting from the posterior 
urethral plate. Care is needed during this step since it is a 
common site for positive surgical margins. The dissection 
continues anterolaterally until the bladder is reached. Using 
the Foley balloon as a guide, the anterior bladder neck is 
opened and the dissection proceeds in a circumferential fash-
ion and the prostate is freed from the last attachment. The 
robot is undocked to remove the specimen.

6.5  Pelvic Lymph Node Dissection 
and Vesicourethral Anastomosis

In the perineal approach, lymph node dissection is performed 
in a caudal-to-cranial direction, as opposed to the conven-
tional lymph node dissection. The obturator nerve and vein 
are identified first, and the dissection proceeds anterolateral 
to expose and dissect the obturator and external iliac lymph 
nodes (Fig. 9d). The vesicourethral anastomosis is completed 
using two 4–0 barbed running sutures in a water-tight fash-
ion. Since the anastomosis is above the camera in the peri-
neal approach, the anastomosis begins anteriorly and 
proceeds posteriorly (Fig. 9e). A pelvic drain is not placed in 
most of our cases.
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Fig. 9 (a) Lithotomy position for perineal SP-RARP. (b) Semilunar perineal incision. (c) Perineal SP-RARP Robot docking. (d) Perineal 
SP-RARP left lymph node dissection. (e) Perineal SP-RARP vesicourethral anastomosis

M. C. Moschovas et al.



275

6.6  Postoperative Care and Follow-Up

Foley catheter is generally removed at postoperative day 7, 
with a similar follow-up plan to the transperitoneal and 
extraperitoneal approach.

6.7  Outcomes

Outcomes of the SP-RARP using the perineal approach are 
presented in Table 1. The perineal approach is an alternative 
therapeutic option for patients who are poor candidates for 
other approaches. Compared to the multiport platform, the 
perineal SP-RARP patients have a shorter hospital stay, 
higher early continence rates due to the Retzius-sparing 
approach, faster sexual recovery, and equivalent oncologic 
outcomes [24, 37, 38].

7  Transvesical Approach to SP Radical 
Prostatectomy

The narrow profile of the “purpose-built” SP robot allows for 
many approaches in RARP.  After we built the experience 
with the SP-RARP using the extraperitoneal approach, and 
the SP transvesical simple prostatectomy [39], we developed 
the SP-RARP using the transvesical approach [25]. Using 
this approach, we aim to further improve the patients’ peri-
operative and functional outcomes.

Initially, we offered the transvesical approach to patients 
with a hostile transperitoneal and/or extraperitoneal space. 
After the promising data, we expanded our selection to 
patients with clinically localized, low- and intermediate-risk 
prostate cancer, according to the guidelines.

The patients are positioned in a supine position, without 
the need for a Trendelenburg maneuver (Fig. 8a).

7.1  Transvesical Access and SP Docking

A 20  F Foley catheter is inserted into the bladder. A 
3–3.5 cm suprapubic midline incision is made, two finger-
breadths above the pubic symphysis. After the rectus fas-
cia is incised, the bladder is identified using a saline 
distention via the Foley catheter. Four stay sutures are 
placed on the bladder and a 2  cm cystotomy incision is 
made (Fig. 10a).

The inner ring of the da Vinci Access Port (Intuitive 
Surgical, California, United States) is placed directly into the 
bladder. We roll the wound retractor rolling ring and insert 
the access port. Next, the 25-mm SP multichannel port, 
12-mm AirSeal (CONMED, Largo, FL) assistant port, and a 
ROSI (Remotely Operated Suction Irrigation, Vascular 

Technology Inc., Nashua, NH) flexible suction device are 
individually inserted through the access port (Fig. 8c). The 
bladder is insufflated to a pressure of 12 mmHg. The camera 
is inserted at the 12 o’clock position, Monopolar scissors 
(right), Cadiere forceps (left), and Maryland bipolar forceps 
(6 o’clock).

7.2  Bladder Neck, vas Deferens, 
and Seminal Vesicles Dissection

After the identification of the ureteral orifices and maintain-
ing a safe distance, a semilunar incision is made (Fig. 10b), 
and the dissection extends laterally beyond the detrusor to 
identify the vas deferens and seminal vesicles. The vas defer-
ens are transected and used as a retractor to expose the semi-
nal vesicles. The tip artery of the seminal vesicles is clipped 
using robotic Weck clips (Fig. 10c).

7.3  Anterior Dissection

After completing the posterior dissection, the bladder neck is 
incised anteriorly and the detrusor is incised to reach the 
endopelvic fascia. After the incision of the endopelvic fascia 
and the puboprostatic ligaments, the dissection proceeds 
anteriorly to reach the dorsal venous complex (DVC). A 
monofilament barbed suture (V-Loc) is used to suture the 
DVC. Next, the membranous urethra is identified and tran-
sected athermally.

7.4  Vascular Pedicle and Nerve Sparing

Using medial traction on the Seminal vesicles, the vascular 
pedicles are exposed and ligated using the robotic Weck clips 
(Fig. 10d). Next, the lateral prostatic fascia is incised for bet-
ter pedicle end identification, and the neurovascular bundle 
sparing is performed. The prostate is moved into the bladder 
after freeing it from its attachments.

7.5  Lymph Node Dissection 
and Vesicourethral Anastomosis

Limited lymph node dissection is performed on patients with 
over 7% probability of lymph node metastasis according to 
the Briganti nomogram [40]. Traction is provided laterally 
on the bladder neck to expose the pelvic sidewall. The obtu-
rator nerve is identified using blunt dissection, and lymph 
node dissection is performed bilaterally (Fig. 10e). Next, a 
posterior reconstruction with 3–0  V-Loc monofilament 
barbed suture is performed to reduce the tension on the anas-
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Fig. 10 (a) A 3.5  cm midline suprapubic incision. 2  cm cystotomy 
with four stay sutures on the bladder. (b) Figure illustrating the semilu-
nar incision around the prostate, the left and right ureteral orifices (UO) 
in transvesical RARP. (c) Clipping of the tip artery of the right seminal 

vesicle using a robotic Weck clip in transvesical RARP. Note the left 
ureteral orifice draining. (d) Transvesical RARP clipping of the right 
vascular pedicle of the prostate. (e) Transvesical RARP right lymph 
node dissection. (f) Vesicourethral anastomosis in transvesical RARP
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tomosis. Bladder insufflation pressure is dropped to 5 mmHg 
and the anastomosis is completed (Fig. 10f).

7.6  Postoperative Care and Follow-Up

Patients have similar postoperative care to that discussed ear-
lier. Foley catheter is removed on the third day postopera-
tively, and patients are followed weekly through a phone call 
discussing pain control and continence rates, including the 
number of pads used. Patients have postoperative appoint-
ments at 6 weeks, and 3, 6, 9, and 12 months after surgery to 
evaluate the Prostate Specific Antigen (PSA), Sexual Health 
Inventory for Men (SHIM) score, and American Urological 
Association (AUA) questionnaires.

7.7  Outcomes

The outcomes of the Transvesical SP-RARP are presented in 
Table 1. Early results of this approach are promising in terms 
of minimal opioid analgesics use, same day discharge, low 
complication rate, and high rate of immediate urine control 
after the surgery, without any oncological compromise.

8  Comparative Outcomes between SP 
and Multiport Robots

It is crucial to emphasize that before comparing the out-
comes between the SP and multiport robots, a careful analy-
sis of the current SP data must be performed. All studies 
reviewed are retrospective series with less than 150 patients, 
due to the SP learning curve. Only a few studies compared 
the intraoperative performance and short-term outcomes 
between both robots (head-to-head) in patients who under-
went radical prostatectomy [8, 22, 23]. Prospective compara-
tive data and long-term outcomes are still unknown.

9  Conclusion

The SP technology is promising, but the current studies 
describing the outcomes for SP radical prostatectomy have 
only recently appeared in the literature. The available data 
describes a feasible and safe approach with acceptable peri-
operative and short-term outcomes. Some articles report 
benefits in terms of early discharge, pain scores, and perineal 
approach in patients with previous abdominal surgeries. 
However, all SP studies are based on retrospective data, 
which carries inherent risks of bias. Better-designed studies 
with long-term follow-up are still awaited.
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1  Background and Technical Rationale

Robot-assisted radical prostatectomy (RARP) is the gold 
standard for surgical removal of the prostate according to the 
European Association of Urology (EAU) and the American 
Urological Association (AUA) guidelines [1]. Since its first 
appearance in the early 2000s, RARP has undergone an 
incredible technical evolution, and several approaches were 
perfectionated in order to optimize the functional outcomes 
without affecting the oncological efficacy.

Retzius-sparing (RS) RARP was devised by Aldo Massimo 
Bocciardi at Cà Granda Niguarda Hospital in Milan in 2010, 
and since then more than 2000 cases have been operated by 
the Niguarda staff and several thousands in many centers 
throughout the world [2].

RS-RARP, as the Montsouris approach [3], begins with 
the incision of the retrovesical pouch, carrying out the subse-
quent whole prostatectomy through the Douglas space, avoid-
ing bladder detachment, thereby minimizing surgical trauma 
and preserving normal pelvic anatomy maximally.

The main strength points of RS-RARP are the rapidity 
of execution, the low complication rates, and the remark-
able functional results, certainly due to the anatomical 
respect of the surrounding structures, in particular the 
Santorini plexus, the pubo-prostatic ligaments, and the 
endopelvic fascia [4, 5].

This posterior approach has been standardized for all 
stages of prostate cancer as first-line or salvage treatment, 
achieving to be included among the treatment surgical options 
for prostate cancer by the EAU 2020 guidelines.

2  Surgical Technique

2.1  Patient Positioning and Port Placement

Proper patient positioning is of utmost importance. A 25 to 30 
degrees Trendelenburg position yields an easy access to the 
pelvis for robotic arms and displaces the bowels cranially. 
Patient’s arms are fixed along the body. A patient support and 
non-slipping surfaces prevent the sliding of the patient 
towards the head of the table while appropriate devices avoid 
the traction of the brachial plexus.

The Da Vinci robot can be front-docked with legs spread 
with the Si system, or side-docked with both the Si and Xi.

In non-operated patients, a Veress needle is inserted to 
induce the pneumoperitoneum, whereas a standard Hasson 
technique is used in patients with suspect of adhesions. 
Figure  1 depicts port placement: main operative arms are 
accommodated through 8-mm trocars with the monopolar 
scissors on the right and the bipolar Maryland on the lateral 
left arm. The grasper (usually a Cadiere forceps) is kept in 
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Fig. 1 Port placement. C camera, R right robotic arm carrying mono-
polar scissors/large needle driver, ML medial left robotic arm carrying 
the Cadiere forceps, LL lateral left robotic arm carrying the Maryland, 
A1 left assistant arm, A2 right assistant arm

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
P. Wiklund et al. (eds.), Robotic Urologic Surgery, https://doi.org/10.1007/978-3-031-00363-9_25

https://orcid.org/0000-0001-9712-2685
https://doi.org/10.1007/978-3-031-00363-9_25


280

the medial left arm, making mostly upwards and downwards 
tractions. The latero-umbilical 12-mm trocar is for the 30° 
lens camera, placed downwards during the initial steps and 
upwards after the dissection of the seminal vesicles. A 
12-mm and a 5-mm table-side assistant ports are placed on 
the right side. For the initial port placement, the intraabdomi-
nal pressure can be raised to 20 mmHg and then reduced to 
12–15  mmHg in order to lower the chance of bowel 
injuries.

2.2  Pansadoro Stitch

In order to expand the surgical field and to reduce the risk of 
bowel damage, after freeing adhesions of the sigma and left 
colon, a stay suture with an Ethilon 2-0 straight needle, com-
ing from the 5-mm assistant port and making tension on the 
epiploic appendices, helps retracting the colon backwards 
and straightens the rectum (Fig. 2).

2.3  Seminal Vesicles Approach 
and Transabdominal Stitches

To further increase the surgical field, we strongly recommend 
placing two transabdominal suprapubic stitches that lift and 
support the bladder and retract the seminal vesicles.

The grasper lifts up the peritoneum covering the blad-
der and a peritoneotomy at the anterior surface of the 
Douglas space is performed; the vas deferens are identi-
fied and transected, always bearing in mind that the distal 
ureter is behind (Fig.  3). The seminal vesicles are care-
fully dissected until the prostatic base is identified. Two 
transabdominal prepubic Ethilon 2-0 stitches are posi-
tioned laterally at the level of the deferens incision in 
order to stably lift the bladder and improve the space in 
the surgical field (Fig. 4).

2.4  Posterior Prostate Dissection

With a 30° upwards scope, the nerve-sparing level has to be 
chosen according to the oncological safety and functional 
needs. The deferenses are lifted upwards by the Cadiere 
grasper, and the Denonvillier’s fascia is separated by the pos-
tero-lateral surface of the prostate in an antegrade direction, 
approximating to the prostatic capsule in order to reach an 
inter- or intrafascial plane.

A good strategy for finding the desired plane is to start the 
incision of the Denonvillier’s fascia from the midline where 
less vessels are present, and the plane is clearer (Fig. 5). The 
grasper traction is moved towards left or right in order to 
improve lateral exposition and to allow blunt dissection of the 
lateral aspects of the prostate. In case of adherences, palpable 
disease or doubts, the surgeon can choose to follow wider dis-
section planes. After dissection of the prostatic pedicles, lat-
erally to the prostate, a dissection with clips is carried out 
until the levator ani muscle is identified.

2.5  Anterior Prostate and Bladder Neck 
Dissection and Removal of the Prostate

The prostate is pushed downwards by the grasper, and the 
vesicoprostatic junction is identified. The bladder neck is 
approached starting from its dorsal surface, where a layer rep-
resented by the vesicoprostatic muscle covers the circular 
muscle fibers of the bladder. These fibers can be bluntly dis-
sected and laterally separated from the prostate as far as pos-
sible before opening the bladder neck (Fig. 6).

Carefully surrounding the anterior surface of the bladder 
neck with the bipolar Maryland forceps, the surgeon increases 
the width of the field and improves the visibility of this struc-
ture that otherwise would be hidden. Two quickly absorbable 
3-0 stay stitches at 6 and 12 o’clock in the bladder neck help 
fixing the mucosa and easily recognizing both starting and Fig. 2 Pansadoro stich. A epiploic appendix

Fig. 3 Dissection of the seminal vesicles. DEF vas deferens, SV 
seminal vesicle

S. Tappero et al.



281

Fig. 4 Transabdominal stiches positioning. AW abdominal wall, B bladder

Fig. 5 Incision of the Denonvillier’s fascia. DF Denonvillier’s fascia Fig. 6 Bladder neck dissection. P prostate, C vesical catheter, BN blad-
der neck

ending points of the anastomosis, especially useful in case of 
small bladder neck.

The anterior surface of the prostate is bluntly isolated from 
the Santorini plexus without any incision.

In case of dorsal plexus bleeding irrigation with saline 
water or with glycine solution, instead of suction, allows 
improved vision. In case of locally advanced anterior pros-
tate cancer, the Santorini plexus can be partially or com-
pletely resected. The apex is isolated, and the urethra is 
incised (Fig.  7). The prostate is positioned into an 
endobag.

2.6  Vesico-Urethral Anastomosis 
and Suprapubic Tube Placement

A standard van Velthoven modified anastomosis, starting 
from 12 o’clock, is the commonly adopted technique at our 
center (Fig. 8). Using two separated 3-0 barbed stitches, the 
suture starts from the 12 o’clock position up to the left ante-
rior lateral quarter. The right half circle of the suture is carried 
out up to 6 o’clock, and the last posterior left quarter is then 
completed from 9 to 6 o’clock.
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To check the water tightness of the anastomosis the blad-
der is filled with 250–300 cc saline. At this point, the trans-
urethral catheter is removed, and a suprapubic tube is placed 
by the assistant under direct vision. Since its introduction in 
our daily practice, this maneuver has been encountered favor 
for it improves patient’s comfort, reduces the probability of 
involuntary tractions on the anastomosis and does not corre-
lates with higher complication rates when compared to trans-
urethral catheterization. Major contraindications are bladder 
cancer history and non-watertight anastomosis.

3  The Niguarda Experience

3.1  Perioperative Outcomes

Niguarda Hospital recently turned eleven years of experience 
in RS-RARP with more than 2000 procedures carried out by 
nine surgeons, each one on his personal learning curve. The 
mean prostatectomy console time of the entire equìpe settled 
at 103 minutes with a mean blood loss rounding 230 ml and, 
therefore, almost no need for intra-operative transfusions. 
Major intra-operative complications were principally due to 

trocar port placement, lysis of adhesions and lymph adenec-
tomy while few directly related to the prostatectomy (Table 1).

Table 2 reports all the 30-d complications recorded in our 
single institutional series according to the Clavien Dindo 
classification and the EAU standardized complications report-
ing system.

Only one procedure was converted to open prostatectomy 
due to severe respiratory insufficiency.

In the second post-operative day 83.8% of patients were 
discharged while 5.2% stayed in hospital more than 7 days.

3.2  Oncological Outcomes

When we stratified the entire population according to EAU 
risk categorization, we found 34.6% of low risk, 44.8% of 
intermediate risk and 20.6% of high risk and locally advanced 
PCa patients.

Fig. 7 Final dissection of the prostate apex. P prostate, C vesical cath-
eter, U urethra

Fig. 8 Vesico-urethral anastomosis. BN bladder neck, C vesical catheter, U urethra

Table 1 Intraoperative complications of patients with complete intra-
operative data

OVERALL COMPLICATIONS (n = 34–1,8%)
SURGICAL STEP TYPE OF COMPLICATION n %
Trocar positioning Injury of the epigastric artery 8 0.4

Partial lesion of small intestine 1 0.06
Lysis of adhesions Partial lesion of the colon 2 0.1

Partial lesion of small intestine 1 0.06
Prostatectomy Rectal injury 1 0.06
Lymph nodes 
dissection

Injury of the right external iliac vein 2 0.1
Injury of the left external iliac vein 1 0.06
Injury of the left internal iliac artery 2 0.1
Injury of the left internal iliac vein 1 0.06
Injury of the right gluteal vein 1 0.06
Partial injury of the right ureter 4 0.2
Partial injury of the left ureter 2 0.1
Complete dissection of the left 
obturator nerve

1 0.06

Injury of the bladder nearby right 
ureteral orifice

2 0.1

Injury of the bladder below the 
bladder neck

5 0.3
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Table 2 Postoperative complications of patients with complete 30-d 
from surgery data

OVERALL COMPLICATIONS (n = 177 on 141 patients – 9.3%)
CATEGORY TYPE OF COMPLICATION n %
Clavien Dindo 
II

Urinary tract infection requiring ABT 26 1.4
TEP 7 0.4
DVT 21 1.1
Post-operative transfusions 33 1.7

Clavien Dindo 
IIIa

Lymphocele treated with percutaneous 
drainage

53 2.8

Acute urinary retention requiring bladder 
catheterization

29 1.5

Clavien Dindo 
IIIb

Abdominal hematoma treated with 
explorative laparotomy and revision of the 
ureterovesical anastomosis

1 0.01

Videolaparoscopic removal of needle 
fragment in pelvic area

1 0.01

Surgical correction of laparocele 12 0.6
Clavien Dindo 
V

Death caused by massive pulmonary 
embolism <30-d from RS-RARP

1 0.01

Overall positive surgical margins (PSM) rate was 26.8%, 
ranging from 15.2% in pT2 patients to 42.8% in pT3a-b 
patients. In 76% of cases, PSMs were associated with an 
ISUP grade tumor ≥3 and the prostate apex resulted as the 
most common PSM site (26.6%).

Focusing on the high-risk PCa patients, PSM rate raised at 
28.8%, with almost the 33% being represented by focal 
PSMs. Through 47 months of follow-up, 27.7% and 25.9% of 
these high-risk patients, respectively, needed for adjuvant and 
salvage treatment.

Overall biochemical disease-free survival (BDFS) was 
83.4%, moving from 94.6% in low risk to 64.7% in high-risk 
PCa patients.

3.3  Urinary Continence Recovery

A recent systematic review of the current literature recog-
nized the SR-RARP superiority, when compared to the stan-
dard approach, in terms of urinary continence recovery 
(UCR) at 1, 3, 6 and 12 months from surgery [6], where con-
tinence is meant as no need for safety pad or the use of one 
24 hours dry safety pad.

In our complete series, at 7 days from surgery the catheter 
was removed in around 78% of patients with an acute urinary 
retention rate of 1.6%.

Functional results obviously depended on the oncological 
reproducibility of an anatomically nerve sparing surgery. The 
Pasadena Consensus Conference recom mendations in defin-
ing full-, partial-, and non-nerve-sparing procedures were 
taken into account for every single procedure [7].

Stratifying the cohort of patients according to the EAU 
oncological class of risk, immediate UCR rates settled at 92, 
90 and 71% for low, intermediate and high-risk PCa patients, 
slightly increasing when only considering <65 years old men 
(95, 94 and 75% respectively). At 12  months of follow-up 
almost 98% of low and intermediate-risk patients could be 
considered fully continent and so for the 85% of the high- risk 
PCa patients.

When we considered the patients according to the exploited 
nerve-sparing technique, we found a 93, 79 and 70% of 
immediate UCR rate for full-, partial- and  non-nerve- sparing 
RS-RARP patients, rising at 98, 90 and 82% at 12 months 
from surgery, respectively.

3.4  Erectile Function Recovery

At a median follow-up of 47 months, 47.7% of our complete 
series patients were potent, of whom 40% spontaneously.

Identifying the <65  years-old preoperatively potent 
patients undergoing full intrafascial nerve-sparing RS-RARP, 
a sexual intercourse within 30  days from surgery was 
recorded in almost one out of two men. At twelve months, 
the 79% of this selected population achieved a complete EF 
recovery.

4  State of Art of the Posterior Approach 
around the World

At the beginning of 2021, it was performed a well-detailed 
resume of the oncological and functional outcomes of 
several published RS-RARP series performed throughout 
the world, ranging from 30 to more than 600 patients 
(Table 3) [8].

Turning eleven years since its first description RS-RARP 
is now spreading worldwide, and it is noteworthy that the cur-
rent Literature amounts more than 80 articles disguising 
about this technique, emphasizing its technical feasibility, 
oncological safety and functional reliability.
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Table 3 Results of the Bocciardi Approach around the World

Author, year Country Patients (n) Follow up BDFS (%) PSM (%) UCR (%) EF (%)
Lim et al. 2014 [9] South Korea 50 4 weeks NR 14 1-mo: 70 NA
Dalela et al. 2017 [10] USA 60 3 months 91 11.7 2-mo: 88 NA
Sayyid et al. 2017 [11] USA 100 12 months NR ≤T2 16.7

>T3 47.1
12-mo mean n. 
PPD: 1.5

NA

Chang et al. 2018 [12] Taiwan 30 12 months 86.7 23.3 12-mo: 100 NA
Eden et al. 2018 [13] UK 40 4 weeks NR T2: 16.7

T3: 31.8
4-w: 90 NA

Menon et al. 2018 [14] USA 60 12 months 83.8 Focal: 13.3
Non-focal: 11.7

12-mo: 98.3 12-mo: 86.5

Asimakopoulos et al. 2019 [15] Italy 45 6 months 91.4 T2: 19
T3: 41.2

6-mo: 90.5 NA

Lee et al. 2020 [16] South Korea 609 6 months NR T2: 11
T3: 36

6-mo: 90.5 NA

Egan et al. 2020 [17] USA 70 12 months 87,1 Focal: 27.1
Non-focal: 7.1

12-mo: 97.6 12-mo: 65,7

Umari et al. 2021 [18] UK, Italy 282 12 months 98,6 15.6 Immediate: 70.4 Immediate: 13.2

BDFS Biochemical disease-free survival, PSM positive surgical margins, UCR urinary continence recovery, EF erectile function, PPD pads 
per-day
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Extraperitoneal Robot-Assisted Radical 
Prostatectomy

Pratik M. S. Gurung,  
Vinodh-Kumar-Adithyaa Arthanareeswaran,  
Jens-Uwe Stolzenburg, and Jean V. Joseph

1  Introduction

Prostate cancer is the most common solid malignancy in the 
United States (US) and most western countries [1, 2]. The 
definitive surgical extirpation for the majority of localized 
prostate cancer cases, in eligible men, involves radical pros-
tatectomy (RP), with or without pelvic lymph node dissec-
tion (PLND), dependent on clinical risk parameters [3, 4]. 
Although “open” RP and laparoscopic RP are still performed 
worldwide, the introduction of robot-assisted radical prosta-
tectomy (RARP), about 20 years ago in Europe and the US, 
and its subsequent rapid adoption worldwide, has meant that 
RARP is currently considered the standard of care in most 
developed countries [5–9].

With respect to RARP, there are a multitude of techniques 
described in the literature [10]. However, based on the 
method of abdominal/pelvic access to the prostate, RARP 
can be broadly classified into either transperitoneal (T-RARP) 
or extraperitoneal (E-RARP) approaches. T-RARP is by far 
the most commonly performed technique. E-RARP is a less 
commonly used technique, owing to its perceived technical 
difficulty and potentially longer learning curve. The extra-
peritoneal (EP) approach, however, has its merits, particu-
larly in cases where intraperitoneal access may be problematic 
[10, 11].

Both T-RARP and E-RARP can be performed using either 
the conventional multi-port (MP) robotic system or the more 
recent single-port (SP) robotic system [12–14]. With respect 
to E-RARP, it is felt that the SP system may lend itself par-

ticularly well, with purported advantages in terms of better 
cosmesis, less post-operative analgesic and opioid require-
ments, and shorter duration of hospital stay [15, 16].

Herein, we will summarize the history of the endoscopic 
extraperitoneal (EP) approach to radical prostatectomy 
touching on the salient points of its evolution in the laparo-
scopic era and subsequent transition into robotics utilizing 
the multi-port (mp) robotic platform in the last few decades, 
and more recently, over the last few years, its application 
using the single-port (sp) robotic platform.

2  History of Radical Prostatectomy 
with Focus on the Extraperitoneal 
Approach

2.1  The Beginnings of Radical 
Prostatectomy

The beginnings of radical prostatectomy date back to the 
nineteenth century and were based on the experience of par-
tial or complete enucleation of the prostate for prostatic 
hyperplasia [17]. At that time, prostate cancer had a poor 
prognosis due to lack of curative treatment options. In 1867, 
the surgeon Billroth, in Vienna, reported two radical prosta-
tectomies performed through a perineal approach [18]. This 
was followed in 1883 by Leisring (student of Langenbeck) 
with the first radical prostatectomy without vesiculectomy. 
However, the patient survived the procedure only for a short 
time [19]. The prostatectomy procedure did not achieve a 
breakthrough until the beginning of the twentieth century 
when Young (1905) and Proust (1901) described perineal 
prostatectomy for the treatment of prostate cancer and intro-
duced it into clinical practice [20, 21]. Young additionally 
removed seminal vesicles, both distal vas deferens and the 
bladder neck. A decisive advancement in 1945 was the 
introduction of the retropubic approach to the prostate 
favored by Millin, which also allowed simultaneous lymph-
adenectomy [22].

P. M. S. Gurung 
Department of Urology, University of Rochester Medical Center, 
Rochester, NY, USA 

Department of Urology, Om Hospital and Research Center, 
Kathmandu, Nepal 

V.-K.-A. Arthanareeswaran · J. U. Stolzenburg 
Department of Urology, University of Leipzig, Leipzig, Germany 

J.-U. Joseph (*) 
Department of Urology, University of Rochester Medical Center, 
Rochester, NY, USA

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
P. Wiklund et al. (eds.), Robotic Urologic Surgery, https://doi.org/10.1007/978-3-031-00363-9_26

https://doi.org/10.1007/978-3-031-00363-9_26


286

A general problem with these surgical methods was the 
extensive intraoperative blood loss, possibly as a result of the 
lack of understanding of periprostatic anatomy and the high 
incidence of locally advanced, as opposed to curable organ- 
confined, tumors at the time. In the early stages, v. Frisch 
reported up to 30% operative deaths [23]. Removal of the 
prostatic urethra was initially thought to be the cause of 
long-term complications such as incontinence and impo-
tence. Only one publication by Wildbolz in 1927 showed the 
importance of muscular structures on the pelvic floor for 
continence [24].

2.2  The Anatomically Appropriate Nerve- 
Sparing Radical Prostatectomy

In the 1980s and 1990s, there was an increase in radical pros-
tatectomies. With the determination and increasing use of 
prostate specific antigen (PSA) as a serum tumor marker, 
early stages of prostate cancer were diagnosed more fre-
quently. Further development of the surgical techniques was 
done by Walsh, who had been intensively involved in radical 
prostatectomy since the 1970s. Walsh noticed the lack of 
understanding of many surgeons regarding periprostatic 
anatomy. This resulted in dissection that was not very true to 
the anatomy. Little attention was paid to the course of blood 
vessels and nerves and the sphincter muscle, resulting in a 
high rate of complications (high blood loss, incontinence, 
impotence, etc.). Reiner and Walsh described targeted liga-
tion of the dorsal penile vein and Santorini plexus to limit 
blood loss [25]. Building on the observations of a patient 
who reported a spontaneous erection 3 months after radical 
prostatectomy, he began studying the anatomic basis. Walsh 
met Pieter Donker, a urologist with interest in anatomy, at a 
conference in Leiden in 1981. During joint anatomical stud-
ies, they found that the nerves for erection ran in a dorsolat-
eral vascular nerve bundle outside the prostatic capsule [26]. 
Walsh applied this finding to his surgical technique and was 
the first to describe the so-called anatomically nerve-sparing 
radical prostatectomy in 1983 [27]. By ligating the dorsal 
venous plexus, intraoperative blood loss decreased, sparing 
of the external sphincter achieved better continence, and 
subtle dissection of the vascular nerve bundles ultimately 
resulted in improved preservation of erectile function [28].

2.3  The Onset of Laparoscopic 
Prostatectomy

Following introduction of laparoscopic techniques into sur-
gery through the first cholecystectomy, the first laparoscopic 
operations were extended to urology (varicocele resection, 
pelvic lymphadenectomy, nephrectomy). Schüssler was the 
first to report laparoscopic radical prostatectomy in 1991. He 

operated on a total of nine patients from September 1991 to 
May 1995 using this method with an average operation time 
of 580 min and concluded that laparoscopic radical prosta-
tectomy, although feasible, offered no advantages over open 
surgery [29]. While Schüssler performed prostatectomy in 
only nine patients laparoscopically in a period of 44 months, 
a French research group from Bordeaux, led by Richard 
Gaston, developed a standardized technique of laparoscopic 
transperitoneal radical prostatectomy (LRPE) in 1998 and 
introduced it into clinical practice in a very short time. Based 
on this technique, a research group from Paris, led by 
Guillonneau and Vallancien, published a first series of 28 
LRPE in 1998 [30]. Guillonneau and Vallancien showed that 
laparoscopic radical prostatectomy could be performed by 
an experienced team with acceptable operating times. The 
average operation time was 270 min, and they continuously 
improved the technique, which is now known as the 
“Montsouris technique.” The oncologic and functional 
results were comparable to the conventional method [31]. In 
Germany, the first robot-assisted laparoscopic prostatectomy 
using the da Vinci system was performed in 2001 by Binder 
and Kramer from Frankfurt [6]. In 2001, Abbou et  al., in 
France, reported their first case of RARP [5]. At a similar 
time, in the US, Menon et al. were performing a significant 
number of RARP cases, transperitoneally, and were describ-
ing their technique and outcomes of T-RARP in a series of 50 
patients in 2002 [32].

2.4  The Development of Endoscopic 
Extraperitoneal Radical Prostatectomy

For the first time, Raboy performed a laparoscopic radical 
prostatectomy in a patient in 1997 using a primarily extra-
peritoneal (rather than transperitoneal) approach [33]. 
Further development and standardization of the extraperito-
neal technique was performed by Bollens et  al. and 
Stolzenburg et al. [34, 35] Bollens et al. reported the results 
of 50 patients in 2001. The average operative time was 
317 min with four operators. The oncologic and functional 
outcomes were comparable to laparoscopic and open proce-
dures [34]. Thus, a procedure was developed that combined 
the advantages of laparoscopy (less invasiveness, less mor-
bidity, faster convalescence, minimal blood loss, good intra-
operative vision) with the experience of classic open 
retropubic prostatectomy. Intraperitoneal complications 
(bowel injury, intraperitoneal bleeding, intraperitoneal urine 
leakage) was thereby avoided. Stolzenburg demonstrated the 
feasibility of the method in 20 patients in 2002. With an aver-
age operative time of 170  min, no intraoperative or early 
post-operative complications occurred [35]. With growing 
experience and standardization of surgical technique, 
Stolzenburg established this as the endoscopic extraperito-
neal radical prostatectomy (EERPE) technique [36].
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Fig. 1 This diagrammatic 
image demonstrates the 
patient positioned with a 20° 
head down tilt

The focus for improvement of this surgical technique con-
tinued on the protection of the so-called vascular nerve bun-
dle. Studies by Kiyoshima show that the neurovascular 
bundles run dorsolateral to the prostate in only 48% of cases, 
and in 52% of cases the neurovascular structures are on the 
lateral side of the prostate [37]. With strictly ventral incision 
of the periprostatic fascia, preservation of the endopelvic fas-
cia and puboprostatic ligaments, the laterally located nervous 
structures could be spared [35]. Around the same time, two 
surgeons presented this technique: described by Menon (Dec 
2005) as preservation of the “veil of Aphrodite” and by 
Stolzenburg (Jan 2006) as “intrafascial nerve-sparing” tech-
nique, and both techniques reported significant improvements 
in early continence and potency outcomes [38, 39].

The robot-assisted approach to radical prostatectomy was 
adopted initially in centers with significant experience in non-
robotic laparoscopic RP or open RP [40]. The interest in 
robotic prostatectomy has increased exponentially over the 
years. The technique of robotic prostatectomy is standardized 
using either a transperitoneal or an extraperitoneal approach 
[32, 41, 42]. The first patient blinded randomized trial, in 
Germany, involving 782 patients comparing LRPE and robot-
assisted RP was conducted by Stolzenburg et  al. [43] The 
study involved patients who underwent both extraperitoneal 
and transperitoneal RP. Significantly better earlier return to 
continence was achieved in the robot-assisted group.

3  Endoscopic Extraperitoneal Approach 
Adapted to Robot-Assisted Radical 
Prostatectomy: Emphasis on Port 
Placement

Endoscopic Extraperitoneal Radical Prostatectomy (EERPE) 
provides access to the prostate without entering the perito-
neal cavity [44, 45]. This may minimize the bowel-related 

complications that occur with transperitoneal approach [46–
48]. Nevertheless, the decision between a transperitoneal or 
extraperitoneal access to robot-assisted prostatectomy is 
based on the surgeon’s preference and patient status. Today, 
we predominantly see the indication for extraperitoneal 
access in patients where we perform nerve-sparing prosta-
tectomy without PLND.

3.1  Patient Positioning

The patient is placed in a classical Trendelenburg position—
for the so-called side docking, or in a dorsal supine position 
with the legs slightly abducted to allow the positioning of the 
robot between them. A 10–20° head down tilt is sufficient 
(Fig. 1) for performing the procedure since the bowel does 
not interfere as in the transperitoneal approach where a 30° 
head down tilt is often used. The patient is secured on the 
table with a chest belt and ankle straps. Caution should be 
made not to exert too much tension and the belt should serve 
only to stabilize the patient. Both arms of the patient are 
placed close to the patient’s body.

3.2  Development of the Extraperitoneal 
Space and Insertion of Trocar 1 (Optic 
Trocar)

The first step of the procedure is to create a preperitoneal 
space and placement of the first trocar. A 15-mm infra- 
umbilical incision is made 1 cm below and lateral to the right 
of the umbilicus (right paraumbilical incision, J-US, 
University of Leipzig; left paraumbilical incision, JVJ, 
University of Rochester). It is preferred not to go in the mid-
line in order to avoid the linea alba adhesions and inadvertent 
entry into the peritoneal cavity. A blunt dissection is per-
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formed up to the anterior rectus sheath. A small horizontal 
incision is made in the anterior rectus sheath and this open-
ing is enlarged by blunt dissection using scissors. Blunt dis-
section is used to separate the longitudinal muscle fibers of 
the rectus muscle. Langenbeck retractors are used to separate 
the muscle. The posterior rectus fascia is then exposed. The 
space between the rectus muscle and the posterior rectus 

sheath is bluntly developed by finger dissection in the direc-
tion of the preperitoneal space. Care should be taken not to 
use vigorous dissection in order to avoid damage to the epi-
gastric vessels. A balloon trocar is introduced superior to the 
posterior rectus sheath and insufflated under direct visual 
control (Fig.  2b, c). The posterior rectus sheath is absent 
inferior to the arcuate line which leads to creation of the pre-
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Fig. 2 (a) This schematic drawing summarizes the position of all the 
trocars with the sequence of placement 1–5. The imaginary lines are 
helpful for orientation (umbilicus, pararectal line, anterior superior iliac 
spine with 8-cm distance between the lines). A—assistant trocar, C—
camera trocar. (b) A balloon-optic trocar is introduced superior to the 

posterior rectus sheath and insufflated under direct visual control. (c) 
The layers of the abdominal wall are shown. After identifying the pos-
terior rectus sheath, the space between the rectus muscle and the poste-
rior rectus sheath is bluntly developed by finger dissection in the 
direction of the preperitoneal space
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peritoneal space. The epigastric vessels are seen ventrally, 
compressed by the inflated balloon. The pubic arch becomes 
visible toward the end of the dissection. The balloon trocar is 
removed and stay sutures are then placed on either end of the 
anterior rectus sheath incision. A Hasson type balloon—
optic port is introduced and fixed (trocar number 1) for the 
camera (Fig.  2c). We normally use a 30° camera facing 
downward, which can be easily rotated upward to see the 
ventral structures. Alternatively, a 0° camera can be used.

3.3  Insertion of the Remaining Trocars

3.3.1  Placement of Trocar 2
After insufflation with CO2 (12-mmHg), an 8-mm trocar 
(trocar number 2) is positioned 4 fingertips left and lateral to 
the midline as high as possible. Conventional laparoscopic 
instruments are used for the gradual extension of the extra-
peritoneal space to both sides in an attempt to create more 
space for the insertion of the lateral right and left trocars. 
Alternatively, the finger can be used with careful sweeping 
moves to develop this space and the trocar can be inserted 
using the guidance of the index finger (Fig. 3a).

3.3.2  Placement of Trocar 3
An 8-mm trocar (trocar number 4, arm-1) is placed in the 
right pararectal line (on the same theoretical line from the 
spine to the umbilicus) taking care to avoid injury of the epi-
gastric vessels. Injury to the epigastric vessels can be caused 
during insertion of the fourth trocar (pararectal line, right 
iliac fossa). For this reason, it is the most dangerous trocar 
for bleeding. Injury to the epigastric vessels can be avoided 
by careful inspection of the abdominal wall with the camera 
before trocar insertion. The third trocar position can be var-
ied medially or laterally aiming to avoid epigastric vessel 
injury. Alternatively, the index finger dissection technique 
can be used to place this trocar (Fig. 3b).

3.3.3  Placement of Trocar 4
A 12-mm assisting trocar (trocar number 3) is then posi-
tioned two fingers medial and superior to the right anterior 
superior iliac spine. This line is used as a guide, but the port 
is ideally placed superior to this. It will vary slightly from 
patient to patient, but it should be placed as superior as the 
free edge of peritoneum allows. Trocar 2 must be used to 
further develop the extraperitoneal space using blunt dissec-
tion. This port is used by the bedside assistant for suction. 
Furthermore, clips as well as needles are inserted and 
extracted through this trocar.

3.3.4  Placement of Trocar 5
For port placement, the left iliac fossa/left preperitoneal 
space is dissected through one of the other trocars. An 8-mm 

trocar (trocar number 5, arm-3) is placed approximately 
three fingers’ breadth medial to and superior to the left ante-
rior superior iliac spine (just above a hypothetical line from 
the anterior superior iliac spine to the umbilicus). It is impor-
tant to avoid placement too distally from or too close to the 
iliac spine, because this can cause problems during apical 
dissection and anastomosis. The insertion of this arm in the 
extraperitoneal approach is cumbersome since the caudal 
positioning of the trocars limits the space for robotic arm 
movements.

3.4  Docking of the Robot and Insertion 
of the Instruments

The next step is to dock the robot. The robot is navigated 
either to the foot of the bed between the patients abducted 
legs or to the left side of the patient (side docking) and this is 
what we (J-US, Leipzig) prefer (easier, no limitations, 
faster). Firstly, the camera port is docked. The camera cable 
is then clipped in place prior to docking the right-sided ports. 
This allows for the camera cable to be brought between the 
camera port and arm-1. The left-sided ports (arms 2 and 3) 
are docked by the surgeon standing on the patients left, while 
arm-1 on the right is docked by the bedside assistant. It is 
important to note that after docking the robotic arms to the 
trocar, traction can be exerted to the abdominal wall broad-
ening the operative field and gaining space among the tro-
cars. When placing the arms in their final position, a final 
check should be made to make sure that there is no compres-
sion of any body parts. It is important to avoid any injury to 
the abdominal skin or the legs of the patient due to compres-
sion by any of the robotic arms. Thus, all arms should be 
carefully docked, and the range of movement should be 
checked.

4  Instrument Use for E-RARP

4.1  Multi-Port (E-RARP-Mp)

The senior author’s experience with over 4000 cases since 
2003, in a high-volume tertiary cancer referral academic 
center (JVJ, Rochester), has been previously reported. The 
technique is broadly similar and the outcomes favorably 
comparable to those of other experienced centers performing 
E-RARP using the MP robotic system [41, 42, 49–51].

4.1.1  Access
We have developed a reproducible method to access the 
extraperitoneal (EP) space (JVJ, Rochester). The patient is 
placed in the supine position with the arms tucked. A bean-
bag is used to prevent patient movement when placed in the 
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Fig. 3 Port placement for endoscopic extraperitoneal radical prostatectomy (a) Placement of da Vinci trocar left side guided by finger dissection 
(b) Placement of da Vinci trocar right side (c) camera trocar in place (d) All trocars in place

Trendelenburg position. All pressure points are padded. A 
Foley catheter is placed in a sterile manner after prepping 
and draping. We use a 3-cm left-sided paraumbilical incision 
which is carried down to the level of the anterior rectus 
sheath (Fig. 4a, b). A 1-cm incision is made in the anterior 
rectus sheath exposing the left belly of the rectus muscle. 
The latter is swept exposing the posterior rectus sheath. A 

balloon dilator (Covidien, Dublin, Ireland) is passed beneath 
the muscle parallel to the posterior rectus sheath, in a caudal 
direction, accessing the space of Retzius (Fig. 4c). The bal-
loon is manually inflated, gradually expanding the EP space 
of Retzius. A 0-degree laparoscopic camera, placed inside 
the balloon dilator, allows direct visualization of the space 
creation process. The epigastric vessels can be visualized 
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Fig. 4 Extraperitoneal (EP) access and development of EP space. (a) 
Diagrammatic representation of initial access incision in the left para-
umbilical area. (b) Cut-down entry (“Hasson”) into the EP space under 

vision. (c) Laparoscopic camera within balloon dilator and insufflation 
of balloon dilator in the EP space by manual pump. (d) Photo illustrat-
ing the final port sites before docking of the robot

anteriorly from their connection with the external iliac ves-
sels. Tearing of the tributaries of the epigastric vessels 
beneath the muscle can occur at times but is generally of no 
consequence. Once the space is adequately created, the bal-
loon dilator is withdrawn and replaced by a blunt-ended tro-
car (Ethicon) via which the space is insufflated. With the 
scope withdrawn into the trocar to avoid soilage, the tip of 
the trocar is used to further develop the extraperitoneal space 
laterally. Additional space creation is obligatory when using 
a multi-port robot, given the required distance between the 
robotic arms. When a single-port (SP) robot is used, how-
ever, no additional space creation is necessary, which will be 
discussed later in this chapter.

For placement of additional ports, the inferior epigastric 
vessels on the anterior abdominal wall can be easily appreci-
ated and avoided. We often place a long 22-gauge hypoder-
mic needle at the proposed site of trocar insertion to help 
identify the course of the trocar and, thereby, avoid a poten-
tial injury to the epigastric vasculature. When using the 

multi-port Xi da Vinci robot, we routinely place a total of six 
trocars. Four 8-mm da Vinci ports are used for robot docking 
(2 about 10-cm lateral and caudal to the umbilicus on either 
side, and a third placed 5-cm cephalad to the left anterior 
superior iliac spine) and two by the assistant (5-mm placed 
5-cm to the right of the umbilicus, and a 12-mm port placed 
5-cm cephalad to the right anterior superior iliac spine) in 
configuration delineated (Fig.  4d). Prior to robot docking, 
the paraumbilical initial access trocar used for additional 
space creation must be replaced by another trocar compatible 
with da Vinci docking. While a regular 8-mm trocar can be 
used, we prefer using a 12-mm da Vinci stapler cannula at 
that site, given the opening in the rectus sheath. The latter is 
often enlarged with the space creation as the trocar is ori-
ented in multiple directions. We have found it useful to place 
a purse string suture in the anterior rectus sheath to maintain 
the required insufflation (Fig. 4d).

Due to the EP nature of the surgical field thus developed, 
mild Trendelenburg (around 10–15 degrees) is usually more 
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than sufficient. The peritoneum serves as a natural barrier 
keeping the bowels out of the operative field. Pneumo- 
insufflation of the EP space, with carbon dioxide, is ade-
quately maintained at around 12–15 mm of mercury (Hg). 
Access associated injuries to the bowel are avoided with the 
extraperitoneal approach. All trocars and instruments are 
placed under direct vision at every step. We have not experi-
enced access related viscus injury with our described EP 
approach [49].

The access method described above was set up for a left- 
sided bedside assistant. The suction, as the most commonly 
used instrument, is placed in the 5-mm port, and used with 
the left hand. The other assistant port (12-mm) is used by the 
assistant for passage of sutures, clips, fat retrieval, specimen 
bag, etc. For a right-handed assistant, the assistant port can 
be placed in the left lower quadrant, allowing appropriate 
handling of the necessary instruments, based on the assis-
tant’s dexterity. Extraperitoneal access can also be obtained 
in the midline. We, however, prefer the paraumbilical access 
with visualization of the consistent rectus anatomy. Entering 
the linea alba in the midline near the umbilicus may lead to 
inadvertent entry into the peritoneal cavity.

4.1.2  Radical Prostatectomy With or Without 
Pelvic Lymph Node Dissection (PLND)

As described previously, once adequate EP access is 
obtained, the prostate is approached anteriorly for a radical 
prostatectomy, with or without PLND, as indicated clinically 
[41, 42]. With a few modifications, this approach is similar to 
the transperitoneal access at this point. The bladder take- 
down step, necessary with the transperitoneal approach, is 
not necessary when using the EP technique. The bladder is 
dissected from the anterior abdominal wall with the initial 
balloon dilation step. In most patients, the endopelvic fascia 
is visualized through the balloon dilator. Upon docking, 
there is quick access to the prostate or lymph node fossa. The 
prostatectomy begins promptly with incising the endopelvic 
fascia freeing the prostate from its lateral attachments. The 
apical dissection leads to visualization of the dorsal venous 
complex (DVC) which is ligated by a barbed-wire suture. 
The author’s preference is to anchor this suture anteriorly to 
the pubic symphysis (Fig. 5). Provided there are no issues 
with high grade/stage lesions in the vicinity of the prostatic 
base, bladder neck dissection is then performed as anatomi-
cally as possible in order to optimally preserve the bladder 
neck detrusor muscle. Next, release of the vasa and seminal 
vesicles posteriorly are performed as athermally as possible, 
depending on the level of neurovascular bundle (NVB) pres-
ervation required.

Posterior dissection, anterior to the Denonvillier’s fascial 
space, is continued in the apical direction followed by con-
trol of the lateral vascular pedicles. Again, the degree of 

NVB preservation is customized, on either side, as per the 
index patient’s clinical risk and desire for preservation of 
erectile function if not contraindicated from a cancer control 
standpoint. Apical dissection is then completed carefully and 
athermally not only to preserve pelvic floor muscle but also 
to avoid inadvertent damage to any preserved NVB distally 
near the apex. After completing the prostatectomy, bilateral 
PLND is performed, dictated by clinical indication. The 
author’s preference is to perform a posterior reconstruction, 
with a double-ended barbed-wire suture, so as to approxi-
mate the posterior urethra to the bladder neck in the posterior 
plane. We routinely use these sutures to perform an “anterior 
suspension” by hitching the two ends of the barbed-wire 
suture with Weck clips onto Poupart’s ligaments about 5-cm 
on either side of the midline (Fig.  5). The urethro-vesical 
anastomosis is carried out using two 3-0 Vicryl sutures, on 
RB-1 needles, in a semi-continuous fashion. Our practice is 
to routinely leave a 16-French Jackson-Pratt (JP) drain in the 
pelvis with the aim of removing it prior to the patient’s dis-
charge from hospital the following day. The anterior rectus 
sheath defect, from the initial incision for access is closed. 
No additional port or peritoneal closure is necessary. Skin 
incisions are closed in a subcuticular fashion (Fig.  6). No 
routine lab/blood tests are ordered post-operatively, unless 
clinically indicated.

4.1.3  Post-Operative Care and Follow-Up
The patient is reviewed in the outpatient clinic at 1 week to 
remove the urethral catheter and to discuss the final histopa-
thology dependent on which further follow-up schedules are 
customized. All data pertaining to pre-operative clinical 
information, intraoperative details, and post-operative out-

Fig. 5 Anterior suspension after posterior reconstruction. Blue arrows 
point to the barbed-wire sutures, used in the posterior reconstruction, 
being hitched bilaterally to the periosteum of the pelvic brim. Yellow 
arrow points to the barbed-wire suture, which had been used initially 
for dorsal venous complex (DVC) control, being hitched to the perios-
teum of the symphysis pubis in the midline anteriorly. This facilitates 
the anastomosis between the urethra (*) and the bladder (**)
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Fig. 6 Wound and skin closure appearance. Yellow arrow points at J-P 
drain

Table 1 Comparison characteristics and intraoperative complications 
of large T-RARP and E-RARP series; adapted from [11, 49]

Study

Coelho 
et al. 2010 
[60]

Agarwal 
et al. 2011 
[62]

Ghazi 
et al. 2013 
[49]

Ploussard 
et al. 2014 
[72]

Approach T-RARP T-RARP E-RARP E-RARP
Country US US US France
Cases (n) 2500 3317 1503 792
Follow-up 
(days)

30 30–356 90–1800 570

Intraoperative 
complications
Overall % 0.08 1.8 0.27 0.8
Rectal injury % 0.08 N/A 0.07 0.3
Nerve injury % N/A N/A 0.2 0.1
Epigastric vessel 
injury %

N/A N/A N/A 0.3

Conversion % 0.08 0.03 0.07 N/A

E-RARP Extraperitoneal robot-assisted radical prostatectomy, T-RARP 
Transperitoneal robot-assisted radical prostatectomy, US United States, 
N/A Not applicable/available

comes, including oncological and functional results, are 
maintained in a prospective database with dedicated data 
managers.

4.2  Single-Port E-RARP

The technical steps relevant to conduct E-RARP using the 
single-port (SP) robotic system and the various instruments 
commonly utilized during those steps are summarized in the 
section below entitled “the single-port promise.”

5  Complications of the Extraperitoneal 
Approach

Surgical complications can be broadly classified into “early” 
and “late” or “minor” and “major” based largely on the tim-
ing and severity, respectively, of post-operative adverse 
events [52, 53]. In order to reduce the undercapture of com-
plications and to improve standardization of reporting, 
efforts have been made to include procedure-specific (surgi-
cal) as well as general (medical or non-surgical) complica-
tions [52, 54]. Furthermore, in recent years, there have also 
been efforts to include intraoperative adverse events, inclu-
sive of anesthetic events, in order to comprehensively cap-
ture and standardize the reporting of all complications 
relevant to a given surgical case [55–57]. Attempts to stan-
dardize the reporting of complications specific to radical 
prostatectomy, and, in particular, robot-assisted radical pros-
tatectomy (RARP) have meant that data relevant to RARP 
are more consistently reported in the literature and that 
meaningful comparisons may be possible between reported 
series from different institutions [58–62].

With respect to E-RARP, although there are no validated 
reporting systems specific to the extraperitoneal (EP) 
approach to robotic radical prostatectomy, there are a num-
ber of series in the literature which have attempted to charac-
terize and report complications specific to E-RARP based on 
their institutional experience [49, 50]. Others have attempted 
to compare the outcomes, including complications, between 
E-RARP and T-RARP (transperitoneal RARP) [51, 63–67]. 
Similarly, others have compared the outcomes of E-RARP 
and EP laparoscopic radical prostatectomy [68–70]. 
Evidence on the nuances of the endoscopic approach to EP 
radical prostatectomy, which includes technical difficulties 
and specific complications, can also be gleaned from large 
series of laparoscopic EP radical prostatectomy [44, 71]. The 
cumulated evidence from these studies enables us to formu-
late a picture of the profile of complications that may occur 
from undergoing E-RARP.

5.1  Intraoperative Complications

Firstly, in terms of intraoperative complications, E-RARP 
seems to have a favorably comparable profile when evalu-
ated against T-RARP, laparoscopic EP radical prostatectomy 
or open EP radical prostatectomy [49]. The overall intraop-
erative complication rate seems to be around 0.27% to 0.8% 
(see Table 1) [49, 72]. This compares to 0.08% to 1.8% for 
the other aforementioned EP approaches [49]. Specifically, 
in the series of 1503 E-RARP cases with a median follow-up 
of 28.9 months, reported in 2013 by Ghazi et al., there was 1 
case (0.07%) of intraoperative rectal injury and 3 cases 
(0.2%) of inadvertent clipping of the obturator nerve, which 
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were treated intraoperatively with double-layer sutured 
repair and removal of clip, respectively [49]. With respect to 
rectal injuries, in a large series comparing E-RARP 
(n  =  1009) and laparoscopic EP radical prostatectomy 
(n = 1377), there were 3 (0.3%) and 11 (0.8%) incidences of 
rectal injuries, respectively [72]. In that comparative study 
by Poussard et al., both groups had 1 case each of “neura-
praxia.” [72] In addition, epigastric vessel injuries were 
found in three cases of E-RARP and four cases of laparo-
scopic EP radical prostatectomy (see Table  1) [72]. Apart 
from rectal injury, intraoperative bowel (small or large 
bowel) injury rates appear to be negligible, ranging from 0% 
to 0.15%, with E-RARP [49, 72]. This seems to be a plausi-
bly advantageous scenario with E-RARP due to the proce-
dure being performed in the EP space, away from potentially 
intervening loops of bowel which may be overtly or inadver-
tently injured. The findings are congruent with observations 
from laparoscopic EP radical prostatectomy series, where 
intraoperative bowel injury rates were also very low, ranging 
from 0.1% to 0.8% [44, 71].

On account of the perceived technical difficulty, and asso-
ciated learning curve, with securing and developing good 
access in the EP space, one would expect there to be notable 
instances of the need for intraoperative “conversion” to other 
modalities, such as to T-RARP, laparoscopic or open radical 
prostatectomy. However, reported rates of such conversions 
are surprisingly low. In the study by Ghazi et al., there was 1 
case (0.07%) that required conversion to laparoscopic radical 
prostatectomy on account of robotic malfunction [49]. This 
compares to conversion rates ranging from 0.03% to 0.48% 
for T-RARP (see Table 1). It is interesting to note that failed 
access in itself, with respect to securing and developing the 
EP space to allow the E-RARP case to proceed, is rare and 
that conversion to T-RARP or open conversion due to such 
failed access, is rarely encountered in experienced hands [44, 
49, 72].

5.2  Post-Operative and Late Complications

In terms of the severity of complications, as stratified by 
reported Clavien-Dindo (C-D) grades, the profiles for 
E-RARP seem comparable to T-RARP, laparoscopic EP rad-
ical prostatectomy, and open EP prostatectomy [44, 49, 71, 
72]. Specifically, for E-RARP, the overall complications 
range from approximately 5.1% to 8.45% and this compares 
to an overall complication rate ranging from 5.08% to 9.8% 
for T-RARP (see Table  2). The minor (C-D I and II) and 
major (C-D III-V) complication rates are also comparable 
between E-RARP and T-RARP (see Table 2).

When scrutinizing the profile of post-operative complica-
tions, a few observations stand out as potentially significant 
in terms of differences between E-RARP and T-RARP. Firstly, 

the lymphocele rate appears to be higher in E-RARP (see 
Table 2) and this observation is consistent with findings from 
laparoscopic EP radical prostatectomy series [44, 71]. This 
finding may be explained by the fact that, with the EP 
approach, whether robotic or laparoscopic, any lymph leak 
subsequent to pelvic lymph node dissection (PLND) would 
likely be entrapped within the EP space leading to the likeli-
hood of significant lymph collections declaring themselves 
clinically through symptoms (e.g., pelvic pain, infection, 
ileus, urinary symptoms on catheter removal, etc.) [73]. In 
contrast, in the transperitoneal approach, it is theorized that 
symptomatic lymphocele collections are less likely because 
the lymph fluid dissipates into the relatively vast intraperito-
neal compartment and gets reabsorbed transperitoneally. 
This has formed the basis for advocating techniques, such as 
peritoneal fenestration, pleating, flap fixation and interposi-
tion, during laparoscopic or robotic radical prostatectomy 
[74–77]. However, a prospective study investigating the effi-
cacy of peritoneal fixation, during RARP, did not demon-
strate a significant reduction in either asymptomatic or 

Table 2 Comparison of peri-operative and delayed complications of 
large T-RARP and E-RARP series; adapted from [11, 49]

Study

Coelho 
et al. 
2010 [60]

Agarwal 
et al. 2011 
[62]

Ghazi 
et al. 2013 
[49]

Ploussard 
et al. 2014 
[72]

Post-operative 
complications T-RARP T-RARP E-RARP E-RARP
Overall % 5.08 9.8 8.45 5.1
Minor (C-D I & 
II)

4.04 7.3 6.99 4.9

Major (C-D III to 
V)

0.96 3.8 3.06 0.30

Blood transfusion 
%

0.48 2.1 1.0 2.8

Readmission % 3.5 3.5 3.65 N/A
Lymphocele 
(adjusted) %

0.80 0.97 3.31 0.90

PLND % 44.5 84.3 44.0 46.1
Ileus % 0.72 0.60 0.06 0.01
Hernia % 0.16 0.21 0 N/A
Bowel injury % 0 0.3 0.06 0.01
Bowel obstruction 
%

0.08 0.15 0.13 N/A

Urinary retention 
%

0.53 0.39 0.70 N/A

BNC % 0.12 0.66 1.34 0.50
Anastomotic leak 
%

1.4 1.17 1.2 2.3

Thromboembolic 
(DVT, PE) %

0.32 0.27 0.80 0.20

Cardiac % 0.20 0.18 0.30 0.30
Ocular % N/A 3.8 0.50 N/A

E-RARP Extraperitoneal robot-assisted radical prostatectomy, T-RARP 
Transperitoneal robot-assisted radical prostatectomy, US United States, 
C-D Clavien-Dindo, PLND Pelvic lymph node dissection, BNC Bladder 
neck contracture, DVT Deep vein thrombosis, PE Pulmonary embo-
lism, N/A Not applicable/available
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symptomatic lymphoceles [78]. To add clarity on this issue, 
there is a larger, better-powered study which is ongoing and 
is randomizing RARP cases to peritoneal fixation or no fixa-
tion [79]. Furthermore, in contradiction to some studies sug-
gesting higher lymphocele rates with the E-RARP approach, 
there are others comparing E-RARP and T-RARP, which 
have not demonstrated significant differences [64, 80, 81].

Secondly, the incidence of bowel-related complications, 
such as bowel injury, ileus, obstruction, and hernia, appears 
to be lower with the EP approach (see Table 2) [11, 49, 72, 
73]. Again, the plausible explanation for this appears to be 
the fact that the EP approach negates the need to be in the 
intraperitoneal compartment and, as such, inadvertent con-
tact of bowel with surgical instruments intraoperatively or 
contact irritation with exposure to urine, blood or lymph 
fluid, is minimized [82]. Similarly, as all the ports are placed 
in the EP space, the risk of bowel herniation through such 
port sites may be mitigated by the EP approach. In fact, in 
one of the largest series of E-RARP with a median follow-up 
of 28 months, no instances of post-operative bowel hernia 
were encountered [49].

Anastomotic complications with E-RARP, whether anas-
tomotic leak in the early post-operative period or anasto-
motic stricture (bladder neck contracture, BNC) presenting 
in a late/delayed fashion, appear to be relatively low and 
comparable to T-RARP series (see Table  2). Specifically, 
bladder neck contracture (BNC) rates range from 0.5% to 
1.34% in E-RARP series and this compares to 0.12% to 
0.66% in T-RARP series (see Table 2).

Significant non-surgical (medical) complications, such as 
myocardial infarctions and thromboembolic events, appear 
to be relatively infrequent and comparable between E-RARP 
and T-RARP series (see Table  2). At first glance, it might 
appear that ocular complications may be lower in the 
E-RARP (0.5%) cases than in the T-RARP cases (3.8%) (see 
Table 2). This has led to the suggestion that factors during 
E-RARP, such as the less steep Trendelenburg required and 
the lower intraperitoneal diffusion of carbon dioxide, may 
have a protective effect [49]. However, this needs to be cor-
roborated by other larger studies.

6  Pros and Cons of the Extraperitoneal 
Technique

Compelling evidence, from randomized studies as well as 
from large comparative studies, suggests that E-RARP has 
favorably similar outcomes when compared to T-RARP [42, 
63, 64]. In other words, operative parameters, complications, 
as well as clinical outcomes such as oncological and func-
tional outcomes are not significantly different with either the 
EP or transperitoneal approaches to RARP. Table 3 summa-
rizes the important pros and cons of E-RARP.

6.1  Pros: Special Circumstances 
and Favorable Indications

6.1.1  Previous Abdominal Surgeries
The EP approach is most advantageous when dense intraab-
dominal adhesions, from previous surgeries, are known or 
expected. As alluded to above, by virtue of being completely 
in the EP compartment throughout the procedure, the risk of 
inadvertently injuring the bowel during access, for place-
ment of ports, and while mobilizing, retracting, and perform-
ing adhesiolysis, is significantly minimized. Even in the 
absence of overt bowel trauma, through inadvertent enteroto-
mies, the need for significant bowel handling for retraction 
or mobilization or through adhesiolysis may be associated 
with an ileus which can lengthen the hospital stay and overall 
recovery. We have not found any prior abdominal surgeries 
to be limiting in our experience [66]. Even when a low mid-
line incision is present, the space can be developed, but 
requires incision of the scarred linea alba. In patients with 
prior major abdominal surgeries, the EP approach likely 
expedites the procedure, and, thereby, likely impacts favor-
ably on the patient’s recovery. A major advantage of the EP 
approach is the avoidance of creation of intraabdominal 
adhesions, which can complicate future abdominal 
interventions.

6.1.2  Concurrent Inguinal Hernia Repair
Inguinal hernia can be detected pre-operatively in a signifi-
cant proportion of men embarking on radical prostatectomy 
[83]. Furthermore, symptomatic post-operative inguinal her-

Table 3 Pros and cons of E-RARP

Technique Pros Cons
E-RARP No entry into the 

peritoneal compartment 
required

Relatively contraindicated in 
those with obliterated EP 
space, for instance due to 
prior bilateral inguinal 
hernial mesh repair

Less risk of bowel-related 
complications

Relatively contraindicated in 
those with severe COPD

Less need for deep 
Trendelenburg. Therefore, 
may be advantageous in 
severely obese patients 
and those with significant 
comorbidities

Perceived to be more 
technically demanding due 
to unfamiliarity with EP 
access and EP space 
development

May be advantageous 
when embarking on the 
recent single-port system

Less working space 
available in the EP 
compartment when 
compared to the 
intraperitoneal compartment. 
This issue may be more 
pronounced in smaller 
patients

COPD Chronic obstructive pulmonary disease, E-RARP Extraperitoneal 
robotic assisted radical prostatectomy
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nia can complicate radical prostatectomy in around 12% to 
16% of men [84]. Specifically, with respect to the incidence 
of inguinal hernia after RARP, a recent systematic review 
and meta-analysis has estimated the rate to be around 7.9% 
(95% confidence interval (CI): 5.0% to 10.9%) of which 
81.9% were of the indirect type (95% CI: 75.3% to 88.4%) 
[85]. Although mesh repair of any pre-operatively screened 
or intraoperatively detected inguinal hernia can be repaired 
either transperitoneally or in a total EP (TEP) fashion, it is 
felt that the TEP repair may be advantageous by virtue of 
avoiding direct contact of mesh with bowel [86, 87]. In the 
study by Qazi et al., there were no hernia recurrences in 12 
patients undergoing E-RARP combined with TEP when fol-
lowed up for 12 months [86]. In the study by Ludwig et al., 
there were no hernia recurrences in 11 patients undergoing 
E-RARP combined with TEP when followed up for a mean 
duration of 33  months [87]. Even though the two studies 
mentioned are relatively small, our groups’ own anecdotal 
experience is that recurrence of hernia is indeed rare follow-
ing mesh repair at the time of E-RARP (JVJ, University of 
Rochester). This is congruent with the findings of a system-
atic review of inguinal hernia repair performed concurrently 
with laparoscopic or robotic radical prostatectomy [88]. Qazi 
et al. reported no C-D complications in the 12 patients and 
recorded that unilateral TEP added an average of 12 addi-
tional minutes to RARP [86]. Similarly, Ludwig et al., when 
comparing E-RARP plus TEP versus a matched cohort of 
laparoscopic EP radical prostatectomy plus TEP, found no 
significant differences in complications, apart from a case of 
anterior mesh seroma in the E-RARP group [87]. They found 
that unilateral TEP and bilateral TEP added, on average, 
32 min and 80 min to the E-RARP [87].

6.1.3  Obese Patients
RARP in obese patients may be challenging for a number of 
reasons. Longer ports may be required to negotiate the 
abdominal wall girth and optimize the instrumentation 
angles, quite often within a restricted pelvic field, which can 
make the whole procedure more challenging. Additionally, 
steep Trendelenburg may be required to optimize the pelvic 
operative field. Obese patients quite often have multiple car-
diovascular comorbidities and, as such, may not be ideal can-
didates, from a physiological perspective, for prolonged 
periods of steep Trendelenburg. Furthermore, they may also 
have considerable fat and soft tissues around the neck, which 
make them unfavorable candidates for prolonged periods of 
ventilation in steep Trendelenburg. Therefore, RARP per-
formed through the EP approach, which requires consider-
ably less Trendelenburg, may be ideally advantageous in 
significantly obese patients [82, 89].

6.2  Cons: Limitations and Relative 
Contraindications

6.2.1  Prior Bilateral Inguinal Hernia Repair
In patients in whom the EP space is obliterated, on account 
of prior operations in that field, it may be more sensible to 
opt to perform RARP transperitoneally. Patients who have 
had inguinal hernia repair with mesh previously, particularly 
if bilateral, fall into this category where E-RARP may be 
relatively contraindicated owing to the scarred EP space 
from the dense inflammatory reaction or adhesion created by 
the mesh. One could theoretically adopt the strategy of 
attempting E-RARP with a view to “conversion” to T-RARP, 
if difficulties were encountered; however, port positions 
would not be optimized to subsequently proceed with 
T-RARP.  It is our preference to immediately proceed with 
T-RARP in patients with previous bilateral EP mesh inguinal 
hernia repair.

A corollary of this situation, from a converse standpoint, 
is when inguinal hernia is known pre-operatively or is 
encountered intraoperatively and, hence, mesh repair is 
desirable. The EP approach (E-RARP) does not pose any 
technical issues when mesh repair of inguinal hernia, whether 
unilateral or bilateral, is required. Similarly, based on the 
senior author’s (JVJ, University of Rochester) recent and 
relatively limited experience (>100 cases) of E-RARP using 
the single-port (SP) system, mesh repair of inguinal hernia is 
also relatively straightforward using the SP system.

6.2.2  Severe Respiratory Disease
In those with severe chronic respiratory disease (COPD), 
there is noteworthy evidence, from a randomized study, that 
performing E-RARP, compared to a transperitoneal 
approach, may be clinically more risky in terms of less favor-
able measured respiratory parameters, such as arterial con-
centration of carbon dioxide (PaCO2) [90]. It is postulated 
that elevation of PaCO2 may be the result of excess absorp-
tion of insufflated CO2 via the disrupted microvascular and 
lymphatics of the EP surface resulting from development of 
the EP space [91]. Although significant cardiovascular issues 
are rarely documented, largely due to vigilant ventilation by 
the anesthetist intraoperatively to offset any elevation of 
PaCO2 or alterations in arterial pH, it is nonetheless a sig-
nificant clinical consideration when considering E-RARP in 
those with significant COPD. That said, non-surgical man-
agement options (surveillance, radiotherapy, etc.) may be 
more preferable in those with severe comorbidities such as 
severe COPD. Increased intraabdominal pressure causes dia-
phragmatic splinting which can impair ventilation in the 
patient with respiratory compromise.
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6.2.3  Extended Lymphadenectomy
As far as pelvic lymph node dissection (PLND) for RARP is 
concerned, executing this within the field of the standard 
template, as recommended by international guidelines, is not 
technically more challenging with the EP approach. 
“Extended” or “super-extended” lymphadenectomy, incor-
porating presacral nodes or a more proximal nodal dissection 
from the common iliac bifurcation, is not recommended for 
localized prostate cancer. Furthermore, the need for PLND in 
those with low- or favorable intermediate-risk disease is 
questionable, and, as such, E-RARP is not technically less 
advantageous in the vast majority of patients requiring 
RARP, with or without PLND.  We routinely use a zero- 
degree scope for all prostatectomies. When cephalad dissec-
tion is desired for more proximal nodal dissection, a 30 
degree-down camera angle may facilitate visualization.

6.2.4  “Non-standard” RARP
“Salvage” radical prostatectomy may be indicated in care-
fully selected cases of localized prostate cancer which have 
recurred following prior non-surgical radical interventions, 
such as radiotherapy, brachytherapy, or HIFU (high-intensity 
focused ultrasound), which had been delivered with curative 
intent. However, there is paucity of data on “salvage” RARP 
performed with the EP technique. Some reports, with limited 
case numbers and follow-up, suggest that salvage EP laparo-
scopic prostatectomy has similar safety and efficacy to sal-
vage transperitoneal laparoscopic prostatectomy and, by 
inference, similar outcomes to salvage “open” prostatectomy 
[92]. It is our preference to perform salvage RARP transperi-
toneally. This is not for the prostatectomy portion, but for the 
significantly higher risk of lymphocele associated with 
removal of previously irradiated nodal tissue. There is also 
paucity of data on single-port (SP) salvage E-RARP.  As 
such, definitive conclusions should not be drawn on the rela-
tive merits of salvage E-RARP whether in the context of 
single-port or multi-port systems.

7  Tips and Tricks

Case Selection
• Avoid E-RARP in patients with severe respiratory com-

promise, such as significant COPD, due to a higher risk of 
complications in such cases.

• As per international uro-oncological guidelines, seek 
alternative management options (for instance, watchful 
waiting) when patients, though chronologically young, 
have severe medical comorbidities that would likely com-
plicate surgical intervention. In addition, technically 

“successful” surgeries may still prove to be futile in the 
short-to-medium term due to the competing risks for mor-
tality in patients with significant comorbidities.

Access and Development of the EP Space
• Opt for T-RARP (instead of E-RARP) when there is pre- 

operative evidence of prior bilateral mesh inguinal hernia 
repair.

• In contrast, E-RARP may be advantageous in cases where 
the patient is obese or has had prior abdominal surgery.

• Make the initial access incision lateral to the umbilicus 
(left side is the author’s preference, JVJ), rather than in 
the midline, due to the more consistently appreciable rec-
tus muscle anatomy in the paramedian space and, in con-
trast, a higher risk of going through-and-through into the 
intraperitoneal compartment via the linea alba when 
attempting access in the midline.

• During space creation for additional robotic ports or for 
assistant ports, it is important to not sweep too vigorously 
when expanding the EP space in the cephalad direction 
because the peritoneal layer can be inadvertently torn 
with consequent entry into the intraperitoneal space.

• Make use of a long 22-gauge hypodermic needle at the 
proposed site of trocar insertion to help identify the course 
of the trocar and, thereby, avoid a potential injury to the 
epigastric vasculature.

• In notably obese patients, make use of longer ports.

E-RARP
• Due to the extraperitoneal nature of the surgical field, 

mild Trendelenburg (around 10–15 degrees) is usually 
more than sufficient.

• Make note of any inguinal hernia which could complicate 
RARP post-operatively. Reduce any hernia and perform a 
mesh repair with either a total extraperitoneal (TEP) 
method or a transperitoneal mesh repair method, which-
ever method one is most familiar with and has good out-
comes in one’s hands. Depending on one’s experience 
with hernia repair or institutional/national guidelines, it 
may be necessary to enlist the help of a general surgeon 
specializing in such hernia surgeries.

• Provided there are no issues with high grade/stage lesions 
in the vicinity of the prostatic base, perform bladder neck 
dissection as anatomically as possible in order to opti-
mally preserve the bladder neck detrusor muscle.

• The author’s practice is to customize the degree of neuro-
vascular bundle (NVB) preservation, on either side, as per 
the index patient’s clinical risk and desire for preservation 
of erectile function, if not contraindicated from a cancer 
control standpoint. Damage to the NVB can occur any-
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where along the NVB tract, proximal (prostate base) to 
distal (prostate apex), and in the author’s experience, it is 
particularly more liable to occur during apical dissection. 
Careful athermal dissection and avoidance of excessive or 
prolonged traction are important.

• The author’s preference is to utilize anterior suspension, 
augmented with posterior reconstruction, to optimize the 
vesicourethral anastomosis step so as to reduce anasto-
motic urine leaks and achieve earlier zero-pad continence 
(Fig.  5). However, a multitude of studies have demon-
strated conflicting results, with these adjunctive technical 
maneuvers, with respect to advantages in terms of signifi-
cantly improved functional outcomes in the longer run.

PLND
• The author’s routine practice is to perform, as clinically 

indicated, a “standard template” for PLND. Performing 
“extended” and “super-extended” PLND during E-RARP 
is technically not feasible and, more importantly, the evi-
dence for such extended templates during radical prosta-
tectomy is contentious.

• The author’s preference is to utilize meticulous, system-
atic Weck clip ligation, combined with bipolar diathermy 
as required, in order to reduce the incidence of symptom-
atic lymphoceles. In addition, in recent years, the author 
has also adopted peritoneal fenestration and fixation, as 
adjunctive techniques, to further minimize the occurrence 
of symptomatic lymphoceles.

Closure
• The anterior rectus sheath defect, from the initial incision 

for access, must be closed. This is important to prevent 
bowel hernia. Similarly, the fascial layer of any assistant 
port 12-mm or larger needs to be closed. However, no 
additional port or peritoneal closure is necessary.

Post-operative Care and Follow-up
• Routine lab tests are not required prior to discharge (usu-

ally the following day), unless clinically indicated.
• A Jackson-Pratt (JP) drain, which is left in the EP space at 

the end of the procedure, is removed prior to discharge.
• A 16-Fr Foley urethral catheter, which is placed to protect 

the anastomosis, is usually removed at 7–10 days upon 
outpatient review in the clinic with the histopathology 
report at hand.

8  The Single-Port (SP) Promise

In recent years, the single-port (SP) platform has been 
applied to a multitude of urological procedures and robotic 
single-port radical prostatectomy (RARP-sp) has been one 
of the most common procedures [12–14, 93, 94]. The SP 

platform seems to be particularly well suited technically 
when utilizing the EP approach for RARP [15, 95]. 
Specifically, as opposed to some limitation of space within 
the EP compartment during multi-port E-RARP, the avail-
able EP space seems comfortably adequate when perform-
ing E-RARP with the SP system. Additionally, the flexible 
nature of the camera, offering a wide range of views from 
unconventional angles, provides tangible technical benefits 
during certain aspects of critical steps such as NVB preser-
vation, apical dissection, bladder neck dissection, and 
PLND.  Similarly, the angled retraction and swapping of 
instruments also add technical benefits, which the surgeon 
can, with increasing experience, fine-tune to their taste. 
Such features can also enable the surgeon to almost perform 
the entirety of the procedure “solo,” although our advice is 
to make use of an experienced bedside assistant in the learn-
ing phase. Furthermore, with respect to safety, efficacy, and 
early outcomes, the E-RARP-sp approach appears to be 
delivering added benefits, compared to multi-port RARP, 
including same-day outpatient surgery with minimal to no 
opiate use, excellent pain control, and better cosmesis with 
fewer, smaller surgical scars [14, 95]. Although highly 
promising, it should be noted that the currently reported 
studies on E-RARP-sp are few, with relatively small num-
bers and short follow-up, and, as such, more studies with 
larger numbers, longer follow-up, and detailed documenta-
tion of complications and outcomes are evidently 
warranted.

8.1  Access

The EP approach is advantageous when using the SP robotic 
system. The space creation has been the main factor limiting 
the adoption of the extraperitoneal route. The use of the MP 
robot requires a greater space to provide adequate instrument 
distancing. Additional space creation is necessary laterally, 
which increases the risk of creating a peritoneal rent, which 
can reduce the operative space, impacting the overall sur-
gery. When using the SP, there is no need to create any space 
beyond what is provided by the balloon dilator. Our institu-
tion has been among the early adopters of the SP robotic 
system (JVJ, University of Rochester). Our transition from 
MP to SP radical prostatectomy has been seamless. As a 
leading institution accustomed to the EP approach, we antic-
ipated the SP would simplify the access stage. As noted ear-
lier, when using the SP, the space created by the balloon 
dilator is sufficient for deployment of the SP robotic arms. 
As with any new technology, there is an associated learning 
curve. The latter is rather associated with the use of the SP 
than the space creation, which is now easier. Lateral dissec-
tion for MP use, which can be complicated with peritoneot-
omy, is no longer necessary.
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Our method of access for SP is very similar to MP except 
for a few minor modifications for the SP system. We begin the 
procedure with a 4–5 cm incision about 5 cm below the umbi-
licus, the linea alba is incised exposing the perivesical fat 
(Fig. 7). A balloon dilator is used to create the EP space under 
direct vision. The noted landmarks include the pubic symphy-
sis caudally and the inferior epigastric vessels on either side 
are visualized through the balloon dilator. Although the SP 
cannula is only 2.7 cm, we prefer to have about a 4 cm fascial 
opening to allow passage of accessory instruments adjacent 
to the single port. We routinely use a GelPoint Mini Advanced 
access platform (Applied Medical, CA, US), via which the SP 
is inserted along with a 5- and 10-mm cannula (Fig. 8a, b). A 
5-mm suction tubing is inserted through the GelPoint and 
kept accessible in the operative field. The 10-mm port is used 
by the assistant for passage of sutures and the specimen 
retrieval bag. These additional ports, placed through the 
GelPoint access, are advanced concurrently into the operative 
space via the single port of the SP robot. Either accessory port 
can be used for insufflation for which the AirSeal (ConMed, 
NY, US) is used. Our preference is to work at a low pressure 
of 6–10 mm Hg, which is generally enough to provide ade-
quate visualization. Next, the GelPoint is positioned snugly 

beneath the fascia to maintain adequate pressure in the EP 
space, prior to docking of the SP robot (Fig. 9). Although we 
routinely perform the entire procedure through this SP, we 
often use “SP plus one” approach, where an additional 12-mm 
port is placed in the right lower quadrant just medial to the 
umbilical area. This port is used by the assistant and can help 
expedite the procedure. We often insert this trocar while the 
balloon is inflated in the EP space. Insertion can be done 
under direct vision, taking advantage of the countertraction 
provided by the balloon dilator. Delay associated with clip 
placement, when the robotic arm clip applier is used by the 
surgeon himself/herself, can be avoided. The time-saving 
advantages are most notable during a pelvic lymphadenec-
tomy where clips are used to control the large lymphatics. 
Incorporating these modifications and optimizing the use of 
the available expertise, from an experienced bedside assis-
tant, make the whole procedure significantly more efficient, 
particularly in the very initial phases of the SP learning curve.

8.2  Operative Procedure and Post- 
Operative Care

The technical steps of the RARP and PLND are exactly the 
same as for the multi-port procedure (EP-RARP-mp), as 
described above. Due to the different configuration of the 
robotic arms and the camera in the SP compared to the con-
ventional MP system, optimal use of the robotic arms and 
camera requires practice. As alluded to above, although the 
whole procedure can be performed through the single access 
by utilizing the GelPort platform for further ports, the 5-mm 
assistant port and AirSeal port, combined with taking advan-
tage of the expertise of an experienced bedside assistant, is 
highly recommended. To complete the radical prostatectomy, 
similar to the MP approach, we use da Vinci scissors, 
Maryland bipolar, and a Cadiere forceps for retraction. The 
latter is placed at the six o’clock position to allow retraction 
of the prostate on either side. It is also useful in retracting the 

Gel Port

25-mm Single Port

Fig. 7 Diagrammatic representation of planned port positions for 
single- port extraperitoneal RARP

a b

Fig. 8 Gel Port placement. (a) Placement of diaphragm of Gel Port within the access wound ensuring a snug fit with the lower/inner lip of the 
diaphragm. (b) Fitting of Gel Port onto upper/outside lip of the diaphragm
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Fig. 9 Single port da Vinci robot after docking

bladder cephalad. Once the bladder is transected, we prefer 
rotating the entire SP system 180 degrees, placing the Cadiere 
forceps at the 12 o’clock position and the camera at six 
o’clock. The scissor and bipolar forceps are reconfigured on 
either sided based on the surgeon’s dexterity. Placing the for-
ceps at the 12 o’clock position allows adequate retraction of 
the seminal vesicles anteriorly. The posterior prostate dissec-
tion and neurovascular bundle (NVB) dissection are facili-
tated with adequate retraction from the anteriorly located 
fourth arm or forceps. For the apical dissection and subse-
quent vesicourethral anastomosis, it is preferable to return the 
camera to the 12 o’clock location, where the Cadiere forceps 
can be used to facilitate cephalad dissection as necessary.

The SP consumes a greater amount of time which can be 
associated with the learning curve. The decreased range of 
motion, known with the SP robot, secondary to the absence 
of wristed motion at the instrument tip is associated with 
increased anastomotic time. With increased experience, we 
expect this to no longer impact our operative time. At the end 
of the procedure, the fascial layers of the single-port access 
site are closed. If an assistant port was used, or a PLND was 
performed, a drain can be placed in the assistant’s port site. 
The protocol for the immediate post-operative and eventual 
outpatient follow-up is also similar to that for the MP method.

8.3  Robotic “Simple” Extraperitoneal 
Prostatectomy with the Single-Port (SP) 
System

In contrast to “salvage” prostatectomy where there is paucity 
of studies illustrating the safety and efficacy of E-RARP, 
there is certainly ample evidence in support of robotic “sim-

ple” prostatectomy, for symptomatic benign prostatic hyper-
plasia (BPH), performed robotically in an EP fashion using 
multi-port (MP) systems [96–98]. Additionally, with respect 
to use of the single-port (SP) system for robotic EP simple 
prostatectomy, there are emerging data, with somewhat lim-
ited case numbers and follow-up, which testify to their safety 
and efficacy [99].

With respect to use of the SP system for “simple” pros-
tatectomy, we prefer to customize it to the clinical situation 
whereby complex cases, for instance requiring concomitant 
bladder diverticulectomy, or stone removal, are performed 
with a transvesical approach (JVJ, University of Rochester) 
[100]. We routinely use the EP approach for simple prosta-
tectomy, using the MP platform, adopting the Millin tech-
nique. The use of the SP in this setting is beyond the scope 
of this chapter. As noted earlier, our experience with SP 
transvesical approach for simple prostatectomy is 
expanding.

9  Conclusions

Extraperitoneal robot-assisted radical prostatectomy, per-
formed with either the multi-port or single-port system, has 
a significant role in the surgical treatment of localized pros-
tate cancer. Better awareness of its wider utility, with respect 
to relatively rare contraindications for its use, coupled with 
better training in learning the technique, may increase its 
widespread adoption particularly in the setting of the advent 
of single-port robotic systems where recent reports have 
shown promising benefits such as same-day discharge, 
reduced analgesic requirements, and better cosmesis.
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Lymphadenectomy in Prostate Cancer: 
Technique and Outcomes

Jean Felipe Prodocimo Lestingi, Rafael Sanchez Salas, 
Kunihiko Yoshioka, and Rafael Ferreira Coelho

1  Introduction

Prostate cancer (PCa) is currently the most common non- 
cutaneous malignancy and the second leading cause of 
cancer death in men in Western countries. With the advent 
of prostate-specific antigen (PSA) and screening programs, 
although cases of confined organ tumors are currently 
more frequent, about 10–20% of patients have locally 
advanced disease or lymph node metastases at the time of 
diagnosis [1].

The PCa can spread both via the hematogenous route, the 
axial skeleton being the preferred site of metastases, and via 
the lymphatic way, represented mainly by the drainage of the 
pelvic lymph nodes [2]. Despite recent advances in imaging 
techniques, there are still difficulties in assessing lymph 
node involvement. The sensitivity of Computed Tomography 
and Magnetic Resonance in detecting lymph node metasta-
ses is close to 35% insufficient [3, 4]. The Positron Emission 
Tomography (PET) [68Ga] prostate-specific membrane anti-
gen (PSMA) in the setting of primary staging also is contro-
versial, given the paucity of data [5].

Lymphadenectomy, or lymph node dissection (LND), has 
become part of radical prostatectomy (RP) since the opera-
tion became popular in the 1980s by Walsh [6]. The goal of 
any anatomical lymphadenectomy in patients with high-risk 

human cancers of any type is to identify microscopic lymph 
node metastases to improve locoregional staging and facili-
tate discussions regarding the need for adjuvant systemic 
therapy and improve long-term oncological outcomes [7].

The actual therapeutic role of LND during RP for the 
management of PCa remains controversial in terms of onco-
logical impact. Reports suggest that LND improves patho-
logical staging and that extending the pelvic LND (PLND) 
template may increase its staging accuracy [8]. Nevertheless, 
the oncological benefit of the procedure is still unclear. 
Recently, two Randomized Controlled Trials (RCT) compar-
ing extended vs. limited PLND in intermediate- and high- 
risk PCa patients demonstrated no Biochemical Recurrence 
differences in a short follow-up [9, 10]. A recent systematic 
review revealed that performing PLND during RP failed to 
improve oncological outcomes, including survival [11]. 
Although, it is generally accepted that extended PLND pro-
vides essential information for staging and prognosis.

Furthermore, complications are a significant concern 
related to the procedure. PLND may be associated with an 
increased risk of adverse events, morbidity, length of stay, 
and healthcare costs, mainly related to significant lympho-
celes [11]. However, the assertion that more extensive PLND 
leads to higher complication rates has not always been con-
firmed [12, 13].

This chapter will review indications, techniques, and 
results of extended pelvic lymphadenectomy (ePLND) in the 
surgical treatment of PCa patients.

1.1  Current Guideline Recommendations 
for Extended PLND in Prostate Cancer

The American Urological Association (AUA) / American 
Society for Radiation Oncology (ASTRO) / Society of 
Urologic Oncology (SUO) guidelines reserve the LND for 
patients with PCa at higher risk for LNI, high-risk or unfa-
vorable intermediate-risk. Still, they do not indicate the 
extent of the dissection. They also emphasize the importance 
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of guiding patients about LND complications, including 
lymphocele and its treatment [14].

The European Association of Urology (EAU), European 
Association of Nuclear Medicine (EANM), European 
Society for Radiotherapy and Oncology (ESTRO), European 
Society of Urogenital Radiology (ESUR), and International 
Society of Geriatric Oncology (SIOG) recommendations 
indicate the LND for PCa patients with locally advanced, 
high-risk, and intermediate-risk disease whose LNI estimate 
is greater than 5% in the preoperative nomograms. In patients 
where LND is indicated, it should be extended. The recom-
mended extended template dissects the regions bilaterally: 
obturator, external iliac, and internal iliac. Although, if 
updated versions of preoperative nomograms are used, 
including multiparametric Magnetic Resonance Image find-
ings and Target Biopsy results, more patients may spare from 
an unnecessary PLND (using a threshold of 7%) [15].

The National Comprehensive Cancer Network (NCCN) 
suggests that an extended PLND is preferred when PLND is 
performed and recommended for patients whose predicated 
probability of nodal metastases by nomograms is ≥2%. 
According to NCCN recommendation, an extended PLND 
includes removing all node-bearing tissue from an area 
bound by the external iliac vein anteriorly, the pelvic side-
wall laterally, the bladder wall medially, the floor of the pel-
vis posteriorly, Cooper’s ligament distally, and the internal 
iliac artery proximally. Besides that, PLND can be performed 
using an open, laparoscopic, or robotic technique [16].

The individual risk of finding positive LNs can be esti-
mated using externally validated preoperative nomograms. 
Tools currently for identifying ePLND candidates are based 
on clinical parameters and showed excellent predictive accu-
racy on internal and external validation [17–20]. The vari-
ables included in models predicting lymph node invasion, 
guidelines, indications, and recommendations to perform 
PLND are summarized in Table 1.

2  Lymphadenectomy and Staging 
of Prostate Cancer: Templates 
and Patterns of Lymph Node 
Involvement

There was a lot of misunderstanding about nomenclature and 
LND templates. To standardize the extent of this dissection, 
the reference expert panel from the EAU Prostate Cancer 
Guideline Panel the following types of LND as follows 
(Fig. 1):

• Limited lymphadenectomy: obturator lymph nodes.
• Standard lymphadenectomy: obturator and external iliac 

lymph nodes.

Table 1 Guidelines, indications, and recommendations to perform 
pelvic lymph node dissection in prostate cancer

Guideline
Indications to 
perform PLND

Clinical variables 
considered

Recommended 
PLND

AUA / 
ASTRO / 
SUO

High-risk PSA Do not specify 
the template

Unfavorable 
intermediate-risk

Clinical stage

ISUP grade group
EAU / 
EANM / 
ESTRO / 
ESUR / 
SIOG

Intermediate-risk 
according to 
nomograms

PSA Extended

  Probability of 
LNM > 5% 
(2012 Briganti 
nomogram)

Clinical stage 
(mpMRIa)

  Probability of 
LNM > 7% 
(2018 Gandaglia 
nomogram)a

Primary Gleason 
grade

Secondary 
Gleason grade

High-risk Positive cores %
Maximum lesion 
diameter at 
mpMRIa

Locally advanced Biopsy Gleason 
grade group at 
MRI-targeted 
biopsya

Percentage of cores with clinically 
significant PCa at systematic 
biopsya

NCCN Probability of 
nodal metastases 
by nomogram is 
≥2%

Preoperative PSA Extended

  MSKCC 
nomogram

Primary biopsy 
Gleason grade
Secondary biopsy 
Gleason grade
Clinical tumor 
stage
Negative biopsy 
cores
Positive biopsy 
cores

ASTRO American Society for Radiation Oncology, AUA American uro-
logical association, EAU European Association of Urology, EANM 
European Association of Nuclear Medicine (EANM), ESTRO European 
Society for Radiotherapy and Oncology, ESUR European Society of 
Urogenital Radiology, LNM Lymph node metastases, mpMRI 
Multiparametric magnetic resonance imaging, MSKCC Memorial 
Sloan cancer Kettering center, NCCN National Comprehensive Cancer 
Network, PCa Prostate cancer, PLND Pelvic lymph node dissection, 
PSA Prostate specific antigen, SIOG International Society of Geriatric 
Oncology, SUO Society of Urologic Oncology
aExclusive variables
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Fig. 1 Anatomical areas for the definition of the extent of dissection. I 
= obturator nodes; II = external iliac nodes; III = internal iliac nodes; IV 
= common iliac notes; V = presacral nodes
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Fig. 2 Distribution of node-positive patients (N1) undergoing extended 
pelvic lymph node dissection per region [9]

• Extended lymphadenectomy: obturator lymph nodes, 
external iliac, and internal iliac.

• Super-extended lymphadenectomy: obturator lymph 
nodes, external iliac, internal iliac, common iliac, and 
presacral [11, 21].

The dissection limits of the ePLND template include:

• Cranial: crossing of the ureter over the common iliac 
vessels.

• Caudal: deep circumflex vein and femoral canal.
• Lateral: genital femoral nerve.
• Medial: perivesical fat [11, 21].

The PCa does not follow a predetermined and constant 
pattern of nodal dissemination, and about 50% of these 
lymph node metastases are located along the internal iliac 
artery [3]. Retrospective series showed that the rate of pelvic 
lymph nodes invaded in patients with PCA is directly pro-
portional to the extent of LND. The more lymph nodes dis-
sected, the greater the number of affected lymph nodes, 
denoting the importance of performing ePLND [12, 22–25].

However, studies have indicated that resection of at least 
20 lymph nodes is necessary for the PCa staging to be ade-
quate, similar to that demonstrated in the Bladder Cancer 
LND [26]. Figure  2 illustrates the distribution of positive 
node patients by dissection area for extended PLND cases 
with at least one positive lymph node in a recently published 
trial [9]. Interestingly, almost two-thirds of patients with 
positive nodes had metastases at the internal iliac area.

A mapping study published by Briganti and colleagues 
included 19 patients with high-risk PCa (sharing at least two 

out of the three following parameters: PSA >20 ng/ml, cT3, 
biopsy Gleason score ≥ 8). All patients were treated with RP 
and removal of the obturator, hypogastric, external iliac, presa-
cral, common iliac, para-aortal/para-caval, and inter- aortocaval 
lymph nodes. Only patients with positive common iliac lymph 
nodes had positive retroperitoneal lymph nodes, demonstrating 
an ascending pathway for metastatic PCa cells [27].

Another mapping study by Joniau et al. with 74 localized 
PCa patients and a lymph node involvement risk of ≥10% 
but ≤35% (Partin tables) or a cT3 tumor provided fundamen-
tal insight into the pattern of lymphatic spread. After intra-
prostatic technetium-99  m nano colloid injection, surgery 
was performed with a sentinel node procedure and a super- 
extended LND followed by RP.  The predominant site for 
lymphatic metastases was the internal iliac region. Extended 
PLND correctly staged the majority of positive lymph nodes 
patients, but 13% of the positive lymph nodes would have 
been missed [28].

Extended PLND significantly increases the yield of both 
total lymph nodes and lymph node metastases independent 
of the risk classification of PCa. Lymph node metastases will 
be detected in about 5–6%, 20–25%, and 30–40% of low-, 
intermediate-, and high-risk PCa, respectively [23].

In high-volume referral centers, the open, laparoscopic, 
or robotic LND techniques are feasible and have similar 
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oncological outcomes [29]. However, even in the presence 
of extensive nodal dissections, approximately 15% of the 
lymph nodes potentially bearing PCa metastases will not 
be removed because they are in regions not covered by the 
pelvic LND [21], as mesorectum, inguinal, or retroperito-
neal [30].

2.1  Preoperative Prediction of Positive 
Nodes Using 68Ga-PSMA PET

One of the newest and most promising techniques for the 
staging of PCa, the Positron Emission Tomography (PET) 
[68Ga] prostate-specific membrane antigen (PSMA), has a 
high specificity for detecting pelvic lymph node metastases 
in primary PCa and a remarkably high positive predictive 
value in detecting lymph node metastases in patients with 
biochemical recurrence (BCR). This overview of the current 
literature with nine retrospective and two prospective studies 
described the sensitivity and specificity of 68Ga-PSMA PET 
for detecting pelvic lymph node metastases before initial 
treatment, which ranged from 33.3% to 100% and 80% to 
100%, respectively [17].

Another recent review and meta-analysis included 37 
articles and 4790 patients. The results highlighted the excel-
lent sensitivity and specificity of 68Ga-PSMA PET in 
advanced prostate cancer. Specifically, on a per-patient anal-
ysis, the sensitivity and specificity of 68Ga-PSMA PET were 
77% and 97%, respectively, following pelvic lymph node 
dissection at the time of RP. Sensitivity and specificity were 
75% and 99% on a per-lesion analysis, respectively [5].

The US Food and Drug Administration (FDA) has 
recently approved Gallium 68 PSMA-11 as the first drug for 
PET imaging of PSMA positive lesions in men with PCa. 
However, one prospective multicenter single-arm open-label 
phase 3 imaging trial that supported the FDA decision 
showed a sensitivity of 0.4, also a low sensitivity in evaluat-
ing lymph node involvement. From December 2015 to 
August 2019, 633 intermediate to high-risk PCa patients 
underwent one 68Ga-PSMA-11 PET for primary staging, 
and 277/633 (44%) subsequently underwent RP and 
PLND. The median initial PSA was 11.1 [0.04–147]. Seventy 
five/two hundred and seventy-seven patients (27%) had N1 
disease per histopathology. Sensitivity, specificity, positive 
predictive value and negative predictive value for N1 detec-
tion was 0.40 [0.34, 0.46], 0.95 [0.92, 0.97], 0.75 [0.70, 
0.80], 0.81 [0.76, 0.85], respectively. Higher PSAs and larger 
node sizes correlated with increased sensitivity [18].

Therefore, PET [68Ga] PSMA cannot replace pelvic 
LND to exclude lymph node metastases: LND is still the 
gold standard for lymph node staging [5, 17].

3  Surgical Technique

This surgical technique can be used with both currently used 
robotic platforms (Intuitive Da Vinci Xi or Si©) and can be 
performed before or after RP according to the surgeon’s 
preference.

The fourth robotic arm is used to pull the structures medi-
ally with the Prograsp Forceps. Incision of the adventitial 
fascia is made above the external iliac vessels from the top 
downwards. The incision line stretches from the bifurcation 
of the common iliac vessels to contact the pubic bone 
(Cooper’s ligament). Parts of the perivascular adventitia are 
bluntly separated from the vessel’s walls and the lateral pel-
vic wall to the lateral limit of the genitofemoral nerve 
(Fig. 3).

Slight shifting of the dissected conglomerate to cranial 
helps to identify the obturator nerve. Furthermore, prepara-
tion is strictly along and above the obturator nerve up to the 
meeting point with the internal iliac artery. The packet is 
ligated to occlude lymphatic leakage and prevent lympho-
cele (Fig. 4).

The dissection proceeds caudally to the femoral canal and 
the deep circumflex vein; the end next to Cooper’s ligament 
is clipped. Sequentially, the tissue along the internal iliac 
vessels is dissected to skeletonize the obturator nerve 
(Fig. 5); the back next to the common iliac vessels is clipped.

The ureter, which ascends with the peritoneum, is identi-
fied and hitched. The crossing of the ureter at the bifurcation 
of the common iliac artery marks the caudal end of the dis-
section (Fig. 6). The bilateral tissue has been released from 
the extended template and can be extracted safely as a whole 
using an endo bag.

The Marcille’s triangle or fossa is a pelvic anatomical 
region limited by the fifth lumbar vertebra medially, from the 
inner edge of the large muscle psoas laterally, from the upper 
edge of the wing, and the sacrum below. Lymph nodes of this 
anatomical region are related to the prostate lymphatic sys-
tem, and some authors discuss Marcille’s lymphadenectomy 
when planning an ePLND in high-risk PCa. Porcaro et  al. 
analyzed 221 patients who underwent ePLND and robotic- 
assisted RP: Marcille’s lymph node involvement was found 
in 5 (2.3%) patients. However, this involvement was associ-
ated with multiple lymph node metastases in other template 
locations in high-risk PCa patients [19].

The pelvic plexus and the erectile nerves are at risk in 
standard dissection during the medial dissection in the area 
of the internal iliac artery and towards the bladder wall. 
During ePLND, the nerves are also at risk at their origin in 
the presacral area and medial to the common iliac vessels. 
Decreased erectile function in patients with a more extended 
yield of lymph nodes relative to patients with a lower yield or 
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Fig. 3 Extended pelvic 
lymph node dissection 
surgical step (right side). 
Blunt lymphatic dissection 
anteriorly to the external iliac 
artery, from common iliac 
cranially to Cooper’s ligament 
caudally

Fig. 4 Extended pelvic 
lymph node dissection 
surgical step (right side). 
Ligation of lymph nodal 
tissue cranially to the 
obturator nerve

no lymph node dissection has been demonstrated [20, 31]. 
Others could not find any influence from the extent of PLND 
on erectile function [32]. Nevertheless, from an anatomic 
point of view, ePLND occurs near or inside the pelvic plexus 
and thus can lead to injury of erectile nerves [33].

Lymphocele is the most common complication after 
PLND. Over the years, various techniques have been intro-
duced to prevent lymphocele, but no conclusion can be 
drawn regarding the superiority of one technique over 
another. In this prospective study, 220 patients undergoing 

Lymphadenectomy in Prostate Cancer: Technique and Outcomes



310

Fig. 5 Extended pelvic 
lymph node dissection 
surgical step (right side). 
Skeletonization of the 
obturator nerve

Fig. 6 Extended pelvic 
lymph node dissection 
surgical step (left side). The 
cranial limit of the template is 
the crossing of the ureter at 
the bifurcation of the common 
iliac artery

robot-assisted RP between 2012 and 2015 were randomized 
to receive titanium clips (group A, n = 110) or bipolar coagu-
lation (group B, n = 110) to seal lymphatic vessels during 
ePLND.  There were no statistically significant differences 
between groups A and B regarding overall lymphocele inci-
dence (47% vs. 48%; difference − 0.91%, 95% confidence 
interval [CI] -2.6 to 0.7; p = 0.9) and the rate of clinically 

significant lymphocele [5% vs. 4%; difference 0.75%, 95% 
CI, 0.1–3.2; p  =  0.7]. The two groups were comparable 
regarding mean (±SD) lymphocele volume (30  ±  32 vs. 
35 ± 39 ml; p = 0.6), lymphocele location (unilateral, 37% 
vs. 35%, p = 0.7; bilateral, 13% vs. 14%, p = 0.9), and time 
to lymphocele diagnosis (95% vs. 98% on a postoperative 
day 10; p = 0.5) [34].
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4  Perioperative Outcomes 
and Complications

There is much discussion in the literature about what the 
LND extension model should be. Such doubts are due to the 
uncertain benefit of LND in therapeutic terms and the poten-
tial increase in complications as the dissection limit increases.

The pelvic lymph node dissection is a challenging proce-
dure that is time-consuming and carries a greater risk of sur-
gical complications, with rates ranging from 2 to 51% [8]. 
One of the most extensive series with 963 patients that com-
pared adverse events of the types of LND showed 19.8% of 
complications in the extended LND vs. 8.2% in the limited 
one (p < 0.001); when analyzed individually, only the lym-
phocele was significantly higher in patients undergoing 
extensive dissection (10.3% vs. 4.6%, respectively; p = 0.02) 
[13]. On the other hand, Bader et  al. found only 2.1% of 
complications needed to prolong the length of hospital stay 
in patients undergoing ePLND [22].

Similarly, Fossati et al. compared LND vs. no-LND (20 
retrospective studies) and compared the extended dissection 
vs. limited (3 prospective and 15 retrospective studies). LND 
and extended dissection were associated with significantly 
worse intra- and postoperative non-oncological outcomes, 
such as bleeding, lymphocele, and increased surgical time. 
The retrospective nature of most studies and the lack of stan-
dardized definitions for the extension of the LND are the 
main limitations of its conclusions [11].

The baseline characteristics of the principal comparative 
studies evaluating non-oncological outcomes are summa-
rized in Table 2 [11, 12, 35]. Overall, 18 studies compared no 
PLND vs. any form of PLND, while 14 studies compared 
lPLND/sPLND vs. ePLND/sePLND.  The non-oncological 
results are summarized in Table 3 [11, 12, 35].

4.1  Intraoperative and Perioperative 
Outcomes

Data were obtained from 16 retrospective studies regarding 
operative time, blood loss, and postoperative complications 
[36–51]. In the main, PLND was associated with a signifi-
cantly higher risk of lymphocele in most studies that 
addressed the outcome.

In an RCT, 123 patients were randomized to ePLND on 
the right hemipelvis vs. lPLND on the left hemipelvis. 
Complications including lymphocele (3% vs. 1%) and lower 
extremity edema (3% vs. 2%) occurred more commonly on 
the side subjected to ePLND compared to lPLND [52]. When 

considering data from nine retrospective studies, conflicting 
results were observed. Three studies showed significantly 
higher intraoperative and postoperative complications in the 
ePLND group than lPLND/sPLND [53–55], while four stud-
ies did not find significant differences [56–59]. Similarly, the 
lymphocele rate was significantly higher in the ePLND 
group in four studies [53, 54, 60, 61], while no significant 
differences were observed in three others [56–58].

In another RCT, the rates of grade 2 and grade 3 compli-
cations were comparable between the limited (7.3%) and 
extended PLND groups (6.4%) [10].

4.2  Functional Outcomes

Three retrospective studies did not find any significant differ-
ences between PLND and no PLND regarding erectile func-
tion recovery [OR 0.95, 95% CI 0.63–1.43, p = 0.8 [32]; and 
HR 0.9; p = 0.8 [62]; p = 0.48 [59]].

One retrospective comparative study did not find any sig-
nificant differences regarding urinary continence (HR 1.07, 
95% CI 0.87–1.31; p = 0.5) and erectile function recovery 
(HR 1.11, 95% CI 0.75–1.63; p = 0.6) between ePLND and 
lPLND [63].

There were no differences in the International Index of 
Erectile Function scores in an RCT between ePLND and 
lPLND [10].

Extending the LND template beyond the ePLND template 
may cause at least a significant delay in recovery of urinary 
continence, maybe due to bladder denervation. Seikkula 
et  al. demonstrated in a cohort of 172 PCa patients who 
underwent RP and PLND that patients undergoing super- 
extended PLND have a lower chance of regaining urinary 
continence [hazard ratio (HR) 0.59, 95% CI 0.39–0.90, 
p = 0.026]. Age at the surgery also had a significant influence 
on continence [64].

Nevertheless, some academic studies have suggested 
robot-assisted RP superiority over pure laparoscopic or open 
RP in operative and functional outcomes. Several reviews 
and meta-analyses of the literature recently highlighted the 
potential benefit of robot-assisted RP regarding the func-
tional outcomes without hindering oncologic control. Few 
controlled trials with small cohorts have compared pure lap-
aroscopic radical prostatectomy and robot-assisted RP, sug-
gesting better early functional outcomes using robotic 
assistance. However, the level of evidence remains weak 
given the lack of randomized controlled trials and the num-
ber of factors (surgeon experience, disease staging, nerve- 
sparing techniques) that need to be considered [65].
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5  Oncological Outcomes

The oncological benefit of ePLND is controversial due to the 
existence of disparate results in the literature.

Furthermore, it should be acknowledged that the posi-
tive association between PLND extent and cancer outcome 
in node-negative patients might be based on a misinterpre-
tation of these data caused by the Will Rogers phenomenon 
that limits all retrospective studies [66]. Suppose the num-
ber of removed negative lymph nodes is investigated as a 
prognosticator. In that case, patients treated with ePLND 
have a higher likelihood of being node-negative without 
overlooked metastases. Suppose a patient has a positive 
node in an area covered by an extended dissection but not 
by a limited dissection. In that case, this patient is excluded 
from the  analyses in the group of ePLND patients (as he is 
node-positive, and only node-negative patients are left in 
the calculations) but is included in the group with a limited 
dissection. This means that different groups are compared 
at a particular disease stage, and the other disease stages 
can explain the benefit of the group with an extended dis-
section. In other words, after a limited dissection, the likeli-
hood of overlooked metastases is higher. These missed 
positive nodes, instead of the removal of negative nodes, 
influence the prognosis. Similar results can be achieved 
when considering only patients with positive nodes. Indeed, 
in patients in whom many nodes are removed, the incidence 
of finding positive nodes would be high. The outcome of 
these patients would be relatively good because many 
patients would have only small-volume metastatic disease. 
At the same time, when comparing node-positive patients 
between a series with ePLND or limited PLND, the patients 
with positive nodes would again have a much better out-
come in the series with ePLND because they would contain 
the patients who had a small nodal disease [8].

It is believed that the advantage, even in negative cases, 
is due to the resection of micro-metastases. Pagliarulo et al. 
reexamined 3914 negative lymph nodes in 274 pT3 patients 
and found that 13.3% of the 180 patients initially defined as 
pN0 harbored hidden metastases at immunohistochemistry. 
These patients had worse survival rates than those genu-
inely negative lymph nodes and had results comparable to 
patients who had initially been diagnosed as positive lymph 
nodes [67].

The baseline characteristics of the principal comparative 
studies evaluating oncological outcomes are summarized in 
Table  4 [11, 68]. Overall, 16 studies compared no pelvic 
lymph node dissection (PLND) vs. any form of PLND, 
whereas 14 studies compared limited PLND (lPLND) or 
standard PLND (sPLND) vs. extended PLND (ePLND) or 
super-extended PLND (sePLND). The oncological results 
are summarized in Table 5 [11, 68] and will be described in 

more detail below according to biochemical recurrence, dis-
tant metastases, cancer-specific survival, overall survival, 
and RCT.

5.1  Impact of Extended PLND 
on Biochemical Recurrence

Biochemical recurrence was evaluated in 21 studies, of 
which five involved lPLND, three sPLND, nine ePLND, and 
seven undefined PLND [9, 10, 38, 39, 53, 56, 63, 69–81]. Of 
these, 16 did not find any statistically significant difference 
between the two groups [9, 10, 53, 56, 59, 63, 70–78, 80]. 
This negative finding was also applied to the various sub-
groups of patients (e.g., low-risk disease [72]; also pT2, pT3, 
or pT2 R0 disease [73]. Therefore, there were no differences 
in BCR when comparing types of PLND with each other.

Counterintuitive findings were observed in two different 
retrospective studies regarding the impact of PLND com-
pared to no PLND on BCR [38, 39]. Specifically, Boehm 
et al. evaluated a cohort of 11,127 patients, including 6810 
pN0 patients and 4884 pNx patients treated with radical 
prostatectomy between 1992 and 2011 [38]. Through multi-
variable Cox regression analysis, pNx was associated with a 
lower risk of BCR compared to pN0 (HR 0.81; 95% confi-
dence interval (CI) 0.72–0.9; p < 0.05). Despite multivari-
able analysis, the significant baseline differences between 
the two groups may explain the higher risk of recurrence 
among pN0 patients. Furthermore, the extent of PLND was 
not reported. Conversely, Liss et al. analyzed a cohort of 492 
patients treated with robotic-assisted radical prostatectomy 
between 2007 and 2011 [39]; 54 received ePLND, 231 
received sPLND, and 207 did not receive any PLND. At a 
median follow-up of approximately 1 year, BCR was signifi-
cantly different among the three groups: 30% vs. 15% vs. 
3.4%, respectively (p < 0.001). However, when ePLND was 
compared to sPLND in high-risk patients only, no significant 
differences were observed (p = 0.294). Therefore these two 
studies showing negative BCR results in the ePLND groups 
must be due to biases.

EPLND did not provide a better biochemical outcome in 
two comparative retrospective studies [53, 56]. Allaf et  al. 
showed a statistically significant benefit of ePLND over lim-
ited/standard PLND, but only in specific subgroups of 
patients: pN1 patients with <15% of retrieved nodes affected 
(43% vs. 10%; p  =  0.01) [81]. However, counterintuitive 
findings were observed in a retrospective study in which 
ePLND was associated with a higher risk of 7-year BCR 
than lPLND in pT2 patients only (5% vs. 0%; p = 0.01) [63]. 
This result may reflect the selection bias of the study because 
surgeons tended to perform more extensive nodal dissection 
in higher risk patients.
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5.2  Extended PLND and the Risk of Distant 
Metastases

Distant metastasis following RP was evaluated in two retro-
spective studies that reported conflicting results [38, 72]. 
Mitsuzuka et al. analyzed a series of 222 low-risk patients. 
They found metastasis-free survival (MFS) of 100% in both 
sPLND and no-PLND groups at a median follow-up of 60 
and 26 mo, respectively [72]. Conversely, the already men-
tioned study by Boehm et al. found that no PLND was asso-
ciated with a lower risk of distant metastasis on multivariable 
analysis (HR 0.62; 95% CI 0.41–0.92; p  <  0.05) [38]. 
Baseline differences among pNx and pN0 patients and selec-
tion bias may explain these MFS findings.

5.3  Extended PLND and Cancer-Specific 
and Overall Mortality

Cancer-specific and overall mortality were analyzed in four 
studies. Of these, PLND was standard in one study [72], 
while its extent was not reported in the other three studies 
[38, 80, 82]. Mean follow-up ranged from 30.5 mo [80] to 
11 year [82]. None of these studies demonstrated statistically 
significant differences in cancer-specific mortality [72, 80, 
82] or overall mortality [38, 72] between PLND and no 
PLND.

In a multi-institutional database of 9742 patients (whose 
probability of lymph node invasion according to the 
Briganti nomogram was greater than 5%) submitted to RP 
from 2000 to 2017 with or without PLND, a median of 14 
lymph nodes (IQR 8–21) were removed in the PLND cohort 
and 1714 of these cases (19.0%) harbored lymph node 
metastasis. After propensity score matching the biochemi-
cal recurrence-free, metastasis-free, and cancer-specific 
mortality-free survival rates were 60.4% vs. 65.6% 
(p  =  0.07), 87.0% vs. 90.0% (p  =  0.06) and 95.2% vs. 
96.4% (p  =  0.2) for pelvic lymph node dissection vs. no 
pelvic lymph node dissection 120  months after radical 
prostatectomy. Multivariable Cox regression models 
adjusted for postoperative and preoperative tumor charac-
teristics revealed that PLND performed at RP was no inde-
pendent predictor of biochemical recurrence, metastasis, or 
cancer-specific mortality (all p ≥ 0.1) [80].

5.4  Randomized Controlled Trials (RCTs)

As already commented, patients undergoing an ePLND are 
more likely to be correctly staged as pN0 or pN1, making 
retrospective observational comparisons of oncological 
results between limited vs. extended dissection problematic 
(Will Rogers phenomenon) [66].

To fill this knowledge gap, the first phase III randomized 
controlled trial (RCT) to investigate the therapeutic role of 
ePLND compared to lPLND in patients with intermediate- 
and high-risk localized PCa undergoing RP was recently 
published. Three hundred patients were randomized and 
treated at a single institution (Instituto do Cancer do Estado 
de Sao Paulo, Hospital das Clinicas, Faculdade de Medicina 
da Universidade de Sao Paulo, ICESP-HCFMUSP, Brazil) 
between May 2012 and December 2016 (1:1; 150 lPLND 
[obturator nodes bilaterally]; and 150 ePLND [obturator, 
external iliac, internal iliac, common iliac, and presacral 
nodes bilaterally]). By showing five times more lymph node 
metastases in extended dissection, this trial confirmed that 
ePLND provides better pathological staging, while differ-
ences in early oncological outcomes were not demonstrated. 
The median BRFS was 61.4 mo in the lPLND group and not 
reached in the ePLND group (hazard ratio [HR] 0.91, 95% 
CI 0.63–1.32; p  =  0.6) (Fig.  7a). Median MFS was not 
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Fig. 7 Kaplan-Meier estimates of biochemical recurrence-free (BRF) 
survival in the intention-to-treat analysis according to limited (LPLND) 
or extended pelvic lymph node dissection (EPLND) in (a) the overall 
cohort and (b) the subgroup with preoperative biopsy International 
Society of Urological Pathology grades 3–5 [9]
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reached in either group (HR 0.57, 95% CI 0.17–1.8; p = 0.3). 
CSS data were not available because no patient died from 
PCa before the cut-off date. In an exploratory subgroup anal-
ysis, patients with preoperative biopsy International Society 
of Urological Pathology (ISUP) grade groups 3–5 who were 
allocated to ePLND had better BRFS (HR 0.33, 95% CI 
0.14–0.74, interaction p = 0.007) (Fig. 7b) [23]. Therefore, 
this RCT confirmed that ePLND provides better pathological 
staging, while differences in early oncological outcomes 
were not demonstrated. Subgroup analysis suggests a poten-
tial BCRFS benefit in patients diagnosed with ISUP grade 
groups 3–5; however, these findings should be considered 
hypothesis-generating. Further RCTs with larger cohorts and 
longer follow-up are necessary to better define the role of 
ePLND during RP [9].

The oncological results of this RCT were similar to those 
of the most significant systematic review on the topic (66 
studies, 275,269 patients). Fossati et  al. demonstrated that 
the overall quality of the evidence was low due to bias. 
Comparing 21 retrospective studies without LND vs. any 
LND, no significant difference was reached in favor of LND 
for BRFS, distant metastases, overall survival (OS), or 
cancer- specific survival (CSS). Comparing lPLND vs. 
ePLND in BRFS, only two out of 13 studies showed a benefit 
of ePLND in specific subgroups: intermediate risk and pN1 
with less than 15% of lymph node invasion (LNI). Both pre-
vious studies with benefits in these subgroups were larger 
cohorts (585 and 4000 patients, respectively) and operated 
by only two surgeons in each study [11]. The caveat in these 
studies is that if ePLND leads to identifying men with a low 
LNI rate than lPLND, patients could spend a good deal of 
time free of disease, but there would be no final impact on 
survival [11].

Another single-center RCT was recently reported. 
Surgeons were randomized to perform limited (external iliac 
nodes) or extended (external iliac, obturator fossa, and hypo-
gastric nodes) PLND for 3-mo periods between October 
2011 and March 2017. Of 1440 patients included in the final 
analysis, 700 were randomized to limited PLND and 740 to 
extended PLND. The median number of nodes retrieved was 
12 (interquartile range [IQR] 8–17) for limited PLND and 14 
(IQR 10–20) extended PLND; the corresponding rate of pos-
itive nodes was 12% and 14% (difference  −  1.9%, 95%  
CI -5.4% to 1.5%; p  =  0.3). With a median follow-up of 
3.1 year, there was no significant difference in biochemical 
recurrence rate between the groups (HR 1.04, 95% CI 0.93–
1.15; p = 0.5). Rates for grade 2 and 3 complications were 
similar at 7.3% for limited vs. 6.4% for extended PLND; 
there were no grade 4 or 5 complications [10]. As the differ-
ences between the groups are minimal, a bias has likely 
occurred by the surgeon. Therefore, extended PLND did not 
improve freedom from biochemical recurrence over limited 

PLND for clinically localized prostate cancer men. However, 
there were smaller than expected differences in the nodal 
count and the rate of positive nodes between the two tem-
plates. Moreover, in the trial by Touijer et al., the number of 
removed lymph nodes was similar for the limited and 
extended PLND templates (median 12 vs. 14). Thus, it is not 
possible to conclude that BCR-free survival is similar in the 
“limited” vs. “extended” PLND arms because it seems both 
groups were extended.

A randomized trial comparing PLND to no node dissec-
tion is warranted. An RCT has recently started recruiting in 
Switzerland (NCT03921996) comparing ePLND vs. no 
PLND during RP for intermediate- and high-risk PCa. 
Results from clinical trials such as the German SEAL trial 
(AP 77/13) are also awaited, randomizing a total of 950 
patients with intermediate- or high-risk PCa to improve 
10-year survival from 83% with lPLND to 88% with 
ePLND.

5.5  Potential Benefits of Extended PLND 
in Prostate Cancer

It is also worth mentioning that not all patients with positive 
lymph nodes have the same risk of progression and death. In 
a multicenter series of 703 patients with multimodal treat-
ment, those with two or fewer positive lymph nodes had a 
significantly better result on 15  year-CSS compared to 
patients with more than two positive lymph nodes (84% vs. 
62%, p < 0.001). After accounting for all the other predic-
tors, patients with more than two positive nodes had a 1.9- 
fold higher risk of dying for prostate cancer than patients 
with two or fewer positive nodes [83].

Another consecutive series of 122 node-positive patients 
with negative preoperative staging examinations, no neoad-
juvant hormonal or Radiotherapy, and who underwent 
extended PLND (≥10 lymph nodes in the surgical specimen) 
followed by RP without immediate androgen deprivation 
therapy (ADT) had similar results. In patients with ≤ two 
or ≥  three positive nodes removed, median cancer-specific 
survival at 10  year was 78.6% and 33.4%, respectively 
(p < 0.001). Therefore, there is a direct benefit of PLND for 
patients with up to two positive lymph nodes, whose onco-
logical evolution is similar to patients with pN0 [84].

Preisser et al. within the Surveillance, Epidemiology and 
End Results (SEER) database (2004–2014), identified 
28,147 patients with D’Amico intermediate- (67.3%) or 
high-risk (32.7%) characteristics who underwent RP with 
PLND, without evidence of LNI.  Continuously coded 
removed lymph node count achieved independent predictor 
status (HR: 0.955, P = 0.01), where each additional removed 
lymph node reduced CSM risk by 4.5% [85].
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Recently, Sood et  al. analyzed 311,061 PCa patients 
undergoing RP between 2004 and 2015 on the National 
Cancer Database (NCDB), and 49,470 (15.9%) patients 
underwent an ePLND. The median number of lymph nodes 
removed in patients undergoing none/limited PLND vs. 
ePLND were 2 and 14, respectively (P  <  0.001). With a 
54-mo median follow-up, they also demonstrated an inde-
pendent direct benefit of PLND in OS if the risk of LNI is 
greater than 20% [86].

Another benefit of LND, this time indirect, is to select 
the patient for adjuvant treatments better. Messing et  al. 
demonstrated that early androgen deprivation therapy 
(ADT) benefited patients with nodal metastases submitted 
to RP and LND, compared to those who received treatment 
later [87].

Abdollah et  al. showed benefited from adjuvant 
Radiotherapy in two groups of patients: (1) patients with 
positive lymph node (PLN) count ≤2, Gleason score 7 to 
10, pT3b/pT4 stage, or positive surgical margins (HR: 
0.30; P = 0.002); and (2) patients with PLN count of 3 to 4 
(HR: 0.21; P = 0.02), regardless of other tumor character-
istics [88].

Abdollah et  al. also examined data of 315 pN1 PCa 
patients treated with RP and ePLND between 2000 and 
2012 at one tertiary care center. All patients received adju-
vant hormonal therapy with or without adjuvant 
Radiotherapy. The number of removed lymph nodes (RLN) 
independently predicted lower Cancer-Specific Mortality 
(CSM) rate (HR: 0.93; p = 0.02). The most informative cut-
off for the number of RLNs was 14. At 10 year, the CSM-
free survival rates were significantly higher for patients with 
≥14 RLNs compared to their counterparts with <14 RLNs 
(p = 0.04) [89].

Fossati et al. also performed a multi-institutional review 
of men with a rising PSA after RP treated with salvage radia-
tion therapy (sRT). On multivariable analysis, the risk of 
BCR after sRT was inversely associated with the number of 
nodes resected at RP (hazards ratio [HR]: 0.98; 95% CI: 
0.96–0.99; p  =  0.049). The increased extent of dissection 
was also independently associated with a decreased risk of 
clinical recurrence after sRT (HR: 0.97; 95%CI: 0.94–0.99; 
p = 0.042). These data support the importance of an exten-
sive LND at surgery and may be used in prognosis assess-
ment when sRT is considered [90].

More recently, Touijer et al., in a retrospective and multi-
center cohort of 1338 patients with positive lymph nodes 
(27% with more than ten years of follow-up), demonstrated 
that those submitted to Radiotherapy and ADT had better OS 
and CSS when compared to patients with observation or iso-
lated ADT [91]. Nevertheless, LND is the best option avail-
able to determine lymph node metastases and, therefore, the 
best option to select patients for adjuvant treatments.

6  Salvage Lymphadenectomy

The aims of metastasis-directed therapy in patients with 
node-only recurrence would optimize locoregional control, 
limit the risk of distant progression, avoid immediate ADT, 
and potentially improve cancer-specific survival. In addition, 
recent developments in PCa recurrence PET/CT imaging 
have improved the detection of clinical recurrence even at a 
low PSA level. They could guide node-directed salvage ther-
apy at an early stage of biochemical recurrence [92].

Salvage lymphadenectomy (SLND) is a treatment option 
offered in high-volume centers by experienced surgeons for 
patients with BCR post RP. The series of SLND with better 
oncological outcomes occurs in patients with restricted crite-
ria: PSA  <  4  ng/mL, Gleason ≤7 (ISUP 1–3), exclusively 
low-lymph node disease volume limited to the pelvis proven 
by PET PSMA.  Good disease-free survival could also be 
anticipated by considering the number of positive nodes dur-
ing SLND, PSA decrease after surgery, and absence of con-
firmed extrapelvic positive nodes at the final pathology. 
Thus, patients with pure pelvic involvement and favorable 
pathology features may be the ideal candidates for node- 
directed salvage strategies without a systematic adjuvant 
approach [92]. These manuscripts showed 9–22% (mean 
15%) of patients free of BCR in five years [93, 94]. This 
benefit may be due to removing lymph nodes guided by 
imaging tests in patients with positive nodes better selected 
in the preoperative period.

However, pathological data from SLND studies suggested 
that only a tiny proportion of patients have lymph node 
metastases limited to the positive spots. Therefore, any nodal 
salvage treatment should not be directed only to the suspi-
cious lymph nodes at imaging but also to contiguous nodal 
areas [95].

The available data suggest that SLND can delay clinical 
progression and postpone hormonal therapy in almost one- 
third of the patients, although most will have BCR. An accu-
rate and attentive preoperative patient selection may help 
improve these outcomes. The most frequent complication 
after SLND was lymphorrhea (15.3%), followed by fever 
(14.5%) and ileus (11.2%). It is noteworthy that all examined 
cohorts originated from retrospective single-institution 
series, with limited sample size and short follow-up. 
Consequently, the current findings cannot be generalized and 
warrant further investigation in future prospective trials [94].

In a recent systematic review and meta-analysis with 27 
SLND series, prostate-specific membrane antigen or choline 
positron emission tomography/computed tomography was 
the reference detection technique. SLND was performed by 
open or laparoscopic approach with <10% of grade 3 or 
more complication rate. Mean follow-up was 29.4 mo. 
Complete biochemical response after SLND was achieved in 
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13–79.5% of cases (mean 44.3%). The 2- and 5-year bio-
chemical progression-free survival rates ranged from 23% to 
64% and from 6% to 31%, respectively. Five-year overall 
survival was approximately 84%. The main drawbacks limit-
ing the interpretation of the effectiveness of SLND were the 
retrospective design of single-center series, heterogeneity 
between series in terms of adjuvant treatment, endpoints, 
definitions of progression and study population, and the 
absence of long-term follow-up. The selection bias is of sig-
nificant concern in this setting, especially since a control 
group (standard of care) lacks all except one series. 
Accumulated data suggest that SLND is a safe metastasis- 
directed therapy option in nodal recurrence after primary 
treatment. However, a high level of evidence is still missing 
to draw any clinically meaningful conclusion about the 
oncological impact of SLND on long-term endpoints [92].

Similarly, Bravi et  al. recently demonstrated in a study 
that included 189 patients who experienced PSA rise and 
nodal-only recurrence after RP and underwent SLND at 11 
tertiary referral centers between 2002 and 2011. Lymph node 
recurrence was documented by positron emission tomogra-
phy/computed tomography (PET/CT) scan using either 
11C-choline or 68Ga prostate-specific membrane antigen 
ligand. A third of men treated with SLND for PET-detected 
nodal recurrence of PCa died long term, with PCa being the 
leading cause of death. Salvage LND alone was associated 
with durable long-term outcomes in a minority of men who 
significantly benefited from additional treatments after sur-
gery. Taken together, all these data argue against the use of 
metastasis-directed therapy alone for patients with node- 
only recurrent PCa. These men should instead be considered 
at high risk of systemic dissemination already at the time of 
sLND. Therefore, in general, SLND only helps postpone the 
introduction of ADT and should be used only as an integral 
part of multimodal treatment [96].

7  Conclusions

Limited lymphadenectomy significantly underestimates the 
actual incidence of lymph node metastasis and should no 
longer be performed for staging.

Extended lymphadenectomy is currently the gold stan-
dard in lymph node staging. It should be reserved for patients 
at higher risk of lymph node invasion:

 1. Intermediate-risk patients with a chance of lymph node 
invasion greater than 5% (Briganti’s nomogram) or 
greater than 7% (if MRI and target biopsy information are 
used).

 2. High-risk.
 3. Locally advanced.
 4. ISUP Gleason Grade 3–5 in the biopsy.

The oncological role of extended lymphadenectomy is 
not defined. It can help patients directly (up to two positive 
lymph nodes), indirectly (select for adjuvant treatments), or 
may be beneficial in patients with ISUP in biopsy 3–5.

Extended lymph node dissection is also associated with 
significantly worse intra- and postoperative non-oncological 
outcomes, such as bleeding, lymphocele, and increased sur-
gical time.

The oncological role of salvage lymphadenectomy also is 
not clear.
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Robotic-Assisted Salvage Radical 
Prostatectomy

Senthil Nathan, Christoph Würnschimmel, Arjun Nathan, 
Markus Graefen, and Vipul Patel

1  Introduction

This chapter aims to describe the history, early reports, 
guidelines, and current state-of-the-art techniques for sal-
vage robot-assisted radical prostatectomy (sRARP). 
Evolution of techniques from open to the robotic platform 
and feasibility trials are described. An exhaustive commen-
tary on patient selection and modifications recommended for 
sRARP based on primary treatment is quoted. Comparisons 
between primary RARP and sRARP in propensity matched 
studies are discussed to evaluate the need and justification of 
this challenging procedure. Current reports on the oncologi-
cal and functional outcomes of sRARP are reported with rec-
ommendations for future work. Comparative analysis of 
salvage treatments following prostate sparing treatment is 
discussed. Finally the the need for training and progression 
in this extremely challenging surgery is discussed with rec-
ommendations for training and requisite surgical expertise.

2  History of Salvage Radical 
Prostatectomy

In the early years, radiotherapy to the prostate gland with or 
without adjuvant hormone therapy was the main alternate 
treatment to radical prostatectomy. When biochemical or 
clinical local recurrence was diagnosed salvage prostatec-
tomy was contemplated with trepidation. The role of salvage 
radical prostatectomy following radiation treatment remained 

controversial due to its extreme surgical complexity, 
increased complications, and inferior outcomes to primary 
prostatectomy. Radiation oncologists, to date remain skepti-
cal about advising salvage surgery to their patients and non- 
experienced urologists tend to shy away from the challenge. 
Therefore, the most common salvage treatment after failed 
primary therapy for prostate cancer was androgen depriva-
tion therapy, rarely different modalities of adjuvant or sal-
vage irradiation, and very rarely salvage radical prostatectomy 
[1–6]. Carson et al. were the first to report on a small series 
of salvage radical prostatectomy following external beam 
radiation treatment [7]. This, with other similar studies of 
open salvage radical prostatectomy in that period, reported 
poor functional outcomes and high complication rates that 
were attributed to the complexity of surgery in a previously 
irradiated field [8–10]. These historical cohorts reported high 
rates of urinary incontinence, anastomotic strictures, and 
rectal injury rates that exceeded 15% [11, 12]. With these 
high perioperative complications, bad functional outcomes, 
and unknown oncological benefits, salvage radical prostatec-
tomy was not favored by the urological surgeons. This is evi-
denced from the “Cancer of the Prostate Strategic Urologic 
Research Endeavor” (CaPSURE) database, where only 2% 
of radical prostatectomy cases were salvage after failed pri-
mary external beam radiotherapy [13, 14].

With the advent of anatomical dissection of the prostate 
and more refined surgical techniques [15–17], the outcomes 
of primary radical prostatectomy significantly improved. 
Urologists became comfortable to expand their surgical 
expertise in the challenging minefield of salvage surgery. 
Accordingly, a large series reported by Bonet et al. reported 
an overall complication rate of 2.3–8.1% which was better 
than historical literature [18]. With the introduction of the 
robotic platform in salvage radical prostatectomy, improve-
ment in functional and oncological outcomes was reported 
while complication rates decreased progressively [5, 19–23]. 
Currently, with the increased use of innovative prostate spar-
ing therapies such as high intensity focused ultrasound 
 treatment of the prostate, focal cryoablation, focal brachy-
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therapy, and electroporation of the prostate, the local recur-
rence rates of prostate cancer have increased leading to 
increased rates of salvage prostatectomy. Studies have 
reported the successful use of salvage prostatectectomy in 
these cases with the procedure now accepted as a feasible 
operation with comparable outcomes to primary surgery in 
specialized centers [24, 25].

3  Background

The indication for salvage radical prostatectomy is ambigu-
ous, as agreement on failure following radiation and focal 
therapies is debated. Radiotherapy failure, is defined as per 
the ASTRO definition of three serial rises of the prostate- 
specific antigen, or a rise above 0.2 ng/mL from the nadir 
[26]. A similar definition does not exist after focal treatments 
and instead a combination of biochemical failure, imaging, 
and histology is used. The European Association of Urology 
(EAU) guidelines for salvage radical prostatectomy advo-
cates strict patient selection based on recommendations from 
Chade et al., who performed a systematic review and meta- 
analysis of the literature on open salvage radical prostatec-
tomy [20]. This guideline, with no Level 1 evidence, 
recommends low co-morbidity profiles and good life expec-
tancy (10 years or more), a prostate-specific antigen value of 
<10 ng/mL prior to primary therapy, initial biopsy grade of 
2/3 or lower (based on the International Society of Urologic 
Pathology criteria) maximum T2b stage, and no nodal or 
metastatic disease. Based on the above criteria, Chade et al. 
showed a significant difference in biochemical recurrence 
rates following salvage prostatectomy in men who were 
encompassed within the guidelines compared to those who 
had more advanced disease [20]. It was evidenced that five- 
and ten-year biochemical recurrence free survival rates in 
guideline-encompassed patients versus patients with more 
advanced disease ranged between 47–82% and 28–53%, 
respectively. However, ten-year cancer-specific survival and 
overall survival rates ranged between 70–83% and 53–89%, 
respectively, in the guideline-encompassed patients [20]. 
Mandel et  al. showed that by adhering to the EAU guide-
lines, salvage radical prostatectomy was associated with sig-
nificantly improved oncological outcomes compared to 
patients who did not fit within these criteria. The five-year 
biochemical recurrence free rates were 73.9 vs 11.6% 
between patients who matched with the selection criteria vs 
patients who did not match the criteria [23]. These findings 
led to careful consideration of patient selection and who 
should be offered a sRARP.  Further studies showed that 
early referral of failed cases after focal or whole-gland ther-
apy should be advocated for better oncological and func-
tional outcomes as advised by Nathan et al. [27].

4  Current Status: sRARP

With the introduction of the robotic platform, sRARP has 
been repeatedly demonstrated to be a safe and feasible pro-
cedure. Furthermore, it has been shown to have acceptable 
oncological and functional outcomes with low perioperative 
morbidity when performed in  high-volume surgeons. 
Numerous individual studies and meta-analyses have shown 
that sRARP is safe, feasible with comparable medium-term 
oncological outcomes. Furthermore, the perioperative com-
plications are same as open surgery with a majority showing 
better functional outcomes [5, 27–35]. Indeed, compared to 
the traditional open approach, the novel robotic approach 
combines the advantage of better vision, improved dexterity 
and tissue handling which allows very complex prostate 
anatomy to be safely operated upon [36]. The advantages 
brought forward by the adoption of the robotic technique in 
salvage radical prostatectomy have already demonstrated 
reduced rates of anastomotic stricture, blood loss, hospital 
stay and improved continence outcomes compared to the 
open approach [34]. Reports of nerve-sparing techniques, 
followed by very favorable functional outcomes and low 
complication rates after sRARP are near similar to primary 
radical prostatectomy in single institutional studies [18, 25]. 
Further studies have shown that all outcomes including 
oncological after salvage radical prostatectomy following 
focal therapies are favorable against whole-gland primary 
treatment. sRARP following focal therapies, such as high 
intensity focused ultrasound treatment of the prostate or 
cryotherapy, has better outcomes compared to whole-gland 
treatments such as external beam radiotherapy, high- or low- 
dose brachytherapy [37–40]. Furthermore, unlike in post- 
external beam radiation, prostate cancer recurrence after 
focal therapy can be treated with further focal treatment or 
salvage external beam radiation besides salvage radical pros-
tatectomy. In this regard, several small studies have shown 
biochemical recurrence free rates after salvage radiotherapy 
following focal therapy that were similar to values reported 
for salvage radical prostatectomy [41–43]. Nathan et al. per-
formed the first comparative effectiveness study in a single 
institution with a large series of 200 patients to demonstrate 
the efficacy of salvage radiation versus surgery in  local 
recurrence of prostate cancer following high intensity focal 
ultrasound treatment or cryotherapy. They compared salvage 
radiotherapy to salvage radical prostatectomy and showed 
similar oncological outcomes for men with intermediate- risk 
disease but potentially superior oncological outcomes for 
men who had salvage radiotherapy  with high-risk disease. 
However, salvage radiotherapy was associated with a 
high adverse effect profile and interestingly had similar lev-
els of continence at 2  years [44]. Finally, the inclusion of 
these novel primary focal therapy options further increases 
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the spectrum of patients eligible for salvage radical prosta-
tectomy. Based on current evidence, salvage radical prosta-
tectomy, and specifically, the robotic approach, should be 
regarded as a feasible standard alternative for locally recur-
rent prostate cancer after primary whole or focal therapy. 
Literature recommends it should be performed only by high-
volume experienced robotic surgeons in high-volume 
centers.

4.1  Salvage Lymph Node Dissection

Dissection and excision of the regional lymph nodes during 
sRARP can be challenging and potentially morbid. Lymph 
node dissection in primary RARP remains controversial with 
no benefit in cancer-specific survival and this remains the 
case for salvage lymphadenectomy. However, it offers the 
chance to stage the disease better to initiate early adjuvant 
treatment. During salvage radical prostatectomy, lymphade-
nectomy offers a staging surplus, providing an advantage in 
cancer control and in some cases delays time to systemic 
therapy [45–48]. Indeed, when depending only on conven-
tional staging methods, the majority of lymph node metasta-
ses would be missed, due to their relative miniature [49]. In 
recent years, with the introduction of molecular imaging and 
specifically, prostate-specific membrane antigen (PSMA) 
positron emission tomography, the rates of underdiagnosis of 
lymph node metastasis have decreased, yet still a consider-
able amount of micro-metastases may be missed [50]. Thus, 
lymph node dissection during salvage therapy is regarded as 
a staging procedure, which is not feasible with any of the 
other salvage treatments. However, the curative effect of 
lymph node dissection and the effect of the extent of lymph 
node dissection (limited, extended, super-extended) are not 
fully understood, neither in the primary nor in the salvage 
setting [45, 51–54]. For example, Bravi et al. claimed that no 
survival advantage in terms of oncological outcomes could 
be demonstrated by salvage lymph node dissection in a 
recent multi-institutional analysis [55]. However, this analy-
sis was predominantly based on high-risk locally advanced 
disease which will not be offered salvage surgery in contem-
porary practice. Furthermore, with the advent of PSMA posi-
tron emission tomography in the recurrent setting, patient 
selection will be greatly influenced for salvage lymph node 
dissection in contemporary patients. The advantage of this 
novel imaging technique, and eventually the combination 
with intraoperative guidance during salvage lymph node dis-
section by means of gamma probes (“radioguided surgery”), 
both in the open and in the robotic setting [56–61], may lead 
to a much more patient tailored approach. Finally, the poten-
tial advantages of lymph node dissection need to be weighed 
against higher rates of surgical complications (i.e., lympho-
cele, lymphedema, infection, injury of iliac vessels, injury of 

the obturator nerve, and thrombosis). These complications 
are higher in the salvage setting compared to primary lymph-
adenectomy due to tissue alterations that were induced fol-
lowing primary therapy [62, 63].

The following sections will provide an overview of the 
current standards of robotic salvage radical prostatectomy 
and pelvic lymph node dissection that aim to reduce the mor-
bidity and complications, while increasing functional and 
oncological outcomes.

5  Preoperative Considerations

Patient selection is the main cornerstone to improve out-
comes for salvage radical prostatectomy. The EAU advo-
cates the following parameters as most important for clinical 
decision-making:

 – life expectancy over 10 years, no comorbidities,
 – clinical T stage ≤2 at initial prostate cancer diagnosis,
 – prostate-specific antigen value <10 ng/mL at initial pros-

tate cancer diagnosis,
 – initial biopsy grade ≤2/3 (International Society of 

Urologic Pathology criteria),
 – no lymph node involvement,
 – no evidence of metastatic disease.

However, one needs to remember that this advocacy is 
based on retrospective open surgery data with historical 
Gleason grading and when imaging was not a standard pre-
operative requirement. Until a new guideline is advocated, 
this is the best fit advise. When these baseline criteria for a 
successful salvage radical prostatectomy are fulfilled, further 
assessments and considerations appear worthwhile in order 
to increase the chances for favorable outcomes. Contemporary 
evidence suggests that a wider group of patients may benefit 
from salvage radical prostatectomy.

Patient Advise should encompass a realistic scenario on 
the expected functional and oncological outcomes for the 
patient. Eligible candidates for salvage radical prostatectomy 
need to be informed explicitly about the inherent risk of post-
operative erectile dysfunction and incontinence. Furthermore, 
depending on the type and quality of the previous radiation 
therapy, the risk of rectal injuries, higher rates of anasto-
motic leakage and/or stricture as well as fistula formation, 
and higher chance for bleeding and infection should be 
clearly explained.

Preoperative Assessment should include staging by mag-
netic resonance imaging, in order to evaluate the local dis-
ease extent, tissue fibrosis, and adherent  anatomical 
structures and also to provide a roadmap for surgical plan-
ning. Indeed, different primary prostate cancer therapies 
(external beam radiotherapy, high-dose rate, low-dose rate 
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brachytherapy) trigger different magnitudes of tissue fibro-
sis, in different zones [19, 64, 65]. When there is infiltration 
of the rectum by the cancer there is a direct relationship in 
incidence of rectal injury and fistula formation both a after 
primary and salvage radical prostatectomy [66]. In these 
locally advanced patients  informed consent should always 
include the potential need for a colostomy. In rare cases of 
suspected tumor extension into the urinary bladder and/or 
the ureteric orifices, a preoperative cystoscopy might be indi-
cated. In these cases informed consent should always include 
the possibility for cystoprostatectomy or ureteric re- 
implantation. When performing magnetic resonance imag-
ing, some authors advocate that multiparametric magnetic 
resonance imaging can be replaced by biparametric mag-
netic resonance imaging in order to detect local recurrence 
[67]. Finally, as mentioned above, molecular imaging by the 
means of PSMA positron emission tomography may be con-
sidered for eligible patients prior to salvage radical prosta-
tectomy [50]. Indeed, findings from PSMA scans can support 
clinical decision and surgical planning, especially with 
regard to assessing the extent of lymph node invasion and the 
need for a potential multimodal approach [57, 68].

6  Surgical Techniques 
of Salvage Robotic Assisted Radical 
Prostatectomy

The technique of sRARP with or without pelvic lymph node 
dissection generally resembles the approach to primary 
robotic radical prostatectomy. Most published experience on 
sRARP relies on the six-port technique using the da Vinci 
Surgical System (Intuitive Surgical, Sunnyvale, CA, USA) 
and the proven instrumentation for this surgery is a combina-
tion of monopolar scissors, bipolar Maryland forceps, and a 
ProGrasp forceps, additionally aided by the bed-side sur-
geon, who uses an atraumatic grasper and a suction unit [22, 
27]. The procedure can be carried out using only a 0°binocu-
lar scope, but in some cases with impaired visibility, espe-
cially in the posterior planes, a 30° binocular scope may be 
of use.

The commonly used surgical approach for robotic salvage 
prostatectomy is the “anterior” approach, rather than the 
“posterior” approach, although both ways are feasible and 
largely depend on surgeon’s experience and preference. 
Theoretically, the posterior approach facilitates access to the 
compartments that are usually heavily affected by prior radi-
ation therapies, such as the area around the seminal vesicles. 
Early mobilization of these structures is facilitated by the 
posterior approach and is preferred by some. However, 
sometimes severe adherence is encountered around the rec-
tum and prostatic apex, which cannot be reached easily using 

the posterior approach. If technically and oncologically fea-
sible, in well-selected patients with preserved functionality 
regarding erection and continence, a bilateral, athermal 
nerve-sparing procedure may be performed as in the primary 
radical prostatectomy. However, lateral adhesions can lead to 
wrong plane dissection and, therefore, this should only be 
attempted by experienced surgeons. An extended lymph 
node dissection is advised in order to increase the staging 
benefit. The template should encompass nodal tissue along 
the external and internal iliac vessels, parts of the common 
iliac vessels up to the ureteric crossing and the obturator 
fossa [52, 69, 70]. Nevertheless, surgical technique and plan-
ning greatly depends on the varying tissue alterations induced 
by different primary treatment modalities and most likely 
some individual adjustments in surgical techniques need to 
be considered in order to yield the most favorable functional 
and oncological results [27, 71].

6.1  Varied Surgical Technique Based 
on Primary Prostate Cancer Treatment

For patients after external beam radiotherapy, excessive 
bleeding needs to be expected due to neo-vascularization, 
especially in the bladder-neck region. The distinction 
between the lateral margin of the prostate and the levator ani 
muscle including the sphincter active area maybe indistin-
guishable due to the effects of radiotherapy. This leads to 
cutting the endopelvic fascia in the wrong place leading to 
muscle damage and troublesome bleeding. The whole sal-
vage procedure needs sharp dissection, especially in the pos-
terior part around the seminal vesicles and the posterior 
Denonvilliers’ fascia and the rectum. The seminal vesicles 
may be sticky, partly due to the concomitantly prescribed 
androgen deprivation therapy and partly due to radiation 
effects. They may sometimes need to be excised indepen-
dently and frequently piece by piece. It is crucial to attempt 
dissecting the concomitant vasa of the seminal vesicles in 
order to reach the tips of the seminal vesicles and also to 
control potential major bleeding in this area.

The prostate is usually adhered to the rectum which 
should be released with sharp dissection rather than blunt 
retraction which will tear the rectum. In the apical region, the 
rectum needs to be separated carefully avoiding thermal 
injury with sharp dissection. Thermal injury in this area may 
go unnoticed during the procedure leading to fistula forma-
tion. It is prudent to always do a rectal leak test following the 
excision of the prostate. If rectal injury is suspected, an assis-
tant should perform a rectal examination under visual control 
by the console surgeon. Injury is confirmed if the gloved fin-
ger is visible or there is blood visible on the glove. 
Alternatively, the “air-distension” technique can be applied. 
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This method relies on using a rectal catheter that insufflates 
and distends the rectum with air. The bed-side surgeon fills 
the perirectal region with irrigation fluid and any signs of air 
bubbles within the fluid are indicative of rectal injury. Finally, 
another option might be the use of a proctoscope that illumi-
nates the rectum and transillumination through rectum tissue 
can be observed in areas where tissue thinning or injury has 
occurred. This technique will even show just serosal tear 
without breach to the mucosa. For this option, the robotic 
endoscope light needs to be reduced to a minimum in order 
to observe the transillumination.

The anastomosis should ideally be performed using a 
polydioxanone suture (for example, 3-0 PDS) using Van 
Velthoven technique [72], by approaching the mucosal ends 
of the bladder outlet and the urethra. PDS is recommended as 
it takes 3 months to dissolve in contrast to the usually used 
monocryl suture which dissolves in 2–3  weeks frequently 
before healing has occurred in irradiated tissues. Ischemic 
damage should be avoided by using minimal number of 
throws for the anastomosis. Apart from keeping the transure-
thral catheter in place for a longer period of time (approxi-
mately 10–14 days), assessment of leakage by the means of 
cystography should be routine. Catheters with adequate 
drainage and lower potential for blockage (double hole cath-
eters, 18 Fr) should be used.

Following proton beam therapy extensive adhesions are 
noted between the lateral surface of the prostate and the leva-
tor ani and other structures. It is safe to start in the midline 
and dissect laterally. Extreme care is needed in large glands 
adherent to the vascular structures.

After brachytherapy, the apex of the prostate is adhered to 
the sphincter and careful dissection is warranted to prevent 
damage. Migrated brachytherapy seeds can be disconcerting, 
and they should be carefully removed. Excessive traction 
will fracture the prostate along the seed-lines.

After high intensity focused ultrasound treatment of the 
prostate, midline adherence to the rectum is to be expected. 
Usually, in contrast to external beam radiotherapy, the lateral 
dissection, including nerve-sparing procedures, is mostly 
feasible without major difficulty. Following focal treatment 
dissection should commence primarily from the untreated 
side, in order to identify the anatomical landmarks [15, 22].
The approach should rely on a “latero-medial direction” with 
the pedicles dissected first, and sharp dissection of the pros-
tate from the adherent rectum in the midline last. A common 
occurrence after high intensity focused ultrasound is the 
development of non-fibrosed cavities and surgeons should 
avoid entering these. Similar cavities, however, with fibrosis, 
are encountered after cryotherapy of the prostate [27, 73].

After electroporation of the prostate, the gland is irregu-
lar with unequal lobes and cavities. Furthermore, after elec-

troporation, the prostatic tissue tends to become more 
fragile and sticky, especially in the apical part. Therefore, 
careful application of tension, for example, when handling 
the urethral catheter, is advised in order to avoid prostate 
rupture [27].

7  Complications

With regard to improved surgical techniques, and the 
influence of robotic surgery in salvage radical prostatec-
tomy, the largest and most contemporary comparison on 
functional outcomes and morbidity after open versus 
robotic salvage radical prostatectomy was performed by 
Gontero et al. in 2019 [34]. Their multi-institutional anal-
ysis was based on data derived from 18 centers between 
years 2000 and 2016, on 186 versus 209 patients treated 
with open and robotic salvage radical prostatectomy, 
respectively. Gontero et  al. reported higher rates of any 
Clavien–Dindo complication in the open group (19.4 vs 
11.0%), as well as higher rates of anastomotic and/or ure-
thral strictures (16.6 vs 7.6%, respectively, for open ver-
sus robotic) and renal failure (3.0 vs 0%, respectively, for 
open versus robotic). Conversely, anastomotic leakage 
was recorded more frequently in the robotic group (8.9 
versus 18.6% for open versus robotic, respectively). 
Encouragingly, as opposed to more historic series, rectal 
injuries were low in both open and robotic surgery, but 
significantly lower in the robotic approach (3.0 vs 0.5% 
for open versus robotic, respectively). Finally, an impor-
tant advantage of robotic surgery with regard to morbidity 
was also low blood loss during surgery (mean 222  mL 
versus 715 mL), which also translated into higher postop-
erative blood transfusion rates, however without statisti-
cal significance (6.5 vs 2.8% for open versus robotic, 
respectively, p  =  0.09). Nathan et  al. in a single-center 
large series of 155 patients showed that when controlling 
for confounders via propsenity matching, perioperative 
outcomes and complications for sRARP and primary radi-
cal prostatectomy were the same [24].

A recent systematic review by Driscoll et al. reported on 
288 patients treated with the open approach versus 207 
patients treated with the robotic approach. Their results were 
derived from data of 31 studies between 1980 and 2018 [32]. 
Here, acknowledging obvious differences between more his-
torical (open) and more contemporary patients (robotic), 
Driscoll et  al. concluded that the open technique did not 
exhibit drastically higher rates of complications (38.2 versus 
33.8% for open versus robotic, respectively), which contra-
dicts the above study by Gontero et  al., but it needs to be 
mentioned that the severity of complications was higher in 
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the open approach. For example, of all complications, 73.6% 
Clavien Grade III occurred in the open approach, and also a 
5.5% death rate was reported, while the majority of compli-
cations in the robotic approach were Grade I complications 
(47.1%), with no mortality. Therefore, this comparison is 
flawed and the comment about lower rates of significant 
complications in the robotic approach remains valid.

8  Functional Outcomes

Functional outcomes after salvage radical prostatectomy 
have steadily improved in the recent years, due to a combina-
tion of several factors. First, the introduction of robotic sur-
gery and improved surgical techniques; second, better patient 
selection and third, a larger variety and improved quality of 
primary prostate cancer treatment options that are less 
destructive, which facilitates salvage surgery.

8.1  Continence and Erectile Function

Regarding preservation of continence, in the analysis by 
Gontero et al., the robotic approach yielded higher full con-
tinence rates at 12 months (63.9 vs 49.2%, p = 0.055), which 
was significant in multivariable analyses (Odds ratio 0.4, 
p  =  0.02). Nevertheless, in the overall cohort of open and 
robotic approaches, severe incontinence after 12 months was 
still considerably high (24.6%). Regarding preservation of 
erectile function, Gontero et  al. recorded higher rates of 
nerve sparing in the robotic groups (8.3 vs 19.8% for open 
versus robotic, respectively). However, the reported data on 
erectile function was less robust. Generally, unlike in pri-
mary radical prostatectomy, patients after salvage radical 
prostatectomy still need to expect relatively high rates of 
postoperative erectile dysfunction. Nevertheless, Gontero 
et al. reported a rate of 8.1% for preserved spontaneous erec-
tion after surgery (also by the means of phosphodiesterase- 
inhibitors), and 15.6% of patients who were potent prior to 
salvage radical prostatectomy also had preserved erectile 
function after surgery [34].

8.2  The Influence of Primary Therapy 
on Functional Outcomes

With regard to the different baseline conditions of patients 
based on different primary therapies, a recent and contempo-
rary multi-institutional study was performed on 185 patients 
who received salvage radical prostatectomy following focal 
therapy versus external beam radiotherapy or brachytherapy 
[74]. The latter had significantly worse continence at 
12 months after salvage radical prostatectomy (49% pad-free 

vs 83% pad-free, respectively). However, patients following 
focal therapy exhibited more favorable tumor stages and 
grade, which limits the outcomes of the study. Nevertheless, 
the variety of novel primary treatment options needs to be 
considered when interpreting functional outcomes after sal-
vage radical prostatectomy. Indeed, similar findings were 
also reported by a high-volume single institution, who exam-
ined 185 patients who received robotic salvage radical pros-
tatectomy between 2012 and 2018 after various different 
primary treatment approaches, such as high intensity focused 
ultrasound, external beam radiotherapy, seed brachytherapy, 
cryotherapy, or electroporation/Nanoknife [27]. After 
2 years, full continence (no pad use) was reported in 35% 
versus 58% of treated patients after “whole gland radiation” 
versus “focal treatment,” respectively.

9  Oncological Outcomes

Since the first reports on historical cohorts in the early 80s 
[7], the oncological outcomes of salvage radical prostatec-
tomy remained unclear, mainly due to very heterogenous 
tumor and patient profiles and small sample sizes. Recently, 
a multi-institutional retrospective study on contemporary 
patients treated with salvage radical prostatectomy addressed 
this knowledge gap. In this study by Marra et al., 18 institu-
tions reported on overall 414 patients treated with salvage 
radical prostatectomy between 2000 and 2018, with the end- 
point variables of biochemical recurrence, cancer-specific 
survival, and overall survival [21]. Of these patients, 63.5% 
received salvage radical prostatectomy after external beam 
radiotherapy and the majority exhibited a biopsy Gleason 
score (≤7  in 55.5%), and 93.3% exhibited organ-confined 
disease (≤cT2) prior to salvage radical prostatectomy. 
Furthermore, median age and prostate-specific antigen prior 
to salvage surgery were 66  years and 4.2  ng/mL, respec-
tively. 52.2% received open surgery and 47.8% received 
robotic surgery, and overall, 84.3% underwent extended or 
standard lymphadenectomy.

Despite the relatively favorable preoperative tumor 
characteristics, the postoperative tumor characteristics 
were predominantly aggressive, as evidenced by the 
International Society of Urologic Pathology grades of at 
least 4 in roughly 40% and grades of 5 in 28%. Also, posi-
tive lymph nodes were exhibited in 16% and positive surgi-
cal margins in roughly 30%. With a median follow-up of 
36 months, five- year biochemical recurrence free survival, 
cancer-specific survival, and overall survival were 56.7, 
97.7, and 92.1%, respectively. These rates appear encour-
aging, despite the aggressive tumor grades. The findings by 
Marra et al. are even more profound when compared to a 
more historical study by Chade et  al. (treatment years 
1985–2009), where lower five-year biochemical recurrence 
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free survival rates were reported (48%) [75]. Chade et al. 
also provided ten- year biochemical recurrence free, metas-
tasis-free, and cancer- specific mortality-free survival rates. 
These rates were 37, 77, and 83%, respectively. Chade 
et  al. concluded that patients with low prostate-specific 
antigen and low Gleason score in the biopsy prior to sal-
vage radical prostatectomy benefit most from surgery, 
which is in concordance with the European Association of 
Urology guidelines [6, 23].

Finally, neither Marra et  al., nor Chade et  al., can ulti-
mately answer the question regarding the true oncological 
benefit of salvage radical prostatectomy, when compared to 
alternative salvage treatments, such as androgen deprivation 
therapy alone. Post radiation salvage hormonal treatment 
cannot be compared to surgery as it is not curative and cas-
trate resistance can develop in the medium term. In this 
regard, no prospective randomized trial is feasible to assess 
efficacy. Furthermore, it has to be considered that patients 
who underwent salvage radical prostatectomy in these retro-
spective series may still have more favorable selection crite-
ria and a better overall health status compared to patients 
who only received androgen deprivation therapy, or even 
more important, may be influenced by lead-time bias. 
Therefore, the necessity of large prospective randomized tri-
als investigating the true oncological effect of salvage radical 
prostatectomy needs to be established, as performed so suc-
cessfully with salvage radiotherapy [1, 2, 76]. Local control 
by salvage radical prostatectomy may prove beneficial in 
patients with very high-risk disease, or with limited nodal or 
even distant metastasis similar to radiotherapy as shown in 
the STAMPEDE trial [77]. Indeed, for limited nodal recur-
rence after primary radical prostatectomy, novel approaches 
relying on “radioguided surgery” are being implemented 
more frequently specifically for salvage nodal dissection 
purpose in experimental settings [58, 59, 78, 79]. In this 
regard, radioguided salvage lymph node dissection might 
also be a future key element for the treatment of advanced 
prostate cancer and therefore may play a role in the salvage 
radical prostatectomy procedure; however, future study 
results need to be awaited in order to draw more definitive 
conclusions.

10  Conclusion

Salvage radical prostatectomy has been proven to be a tech-
nically feasible procedure, with comparable cancer outcomes 
to primary surgery. With the introduction of the robotic plat-
form, the technique has been refined to deliver a feasible pro-
cedure with acceptable cancer and quality outcomes. Quality 
outcomes are significantly better after salvage surgery for 
focal treatments compared to whole-gland ablations. 

Nevertheless, surgeon experience is an important factor for 
safe outcomes especially for this very demanding and chal-
lenging surgery.

With increasing focal ablative treatments for localized 
prostate cancer, robotic salvage radical prostatectomy proce-
dures are expected to increase. Similarly, post radiation sal-
vage surgery is expected to rise as quality outcomes improve 
with the robotic platform. Surgery for oligometastatic dis-
ease (TROMBONE [80]) and consolidation surgery 
(ATLANTA, NCT03763253) for local control are being 
studied and may increase the need for urologists to be accom-
plished in this complex surgery.
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1  Introduction

Histological evaluation of RADICAL prostatectomy speci-
mens (RALP) provides essential information on prognostic 
features for further decision- making. Several factors have to 
be considered, including the histopathological type, grade, 
pTNM, and surgical margin status. The presence of lympho-
vascular invasion and intraductal carcinoma/cribriform 
architecture is an added feature to be reported as well, 
together with the location of the dominant tumor; the quanti-
fication of tumor burden is still considered optional, but 
advisable (volume of dominant lesion/percentage of prostate 
involved).

Beyond the setting of final histopathological analysis on 
the whole specimen, frozen section analysis of ex vivo pros-
tate has been described too, to guide further steps of radical 
prostatectomy toward a more conservative (nerve sparing) or 
wider dissection plane. The chapter will cover the topic of 
final histopathological analysis together with frozen section 
modalities and outcomes.

2  Handling and Processing of RALP 
Specimen in the Regular Setting

The handling of radical prostatectomy specimens is of para-
mount importance for the accurate assessment of the histo-
pathological parameters and consequent management of the 
patient. The prostate specimen needs to be handled with 
great care and according to standardized protocols. Some 
details of handling and cutting need to be performed accord-
ing to established procedures, whereas other parts can vary 
among laboratories also depending on the facilities, costs, 
and preference of the pathologist.

2.1  Specimen Transportation

As other surgical specimen, the prostate specimen should be 
sent to the laboratory immediately after surgery in a jar filled 
with buffered 4–10% formaldehyde solution or a fresh tissue 
without any fixative solution. The latter procedure offers the 
possibility to perform intraoperative frozen section evalua-
tion, harvest fresh tissue for research purpose (i.e., bio bank-
ing), particular tests preferably conducted on fresh tissue 
such as hormonal assays and molecular analysis. Right after, 
the specimen should be immerged in formalin for at least 10 
times the prostate volume (at least 500 mL). Presence of pro-
teolytic enzymes in prostatic secretion make the organ more 
sensitive to autolysis. Compared to an open surgery, robotic 
prostatectomy (RALP) is characterized by a prolonged warm 
ischemia. However, in the study of Best et al., no evidence of 
DNA/RNA and protein degradation was reported in RALP 
[1]. Formalin has been estimated to penetrate tissue at a 
speed of approximately 2.4 mm per 24 h. Considering that a 
prostate gland may have a diameter of 3–7 cm, full penetra-
tion of formalin would take several days. Several strategies 
can be used to enhance formalin fixation such as formalin 
injection inside the prostatic parenchyma before immersion.

Supplementary Information The online version contains supplementary 
material available at [https://doi.org/10.1007/978- 3- 031- 00363- 9_29].

B. Rocco (*) · M. C. Sighinolfi 
ASST Santi Paolo e Carlo, University of Milan, Milan, Italy 

A. Cimadamore 
Polytechnic University of the Marche Hospital, Ancona, Italy 

H. Aider 
University College London Hospitals, NHS, London, UK 

A. Haese 
Martini Clinic Prostate Cancer Center, University Clinic 
Eppendorf, Hamburg, Germany

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
P. Wiklund et al. (eds.), Robotic Urologic Surgery, https://doi.org/10.1007/978-3-031-00363-9_29

https://doi.org/10.1007/978-3-031-00363-9_29


362

2.2  Specimen Weight and Dimensions

After fixation, the prostate gland should be weighted and 
measured in the three dimensions: apex-base, left-right, 
anterior-posterior diameters. The weight of the specimen is 
not significant for the pathological examinations, and it is 
recommended to remove seminal vesicle and vas deferens 
before weighing and measuring. The diameters of the speci-
men can be correlated with the weight estimated at preopera-
tive radiological examinations [2].

2.3  Inking the Surface

Surgical margins evaluation is an essential information for the 
correct management of the patient. To insure an accurate mar-
gin assessment the integrity of the specimen is fundamental 
and is greatly facilitated by inking the specimen. One up to 
four different colors can be used. The use of different colors 
helps in the identification of left- and right-side, or anterior- 
and posterior-side in the case of four colors. The adhesion of 
the ink can be improved by dipping the prostate in 5% acetic 
acid. However, side identification can be performed also cut-
ting a specific side of the gland during sampling.

2.4  Slicing the Prostate

The International Society of Urological Pathology (ISUP) 
Consensus Conference on Handling and Staging of Radical 

Prostatectomy Specimens provided specific guidelines for 
the most accurate method to slide the specimen [3].

Since the apex is a common location for positive margins, 
careful examination is required. The apex should be sliced 
with the modified cone method by cutting the apical slice in 
a sagittal way, in order to evaluate the maximum margin sur-
face [4, 5].

The prostate gland then is sliced at 3–4 mm. The base of 
the prostate should be cut by a modified cone method with 
sagittal sectioning at a 3-mm interval similar to the apex. A 
useful tip when cutting the base is to include the basal por-
tion of the seminal vesicle and the transition to the prostate 
in order to evaluate a seminal vesicle invasion [6]. Sampling 
of the junction of the seminal vesicles with the prostate is 
mandatory. Embedding of the entire seminal vesicle and vas 
deferens is not mandatory, but at least the basal portion 
should be analyzed microscopically (Fig. 1).

2.5  Partial or Total Embedding 
of the Radical Prostatectomy Specimen

Prostate cancer is often multifocal with 80–85% arising 
from the peripheral zone, 10–15% from the transition zone, 
and 5–10% from the central zone [7]. Compared to other 
organs, prostate cancer is underestimated and often not vis-
ible macroscopically. The safest and most accurate method 
to avoid undersampling is to submit the entire prostatic tis-
sue for histological examination. Still, about 10% of 
European laboratories used partial embedding following 

Fig. 1 Sampling of 
prostatectomy specimen with 
whole amount sections. The 
apex and the base are slided 
with the cone method. On the 
left, the fixed specimen is 
inked and cutted. On the right, 
the same specimen after 
processing and staining with 
H&E
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Fig. 2 (a) Whole-mount section of a prostate included in a large format cassette. (b) Prostate sectioned according to the traditional method in four 
quadrants, each one included in standard cassette

rigorous criteria for orientation of the specimen [8]. The 
protocol for partial embedding should include every poste-
rior quadrant and a mid-anterior section on each side. If can-
cer was found in the anterior sections, additional sections 
needed to be embedded from the ipsilateral anterior portion 
of the prostate [9]. However, when partial sampling is 
adopted some features with diagnostic and, above all, prog-
nostic importance either can be missed such as small can-
cers ≤3 mm in diameter, extraprostatic extension, especially 
when focal, presence of positive SMs, and tumor volume 
evaluation.

2.6  Use of Whole-Mount Versus Standard 
Sections

Section of prostate gland after slicing can be embedded in 
standard cassettes or in macrocassettes to obtain whole- 
mount section. The choice between the two methods 
depends on the laboratory equipment, technicians’ exper-
tise, and pathologist’s preference [10–12]. Large format 
histology has the advantage that the overall appearance of 
the gland is sampled in one slide, not appreciable when 
sampling is done with small slides. Considering the pathol-
ogist workload with the whole-mount technique vs. stan-
dard sections, nine to 14 blocks per slide versus 18–76 
blocks per slide are examined with the time to examine the 
slides being around 30 min and 1 h, respectively. When the 
whole-mount technique is applied, correlation with digital 
rectal examination (DRE), transrectal ultrasound (TRUS), 

mpMRI, surgical operation, and biopsy findings can be 
straightforward [13]. The joint evaluation of the histologi-
cal whole-mount sections of RP specimens by the urologist 
and pathologist can produce much more clinical and prog-
nostic information than that contained in the histopathol-
ogy report (Fig. 2) [14].

2.7  Digital Versus Light Microscopy 
Examination

Traditionally, the histopathological examination has been 
performed using light microscopy. Developments in whole 
slide imaging and software advances have led to the imple-
mentation of digital pathology and virtual microscopy. 
Interchangeability of light and virtual microscopy by estima-
tion of the intra-observer and inter-observer agreement has 
been evaluated. Good intra- and inter-observer agreement 
was achieved for assessment of primary and secondary 
Gleason pattern, Gleason Grade Groups, extraprostatic 
extension, and margin status [15–17].

Digital produces data similar to light microscopy with the 
advantage of more accurate measurements obtained with 
digital evaluation. Digital images also facilitate remote 
microscopic diagnosis, allows pathologists to share pathol-
ogy slides with other pathologist and clinicians using a digi-
tal workflow, and provides facile access for remote sign-out. 
Moreover, digital slides can also be used to perform image 
analysis and implement artificial intelligence based 
network.
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3  Intraoperative Margins Assessment 
During RALP: Rationale and Scientific 
Evidences

Positive surgical margin (PSM) is considered an adverse 
pathological feature possibly impairing oncological 
 outcomes. PSM is defined as the presence of cancer cells in 
contact with the inked surface of the prostate specimen. It 
can be related to the presence of neoplastic cells beyond the 
prostate capsule (extracapsular extension) or to the intrapros-
tatic surgical dissection. The College of American 
Pathologists and International Consortium for Cancer 
Reporting suggested reporting location of a PSM, as well as 
whether the margin involvement is limited (<3 mm) vs not 
limited (≥3 mm). PSM is associated to an increased risk of 
biochemical recurrence, even if the impact on progression 
free survival and on cancer-specific survival is still argued. 
Nevertheless, the intra-operative assessment of PSM can be 
useful to correct the dissection plane by performing a wider 
removal of tissue [18].

Several methods to assess surgical margin status have 
been proposed. A review article from Sighinolfi et al. sum-
marizes the intraoperative sampling methods for frozen sec-
tion analysis and divided them into the following approaches 
[18]: (1) systematic (analysis of the whole postero-lateral 
aspect of the prostate specimen); (2) MRI-guided (biopsies 
from suspicious areas, retrieved by the surgeon in a cognitive 
way); (3) random biopsies from soft peri-prostatic tissues, in 
case of uncertain origin (neoplastic/non-neoplastic). Herein, 
we provide insights on the systematic approach to prostate 
surface, which could be performed either with conventional 
frozen section (NeuroSAFE approach) or digital confocal 
microscopy [18].

3.1  The NeuroSAFE Approach: Handling 
and Processing of RALP Specimen

Surgical access and procedure: At the beginning of the pro-
cedure, through a supraumbilical incision, the 8-mm camera 
trocar is placed through an Alexis (Applied Medical, Rancho 
Santa Margarita, CA) wound retractor with laparoscopic cap 
that attaches to the wound protector/retractor to maintain 
pneumoperitoneum (Fig. 3a–c).

The NeuroSAFE nerve-sparing robotic prostatectomy is 
carried out using a transperitoneal antegrade descending 
approach.

After nerve-sparing prostate dissection and urethral divi-
sion, the specimen is harvested into an Endocatch bag and 
then advanced under the Alexis port. The laparoscopic cap of 
the Alexis port is then detached from the self-retaining Alexis 

wound protector/retractor such as allowing easy access to the 
specimen in the Endocatch bag. From there, the surgeon 
receives the specimen for further processing. After specimen 
is retrieved, the laparoscopic cap is reattached and pneumo-
peritonium is re-established. The robotic arms are re-docked 
to proceed with anatomic reconstruction of the bladder neck 
and the urethra.

a

b

c

Fig. 3 (a–c) Alexis port for easy intraoperative harvesting of the 
specimen
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3.2  NeuroSAFE Frozen Section Analysis

Simultaneously to the re-establishment of the pneumoperi-
toneum, the neurovascular structure-adjacent prostatic tis-
sue is dissected as a wedge of tissue reaching from the 
apex to the base of the prostate on both sides. The inner 
and outer surface of the specimen is inked with different 
colors. The specimen is sent to the Department of 
Pathology and processed as described. In short, the pos-
tero-lateral prostatic margins are dissected and examined 
in its entirety. Inner (false) margins on both sides are inked 
with yellow formalin resistant ink while the right and left 
true surgical (outer) margins are marked with green and 
blue formalin resistant ink, respectively. The apex is 
daubed with red ink to assist in anatomical orientation and 
also to distinguish the apical margin in cases where the 
same is sent. The specimens are examined for the presence 
or absence of surgical margins (SM) by a dedicated geni-
tourinary pathology team. A PSM is reported if at least one 
tumor gland has contact with the inked SM and instigates 
a secondary neurovascular resection. Histologic recogni-
tion of tumor cells in the secondarily resected tissue is 
defined as EPE.

While the procedure continues with, e.g., lymph node dis-
section, hemostasis, dorsal double layer reconstruction 
(Rocco-Stitch), and anastomosis.

3.3  Processing of the Prostate Specimen 
for NeuroSAFE Frozen Section Analysis 
[2, 3]

The inked left and right sides of the prostate are sent to the 
Department of Pathology. There, each side is sectioned at 
2–3  mm intervals, from the apex to the base. This results 
depending on the size of the prostate in 8 (in small prostates) 
to up to 20 (in large prostates even more) sections per side.

Each section is numbered with 1 starting at the apex. The 
sections are subsequently stained using standard frozen sec-
tion protocols. After staining, the dedicated genitourinary 
pathologist assesses each individual section for tumor con-
tact to either green or blue ink. In experienced hands, with 
adequate logistics, and staff, the result for the frozen section 
reaches the surgeon within 35–45 min after the prostate has 
been harvested.

In case of a negative surgical margin, the procedure can 
be finished as scheduled.

Management of positive surgical margins: In case of a 
positive surgical margin, the management depends on the 
extent of this margin. The pathologist does not only report 
positive or negative margin, but also location, size, and 
Gleason Grade of the margin.

In case of singular, small positive margins at one or maxi-
mum two sections, the surgeon is able to go back to the 
affected side. If, for example, the pathologist reports a singu-
lar positive margin in section 7 out of 14 on one side with a 
Gleason Grade 3 touching the ink, the surgeon can locate the 
corresponding area of the neurovascular bundle and will do a 
partial resection. If however a large positive margin either 
expressed by tumor touching the ink in several consecutive 
or separated sections, the entire neurovascular bundle will be 
removed [19].

3.4  Results, Internal and External 
Validation of the NeuroSAFE Frozen 
Section Analysis

Initial experience with the NeuroSAFE was published in 
2006 where NeuroSAFE was applied to palpable disease 
only [20]. We then described the routine use of the 
NeuroSAFE technique in 11,069 men who underwent open 
or RALP in our institution and its impact on nerve-sparing 
frequency, surgical margin status, and biochemical recur-
rence (BCR). Positive margins were detected in 25% of 
NeuroSAFE RPs, leading to a secondary resection of the 
ipsilateral neurovascular tissue. Secondary resection resulted 
in conversion to a definitive negative SM (NSM) status in 
1180 (86%) patients. In NeuroSAFE RPs, frequency of NS 
was significantly higher in pT2: (99% vs 92%); pT3a: (94% 
vs 72%) or pT3b: 88% vs 40%.

Positive margin rates were significantly lower (all stages: 
15% vs 22%; pT2: 7% vs 12%; pT3a: 21% vs 32%; 
p < 0.0001) than in the matched non-NeuroSAFE RPs. As 
for the oncological outcome NeuroSAFE had no negative 
impact on BCR (pT2, p  =  0.06; pT3a, p  =  0.17, pT3b, 
p = 0.99), and BCR-free survival of patients with conversion 
to NSM did not differ significantly from patients with pri-
marily NSM (pT2, p = 0.16; pT3, p = 0.26). The accuracy of 
our NeuroSAFE approach was 97% with a false-negative 
rate of 2.5% [21].

Subsequently, we validated this approach for the robot- 
assisted approach and could replicate the findings with both 
a significant decrease in positive surgical margins and an 
increase in the rate of nerve-sparing across all pathologic 
stages [22].

The NeuroSAFE approach has been extensively both, in 
open and robot-assisted radical prostatectomy validated 
across multiple institutions [21–28]. Supplementary Table 1 
lists the results of published studies.

Beyond that, a randomized controlled trial (NeuroSAFE 
Proof) has been initiated. After an initial feasibility study 
demonstrated safety, reproducibility, and excellent histo-
pathological concordance of the NeuroSAFE technique in 
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the NeuroSAFE PROOF trial, which has led to the opening 
of the NeuroSAFE PROOF randomized controlled trial in 
the UK [29, 30].

Beyond the simple decrease in positive surgical margin 
rates and the increase in nerve-sparing observed, a positive 
effect on improved postsurgical erectile function using the 
NeuroSAFE approach has been noted [23, 31]. This benefi-
cial effect can be attributed to the fact, that nerve-sparing can 
be more extensive by approaching the prostatic capsule in a 
fashion of an intrafascial technique.

Points of consideration: When establishing a NeuroSAFE- 
Frozen section program, close cooperation with the 
Department of Pathology is mandatory. Both urologic 
 surgeons and pathologists must agree on a high time priority 
of the frozen section, as the waiting time must not detrimen-
tally affect OR-time. This limits the usability of NeuroSAFE 
(as frozen section analysis in general) to hospitals with either 
an on-site or at least a close-by pathologist.

Similarly, agreement on labeling of the specimen must be 
ensured. To a very large extent, additional manpower and 
hardware, in particular on the pathologists side is required, 
which is, in the absence of reimbursement for such a labor- 
intense task often a financial challenge. Finally, high- 
throughput NeuroSAFE frozen sections (in our institution up 
to 12 prostates, equal to up to 24 prostate specimens, each 
sliced in up to 20 sections) require a dedicated and trained 
pathologist. Given the relevance of a missed positive margin 
for the management of the patient, the expertise of the 
pathologist cannot be underestimated.

Despite all these challenges, a major advantage is that no 
specific technology has to be acquired, as frozen section is a 
routine procedure. Based from our experience, multiple 
pathologists have visited our institution, and were able to 
establish a NeuroSAFE program, showing that the transfer 
of knowledge is possible.

A further limitation is that—given the fact that NeuroSAFE 
examines tissue blocks at 3 mm intervals—positive margins 
occur when located exactly between the cuts done for the 
frozen section, hence are missed during NeuroSAFE assess-
ment hence resulting in a false-negative interpretation. By 
their very small nature, though, these are usually very small 
and therefore are probably of a lesser clinical importance. 
Van der Slot et  al. reported 89.4% of such margins to be 
smaller than 1 mm, 5.3% between 1 and 2 mm, 1% between 
2 and 3 mm. No positive margin larger than 3 mm was noted. 
This is in line with our unpublished evaluation.

As per today, with more than 15  years and 25,000 
NeuroSAFE based radical prostatectomies at our institution, 
the results regarding nerve-sparing rate, decrease in positive 
margin rate, improved potency, and the oncological safety 
are remarkably consistent over time. With multiple external 
validation studies showing the reproducibility of the 
NeuroSAFE technique, and a randomized trial comparing 

NeuroSAFE vs Non-NeuroSAFE approach, this surgical 
technique can be considered as the gold standard in intraop-
erative margin assessment of clinically localized prostate 
cancer.

4  Handling and Processing of RALP 
Specimen with the Confocal 
Microscope

4.1  Confocal Microscopy Applied 
to Prostatic Tissue

Fluorescent confocal microscopy (FCM) is an innovative 
imaging technique that provides microscopical digital pic-
ture directly from fresh specimen without any tissue process-
ing. The FCM platform combines two different lasers that 
enable tissue examination according to fluorescence 
(488  nm) and reflectance (785  nm) modalities [32]. 
Fluorescence mode relies on the use of fluorochromes, such 
as Acridine Orange that specifically binds nucleic acids 
enhancing the nuclei visualization. The reflectance mode, on 
the other hand, is based on the natural differences in refrac-
tive indices of subcellular structures within the tissues. The 
digital image in gray-scale pixel is then converted into a digi-
tally stained image with Hematoxylin Eosin fashion, in 
which nuclei appear purple and collagen and cytoplasm 
appear pink [32, 33].

The digital image can be shared with a remote patholo-
gist in short time after specimen removal. Compared to fro-
zen tissue section, FCM technique does not need any 
technical expertise, cryostat, microscope, and the physical 
presence of the pathologist. The FCM procedure do not alter 
the original tissue; the specimen can then be processed 
according to the standard procedures for subsequent histo-
pathological examination and ancillary studies such as 
immunohistochemistry [34].

The pathological aspect of FCM-obtained digital images 
is similar to H&E section and pathognomonic criteria for 
PCa diagnosis are evident such as infiltrative gland architec-
ture, lack of basal cell layer and nuclear atypia with evident 
nucleoli. Indeed, when FCM technique was applied for the 
first time in the interpretation of prostate biopsies the agree-
ment between FCM and conventional H&E was 91% with K 
Cohen coefficient 0.75. Two prospective studies then vali-
dated the ability of FCM to interpret in a real-time fashion 
prostate tissue cores. In the study of Rocco et al. Four hun-
dred and twenty seven cores were processed with FCM and 
subsequently with standard procedure. All images from 
FCM digital biopsy and the corresponding H&E digitized 
slides were presented to 4 pathologists with different experi-
ence in a random fashion. The diagnostic agreement between 
FCM and H&E for detection of neoplastic glands was almost 
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perfect (K = 0.84) with a 95.1% of correct diagnoses obtained 
(range 93.9–96.2%) [35].

Similar results were also obtained by Marenco et  al. in 
different setting. A total of 182 cores from 65 ROI at mpMRI 
were taken and analyzed with FCM by a single pathologist. 
Then, HE analysis was performed and HE images were inter-
preted by a second pathologist, blinded to FCM results. The 
agreement between FCM and HE of 0.81 and 0.69 at biopsy 
core and ROI level, with high positive predictive value (85% 
vs. 83.78%) and negative predictive value (95.1% vs. 
85.71%) too, respectively [36].

4.2  Ex Vivo Fluorescence Confocal 
Microscopy Applied to Surgical Margins 
During RALP

The intraoperatory microscopical assessment of surgical 
margin is the most common way to control surgical dissec-
tion even if the actual role of frozen section in reducing posi-
tive SM is still debated [37, 38]. In the setting of RALP, the 
application of FCM technique demonstrated to be a promis-
ing tool. FCM demonstrated to be adequate in identifying 
periprostatic soft tissues such as connective, muscular, and 
fatty components and was able to detect prostate tissue per-

sisting in the periprostatic environment. FCM was then 
applied for the en face analysis of the prostatic surface, to 
assess for surgical margin status [39, 40].

FCM procedure is reported in Fig. 4a–c. After orientation 
of the specimen, the apex is sectioned tangentially to the 
prostate gland. The prostate specimen is then rotated to 
expose its right posterolateral margin. Use of a mark (clip) 
previously positioned on the NVB at the beginning of the NS 
step (or other lateral dissection performed) and on the cor-
responding part of the prostate surface helps to identify the 
proximal and distal boundaries of the lateral shavings. A 
superficial thin cut is performed tangentially, from the cra-
nial to the distal mark. The whole procedure is then per-
formed on the contralateral left aspect. Occasionally, 
longitudinal slices were divided into two or three parts to fit 
the 2.5 cm × 2.5 cm scanning area, depending on prostate 
volume.

The fresh tissue is then immersed in acridine orange solu-
tion for 30 s, then washed in saline solution. The so stained 
sample is then placed between two glass slides sealed with 
silicon glue and then positioned onto the FCM stage for 
image acquisition [26].

The speed for acquisition of digital images on the screen 
strictly depends on the size of the area to be scanned and 
may require up to 4–5 min per sample. Once the first digi-

a

c

b

Fig. 4 (a) After orientation of the specimen, the apex is sectioned tan-
gentially to the prostate gland. (b) The prostate specimen is then rotated 
to expose its right posterolateral margin. A superficial thin cut is per-
formed tangentially, from the cranial to the distal previously positioned 

mark. The whole procedure is performed on the contralateral left aspect. 
(c) The stained sample is placed between two glass slides sealed with 
silicon glue and then positioned onto the FCM stage for image 
acquisition
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a b

Fig. 5 (a) The en face analysis of flat specimens allows measurement 
of the distance between the cancerous glands and the clip. (b) By intro-
ducing a ruler within the robotic field, the same length can be tracked 

on the spared NVB as the distance (mm) from the mark, with an oppor-
tunity to achieve a secondary focal wedge resection

tal image (for the apex) is available, the screen can be 
shared with a remote pathologist. The process for acquisi-
tion of digital images from further samples can proceed 
simultaneously.

In the case of PSM in the NS area, a secondary resection 
of the bundle is recommended. The en face analysis of flat 
specimens using the technique allows measurement of the 
distance between the cancerous glands and the clip (Fig. 5a). 
By introducing a ruler within the robotic field, the same 
length can be tracked on the spared NVB as the distance 
(mm) from the mark, with an opportunity to achieve a sec-
ondary focal wedge resection (Fig. 5b). Tissue from the sec-
ondary resection undergoes a second FCM evaluation, with 
efforts to maintain the specimen orientation for evaluation of 
the outer part.

4.3  Handling and Processing 
of the Prostate and Prostatic Margins 
After FCM Technique

Processing prostatic posterolateral bundle with FCM tech-
nique does not alter the prostatic tissue that can easily be 
oriented and examined with standard processing. The lateral 
surfaces have been inked right after the sections for FCM 
procedure have been taken. During FCM procedure the mar-
gin is oriented in an en face method in order to optimize the 
maximum area observable. After fixation in formalin the 
same tissue can be oriented and cut in order to see the margin 

transversally instead of longitudinally and measure the dis-
tance of the neoplastic glands from the prostate margin. 
Margin status can so be assessed and positive linear length 
measured. The prostatic gland can be processed normally. 
The shaved area of the prostate is identifiable by the different 
ink used to recognize the false margin created after cutting 
for FCM processing. In this way if neoplastic glands are in 
contact with this inked margin, the margin should not be con-
sidered as positive.

After application of FCM technique, the prostate speci-
men undergoes the conventional processing, including for-
malin fixation (immersion in 10% neutral buffered formalin 
for 24-h) and paraffin embedded. After acquisition of all the 
digital images, the apex and the posterolateral margins sam-
ples are sent separately to the laboratory inside biocassettes, 
maintaining the orientation and providing the pathologist 
with a description of the material. Shaved prostate surfaces 
are marked so that they are not considered as PSMs if neo-
plastic glands are identified on the surface. The apex can then 
be cut with the modified cone method.

5  RALP Specimen Reporting

Concerning pathological reporting of RALP specimen, the 
College of American Pathologists provided specific guide-
lines and recommendation (Table 1).

Histologic type is a required element along with the Grade 
Group/Gleason score. The most frequent histotypes of PCa 
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Table 1 College of american pathologists reporting guidelines for 
radical prostatectomy

Prostate sizea

Histologic type
Histologic grade
– Primary pattern
– Secondary pattern
– Tertiary pattern
– Gleason score
– Grade group
– Percentage Gleason patterns 4 and 5 (for Gleason score ≥ 7)a

Intraductal carcinomaa

Tumor quantification
– Percentage of prostate involved by tumor and/or
– Greatest dimension (mm)
    Additional dimensions (mm)a

Extraprostatic extension
– Focal or nonfocal (if present)
Urinary bladder neck invasion
Seminal vesicle invasion
Margins
– Limited (<3 mm) or non-limited (≥3 mm)
– Linear length of positive marginsa

– Focality (unifocal or multifocal)a

– Location(s) of positive margin
– Margin positivity at area of extraprostatic extensiona

– Gleason pattern at positive margina

Treatment effect on carcinoma (only required if applicable)
– Lymphovascular invasiona

– Perineural invasiona

Regional lymph nodes
– Number involved/number examined
– Site of involved lymph nodesa

– Size of largest metastatic deposit (mm)a

– Size of largest lymph node involved (cm)a

– Extranodal extensiona

a Data elements not required for accreditation purposes

is acinar PCa. Variants like ductal carcinoma of the prostate, 
small cell carcinoma, adenosquamous carcinoma, and sarco-
matoid carcinoma are described and are frequently associ-
ated with poor prognosis compared to conventional 
carcinoma. Grade Group/Gleason score is mandatory since 
are prognostic factor for biochemical recurrence and prostate 
cancer-specific mortality [41, 42]. Percentage of Gleason 
pattern 4 and 5 should be reported if applicable as well as the 
presence of intraductal carcinoma (IDC). Gleason score 
should be assigned to the dominant nodule(s), if present [43]. 
In some cases, a dominant nodule is not identified and the 
grading is based on all carcinomatous areas. Where more 
than one tumor nodule is clearly identified, the Gleason 
scores of individual tumors can be reported separately, or, at 
the very least, a Gleason score of the dominant or most sig-
nificant lesion (highest Gleason score or pT category, if not 
the largest) should be recorded.

If three patterns are present, record the most predominant 
and second most common patterns; the tertiary pattern 
should be recorded if higher than the primary and secondary 
patterns but it is not incorporated into the Gleason score if 
<5% [44]. If the tertiary pattern 5 comprises >5% of the 
tumor, some pathologists incorporate it into the Gleason 
score as a secondary pattern.

In case of pretreatment with neoadjuvant or antiandrogen 
therapy Gleason score should not be assigned.

The percentage of prostate involved by the tumor is a 
required element by the CAP guidelines and can be per-
formed with multiple methods such as eyeball estimation, 
use of a grid system, image analysis, measuring the propor-
tion of blocks with tumor, measuring the greatest tumor 
dimension. However, even though it has been reported that 
tumor volume predicts pathological stage, biochemical 
recurrence, and risk of metastasis, it is not an independent 
predictor of outcome [30, 32, 34, 45–47].

PT2 stage is defined as tumor confined beneath the pros-
tate confines. Subgrouping into T2a,b, and c has been over-
come by the current classification because no data exists to 
allow correlation of pT2 stage with survival in PCa.

PT3 stage is defined as tumors with extension beyond the 
gland’s border represented by a condensed fibromuscular 
layer of prostatic stroma—“capsule”—better represented in 
the posterolateral parts of the gland. pT3a is determined by 
presence of extraprostatic extension (EPE), whereas pT3b by 
the presence of seminal vesicles invasion (SVI) with or with-
out extracapsular invasion. EPE can be recognizable by the 
observation of prostatic glands in the periprostatic adipose 
tissue, or as neoplastic gland within the loose connective tis-
sue and/or perineural spaces of the neurovascular bundles or 
as tumor nodule that bulges beyond the prostatic border. It is 
a required element and should be specified if it is focal or 
non-focal. “Focal” EPE is defined when few neoplastic 
glands are present outside the prostatic boundaries, or tumor 
occupying <1 HPF in no more than two sections. The assess-
ment of EPE is particularly challenging in the anterior part of 
the gland because as described by McNeal the anterior fibro-
muscular stroma does not have a defined capsule [47]. Both 
the apex and anterior prostate contain skeletal muscle and 
this is not a useful indicator of extraprostatic extension.

The presence of extraprostatic extension is associated 
with an increased risk of biochemical recurrence, distant 
metastases, and cancer-specific survival.

Bladder neck invasion is staged as pT3a. The practical 
approach to assess bladder neck invasion is the presence of 
prostatic adenocarcinoma in thick smooth muscle bundles in 
the absence of benign prostatic glands. If benign prostatic 
glands are present, then this should not be considered blad-
der neck invasion, even if the block comes from the bladder 
neck region [48, 49].

Histological Evaluations of RADICAL Prostatectomy Specimens



370

Seminal vesicle invasion is defined as prostatic tumors 
infiltrating the SV wall. Invasion of the seminal vesicle(s) 
indicates a worse prognosis than extraprostatic extension 
[50, 51]. PT4 is defined when PCa invades adjacent struc-
tures (i.e., external sphincter, rectum, bladder, elevator mus-
cle, pelvic wall).

Surgical margins status should be reported and indicated 
as R1 (residual microscopic disease). By definition, cancer 
glands must reach ink for the margin to be considered posi-
tive. It has been shown that when cancer is close to the mar-
gin but not at ink, the risk of recurrence is similar to that of 
other cases of organ confined cancer [52]. As previously 
stated, linear length of positive margin should be reported 
and defined as “limited” if the positive margin measures 
<3  mm or “non-limited” if it is more or equal to 3  mm. 
Focality—“unifocal” vs. “multifocal”—and location of the 
positive margin are also important, especially if intrapros-
tatic or extraprostatic. Presence of benign prostate glands at 
surgical margin is also a useful parameter for the clinician 
during PSA monitoring. Gleason pattern at positive margin 
should be reported since it has been demonstrated to be an 
independent predictor of biochemical recurrence [53, 54].

6  Conclusions

Histopathological evaluation of prostatectomy specimen 
provides useful information to tailor post-surgical strategy 
and to predict patient’s prognosis. The intraoperative control 
of surgical margins is likely to reduce PSM rate; further vali-
dation studies are required to standardize the systematic 
approach and to spread these novel techniques complemen-
tary to RALP.
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Management of Extracapsular 
Extension and Positive Surgical Margins 
Following Robot-Assisted, Laparoscopic 
Radical Prostatectomy

Scott A. Greenberg, Hao G. Nguyen, and Peter R. Carroll

1  Introduction

The widespread implementation of prostate specific antigen 
(PSA) screening for prostate cancer in the late-1980s led to 
more men diagnosed with clinically localized disease [1, 2]. 
In contemporary practice, approximately 77% of the esti-
mated 248,530 annual prostate cancer diagnoses in the 
United States present as clinically localized disease and are 
eligible for several potentially curative therapies including 
external beam radiotherapy, brachytherapy, cryotherapy, and 
emerging partial gland treatment modalities [3, 4]. With that 
said, the radical prostatectomy (RP) continues to be a com-
mon standard for the definitive treatment of clinically local-
ized prostate cancer. Compared to conservative management, 
RP is associated with improved oncologic outcomes includ-
ing progression-free survival, metastasis-free survival, 
cancer- specific survival, and overall survival in selected men 
with intermediate and high-risk disease [5].

Following the first published report of RP with robotic 
assistance in 2000, use of the surgical robot to perform robot- 
assisted laparoscopic prostatectomy (RALP) increased rap-
idly with a majority of RPs performed by RALP in the 
United States by 2008 [6, 7]. By 2013, over 85% of RPs were 
performed with robot assistance [8]. Currently, utilization of 
the surgical robot to perform RPs is associated with less 
intraoperative blood loss, fewer transfusions, shorter hospital 
stays and appears to be cost effective at 1 year following sur-
gery with fewer additional treatments and days of missed 
work [9–12].

With regard to oncologic benefits, RALP has conflicting 
outcomes in the literature when compared to open radical 
prostatectomy (ORP). Positive surgical margins (PSMs), an 
independent predictor of biochemical failure, have been 
found by several series to occur less frequently in RALP 
cases [7, 10, 13, 14]. However, other series—including a 

2012 systematic review as well as a contemporary CaPSURE 
publication containing more than 1800 men—found no sig-
nificant difference in PSM rates between the different surgi-
cal modalities [15, 16]. Furthermore, RALP and ORP have 
similar outcomes with respect to cancer-specific and overall 
survival, which questions the clinical significance of any 
theoretical difference in PSM rates between modalities [12].

During robotic surgery’s infancy, the incidents of PSMs 
were up to 59% in small cohorts of men treated by RALP 
[17]. Now, PSM rates range from 6.5 to 32% [18]. This 
reduction in PSMs is likely multifactorial but at least par-
tially attributable to a “learning curve”—the period for which 
inexperience results in a surgeon finding procedures more 
difficult, with longer operative times, lower efficacy, and 
potentially higher complication rates [19]. For a urologist’s 
RALP learning curve to plateau, studies have quoted the 
need to perform anywhere from 50 to 1600 cases to achieve 
an acceptable PSM rate [19]. With that said, even for those 
who have plateaued on their learning curve, patient selection 
is a critical determinant for PSM risk. Men diagnosed with 
pT2 disease have a reported incidents of PSMs between 7.3 
and 17.4% [20, 21] while those found to have extracapsular 
extension (ECE; T3a disease) may have up to a 59% risk of 
PSMs on final pathology [22]. Such statistics should not dis-
suade surgeons from operating on those with higher-risk dis-
ease, as this patient population may benefit most from 
surgery [23]. In these high-risk patients, surgeons may con-
sider altering their surgical approach to minimize the risk of 
PSMs.

Despite the suboptimal surgical and oncologic outcome 
PSMs represents, the patient’s clinical prognosis is not 
invariably affected [18]. As covered later in this chapter, 
PSMs are independently associated with biochemical recur-
rence (BCR), local recurrence, and decreased prostate 
cancer- specific survival [24]. However, a very significant 
fraction of men found to have PSMs will remain BCR-free 
on extended follow-up [25]. Nevertheless, remaining BCR- 
free does not preclude men from significant psychological 
distress on postoperative follow-up as those with PSMs are 
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more fearful of poor oncologic outcomes than their negative 
surgical margin counterparts [26].

This chapter will review the definition, risk factors, and 
natural history of both ECE and PSMs as well as the  available 
treatment (or non-treatment) options for such patients after 
RALP.

2  Definition and Location 
of Extracapsular Extension

Extracapsular extension, used interchangeably with the term 
“extraprostatic extension,” is defined as “an extension of 
tumor into periprostatic soft tissue” and is stage T3a in the 
American Joint Commission on Cancer (AJCC) version 8 
(Fig. 1) [27, 28]. This pathologic diagnosis is almost exclu-
sively made on RP final pathology with only 0.2–0.6% of 

positive biopsies found to have ECE [29]. For those diag-
nosed with ECE on prostate biopsy, poorer oncologic out-
comes after RP have been reported. A 2019 publication of 83 
men diagnosed with ECE on prostate biopsy found ECE 
present on final pathology for 98% with 59% experiencing 
PSMs, 45% with seminal vesicle invasion, and 37% with 
lymph node involvement [29]. At 3 years, 48% of men with 
ECE on prostate biopsy were BCR-free and almost 25% had 
developed metastatic disease.

The most common location for ECE on RP pathology is 
the mid-posterolateral gland with tracking of the tumor along 
perineural spaces [28, 30]. Other common locations include 
the mid-posterior and posterior base of the prostate [30]. 
Although the location of ECE is commonly included in 
pathology reports, there has been no evidence that location 
of ECE carries prognostic value or relevance for adjuvant 
therapy after RP [28].

a

c

b

Fig. 1 (a) Tumor approaching the prostatic capsule (×20 magnifica-
tion). (b) Extracapsular extension, arrow marking tumor beyond pros-
tatic capsule into periprostatic fat (×20 magnification). (c) Extracapsular 
extension, arrow marking tumor beyond prostatic capsule into peripros-

tatic fat (×40 magnification). Images provided by Dr. Jeffry Simko. 
Department of Pathology and the Helen Diller Family Comprehensive 
Cancer Center, University of California San Francisco
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3  Risk Factors and Prediction 
of Extracapsular Extension

Rates of ECE vary widely in literature depending on clinico-
pathologic characteristics of the evaluated cohort but range 
from 17 to 50% in studies that include all risk groups [31, 
32]. For men with Gleason score 6 prostate cancer on RP, 
ECE is incredibly rare—under 0.3% [33]. Historically, the 
preoperative risk of ECE on RP has been estimated with 
tools such as the Memorial Sloan Kettering Cancer Center 
(MSKCC) nomogram and the Partin tables [34]. These risk 
stratification tools utilize clinical characteristics such as 
stage, preoperative PSA, age, biopsy Gleason score, and per-
centage of positive biopsy cores to evaluate the likelihood of 
ECE—as well as organ-confined disease, seminal vesicle 
invasion (SVI), and lymph node involvement [35, 36]. 
However, the MSKCC nomogram and Partin tables were 
created prior to the widespread adoption of prostate imaging 
with multiparametric magnetic resonance imaging (mpMRI) 
and thus do not employ prognostic information from this 
contemporary tool.

mpMRI utilizes a scoring system known as “PI-RADS” 
(Prostate Imaging—Reporting and Data System) to score 
imaged lesions from 1 to 5 based on the likelihood of clini-
cally significant prostate cancer with 1 “highly unlikely” and 
5 “highly likely” [37]. PI-RADS score has been demon-
strated to be a significant predictor of adverse pathology at 
RP and multiple guidelines recommend implementation of 
mpMRI prior to entering active surveillance for clinically 
localized prostate cancer [38]. By adding “grade group at 
MRI-targeted biopsy” as a clinical variable to preoperative 
PSA, maximum diameter of mpMRI index lesion, and pres-
ence of clinically significant prostate cancer, Gandaglia et al. 
created a new nomogram that demonstrated improved risk 
stratification for both ECE and SVI when compared to the 
MSKCC nomogram and the Partin tables [34]. Adding 
mpMRI findings to risk stratification models has been found 
to improve ECE predictive accuracy, compared to the 
MSKCC nomogram and the Partin tables, in several other 
studies as well [39, 40].

In addition to improving nomogram risk stratification, 
mpMRI also has a high specificity for ECE. mpMRI subjec-
tive findings such as capsular contact or bulging; irregular or 
angulated prostatic margin adjacent to the tumor; oblitera-
tion of the rectoprostatic angle; or asymmetry or thickening 
of the neurovascular bundle have been used by radiologist to 
predict the presence of ECE (Fig.  2). Studies have found 
mpMRI ECE specificity to range from 87 to 92% with cor-
responding high negative predictive values [40]. However, 
ECE sensitivity and positive predictive value are less robust 
with sensitivity calculated to be 35–58% in the same studies. 
It is important to note that the reading radiologist interpret-

ing prostate mpMRI is a key factor in the assessment of 
ECE. One study found genitourinary radiologists at a single 
high volume tertiary care center had poor agreement with the 
ECE assessment by outside radiologists on referral mpMRIs 
(30% of cases; κ = 0.35) [41]. The differing second-opinion 
reports by the specialized radiologists were correct in 86% of 
the histopathologic results and demonstrated a much higher 
sensitivity (66% vs. 24%; p < 0.01) but similar specificity 
(87% vs. 93%; p = 0.3).

For surgeons, assessing the risk for ECE is important for 
operative decision making and prognostication in patients 
who elect to undergo RP. Prostate cancer is often multifocal 
in nature and the largest tumor focus is the lesion most likely 
to contribute to ECE—as well as PSM—on surgical pathol-
ogy [37]. Additionally, the length of the tumor in contact 
with the prostate capsule, as determined on preoperative 
mpMRI, is associated with likelihood of ECE on RP pathol-
ogy. In one study, tumor contact length on MRI outperformed 
targeted-biopsy cancer core involvement and the Partin 
tables in accurately predicting microscopic ECE [42]. 
Finally, while the anatomic extent of ECE is often modest 
with 90% of cases within 4  mm of the prostate capsule, 
ECE > 1 mm predicts the risk of recurrence [43, 44].

ECE is an important clinicopathologic characteristic to be 
taken into consideration for clinical decision making, opera-
tive planning, and prognosis. However, after RP, one needs 

Fig. 2 Axial T2-weighted Magnetic Resonance Image (MRI) of extra-
capsular extension. Arrow indicates prostate cancer extension through 
the capsule and invasion into Denonvilliers’ fascia. Images provided by 
Dr. Ron Zagoria. Department of Radiology and Biomedical Imaging, 
University of California San Francisco
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to be careful to not conflate the pathologic diagnosis of ECE 
and PSMs—related but distinct entities.

4  Definition, Causes, and Location 
of Positive Surgical Margins

A positive surgical margin is defined as “A tumor extending 
to the inked surface of the prostatectomy specimen that the 
surgeon has cut across” [45]. There are three circumstances 
which can lead to a PSM pathologic diagnosis: (1) the tumor 
tissue invades the prostatic capsule to reach the external, 
inked surface, (2) extracapsular extension is present and the 
tumor is incised, and (3) the surgeon incises the prostatic 
capsule or parenchyma and reaches tumor tissue that was 
actually confined within the prostate—referred to as “capsu-
lar incision” (Fig. 3) [18]. The risk of progression is similar 
for PSMs caused by either capsular incision or focal 
ECE. However, individuals with PSMs caused by capsular 
incision have a significantly higher recurrence rate than 
patients with focal ECE but without PSMs [46].

Due to anatomic considerations of the prostate in the pel-
vis—specifically the close contact of the prostate capsule 
with the rectum, bladder, external urinary sphincter, and neu-
rovascular bundles—it can be difficult for the surgeon to per-
form a wide surgical resection; possibly accounting for the 
high incidents of PSMs after RP compared to other onco-
logic surgical procedures [47]. As previously stated, the inci-
dence of PSMs in RALP cases is between 6.5 and 32% with 
increasing risk of PSMs associated with increasing patho-
logic T-stage. A 2012 systematic review and meta-analysis of 
RALP studies including at least 100 cases by Novara et al. 
found pathologic T2 cases experienced PSMs 4–23% (mean 

9%), pT3 29–50% (37%), and pT4 40–75% (50%) [16]. 
With regard to location, the same study found PSMs at the 
apex in 5%, posterolateral in 2.6%, bladder neck in 1.6%, 
anterior in 0.6%, and in a multifocal distribution in 2.2% of 
cases. The increased risk of an apical PSMs may result from 
dividing the urethra in a straight, perpendicular plane caus-
ing inadvertent incision into prostates where the urethra 
enters proximal and anterior to the apex [18, 48]. Further 
complicating resection of apical tumors is the need to avoid 
over-dissecting the urethra and periurethral muscles to 
improve recovery of urinary continence postoperatively [48].

In addition to the surgical challenges the prostatic apex 
poses, there are obstacles in the dissection of the posterolat-
eral margins, posterior margin, and bladder neck as well. 
Preservation of the neurovascular bundle (NVB) is of the 
utmost importance for preservation of erectile function but 
even experienced surgeons may have difficulty obtaining 
negative margins on the posterolateral aspect of the prostate if 
bulky or high-risk tumors lie in close proximity to the NVB 
[48]. Denonvilliers’ fascia on the posterior of the prostate is 
also commonly involved with extraprostatic tumor extension 
and it has been recommended to remove this fascia en bloc 
with the RP specimen while acknowledging the potential to 
injure nerves originating from the NVB running between the 
anterior rectal wall and the prostate [48–50]. Finally, on sys-
tematic review, bladder neck-sparing surgery—an increas-
ingly common procedure designed to aid the early return of 
urinary continence after RP—may increase the risk of PSMs 
compared to patients without bladder neck- sparing surgery 
(4.9% vs. 1.9%) [51]. There are, however, conflicting reports 
from earlier studies, including patients predominantly treated 
by ORP, that did not find increased risk of PSMs in patients 
undergoing bladder neck-sparing surgery [52].

a b

Fig. 3 (a) Positive surgical margin (×40 magnification), arrow indicat-
ing tumor present at inked margin. (b) Positive surgical margin (×100 
magnification), arrow indicating tumor present at inked margin. Images 

provided by Dr. Jeffry Simko. Department of Pathology and the Helen 
Diller Family Comprehensive Cancer Center, University of California 
San Francisco
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5  Risk Factors and Prediction of Positive 
Surgical Margins

As described in the previous section of this chapter, the risk 
of PSMs increases as the pathologic T-stage increases. From 
a 2012 systematic review and meta-analysis of studies 
including >100 RALP cases, the mean PSM rate for pT2 
tumors was 9% (4–23%), increasing to 37% (29–50%) for 
pT3 tumors and 50% (40–75%) for pT4 [16]. In addition to 
pathologic T-stage, multiple studies have sought to identify 
the association of PSMs with clinical and pathologic factors, 
surgical approach, and surgeon experience.

Clinical factors including clinical T-stage, prostate vol-
ume, PSA, PSA density, biopsy Gleason score, percent 
biopsy positive, BMI, and even case order have been associ-
ated with increased risk of PSMs [18, 22, 53, 54]. With that 
said, there is great heterogeneity within the literature regard-
ing these proposed clinical factors and their association with 
PSMs. For example, at least one study found higher BMI to 
be protective of focal PSMs (odds ratio [OR] 0.94) [53], 
three found no association with PSMs [22, 54, 55], and one 
found an association between higher BMI and PSMs [56]. 
Prostate volume also has divergent findings with Ficarra 
et al. finding smaller prostates to be protective of PSMs (HR 
0.42) and Patel et al. demonstrating increased size as protec-
tive (OR 0.98) [22, 56]. Conflicting findings such as these 
have led most authors to conclude that patient factors which 
increase surgical difficulty likely have an insignificant impact 
on the PSM rate [18]. Furthermore, other clinical variables, 
such as preoperative PSA, have been found to have inconsis-
tent risk of PSMs as well. Zhang et al. found preoperative 
PSA to be associated with risk of PSMs, yet at least two 
other studies found no association [22, 53, 54]. Considering 
the discrepancies in the surgical literature, it is difficult to 
draw meaningful conclusions regarding the clinical factors 
which have strong associations with PSMs.

Pathologic factors, on the other hand, have a clearer asso-
ciation with the increased risk of PSMs. The presence of 
higher pathologic Gleason score, perineural invasion, lymph 
node involvement, ECE, and SVI have been demonstrated to 
increase the risk for PSMs on RP [18, 22, 53, 54]. Ficarra 
et al. found pathologic Gleason scores ≥8 (HR 6.9), perineu-
ral invasion (HR 3.4), and ≥pT3 (HR 11.9) all associated 
with PSMs and concluded that “pathological extension of the 
primary tumor [is] the most relevant predictor of [PSM]” 
[22]. Similarly, Zhang et al. found pathologic Gleason score 
≥7 (OR 2.5), ≥pT3 (OR 3.9), lymph node involvement (OR 
3.1), ECE (OR 4.4), and SVI (OR 4.2) as independent pre-
dictors of PSMs [54]. Finally, Porcaro et al. found ECE (OR 
2.7) and SVI (OR 2.9) associated with PSMs but, interest-
ingly, failed to find an association with lymph node involve-
ment [53].

When considering the association of tumor location and 
risk of PSMs the apex is the most common location of PSMs 
on RP (29–38%) with the posterolateral aspect of the pros-
tate often considered the second most common with about 
22% [16, 57]. Interestingly, it is this posterolateral margin, in 
which the NVBs run, that is associated with increased risk of 
PSMs in pT2 disease and can prove to be a barrier to sur-
geons—unwilling to compromise oncologic safety—from 
providing more aggressive nerve-sparing approaches [58–
60]. To improve rates of nerve-sparing RP, while maintaining 
oncologic principles, intraoperative frozen-section analysis 
of the surgical margins overlying the NVBs has been pro-
posed to provide surgeons immediate oncologic feedback. 
To perform this intraoperative evaluation, the NeuroSAFE 
(neurovascular structure-adjacent frozen-section examina-
tion) technique was developed.

The NeuroSAFE protocol calls for immediate removal of 
the RP specimen once the apex is transected and sending an 
extracorporeally dissected and inked wedge of neurovascular 
structure-adjacent prostate for immediate pathologic assess-
ment [61]. The surgeon regains insufflation and continues 
with a pelvic lymph node dissection as the pathologic speci-
mens are being analyzed. If there is a positive surgical mar-
gin identified, a secondary resection of the NVB and 
Denonvilliers fascia is performed [61]. Using this technique 
at the Martini clinic, rates of nerve-sparing have risen from 
81 to 97% across all stages with PSM rates declining from 
22–24% to 15–16% [59]. In a recent study of 157 men treated 
without and 120 with NeuroSAFE, the PSM rates were 
17.8% and 9.2%, respectively, with improved potency at 12 
months in the NeuroSAFE group—despite the NeuroSAFE 
cohort containing more high-risk pathologic features [59]. 
Our experience at UCSF has also found intraoperative 
assessment of surgical margins allows for a greater likeli-
hood of nerve preservation in higher-risk cases that would 
otherwise be considered for wide excision. It should be 
noted, however, that undergoing additional resection for pos-
itive margins often yields no residual tumor in the addition-
ally resected tissue.

Another emerging technology is the use of intraoperative 
imaging to better identify (and resect) the extent of malig-
nancy to reduce the likelihood of PSMs. UCSF is completing 
a Phase 1, single-site, interventional clinical trial evaluating 
the safety and efficacy of IS-002 intravenous (IV) injection 
(a novel PSMA fluorophore) for fluorescent identification of 
positive cancer margins and metastatic lymph nodes during 
RALP using the da Vinci® X/Xi Surgical System with 
Firefly® Fluorescent Imaging (Fig. 4) [62]. Results to date 
are quite encouraging and a phase 2 trial is planned. Such 
technology, if found to be of value, could be widely 
 disseminated given the florescent imaging capability and 
widespread distribution of the Intuitive DaVinci Xi platform 
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Fig. 4 (a) Robot-assisted laparoscopic prostatectomy (RALP) per-
formed with the endoscope plus using the da Vinci® X/Xi Surgical 
System. White light intraoperative image after transection of prostate 
base (white dotted line) from bladder neck (white dotted circle). (b) 
Same intraoperative image using Sensitive Firefly with IS-002 intrave-
nous injection ~24 h prior to surgery for fluorescent identification of 
positive cancer margins. Yellow arrows indicate IS-002 fluorescence. 
(c) (Left image) Pathologic specimen stained with hematoxylin and 

eosin (H&E) under white light with tumor outlined with dotted line. 
(Middle image) Same pathologic specimen under near-infrared spec-
trum light from patient treated with IS-002 intravenous injection prior 
to RALP. (Right image) Overlay of white and near-infrared spectrum 
light images demonstrating correlation between IS-002 molecule tar-
geting and tumor location. Images provided by Dr. Hao Nguyen. 
Department of Urology, UCSF—Helen Diller Family Comprehensive 
Cancer Center, University of California San Francisco

[63]. Other, similar agents and techniques are being devel-
oped and/or refined [64–66].

In addition to clinical and pathologic characteristics, sur-
geon experience serves as an additional risk factor for PSMs. 
As mentioned in the introduction, surgeons experience a 
“learning curve” when learning to perform a procedure. The 
learning curve—defined as the period for which inexperi-
ence results in a surgeon finding procedures more difficult, 
with longer operative times, lower efficacy, and potentially 
higher complication rates—for an acceptable rate of PSMs 
while performing RALP has been quoted anywhere between 
50 and 1600 cases; although most studies quote ≤200 [19]. A 
recent retrospective study including more than 2200 patients 

treated by surgeons performing their initial RALP surgeries 
at a single institution found greater experience was associ-
ated with lower probability of PSMs [67]. The risk of PSMs 
after ten cases was 15.3% and after 250 cases was 6.7%. 
Furthermore, for ≥T3 disease, the probability of PSMs 
decreased from 41.5 to 21.1% between the 10th and 250th 
RALP performed. A related finding by Porcaro et al. was that 
RALP by a high-volume surgeon (>500 career RALPs), 
compared to low-volume surgeons (>50 career RALPs), at a 
single high-volume center was protective of PSMs on multi-
variate analysis [53].

When different RP modalities are compared (ORP, lapa-
roscopic radical prostatectomy, RALP), the risk of PSMs for 
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patients undergoing RALP has conflicting findings in the lit-
erature. Multiple studies have found RALP to have less risk 
of PSMs than ORP. In 2003 Tewari et al. published one of the 
first comparisons of ORP and RALP techniques and found 
PSMs more frequent in ORP (23%) compared to RALP (9%) 
in the 300 men included [10]. More contemporary studies 
have found similar results. Using SEER data, Hu et al. dem-
onstrated improved PSM rates after RALP versus ORP in 
>13,000 men (OR 0.7) and Basiri et al. found ORP to have 
an increased risk of PSMs compared to RALP (OR 1.18) on 
a systematic analysis of 104 publications including >227,000 
men [7, 13]. In 2012, Tewari et  al. again evaluated PSMs 
across RP modalities in a meta-analysis of 400 studies and 
found RALP superior to ORP and laparoscopic RP on unad-
justed analysis but, on propensity-adjusted estimates, only 
laparoscopic RP had higher PSM rates than RALP [14]. 
Similarly, several other studies of large cohorts have found 
no difference in risk. Herlemann et al. evaluated almost 1900 
men in the CAPSURE database and found similar PSM rates 
between RALP and ORP in both pT2 and pT3 patients while 
Novara et  al. found no significant difference in PSM rates 
between RALP and ORP in the full cohort of 6419 men and 
the pT2 subgroup [15, 16]. The conflicting results from these 
comparison studies do not allow for a strong argument for 
one modality over another. With that said, RALP appears 
very unlikely to increase the risk of PSMs compared to other 
RP surgical modalities.

Finally, RALP approach has been reported to affect 
PSM outcomes. There are many different approaches in 
addition to the classic transperitoneal RALP approach 
including extraperitoneal, transvesical, and Retzius-
sparing. Extraperitoneal and transperitoneal approaches 
appear to demonstrate similar outcomes but Retzius-
sparing has been found in some studies to have increased 
risk of PSMs [68]. In a 2019 systematic review includ-
ing 451 patients, Checcucci et  al. found standard RALP 
to have a lower likelihood of PSMs than Retzius-sparing 
RALP (15.2% vs. 24%) [69]. However, as Retzius-sparing 
is a relatively new RALP approach for many surgeons, 
there is suspicion that the difference in PSM rates could 
be confounded by a learning curve [68]. Indeed, a new 
comparative prospective study of three high-volume 
RALP surgeons—one who performed transperitoneal 
RALPs, one who performed Retzius-sparing RALPs, and 
one who performed both—found no difference in PSM 
rates between approaches [70]. Such results, however, are 
subject to patient selection.

From the data presented here, it is more likely that the 
pathologic characteristics of tumor and surgeon experience, 
rather than the surgical modality or approach, influence the 
risk of PSMs on RALP.

6  Natural History of Patients 
with Positive Surgical Margins 
and Extracapsular Extension

It is well established that PSMs are associated with an 
increased risk of detectable serum PSA after RP—com-
monly referred to as a biochemical recurrence (BCR) [18, 
71, 72]. By current American Urologic Association guide-
lines, BCR is defined as two consecutive increases in PSA 
≥0.2 ng/ml at least 8 weeks after surgery; although some 
historic and non-US based studies have used other thresh-
olds (ex. PSA greater than 0.1 or 0.4 ng/ml after RP, or an 
initial post-RP PSA >0.2) [73]. BCR is often studied as a 
surrogate endpoint for oncologic outcomes in surgically 
treated prostate cancer patients due to the long natural 
history of localized disease [74]. Poor oncologic out-
comes including reduced local recurrence-free survival, 
distant metastasis- free survival, and prostate cancer-spe-
cific survival are associated with the development of BCR 
[18, 75–78].

The hazard ratio (HR) for BCR after RP with PSMs, com-
pared to patients with negative margins, ranges from 0.87 to 
5.0  in individual studies with a vast majority calculating a 
HR >1 [18, 73]. A meta-analysis by Zhang et al. found the 
multivariate pooled HR of BCR in the setting of PSMs from 
41 high-quality studies to be 1.35 (95% CI 1.27–1.43; 
p  <  0.001) [73]. Furthermore, several studies have found 
PSM length >3.0  mm (HR 1.9–2.5) and multifocal PSMs 
(HR 2.2–3.4) further increase the risk of developing a BCR 
[79–83].

Despite the risk of BCR in the setting of PSMs, it is also 
important to recognize a very significant proportion of 
patients diagnosed with PSMs do not experience BCR and a 
significant percentage of men who experience BCR will not 
further experience disease progression. In the open era, pro-
gression to BCR was found in 27% of men at 6 years, 40% at 
7 years, and 54% of men at 10 years in the setting of PSMs 
[71, 84, 85]. In patients treated by RALP with PSMs, BCR 
has been found in 6% of men at 1 year, 11% at 4 years, and 
29% at 6 years [22, 77, 86]. With regard to further progres-
sion (i.e., local recurrence or metastasis), Pound et al. found 
37% of men experienced disease progression in the first 5 
years after a BCR diagnosis and only 24% of the men pro-
gressed within 15 years of BCR diagnosis in a study by 
Boorjian et al. [87, 88] Clearly, other clinical variables such 
as time-to-BCR, PSA doubling time (PSADT), pathologic 
Gleason score, and pathologic stage also play an important 
role in progression risk stratification of RP patients in addi-
tion to PSMs [72, 76, 89, 90].

Similar oncologic outcomes have also been found in men 
diagnosed with ECE on RP. BCR, decreased cancer-specific 
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survival, and decreased overall survival have all been asso-
ciated with pathologic ECE [39, 91]. In the open RP era, 
approximately half of the men diagnosed with ECE on RP 
experience prostate cancer progression at 10 years and were 
found to be at a seven times relative risk for death from 
prostate cancer compared to men with organ-confined dis-
ease [92, 93]. A recent meta-analysis including 28 articles 
from 2004 to 2018 by Jiang et al. found a pooled HR of 1.3 
(95% CI 1.2–1.4) for the risk of BCR in the setting of 
ECE—compared to organ-confined disease—on multivari-
ate analysis [94]. Eggener et al. found ECE on RP to have a 
2.9–10% 15-year prostate cancer-specific mortality risk, 
however, when calculating “competing cause mortality” 
discovered the risk of competing causes to be 6.6–27% [95]. 
Thus, while ECE is associated with BCR, it is important to 
recognize many men with prostate cancer also have compet-
ing comorbidities that may have a greater risk to their over-
all survival.

The extent of ECE appears to further drive risk of poor 
oncologic outcomes. ECE can be subcategorized as “focal,” 
“established,” or “non-focal”/“multifocal” with multiple 
studies demonstrating disparate outcomes between the 
groups. In over 15,500 men treated with RP between 1982 
and 2012, Jeong et al. identified 27% of men to have ECE—
of which 44% had focal ECE and 56% with non-focal ECE 
[96]. In the generated multivariable model, compared to 
organ-confined disease, focal ECE carried a BCR HR of 2.3 
and non-focal ECE’s HR was 3.2. Comparing the risk of 
BCR between non-focal and focal ECE, there was also a sta-
tistically significant difference between groups (non-focal 
ECE HR 1.4). However, for prostate cancer-specific survival 
and overall survival, there was no statistically significant dif-
ference between focal and non-focal ECE cohorts. Other 
studies have quoted the rates of 10-year progression-free sur-
vival as 67–69% for focal ECE, 36–58% for established 
ECE, and 29% for multifocal ECE; with established and 
multifocal ECE HRs for progression 3.1 and 3.5, respec-
tively [97]. The significantly different risk between ECE 
subgroups has led some experts to recommend further sub-
categorizing pT3a disease into pT3aF (focal) and pT3aNF 
(non-focal) to better identify men at higher risk of recurrence 
and consider them for additional therapy [96].

7  Management of Extracapsular 
Extension and Positive Surgical 
Margins

For men diagnosed with ECE or PSMs on RP, current guide-
lines from the National Comprehensive Cancer Network 
(NCCN) recommend management with either observation or 
external beam radiation therapy with or without androgen 
depravation [98]. Several studies have established that adju-

vant radiation therapy in high-risk prostate cancer patients 
(ECE, PSMs, or SVI) improves BCR-free survival and local 
recurrence-free survival compared to observation alone [99–
101]. However, the studies failed to demonstrate meaningful 
improvements in metastasis-free survival or overall survival. 
In addition, late adverse effects such as proctitis, rectal 
bleeding, urethral strictures, and total urinary incontinence 
were significantly more common in the radiation treatment 
arms of these studies.

The improved cancer progression outcomes associated 
with adjuvant radiation, in conjunction with increased 
adverse events without demonstrating a survival advantage, 
has led to somewhat conflicting recommendations from dif-
ferent medical societies. The American Urologic 
Association’s “Adjuvant and Salvage Radiotherapy After 
Prostatectomy” guidelines state “patients should be coun-
seled that high-quality evidence indicates that use of adju-
vant radiotherapy in patients with adverse pathology reduces 
the risk of biochemical recurrence, local recurrence, and 
clinical progression” [102]. Yet the European Society of 
Medical Oncology guidelines indicate that providers should 
“not offer immediate postoperative radiotherapy after radical 
prostatectomy” [103]. For the past three decades, observa-
tion has been the most frequently employed adjuvant modal-
ity and continues to be utilized at an increasing rate [104]. 
Using the CAPSURE database to compare patients with 
adverse features treated by RP between 1990 and 1994 and 
those treated between 2005 and 2017, Balakrishnan et  al. 
found a decrease in adjuvant external beam radiation therapy 
from 10.1 to 2.6% while observation increased from 51.3 to 
88.0% over that time period [104].

Recently, three prospective randomized, controlled phase 
III trials were published comparing adjuvant radiotherapy to 
observation with early salvage radiotherapy following RP in 
men with undetectable PSA but high risk of progression. The 
RAVES trial (TROG 08.03) randomly assigned 333 men to 
adjuvant radiotherapy or observation with salvage radiother-
apy once a PSA recurrence ≥0.2 ng/ml was detected with the 
primary endpoint being freedom from BCR [105]. GETUG- 
AFU 17 enrolled 424 men and randomized them to adjuvant 
radiotherapy or observation with salvage radiotherapy (PSA 
recurrence defined as ≥0.2 ng/ml) with the primary endpoint 
being event-free survival (PSA >0.4 ng/ml after radiother-
apy, clinical progression, death) [106]. Finally, 
RADICALS-RT randomized 697 men to adjuvant radiother-
apy and 699 to observation with salvage radiotherapy (PSA 
recurrence ≥0.1  ng/ml) with the primary outcome being 
freedom from distant metastases [107]. The three studies had 
median follow-up of 6.1, 6.3, and 4.9 years, respectively.

Comparing adjuvant radiotherapy and observation with 
salvage radiotherapy cohorts, the RAVES trial found similar 
5-year freedom from BCR (86% adjuvant vs 87% salvage; 
p = 0.15), GETUG-AFU 17 found similar 5-year event-free 
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survival (92% adjuvant vs 90% salvage; p  =  0.42), and 
RADICALS-RT did not sufficiently mature for the outcome 
of freedom from distant metastases [105–107]. However, the 
secondary outcomes for RADICALS-RT included BCR-free 
survival (85% adjuvant vs 88% salvage; p = 0.56) and free-
dom from non-protocol hormone therapy (93% adjuvant vs 
92% salvage; p  =  0.53) which were both similar between 
cohorts. All three studies reported a statistically significant 
increase in adverse events in the adjuvant radiotherapy 
cohort compared to the observation with salvage radiother-
apy cohort: grade 2 or worse genitourinary toxicity, grade 2 
or worse late erectile dysfunction, and grade 3/4 urethral 
strictures. All three trials concluded that the results do not 
support the use of adjuvant radiotherapy after RP in patients 
with pathologic high-risk features [105–107]. The 
RADICAL-RT authors further concluded that observation 
with early salvage radiotherapy should be the current stan-
dard of care [107].

The results of these studies should be interpreted care-
fully, however, as the majority of men enrolled in the trials 
had relatively favorable pathologic findings. In patients with 
adverse pathologic features (high PSA, high Gleason score, 
seminal vesicle invasion, or node positivity) there is evidence 
that adjuvant therapy should be considered [108]. Indeed, a 
recent analysis in men with pN1 or pathologic Gleason score 
8–10 and pT3/T4 disease after RP with undetectable PSA, 
adjuvant radiation was associated with significantly lower 
all-cause mortality compared to those undergoing early sal-
vage radiotherapy [109]. Together, these studies suggest that 
early, adjuvant radiation may improve survival in high-risk 
patients.

8  Conclusion

ECE and PSMs portend adverse oncologic outcomes for RP 
patients. Men with PSMs on RP have a 35% greater risk of 
experiencing a BCR than their counterparts with negative 
margins. Those with ECE have a 30–70% chance of experi-
encing disease progression within 10 years, depending on 
the extent. There is a great heterogeneity, however, in the 
clinical courses experienced by patients with these poor 
prognostic findings. Additional risk factors such as time-to- 
BCR, PSA doubling time (PSADT), pathologic Gleason 
score, and pathologic stage, as well as the patient’s life 
expectancy, likely contribute to the variable progression and 
cancer-specific survival observed in these patients.

Despite the unfavorable prognosis, in the setting of unde-
tectable disease after RP, there appears to be no survival 
advantage from adjuvant radiotherapy for all patients with 
ECE or PSMs. Adjuvant radiotherapy puts men at greater 
risk for radiation-associated adverse events including ure-
thral stricture, erectile dysfunction, and other genitourinary 

toxicities. However, men with high-risk features (i.e., pT3/4, 
Gleason score 8–10) may benefit from adjuvant rather than 
early salvage therapy. Randomized trials in this cohort would 
be of great value.
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Managing Postoperative Complications 
After Robot-Assisted Radical 
Prostatectomy

Aldo Brassetti, Flavia Proietti, David Bouchier-Hayes, 
and Vito Pansadoro

1  Rectourethral Fistula

Rectourethral fistula (RUF) is a connection between the 
lower urinary tract and the distal part of the rectum. It was 
first described by Jones in 1858, although an earlier refer-
ence to a colovesical fistula is attributed to Rufus of Ephesus 
in 200 AD [1].

1.1  Incidence and Etiology

RUFs can be congenital or acquired. The first ones, usually 
related to imperforate anus, represent a small subset of this 
pathology and are managed by pediatric surgeons. Most of 
acquired RUFs are iatrogenic, resulting from prostate/bowel 
surgery or ablative treatments complications [1]; less com-
monly, fistulae can be a consequence of a trauma [2], 
Fournier’ gangrene [3], or Crohn’s disease [4].

The vast majority of RUFs are related to prostate cancer 
(PCa) treatment, and a 0.53–9% fistulization rate was 
observed after radical prostatectomy (RP) [5, 6], 0–6% after 
external beam radiotherapy (EBRT) [7], 0.4–8.8% after 
brachytherapy (BT) [8, 9], and 0.4–3% after cryotherapy and 
high-intensity focused ultrasound [10, 11]. Interestingly, 
while in the 1990s most of RUFs resulted from complica-
tions of prostate surgery, to date up to 52% of patients with a 
fistula has received radiation [12], often as a second-line 
treatment for biochemical recurrence. In contrast to primary 
treatment, in fact, salvage EBRT/BT could increase RUF 
incidence rate from 0.6 to 3% [13].

Considering that surgery still represents the most com-
mon treatment option in patients with a resectable tumor, 
most of the observed RUFs occur after prostatectomy and 
are often secondary to an unrecognized rectal injury (RI) 
during the operation [1]. According to a recent population-
based study on 614,294 patients who underwent RP, perfo-
ration occurred in 2900 cases (0.5%) with a 26% decline 
from 2003–2006 to 2009–2012 (p  <  0.01). Multivariable 
analysis identified concurrent benign prostatic hyperplasia 
(OR, 2.33; 95% CI, 1.16–4.69; p 0.02) and metastatic can-
cer (OR, 2.31; 95% CI, 1.53–3.5; p < 0.01) as predictors of 
RI, while robotic approach (OR, 0.38; 95% CI, 0.29–0.50; 
p < 0.01), high- volume hospital (OR, 0.58; 95% CI, 0.46–
0.72; p < 0.01), and obesity (OR, 0.56; 95%CI, 0.34–0.93; p 
0.02) reduced the risk [14]. Post-RP RUFs are commonly 
found in close proximity of the urethrovesical anastomosis: 
experts in the field observed that most of these fistulae are 
not actually located through the anastomosis but rather at 
the “tennis racket handle” between the ureters, where a for-
eign body (usually a hemostatic clip) migrated causing 
fibrosis and fistulization [13]. Prior radiation and/or ablative 
therapies increase the risk of fistula, in a dose-dependent 
manner, and decrease the likelihood of its spontaneous clo-
sure as a result of ischemia and fibrosis they induced [12]. 
Moreover, these therapies also complicate the repair surgery 
due to the lack of laxity and the avascularity of the sur-
rounding tissues [7].

1.2  Diagnosis and Evaluation

RUF diagnosis is clinical, and an appropriate medical inter-
view is imperative. Pneumaturia is the most common sign 
(67–85%) followed by urine leakage through the rectum dur-
ing micturition (40–100%) and fecaluria (39–65%), which is 
also the most specific. Other common findings are recurrent 
urinary tract infections (73 %), abdominal pain (22 %), and 
dysuria (14.6%) [15]. An acute presentation (0–3 weeks 
from hospital discharge) is common in post-RP cases, while 
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a delayed onset of symptoms (>14 weeks from treatment) is 
more common in irradiated patients.

Digital rectal examination allows identification of the fis-
tula and direct size estimation: usually post-surgical RUFs 
are small and barely palpable, while those post-EBRT are 
larger.

Radiologic evaluation (CT scan, magnetic resonance 
imaging, voiding cystourethrogram, retrograde urethrogra-
phy) and endoscopic procedures (cystoscopy, proctoscopy) 
help in delineating the anatomy and selecting the appropriate 
treatment strategies (Fig. 1).

1.3  Classification

The use of a standardized classification for RUFs would 
allow both selection of the optimal treatment for each patient 
and comparison of outcomes among different series. An 
attempt was done by Prof. Anthony Mundy, who distin-
guished between direct and cavitating fistulae merely on the 
basis of their morphological features [13]. Hanna et al. sug-
gested to classify RUFs according to their distance from the 
rectal sphincter (<2 cm vs. >2 cm) as distal ones could bet-
ter benefit from a transperineal approach rather that trans- 
sphincteric surgery. More clinically relevant was the 
classification proposed by Montorsi et al. (Table 1) who dif-
ferentiated RUFs on the basis of their size and etiology. In 

fact, the diameter of the fistulae causes symptom burden (as 
smaller ones usually present with pneumaturia and are not 
associated with fecaluria and recurrent UTI) [7], while the 
vascularization of the surrounding tissues, which primarily 
depends on their degree of irradiation, affects chances to 
heal (99% success rate after RUFs repair when no prior non-
surgical treatment has been administered vs. 87% for fistu-
las caused by treatment with energy ablation as either 
primary or adjuvant) [16].

1.4  Management

Although over 40 techniques have been described which all 
share the basic principles for urinary fistula surgical repair 
(Table  2), there is no consensus on the optimal approach, 

RUF

No previous RT

3 months
Colostomy + urinary catheter

Transperineal
approach*

1 months observation
+

cysto-/proctoscopy

Ricanalization and catheter removal Ricanalization and catheter removal

> 1 months observation
+

cysto-/proctoscopy

Transsphincteric
approach*

Transperineal/transsphincteric
approach

+
tissue interposition

Transperineal
approach

+
tissue interposition

definitive diversion

successsuccesssuccess

*a previous transanal
approach

can be attempted

success success

failurefailure

< 2cm RUF < 4cm RUF> 2cm RUF > 4cm RUF

6 months
Colostomy + urinary catheter

Previous RT

Fig. 1 Suggested algorithm to guide treatment selection in patients with RUFs

Table 1 Classification of rectourethral fistulas after primary treatment 
of prostate cancer based on size and etiology

Stage Size Grade Etiology
I <1.5 cm 0 Surgical accidental rectal injury 

with no prior radiotherapy
II >1.5 cm 1 Primary or adjuvant prostate 

cancer treatment modality that 
uses physical agents

III Any diameter 
with urethral 
sphincter damage

2 Salvage prostatectomy or 
prostatic ablation
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Table 2 Common principles of urinary fistulae surgical repair

Adequate exposure of the fistulous tract
Good hemostasis and minimal use of electrocautery
Well-vascularized, healthy tissue for repair
Multiple layer closure
Watertight closure of each layer
Tension-free, non-overlapping suture lines
Adequate urinary drainage after repair
Prevention of infection and nutritional optimization

whereby the vast majority of currently available studies con-
sist of single-institution experiences, small case series, or 
case reports. Moreover, no comparative series with long- 
term follow-up are currently available to identify the best 
approach for patients with RUFs after PCa treatment.

1.4.1  Conservative Management
It has been suggested that a RUF might close spontaneously, 
but it only occurred within 6 weeks from PCa surgery, before 
the track had epithelialized [17]. Otherwise, there is no 
report of an established fistula closing spontaneously and 
permanently, and no suggestion at all that a post-irradiation 
one would do so [18–20].

In the early post-RP period, in order to control symptoms, 
an indwelling catheter and a colostomy may be necessary, 
especially in patients with extravasation of urine and fecal 
leakage: as the flow gradient is from the urinary tract to the 
rectum, the catheter is more likely to be helpful than fecal 
diversion [13]. As a matter of fact, most patients with RUF, 
whether post-surgical or post-irradiation, receive a colos-
tomy either in the hope that this might promote a spontane-
ous healing or otherwise to “prepare” the subsequent repair. 
The decision to perform a temporary colostomy/ileostomy is 
not standardized, and some groups base this decision on clin-
ical facts: for patients only suffering from pneumaturia or 
urine leakage through the anus, resolution through a low- 
residue diet is first attempted, while those experiencing 
fecaluria or sepsis are considered for colostomy straightaway 
[13, 17, 18].

In recent years, new approaches using sealant or fibrin 
glue [21] have emerged. In 2001, Bardari et al. reported the 
use of cyanoacrylate glue for the treatment of a post-RP fis-
tula [22]. Similarly, Bhandari et  al. further resorted to the 
same approach to heal a neobladder fistula after radical cys-
toprostatectomy [23]. These reports of favorable outcomes 
are however anecdotal, and further cases are necessary to 
validate those results.

1.4.2  Transanal Approaches

The Latzko Procedure
First conceived in 1914 for the treatment of vesicovaginal or 
enterovaginal fistulae, the transanal Latzko technique was 

used by Noldus et al. in 1997 to repair RUFs occurred after 
radical retropubic prostatectomy [24]. Although it provides 
poor visibility and limited instruments maneuverability, it is 
simple, does not require fistulous tract excision, and may be 
repeated as many times as necessary. It is indicated for small 
proximal fistulae.

The patient is placed in the lithotomy position, and cys-
toscopy is performed to localize the fistula. A 5F ureteral 
catheter is placed through the fistula endoscopically, and the 
area of the fistula at the site of the rectum is exposed with an 
anal retractor. Trendelenburg position may improve the visu-
alization of the anterior rectal wall. A solution containing 
adrenalin (1:20,000) is injected around the fistulous opening 
to facilitate dissection and decrease bleeding. A circular area 
of rectal mucosa is incised for 1.0–1.5 cm from the fistulous 
opening. The rectal mucosa is denuded in four quadrants 
(Fig. 2a). No rectal mucosa is allowed to remain between the 
edges of the incision and the fistulous opening. The ureteral 
catheter is removed, and the fistula is closed with two layers 
of separate side-by-side 3-0 absorbable sutures (Fig. 2b, c). 
The margins of the rectal wound are similarly closed thereaf-
ter. A transurethral Foley catheter is placed in the bladder.

Endorectal Wall Advancement Flap
The use of transanal flaps in the management of fistulas 
involving the rectum was first published by Jones et  al. in 
1987 [25] and further popularized by Dreznik for the treat-
ment of RUFs [26]. The technique is simple and safe, does 
not require a colostomy, and avoids any division of the 
sphincteric mechanism. It is indicated for proximal fistulae.

The operation is performed in the prone jack-knife posi-
tion with the table flexed at the level of the hip joint. A self- 
retaining Parks’ self-retaining anal retractor is inserted, to 
expose the anterior rectal wall. A local injection of diluted 
adrenalin (1:20,000) may decrease bleeding and ease dissec-
tion. The fistulous tract is excised to leave a transverse defect 
of 1–2 cm in the anterior rectal wall. A longitudinal incision 
is made in the rectum from each lateral edge of the defect for 
3–4 cm proximally, and an intersphincteric sharp dissection 
is performed so that a U-shaped rectal flap can be obtained 
(Fig. 3a). The defect in the urethra is closed using 3-0 absorb-
able interrupted sutures (Fig.  3b). The rectal flap is then 
advanced over the fistula and sutured to the rectal wall with 
interrupted 2-0 braided sutures ensuring the absence of ten-
sion (Fig.  3c). Three weeks later, the urinary catheter is 
removed.

To overcome the inherent limitations of poor visibility 
and limited instrument maneuverability that characterize 
transanal approaches, the resort to endoscopic microsurgery 
(TEM-TAMIS) has also been proposed, with different treat-
ments of the fistulous tract, urethral orifice, and rectal open-
ing: experiences in this field are limited to small series and 
case reports [27–30].
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Fig. 2 A circular area of rectal mucosa is incised for 1.0–1.5 cm from 
the fistulous opening, and the rectal mucosa is denuded in four quad-
rants (a). The ureteral catheter is removed, and the fistula is closed with 

two layers of separate side-by-side 3-0 absorbable sutures (b). The mar-
gins of the rectal wound are similarly closed thereafter (c)

a cb

Fig. 3 Approximately 1  cm far from the fistulous tract, a U-shaped 
incision of the anterior rectal wall is performed, and an intersphincteric 
sharp dissection is carried on until a flap is obtained (a). The defect at 
the level of the urinary tract is closed using 3-0 absorbable interrupted 

sutures (b). The fistulous tract is resected from the rectal flap which is 
then advanced over the fistula and sutured to the rectal wall with inter-
rupted 2-0 braided sutures (c)

1.4.3  Transperineal Repair
First described by H.H.  Young in 1926, the transperineal 
approach for the treatment of RUFs was popularized by 
Goodwin in the 1950s. The technique is popular among urol-
ogists as they are familiar with this surgical route to the 
 prostate gland. It provides a good exposure of the fistula and 

allows for tissue interposition between the rectum and the 
urinary tract. Its success rate ranges between 78 and 100%, 
with one or several interventions [31, 32].

The patient is placed in a lithotomy position, and a trans-
urethral catheter is inserted. A wide inverted-U-shaped peri-
neal incision is made outside the anus (2  cm far from its 
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Fig. 4 With the patient in a lithotomy position, a wide inverted-U- 
shaped perineal incision is made outside the anus and inside the ischial 
tuberosities (a). With blunt dissection, the two ischiorectal fossae are 
developed. The central tendon of the perineum is transected, and the 

anterior rectal wall exposed. The fistulous tract is carefully identified 
and excised: the urethral and rectal orifices are released and sutured in 
two planes, forming a right angle between them (b)

verge) and inside the ischial tuberosities (Fig. 4a). The sub-
cutaneous tissue is divided, and a fingertip is used to bluntly 
develop the two ischiorectal fossae. The central tendon of the 
perineum is transected, and the anterior rectal wall exposed. 
The scarring between the urethra, the bladder, and the 
 anterior rectal wall is dissected sharply until the fistulous 
tract is identified and completely excised. The preoperative 
endoscopic placement of a Pollack catheter through the fis-
tula may help in identifying it during surgery. Both the ure-
thral and rectal orifices are released and sutured in two 
planes, forming a right angle between them (Fig. 4b). Lane 
first proposed implanting a buccal mucosa patch to close 
wide fistulas, ensuring a healthy and epithelized tissue [12]. 
Adequate separation of the urinary tract from the rectum by 
the interposition of either the levator ani muscle or other 
transposition flaps [33] (with the gracilis [31], dartos [34], 
and gluteal muscles [35]) is advised, especially in the setting 
of post- radiation fibrosis, large/multiple fistulas, or other risk 
factors for failure of primary repair [33] (Fig. 1). A perineal 

drainage is left in place. The bladder catheter should not be 
removed before 14–60 days. To restore intestinal continuity, 
a mean accepted period is 3 months.

In 1979, Ryan first used the gracilis muscle for the treat-
ment of three urinary fistulae: since then the technique has 
been replicated by many authors with high healing rates 
(83–95%), although the published series are very limited 
[31, 32]. Spiegel et al. also proposed an endoscopic approach 
to harvest the flap [36].

With the patient in a lithotomy position, an 8-cm longitu-
dinal incision is made on the medial thigh, starting at the 
estimated location of the vascular pedicle (which can be 
identified on the anterior boarder of the muscle with the help 
of Doppler). A small counter incision is made distally over 
the site of insertion of the muscle just below the medial con-
dyle of the tibia. The muscle is lifted off the belly of the 
underlying adductor magnus with cautery and blunt dissec-
tion. The distal tendinous insertion is transected, and the 
muscle is pulled through the proximal incision. Then, a 
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tunnel is made between the thigh and the perineal incision, 
and the muscle is rotated 180° and passed through the tunnel 
where it is secured in place between the two suture lines of 
the fistula repair.

Based on the wide experience of the use of buccal mucosa 
graft (BMG) for substitution urethroplasties, in 2006 Lane 
et al. proposed to resort to this free graft to close wide uri-
nary fistulae, provided a healthy bed was available.

1.4.4  Transanorectal Sphincter-Splitting Repair 
(York Mason Procedure)

First described by F.R.  Kilpatrick and A.  York Mason in 
1969 [37] with a parasacral-coccygeal trans-sphincteric 
access, the technique was further modified by the latter in 
1970 [38]. With small variations this approach is recom-
mended by numerous authors (especially general surgeons) 
because of its ease, accessibility, satisfactory outcomes, and 
lack of complications. Success rate of this procedure exceeds 
85%; anal continence is rarely affected [39].

Preoperatively, an 18Ch bladder catheter is inserted. The 
patient is then placed in the prone jack-knife position, and 
the buttocks are separated. An oblique incision from the left 
side of the sacrum and coccyx up to the posterior anal mar-
gin is performed, sectioning the entire sphincter complex 
(external sphincter, internal sphincter, and puborectalis/
levator), leaving them marked with dots for an easier later 
repair. Then, an opening is made on the posterior rectal 
wall, which enables a perfect view of the anterior rectal 
aspect with its fistulous orifice. The entire fistulous tract is 
resected, including the rectal wall, the urethral wall, and the 
surrounding tissues, thus enabling the correct suture of 
healthy tissues. There is no consensus regarding the need 
for urethral orifice closure (unless it is achieved in a ten-
sion-free manner and on healthy tissue), while the rectal 
orifice should be closed in two planes (submucosa and 
muscle in the first, everted mucosa in the second) both with 
absorbable stitches (Fig. 5). The urethral and rectal sutures 
should not overlap: occasionally, a rectal advancement flap 
is required [2]. The final step is the closure of the posterior 
rectal wall and sphincter and subcutaneous and skin recon-
struction, leaving a suction drainage at the subcutaneous 
level for 24–48  h. The bladder catheter should remain 
placed for 6–8 weeks. With respect to the need of a fecal 
diversion, even though most authors recommend it, the pos-
sibility of omitting it is also accepted in cases of small fis-
tulae, without extensive fibrosis, and in the absence of 
uncontrolled systemic infection, sepsis, or abscess [39]. If 
a colostomy is made, the closure will take place between 2 
and 3 months after the procedure. Prior to restoring the 
intestinal continuity, the complete closure of the fistula 

should be confirmed by cystoscopy, retrograde cystoure-
throgram, rectoscopy, and even opaque enema, to confirm 
there is no communication.

1.4.5  Transabdominal
This has been for decades the less commonly used approach. 
Although it provides access to both the omentum and perito-
neum so that pedunculated and free flap for interposition 
could be obtained, open surgery via a violated abdominal 
cavity implies greater morbidity and, more importantly, poor 
exposure of the deep pelvis. In recent years, a renewed inter-
est toward this route was observed thanks to minimally inva-
sive techniques. Using a laparoscopic approach, Sotelo et al. 
treated three patients with simple RUF [40], while Bollens 
successfully treated a 5-cm-wide recto-vesical fistula [41]. 
Similarly, other authors recently shared their experiences 
with the use of a robot-assisted approach in this field [42, 43].

1.4.6  Urinary Diversion
In certain extremely complex cases, a permanent urinary 
and/or fecal diversion and even pelvic exenteration may be 
needed [7, 12, 18].

Fig. 5 With the patient in a prone jack-knife position, an oblique inci-
sion from the left side of the sacrum and coccyx up to the posterior anal 
margin is performed, sectioning the entire sphincter complex and the 
posterior rectal wall. With the anterior rectal wall properly exposed, the 
fistulous tract is resected, and the urethral orifice is closed in a tension- 
free manner, on a healthy tissue. Then the rectal orifice is also closed, in 
two layers, with absorbable stitches
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2  Lymphocele

The word “lymph” derives from the Roman deity of fresh 
water, Lympha. First termed as lymphocyst by Mori in 1955 
[44], lymphocele (LY) is a collection of lymphatic fluid sur-
rounded by a fibrotic wall that lacks epithelial lining.

2.1  Incidence and Etiology

The pathophysiology of LY formation is largely speculative: 
during lymph node dissection (LND), leaking fluid from 
unsealed lymph channels may collect in the pelvis being fur-
ther walled off from the peritoneal cavity, confined into a 
pseudocyst with a hard fibrous capsule. If lymphadenectomy 
is not performed, the risk of LYs is negligible [45].

Their true incidence has not been defined yet, as most are 
asymptomatic. Orvieto et al. routinely performed postopera-
tive CT scans at 6 and 12 weeks after surgery in 76 men that 
underwent robot-assisted radical prostatectomy (RARP) 
with pelvic LND (PNLD): 51% of patients developed LYs, 
and 15% of which were symptomatic [46].

Various authors investigated possible risk factors for LY 
formation, but results were inconclusive. Capitanio et  al. 
highlighted that lymph node yield during PLND was an 
independent predictor, and, for every node removed addi-
tional to a threshold of 20, the risk increased by 5% [47]. 
Conversely, Khoder et al. found no correlation between the 
number of excised lymph nodes and the rate of LY [48]. 
Interestingly, Liss [45] provided evidence that also the actual 
extent of PLND does not predict the risk of LY formation, 
and, in a longitudinal study on patients that underwent RARP 
with extended (n = 202) or standard PLND (n = 204), no dif-
ferences in the rate of radiologic (22% vs. 23%) and symp-
tomatic LYs (3% vs. 2.5%) were observed [49].

Another potential risk factor for LY formation is per-
forming an extraperitoneal vs. a transperitoneal prostatec-
tomy. In fact, it is thought that the latter approach promotes 
reabsorption of the lymphatic fluid by the peritoneum. So 
far, there have been no prospective randomized trials 
attempting to verify this hypothesis, and few supporting evi-
dences arise from retrospective analyses [50, 51]. 
Interestingly, Stolzenburg et  al. observed a significant 
reduction in incidence of LY following extraperitoneal radi-
cal prostatectomy (RP) and PLND by bilateral peritoneal 
fenestration, compared to conventional technique (radio-
logic LYs, 6% vs. 32%; p < 0.001; symptomatic LYs, 0% vs. 
14%; p < 0.001) [52].

Since lymph also contains coagulative factors as plasma, 
the use of perioperative heparin (to prevent deep vein throm-
bosis [DVT] and pulmonary embolism [PE]) could prolong 
the closure of the afferent lymphatic channels injured during 

LND. However, this theoretical correlation is still controver-
sial: Tomic et al. observed a sevenfold greater incidence of 
LY formation in patients that received heparin [53], while 
other studies failed to prove the same [54]. Overall, the 
potential for life-threatening thromboembolic events should 
overweight the possible increased risk of LYs with periop-
erative low-molecular-weight heparin.

2.2  Clinical Spectrum

Although most LYs occur asymptomatically, up to 15% 
can become symptomatic [46] because of superinfection 
(causing fever and/or sepsis) or compression on adjacent 
structures (potentially resulting in abdominal discomfort, 
venous drainage impairment, lower limb edema, DVT/
PE). While thromboembolic events after RARP with 
PLND are rare (<1%), LY infection occurs in a non-negli-
gible percentage of cases (3%), and Gram-positive cocci 
represent the most common (73%) causative organisms 
[55], probably coming from skin flora. Although codified 
antibiotic regimens are not available yet, patients with 
infected LYs should be treated for about 4–6 weeks, simi-
lar to abdominal abscess, and Gram-positive coverage is a 
reasonable empiric therapy choice; in case of sepsis, anti-
Pseudomonas and anti- anaerobes agents such as piperacil-
lin/tazobactam or cefepime plus metronidazole should be 
considered [55].

2.3  Management

2.3.1  Potential Preventative Strategies
Various strategies to prevent LY formation have been 
explored over the years. Leaving a drain longer to divert lym-
phorrhea sounds intuitive; however, a randomized study 
demonstrated no statistically significant difference in the 
incidence of LY (asymptomatic and symptomatic) between 
patients that had their drain in place for 1 day, 7 days, or no 
drainage at all [51]. These results were further confirmed by 
Chenam et al., in a robotic series [56]. Similarly, Gotto et al. 
found that the number of pelvic drains does not predict the 
risk of symptomatic LYs after RP with LND [57]. Probably, 
pelvic drainage adds little value to prevent this complication, 
and most of the studies failed to prove its role as tubes were 
removed quite early, considering that most lymph collections 
are diagnosed 3 weeks after surgery [58].

It is commonly believed that a meticulous ligation of 
the afferent lymphatic channels minimizes lymphorrhea. 
Few authors identified monopolar energy as the worst seal-
ing technique, followed by bipolar and ultrasonic energy, 
while clips appeared as the most effective option [46, 59]. 

Managing Postoperative Complications After Robot-Assisted Radical Prostatectomy



392

On the contrary, a Swiss prospective randomized trial 
failed to prove any difference between the use of clips and 
electrical coagulation during RARP with PLND in terms 
of overall (47% vs. 48%; p = 0.9) and symptomatic (5% vs. 
4%; p = 0.7) LY rates [60]. Indeed, the major limitation of 
that study was the application of titanium clips only at the 
femoral canal; as such, Devis and colleagues reported an 
<1% incidence of LY after extensive clipping during 
PLND [61].

Fibrant and hemostatic sealants (such as Floseal [62], 
Tachosil [63], Arista AH [64], Vivostat [65]) have been 
 proposed as adjuvant measures to mitigate lymphorrhea, but 
definitive evidence in their favor still lacks.

The transperitoneal approach to prostatectomy has been 
associated to a reduced risk of LYs [50, 51]. In case the 
extraperitoneal route is chosen instead, making large fenes-
tration in the peritoneum at the end of the procedure may 
prevent lymph from collecting in a closed space [52].

In 2012, at the Lahey Institute of Urology, the peritoneal 
interposition flap was conceived: after transperitoneal RP 
with PLND, the visceral serosa covering the bladder is folded 
on its lateral aspects and sutured there to prevent the organ 
from adhering to and walling off the LND bed while allow-
ing continuous egress of lymphatic fluid into the peritoneal 
cavity. Its efficacy was proved in a non-randomized study, 
where the LY rate in the Lahey-stitch group was 0% vs. 
11.6% in the control group [66]. This technique was slightly 
modified by Dal Moro [67] and Stolzemburg [68], who pro-
vided evidence that peritoneum reconfigurations (Fig. 6) sig-
nificantly reduce the risk of pelvic lymph collections. Results 
from randomized controlled studies (NCT03567525) are 
awaited.

2.3.2  Treatment Options
Once considered the treatment of choice, surgical evacuation 
with fenestration or marsupialization (either via laparotomy 
or laparoscopy) is nowadays outdone by a wide range of 
radiologic interventions. At present, the gold standard treat-
ment option is percutaneous catheter drainage; sclerotherapy 
with chemical agents can improve its efficacy by triggering a 
chemical reaction that obliterates the lymph vessels and cav-
ity preventing further leakage. As little data exist, consensus 
is lacking on the best sclerosing agent, its dosage, and the 
length of administration. Ethanol, povidone-iodine, and tet-
racyclines are frequently used, as these are affordable, easily 
available and generally well tolerated.

Other LY treatment options include percutaneous fine nee-
dle aspiration and embolization during lymphangiography (in 
which N-butyl cyanoacrylate glue is directly injected into 
lymph nodes or lymph vessels to treat downstream leaks). 
According to a recent systematic review, lymph aspiration 
provided the lowest success rate (0.341; 95% CI, 
0.185−0.542), followed by percutaneous catheter placement 
(0.612; 95% CI, 0.490−0.722). When sclerotherapy was 
added, efficacy increased up to 0.890 (95% CI, 0.781−0.948) 
for delayed addition and 0.872 (95% CI, 0.710−0.949) for 
instantaneous addition. The embolization group showed the 
highest success rate (0.922; 95% CI, 0.731−0.981). 
Complication rate was the highest after percutaneous catheter 
drainage, while lymph node embolization appeared as the 
safest approach. However, further prospective research with 
correction for predisposing and aggravating factors, and focus 
on differentiation between primary and secondary treatments, 
is required to ultimately determine the optimal treatment 
modality for symptomatic postoperative pelvic LYs [69].

a b

Fig. 6 The concept of peritoneal advancement flap requires that the visceral serosa covering the bladder is exposed to the iliac vessels and obtura-
tor fossae. To achieve this, the peritoneum-lined aspects of the taken-down bladder (a) are sutured to the anterior and lateral pelvic sidewalls (b)
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3  Vesico-urethral Anastomotic Stenosis

Bladder neck contracture (BNC), also termed as vesico- 
urethral anastomotic stenosis (VUAS), is a potential compli-
cation after radical prostatectomy (RP) which presents as 
scar tissue obstructing the bladder outlet.

3.1  Incidence and Etiology

Its true incidence is unknown as there are no available stud-
ies routinely assessing urethral patency after surgery: thus, 
only patients complaining for postoperative voiding symp-
toms have been eventually diagnosed with BNC. Interestingly, 
the rate has declined over the years as it was 2.6–7.5% after 
open RP (ORP) vs. 0–2.1% in the robot-assisted era [70, 71].

The underlying molecular mechanisms are poorly under-
stood: in the physiological wound healing process, fibrogen-
esis is tightly regulated and leads to successful tissue repair. 
If the fragile balance between cytokines, growth factors, 
mesenchymal cells, and extracellular matrix is deregulated, 
excessive scar tissue formation may happen. It is thought 
that an association between peripheral vascular disease and 
BNC exists: in fact, current cigarette smoking is its strongest 
independent predictor, followed by coronary artery disease, 
hypertension, and diabetes [72]. Similarly, men undergoing 
adjuvant radiotherapy showed a twofold increased risk of 
VUAS [73] compared to prostatectomy alone. The type of 
suture used for the anastomosis and the duration of catheter-
ization do not affect contracture incidence, while an increased 
number of sutures/takes does [70, 72].

3.2  Clinical Presentation and Diagnosis

Most symptoms occur within 6–12 months from RP: 
obstructed urine flow, recurrent infections, retention, and 
occasionally urinary incontinence are strongly suggestive of 
BNC [74].

According to international guidelines, the workup should 
start with a medical interview, and baseline continence status 
should be assessed. Urinalysis with culture should be 
included to rule out other etiologies that may mimic stenosis; 
prostate-specific antigen test should be performed to exclude 
cancer recurrence. Uroflowmetry and post-void residual 
urine measurement could be considered to objectify symp-
toms. Cystoscopy is helpful to confirm clinical suspicion of 
BNC, and it is crucial to identify stenotic involvement of the 
external sphincter. Also retrograde urography with voiding 
cystogram could provide valuable information about the sta-
tus of anterior and posterior urethra [75]: it is usually reserved 
for cases in which complete cystourethroscopy cannot be 

performed for multiple strictures, complete urethral oblitera-
tion, and patients unwilling to undergo a procedure in an 
ambulatory setting [76].

3.3  Management

3.3.1  Dilation
Interruption of the stenotic bladder neck is the central prem-
ise of endourologic procedures for VUAS. However, accord-
ing to SIU/ICUD consultation on urethral strictures, dilation 
is indicated in early postoperative stenoses (<6 months) [76]. 
The endoscopic placement of a guidewire and the use of 
co-axial sounds or balloon dilators will reduce the risk of 
false passage creation or disruption of a fresh anastomosis. 
Up to 59% success rate has been reported for these 
approaches; very few evidences, however, support favorable 
long-term outcomes [77, 78].

3.3.2  Direct Vision Internal Urethrotomy 
(DVIU)

For strictures that fail initial dilation or occur >6 weeks after 
RP, a low-energy urethrotomy is recommended [76, 79]. 
There is low-level evidence supporting a certain superiority 
of holmium laser over cold-knife incision [80]. The original 
technique was proposed by Dalkin in 1996: two deep inci-
sions at 4 and 8 o’clock positions are performed with a cold- 
knife urethrotome, down to the bleeding tissue, from the 
proximal area of the contracture to its distal extent. Pin-
point coagulation is only used in case of major arterial 
bleeding. At the end of the procedure, a 20–22 Ch urethral 
catheter is left in place for 72 h [81]. A triradial technique 
was further proposed by Vanni et al. [82]: however, aggres-
sive incisions at 6 and 12 o’clock positions are strongly dis-
couraged because of the risk of rectal injury and 
urosymphyseal fistulation, respectively [83]. DVIU for 
obliterative VUAS is not advised because of the limited suc-
cess rate and the considerable risk of perforation [84]. De 
novo urinary incontinence was observed in 0–10% of cases; 
interestingly, a non-negligible (20–52%) share of patients 
with pre-existing leakage experienced improvements after 
surgery [85, 86]. Patency after the first urethrotomy ranges 
between 25 and 80% [85, 86]; repetitive endoluminal treat-
ments can be attempted to stabilize recalcitrant strictures 
[79], but ultimately 6–10% of patients will require perma-
nent urinary diversion [87]. Intralesional injections of dif-
ferent drugs were also attempted to treat recurrent BNCs: 
after corticosteroid injections the success rate was 50–100% 
[88, 89] and 58–79% after mitomycin C [90, 91]. With this 
regard, however, Redshaw et al. also reported osteitis pubis, 
bladder neck necrosis, and rectourethral fistula in few 
patients which had the latter drug injected [90].
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The role of intermittent self-catheterization in reducing 
recurrence after surgery has not been established yet: we rec-
ommend self-hydropneumatic dilations for a couple of weeks 
after DVIU, which is achieved by means of intermittent com-
pressions of penile urethra during micturition.

3.3.3  Transurethral Electrosurgical Incision/
Resection (TUR)

It has been used when dilation and DVIU have failed. The 
greater risk of incontinence (14–50%) should be considered 
against the likelihood of long-term urethral patency (40%) 
[84, 89, 92]. 

3.3.4  ReDo Vesico-urethral Anastomosis 
and Y-V Plasty

All endoscopic therapies inherit the risk of recurrence: in 
these patients further attempts should be avoided, and surgi-
cal reconstruction of the vesico-urethral anastomosis (VUA) 
discussed. Temporary suprapubic cystostomy drainage will 
allow planning for reconstruction. Patient age, previous sur-
gery or radiation, cancer stage, and life expectancy must be 
assessed before intervention. The primary goal should be 
urethral patency, with many men requiring an artificial uri-
nary sphincter (after 3–6 months, at least) [76, 79].

Different techniques (abdominal retropubic, transperineal, 
combined) and approaches (open [93, 94], robotic [95–97]) 
have been proposed. With this regard, the introduction of the 
SP-DaVinci platform may offer significant advantages allow-
ing the surgeon to operate in extremely narrow spaces [96].

In patients with adequate bladder function and in the 
absence of periurethral pathology (necrosis, calcifications, 
fistulas), the retropubic/abdominal route should be preferred 
[76, 79]: if an extensive urethral mobilization can be avoided, 
preservation of continence is possible. In these cases, the 

bladder neck is approached anteriorly by developing the 
space of Retzius. The dissection is then carried inferiorly, 
beneath the pubic symphysis, to the area of the bladder neck. 
At this point, either a urethral catheter or flexible cystoscope 
may be placed to identify the location and distal extent of 
stenosis. The bladder can be opened anteriorly at the bladder 
neck to help localize the proximal extent of the scar, which is 
excised completely using electrocautery and sharp dissection. 
Once the bladder neck is circumferentially freed, the VUA is 
re-sewn. Alternatively Y-V plasty of the bladder neck can be 
performed: this avoids dissection of the stenotic urethra pos-
teriorly and any potential rectal complications. A longitudinal 
incision through the anterior aspect of the scar is performed, 
and then an inverted-V incision is made on the anterior aspect 
of the bladder wall, at the level of the bladder neck. The apex 
of the V-shaped bladder flap is advanced into the distal aspect 
of the scar incision (Fig. 7). Patency rates vary between 83 
and 100%, with 14–45 months of follow- up. De novo incon-
tinence rate ranges from 0 to 14% [94–97].

The transperineal approach inherits the advantages of 
operating in an unspoiled surgical field and allows for an 
easier mobilization of the urethra; incontinence, however, is 
unavoidable. The patient is placed in an exaggerate lithot-
omy position. A transperineal inverted-U-shaped incision is 
performed, and the urethra is dissected under digital rectal 
examination. A complete exposition of the anastomotic area 
is obtained, and the scar is excised until healthy tissue is 
reached. Wide mobilization of both the urethra and bladder 
should be obtained to guarantee a tension-free anastomosis. 
The urethra is spatulated dorsally, and the reanastomosis is 
sutured under direct vision control [93]. To increase visual-
ization of anatomical structures, the use of a robotic camera 
has been recently proposed [98]. Patency rate up to 90% was 
reported [93, 98].

a-a’a’

ba

a

Fig. 7 Y-V plasty of the 
bladder neck. A longitudinal 
section through the anterior 
aspect of the scar is 
performed, together with an 
inverted-V incision of the 
bladder neck (a). The apex a 
of the advancement flap is 
then sutured to the most 
caudal point a′ of the incised 
scar (b)

A. Brassetti et al.
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3.3.5  Stents
Several semi-/permanent metallic stents have been used in 
the setting of VUAS [99, 100]. Their use is currently discour-
aged by international guidelines [79] because of their limited 
efficacy and challenges with migration, tissue regrowth, or 
intrusion.

4  Well Leg Compartment Syndrome

Compartment syndrome is an uncommon complication of 
robot-assisted radical prostatectomy due to the increased 
pressure in the muscles of the lower extremities which leads 
to hypoperfusion of the tissues and necrosis.

4.1  Incidence and Etiology

Compartment syndrome is a rare complication after robot- 
assisted radical prostatectomy (RARP). The underlying 
cause of compartment syndrome is the increase in pressure 
in the muscle compartments surrounded by inelastic fascia 
when swelling or edema occurs, leading to an eventual 
increase in pressure in the compartment above perfusion 
pressure, leading to disruption of oxygenated blood flow and 
subsequent tissue necrosis [101]. Outcomes can be devastat-
ing and include loss of motor function, foot drop, permanent 
disability and restriction of mobility, lower limb amputation, 
renal failure from rhabdomyolysis, and death.

It is an uncommon condition in RARP, with an incidence 
of 0.29%, but that equates to three cases per thousand [102], 
so it is possible that most moderate- to high-volume surgeons 
may come across it once in their career, and the potential 
adverse outcomes are so severe that it must be taken very 
seriously as a condition. Lower limb compartment syndrome 
(LLCS) is often related to the use of the lithotomy position, 
with pressure being put on the calf muscles by the weight of 
the leg being suspended in stirrups of various designs. The 
use of Trendelenburg positioning can also contribute to 
LLCS in the setting of RARP [101]. Predisposing factors 
[102] include:

 1. Extended time in lithotomy. It is traditionally felt that 
lithotomy duration of over 4 h increases the risk of LLCS, 
but it can occur in cases that last less than an hour.

 2. Blood loss/hypovolemia
 3. Hypotension
 4. Obesity
 5. Muscular, tight calves
 6. Smoking
 7. Peripheral vascular disease
 8. Compression of iliac vessels such as during 

lymphadenectomy

The underlying pathophysiology that occurs is a rise of 
the internal compartment pressure to above 30  mmHg, 
although it can occur at lower pressures. The normal pres-
sure is 0–10 mmHg. A rise in pressure causes a rise in com-
partmental pressure, leading to venous occlusion causing a 
rise in intracompartmental pressure to above mean arterial 
pressure with subsequent ischemia, as mentioned [102].

4.2  Clinical Presentation

LLCS usually manifests itself in the first few hours after 
injury but may present later. Pain is usually the first major 
complaint, with the pain being out of proportion to the injury. 
Pain is usually significantly increased on passive stretching. 
The tissue may also feel tense and “woody.” The traditional 
conglomeration of symptoms is described under the “the five 
Ps,” those being pain, pulselessness, paresthesia, pallor, and 
paralysis [101]. However, these may be late signs, and pain 
should be considered a cardinal sign, although this may be 
confused with the pain from deep vein thrombosis and may 
be masked by epidural analgesia use. There may paresthesia 
or loss of sensation in the first interdigital web space in the 
foot. The diagnosis is a clinical one, but measurement of 
intracompartmental pressures is a useful adjunct. This can be 
done by using either a transducer-tipped catheter or by a con-
ventional fluid-filled system. There is no universal agree-
ment on the precise intracompartmental pressure at which 
intervention should be considered. The decision to operate 
should be made in conjunction with clinical findings although 
a value of >30 mmHg usually shows that surgical decom-
pression is needed. Alternatively, one can use the perfusion 
pressure of the compartment, or compartment delta pressure, 
which is the diastolic pressure minus the intracompartmental 
pressure. If this is less than 30 mmHg, then there is an immi-
nent risk of anoxia and ischemia, and intervention is required 
[103]. Serial creatine kinase levels may be helpful, especially 
if they are increasing in a serial manner as sequentially ele-
vated levels occur with increasing muscle damage [104]. 
Renal function should also be serially assessed as renal 
impairment may occur secondary to rhabdomyolysis [105].

4.3  Surgical Management

The procedure of choice for LLCS is urgent fasciotomy of 
the compartments of the below-knee compartments to allow 
the release of pressure. This should be done as soon as pos-
sible and usually requires the intervention of orthopedic, 
trauma, plastic, or general surgery depending on what exper-
tise is available. It is vital to open the anterior compartment 
as this is the one most commonly affected, but more exten-
sive fasciotomy with opening of the other compartments is 
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often needed. Any necrotic tissue should be excised, and the 
compartments closed loosely. Repeat inspections of the 
 muscle bellies under anesthesia are usually needed, and skin 
grafts are often employed to close the resultant defect [103].

Compartment syndrome is a surgical emergency that is 
rare and unexpected in urology, which puts an onus on the 
clinician to suspect it in any patient complaining of severe 
pain in the lower limb following RARP, which is not a pro-
cedure associated with lower limb pain usually. The risk is 
lowered by reduced operative time and keeping the legs in a 
flat position, as opposed to using stirrups and the lithotomy 
position. There is no significant association of the use of 
mechanical thromboprophylaxis, lithotomy position, and 
compartment syndrome [106]. The diagnosis is a clinical 
diagnosis, and once the possibility of LLCS has been raised, 
it is appropriate to get urgent specialist advice and proceed 
quickly to fasciotomy, as if LLCS is present, there will be 
ongoing muscle tissue destruction, with potentially cata-
strophic resultant outcomes.
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Robot- Assisted Laparoscopic Radical 
Prostatectomy

Kristina Buscaino, Rafael Carrion, Jeff Brady, 
and Lawrence S. Hakim

1  Introduction

Erectile dysfunction (ED) after robot-assisted laparoscopic 
radical prostatectomy (RALRP) ranges from 20 to 90% 
[1–3]. As there are increasingly rising survival rates in 
younger and sexually active men undergoing RALRP, the 
number of men suffering from ED after their surgery will 
continue to rise [4]. This may ultimately affect the patient’s 
quality of life, self-esteem, and overall sexual health [4, 5]. 
Although nerve-sparing techniques may not prevent ED in 
every patient [4], utilizing the robotic approach often leads 
to a faster recovery and may ensure better erectile function 
(EF) outcomes compared to the open or laparoscopic 
approach [6–8]. It has also been demonstrated that in some 
cases, it may take up to 2 years for erectile function to 
return even after a successful nerve-sparing surgery is per-
formed [4, 9, 10].

2  Risk Factors for Post-RALRP ED

The likelihood of recovery of erectile function is often mul-
tifactorial. Numerous predictors have been mentioned in the 
literature including utilizing the nerve-sparing technique, 
patient’s age, degree of pre-operative erectile function, exist-
ing comorbidities, intraoperative complications, and cancer 
stage or grade [5].

The neurovascular bundle (NVB) was first identified and 
described during radical retropubic prostatectomy by Walsh 
and Donker [11]. As the NVB travels posterolateral to the 
prostate, injury to the NVB may vary [6, 7, 12]. Tumor stage 

may act as a predictor of surgical complexity [13] and ability 
to perform nerve-sparing RALRP. Therefore, surgical details 
should always be reported, especially to specify the degree 
of nerve sparing, in order to better predict post-operative 
erectile function [14]. Neurovascular injury may include 
reversible neuropraxia caused by excessive retraction, isch-
emic and/or thermal damage and local inflammatory effects 
[15], or complete transection. The resulting nerve injury 
leads to the loss of neural connections to the corpora caver-
nosa and its neuroregulatory functions [5].

It has been reported that return of erectile function is 
inversely correlated with age. Men younger than 60 years of 
age may have faster return and recovery due to greater neu-
roplasticity [16–18]. Rabbani et al. reported that for patients 
aged <60, 60–65, and >65, EF recovery after prostatectomy 
is 70%, 45%, and 30%, respectively [19]. Another study 
demonstrated that men in their 40s undergoing RALRP had 
a much greater chance of returning to their baseline EF as 
compared to their 70-year-old counterparts [20].

Knowing the patient’s baseline erectile function prior to 
RALRP is important as it assists with predicting post- 
operative EF recovery [13]. Up to 48% of patients who 
undergo RALRP may have a suboptimal EF prior to surgery 
[21, 22]. Pre-operative EF assessment should be done prior 
to cancer diagnosis if possible. If obtained after cancer diag-
nosis and/or prior to surgery, it may affect the patient’s libido 
and overall sexual activity, underestimating their baseline EF 
[23, 24]. In addition, depression and decreased libido are 
common in these patients due to cancer-related psychologi-
cal stress [25].

Studies have demonstrated that having two or more vas-
cular comorbidities, such as diabetes, hypertension, and 
hyperlipidemia, decreases the success rate of penile rehabili-
tation due to endothelial dysfunction [26]. Diabetic men with 
hyperglycemia have impaired nitric oxide synthase (NOS), 
which reduces NOS and endothelial-mediated smooth mus-
cle relaxation [27–29] and causes structural changes to the 
corpora cavernosa [30]. Hyperlipidemia decreases caverno-
sal endothelial cells [31] and impairs eNOS function and 
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endothelium relaxation [31–36]. Hypertension may damage 
endothelial lining and smooth muscle and causes thinning of 
tunica albuginea and increased collage deposition [30, 
37–40].

3  Penile Rehabilitation

The goal of penile rehabilitation is to decrease and prevent 
cavernosal tissue damage during the timeframe of neural 
recovery [4]. It is based on three important concepts: (1) cav-
ernosal oxygenation, (2) endothelial protection, and (3) cav-
ernosal nerve regeneration [4, 46]. There is an important 
balance between low cavernosal oxygenation (flaccid penis) 
and high cavernosal oxygenation (erect penis), with pO2 of 
35–40  mmHg and pO2 70–100  mmHg, respectively [41]. 
Cavernosal oxygen levels affect multiple factors that are 
released. Low cavernosal pO2 will increase the release of 
fibrogenic cytokines, whereas normal or high cavernosal 
pO2 will upregulate prostanoids and cyclic adenosine mono-
phosphase (cAMP) [4]. Prostanoids counteract the produc-
tion of fibrogenic cytokines [4]. If flaccidity remains 
constant, fibrogenic cytokine production will continue, lead-
ing to cavernosal smooth muscle fibrosis [4]. Endothelial 
NOS lines cavernosal sinusoids and plays an important role 
in maintaining erections [42]. Endothelial dysfunction is 
affected by vascular compromise, including diabetes melli-
tus, hypercholesterolemia, hypertension, and aging [30, 43], 
as discussed above. Cavernosal nerve injury will ultimately 
lead to hypoxic conditions within the corpora, causing 
increased release of fibrogenic cytokines and endothelial 
apoptosis [44–46]. Transforming growth factor β1 (TGF-β1) 
production from penile hypoxia will worsen collagen accu-
mulation and fibrosis [41]. Normally, cAMP and prostaglan-
din E1 (PGE1) prevent TGF-β1 collagen synthesis; however, 
both are inhibited with low pO2 [47]. TGF-β1 will also 
increase endothelin-1 production, causing constriction of the 
penile smooth muscle [47].

It is important to consider starting penile rehabilitation 
early, as the later it is started, the more likely venous leak 
will occur due to worsening corporal fibrosis [4]. It has been 
shown on corporal biopsies that lower smooth muscle con-
tent is associated with a higher flow-to-maintain value dur-
ing cavernosometry, which confirms cavernosal tissue 
fibrosis resulting in venous leakage [48]. Venous leakage 
after radical prostatectomy has been found to be time depen-
dent. In animal studies, after cavernosal nerve damage, peak 
neuropraxia-induced apoptosis was at day 3, with decreased 
smooth muscle-to-collagen ratio by day 30 and venous leak 
at day 45 [49]. In patients who have undergone radical pros-
tatectomy, venous leak was noted at 30% and 50% at 8 and 
12 months, respectively [50]. If penile duplex Doppler is per-
formed and venous leakage is seen, there is a lower likeli-

hood of return of spontaneous erections and a poor response 
to phophodiesterase type 5 inhibitors (PDE5-Is) may be 
expected [50]. Only 8% of patients diagnosed with venous 
leakage had recovery of spontaneous erections that were firm 
enough for intercourse [50].

Various regimens have been suggested as part of a post- 
RALRP penile rehabilitation program. These may include 
monotherapy or combination of oral PDE5-Is, intracaverno-
sal injections (ICI), intraurethral alprostadil, penile vacuum 
erection devices (VED), and/or penile vibratory stimulation 
(PVS). Studies have suggested that penile rehabilitation 
results in better post-operative EF in comparison to placebo 
or no treatment [25].

PDE5-Is are typically considered the first-line therapy, but 
response is dependent on cavernous nerve function [5] and 
eNOS [26], making preservation of the NVB imperative to 
maximize PDE5-I efficacy [26]. The more nerve tissue that is 
preserved correlates with better spontaneous EF and response 
to PDE5-Is [51–53]. PDE5-Is induce cavernosal oxygenation 
even in the flaccid state and protect endothelial tissue [4]. 
There is no randomized data that shows which specific 
PDE5-I agent is more superior or when to start therapy [5]. 
Numerous studies have demonstrated that cavernosal nerve-
injured animals treated with PDE5-Is have preservation of EF 
due to decreased smooth muscle loss and increased preserva-
tion of endothelial factor staining [54–56]. Earlier onset of 
PDE5-I rehabilitation improves EF and has demonstrated bet-
ter results in younger men with high pre- operative IIEF [57, 
58]. When starting penile rehabilitation within 6 months after 
nerve-sparing radical prostatectomy, patients had an increased 
likelihood of return of spontaneous erections and/or erections 
with sildenafil 2 years post- operatively [58].

ICI may also be utilized if patients have a poor response, 
cannot tolerate, or have a contraindication to PDE5-I usage. 
The efficacy is independent of cavernous injury, unlike 
PDE5-Is. The most common formulations are alprostadil 
(PGE1), bimix (papaverine, phentolamine), and trimix 
(papaverine, phentolamine, and alprostadil). Each component 
acts on different erectile mechanisms [5]. Papaverine is a 
non-specific PDE-I that increases cavernosal cAMP and 
cGMP. Phentolamine is an alpha-blocker that induces smooth 
muscle relaxation. Alprostadil is PGE1 which increases cav-
ernosal cAMP. These mechanisms ultimately increase caver-
nosal oxygenation and increase blood flow to the corpora. In 
1977, Montorsi et al. was the first to investigate penile reha-
bilitation using alprostadil ICI to increase recovery time of 
spontaneous erections [59]. Thirty patients were randomized 
and received either no injections or intracavernosal alprosta-
dil injections three times a week for 12 weeks after prostatec-
tomy. The study demonstrated that 67% of the men in the 
alprostadil ICI group had recovered erections that allowed for 
intercourse without medical assistance versus only 20% in 
the control group [59]. By adding ICI to PDE5-Is, improved 
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rates of spontaneous erections and response to PDE5-Is have 
been demonstrated 18 months post- operatively [60].

Intraurethral alprostadil is a urethral suppository that 
delivers PGE1, increasing cAMP within the erectile tissue 
indirectly [61–63]. This mechanism bypasses the cavernosal 
nerve and is independent of cavernosal nerve injury. As the 
mode of effect is via urethra, the most common side effect is 
urethral burning and penile pain. There has been no clinical 
data that demonstrates a significant difference in return of EF 
[61]. Intraurethral alprostadil may improve erections in 
patients with ED, but studies are limited after RALRP.

The function of a vacuum erection device (VED) is to 
provide negative pressure, drawing blood into both the intra- 
and extra-corporal spaces of the penis and distending the 
corporal sinusoids [64]. In rat models, daily VED demon-
strated improved intracavernosal pressure, increased eNOS, 
and decreased hypoxia-induced factor 1α and TGF-β1 levels 
and smooth muscle apoptosis [65, 66]. Two randomized 
studies have looked at the use of VED after radical prostatec-
tomy. Kohler et  al. [67] studied early (4 weeks post- 
operatively) versus delayed treatment group (before 
intercourse) with or without PDE5-Is. There were signifi-
cantly higher IIEF scores at 3 and 6 months with the early 
treatment group; however no significant differences were 
noted after 1 year. In both groups, spontaneous erections 
were not adequate for penetration at 1 year. Raina et al. [68] 
randomized nerve-sparing and non-nerve-sparing radical 
prostatectomy with daily VED use for 9 months versus no 
VED use. At 9 months, mean IIEF-5 scores were higher in 
the treatment group versus the control group. However, 
return of spontaneous erections between both groups was not 
significant. Mixed efficacy is demonstrated among studies; 
however, VED use has been shown to prevent loss of penile 
length [64]. Therefore, VED may be offered as a supportive 
measure or in conjunction with other penile rehabilitation 
modalities [69].

Penile vibratory stimulation (PVS) stimulates the puden-
dal nerves along the penile shaft. A reflex parasympathetic 
erection occurs by activating nerve terminal endings, releas-
ing NO, and inhibiting sympathetic fibers [61]. Fode et al. 
studied the effects of PVS by stimulating the frenulum once 
daily for 1 week before surgery and again after catheter 
removal for 6 weeks. IIEF-5 scores were higher with PVS; 
however they were statistically insignificant compared to the 
control group without PVS [69].

4  Conclusion

Despite improvement in surgical procedures, loss of erectile 
function remains a serious concern for men undergoing 
RALRP. There are a wide range of outcomes reported in the 
literature with regard to the return of erectile function post- 

RALRP due to the heterogeneity of risk factors, EF assess-
ment, and penile rehabilitation protocols. While there is no 
published consensus as to the single best penile rehabilita-
tion strategy, studies have demonstrated improved outcomes 
in EF with early onset of either monotherapy or combination 
therapy with PDE5-I oral agents, ICI, intraurethral alprosta-
dil, VED, and PVS. Further studies regarding the ideal start-
ing time, dosing regimens, combinations, and treatment 
protocols for post-RALRP penile rehabilitation are needed.
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Renal Anatomy, Physiology, and Its 
Clinical Relevance to Renal Surgery

Ruben De Groote, Chandru Sundaram, 
and Pieter De Backer

1  Introduction to Renal Anatomy 
and Its History

Due to its complexity, renal anatomy has a long-standing 
research history with a specific focus on renal vasculariza-
tion, as it is crucial to surgical hemostasis. Renal vascular 
segments were first recognized in the middle of the eigh-
teenth century by Hunter and Bertin [1, 2]. Hyrtl [3] con-
firmed the compartmentalization hypothesis in 1882 and 
noted that, due to the renal artery’s branching nature with 
blind endings, the kidney is particularly sensitive to ischemia 
as compared to other organs. In 1901, Brödel [4] described 
surgical planes of renal division to avoid blood loss, which 
he had defined through the production of human renal casts.

The next major breakthrough in renal vascularization was 
published in 1954 by Graves [5]. He described the first renal 
artery classification, proposing a renal division into five 
commonly found segments, based on the corresponding five 
extrarenal divisions of the renal artery (Fig. 1). This division 
can be considered a gold standard up to present, although the 
following research showed the renal vascularization to have 
a high degree of variation without a “one-size-fits-all” 
formula.

Due to advancements in the availability and power of dif-
ferent imaging systems, researchers continue to gain more 
insights into normal and aberrant renal anatomy, and it 
remains an active topic of study. Our knowledge vastly 
expands due to the increase in urological, interventional 
radiological, vascular, and renal transplantation surgeries, all 

of which require profound knowledge of the vascular tree 
and renal anomalies [7, 8]. Shifting from open to robotic sur-
gery further facilitates this research.

Another consequence of the advancements in imaging is 
a rise in the incidence of renal tumors during the last decades 
[9]. Due to the often accompanying early diagnosis, the 
majority of these lesions are found at the clinical T1 stage, 
with distant metastases being present in up to 12% at the 
time of diagnosis [10], making most of them amenable for 
partial nephrectomy (chapter “RAPN”). Since minimally 
invasive approaches have become a viable alternative for 
open partial nephrectomy [11], a strong focus on the integra-
tion of the patient-specific renal anatomy into these technical 
environments is observed during recent years (chapter 
“Current Imaging Modalities and Virtual Models for Renal 
Tumors”). Traditionally, partial nephrectomy was performed 
open with full hilar clamping and cold ischemia. As such, the 
relevance of renal vasculature and its anomalies was not 
readily apparent. The advent of laparoscopic and robotic 
approaches with their warm ischemia approach and concom-
itant possible renal ischemic damage required a shift in this 
approach. Improved ability to dissect and identify vessels 
and the concern of warm ischemia caused surgeons to shift 
toward selective clamping or off-clamp tumor resections. As 
such, knowledge of the patient-specific anatomy and impli-
cations for selective clamping has found their way into clini-
cal routine.

A detailed understanding of the patient’s anatomy facili-
tates pre-operative planning as well as peri-operative tech-
nique and allows for optimization of functional and 
oncological surgical outcome.

In this chapter, we describe the embryology, physiology, 
and surgical anatomy of kidneys and adrenals in order to pro-
vide a holistic approach to pre-operative robotic renal sur-
gery planning. A strong emphasis is put on the detection and 
treatment of vascular anomalies in order to facilitate dissec-
tion of atypical vasculature. We also describe practicalities in 
anticipating and overcoming these difficulties.
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Fig. 1 Segmental division 
following extrarenal arterial 
branching as described by 
Graves [6]. The apical part 
encompasses the superior 
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the superior pole, the inferior 
part occupies the lower pole, 
the middle part occupies the 
remaining anteromedial part, 
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includes the posterior renal 
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2  Renal Physiology

Renal function can be categorized in three main categories:

• Firstly, an excretory function, in which metabolic waste 
products are excreted toward the urine.

• Secondly, an endocrine function that controls red blood 
cell production by bone marrow and activates vitamin D.

• Thirdly, a homeostatic role in controlling blood pressure, 
tissue osmolality, electrolyte and water balance, and 
plasma pH.

Both excretory and homeostatic properties are carried out 
through a complex process of filtration, reabsorption, secre-
tion, and excretion.

Renal anatomy and its functions are closely linked. The 
medial surface of the kidney consists of a hilum through 
which the renal artery, vein, lymphatics, renal nerves, and 
ureter access the inner part of the kidney. On sectioning, the 
kidney parenchyma consists of two main regions: the cortex, 
seen as a pale outer region, and the medulla, which is the 
darker inner region. The medulla typically consists of 8–18 
conical regions called renal pyramids. Each pyramid is sepa-
rated by renal cortex; these septa of surrounding cortical tis-
sue are called the columns of Bertin. The base of each 
medullary pyramid lies at the cortex-medullary border, and 
the apex ends at so-called papilla, which merges with the 
pyelum through a minor calyx, the start of the collecting sys-
tem. These minor calyces fuse into two or three major caly-
ces, which subsequently form the renal pelvis, draining into 
the ureter. The calyceal walls, pelvis, and ureters are lined 
with smooth muscles that can propel urine forward by peri-
stalsis. The cortex and medulla form the functional part of 
the kidney and consist of about 1.3 million nephrons. A cor-

ticopapillary osmotic gradient is in place, with a renal cortex 
osmolality (300 mOsm/kg), being close to plasma osmolal-
ity, and a high inner medulla osmolality (1200 mOsm/kg). 
This osmotic gradient is essential for normal renal function 
as it allows to recover virtually all of the daily filtered water, 
which is approximately 180 l.

The cortex contains approximately 85% of the nephrons, 
and the other 15% are so-called juxta-medullary nephrons. 
The nephron is the functional kidney unit and consists of a 
renal corpuscle which is the initial filtering component and a 
renal tubule which processes and finally carries away the fil-
tered urine.

The renal corpuscle of the juxta-medullary nephron is 
situated at the border of the medulla but still in the cortex, 
and their proximal convoluted tubule and the associated loop 
of Henle occur deeper in the medulla than the cortical neph-
ron. It is to be noted that the juxta-medullary nephrons are 
the most functional of all nephrons, as they have the capacity 
to hyperconcentrate urine. This is due to their long loops of 
Henle reaching deep into the hyperosmolar inner medulla. 
Their tubuli are the only ones surrounded by vasa recta. The 
vasa rectum is a long looping vascular structure around the 
tubular loop, able to generate a hyperosmolar gradient and 
generate hyperconcentration. As such, the renal pyramids, 
consisting mainly of the tubuli and vasa recta of juxta- 
medullary nephrons, can be considered the primary func-
tional unit of the kidney. The juxta-medullary nephron is 
often depicted when explaining the function of the kidney. 
Each kidney filters approximately 1  l of blood per minute. 
This high filtration rate has two major advantages. Firstly, 
circulating toxins can be cleared from the circulation in as 
little as 30  min. Secondly, the kidney is only selective on 
what it recovers from the large filtrate volume, so any sub-
stance that is not reabsorbed is automatically secreted with-
out further due.

R. De Groote et al.



409

Interlobular
artery

Interlobar
veinInterlobar

artery

Arcuate
artery

Anterior
segmental
arteries

a b

Main
renal
artery

Posterior
segmental
arteries

Arcuate
vein

Superior
trunk

Main
renal vein

Inferior
trunk 1a

1

9

8

2a
2

3

3a
8

564

7a 7b

P
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arteries; (1a) interlobar vein. (2) Arcuate arteries; (2a) arcuate veins. (3) 
Cortical radial or interlobular arteries; (3a) interlobular veins. (4) 

Stellate vein. (5) Afferent arterioles. (6) Efferent arterioles. (7a, 7b) 
Glomerular capillary networks. (8) Descending vasa recta. (9) 
Ascending vasa recta. Derived from [13]

As depicted in Fig. 2, the vascular supply of the kidney 
forms a complex network. The renal artery splits into seg-
mental arteries as discussed thoroughly in Sect. 4. These seg-
mental arteries subsequently divide into interlobar arteries 
which enter the parenchyma at the level of the renal sinus 
and subsequently travel toward the cortex in the Bertin col-
umns. As such, they extend along the boundary of each renal 
lobe, explaining their name. These interlobar arteries subse-
quently branch in right angles to arcuate arteries, found at the 
corticomedullary border. From these arcuate arteries, corti-
cal radial arteries or interlobular arteries arise in a 90-degree 
angle and oriented radially as their name suggests. From 
there on, the arterioles provide oxygen-rich blood to renal 
corpusculi, tubuli, and vasa recta. Compared to other organs, 
there is relatively little branching until the capillary region of 
the vasculature is reached, resulting in higher capillary bed 
pressures, necessary to sustain the high filtration rate.

Two main factors contribute to the renal sensitivity in 
hypoperfusion.

Firstly, as stated above, the medullary region is crucial in 
renal function yet receives only 10% of the arterial blood 
supply. This is explained by the cortex having a high energy 
demand of sodium/potassium ATPase, responsible for 99% 
of the filtration reabsorption into the blood [14]. The lower 
medullary perfusion however implies that during restricted 
oxygen delivery such as trauma/crush/arterial clamping, this 
important functional part becomes anoxic, and renal failure 
can follow. We also note that it is exactly this lower medul-
lary perfusion rate which contributes the medullary region to 
be hyperosmolar, as compared to the medullary cortex.

Secondly, the renal branches are non-anastomotic [15]. 
Even though the arcuate arteries may illicit similarities to 
arcuate artery in the human feet, the renal arterial system is 
terminal. This is also clearly noted in renal infarction, with 
typical triangular defects.

Venous blood drains through a similar cascade of venules, 
interlobular veins, arcuate veins, interlobar veins, and even-
tually the renal vein. In contrast to the arterial system, this 
system is non-terminal, with several anastomoses inside the 
kidney but also with veins in the perinephric fat, through a 
subcapsular plexus of stellate veins.

3  Embryology

The renal organogenesis starts at the level of the three 
germ leaves. More specifically, the kidneys originate from 
the intermediate mesoderm. Nephrogenesis starts in the 
4th week of gestation. In utero, renal development is char-
acterized by three subsequent phases, pronephros, meso-
nephros, and metanephros, which is the precursor of the 
final kidney [16].

At week 6, the metanephros ascends from the pelvis 
toward its final lumbar position where it meets the adrenal 
gland. While the kidneys are still in the pelvis, they are sup-
plied by the median sacral artery and internal and external 
iliac vessels. In normal organogenesis, these arteries atrophy 
and newly cranial arteries are formed as the kidneys’ ascent. 
As such, the kidneys generate arteries along their path, mak-
ing new cranial arteries, while lower caudal arteries atrophy. 
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Errors during this vascularization process result in the growth 
of accessory arteries as discussed below.

The renal and ureteral development are thought to be 
interdependent: normal renal development depends upon a 
normal ureteral bud and vice versa. The ureteral bud under-
goes orderly branching and penetrates this metanephros, as 
such forming the collecting duct and pyelocaliceal system. It 
will also elongate, thus forming the ureter. Autopsy reports 
show that renal agenesis can occur when either parenchyma 
or ureteral bud fail to develop, emphasizing their interdepen-
dence [17].

Each adult kidney typically consists of 750,000 nephrons, 
though the total number can vary significantly from 250,000 
to 2 million nephrons [18]. All nephrons are formed by 
weeks 32–36 of gestation. Although the fetal kidneys do pro-
duce urine, it is not until after birth that the glomerular filtra-
tion rate increases rapidly due to a postnatal kidney vascular 
resistance drop and accompanying increased renal perfusion. 
Nephron maturation also continues postnatally.

4  Surgical Renal Anatomy

4.1  Renal Anatomical Relationships

4.1.1  Renal Topology
The position of the right kidney is 1–2 cm lower than the left 
kidney due to the liver, positioned above. Both kidneys are 
positioned retroperitoneally and rest with their posterior 
upper third against the diaphragm, covered by the 12th rib. 
The left kidney is also covered by the 11th rib. Their longitu-
dinal axes parallel the oblique and inclined psoas muscle, on 
which their posterior medial two thirds rest, while the lateral 
posterior two thirds is bordered by the quadratus lumborum. 
Both muscles are separated from the kidney by Gerota’s fas-
cia, a layer of posterior pararenal fat and the transversus 
abdominis fascia [19]. Due to the conical psoas muscle 
shape, the superior poles are more inclined toward posterior 
and medial in comparison to the inferior poles.

Anteriorly, the kidneys are lined by the left and right 
colon with their mesentery on the respective sides. The right 
kidney is bordered by the liver and attached to it by the hepa-
torenal ligament. Its renal hilum is overlayed by the descend-
ing part of the duodenum and the pancreatic head. The left 
kidney is superiorly bordered by the pancreatic tail and 
splenic hilum, in which the inferior mesenteric vein fuses. 
The posterior gastric wall can also overly the left kidney. It is 
attached to the spleen by the splenorenal ligaments, and care 
should be taken in applying excessive downward pressure on 
the left kidney to avoid splenic capsular lesions.

Mean renal length is estimated at approximately 11.1 cm, 
with a thickness of 3.3 cm. The superior width is found to be 
1.1 cm wider than the inferior pole. The left kidney is found 

to be 1–3 mm larger in every dimension. Superior poles are 
slightly larger in width than the inferior poles. Each kidney 
weighs some 100–200  g, female kidneys being slightly 
heavier. Individual stature and length are significantly cor-
related to the renal size [8]. Classically, from anterior to pos-
terior, the renal hilum consists of a single renal vein, a single 
renal artery, and the renal pelvis.

4.1.2  The Retroperitoneal Space
The retroperitoneal space is divided into the perirenal and 
the anterior and posterior pararenal space (Fig. 3). The peri-
renal space is contained within Gerota’s fascia and contains 
the kidneys, the adrenals, the great vessels, and the perirenal 
fat. The kidney’s outer layer consists of a tough fibrous layer, 
the renal capsule. Outside the Gerota but inside the retroperi-
toneum, the anterior and posterior pararenal fat is found. The 
anterior and posterior Gerota’s fasciae fuse laterally into the 
lateroconal fascia, which subsequently fuses with the perito-
neum lateral to the colon, as such forming the white line of 
Toldt. Superiorly, Gerota’s fascia attaches to the diaphrag-
matic crura, while inferiorly, no fusion occurs, as such leav-
ing a potential open space.

4.1.3  The Adrenal Glands
The adrenal glands are paired structures, located on the 
medial upper kidney pole within Gerota’s fascia. They are 
surrounded by adipose and connective tissue, forming a 
pseudocapsule which facilitates dissection. The right adrenal 
gland is positioned lower than the left adrenal gland, in con-
cordance with relative position of the right kidney as com-
pared to the left kidney. It is positioned between the liver and 
the diaphragm, just right to the IVC, with the duodenum cov-
ering it anteromedially. The left adrenal lies more medial 
than its contralateral equivalent. In contrast to the right adre-
nal vein which drains directly in the IVC, the lower left adre-
nal drains into the midpoint of the left renal vein. This 
explains its more medial position and why it is more easily 
drawn down with the left kidney itself. The superior left 
adrenal drains into the inferior phrenic vein. Similarly to the 
upper left kidney pole, the left adrenal’s anterior and upper 
aspects are also related to the pancreatic tail and splenic ves-
sels, as well as the stomach. Bilateral arterial adrenal supply 
is identical and threefold: inferior branches from the ipsilat-
eral renal artery, middle branches directly from the abdomi-
nal aorta, and superior branches from the inferior phrenic 
arteries (Fig. 4).

4.1.4  Variations
Horseshoe kidneys are one of the most commonly found 
renal fusion anomalies with a reported frequency of 1 in 500 
patients and a male preponderance (2:1) [22]. In a horseshoe 
kidney, both kidneys are connected by an isthmus, most 
often at the level of the lower pole. The isthmus is found 
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Fig. 4 Renal and adrenal vascularization overview. Derived from [21]
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inferior to the inferior mesenteric artery in 40% of the cases 
(Fig. 5); as such, the hypothesis that the inferior mesenteric 
artery withholds the isthmus should be discarded. 
Nevertheless, horseshoe kidneys generally do not migrate 
superiorly to the same extent as normal kidneys. The calyces 
often face more posteriorly, and the pelvis more anteriorly.

Apart from location and orientation, the variation in 
embryological development also manifests itself at the level 
of blood supply, showing a highly variable arterial and 
venous anatomy. Arteries arise from any of the aorta, inferior 
mesenteric artery, iliac vessels, or even sacral artery. This 
attributes to the complex surgical anatomy of horseshoe 
kidneys.

Several etiological factors are thought to contribute, 
including intra-uterine, genetic, and structural factors that 
affect the renal development and migration. Apart from a 
twofold risk of Wilms tumor [23], rates of other renal cell 
cancers are comparable to the general population. A compa-
rable higher risk of kidney stone formation is also noted for 
horseshoe kidneys.

As indicated in Fig.  5, 20% of the horseshoe kidneys 
never leave the pelvis.

When unfused, non-ascending of pelvic kidneys forms 
another frequent finding of migrational errors during embry-
onal development with an estimated incidence of 1 in 12,000 
clinically and 1 in 900 postmortem [24]. No increased risk 
for renal cell carcinoma is reported, but the short and tortu-
ous ureters do predispose to infection and lithiasis formation. 
The arterial supply is highly variable and confers to the 
embryological pelvic status, with similar arterial origins as 
in horseshoe kidneys.

4.1.5  Surgical Impact
When assessing 2D imaging such as CT or MRI, the renal 
angulation along the psoas muscle becomes very relevant. 
Axial or coronal CT/MRI slices are not aligned according to 
the longitudinal or short renal axis, and as such an upper pole 

tumor may occasionally appear on planar imaging as a mid- 
renal tumor [25]. Hence, appropriate adjustment of cross- 
sectional CT slices is required when determining surgical 
strategy.

Approximately 80% of horseshoe kidneys are symmetric 
and have a wide isthmus consisting of functional renal 
parenchyma, which directly impacts strategy during partial 
or heminephrectomy. Double ureters may also be present on 
or both sides (6%) in horseshoe kidneys [26], and one or 
both ureters can rarely travel posterior to the isthmus. Most 
commonly the great vessels lie posterior to the isthmus. A 
retroperitoneal approach might be essential in posterior 
horseshoe tumors as the anatomy does not allow for tradi-
tional mobilization and flipping of the kidney. For a trans-
peritoneal approach, patient position is unchanged, while 
port placement needs to be individualized but is often more 
medial and caudal than in classical RAPN [27]. Renal pedi-
cle needs to be carefully dissected, as well as anomalous 
arterial vessels in preparation for the clamping strategy. 
This requires meticulous pre-operative imaging using triple-
phased CT or MRI scans, when possible with 3D arterial 
reconstruction. Tumor dissection can be challenging as the 
kidney is still supplied by the other half through the isth-
mus. When heminephrectomy is required, the isthmus needs 
to be divided after full mobilization of the horseshoe kidney. 
Several described techniques to divide the isthmus laparo-
scopically include sharp division after placement of a 
Satinsky clamp followed by running Vicryl 2-0 suture [28], 
clipping with 15  mm Hem-o-lok clips combined with 
Harmonic scalpel division and application of a PDS 
Endoloop around the isthmus [29] and even isthmus tran-
section using a laparoscopic stapler [30].

Similarly, ectopic pelvic kidneys require extensive pre- 
operative imaging and precise arterial dissection. The kidney 
is often buried deep in the pelvis, below the aortic bifurca-
tion, and hidden by the sacrum. They can be associated with 
other anatomical abnormalities which alter anatomy and 
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Fig. 5 Position-distribution of inferiorly fused horseshoe kidneys as compared to the normal position. Horseshoe kidneys fused at the lower pole 
account for 90% of all horseshoe kidneys, and 20% of these horseshoe kidneys never leave the pelvis. Derived from [22]
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complicate access. Just as horseshoe kidneys, these proce-
dures should be left in the hands of experienced robotic sur-
geons [27].

Regarding renal topology, several renal anatomical rela-
tionships need to be appreciated during kidney mobilization 
and renal surgery. Due to the vicinity of the pancreatic tail 
near the left renal hilum, one should always be aware of the 
possibility of pancreatic tail lesions during RAPN or left 
nephrectomy. Unlike splenic injuries, which are easily rec-
ognized pre-operatively due to extensive bleeding, pancre-
atic lesions tend to be recognized in the post-operative period 
when pancreatic fistula’s or peripancreatic collections 
become apparent. As these complications require re- 
interventions in the majority of cases and have a consider-
able mortality rate, pancreatic lesions during renal surgery 
account for one of the most significant complications. Care 
should be given to the pancreas tail during descending colon 
mobilization in left-sided renal surgery during which wide 
exposure and a meticulous surgical technique are key [31].

The close relationship between the left kidney and the 
spleen demands carefulness during upper pole mobilization 
of the left kidney. Iatrogenic injury to the spleen is not an 
uncommon complication. Left nephrectomy has been 
reported as the second most common cause of iatrogenic 
splenectomy with a reported incidence between 1.3 and 
24%. Moreover, iatrogenic splenectomy is associated with 
significant morbidity and mortality. With the advent of 
hemostatic agents, smaller splenic injuries could be managed 
conservatively. As mobilization of the splenic flexure of the 
colon most often is not deemed necessary for a good expo-
sure, this could prevent iatrogenic splenic capsule laceration 
and splenic vessel damage [32–34].

Left-sided kidney exposure demands mobilization of the 
descending colon along the paracolic gutter (i.e., Toldt’s 

fascia). During right-sided renal surgery, it is deemed nec-
essary by many surgeons to completely mobilize the 
ascending colon along Toldt’s fascia. However, the splenic 
flexure lies at a higher level compared with the hepatic flex-
ure, as it is held on to the diaphragm by a peritoneal fold, 
the phrenicocolic ligament on which the spleen sits. 
Therefore, a full ascending colon might not be necessary in 
the majority of cases. An alternative technique is to start the 
right hilar dissection at the level of the fat-free region of the 
inferior caval vein under the liver border and to follow it 
more caudally until the renal vein is met. A minimal mobi-
lization of hepatic colic flexure and duodenum is only nec-
essary [35].

4.2  Arterial System

4.2.1  Normal Anatomy
In general, each kidney has one single renal artery which 
finds its origin on the abdominal aorta slightly below the 
superior mesenteric artery. It is bilaterally positioned poste-
rior to the renal vein. However, in approximately one in 
three patients, the renal artery is located anterior to the 
renal vein [25].

Due to the lowered position of the right kidney and the left-
sided aortic origin, the right renal artery has a longer and 
downward course, traversing behind the inferior vena cava 
(IVC). The left renal artery however typically arises somewhat 
lower on the abdominal aorta, as such having a horizontal ori-
entation toward to the superiorly positioned left kidney.

The renal artery typically gives rise to an anterior and 
posterior trunk, which subsequently subdivides into four to 
five segmental arteries which supply a corresponding seg-
mental parenchymal part (Fig. 6). The anterior trunk is con-
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Fig. 6 Classical extrarenal 
anatomic division of the renal 
artery into five segmental 
arteries: an anterior trunk 
giving rise to an apical, upper, 
middle, and lower segmental 
artery and a posterior trunk 
perfusing the posterior 
segment. Derived from [25]
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a b c

Fig. 7 Cinematic renders of supernumerary renal artery categories. 
Pictures adapted from [45]. (a) Accessory hilar renal artery on the right 
side, as indicated by the blue arrow. The artery has its origin in the 
abdominal aorta and enters at the level of the renal hilum. (b) Accessory 
polar artery on the right side as indicated by the yellow arrow. The 

artery has its origin in the abdominal artery and enters the kidney out-
side the renal hilum. (c) Early arterial branching on the left side, as 
indicated by the yellow arrow. The artery has its origin in the renal 
artery itself, within 1.5 cm of the arterial ostium

sidered dominant in perfusion, carrying approximately 75% 
of the renal blood supply [25]. The anterior-posterior divi-
sion gives rise to an avascular frontal plane, along the so- 
called line of Brödel as defined in 1901, passing through the 
row of minor posterior calyces, which is currently however 
less used in surgical planning.

The corresponding perfusion zones for these segmental 
arteries, as defined by Graves in 1954, can be seen in Fig. 1. 
Subsequent division of segmental arteries up onto the inter-
lobular level is discussed in Sect. 2.

Graves’ classification is considered the gold standard for 
the classification of the arterial renal system. Nevertheless, a 
high variability is present both at the level of the main renal 
artery and its segmental arteries. Several studies estimate the 
percentage deviating from Graves’ classification around 
40% [1, 2, 36]. Single parenchymal segment can also be per-
fused by one or more branches of another segmental artery 
[36–38]. As such a thorough evaluation of arterial system is 
imperative before every surgery.

3D models and cinematic versions are finding their way 
into clinics and show promising results for pre-operative 
planning. Nevertheless, at present most surgical planning is 
still performed on planar CT imaging.

Multidetector CT (MDCT) angiography provides a 
non- invasive way to measure the number, size, branching 
pattern, course, and relationship between arteries, veins, 
and the collecting system [39]. It detects accessory arter-
ies, early branching, and renal vein anomalies with a 
respective accuracy of 95, 90–95, and 95–100%, respec-
tively [40].

4.2.2  Renal Artery Variations
As mentioned above, the renal vasculature has consistent 
patterns, but it can still be very subject to variation (Fig. 7). 
One reason for this variation is the renal ascent in utero in 
which arteries are subsequently generated and atrophied. As 
such, supernumerary or accessory renal arteries are found up 
to 25–30% of the population, while the other two thirds are 
estimated to have a classical single renal artery [2, 41, 42]. 
As such, the presence of these multiple or accessory renal 
arteries is the most common anatomic variation [43]. Up to 
five accessory arteries have been reported.

Accessory arteries originate most commonly from the 
abdominal aorta, supplying the inferior pole [40]. Accessory 
or multiple renal arteries are more common on the right side 
[25] and can be present bilaterally in 10–15% of the popula-
tion [42]. More arterial variation is also seen when anomalies 
are present contralaterally.

Some discordance is found in literature on the terminol-
ogy for the classification of anomalous arterial renal anat-
omy. While some authors consider accessory arteries to be 
the general term for arteries not following a classical pattern 
[40], others define accessory arteries as arteries reaching the 
hilum and aberrant or polar arteries as the other category 
[44]. We choose the first definition.

Accessory arteries are thus subdivided into two main cat-
egories. The first one is being the hilar arteries, supernumer-
ary arteries which enter the kidney at the hilum along with 
the main renal artery. When a hilar accessory artery is of a 
similar caliber as the main renal artery and originates from a 
similar abdominal aortic level, it is sometimes named “sec-
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ond main renal artery.” The second category is formed by 
polar arteries which enter the kidney directly from the cap-
sule outside the hilum. Both groups usually originate from 
the abdominal aorta or iliac arteries. Rarely, both categories 
of accessory arteries may also arise from the lower thoracic 
aorta and lumbar or mesenteric arteries.

Both groups are not to be confused with the so-called pre-
hilar or early arterial branching, in which the first renal arte-
rial branch arises within 1.5 cm of the renal artery ostium, 
with an estimated prevalence of 12% of the population [44]. 
Early arterial branching is also more objectivated on the right 
side [45–47].

4.2.3  Surgical Impact
Several studies have shown that both parenchymal segments 
[31] and tumors are often perfused by several segmental 
arteries [2, 37, 38]. This means that segmental clamping will 
often be insufficient to reach satisfactory tumor ischemia. 
These crossing vessels are most frequently found between 
the middle, inferior, and superior segments. As such, tumors 
at the posterior segment have a smaller risk of collateral 
blood supply from anterior segmental arteries. Bloodless 
resection after selective clamping is expected to follow [36]. 
This can be considered a present equivalent to the avascular 
plane as defined by Brödel.

Evenly important is that the renal arterial system is termi-
nal. As stated above, this makes the parenchyma very sensi-
tive to ischemic damage.

As such, both aspects have a direct impact on the clamp-
ing strategy.

We refer to chapter “Hilar Dissection: Selective Clamping 
and Early Unclamping Techniques for Clamping Strategies.”

Concerning the variant anatomy on the right-hand side, a 
surgeon needs to be aware renal artery typically originates 
posterior to the IVC, but early bifurcation or accessory artery 
can result in the part of the right renal artery being anterior to 
the IVC, therefore accruing the risk of damaging the IVC [47].

4.3  Venous System

4.3.1  Normal Anatomy
As discussed in the arterial section, the right renal artery gen-
erally crosses the inferior vena cava posteriorly. This relative 
position is most often maintained upon the renal hilum, 
where the renal vein usually lies anterior to the renal artery. 
Due to the IVC’s rather right-sided position, the left renal 
vein is almost three times longer than the right renal vein 
[20]. Unlike the right renal vein, the left renal vein receives 
several tributaries before joining the IVC: the left adrenal 
vein superiorly, the left gonadal vein inferiorly, and a lumbar 
vein posteriorly. It reaches the IVC more cranially and 
anterolaterally as compared to the right renal vein. Direct 

confluence of gonadal or adrenal veins into the right renal 
vein is seen in only 7 and 30% of cases, respectively. The 
renal vein’s position can vary up to 1–2 cm cranio-caudally 
with respect to the artery.

Up until the level of the segmental branches, the venous 
anatomy correlates with the arterial system. These segmental 
branches next coalescence in two to five venous trunks which 
will eventually the renal vein.

In contrast to the arterial supply, the venous system has 
plenty of intra- and extrarenal anastomotic vessels. They 
anastomose at the level of the sinus (first order), pyramids 
(second order), and marginal veins (third order) [48]. The 
veins are also in relation to interlobar, arciform, and stellate 
veins. As noted earlier, the venous drainage indeed also com-
municates with veins inside the perinephric fat via a subcap-
sular venous plexus of stellate veins.

We discuss the anomalies on CT angiography. The venous 
anatomy is readily to be appreciated on the arterial phase. 
However, some large venous tributaries might require addi-
tional evaluation of nephrographic phase images [49, 50].

4.3.2  Renal Vein Anomalies
In contrast to the high arterial variation, venous anatomy is 
less variable.

The most commonly encountered venous variation is the 
presence of multiple renal veins, encountered in 15–30% of 
patients [42]. Multiple renal veins are more present on the 
right side [44], most probably due to the short distance to the 
IVC. The left renal vein is nearly always singular. Two left 
gonadal veins can be observed in 15% of patients, and the 
gonadal vein can become very large on the left side, being 
diagnosed a prominent gonadal vein which is 5 mm or larger 
(Fig.  8). In 59–88% of patients, the retroperitoneal veins 
(lumbar, ascending lumbar, and hemiazygos veins) drain into 
the left renal vein.

Figure 9 provides an overview of the most common left 
renal vein anomalies and peculiarities.

The most common anomaly of the left renal venous sys-
tem is the circumaortic renal vein, seen in up to 17% of the 
population (Fig. 9b) [42, 44]. Here, the left renal vein splits 
into an anterior and posterior part that encircles the abdomi-
nal aorta. The retro-aortic component can vary in size. The 
adrenal vein typically joins the anterior part, while the 
gonadal vein typically joins the posterior vein. The posterior 
component often joins the aorta at a more caudal level, which 
also explains its relation to the gonadal vein.

More rare is a complete retro-aortic renal vein, seen in 
2–3% of patients. Here, the single left renal vein courses pos-
terior to the aorta before draining into the IVC (Fig. 9C).

Less common variants include a late venous confluence, 
in which the venous branch coalescences within 1.5 cm of 
the anastomosis of the renal vein with the IVC. As such, it is 
the venous analogy of early arterial branching.

Renal Anatomy, Physiology, and Its Clinical Relevance to Renal Surgery
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a b

Fig. 8 Prominent gonadal and retroperitoneal veins. (a) Large lumbar 
vein draining into the left renal vein (LRV), as indicated by the black 
arrow [42]. (b) Cinematic render showing a prominent left gonadal vein 

(GV), draining into the left renal vein (LRV), as well as a lumbar vein 
(LV) and small renal venous branch (arrow) draining into the left 
gonadal vein

Right-sided late venous confluence is very poorly 
described, as almost every right-sided venous drainage hap-
pens within 1.5 cm of the renal vein ostium due to the short 
venous length.

4.3.3  Surgical Impact
As discussed earlier, the renal venous system is not terminal 
but widely collateral. This implies that segmental branches 
can be occluded without hampering venous outflow or with-
out subsequent renal damage.

MDCT allows for pre-operative detection of minor venous 
variants such as lumbar or gonadal veins. This may facilitate 
dissection in partial and radical nephrectomy and help avoid 
hemorrhagic complications.

If an IVC thrombus is present, both collateral venous cir-
culation and drainage of the retroperitoneal veins will be 
hampered, causing them to dilate and further increasing the 
risk of hemorrhagic complications.

4.4  Renal Collecting System and the Ureter

4.4.1  Renal Papillae, Calyces, and Pelvis
The renal papillae are the tip of a medullary pyramid and 
constitute the first gross structure of the renal collecting sys-
tem (Fig. 10). Typically, each kidney has 7–9 papillae, but 
this number is variable, ranging from 4 to 18. Each of these 
papillae is cupped by a minor calyx. At the upper and lower 
poles, compound calyces are often encountered. These com-
pound calyces are the result of renal pyramid fusion and 

because of their anatomy dare more likely to allow reflux 
into the renal parenchyma.

After cupping an individual papilla, each minor calyx nar-
rows to an infundibulum. Just as there is frequent variation in 
the number of calyces, the diameter and length of the infun-
dibula vary greatly. Infundibula combine to form two or 
three major calyceal branches. These are frequently termed 
the upper, middle, and lower pole calyces, and these calyces 
in turn combine to form the renal pelvis. The renal pelvis 
itself can vary greatly in size, ranging from a small intrarenal 
pelvis to a large predominantly extrarenal pelvis. Eventually 
the pelvis narrows to form the ureteropelvic junction, mark-
ing the beginning of the ureter.

4.4.2  Ureter
The key to many urologic procedures is an understanding 
of ureteral anatomic relationships. The ureter begins at the 
ureteropelvic junction, which lies posterior to the renal 
artery and vein. It then progresses inferiorly along the ante-
rior edge of the psoas muscle. Anteriorly, the right ureter is 
related to the ascending colon, cecum, colonic mesentery, 
and appendix. The left ureter is closely related to the 
descending and sigmoid colon and their accompanying 
mesenteries. Approximately a third of the way to the blad-
der, the ureter is crossed anteriorly by the gonadal vessels. 
As it enters the pelvis, the ureter crosses anterior to the iliac 
vessels. This crossover point is usually at the bifurcation of 
the common iliac into the internal and external iliac arter-
ies, thus making this a useful landmark for pelvic proce-
dures [53, 54].
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Fig. 9 An overview of the congenital left renal vein and IVC anoma-
lies. Adapted from [42, 51]. (a) Normal anatomical situation. (b) 
Circumaortic left renal vein. Cinematic render shows how the posterior 
vein is more caudally oriented. We also note the accessory hilar artery. 

(c) Retro-aortic left renal vein (LRV). Note the second small right renal 
vein (arrow) (RRV, right renal vein; IVC, inferior vena cava). (d) 
Accessory second renal vein (short arrow), with a small retro-aortic 
component, and a polar artery (long arrow)

4.5  Lymphatics, Retroperitoneal Nodes 
and Sympathetic Ganglia

4.5.1  Renal Lymphatics
The renal lymphatics largely follow blood vessels through 
the columns of Bertin and then form large lymphatic trunks 
within the renal sinus. As these lymphatics exit the hilum, 
branches from the renal capsule, perinephric tissues, renal 
pelvis, and upper ureter drain into these lymphatics. They 
then empty into lymph nodes associated with the renal 
vein near the renal hilum. From here, the lymphatic drain-

age between the two kidneys differs between sides. On the 
left, primary lymphatic drainage is into the left lateral 
para-aortic lymph nodes including nodes anterior and pos-
terior to the aorta between the inferior mesenteric artery 
and the diaphragm. Occasionally, there will be additional 
drainage from the left kidney into the retrocrural nodes or 
directly into the thoracic duct above the diaphragm. On the 
right, drainage is into the right interaortocaval and right 
paracaval lymph nodes, including nodes located anterior 
and posterior to the vena cava, from the common iliac ves-
sels to the diaphragm. Occasionally, there will be addi-
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Fig. 10 The renal collecting 
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minor calyces. Adapted  
from [52]

tional drainage from the right kidney into the retrocrural 
nodes or the left lateral para-aortic lymph nodes.

4.5.2  Retroperitoneal Lymphatics
The retroperitoneal lymphatics form a very rich and exten-
sive chain. As a general rule, lymphatics follow the arteries, 
and named lymph nodes are found at the root of the arteries. 
Retroperitoneal nodes of the abdomen comprise the inferior 
diaphragmatic nodes and the lumbar nodes. The latter are 
classified as left lumbar (aortic), intermediate lumbar (inter-
aorticovenous), and right lumbar (caval). These nodes sur-
round the aorta and the inferior vena cava. Around the aorta 
lie the para-aortic nodes, preaortic nodes (including celiac, 
superior mesenteric, and inferior mesenteric nodes collect-
ing lymph from the splanchna supplied by the homonymous 
arteries), and retro-aortic nodes. Similarly, around the vena 
cava lie the paracaval, precaval, and retrocaval nodes. Pelvic 
nodes include the common iliac, external and internal iliac, 
obturator, and sacral nodes.

The sympathetic trunks (sympathetic chain, gangliated 
cord) are a paired bundle of nerve fibers that run from the 
base of the skull to the coccyx. The sympathetic trunk lies 
just lateral to the vertebral bodies for the entire length of the 
vertebral column. During renal surgery it is very rare that 
these structures are encountered [55, 56].

4.5.3  Surgical Impact
The role of performing lymphadenectomy during renal 
surgery is still controversial. There is no consensus on 
the fact whether retroperitoneal lymph node dissection 
should be part of renal oncological surgery. Data sug-
gest that lymph node dissection is not associated with 
improved oncologic outcomes among patients at high 
risk who undergo radical nephrectomy for M0 renal cell 
carcinoma. If deemed necessary, a meticulous surgical 
technique with the use of surgical clips and hemostatic 
agents might be beneficial to lower peri-operative com-
plications [57, 58].
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Training and Challenges to Perform 
Robot-Assisted Renal Surgeries

Stefano Puliatti, Pietro Piazza, Rui Farinha, Thomas Raju, 
and Anthony G. Gallagher

1  Introduction

Over the last two centuries, medical training has been based 
on the Halstedian “see one, do one, teach one” model [1], 
consisting of observing, performing, and then teaching oth-
ers as part of the learning process. The introduction of new 
rules limiting work shifts, increasing paperwork, and con-
cerns about neophytes operating on patients [2] have shown 
the need for a paradigm shift in surgical training. Halsted’s 
methodology has been proven to be flawed, as trainees need 
more than mere observation to be able to perform a proce-
dure and teach it to other trainees.

Historically, surgeons have learned how to perform sur-
geries on live patients and, despite having completed their 
training, may still find themselves at the initial phases of the 
learning curve for certain techniques and procedures [3]. 

This finding is of the utmost importance, considering that 
several studies on perioperative morbidity following mini-
mally invasive procedures have shown that the majority of 
complications occur in the early part of the learning curve 
[4]. Surgical training should focus on providing an optimal 
setting in which skills can be developed following a specific, 
structured, and validated process; furthermore, trainers 
should evaluate whether a trainee has reached a specified 
proficiency level of performance before dismissing or allow-
ing them to move to the next step. Nowadays, standard 
courses do not rely on structured teaching methodology and 
do not include an end-of-course objective assessment of the 
acquired skills. Learning new procedures should be grounded 
on validated approaches, such as proficiency-based progres-
sion training, and include a cognitive understanding of the 
procedure itself. Trainees should be aware of what they 
should and, more importantly, what they should not do when 
performing the procedure [5]. Procedures should be learned 
and practiced, until the quantitatively defined proficiency 
benchmark is demonstrated, in a laboratory setting or through 
simulation training, improving patient safety [6]. Only when 
proficiency is demonstrated with established benchmarks, 
trainees should proceed to perform the procedure in a real- 
life setting, moving from an exposure-based to a proficiency- 
based assessment. Without this paradigm shift, it is unlikely 
that an adequate quality of skills will be achieved.

2  The Role of Robot-Assisted 
Procedures in Renal Surgery

Over the last years, the role of robot-assisted procedures in 
renal diseases’ treatment has drastically increased. Several 
studies have proven the benefits of robot-assisted surgery 
(RAS) for most of the diseases over traditional techniques. 
Partial nephrectomy is one of the most challenging urologic 
surgeries, requiring careful handling of the renal parenchyma 
and rapidity in the excision to reduce the loss of renal func-
tion. Technical and technological improvements associated 
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with robotic system can help in maximizing renal function 
preservation after partial nephrectomies. The use of intraop-
erative ultrasound can help identify and define tumor’s bor-
der, locate hilar structure, and evaluate renal ischemia after 
renal artery clamping [7]. By allowing a better determination 
of the vascularization of the kidney and renal tumor, 
 fluorescence imaging, through Firefly technology, can assist 
in its identification, guide selective ischemia, and provide 
real- time guidance during resection and assessment of tumor 
margins [8]. Finally, surgical navigation systems that syn-
chronize real-time endoscopic images with virtual reality 3D 
models might help improve the quality of the surgical proce-
dure [9]. The combined use of these technologies can also 
improve the access and selection of the best clamping tech-
nique. Considering that clamping the renal pedicle has a 
direct impact on the warm ischemia time and, therefore, on 
kidney function preservation, RAS can assist the surgeon in 
significantly reducing ischemia-related renal injury [10]. 
The increased dexterity associated with Endowrist technol-
ogy can finally impact functional outcomes of RA partial 
nephrectomy allowing surgeons to perform more selective 
resection and more accurate hemostasis, even in case of 
complex tumor, totally intrarenal, while still maintaining 
high standard of oncological safety [11].

Treatment of pyelo-ureteral junction disease (PUJD) via 
RAS has also quickly gained consensus due to comparable 
outcomes with laparoscopic surgery while being associated 
with a shorter learning curve and reduced operative time, 
mostly due to the reduced difficulty of the reconstructive step 
[12]. Moreover, due to the intrinsic risk of failure of the pro-
cedure, the use of RAS has grown, thanks to its safety and 
ease to approach scarred anastomotic tissue in a minimally 
invasive way [13].

Living-donor nephrectomy and kidney transplantation are 
two of the most challenging surgical procedures. Being con-
ducted in healthy volunteers, living-donor nephrectomies 
need to guarantee the safety of the donor. Moreover, a good 
vascular dissection is of utmost to obtain enough vessel 
length and to minimize warm ischemia time during trans-
plantation. Robot-assisted procedures have shown to ease 
this complex task [14]. Robotic kidney transplantation is 
rapidly gaining consensus, showing encouraging results 
[15], mostly due to increased dexterity offered by the use of 
wristed robotic instruments [16]. However, robot-assisted 
transplantation has shown to require a structured training in 
order to surpass the steep learning curve associated with the 
procedure.

3  Training Curricula for Renal Surgery

No guidelines on training for robot-assisted renal surgery 
(RARS) are currently available. As previously stated, to 
reduce the exposure of patients to possible risks, the intro-

duction of structured, standardized, validated, and effective 
curricula is mandatory. A series of validated and non- 
validated robotic curriculum have been developed for robotic 
training, either based on simulation (FSRS, fundamental 
skills of robotic surgery [17]; proficiency-based robotic cur-
riculum [18]; BSTC, basic skill training curriculum [4]) or 
structured curricula (ERUS curriculum for partial nephrec-
tomy) [19]. However, all these curricula lack an objective 
assessment of trainees’ performances. Trainees, despite their 
previous expertise, should exhibit a quantitatively defined 
performance standard before advancing along the curricu-
lum’s steps and therefore being allowed to use the robotic 
system on actual patients. Proficiency-based progression 
(PBP) training has been proven to help trainees achieve bet-
ter performances in clinical setting when compared to train-
ees trained with traditional methods [20]. PBP is based on 
metrics derived from the experience of experts, and, after 
validation, these are used to set benchmarks which trainees 
must demonstrate before progressing [6]. This approach 
assures the skill level of trainees at the completion of the 
training path and helps systematize performance levels in 
robotic surgery [21].

4  Proficiency-Based Progression 
Training

Skills needed to perform robot-assisted renal surgery (RARS) 
should be acquired in an organized, sequential, and struc-
tured fashion. Proficiency-based progression (PBP) training 
had been successfully applied in the development of several 
surgical skills [22, 23] and, recently, has been used as the 
method of choice for the construction of robot-assisted radi-
cal prostatectomy curriculum [24]. According to PBP meth-
odology, a specific procedure is subdivided in several phases. 
All phases are then divided in discrete procedural steps. For 
each step, errors and critical errors are identified. All the 
steps are performed in a certain order identified by a panel of 
experts. Subsequently, these metrics are analyzed through a 
modified Delphi panel [21]. The Delphi consensus-approved 
metrics constitute the core of the curriculum. PBP-based cur-
ricula are divided into a theoretical, pre-clinical, and clinical 
part. These phases will be discussed in detail in the following 
subsections.

In order to progress along the curriculum, a certain bench-
mark has to be demonstrated for each step. Benchmarks are 
based on the standard performance of experts who have com-
pleted the same assessment. Thus, at the end of the process, 
trainees must demonstrate theoretical and practical skills 
comparable with experienced surgeons. Moreover, assess-
ment allows trainers to acquire data about trainees’ involve-
ment and average skill. This could provide trainers valuable 
information on the quality and appropriateness of the con-
tents and on which aspect a certain trainee has to improve 
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before reattempting the assessment. Of note, mindlessly 
repeating the same action does not assure the improvement 
of performances. Repeated practice may lead to replicating 
the same mistakes over and over, without learning from 
them. To avoid this training loophole, PBP methodology has 
introduced the use of deliberate practice. Thanks to deliber-
ate practice, a constant formative feedback on their perfor-
mance through the whole training process [25] is provided. 
Thanks to PBP, trainees can get a precise overview on their 
errors. As the complexity of the procedural skills increases, 
the risk of not performing the procedure correctly drastically 
increases. Deliberate practice focuses on reinforcing small 
steps toward the final goal rather than reinforcing only the 
final outcome, leading to major retention and better acquisi-
tion of performance characteristics.

Finally, participants will practice the skill in the most 
effective way, shortening the progression along the learning 
curve and assuring the retention of technical skill. In case of 
failure, trainees will not need to retake the entire course. 
They will only have to demonstrate proficiency.

4.1  Curriculum’s Pre-clinical Phase

The pre-clinical phase should start with an e-learning mod-
ule. Interactive, web-based media have shown to improve 
surgical skills and reduce error rates and operative time [26]. 
The ability to subdivide contents to ease their assimilation, 
interactivity to maintain a consistently high level of atten-
tion, and personalization of the learning experience allow 
participants to create their own learning plan. Each lecture 
should contain a combination of text and videos on each 
step, explaining and showing both errors and the successful 
completion of the step according to the metrics, other than 
the metrics itself. At the end of the theoretical part of the 
course, students should be assessed through an interactive 
questionnaire. The score obtained at the end of this test must 
be high enough to reach the pre-set benchmarks. A final 
assessment is mandatory before accessing to skills laborato-
ries. One of the main problems of skills laboratories is that 
the level of skills taught in a particular course is tied to the 
level of the trainee with the lowest level of preparation. 
e-Learning and the correct use of assessment could be impor-
tant tools able to raise the level of the trainees to a point 
where minimal time is wasted teaching unprepared trainee’s 
theoretical concepts they should already possess. This practi-
cal approach guarantees that time in the skills lab is used 
efficiently.

The e-learning module should be followed by technical 
training on the robotic platform. According to the indication 
of the ORSI Consensus Meeting on European Robotic 
Training (OCERT) [21], the technical training should be per-
formed by specialists from the company producing the robot 
and should focus on all the technical aspects of the robotic 

platform, including safety features and how to manage sys-
tem errors and emergency situations. Technical training is 
followed by a baseline assessment of trainee’s starting surgi-
cal skills.

Regardless of the outcomes of this assessment, the trainee 
will undergo a skill development module, in which the basic 
skills will be developed and reinforced via the use of exercise 
in a simulated environment.

Surgical simulators have been proven to improve train-
ee’s surgical skills, reduce the learning curve, and shorten 
the length of the surgical procedures [20]. Ideal simulators 
should be economic and easy to setup and have a long life 
span, but their validation as training simulators and the 
need to define specific metrics for the procedure they want 
to simulate make their development a challenging task. 
Currently, different simulators are present on the market 
that can be used to acquire basic robotic dexterity, sutur-
ing, and manipulation skills, as well as perform full surgi-
cal cases. The improvements in computing power and 
software design improvement have been directly linked 
with development of new surgical simulators [27]. Virtual 
reality simulators can be both useful for novices and for 
more expert surgeons, thanks to the possibility of perform-
ing full-length real procedures [28]. However, most of 
these simulators lack realistic tissue responsiveness, are 
flawed by delays in signal processing, and provide inade-
quate measurements of surgeon’s skills leading to lower 
cost-effectiveness when compared with other options 
available on the market [29].

In a dry-laboratory setting, several models can be found, 
despite most of them not being currently validated for 
robotic surgical training. Dry-lab models include simula-
tors built from several types of materials, 3D printed mod-
els, harvested animal organs, and animal cadavers. Simpler 
models, built from balloons, porcine ureter, silicone, and 
thermoplastic elastomers, have been described in robotic 
renal surgery training, especially for pyeloplasty [30–33]. 
Three- dimensional printed models have recently grown in 
popularity. 3D printing allows the production of countless, 
standardized, and affordable models and therefore the con-
struction of a free-access library of surgical cases. Despite 
the extraordinary evolution observed in the 3D printing, the 
price of the equipment (3D printer, 3D printing software, 
and printing materials) is still high. Moreover, 3D models 
lack realism in terms of malleability, tear strength, hard-
ness, resistance to cut and needle driving, and simulated 
vascular blood flow; therefore their use for advanced skills 
acquisition is still suboptimal [34]. The use of chicken 
cadavers for training renal RAS-associated skills has been 
described for pyeloplasty and has been proven to be an eas-
ily replicable inexpensive model, despite its longer prepa-
ration time. Finally, harvested animal organs such as 
porcine kidneys, despite their low cost, provide a good 
model for simulating tissue handling, resection, and 
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suturing [35]. These models provide realistic support for 
surgical exercises and allow the performance of more than 
one RAPN in one single kidney [36].

After an initial phase of skill development on virtual and 
dry-lab simulator, the trainees should be involved in an inten-
sive structured course, providing guided dry-lab simulations, 
live-case observation of procedures performed by experts, 
and then proctored hands-on wet lab, allowing familiariza-
tion with the main steps of the procedure in a safe setting 
prior to moving to the clinical phase. Wet laboratories are 
characterized by the use of higher reality and higher-cost 
training models [37], such as living anesthetized pigs and the 
human cadaver. The living anesthetized porcine model is the 
most commonly animal used for basic and advanced robotic 
renal surgery training, due to its anatomical similarity to the 
human [38]. Several papers described the use of porcine 
training models for training partial nephrectomy, pyelo-
plasty, and renal transplantation, allowing trainees to develop 
skills of tissue handling, resection, and intracorporeal sutur-
ing in a realistic environment [39, 40]. In spite of some ana-
tomical differences, the researchers were able to develop 
valid high-fidelity models, with the advantage of cost reduc-
tion by allowing bilateral kidney procedures in the same ani-
mal model [41] or simulating several crucial steps of renal 
surgery [42].

Despite the anatomical similarity to the human body and 
the existence of live tissue perfusion, the small amount of 
perinephric fat, the intraperitoneal localization of the colon, 
and the large variations in its renal vascular anatomy make 
this model incompletely representative.

Being considered the gold standard model for robotic 
renal surgery training, human cadaver model allows a realis-
tic simulation, also providing anatomical variability and path-
ological conditions of the vessels and viscera [43]. Using this 
model, it is possible to train a complete surgery while dealing 
with tissues reacting similarly to the one encountered in rou-
tine clinical setting. However, the need of embalming, stor-
ing, and transporting makes it a very expensive training model 
[44]. Moreover, the risk of transmissible diseases, the absence 
of blood perfusion, and ethical concerns constitute some 
drawbacks to its use in a daily setting [45].

After completion of the intensive training and after hav-
ing proven to have reached a benchmarked proficiency level 
during the final assessment of the course, trainees should be 
allowed to proceed to the final phase of the training 
curriculum.

4.2  Curriculum’s Clinical Phase

During this phase, the console activity of the trainee should 
be monitored by an expert surgeon, providing feedbacks 
about trainee’s progression. The concept of modular 

proficiency- based progression training, initially developed 
by Stolzenburg [46], after being successfully applied to 
robot-assisted radical prostatectomy’s curriculum, has been 
applied to robot-assisted partial nephrectomy training, show-
ing promising results as well as a potential transferability to 
other renal RAS. According to Stolzenburg’s methodology, 
each surgery is divided into different steps according to a 
chronological sequence; each step is then ranked according 
to complexity using a scale ranging from I (easy) to V (com-
plex); and steps with similar complexity are then grouped 
into modules. Each module will constitute a unit with similar 
complexity, regardless of their chronological order. Proctors 
will follow the evolution of the trainees throughout this 
proficiency- based modular progression, ensuring that the 
least complex modules are completed before advancing to 
more complex ones [19]. Once proficiency is achieved in all 
the established modules, trainees will be allowed to perform 
a full procedure independently. The renal RAS full case 
should be recorded and then evaluated by experts, blinded to 
the identity of the surgeon, according to a procedure-specific 
evaluation scale, after which the trainee will be considered 
certified and independent in this specific procedure. Clearly 
defined and properly validated assessment tools based on 
objective procedural metrics will allow trainees to progress 
throughout the learning curve until they will reach clinical 
proficiency, guaranteeing proper development of surgical 
skills and helping improve the training program [47].

5  Summary

Robot-assisted renal surgery training is still under definition, 
and validated robotic curricula are still lacking. The imple-
mentation of the proficiency-based progression (PBP) train-
ing model can provide an objective and effective tool to help 
develop skills and create standardized and efficient 
curricula.

References

1. Hasson HM. Open laparoscopy. Biomed Bull. 1984;5:1–6.
2. Maybury C. The European Working Time Directive: a decade on. 

Lancet Lond Engl. 2014;384:1562–3. https://doi.org/10.1016/
s0140- 6736(14)61972- 3.

3. Bridges M, Diamond DL. The financial impact of teaching surgi-
cal residents in the operating room. Am J Surg. 1999;177:28–32. 
https://doi.org/10.1016/s0002- 9610(98)00289- x.

4. Foell K, Finelli A, Yasufuku K, Bernardini MQ, Waddell TK, Pace 
KT, et  al. Robotic surgery basic skills training: evaluation of a 
pilot multidisciplinary simulation-based curriculum. Can Urol 
Assoc J J Assoc Urol Can. 2013;7:430–4. https://doi.org/10.5489/
cuaj.222.

5. Gallagher AG.  Metric-based simulation training to proficiency 
in medical education: what it is and how to do it. Ulster Med J. 
2012;81:107–13.

S. Puliatti et al.

https://doi.org/10.1016/s0140-6736(14)61972-3
https://doi.org/10.1016/s0140-6736(14)61972-3
https://doi.org/10.1016/s0002-9610(98)00289-x
https://doi.org/10.5489/cuaj.222
https://doi.org/10.5489/cuaj.222


425

6. Gallagher AG, Ritter EM, Champion H, Higgins G, Fried MP, 
Moses G, et al. Virtual reality simulation for the operating room: 
proficiency-based training as a paradigm shift in surgical skills 
training. Ann Surg. 2005;241:364–72. https://doi.org/10.1097/01.
sla.0000151982.85062.80.

7. Hyams ES, Kanofsky JA, Stifelman MD.  Laparoscopic Doppler 
technology: applications in laparoscopic pyeloplasty and radi-
cal and partial nephrectomy. Urology. 2008;71:952–6. https://doi.
org/10.1016/j.urology.2007.11.062.

8. Hekman MCH, Rijpkema M, Langenhuijsen JF, Boerman OC, 
Oosterwijk E, Mulders PFA. Intraoperative imaging techniques to 
support complete tumor resection in partial nephrectomy. Eur Urol 
Focus. 2018;4:960–8. https://doi.org/10.1016/j.euf.2017.04.008.

9. Hughes-Hallett A, Mayer EK, Marcus HJ, Cundy TP, Pratt PJ, 
Darzi AW, et al. Augmented reality partial nephrectomy: examining 
the current status and future perspectives. Urology. 2014;83:266–
73. https://doi.org/10.1016/j.urology.2013.08.049.

10. Mattevi D, Luciani LG, Mantovani W, Cai T, Chiodini S, Vattovani 
V, et  al. Fluorescence-guided selective arterial clamping during 
RAPN provides better early functional outcomes based on renal 
scan compared to standard clamping. J Robot Surg. 2019;13:391–6. 
https://doi.org/10.1007/s11701- 018- 0862- x.

11. Buffi NM, Saita A, Lughezzani G, Porter J, Dell’Oglio P, Amparore 
D, et al. Robot-assisted partial nephrectomy for complex (PADUA 
score ≥10) tumors: techniques and results from a multicenter expe-
rience at four high-volume centers. Eur Urol. 2020;77:95–100. 
https://doi.org/10.1016/j.eururo.2019.03.006.

12. Buffi NM, Lughezzani G, Fossati N, Lazzeri M, Guazzoni G, Lista 
G, et al. Robot-assisted, single-site, dismembered pyeloplasty for 
ureteropelvic junction obstruction with the new da Vinci platform: a 
stage 2a study. Eur Urol. 2015;67:151–6. https://doi.org/10.1016/j.
eururo.2014.03.001.

13. Jacobson DL, Shannon R, Johnson EK, Gong EM, Liu DB, Flink 
CC, et al. Robot-assisted laparoscopic reoperative repair for failed 
pyeloplasty in children: an updated series. J Urol. 2019;201:1005–
11. https://doi.org/10.1016/j.juro.2018.10.021.

14. Giacomoni A, Di Sandro S, Lauterio A, Concone G, Buscemi 
V, Rossetti O, et  al. Robotic nephrectomy for living donation: 
surgical technique and literature systematic review. Am J Surg. 
2016;211:1135–42. https://doi.org/10.1016/j.amjsurg.2015.08.019.

15. Sood A, Ghosh P, Menon M, Jeong W, Bhandari M, Ahlawat 
R. Robotic renal transplantation: current status. J Minimal Access 
Surg. 2015;11:35–9. https://doi.org/10.4103/0972- 9941.147683.

16. Lee JY, Alzahrani T, Ordon M. Intra-corporeal robotic renal auto- 
transplantation. Can Urol Assoc J J Assoc Urol Can. 2015;9:E748–
9. https://doi.org/10.5489/cuaj.3015.

17. Stegemann AP, Ahmed K, Syed JR, Rehman S, Ghani K, Autorino 
R, et al. Fundamental skills of robotic surgery: a multi-institutional 
randomized controlled trial for validation of a simulation-based 
curriculum. Urology. 2013;81:767–74. https://doi.org/10.1016/j.
urology.2012.12.033.

18. Dulan G, Rege RV, Hogg DC, Gilberg-Fisher KM, Arain NA, 
Tesfay ST, et  al. Developing a comprehensive, proficiency-based 
training program for robotic surgery. Surgery. 2012;152:477–88. 
https://doi.org/10.1016/j.surg.2012.07.028.

19. Larcher A, De Naeyer G, Turri F, Dell’Oglio P, Capitanio U, Collins 
JW, et al. The ERUS curriculum for robot-assisted partial nephrec-
tomy: structure definition and pilot clinical validation. Eur Urol. 
2019;75:1023–31. https://doi.org/10.1016/j.eururo.2019.02.031.

20. Mazzone E, Puliatti S. A systematic review and meta-analysis on 
the impact of proficiency-based progression simulation training on 
performance outcomes. Ann Surg. 2021;274(2):281–9.

21. Vanlander AE, Mazzone E, Collins JW, Mottrie AM, Rogiers XM, 
van der Poel HG, et  al. Orsi Consensus Meeting on European 
Robotic Training (OCERT): results from the first multispecialty 

consensus meeting on training in robot-assisted surgery. Eur Urol. 
2020;78:713–6. https://doi.org/10.1016/j.eururo.2020.02.003.

22. Angelo RL, Ryu RKN, Pedowitz RA, Beach W, Burns J, Dodds 
J, et al. A proficiency-based progression training curriculum cou-
pled with a model simulator results in the acquisition of a supe-
rior arthroscopic bankart skill set. Arthrosc J Arthrosc Relat Surg. 
2015;31:1854–71. https://doi.org/10.1016/j.arthro.2015.07.001.

23. Puliatti S, Mazzone E, Amato M, De Groote R, Mottrie A, 
Gallagher AG.  Development and validation of the objective 
assessment of robotic suturing and knot tying skills for chicken 
anastomotic model. Surg Endosc. 2020; https://doi.org/10.1007/
s00464- 020- 07918- 5.

24. Satava R, Gallagher AG.  Proficiency-based progression process 
training for fundamentals of robotic surgery curriculum devel-
opment. Ann Laparosc Endosc Surg. 2020;5:14. https://doi.
org/10.21037/ales.2020.02.04.

25. Ericsson KA. Towards a science of the acquisition of expert per-
formance in sports: clarifying the differences between deliberate 
practice and other types of practice. J Sports Sci. 2020;38:159–76. 
https://doi.org/10.1080/02640414.2019.1688618.

26. Davis JS, Garcia GD, Wyckoff MM, Alsafran S, Graygo JM, 
Withum KF, et  al. Knowledge and usability of a trauma training 
system for general surgery residents. Am J Surg. 2013;205:681–4. 
https://doi.org/10.1016/j.amjsurg.2012.07.037.

27. Hung AJ, Jayaratna IS, Teruya K, Desai MM, Gill IS, Goh 
AC.  Comparative assessment of three standardized robotic sur-
gery training methods. BJU Int. 2013;112:864–71. https://doi.
org/10.1111/bju.12045.

28. Hung AJ, Shah SH, Dalag L, Shin D, Gill IS.  Development and 
validation of a novel robotic procedure specific simulation plat-
form: partial nephrectomy. J Urol. 2015;194:520–6. https://doi.
org/10.1016/j.juro.2015.02.2949.

29. Simmerman E, Simmerman A, Lassiter R, King R, Ham B, Adam 
B-L, et  al. Feasibility and benefit of incorporating a multimedia 
cadaver laboratory training program into a didactics curriculum for 
junior and senior surgical residents. J Surg Educ. 2018;75:1188–94. 
https://doi.org/10.1016/j.jsurg.2018.03.012.

30. Rod J, Marret J-B, Kohaut J, Aigrain Y, Jais JP, de Vries P, et al. 
Low-cost training simulator for open dismembered pyeloplasty: 
development and face validation. J Surg Educ. 2018;75:188–94. 
https://doi.org/10.1016/j.jsurg.2017.06.010.

31. Raza SJ, Soomroo KQ, Ather MH. “Latex glove” laparoscopic 
pyeloplasty model: a novel method for simulated training. Urol J. 
2011;8:283–6.

32. Timberlake MD, Garbens A, Schlomer BJ, Kavoussi NL, Kern 
AJM, Peters CA, et  al. Design and validation of a low-cost, 
high- fidelity model for robotic pyeloplasty simulation train-
ing. J Pediatr Urol. 2020;16:332–9. https://doi.org/10.1016/j.
jpurol.2020.02.003.

33. Lima JCS, Rocha HAL, Mesquita FJC, Araújo DABS, da Silveira 
RA, Borges GC. Simulated training model of ureteropyelic anasto-
mosis in laparoscopic pyeloplasty. Acta Cir Bras. 2020;35:e351108. 
https://doi.org/10.1590/ACB351108.

34. Ahmed K, Jawad M, Abboudi M, Gavazzi A, Darzi A, Athanasiou 
T, et al. Effectiveness of procedural simulation in urology: a sys-
tematic review. J Urol. 2011;186:26–34. https://doi.org/10.1016/j.
juro.2011.02.2684.

35. Ames CD, Vanlangendonck R, Morrissey K, Venkatesh R, Landman 
J. Evaluation of surgical models for renal collecting system closure 
during laparoscopic partial nephrectomy. Urology. 2005;66:451–4. 
https://doi.org/10.1016/j.urology.2005.03.033.

36. Silberstein JL, Maddox MM, Dorsey P, Feibus A, Thomas R, Lee 
BR. Physical models of renal malignancies using standard cross- 
sectional imaging and 3-dimensional printers: a pilot study. Urology. 
2014;84:268–72. https://doi.org/10.1016/j.urology.2014.03.042.

Training and Challenges to Perform Robot-Assisted Renal Surgeries

https://doi.org/10.1097/01.sla.0000151982.85062.80
https://doi.org/10.1097/01.sla.0000151982.85062.80
https://doi.org/10.1016/j.urology.2007.11.062
https://doi.org/10.1016/j.urology.2007.11.062
https://doi.org/10.1016/j.euf.2017.04.008
https://doi.org/10.1016/j.urology.2013.08.049
https://doi.org/10.1007/s11701-018-0862-x
https://doi.org/10.1016/j.eururo.2019.03.006
https://doi.org/10.1016/j.eururo.2014.03.001
https://doi.org/10.1016/j.eururo.2014.03.001
https://doi.org/10.1016/j.juro.2018.10.021
https://doi.org/10.1016/j.amjsurg.2015.08.019
https://doi.org/10.4103/0972-9941.147683
https://doi.org/10.5489/cuaj.3015
https://doi.org/10.1016/j.urology.2012.12.033
https://doi.org/10.1016/j.urology.2012.12.033
https://doi.org/10.1016/j.surg.2012.07.028
https://doi.org/10.1016/j.eururo.2019.02.031
https://doi.org/10.1016/j.eururo.2020.02.003
https://doi.org/10.1016/j.arthro.2015.07.001
https://doi.org/10.1007/s00464-020-07918-5
https://doi.org/10.1007/s00464-020-07918-5
https://doi.org/10.21037/ales.2020.02.04
https://doi.org/10.21037/ales.2020.02.04
https://doi.org/10.1080/02640414.2019.1688618
https://doi.org/10.1016/j.amjsurg.2012.07.037
https://doi.org/10.1111/bju.12045
https://doi.org/10.1111/bju.12045
https://doi.org/10.1016/j.juro.2015.02.2949
https://doi.org/10.1016/j.juro.2015.02.2949
https://doi.org/10.1016/j.jsurg.2018.03.012
https://doi.org/10.1016/j.jsurg.2017.06.010
https://doi.org/10.1016/j.jpurol.2020.02.003
https://doi.org/10.1016/j.jpurol.2020.02.003
https://doi.org/10.1590/ACB351108
https://doi.org/10.1016/j.juro.2011.02.2684
https://doi.org/10.1016/j.juro.2011.02.2684
https://doi.org/10.1016/j.urology.2005.03.033
https://doi.org/10.1016/j.urology.2014.03.042


426

37. Liss MA, McDougall EM.  Robotic surgical simulation. Cancer 
J Sudbury Mass. 2013;19:124–9. https://doi.org/10.1097/
PPO.0b013e3182885d79.

38. Bestard Vallejo JE, Raventós Busquets CX, Celma Doménech A, 
Rosal Fontana M, Esteve M, Morote Robles J. [Pig model in experi-
mental renal transplant surgery]. Actas Urol Esp. 2008;32:91–101. 
https://doi.org/10.1016/s0210- 4806(08)73800- 2.

39. Fu B, Zhang X, Lang B, Xu K, Zhang J, Ma X, et  al. New 
model for training in laparoscopic dismembered ureteropyelo-
plasty. J Endourol. 2007;21:1381–5. https://doi.org/10.1089/
end.2006.0317.

40. Díaz-Güemes Martín-Portugués I, Hernández-Hurtado L, Usón- 
Casaús J, Sánchez-Hurtado MA, Sánchez-Margallo FM. Ureteral 
obstruction swine model through laparoscopy and single port for 
training on laparoscopic pyeloplasty. Int J Med Sci. 2013;10:1047–
52. https://doi.org/10.7150/ijms.6099.

41. Cavallari G, Tsivian M, Bertelli R, Neri F, Faenza A, Nardo 
B.  A new swine training model of hand-assisted donor nephrec-
tomy. Transplant Proc. 2008;40:2035–7. https://doi.org/10.1016/j.
transproceed.2008.05.034.

42. Tiong HY, Goh BYS, Chiong E, Tan LGL, Vathsala A.  Robotic 
kidney autotransplantation in a porcine model: a procedure- specific 
training platform for the simulation of robotic intracorporeal vas-

cular anastomosis. J Robot Surg. 2018;12:693–8. https://doi.
org/10.1007/s11701- 018- 0806- 5.

43. Holland JP, Waugh L, Horgan A, Paleri V, Deehan DJ. Cadaveric 
hands-on training for surgical specialties: is this back to the future 
for surgical skills development? J Surg Educ. 2011;68:110–6. 
https://doi.org/10.1016/j.jsurg.2010.10.002.

44. Huri E, Ezer M, Chan E. The novel laparoscopic training 3D model 
in urology with surgical anatomic remarks: fresh-frozen cadav-
eric tissue. Turk J Urol. 2016;42:224–9. https://doi.org/10.5152/
tud.2016.84770.

45. Minneti M, Baker CJ, Sullivan ME. The development of a novel 
perfused cadaver model with dynamic vital sign regulation and 
real-world scenarios to teach surgical skills and error manage-
ment. J Surg Educ. 2018;75:820–7. https://doi.org/10.1016/j.
jsurg.2017.09.020.

46. Stolzenburg J-U, Schwaibold H, Bhanot SM, Rabenalt R, Do M, 
Truss M, et al. Modular surgical training for endoscopic extraperi-
toneal radical prostatectomy. BJU Int. 2005;96:1022–7. https://doi.
org/10.1111/j.1464- 410X.2005.05803.x.

47. Dai JC, Lendvay TS, Sorensen MD.  Crowdsourcing in surgi-
cal skills acquisition: a developing technology in surgical educa-
tion. J Grad Med Educ. 2017;9:697–705. https://doi.org/10.4300/
JGME- D- 17- 00322.1.

S. Puliatti et al.

https://doi.org/10.1097/PPO.0b013e3182885d79
https://doi.org/10.1097/PPO.0b013e3182885d79
https://doi.org/10.1016/s0210-4806(08)73800-2
https://doi.org/10.1089/end.2006.0317
https://doi.org/10.1089/end.2006.0317
https://doi.org/10.7150/ijms.6099
https://doi.org/10.1016/j.transproceed.2008.05.034
https://doi.org/10.1016/j.transproceed.2008.05.034
https://doi.org/10.1007/s11701-018-0806-5
https://doi.org/10.1007/s11701-018-0806-5
https://doi.org/10.1016/j.jsurg.2010.10.002
https://doi.org/10.5152/tud.2016.84770
https://doi.org/10.5152/tud.2016.84770
https://doi.org/10.1016/j.jsurg.2017.09.020
https://doi.org/10.1016/j.jsurg.2017.09.020
https://doi.org/10.1111/j.1464-410X.2005.05803.x
https://doi.org/10.1111/j.1464-410X.2005.05803.x
https://doi.org/10.4300/JGME-D-17-00322.1
https://doi.org/10.4300/JGME-D-17-00322.1


427

Current Imaging Modalities and Virtual 
Models for Kidney Tumors

F. Porpiglia, C. Rogers, P. De Backer, and F. Piramide

1  Introduction

During the last decades, the progressive diffusion and tech-
nological improvements of renal tumor imaging have played 
a pivotal role in changing the natural history of this disease.

The widespread diffusion of ultrasound (US) and com-
puted tomography (CT) scan increased the number of inci-
dentally detected renal tumors. Nowadays it is estimated that 
up to 66% of small renal masses are incidentally found.

The amount of renal masses detected at an earlier stage 
and amenable to less invasive or conservative treatment has 
increased with a subsequent increase in overall and cancer- 
specific survival [1].

On the other hand, the technological advancement of CT 
scan and magnetic resonance imaging (MRI) lets clinicians 
to progressively better characterize the masses and help the 
surgeon choose the better surgical approach. Moreover, the 
recent advent of 3D virtual models has furtherly increased 
surgeons’ comprehension of anatomical details with a subse-
quently more accurate preoperative planning.

In the following chapter, an overview of the current imag-
ing modalities and the new technologies available for the 
diagnosis and the treatment of renal tumors is presented.

2  Ultrasound (US)

Since its advent in clinical practice, US showed its great 
potential as a low-cost and less-invasive imaging modality 
but is able to provide clinicians with a large amount of infor-

mation in almost every anatomical district. Concerning the 
urogenital system and focusing in the renal oncological set-
ting, US is worldwide considered a reasonable first-line 
option to identify and characterize a renal mass [2].

For renal US a standard transabdominal 3–6 MHz convex 
probe is usually used with the patients in supine or lateral 
position [3].

Renal masses are typically identified thanks to the defor-
mation of the normal kidney structure. They are usually 
spherical and causing an alteration of kidney’s margins (if 
not completely endophytic). US mainly distinguishes renal 
tumors in solid or cystic masses and could provide some pre-
liminary information about their dimension, polar location, 
and growth pattern.

Solid renal masses could appear as isoechoic, hyper-
echoic, or hypoechoic with respect to the healthy paren-
chyma. Despite several studies tried to classify renal tumor 
histotype according to their US aspect, up to now the echo-
genicity has shown a poor correlation with tumor subtype 
except for angiomyolipoma (AML); thanks to its fatty con-
tent, this benign tumor usually appears as a hyperechoic 
solid mass.

Concerning cystic masses, US can be a useful tool for an 
initial study. In fact, US is able to visualize and describe the 
aspect of cystic walls, presence of calcifications or septa, and 
an eventual solid component.

Additional information could be provided by the appli-
cation of color Doppler. As known, renal cell carcinoma 
(RCC) is a highly angiogenetic malignancy; the large num-
ber of new vessels around the tumor can be easily identified 
with a color Doppler US.  The increased Doppler signal 
could be very useful especially in case of isoechoic endo-
phytic lesion that could easily be missed if they have a 
small size [3].

Despite its large field of application and its good perfor-
mance, US has some limits in renal masses assessment. To 
overcome these limitations and to expand its indication, 
contrast- enhanced ultrasound (CEUS) and intraoperative 
ultrasound have been introduced.
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2.1  Contrast-Enhanced Ultrasound (CEUS)

An important step further in increasing US sensibility and 
specificity for renal masses has been provided by contrast 
agents. US is performed after intravenously injection of gas 
microbubbles (with low diffusion and solubility, as perfluo-
rocarbon or sulfur hexafluoride) surrounded by biocompati-
ble materials. These bubbles, smaller than erythrocytes, 
could easily arrive in the arterial circulation and here being 
confined, since they neither diffuse into the interstitial space 
nor be filtered by the glomeruli.

Therefore, in this technique only two enhancement phases 
will occur: the cortical and the parenchymal (in which both 
cortical and medullar portions are vascular) phases.

After the bubbles being insonated, they send a high- 
intensity transient signal revealing precisely the vasculariza-
tion of a specific mass or district [4].

Finally, the bubbles are eliminated by the lung and the 
surrounding shell by the liver which thus also allows to apply 
this imaging modality in patients with end-stage chronic kid-
ney disease (CKD).

The above characteristics of this technique allow clini-
cians to better distinguish various renal conditions. For 
example, thanks to its high sensitivity to vascularization, 
CEUS could easily distinguish hypovascularized tumors 
from hemorrhagic cysts (which may not be purely anechoic).

Moreover, CEUS could be very useful in case of pseudo-
tumors (as dromedary hump, prominent column of Bertin, 
congenic lobulation, etc.) and in other conditions in which 
there is a deformation of the normal shape of the kidney. 
Despite tumors usually being correctly identified by conven-
tional US, sometimes it is necessary to perform additional 
investigations. In these cases, CEUS may reveal the absence 
of different vascular patterns with respect to the normal 
parenchyma and consequently exclude the suspect of neo-
plasm in the major part of the cases (95%) [5]. In the 5% of 
isoenhancing tumors, the normal US mode usually detects a 
difference in terms of echogenicity with the surrounding 
healthy tissue.

One of the other most frequent fields of application of 
CEUS is surely the characterization of complex renal cysts 
(Bosniak III–IV, see below). In this setting, thanks to a pre-
cise enhancement evaluation, it is possible to correctly dif-
ferentiate benign from malignant cysts with high sensitivity 
(100%), high specificity (97%), and a negative predictive 
value of 100% (κ = 0.95) [6].

Lastly, CEUS is more commonly adopted for postproce-
dural follow-up after thermal ablation techniques. The suc-
cess of the procedure is usually deemed after a few weeks, 
and the pivotal condition is the absence of enhancement at 
the lesion’s core [7]. In this setting CEUS showed promising 
results with quite comparable performances of CT scan and 
MRI (79% of sensitivity and 100% of specificity) [7].

In conclusion, CEUS could represent a very useful tool in 
a large variety of settings, especially in case of indeterminate 
results of CT, with the advantages of avoiding radiation 
exposure and being a less invasive procedure also accessible 
to CKD patients.

2.2  Intraoperative Ultrasound

Ultrasound has long been used to provide an intraoperative 
real-time assistance during partial nephrectomy. Since the 
advent of laparoscopic technique, many companies have 
produced their own laparoscopic probe for an intraoperative 
use. At the beginning of the robotic era, the assistant usually 
handled the probe. However, in recent years, dedicated 
probes to be manipulated by the surgeon have been devel-
oped with an integrated view of the US images on the con-
sole screen (Fig. 1) [8].

The intraoperative examination with a dedicated probe 
allows to better recognize tumor location, borders (espe-
cially in case of partially or completely endophytic masses), 
and its relationship with other anatomical structures (e.g., 
calices or vessels). Moreover, it could reveal aspects missed 
by preoperative imaging exams, like multifocal disease or 
cystic component [8]. As for the preoperative setting, it is 
possible to apply the Doppler mode and CEUS to the intra-

Fig. 1 Intraoperative US application during robot-assisted partial 
nephrectomy to correctly identify tumor margins and its relationship 
with intrarenal structures
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operative one. In these cases, surgeon could also utilize them 
to double-check the selective clamping accuracy [9].

All the above applications are usually performed in a 
static phase of the intervention, typically after hilum identifi-
cation and kidney’s defatting. The knowledge on US applica-
tion during the resection phase of the procedure is rather 
limited since it may prolong the ischemia time with impor-
tant drawbacks.

3  Computed Tomography (CT) Scan

CT scan is widely considered the gold standard imaging 
modality for an initial characterization and staging of renal 
masses [1]. This role has been achieved thanks to its high 
diagnostic yield, its rapid time of execution, and its 
availability.

An ideal CT scan protocol is performed with a minimum 
slice thickness of 3 mm combined with multiplanar recon-
structions and includes unenhanced images followed by an 
arterial (corticomedullary) and a parenchymal (nephro-
graphic) phase. Additionally, an excretory phase could be 
obtained 3–5 min after contrast injection and provide more 
details about the relationship of the mass with the upper col-
lecting system [10].

Thanks to a precise study of the above phases, with CT 
scan it is possible to collect a lot of information about the 
tumor biology and its aggressiveness (e.g., presence of 
enhancement, irregular margins, necrotic areas, size).

Using the non-enhanced phase only, it is not easy to char-
acterize a renal mass. The presence of calcifications is typi-
cal of RCC, whereas the macroscopic presence of fat is more 
indicative of AML.

Considering also the abovementioned injection phases, it 
is possible to assess the presence of enhancement, and the 
diagnostic yield of CT scan rises substantially. The presence 
of enhancement is defined as a modification in terms of 
Hounsfield units (HUs) before, and after, contrast adminis-
tration. A change of at least 15 HUs in the solid tumor parts 
is considered positive for enhancement and with a high like-
lihood of malignancy. Moreover, the histological subtypes of 
RCC have different and typical enhancement patterns which 
sometimes allow preliminary diagnosis. For example, clear 
cell RCC (ccRCC) enhances avidly on corticomedullary 
phase and rapidly washes out during the nephrographic 
phase (Fig. 2), while papillary tumors show a slow and pro-
gressively enhancement more visible during the nephro-
graphic phase (Fig. 3).

More challenging, even for experienced radiologist, is the 
differentiation between oncocytoma and chromophobe RCC 
(chRCC). Moreover, to differentiate them from ccRCC is 
challenging. The typical stellate scar is present in almost 
one-third of oncocytomas, but it is not considered a pathog-
nomonic feature, since it could be simulated by RCC with 
central area of necrosis. Oncocytoma and chRCC could vary 
from homogeneous to heterogeneous pattern and show a 
hyperenhancement in the corticomedullary phase with pro-
gressive or persistent hyperenhancement in the nephro-
graphic phase [11] (Fig. 4).

Concerning the staging of a renal mass, CT scan usually 
provides reliable information for both local and distant stag-
ing. The evaluation includes the lymph nodes, adrenal gland, 
and renal vein. A venous involvement is usually due to tumor 
thrombus inside the lumen of the vein, while a direct inva-
sion of the wall is less common, but, in those cases, MRI 
could provide additional details.

a b

Fig. 2 CT scan appearance of ccRCC. As shown, it has a rapid enhancement during corticomedullary phase (a) with rapid washout at nephro-
graphic phases (b)
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a b

Fig. 3 CT scan appearance of papillary RCC (pRCC) with progressive enhancement as shown in corticomedullary (a) and nephrographic 
phases (b)

a

c

b

Fig. 4 Example of renal masses with similar radiological aspect: ccRCC (a), oncocytoma (b), and chRCC (c)
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Finally, CT scan may also be useful for a preliminary 
assessment of the function and morphology of the contralat-
eral kidney. On the basis of these features, clinicians can bet-
ter identify patients eligible to undergo preoperative renal 
scan to have a more reliable assessment of renal function. 
According to renal scan results, the surgeon could decide to 
consider or not to attempt a conservative approach [1].

3.1  Classification of Cystic Masses

The main features analyzed to describe cystic renal masses 
and to assess their risk of malignancy have been reported for 
the first time by Bosniak in 1986. This CT-based system has 
been recently updated and adapted to guarantee also MRI 
and CEUS application [12] (Table 1). The Bosniak classifi-
cation system is a simple and reproducible tool, created to 
categorize cystic renal neoformation and to simplify clini-
cians’ communication. The lesions are classified in five 
groups correlating with the risk of malignancy and the con-
sequent clinical management. These reasons explain why 
this system is still widely accepted and employed.

Between the evaluated features, we again find the pres-
ence of enhancement. Enhancement could be limited to cys-
tic wall and just perceived (Bosniak II–IIF), or it could be 
significant and measurable either at the cystic wall, septa, or 
solid nodules (Bosniak III–IV).

Another important aspect is intralesional homogeneity: it 
is critical to ensure that the content is homogeneous and that 
there are no subtle or peripheral heterogeneous elements.

In case of intralesional septa, it is mandatory to establish 
the number of septa (three being the maximum for Bosniak 
II), their thickness, and enhancement.

Overall, the diagnostic yield of CT scan for Bosniak IIF–
III is limited (sensitivity 36% and specificity 76%; κ = 0.11), 
and usually it requires additional investigations. In this set-
ting MRI and CEUS showed good performances due to a 
higher detection of enhancement (MRI, 71% sensitivity and 
91% specificity [κ = 0.64]; CEUS, 100% sensitivity and 97% 
specificity [κ = 0.95]) [6].

4  Magnetic Resonance Imaging (MRI)

Despite being widely rated compared to CT scan for renal 
mass assessment, MRI is mainly adopted as a problem- 
solving imaging technique in case of indeterminate lesions. 
Moreover, it is the preferred technique in the case of patient 
with CT contrast allergy or severe CKD, and it is an oppor-
tunity to reduce the X-ray exposure in young patients [1].

A standard multiparametric MRI protocol includes con-
ventional morphological sequences (T2 and T1 weighted—
T2W and T1W) and functional ones (chemical shift 
imaging—CSI; dynamic contrast-enhanced—DCE; 
diffusion- weighted imaging—DWI; apparent diffusion coef-
ficient—ADC) [13].

T2W sequence is useful especially in detecting and char-
acterizing cystic lesions, whereas in case of solid ones, it 
could help in identifying the RCC subtypes. T1W gives its 
best contribution in detecting hemosiderin residuals and 
macro- or microscopic fat inside a renal mass. Here a well- 
defined loss of signal due to intralesional macroscopic fat is 
diagnostic for AML, whereas a more diffused and undefined 
signal loss remains of uncertain attribution. In fact, it could 
be representative not only of lipid-poor AML (due to the 
interposition of fat and other soft tissue within the same 
voxel) but also of ccRCC (due to intracellular fat).

The possibility of MRI to reproduce multiple soft tissue 
contrast allows to potentially differentiate RCC subtypes. 
For example, an intermediate to high signal intensity on 
T2W with hyperenhancement after contrast injection has 
been described as suggestive of ccRCC. Moreover, in case of 
concomitant microscopic fat, the likelihood of finding a 
ccRCC at renal biopsy or surgery is relevant. Following these 
concepts, Johnson et al. reported a new algorithm to facilitate 
ccRCC diagnosis in MRI [14]. This new tool named “clear 
cell likelihood score” (ccLS) classifies a renal mass in five 
levels according to the risk of being a ccRCC, ranging from 
“very likely” to “very unlikely.” The diagnostic yield of this 
score was prospectively assessed in 57 patients with small 
renal masses. Its high diagnostic rate was further confirmed 
in a large retrospective cohort of 434 patients. ccLS score 
reached a positive predicted value of 93% for ccLS5 and 
78% for ccLS4, with a sensitivity and specificity of 91% and 
56%, respectively. ccLS was found to be independently pre-
dictive of ccRCC at multivariate analysis [15].

Table 1 Bosniak classification of renal cystic masses

Bosniak 
category Characteristics Management
I Hairline-thin wall without septa, 

calcification, or solid components. 
Same density as water and does not 
enhance with contrast medium

Benign

II Benign cyst with few hairline-thin 
septa or fine calcification

Benign

IIF More hairline-thin septa. Minimal 
enhancement of a hairline-thin septum 
or wall. Minimal thickening of the 
septa or wall
The cyst may contain calcification, 
which may be nodular and thick, with 
no contrast enhancement. No 
enhancing soft tissue elements

Follow-up

III Indeterminate cystic masses with 
thickened irregular walls or septa with 
enhancement

Surgery or 
active 
surveillance

IV Complex cyst containing enhancing 
soft tissue components

Surgery

Current Imaging Modalities and Virtual Models for Kidney Tumors



432

In conclusion MRI can be considered a valid alternative 
to CT scan with comparable diagnostic yield which in some 
special conditions (e.g., cystic masses) has shown to be even 
better. Notwithstanding the possibility to be performed also 
in pregnant, young, or CKD patients, the lower availability 
of MRI platform throughout the territory, the higher costs, 
and the scanning time explain why this imaging modality is 
more utilized in case of indeterminate masses rather than the 
irst imaging technique.

5  Near-Infrared Fluorescence Guidance 
with Indocyanine

The progressive trend in adopting nephron-sparing surgery 
as the referral treatment option for renal tumors has forced 
urologist to face more and more challenging cases. In order 
to correctly manage these complex masses, many intraopera-
tive tools have been developed. Among the different intraop-
erative imaging modalities, near-infrared fluorescence 
(NIRF) guidance with indocyanine green (ICG) is one of the 
most common adopted thanks to its large field of 
applications.

After intravenous injection, the indocyanine molecules 
are bound by plasma proteins and consequently confined 
inside the vascular system until they are entirely removed by 
the hepatic filter. There is no renal filtration, so this technol-
ogy can be safely used in CKD patients. After adsorbing 
near-infrared wavelengths of lights, ICG releases slight lon-
ger wavelengths detected by the NIRF camera. In the last 
years, the Firefly® system has been introduced, incorporating 
the NIRF technology inside the da Vinci camera. With this 
technology, surgeons have the possibility to rapidly switch 
from to the near-infrared view by a simple console touch.

Since the ICG advent in robotics, many experiences 
have been reported exploring its possible applications. 
Thanks to the aforementioned features, ICG guidance may 
represent as a valid tool in assessing the success of selec-
tive clamping (Fig. 5) prior to incision of the renal paren-
chyma. Alternatively, ICG could be very useful in a global 
clamping setting if there is a doubt regarding the presence 
of misdiagnosed accessory or aberrant renal arteries. In 
these conditions the use of ICG may be fundamental, since 
it could confirm or change the urologist’s intraoperative 
strategy.

Moreover, ICG could be very useful in tumor identifica-
tion and margins demarcation thanks to its hypo-fluorescent 
appearance as opposed to the highly vascularized healthy 
parenchyma. This application of ICG is particularly useful in 
case of partially endophytic renal masses with limited defor-
mation of the kidney’s shape, hence improving the precision 
of surgical resection and the amount of spared healthy 
tissue.

Lastly, the ICG guidance may be applied to assess the 
vascularization of the remnant vital parenchyma at the end of 
the procedure.

All these fields of application have been well described and 
reported, but usually a few number of patients were included 
in these studies [16, 17]. Recently, Diana et al. [18] published 
a multi-institutional analysis including more than 300 patients 
undergoing ICG-guided robot-assisted partial nephrectomy 
(RAPN). Besides the abovementioned ICG advantages, the 
authors also outlined other possible challenging settings of 
application, such as solitary, horseshoe, or pelvic kidney. In all 
these anatomical abnormalities, the vascularization is often 
aberrant and difficult to preoperatively assess with the assis-
tance of the standard 2D imaging. In this retrospective series, 
ICG was found to be an independent predicting variable of 
achievement of trifecta (negative surgical margins, warm isch-
emia time <25 minutes, and no perioperative complications).

Besides the intraoperative surgical advantages of ICG 
guidance, a recent pooled analysis by Veccia et al. [19] dem-
onstrates higher postoperative eGFR levels of ICG-guided 
RAPN compared to standard robot-assisted partial nephrec-
tomy (RAPN) and no difference in terms of operative time, 
blood loss, and perioperative complications.

Fig. 5 Intraoperative view during ICG-RAPN: the NIRF vision con-
firmed the success of the selective clamping with the sparing of the 
blood supply of the upper pole of the kidney
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Notwithstanding the abovementioned advantages of ICG- 
guided procedures over the standard ones, ICG is prone to 
some limitations: firstly, it is a one-shot opportunity because 
once injected the molecule remains in the circulation for sev-
eral minutes, so it cannot be repeated in case of wrong 
clamping; secondly, the rate of failed selective clamping 
(defined as converted procedure to global clamping due to 
excessive bleeding) is around 20–25% according to the dif-
ferent available data; thirdly, it only provides surface infor-
mation, and the surgeon has no idea on the perfusion status 
inside the parenchyma.

6  Virtual Reality and 3D Models

In the current era of precision surgery, the classical surgical 
principles have been widely revised. A perfect balance 
between the oncological and the functional outcomes is 
therefore needed [20]. Image-guided surgery plays a key role 
in achieving this balance and is enabled by novel technologi-
cal improvements.

In the last years, 3D models had a widespread diffusion 
thanks to their very promising clinical applications. A 3D 
model is a physical or virtual representation of the surface of 
an object. In medicine, and even more in the surgical setting, 
they could overcome the limits of the current 2D imaging. In 
fact, the correct understanding of standard imaging modali-
ties requires a lot of clinical experience linked with a rigor-
ous knowledge of anatomy. Moreover, the subsequent step 
requires a good mental representation to translate the 2D 
information in 3D ones.

Therefore, it is easy to understand why 3D models have 
gained popularity in the daily clinical practice and contrib-
uted to the so-called surgery 4.0 [21]. This innovative move-
ment also involved the renal surgical setting where many 
pioneering experiences have been published and described 
with the aim of improving the quality of the procedure for 
both the oncological and the functional aspects. In the fol-
lowing sections, a brief overview of the current 3D model 
technologies and their application is performed.

6.1  How to Make a 3D Model 
Reconstruction

The creation of 3D model begins from CT scan or MRI 2D 
image processing. The “original” 3D models, automatically 
obtained from DICOM (Digital Imaging and 
COmmunications in Medicine) viewers, consisted mainly of 
cinematic volume renders and maximum intensity projec-
tions [22], based on angiographic CTs. Despite adding some 
extra information when compared to classical 2D images, 
these automatic 3D models were often poor in resolution, 

lack many details, and cannot be manipulated freely. 
Therefore, surgeons cannot rely on them to plan surgery. 
Technological advancements in engineering and strong col-
laborations between surgeons and engineers lead to more 
precise models with a higher anatomical accuracy, as such 
overcoming these limits.

Practically speaking, the process starts with the acquisi-
tion of CT scan or MRI images in DICOM format. The 
image quality and slice thickness (no more than 5 mm) are 
pivotal since they allow to increase the precision of the 
reconstruction. Then a preprocessing phase takes place, in 
which the target organ is analyzed and interested images are 
selected and adjusted (e.g., image luminosity and contrast). 
Subsequently, software packages analyze the images and 
automatically generate the first prediction in a process called 
“segmentation.” Here, the software (semi-)automatically 
generates a preliminary model which indicates for each pixel 
in each slice of the CT scan to which part anatomical struc-
ture it belongs. In case of renal surgery, this is typically the 
parenchyma, arteries, veins, pyelocaliceal system, tumor, 
and when applicable some renal cysts. Whereas this used to 
be a tedious time-consuming task, artificial intelligence tech-
niques can now speed up this step significantly. At the end of 
this (semi-)automatic process, the reconstruction is manually 
refined by an engineer/technician/clinician in order to 
improve the accuracy of the model. Afterward, the project is 
saved in .stl (standard triangulation language) format and 
further modified by the operator using dedicated 3D manipu-
lation software. Finally the virtual 3D model is completed 
and could be displayed on electronic devices or printed using 
different 3D printing technologies (Fig. 6).

6.2  3D Model Applications

3D reconstruction can be used in two main applications: 
printed and displayed on an electronic device (virtual 
models).

Printed 3D models allow surgeons to handle the model 
increasing the comprehension of the anatomy and the accu-
racy of preoperative surgical planning. A recent feasibility 
study on 3D printed models has been published by Maddox 
et  al. [23]. In this experience, 3D printed models of seven 
patients were constructed with materials approximating the 
in vivo tissue on the basis of preoperative CT scan. Surgeons 
had the possibility to simulate the procedure on the model 
and thereafter perform the procedure on real patients. 
Notwithstanding the larger tumor size and complexity of the 
3D group, significant lower estimated blood loss was 
recorded. Finally 3D models have been proposed to facilitate 
patients’ understanding of their disease and communications 
with clinicians [24, 25]. The need for a 3D printer and the 
high costs explain the limited diffusion of this technology 
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Fig. 6 3D model processing: from CT scan to image segmentation and 3D model visualization

Fig. 7 Visualization of the 3D models during cognitive robotic partial 
nephrectomy

and mainly reserve it for highly complex cases. However, 
recent advancement in materials field may furtherly decrease 
the production costs overcoming this limit.

Conversely, virtual models are seeing a widespread diffu-
sion thanks to their great variety in technological applica-
tions. Indeed, virtual 3D models can be variably displayed 
according to surgeons’ needs and available devices:

 – 2D screen view (e.g., PC, tablet, smartphone): In this set-
ting the 3D model is displayed as a navigable file (e.g., 3D 
pdf (portable document format) or other formats to be 
opened in 3D viewers), in which the surgeon can pan, 
zoom, and rotate by using the touch screen or a dedicated 
joystick or mouse. Moreover, it is possible to modify the 
model’s color or transparency to increase the understand-
ing of anatomical details as necessitated by the operator. 
Finally, thanks to a dedicated assistant, they could be used 
on-demand during the surgical procedure (Fig. 7).

Porpiglia et al. [26] recently investigated the reliability 
of 3D models using the so-called “hyper-accuracy three- 
dimensional” (HA3D™) reconstructions to reproduce the 
patients’ anatomy. They compared the perioperative out-

comes of RAPN for complex renal tumors when the pre-
operative planning was performed either with the 
assistance of HA3D™ or without it (e.g., based on planar 
CT data only). The surgeon had the possibility to study 
the 3D models preoperatively, simulating the clamping 
strategies. Moreover, he could consult the HA3D™ intra-
operatively on a tablet manually oriented by a dedicated 
operator, according to the intraoperative anatomy. Authors 
managed to perform up to 90% of selective clamping as 
preoperatively planned vs 60% in the standard group 
based on CT scan only.

These preliminary results have been later confirmed by 
Shirk et al. [27] who conducted a RCT where 3D-assisted 
RAPN was compared to standard RAPN. The 3D models 
helped in reducing estimated blood loss, clamp time, and 
length of hospital stay. While Shirk found a reduced oper-
ative time, Michiels et al. [28] found a lengthening of the 
procedural time but again with overall better surgical out-
comes: better trifecta achievement, lower transfusion 
rates, less major complications, and less conversion to 
radical nephrectomy. They also report an additional 
impact on short-term renal function.

 – Virtual reality (VR): This technology permits the user, 
using dedicated visors, to interact with a fully virtual 
environment excluding completely the real one. Virtual 
surgical simulators based on this technology [e.g., for 
robotic surgery, dV-Trainer (Mimic, Seattle, WA, USA) 
and da Vinci Skills Simulator (Intuitive Surgical, 
Sunnyvale, CA, USA)] are currently used for surgeons’ 
training: thanks to different levels of difficulty, the trainer 
can improve his/her skills step by step in specific tasks 
and operations (e.g., partial nephrectomy or radical pros-
tatectomy). In this scenario surgeons will be able to simu-
late preparatory surgical gestures interacting with the 3D 
model while planning the more suitable surgical strategy.

 – Mixed reality (MR): Thanks to the use of dedicated 
devices (e.g., HoloLens®), it is possible to merge together 
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Fig. 8 3D mixed reality 
visualization of the 3D virtual 
model for preoperative 
surgical planning

the virtual and real images. In this way the 3D model can 
be visualized inside the physical environment, and the 
operator can interact with the model and view it from dif-
ferent positions in the room (Fig. 8).

Moreover, the superimposed images can be broad-
casted, allowing the model to be viewed by a large num-
ber of people simultaneously. Thanks to this complete 
involvement of the operators, this technology is perfectly 
suited for preoperative planning as shown recently by sev-
eral authors [29, 30]. In particular Antonelli et  al. [29] 
studied a mixed reality platform using a Windows-based 
laptop (the zSpace workstation), linked to a stereoscopic 
screen displaying virtual objects (e.g., 3D virtual kidney 
model). This specifically designed platform allowed the 
authors to improve the preoperative planning for partial 
nephrectomy thanks to the higher-resolution details when 
compared to standard CT scan.

Similar advantages were described by Checcucci 
et al. [30] using the HoloLens® device: during an inter-
national urological meeting, several surgeons had the 
possibility to analyze the HA3D™ reconstruction of 
their case in a MR setting prior to the live surgical pro-
cedure and to share their surgical planning with the 
audience. This technology was rated favorably by the 
surgeons both for anatomical accuracy (scored 9/10) and 
surgical planning (8/10) on 1–10 Likert scale. Moreover, 
its potential in influencing surgeons’ planning was 
investigated: in 64.4% and 44.4% of the cases, surgeons 
shift toward a more selective clamping and more neph-
ron-sparing technique, respectively, compared to CT 
scan-based preoperative planning.

 – Augmented reality (AR): In this setting the virtual object 
is overlaid onto the real environment in order to enhance 
its features. Intraoperative navigation forms an ideal use 
case for AR: the overlapping of digital and real images 
may help surgeons in the identification of hidden anatomy 
features (tumor’s location, vascular anatomy).

Despite its very appealing application, few studies in 
literature have explored the in vivo feasibility of AR. In 
2009 an AR stereo-endoscopic RAPN obtained with an 
intraoperatory tracking system was described by Su et al. 
[31]. In this preliminary experience, an error of just 1 mm 
among the superimposed and real images was identified. 
Another interesting experience was published in 2018: 
Wake et  al. described a new 3D printed and AR model 
created with Unity® software and adopted during 
RAPN. AR 3D model application showed to be safe, fea-
sible, and able to influence the surgical planning [32].

A recent comparative prospective study has been 
reported by Porpiglia et  al. [33]. A dedicated software 
able to merge together the HA3D™ reconstruction with 
the da Vinci surgical console was developed. With a dedi-
cated software (developed with the Unity® platform), the 
3D models were loaded on a dedicated AR platform, 
where it was possible to precisely reproduce the displace-
ments and elastic modifications of the target organ during 
the surgery (Fig.  9). The AR platform combined the 
receiving stream from the endoscopic video of the robotic 
camera with the 3D model images, and the resulting 
stream was sent back to the remote console by using the 
Tile-Pro™. As such, the overlapped 3D model augments 
the live surgical feed inside the robotic console (Fig. 10). 
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Fig. 9 The 3D elastic 
augmented reality system: 
thanks to the application of 
non-linear parametric 
deformation, it is possible to 
approximate the manipulation 
of the kidney during the 
intervention

To improve the aid given to the surgeon, it was possible to 
modify the transparency of the 3D model in order to show 
the hidden anatomical details of the organ or the tumor’s 
margins. All the above movements of the HA3D™ model 
were manually performed by an assistant by using a dedi-
cated mouse.

The AR 3D technology was compared with the stan-
dard intraoperative US guidance during RAPN performed 
for complex renal tumors (PADUA score ≥10) [33]. The 
AR 3D technology provided a more accurate intraopera-
tive guidance than the standard US one, able to identify 
the position of renal vessels (facilitating the selective 
clamping procedures) and of endophytic and posterior 
tumors.

6.3  Future Perspectives

Notwithstanding the high-quality resolution obtained with 
the HA3D reconstruction, there are still some limitations that 
need to be addressed.

The higher accuracy of the last 3D models compared to 
the first generation of 3D automatic reconstructions headed 
to a new frontier in the field of selective clamping. The pos-
sibility to clearly identify the segmental branches of the renal 
artery might inform surgeons on how to perform super- 
selective RAPN, with possible benefits in terms of functional 
outcomes. Here, the perfusion zones per arterial branch are 
estimated. Notwithstanding promising results of the first pre-
liminary experience, sometimes the preoperative planning 
failed due to an imprecise estimation of the regions perfused 
by each branch (10% in one of the most recent series) [26]. 
This field of application is therefore one of the more interest-
ing that should further be investigated.

In the AR setting, the need for an assistant to constantly 
manipulate the model in order to maintain the correct over-
lapping is one of the main limitations of the aforementioned 
technique. Researchers are now developing strategies to 
achieve a complete automatic AR procedure. Two main 
approaches have been proposed to overcome this limit. The 
first strategy implies the identification of landmarks on the 
endoscopic vision that could be subsequently detected by the 
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Fig. 10 The view of the da Vinci console camera after activating the 
Tile-Pro to see the overlapping of the 3D model to the real anatomy. In 
this case of completely endophytic tumor, this technology provides a 

precise estimation of tumor’s margins and its relationship with the 
intrarenal structures

AR software [29, 34]. The alternative approach is based on a 
“markerless” strategy. A preliminary “markerless” experi-
ence has been recently reported by Amparore et  al. [35]: 
thanks to a new computer vision algorithm, it has been pos-
sible to correctly estimate the position of the target organ on 
the operative field. To overcome the similarity of colors of the 
operative field, the “registration” process (e.g., the identifica-
tion and anchoring of the model) was performed with the 
assistance of ICG guidance: the boundaries of the kidney, 
appearing as a bright green arc, are easily identified by the 
algorithm, and the model is anchored. Then it is possible to 
switch to standard vision and perform the procedure (Fig. 11).

7  Conclusion

The state of the art in pre- and intraoperative imaging modal-
ities for kidney tumors is rapidly evolving thanks to techno-
logical improvements. Built on the standard imaging 
techniques, new tools in this surgical setting could provide 
the best-tailored patient-specific treatment. With the help of 
these new technologies, it is estimated to further increase the 
number of complex renal masses suitable for nephron- 
sparing surgery and to reduce the postoperative functional 
impairment thanks to more conservative resection techniques 
and more selective clamping procedures.
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Fig. 11 Automatic overlapping of the 3D model. After kidney surface 
exposure (a), the indocyanine is injected (b). Thereafter the software is 
able to recognize the organ and to overlap the 3D model (c)
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Patient Positioning for Renal Surgery

Louis Saada, Nikhil Sapre, and Benjamin J. Challacombe

1  Standard Position 
for a Transperitoneal Approach

Before positioning the patient, it is important to ensure that 
they are catheterised and have the necessary deep vein 
thrombosis prophylaxis in place. Ideally intermittent pneu-
matic compression devices should be used. One must also 
ensure that the anaesthetic team are satisfied with vascular 
access and pressure point padding and have applied any nec-
essary monitoring apparatus.

The patient should then be placed in a 60° lateral decubi-
tus (flank) position with the contralateral side down. Full 
back supports, along with 10 cm tapes at the level of the pel-
vis and the chest, can be used to secure the torso. The table is 
flexed slightly to open the space between the 12th rib and the 
iliac crest, allowing for better access to the ipsilateral kidney. 
To achieve this, the patient should be positioned with their 
umbilicus at the level of the table break. Before breaking the 
table, it is important to check that the shoulders, spine and 
hip are aligned. This will ensure the patient stays centrally 
placed on the table once flexed.

The dependent leg should be flexed at the hip and knee 
and placed on a supportive jelly pad. The non-dependent leg 
should sit in a straight position on top with a pillow in 
between the legs. A tape can then be applied to secure the 
legs. The arms should be flexed at the shoulders and elbows, 
away from the torso. The arms should rest on padding in a 
‘sleeping baby’ position or the dependent one in a gutter, 
and an axillary roll may be placed. The head should be sup-
ported on pillows, keeping it in line with the spine. A warm-
ing blanket can then be placed over the patient before 
draping.

2  Variation for a Retroperitoneal 
Approach

A retroperitoneal approach requires a slight adjustment to 
the above positioning to allow for the greater degree of pos-
terolateral access required. To facilitate this, the patient must 
be placed in the full lateral decubitus position. Care must be 
taken when securing the patient in this position. Robotic 
arms can clash with bulky full back supports, so rolled blan-
kets or pillows should be used instead. These can be posi-
tioned on both sides of the patient for extra security, and 
straps should be placed over the top as standard.

When using the retroperitoneal approach, all attempts 
must be made to create sufficient space for port site place-
ment in the flank. This can be one of the major challenges of 
this approach. In contrast to the partial table flex used for the 
transperitoneal approach, fully flexing the table can help cre-
ate this space for this retroperitoneal access. To achieve 
enough flexion, it is essential to position the patient with the 
space between their 12th rib and iliac crest directly over the 
table break.

The rest of the positioning should proceed as standard. 
Adjustments may need to be made to support the limbs and 
head with the greater degree of rotation used in this 
position.

3  Difficulties with Positioning

For obese patients, or those with larger hips, difficulties can 
arise with inferior robotic arms clashing with the iliac crest 
or overlying soft tissue. One way to address this is to further 
flex the table, bringing the hip down and out of the way. 
Alternatively, the patient can be moved caudally down the 
table before it is broken.

For patients with poor spinal flexibility, adopting the lat-
eral decubitus position with a flexed table can be challeng-
ing. Applying further pressure or traction to achieve the 
desired positioning can be dangerous. Instead this issue L. Saada · N. Sapre · B. J. Challacombe (*) 
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should be considered and discussed during pre-operative 
planning, and measures put into place to avoid unnecessary 
table flexion. For example, it may be possible to perform the 
operation with a transperitoneal approach where a lesser 
degree of table flexion is required.

4  Positioning-Related Complications

There are a number of complications that can arise from poor 
patient positioning. These tend to be the result of excessive 
pressure onto soft tissue structures and bony promontories. 
While taking the time to appropriately position patients for 
surgery has made these complications rare, they can still 
occur regardless.

One of the most common groups of positioning-related 
complications is peripheral nerve injuries. The most com-
monly damaged nerves are the ulnar nerve, the common 
peroneal nerve and the nerves of the brachial plexus [1]. 
These are all potentially at risk in the lateral decubitus 
position, and specific measures should be taken to prevent 
them.

Ulnar nerve injuries are typically the result of pressure on 
the nerve as it passes through the cubital tunnel. In the lateral 
decubitus position, these injuries can result from the lack of 
padding underneath the dependent arm but could also be 
caused by positioning the patient with excessive elbow flex-
ion [2]. These injuries can also be the result of incorrect 
placement of blood pressure monitoring cuffs over the cubi-
tal fossa.

Common peroneal nerve injuries are more classically 
associated with the lithotomy position but can also be seen 
in the lateral decubitus position. They tend to occur as a 
result of excessive pressure on the nerve as it traverses the 
fibular head and can be avoided with sufficient padding of 
this area.

Brachial plexus injuries occur more frequently in other 
patient positions but can occur in the lateral decubitus posi-
tion when the patient’s arms are flexed up and away from 
their neutral position. This can result in the plexus being 
compressed between the chest wall and the unpadded operat-
ing table. The use of axillary rolls can prevent these 
injuries.

Positioning-related injuries to the skin can also occur in 
the form of decubitus pressure ulcers [3]. Like peripheral 
nerve injuries, these are seen when appropriate measures to 
apply padding and support are not taken. This can result in 
regions of the soft tissue being exposed to prolonged periods 
of pressure. Any shearing forces generated from incorrectly 
restrained patients slipping on the table can exacerbate these 
pressure injuries, increasing the severity of the resulting 
ulcers.

5  Port Placement

The optimal placement of ports is influenced by several fac-
tors including the robotic platform used, the surgical 
approach and the position of the tumour.

5.1  The Influence of Robotic Platform 
on Port Placement

The two major robotic platforms we will discuss are the Da 
Vinci Si and the Da Vinci Xi [Intuitive Surgical Inc., USA]. 
Both platforms allow for one camera arm and three instru-
ment arms. However, the updated Xi platform brought with 
it significantly more flexibility. The arms have a greater 
degree of movement and a longer reach and can be placed 
much closer together. The platform also has a rotating boom 
from which the arms originate, allowing for simpler docking 
and facilitating multi-quadrant surgery. This flexibility 
allows for simpler port placement, without the need to trian-
gulate positions or worry about spacing to the same degree as 
with the Si platform.

The Da Vinci range also includes the X platform sitting 
between the Si and the Xi models. This platform performs 
much like the Si but with upgraded optics and thinner arms. 
While the Da Vinci X can bring some greater flexibility with 
its upgraded arms when compared to the Si system, its lack 
of rotating boom means it does not match the performance of 
the Xi platform.

In practical terms, using the Xi platform can allow for 
easier port placement in more challenging situations where 
space may be limited by body habitus or previous surgical 
sites. While such cases may still be possible with the Si and X 
platforms, the lack of flexibility may mean sacrifices have to 
be made with less room for the fourth arm or assistant ports.

5.2  Port Placement for the Transperitoneal 
Approach

For both platforms, port placement starts with insertion of 
the camera port and establishing a pneumoperitoneum. 
Initial access can be achieved using the Veress needle or 
open Hasson technique. The Veress needle technique is a 
blind entry technique using a needle with a dull spring- 
loaded stylet that advances upon entry into the peritoneal 
cavity, protecting the viscera. The Hasson technique, often 
considered safer, involves a cut-down through the layers of 
the abdominal wall with direct vision. The peritoneum is 
then elevated with a pair of haemostats and excised in a con-
trolled manner. Once the camera port has been positioned, it 
can be used to insert the remaining ports under direct vision.

L. Saada et al.
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Fig. 1 Port placement for a transperitoneal approach to the left kidney with the Xi platform. AAL anterior axillary line, MCL medial clavicular 
line, C camera port, A assistant port, the remaining ports are numberedmm assistant port for suction

Port placement is simple when using the Xi platform (see 
Fig. 1). The camera port is placed in the mid-clavicular line 
6 cm infero-medial to the costal margin. The remaining three 
robotic ports will then also be positioned directly in the mid- 
clavicular line: one cephalad and the other two caudally. A 
12-mm assistant port can be placed around 6 cm superior to 
the umbilicus, with a further 5 mm assistant port for suction 
6 cm superior to that if required.

For the Si platform, the instruments, and therefore port 
sites, need to be triangulated to a greater degree and spaced 
6–8 cm apart. There are two main approaches to this, charac-
terised by the position of the camera in relation to the second 
and third arms. The decision between the two can be influ-
enced by the position of the tumour but tends to be deter-
mined by the surgeon’s personal experience and preference.

For the medial camera trocar arrangement (see Fig. 2), the 
camera port will be placed 6 cm infero-medial to the costal 
margin near the lateral edge of the rectus sheath. The second 
and third ports can then be triangulated out laterally. One 
will be placed around 6  cm supero-lateral (near the costal 
margin) and the other 6 cm infero-lateral. Two assistant ports 
can be triangulated medially from the camera port, sitting 
supero-medially and infero-medially near the midline. A 
fourth arm port can be placed 6 cm inferior to the inferior 
robotic arm port. The medial camera trocar arrangement pro-
vides a ‘front-on’ working view that can be useful when 
approaching hilar or anterior renal masses.

For the lateral camera trocar arrangement (see Fig. 3), 
the camera is instead placed more laterally in the mid-
clavicular or anterior axillary line. The second and third 
ports are then placed medially at the lateral edge of the 
rectus sheath. As above, it is important to ensure that the 
ports are placed at least 6 cm apart. Similarly, the fourth 
arm can be placed inferiorly in line with the camera port 
or in line with the other two arm ports. The lateral camera 
trocar arrangement provides a ‘top-down’ working view 
that can be useful when approaching lateral or posterior 
masses.

Depending on surgeon preference, an additional small 
sup-xiphoid port can be added for right-sided operations for 
the insertion of a liver retractor. This is less relevant when the 
fourth arm is available but may still be included.

5.3  Port Placement for the Retroperitoneal 
Approach

For both platforms, port placement starts with insertion of 
the camera port just above the iliac crest in the mid-axillary 
line. Initially a kidney-shaped balloon dilator is used to cre-
ate space in the retroperitoneum. The ports are then placed 
sequentially under direct vision with a pledget often being 
used to increase the retroperitoneal space and push the peri-
toneum away.
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444

AAL

MCL

Lateral edge of
rectus sheath

Midline

C

A

2 3

4

InferiorSuperior

Left

Right

Fig. 3 The lateral camera trocar arrangement of port placement for the transperitoneal approach to the Left kidney with the Si platform. AAL 
anterior axillary line, MCL medial clavicular line, C camera port, A assistant port, the remaining ports are numbered
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Fig. 2 The medial camera trocar arrangement of port placement for the transperitoneal approach to the Left kidney with the Si platform. AAL 
anterior axillary line, MCL medial clavicular line, C camera port, A assistant port, the remaining ports are numbered

For the Xi platform (see Fig. 4), the lateral and medial 
ports can be placed in the posterior and anterior axillary 
lines, respectively. Without the concern about arm clashing 
and poor flexibility that are encountered in the Si platform, 
the ports do not need to be triangulated superiorly and can 
therefore be placed along one slightly curved line running 

in the axial plane. The fourth arm can be placed 6  cm 
medial to the medial third arm rather than placing it more 
inferiorly. The assistant port, however, should be placed 
off this line, 6–8 cm medial and inferior to the camera port 
in a position just superior to the anterior superior iliac 
spine.
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Fig. 4 Port placement for the retroperitoneal approach to the Right 
kidney with the Xi platform. PAL posterior axillary line, MAL medial 
axillary line, AAL anterior axillary line, C camera port, A assistant port, 
the remaining ports are numbered

For the Si platform (see Fig.  5), the second robotic port 
should be triangulated out into a position 6–8 cm superior and 
lateral to the camera port, in the posterior axillary line. Next, the 
third robotic port should be inserted into a position 6–8  cm 
superior and medial to the camera port, in the anterior axillary 
line. The assistant port can be placed in a position around 
6–8 cm inferior and medial to the camera port, sitting just supe-
rior to the anterior superior iliac spine. If space allows, the fourth 
arm port can be added 6–8 cm inferior and medial to the third 
arm or put on the other side of the camera port towards Arm 2.

Adjustments to standard positions can be made depend-
ing on the tumour location. For example, to reach the upper 
pole lesions, the ports can be placed more cranially, while 
lower pole tumours may require ports to be shifted caudally.

C
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MedialLateral

2 3

A

Fig. 5 Port placement for the transperitoneal approach to the Right 
kidney with the Si platform. AAL anterior axillary line, MCL medial 
clavicular line, C camera port, A assistant port, the remaining ports are 
numbered

5.4  Port Placement for a Transperitoneal 
Nephroureterectomy

The Xi platform has been specifically designed to perform 
multi-quadrant surgery without the need for the complex port 
positions and adjustments that were required for the Si plat-
form. With its improved reach and flexibility, it can  easily 
target both the kidney and the bladder without the need for 
repositioning, making it the ideal platform for a robotic 
nephroureterectomy. Standard transperitoneal nephrectomy 
port sites can be used when performing a transperitoneal 
nephroureterectomy using the Xi platform. The only adjust-
ment necessary comes when switching from the kidney to 
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the bladder when the ports can be reallocated. To achieve 
this, the camera will be moved from the second to the third 
most cranial port. The left and right arm will then be reas-
signed to the second and fourth most cranial ports. The robot 
can then be retargeted to the bladder, and the operation can 
proceed as normal.

Before the introduction of the Xi platform, the transperi-
toneal nephroureterectomy represented a significant chal-
lenge for robotic surgeons. Initial attempts to reach both the 
nephrectomy and bladder cuff excision sites required inser-
tion of further port sites, robot re-docking and patient reposi-
tioning. However, with experience, several groups proposed 
solutions where simply reassigning the second, third and 
fourth arm ports could produce sufficient changes in angles 
of triangulation and therefore avoided re-docking and reposi-
tioning [4–7]. In essence these patterns of port placement are 
based on the standard Si patterns outlined above, but when 
switching to the bladder, the arms are swapped between 
ports to triangulate down towards the pelvis.

6  Docking and Theatre Layout

The docking process varies significantly based on the robotic 
platform used. The Si platform is less flexible and must be 
docked in a particular direction and angle, while the Xi plat-
form with its rotating boom can be docked in any direction.

The Xi platform’s flexibility of docking allows for a 
greater degree of variability when it comes to the layout of 
the room and alleviates concerns about impinging the 
 anaesthetic team’s access to the patient. For ease, the robot 
can be docked behind the patient’s back out of the way of the 
head, as well as the assistant standing on the other side.

Since docking positions are more limited for the Si plat-
form, one must be more careful when planning theatre lay-
out. For transperitoneal approaches the robot will be docked 
just behind the patient’s head, and for retroperitoneal cases, 
it will be docked directly above the patient’s head. This can 
potentially impact on the access the anaesthetic team has to 
the patient’s airway. Measures must be taken to ensure this is 
not significantly impaired. Similarly, care must be taken 
when positioning anaesthetic equipment and raising drapes 
at the head end as these could potentially clash with the 
working robotic arms.

Once plans for docking are established, the rest of the 
room layout can be determined. The anaesthetist will be 
positioned at the patient’s head, ensuring a safe distance 

from any docked robot. The assistant is positioned in front of 
the patient with a camera monitor placed at a comfortable 
viewing angle. The scrub technician and instrument table are 
positioned next to the assistant at towards the patient’s legs. 
The robot console can be positioned anywhere in the room, 
ideally in a position facilitating clear communication 
between the surgeon and the other members of the theatre 
team.

7  Conclusion

In this chapter we discussed the optimal patient positioning 
and port site placement for both transperitoneal and retro-
peritoneal robotic renal surgical approaches across both the 
Da Vinci Si and X/Xi robotic platforms. Correct positioning 
and port placement can facilitate entry into the surgical field 
and therefore successful completion of the operation. We 
also reviewed the complications associated with poor patient 
positioning, some of which can result in significant lasting 
patient morbidity. Familiarity with these principles, as well 
as the ability to adjust positioning and port placement 
depending on particular situations, underpins success in 
robotic renal surgery.
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Port Placement for Robotic Renal 
Surgery

Christophe Vaessen, Elisabeth Grobet-Jeandin,  
Jens-Uwe Stolzenburg,  
Vinodh-Kumar-Adithyaa Arthanareeswaran, 
and James Porter

1  Introduction

Nephrectomy was the first urological surgical procedure per-
formed by laparoscopy in 1991 [1]. Since year 2000, the da 
Vinci® surgical system (Intuitive Surgical Inc., Sunnyvale, 
CA, USA) has revolutionized the management of renal 
tumors with tremendous technological advancement [2]. 
After two decades of experience, robot-assisted laparoscopic 
partial or radical nephrectomy is now part of the surgical 
armamentarium for the treatment of renal cancer [3] and can 
be considered equivalent to open surgery in terms of cancer 
control and preservation of renal function [4].

Under the influence of laparoscopy, the transperitoneal 
approach has long been the most widely used for robot- 
assisted kidney surgery. This approach allows to work in a 
space with well-known anatomical landmarks in a large 
space allowing to distance the trocars from each other and to 
avoid external robotic arm clashing [5]. However, posterior 
renal tumors require complete mobilization and medial rota-
tion of the kidney [6]. The retroperitoneal approach provides 
direct access to the renal hilum and posterior tumors. It has 
been shown to decrease operative times and narcotic need 
and permit quicker return of bowel function [6]. Furthermore, 
surgical outcomes of retroperitoneal are comparable to trans-
peritoneal approach [7]. Therefore, the retroperitoneal 

approach is becoming increasingly important in robot- 
assisted kidney surgery, particularly for posterior or lateral 
renal tumors. This chapter provides various configurations of 
port placement for renal surgery.

2  General Objectives and Rules for Port 
Placement

Beyond the skills of the surgeon and of his dedicated surgical 
team, the key to a successful robot-assisted intervention is 
the correct positioning of the patient and proper placement of 
the trocars [8]. The main objectives of a proper positioning 
of the trocars are as follows [9]:

 – Optimize access to the target organ and to adjacent 
structures.

 – Avoid any patients’ body injury which could occur due to 
the bulky nature of the robot (e.g., head trauma, leg or arm 
compression).

 – Avoid external robotic arm clashing and internal instru-
ment collision.

 – Minimize intraoperative range-of-motion limits.
 – Assure easy access for the bedside assistant.
 – Use the fewest ports necessary to minimize cosmetic 

impact.

For transperitoneal or retroperitoneal renal surgery, 8-mm 
da Vinci® surgical system trocars (Intuitive Surgical Inc., 
Sunnyvale, CA, USA) should be chosen. This bladeless tro-
car should be inserted respecting the upper black line which 
indicates the level of the skin and the lower black line which 
determines the level of the peritoneum (see Fig. 1). The tap 
of the ports must always be positioned on the side opposite 
to the patient to avoid skin injuries. It is suggested to place 
each of these trocars 8 cm apart to reduce conflict between 
arms or instruments.
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Fig. 1 da Vinci Xi 8-mm bladeless optical obturator (standard)

Fig. 2 Patient positioning

3  Port Placement for Transperitoneal 
Robotic Partial Nephrectomy

J. Stolzenburg and V. Arthanareeswaran

Although there are different possibilities, we describe the 
trocar placement that we use in our department [10–16].

3.1  Step 1: Patient Positioning

The induction of anesthesia is performed in supine position. 
A urinary catheter is inserted. The patient is now turned to 
the lateral position, and the urinary bag is placed either at the 
top or bottom end of the bed for access by the anesthetist. 
The legs are separated and protected with either pillows or a 
specially designed foam or rubber device between them. 
This relieves any weight on pressure points. All other bony 
points, including shoulders and hips, are protected by the 
rubber or foam mat. The head and neck are supported with 
either pillows or a rubber head ring in order to maintain them 
in a neutral position.

3.2  Step 2: Flexion of the Table

A patient with right-sided renal tumor is positioned in the 
left lateral position at an angle of 110° to the horizontal. The 
table is flexed at the level of the umbilicus by approximately 
10–15° (Fig. 2). The patient is positioned on the table toward 
the edge of the table facing the surgeons. This prevents inter-
ference of the robotic instruments with the table during the 
procedure. The patient’s arms are slightly flexed at the elbow, 
and the arm boards are positioned approximately 90–110° 
toward the head. The arm above should be positioned as low 
as possible. They are both supported appropriately with arm 
rests, and all bony and nerve pressure points are well padded. 
The arms are secured in the rests with Velcro strapping, 
 leaving both forearms and antecubital fossae available to the 
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anesthetist at all stages. Both the anesthetist and the surgeon 
should finally check the position of the arms together to 
make sure that there is no interference with instrument move-
ments during the procedure.

3.3  Step 3: Fixation of the Patient

The patient’s thoracic and lumbar areas are supported in the 
lateral position with table attachments which are well pad-
ded and which must be securely fixed to the table because 
the patient is rotated posteriorly. The patient is firmly sup-
ported with Velcro tapes across both forearms and secured 
with a wide-diameter belt at the level of the pelvis. A blan-
ket is used to cover the patient to assist maintenance of body 
temperature. It must also be noted that sequential compress-
ing stockings should be fitted to all patients prior to 
surgery.

3.4  Step 4: Marking the Anatomical 
Landmarks

The trocar placements are done using a number of imaginary 
lines guided by anatomical landmarks on the patient. For 
transperitoneal access, the most important lines are midline, 
para-rectal line, mid-clavicular line, anterior axillary line, 
midaxillary line, and posterior axillary line (Fig. 3a). These 
anatomical landmarks are bounded by the subcostal margin 
superiorly and the iliac crest inferiorly.

3.5  Step 5: Marking “Imaginary” Vertical 
Lines

Next a vertical line is marked at the level of the umbilicus 
that is perpendicular to the direction of the operating kidney 
and da Vinci instrument. Two lines are drawn on either side, 
parallel to this vertical line, so that the distance between each 
is 6 to 8 cm.

3.6  Step 6: da Vinci X and Xi Port Placement

The port placement in da Vinci X and Xi robotic platform is 
in a linear fashion as shown in Fig. 3b, c. The four da Vinci 
trocars are usually placed in the intersection of the vertical 
lines and the mid-clavicular line. This can vary between the 
para-rectal line and the anterior axillary line based on the 
patient size (more laterally in obese/larger patient and 
medially in slim/smaller patient). A 12-cm assistant port is 
placed as shown in Fig. 3a at the level of para-rectal line. 
Some groups prefer to place this port at the same line but 

cranially to the umbilicus. We prefer to place the Alexis 
port (green) at this position which allows easy removal of 
the specimen for frozen section or faster specimen removal. 

a

b

c

Fig. 3 (a) da Vinci Xi trocar placement in the right side: 1 = midline, 
2 = para-rectal line, 3 = mid-clavicular line, 4 = anterior axillary line, 
5 = midaxillary line, and 6 = posterior axillary line. A, 5-mm assistant 
trocar predominantly for liver retraction on the right side; C, camera 
trocar. (b) Thin patient with Alexis assistant port with 12-mm assistant 
trocar in the midline. (c) Obese patient with Alexis assistant port in 
paramedian position
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An extra 5-mm trocar can be placed if needed. This is con-
sistently used on the right side for liver retraction. The 
placement of this additional 5-mm assisting port depends 
on the surgeon’s preference and tumor complexity. In 
patients who are relatively thin and short, the 12-cm assis-
tant trocar or Alexis port can be placed in the midline 
(Fig.  3b). All ports (apart from the first port) are placed 
under direct visual control. We normally use a 30° camera 
facing downward, which can be easily rotated upward to 
visualize the ventral structures. A 0° optic can also be used 
depending on the preference of the surgeon and location of 
the tumor.

3.7  Step 6: (b) da Vinci Si Port Placement

The port placement in da Vinci Si is different compared to Xi 
as shown in Fig. 4. The camera trocar is placed at the lever of 
intersection of the third vertical line and the para-rectal line 

as it is done if the da Vinci Xi is used. The da Vinci trocars 
for da Vinci Si are placed in a triangular fashion as shown in 
Fig. 4 to avoid collision of the da Vinci arms and instruments. 
A 12-cm assistant port is placed on the intersection of the 
second vertical line and para-rectal line. This trocar is used 
for the insertion of large-bore instruments such as staplers, 
clip applicators, and endobags. Alternatively, an Alexis port 
can be additionally used as described previously. Care should 
be taken to minimize collision between the robotic and assis-
tant’s instruments. For right-sided surgery, an additional 
5-mm trocar is often used under the xiphoid for liver retrac-
tion and facilitating upper pole exposure. The robotic work-
ing trocars should be carefully inserted under direct visual 
control (like always!) to avoid collision between the robotic 
arms.

4  Port Placement for Retroperitoneal 
Robotic Partial Nephrectomy

J. Porter

The early experience with robotic renal surgery was an 
extension of laparoscopic surgery, and, therefore, most pro-
cedures were performed via the transperitoneal approach. 
Given that the robotic arms were quite large, the increased 
space afforded by the transperitoneal approach allowed for 
adequate range of motion of the robotic arms and decreased 
external conflict. This leads to the transperitoneal approach 
becoming the standard technique for robotic nephron- sparing 
surgery (NSS). However, posterior renal masses can be dif-
ficult to remove using the transperitoneal technique and are 
more directly accessed with the retroperitoneal approach. 
The application of the robot to the retroperitoneal space for 
renal surgery has gained in popularity, and the technique has 
become standardized and reproduced by several groups [5, 
17]. As the technique to gain access to the retroperitoneum 
has become more standardized, concerns regarding space 
limitations and disorientation are no longer barriers to adop-
tion [18–29].

4.1  Positioning

For the retroperitoneal approach, patients are placed in a 
complete, full flank position to facilitate access and increase 
the space between the 12th rib and iliac crest. A gel roll is 
used as the axillary support, and the arms are extended 90 
degrees with the lower arm resting on an arm rest. Pillows 
are placed between the arms and legs with tape securing 
them from moving. Prior to flexing the bed, the position of 
the patient is then checked ensuring that the patient is in 
full flank and the shoulder and hip are inline. The bed is 

a

b

Fig. 4 daVinci Si trocar placement. Right side: 1 = midline, 2 = para-
rectal line, 3 = mid-clavicular line, 4 = anterior axillary line, 5 = midaxil-
lary line, and 6 = posterior axillary line.  A1, assistant trocar; A2,  
assistant trocar for liver retraction on right side; C, camera trocar
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then maximally flexed without raising the kidney rest. The 
patient is then secured to the table with wide adhesive tape 
(Fig. 5).

4.2  Access

The iliac crest, 11th rib, and 12th rib are marked out. An inci-
sion is made just above the iliac crest directly in the midaxil-
lary line (Fig. 6). Tissues are divided with cautery until the 
external oblique fascia is reached. This is incised, and finger 
dissection is utilized to bluntly gain access into the retroperi-
toneum. A 10-mm kidney-shaped balloon dilator (Fig. 7) is 
inserted into the space and inflated under direct vision using 
a 10-mm laparoscope or the robotic endoscope with a 
30-degree lens. Ideally, the balloon is placed between the 
posterior body wall and the kidney which is still surrounded 
by Gerota’s fascia.

As the balloon inflates, the kidney will be pushed anteri-
orly if the balloon has been placed properly. The psoas mus-
cle will become visible along with the gonadal vessels, the 

ureter, and the edge of the peritoneum as it is mobilized off 
of the transversus abdominis muscle anteriorly. The other 
key landmark is the posterior layer of Gerota’s fascia, which 
will be pushed off the psoas muscle by the balloon dilator. 
After the balloon has been fully inflated, it is removed, and a 
camera port is inserted through the midaxillary incision. For 
the da Vinci Si, a 12-mm Hasson balloon port is used for the 
robotic endoscope, and for the da Vinci Xi, the 8-mm port 
through a Hasson cone (Fig. 8).

4.3  Port Placement

For the da Vinci Si system, three robotic ports are placed in a 
“V” configuration with the point of the V being the camera 
port (Fig. 9). The camera port is placed in the midaxillary 
line 1 to 2  cm above the iliac crest. The posterior port is 
placed 7 to 8 cm from the camera port and just below the 
12th rib in the posterior axillary line. The anterior port is 
placed 7 to 8 cm from the camera in the anterior axillary line. 
The assistant port is placed near the anterior superior iliac 
spine and is 8 cm inferior to the anterior port.

For the da Vinci Xi, we use four robotic ports with the 
addition of a fourth arm port for retraction (Fig. 10). After 
placing the camera port and posterior port in the posterior 
axillary line, a blunt laparoscopic instrument is passed 
through the posterior port to gently push the peritoneal 
reflection off of the transversus abdominis muscle to create 
more space anteriorly for the two additional robotic ports 
and the 12-mm assistant port. This dissection is best done 
using the 30-degree up lens, and care is taken to avoid inad-

Fig. 5 Patient positioning

Fig. 6 First trocar incision

Fig. 7 Balloon dilator
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Fig. 8 Hasson cone
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Fig. 10 da Vinci Xi port positioning

vertent entry into the peritoneum during mobilization. The 
ports are placed in an arc configuration with the distance 
between ports being 5–6  cm. The 12-mm assistant port is 
usually a valveless high-flow insufflation port such as the 
AirSeal device (CONMED) and is placed near the anterior 
superior iliac spine and is 8 cm inferior to the anterior port.

4.4  Docking

Using the da Vinci Si, the robot is docked directly over the 
patient’s head parallel to the spine.

Using the da Vinci Xi with a rotating boom, the robot can 
be brought in at several different locations and the tower 
rotated to align with the trocars. We routinely dock posteri-
orly over the hip at a 45-degree angle.

5  Conclusion

Proper positioning of the trocars is a key to success in renal 
robot-assisted surgery. A good port placement allows an 
optimized access to the kidney and the tumor, avoids patient’s 
injury, and minimizes intraoperative range-of-motion limits. 

For renal robotic surgery, the transperitoneal and retroperito-
neal approach seem equivalent in terms of postoperative and 
oncological outcomes. Regardless of the approach, the posi-
tioning of the trocars for kidney surgery depends on the 
robotic device (Si, X, or Xi da Vinci® surgical system), the 
patient’s morphology, the location of the tumor, and the pref-
erences of the surgeon.
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Early Unclamping, Selective, 
Superselective, and Unclamped Robotic 
Partial Nephrectomy

Andrew B. Chen, Giovanni E. Cacciamani, 
and Mihir M. Desai

1  Introduction

Kidney cancer is the third most common urologic malig-
nancy, of which the vast majority are renal cell carcinoma 
[1]. The increase in access to axial imaging has been associ-
ated with a similar increase in the diagnosis of clinically 
localized small renal masses [2, 3]. Partial nephrectomy 
(PN) is considered the prioritized management of the major-
ity of T1a and select T1b renal tumors when intervention is 
indicated with favorable oncologic outcomes and minimiza-
tion of the risk of chronic kidney disease (CKD) or CKD 
progression [4]. Over the past two decades, there has been a 
rapid uptake of minimally invasive approaches such as lapa-
roscopic and robotic approaches to performing PN.  The 
advent of robotic surgery has led to improvements in peri- 
operative outcomes with lower conversion rate to radical 
nephrectomy, shorter length of hospital stay, and shorter 
warm ischemia time (WIT) when comparing the robotic 
approach to the laparoscopic approach [5].

Main renal artery clamping remains the most common 
technique of vascular control during PN, allowing for tumor 
resection and reconstruction of the renal remnant in a blood-
less field, and it comes at the cost of variable warm ischemia. 
The adverse impact of warm ischemic clamping is contro-
versial and as such beyond the scope of this writing [6]. 
Overall, the goal of partial nephrectomy is to achieve an 
oncologically complete tumor resection with the minimum 
impact on renal function while avoiding complications. This 
principle would inherently require the ischemic clamping 
and amount of normal parenchyma excised to be the mini-
mum. Various techniques have evolved to minimize ischemia 
time from main artery clamping as well as the impact of 
global renal ischemia including early unclamping, selective 
clamping, superselective clamping, and unclamped partial 
nephrectomy.

2  Terminology

There is a lack of standardized terminology to define the 
various techniques that employ less than global renal isch-
emia during PN.

2.1  Selective Clamping

This technique is defined as isolation and clamping of a sin-
gle or multiple first-order segmental renal artery branches 
that cover the tumor. While selective clamping avoids global 
renal ischemia, there is typically a variable amount of col-
lateral ischemia to the renal remnant.

2.2  Superselective Clamping

This refers to further renal vascular microdissection within 
the renal sinus with clamping of tertiary or higher-order arte-
rial branches [7]. Only tumoral/peritumoral blood flow is 
eliminated by anatomic microdissection and tumor-specific 
devascularization [8]. Additionally, the access to higher- 
order tumor-specific branches may also require radial 
nephrotomies at the renal sinus margin.

2.3  Unclamped Partial Nephrectomy

Unclamped partial nephrectomy refers to no vascular control 
and performing either a minimum margin tumor excision 
(also referred to as enucleo-resection) or an actual enucle-
ation staying on the tumor pseudocapsule. It must be men-
tioned that the latter does generate concerns about oncologic 
adequacy and has not been universally embraced outside a 
few centers.
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2.4  Zero-ischemia

At our institution, zero-ischemia refers to superselective 
clamping that provides tumor-specific devascularization or 
elimination of all vascular clamping and tumor excision with 
a minimal margin adjacent to the tumor capsular edge [9]. 
Essentially, we have used this term to refer to elimination of 
collateral ischemia, and the technical nuances are detailed in 
this chapter.

3  Patient Selection

Patient selection is critical for performing zero-ischemia 
partial nephrectomy. Tumor factors predominantly dictate 
the feasibility and safety of achieving tumor-specific devas-
cularization or minimal margin enucleo-resection. Typically 
hilar and polar tumors have a predictable vascular supply 
that is easy to identify and control during resection and are 
ideal for this technique (Fig. 1). In contrast, broad-based lat-
eral tumors have multiple sources of vascularity and a 
broad- based attachment to the renal parenchyma that entails 
a more difficult resection with a higher blood loss (Fig. 2). 
Tumor contact surface area (CSA) is an important measure 
of the degree of attachment of the tumor to the renal paren-
chyma, and a greater CSA may be a clinically important 
measure to assess safety of performing unclamped partial 
nephrectomy [10]. Radiographic assessment of the “sticki-
ness” of the peri-nephric fat is also an important factor that 
influences the ease of intra-hilar dissection as patients with 
unfavorable fat may not be suitable for zero-ischemia partial 
nephrectomy. Finally, one must always balance the techni-
cal feasibility of performing superselective clamping or 

unclamped partial nephrectomy with the need for nephron 
sparing. Patients with normal baseline renal function should 
only be offered these techniques if tumor factors are highly 
favorable.

4  Preoperative Imaging

Precise evaluation of renal vasculature and tumor anatomy is 
essential to performing zero-ischemia partial nephrectomy. 
To this end, we perform multi-phasic CT of the kidneys with 
0.5 mm thickness to assess tertiary and quaternary branches 
of renal vasculature as well as measure the contact surface 
area of the tumor to renal parenchyma [10] (Fig. 3). While 
detailed 3D model rendering can be performed by most radi-
ologists, easy-to-use commercial applications are now devel-
oped that provide the surgeon with detailed views of the 
tumor and relationship with renal vasculature and collection 
system anatomy [11].

5  Surgical Technique

Preoperative preparation: At our institution, enhanced recov-
ery after surgery (ERAS) protocols is employed. Patients 
also receive a combination of oral non-narcotic pain medica-
tions including gabapentin, acetaminophen, and celecoxib, 
with dose adjustments made for age or comorbidities. A 
broad-spectrum antibiotic (first-generation cephalosporin) is 
administered intravenously as well. In addition to sequential 
compression devices (SCDs), patients will receive 5000 units 
of subcutaneous heparin upon induction of anesthesia. An 
orogastric tube is placed intraoperatively and removed at the 
conclusion of the procedure.

Fig. 1 CT image of favorable tumor for zero-ischemia PN. The tumor 
is hilar, and the majority of the circumference abuts the peri-nephric fat 
or hilar fat and structures (green line), while only a small portion is 
attached to the renal parenchyma (red line)

Fig. 2 CT image of unfavorable tumor for zero-ischemia PN.  This 
tumor has a broad attachment to the parenchyma (red line) and an 
unpredictable vascular supply
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Fig. 3 Preoperative 3D modeling using thin-slice CT imaging to help 
identify tumor and vascular anatomy. Thin-slice (0.5 mm) multi-phase 
CT with segmentation and reconstruction provides the essential road-
map for tumor resection during superselective clamping

6  Patient Positioning and Trocar 
Placement

The patient is positioned in a 60-degree flank position. A 
warming blanket is applied to the upper body just above the 
rib line. An alcohol-based prep is used to prep the entirety of 
the abdomen. Initial access into the abdominal cavity is 
obtained in the lower lateral quadrant. Pneumoperitoneum is 
established to a pressure of 15  mmHg. The ports are then 
placed in a five- to six-port configuration with four 8-mm 
ports, which include the left and right arm, camera, and 
fourth arm. Bipolar fenestrated forceps are placed in the left 
arm. A monopolar scissors is placed in the right, and Prograsp 
forceps are used for the fourth arm. The 12-mm AirSeal con-
tinuous insufflation port is placed between the camera and 
the caudal arm, and a 5-mm subxiphoid port is placed for 
liver retraction if the mass is in the right kidney. If necessary, 
another 5-mm assistant port can be triangulated between the 
cephalad arm and the camera. The da Vinci Xi Surgical 
System (Intuitive Surgical) is then brought in and docked in 
the usual fashion.

7  Hilar Dissection

Gerota’s fascia of the kidney is exposed by medializing the 
colon. The duodenum is Kocherized if working on the right 
kidney, and mobilization of the spleen is performed if work-
ing on the left. We then mobilize the ureter and gonadal vein 

laterally off the psoas muscle and trace these structures ceph-
alad to identify the main renal artery and vein. We recom-
mend renal hilar dissection in all patients where superselective 
clamping or unclamped partial nephrectomy is being consid-
ered. This provides a safety net in case of excessive bleeding 
during the procedure. It is important to perform the least 
amount of hilar dissection to perform expeditious and safe 
clamping.

8  Kidney Mobilization

The location of the tumor determines the amount of kidney 
mobilization required. Anterior hilar tumors in the inter- 
polar and lower pole locations require minimal mobilization. 
However, a 180-degree rotation of the kidney may be neces-
sary for posterior hilar lesions, thus requiring significant kid-
ney mobilization including upper pole dissection of the 
kidney from the adrenal gland.

9  Color Doppler Ultrasound

Once the mass is localized, a drop-in US probe is placed 
through the 12-mm AirSeal and used to delineate the mar-
gins of the tumor. We then score the proposed parenchymal 
margins with electrocautery.

10  Selective and Superselective 
Clamping

Once parenchymal margins of resection of the hilar or polar 
tumor are scored, dissection proceeds toward the section of 
the renal sinus enclosed in the proposed area of resection. 
Segmental arteries and veins are identified and mobilized 
inside the renal sinus. Based on the preoperative knowledge 
of the tumor vascularity, the tertiary and quaternary branches 
are identified. Branches that are thought to be directly sup-
plying the tumor are clipped and divided. The robotic Hem- 
o- lok applicator is particularly useful as the Endowrist 
provides optimal angles in securing these third- and fourth- 
level branches inside the renal sinus. Branches that are sup-
plying the immediate peritumoral parenchyma are 
temporarily occluded using micro-bulldog clamps (Fig. 4). 
Several techniques can be employed to assess the adequacy 
of peritumor vascular control during selective and superse-
lective clamping. Color Doppler may be helpful in assessing 
the immediate tumor and peritumor vascularity but requires 
significant surgeon experience with this technique (Fig. 5). A 
more rapid and easy-to-determine method is the use of indo-
cyanine green and visualization using near-infrared imaging 
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Fig. 4 Photograph of micro-bulldog clamp used during superselective 
clamping

Fig. 5 Color Doppler to assess peritumor vascularity during superse-
lective clamping. The series of photographs shows a progressive reduc-
tion in peritumor vascularity with superselective occlusion of 
sub-segmental vessels

Fig. 6 Indocyanine green and near-infrared fluorescence imaging to 
assess adequacy of selective and superselective clamping

(Fig. 6). Once the renal sinus dissection is complete, the por-
tion of the tumor circumference within the renal sinus would 
have already been mobilized, and the remaining part attached 
to the parenchyma is carefully separated keeping a minimum 
margin similar to the completely unclamped technique 
described below. Vascular supply encountered during this 
phase can be cauterized or suture ligated using 4–0 polygla-
ctin 910 figure-of-8 sutures.

11  Unclamped Partial Nephrectomy: 
Minimal Margin Resection or 
Enucleo-resection

A nephrotomy is created along the scored margins with 
monopolar robotic shears. The incision is then deepened cir-
cumferentially to prevent over-dissection in one location. 
This is best achieved by gradual opening of the blunt-tipped 
fenestrated grasper to split the renal parenchyma with occa-
sional strategic use of electrocautery for parenchymal/corti-
cal vessels. The cortical incision is taken all the way to the 
renal sinus fat. The tumor should be carefully retracted 
away from the PN bed to facilitate dissection. Throughout 
this dissection, the bedside assistant will provide critical 
visualization through suction and transient compression of 
specific bleeding vessels. Once the central sinus is reached, 
intra- renal vessels supplying the tumor can be isolated and 
taken with Hem-o-lok clips or sutures. Thus, the tumor is 
then excised using a combination of cold cutting and 
monopolar.

12  Hemostasis and Kidney 
Reconstruction

The majority of hemostasis is performed during the tumor 
enucleo-resection. After resection of tumor, any collect-
ing system injury is closed with 3–0 polyglactin 910 
sutures on an SH-1 needle. Any bleeders in the resection 
bed are sutured with point-specific 3-0 polyglactin 910 
sutures on an SH-1 needle with care to avoid incorpora-
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tion of hilar vessels and the pelvi-calyceal system. The 
parenchymal edge is repaired with a pledgeted CTX 1 or 
CT-1 number 1 polyglactin 910 suture. After thorough 
inspection of hemostasis, biological hemostatic agent is 
layered on the resection bed and covered with a sheet of 
Surgicel. Gerota’s fascia is reconstructed to cover the PN 
defect.

13  Early Unclamping

Early unclamping refers to the technique of PN per-
formed under full hilar clamping where the vascular 
occlusion clamps are removed after the inner medullary 
closure but prior to any capsular renorrhaphy. The pri-
mary objective of early unclamping is not reduction of 
ischemia time but rather the ability to identify and suture 
any bleeding vessel missed by the inner medullary suture. 
Subsequently, capsular renorrhaphy may or may not be 
necessary based on the surgeon assessment of the secu-
rity of closure.

14  Extraction of the Specimen 
and Closure of Port Sites

A Blake drain is placed in the peri-nephric space through one 
of the robotic ports and secured to the skin. The tumor is 
placed in an EndoCatch bag and extracted via the assistant 
port site. The fascia of all port sites larger than 8  mm is 
closed using the Carter-Thomason port closure system and 
number 1 polyglactin 910 sutures. The skin is then closed 
with 4–0 poliglecaprone 25 sutures, and Dermabond is 
applied. We extract and bivalve the inked specimen to con-
firm grossly negative margins before completing laparo-
scopic exit and final closure.

15  Post-Operative Care

The patient is then extubated at the conclusion of the proce-
dure, and the orogastric tube is removed. Post-operative 
ERAS protocols are followed which include several non- 
narcotic analgesic medications, gastrointestinal and DVT 
prophylaxis, early clear liquid diet, and early ambulation. 
Body fluid analysis of creatinine from drain fluid is per-
formed during hospitalization.

16  Outcomes of Superselective 
and Unclamped PN

A comprehensive meta-analysis of various hilar control tech-
niques demonstrated that while the off-clamp group had higher 
estimated blood loss (WMD = 47.83, p < 0.001), renal function 
outcomes were superior in regard to short-term absolute eGFR 
(WMD = 16.05, p = 0.06), short-term percentage change in 
eGFR (WMD = 7.02, p < 0.001), long-term absolute eGFR 
(WMD = 6.59, p = 0.02), and long-term percentage change in 
eGFR (WMD = 4.09, p = 0.005). Both groups were similar in 
regard to transfusion rates, open conversion rates, hospital stay, 
positive margin rates, and post-operative complications [12].
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Tips and Tricks for Kidney Mobilization 
in Robot-Assisted Renal Surgery

Daniele Cignoli, Ruben De Groote, 
Marcio Covas Moschovas, and Alessandro Larcher

1  Robot-Assisted Partial Nephrectomy 
(RAPN)

1.1  The Use of the Fourth Arm to Elevate 
the Ureter and the Lower Pole 
of the Kidney to Access Renal Hilum

Lateral retraction of the kidney is a maneuver aimed at the 
suspension upward of the kidney to allow the renal hilum to 
be on stretch and better dissect the different renal vessels 
[1–3]. Similarly, in an open surgery with a flank incision, 
surgeons lateralize the kidney during the dissection from the 
psoas muscle, to better expose the renal hilum. This tech-
nique has already been described for laparoscopic partial 
nephrectomy and can be applied to the context of robot- 
assisted surgery.

After reflection of the colon, Gerota’s fascia is grasped, 
and the kidney is lifted laterally to help expose the ureter and 
the gonadal vein. After the identification of the ureter, the 
psoas muscle is identified medial to the ureter. The ProGrasp 
or any other instrument installed on the fourth arm is used to 
elevate the ureter off the psoas muscle, allowing a clear path 
to the renal hilum (Fig. 1). The hilum is identified by tracing 
the gonadal vein. On the left, the gonadal is traced directly to 
its insertion in the renal vein. On the right, the gonadal is 

traced first to the vena cava and after followed to the renal 
vein. Once the renal vein is identified, the renal artery is dis-
sected. It is usually behind the vein, and the visualization of 
its pulsations may help in identifying its location and course. 
To better perform this step, the fourth arm can be placed 
under the lower pole of the kidney and used to elevate the 
kidney away from the great vessels (Fig. 2). This maneuver 
stretches the renal hilum and allows the creation of a better 
working space between the great vessels and the kidney. This 
also stretches any remaining colon-renal attachments that 
can be taken down sharply.

1.2  Gerota’s Opening

The incision of Gerota’s fascia is another crucial step of 
robot-assisted partial nephrectomy. Technically, removing 
the fat around the tumor is not difficult except in patients 
with copious adherent perinephric fat. In these cases, this 
step can be difficult and extensively time-consuming. To 
open the Gerota’s fascia, the fourth arm, the ProGrasp, is 
used to provide anteromedial kidney retraction to achieve the 
proper tension on Gerota’s fascia. Then, Gerota’s fascia is 
entered using the monopolar scissors, and the incision is car-
ried cranio-caudally. As in laparoscopic surgery, the plane of 
the psoas muscle should be used for orientation, as the hori-
zon. After the incisions of the Gerota’s fascia, “defatting” the 
kidney adequately allows the correct exposure of the renal 
tumor. Removal of the adipose tissue should be done prefer-
entially along the renal capsular plane (Fig. 3).

Correct execution of this step allows adequate exposure 
of the tumor and mobilizes the kidney to achieve a wide sur-
gical field to perform the excision. To better distinguish 
tumor margins, a drop-in ultrasound probe could be intro-
duced and manipulated by the surgeon.
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Fig. 1 Fourth arm lifting the ureter and creating the plane between the ureter and psoas muscle

Fig. 2 Renal artery dissected and isolated with vessel loop before bulldog clamping

1.3  Toxic Fat: How to Predict 
and Management

Toxic fat (TF) is defined as inflammatory perirenal fat adher-
ing to the renal parenchyma that makes kidney dissection 
very difficult (Fig.  4). TF is linked with increased peri- 

operative morbidity, longer operative time, and doubled risks 
of bleeding and transfusion [4]. The reason for such increased 
morbidity is related to the difficult dissection of TF from 
renal parenchyma, often resulting in kidney decapsulations 
and increased intraoperative blood loss due to lesions to be 
inflamed in hyper-vascularized TF as the result of an inflam-
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Fig. 3 Gerota’s fascia opening and access to the renal tumor

Fig. 4 Right kidney tumor with toxic fat

matory process. The presence of TF is also linked with an 
increased risk of conversion to radical nephrectomy or to 
open surgery [4]. Therefore, it is crucial to predict the pres-
ence of TF before surgery due to its intraoperative  challenging 
potential. Unfortunately, RENAL and PADUA scores are 
based on tumor anatomical characteristics and do not con-
sider other factors, as the presence of TF [5]. From a biologi-
cal standpoint, the pathogenesis of TF is unclear. There are 
several factors, including fibrosis, autoimmune response, 
and inflammation. It also seems to be linked with cardiovas-
cular risk factors and BMI, which induce a generalized 
hyperinflammation [6, 7]. Furthermore, the Mayo Adhesive 
Probability (MAP) radiological score seems to be the stron-
gest predictor of TF [4, 8]. It could be used in a pre-operative 
set, to better define the presence or not of TF and program 
the best surgical approach for the patient.

To surmount this potential obstacle, good training is fun-
damental. Intraoperative ultrasound identification of tumor 
margins could be useful to better define where to go to 
remove the fat around the tumor.

1.4  Complete Renal Flipping to Access 
the Posterior Face of the Kidney

A challenge in RAPN is the difficult approach to posterior 
renal masses [9]. RAPN can be performed via either trans-

peritoneal (tRAPN) or retroperitoneal (rRAPN) approach. 
Available evidence comparing tRAPN vs. rRAPN are dis-
cordant and mostly based on studies with small sample sizes 
[10, 11]; thus, current guidelines do not provide recommen-
dations on the issue [12, 13]. Some authors proposed rRAPN 
for posterior renal masses, because there is no need for 
bowel mobilization and more direct access to the posterior 
aspect of the kidney and renal hilum [14]. Recently, 
Dell’Oglio et al. [15] compared data from a multi-institu-
tional database of patients undergoing tRAPN vs. rRAPN, 
with a specific focus on tumor’s location. An interaction test 
analysis revealed no advantages in the tRAPN for anterior 
tumors or rRAPN for posterior tumors. Moreover, it is 
important to consider that RAPN is a complex surgical pro-
cedure with a relatively long learning curve in which subop-
timal surgical outcomes might be achieved [16]. In 
consequence, the choice of the approach should be driven 
by the surgeon’s expertise [9].

During tRAPN, a maneuver that could be performed to 
access the posterior face of the kidney is flipping the kidney 
medially on its vertical axis. An accurate and complete dis-
section of the entire kidney is necessary to allow such step. A 
complete flipping of the kidney is achieved either by placing 
a robotic arm under the lateral border of the kidney or turn-
ing it medially (Fig. 5). This maneuver allows better visual-
ization of the posterior renal face and an easy dissection of 
posterior renal masses.
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Fig. 5 Kidney release and flipping Fig. 6 Robotic arm pushing the lower pole down to present the upper 
pole renal mass

1.5  Maneuvers to Rotate the Kidney 
to Access the Upper Pole

RAPN for upper pole renal masses, especially if located pos-
teriorly, can be challenging because of difficult visualization 
during tumor excision and renorrhaphy. Few studies assess 
these difficult conditions in the literature, but all of them 
agree that minimally invasive partial nephrectomy (MIPN) 
(both laparoscopic and robotic) for upper pole tumors is 
associated with a high complication rate and blood loss [17, 
18]. To solve this problem, some maneuvers have been 
described to rotate the kidney to better access the upper pole.

One of these maneuvers is to use a robotic arm, usually 
the fourth, to push down the lower pole of the kidney and to 
present upper pole renal masses or, in contrast, to elevate the 
upper pole (Fig. 6). The position of the upper pole can be 
further improved by placing a gauze or more under the upper 
pole. This procedure allows a better view and an easy dissec-
tion of the mass. Usually, a combination of the two modali-
ties is used, especially in case of four-arm transperitoneal 
RAPN. For both maneuvers, a previous accurate and com-
plete dissection of the entire kidney is crucial.

Renal transposition is another safe technique that facil-
itates nephron-sparing transperitoneal laparoscopic resec-
tion of difficult-to-reach upper pole tumors [19]. The first 
step is to dissect all the attachments to the kidney outside 
of Gerota’s fascia. Second, all the adipose tissue superior 
to the renal hilum must be dissected, including complete 
separation of the adrenal gland from the upper pole. Third, 
the ureter must be dissected from the lower pole of the 
kidney to the renal hilum. These three steps allow a com-
plete kidney rotation around the hilar axis, by rotating the 
upper pole anteriorly and inferiorly and the lower pole 
posteriorly and superiorly.

It is noteworthy that renal transposition cannot be per-
formed in patients with multiple renal vessels that don’t 
allow complete rotation. It is recommended to clamp the 
renal hilum after complete transposition to avoid any risk of 
trauma to the vessels. In this case, it could be difficult to 
separately clamp the renal artery after transposition, and en 
bloc clamping of the entire renal hilum with a bulldog may 
be necessary [19].

2  Robot-Assisted Radical Nephrectomy 
(RARN)

2.1  How to Carefully Mobilize a Previously 
Treated Kidney

Surgical treatment in case of local recurrence after a previous 
partial nephrectomy or local tumor ablation can be very chal-
lenging. In case of re-surgery, the patient is older by defini-
tion and has the potential increase of comorbidities. The 
tumor-specific phenotype should be considered more dan-
gerous, in either a more aggressive residual primary or 
another independent oncologic event. Finally, the surgical 
field is not naïve. Previous surgery promotes the formation of 
adhesions that may distort tissue planes, alter the position of 
anatomical landmarks, and fix bowel to the anterior abdomi-
nal wall, making subsequent trocar position more difficult. 
Because of the presence of abdominal scars, the position of 
trocars may be alternative to standard sites and subsequently 
suboptimal, potentially increasing the risk of conflict of 
robotic arms or difficult manipulation of instruments by the 
assistant during the procedure. After trocars are placed, it 
could be necessary to dissect adhesions before docking the 
robot, increasing the risk of bleeding and bowel injury. In 
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addition, the distortion of normal anatomy may decrease vis-
ibility during the procedure and limit the identification of 
precise anatomical landmarks. This results in an increased 
technical complexity of both RAPN and RARN and in an 
increased risk of intra- or postoperative complications.

Salvage treatment for local recurrence after previous 
treatment for kidney cancer has been poorly investigated in 
the literature, and there are few retrospective studies demon-
strating the safety of salvage renal surgery [20–24].

A recent multicenter investigation observed that salvage 
robot-assisted renal surgery includes multiple and heteroge-
neous clinical and surgical scenarios that could be very chal-
lenging and reported significant morbidity with respect to 
intraoperative complications, despite an acceptable rate of 
postoperative complication rate in the hands of expert sur-
geons at high-volume institutions [25].

The first port should preferably be placed away from the 
scar of previous surgery. Open insertion of the first port or 
using optical access trocars may prevent bowel injury. 
Attention must be taken during the dissection of adhesions to 
avoid the risk of bleeding or bowel injury. A significant expe-
rience is key to reduce the risk of intraoperative complica-
tions, because of the distortion of anatomical landmarks and 
the challenges of these procedures. A correct and accurate 
dissection of the kidney could be useful to better reach the 
renal hilum and the tumor to dissect (Fig. 7). In the case of 
the target lesion located in the upper pole, the spleen or liver 
might be mobilized, depending on the side. Intraoperative 
ultrasound can be used to locate the tumor, especially in the 
case of endophytic lesions [25].

2.2  Difficult Mobilization of Upper Pole 
in Case of Psoas Muscle Infiltration

Bulky tumors with extensive infiltration of perirenal tissue 
represent an uncommon and worrisome scenario that can 
make kidney isolation during RARN extremely difficult. In 
such circumstances, we advise preferentially avoiding blunt 
maneuvers and proceed with sharp dissection with the 
robotic scissors and with generous use of coagulation. 
Usually, in these episodes, the tumoral invasion leads to a 
neovascularization state which increases the caliber of the 
peripheral vessels and potentializes blood loss and surgical 
challenges.

2.3  Examples of Surgical Plane for Adrenal/
Removal Sparing

Recent guidelines recommend not performing ipsilateral 
adrenalectomy, both in RN and in PN, if there is no clinical 
evidence of invasion of the adrenal gland [12]. Accordingly, 
ipsilateral adrenalectomy has no advantage in the absence of 
clinically evident adrenal involvement [26].

If the latter scenario, dissection can be performed directly 
along the renal capsule to leave the adrenal gland and the 
upper pole perinephric fat undisturbed. An adrenal gland 
violation often leads to venous bleeding. It is important to 
perform the upper pole dissection prior to detach the kidney 
laterally to avoid the kidney falling medially and obscure the 
upper pole and the adrenal fossa. Difficulties with this part of 
the procedure include dissecting within the correct plane 
between the adrenal gland and kidney or being unable to 
reach the upper part of the kidney secondary to a large tumor 
mass.

In case of tumor extension or metastasis on the right side, 
the adrenal vein must be divided. Care must be taken as the 
adrenal vein on the right side drains directly into the inferior 
vena cava, is of short length, and can easily be avulsed. On 
both sides, the medial edge of the adrenal gland should be 
identified, and dissection should proceed superiorly and pos-
teriorly with Gerota’s fascia intact since the adrenal gland is 
within Gerota’s fascia (Fig. 8).

Finally, besides vascular lesions, robot-assisted adrenal-
ectomy is associated with hepatic, splenic, and pancreatic 
lesions due to the close contact between the adrenal and 
these organs. In these scenarios, it is important to repair the 
lesion as soon as it is recognized. In some cases, especially 
in pancreatic injuries, it is crucial to have the general surgery 
team as a backup [27].Fig. 7 Accurate dissection of a previously treated kidney
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Fig. 8 Dissection of right adrenal gland within the right kidney

Fig. 9 Diaphragmatic injury during the right kidney dissection

2.4  Avoid Diaphragmatic Injury

During upper pole dissection, care should be taken to avoid 
diaphragmatic injury. This adverse event should be suspected 
in the presence of increasing ventilatory difficulty or para-
doxical diaphragmatic movements intraoperatively. When 
the upper pole of the kidney is dissected, the movement of 
the surgeon must phase with the respiratory excursion of the 
diaphragm, and cautery should be avoided in any case to 
maximally reduce the risk of diathermal lesion to the dia-
phragm (Fig. 9).
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Tips and Tricks for Excision of Renal 
Tumours

C. J. Anderson , D. Aggarwal, A. Mottrie, and C. Vaessen

1  Introduction

Partial nephrectomy is considered the standard of care for 
T1a and appropriate T1b tumours [1]. Originally robotic par-
tial nephrectomy was performed for accessible, mainly exo-
phytic, tumours with low nephrometry parameters. As 
experience has matured, excision of more complex tumours 
has become part of the armamentarium of robotic partial 
nephrectomy [2, 3]. This chapter discusses the standard 
approach to tumour excision but also addresses the manage-
ment of multiple, endophytic, hilar and cystic tumours.

2  Kidney Mobilisation

The colon is reflected along the line of Toldt. The plane 
between the colonic mesentery and Gerota’s fascia is created 
by blunt and sharp dissection with medial retraction of the 
colon and gentle lateral pressure applied toward the kidney. 
The fourth arm can assist by pulling Gerota’s fascia antero-
laterally. The lower pole is mobilised, and gonadal vein is 
usually encountered early. This is helpful in locating the ure-
ter. Surgeons differ in their approach to the hilum with some 
looking for the early signs of waving of the renal vein and 
commencing skeletonisation of renal vein and artery by dis-
secting directly onto them. On the left side, it is common to 
mobilise the lower pole with ureter and gonadal vein and 
place the fourth arm under the kidney to elevate it. This facil-
itates access to the high-level vessels. On the right side, ini-
tial dissection from the direction of the upper pole to the 

hilum is commonly practised. However, mobilisation of the 
lower pole with elevation by the fourth arm is also feasible 
on that side.

3  Preparing for Excision

Notwithstanding the variety of technical descriptions in the 
literature, there are generally accepted basic principles 
regarding the technique of tumour excision.

Preoperatively the surgeon develops a 3D impression of 
the tumour characteristics by thorough appraisal of the CT or 
MRI images. This aids in preparation, port placement, 
approach to mobilising perinephric fat and tumour excision 
(Figs. 1 and 2).

During the procedure a drop-in ultrasound probe is placed 
by the assistant into the surgical field to allow the surgeon to 
specifically identify the tumour contours and facilitate com-
plete tumour excision. The TilePro™ facility integrates the 
ultrasound images with the console enabling the ultrasound 
view to be seen simultaneously by the console surgeon [4] 
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Fig. 2 Subtraction of tumour to determine relationship to the collect-
ing system and vessels

(Fig.  3). Both the fenestrated bipolar or Maryland forceps 
and the ProGrasp can be used to hold the probe to ensure 
imaging at all angles is possible. It is sometimes necessary to 
withdraw the scissors and replace it with the ProGrasp for-
ceps to align more feasibly with the direction that the ultra-
sound probe has entered the surgical field.

With the assistance of the ultrasound guidance, the antici-
pated excision boundary around the tumour is scored on the 
renal capsule using monopolar cautery. After scoring it may 
be helpful to cut into the cortex circumferentially along the 
scored area so as to lessen the amount of excision required 
during the warm ischaemic time. This might cause minor 
bleeding but does not generally compromise subsequent 
vision.

Intraoperative ultrasound is not helpful at the time of 
excision of tumour due to its bulkiness and limited manoeu-
vrability around the abdomen as well as the fact that it occu-
pies the main assistant port.

Three-dimensional, augmented reality (AR) guidance 
potentially will be very useful in complex renal tumours. 
Real-time 3D image display can be viewed on the console 
using TilePro™ [5, 6]. It has facilitated tumour identification 
and helped with precise dissection as well as assisted in iden-
tifying high-order renal artery branches for selective arterial 
clamping. This has demonstrated superior perioperative out-
comes in comparison to 2D ultrasound guidance. One study 
showed that the use of 3D AR guidance allowed optimisation 
of the outcomes of both the extirpative and reconstructive 
phases of the surgery; US guidance, on the contrary, turned 
out to be useful only for some outcomes of the extirpative 
phase [7]. A higher rate of tumour enucleation with a reduced 
rate of collecting system violation and ischaemia was 
reported with its use [5].

Other modalities for intraoperative tumour localisation 
have been evaluated. Near-infrared fluorescent (NIRF) imag-
ing with indocyanine green dye (ICG) has been shown to 
differentiate tumour from normal surrounding parenchyma. 
This is because ICG is transported to the proximal tubule of 
the normal kidney, becomes hyperfluorescent and is not 
taken up by malignant cells. The tumour therefore remains 
hypofluorescent. The ICG is injected intravenously at a dose 
of 5–10 mg. This differentiation is easier to distinguish in 
more exophytic lesions [8]. However, its effectiveness was 
not proven in completely endophytic tumours [9].

NIRF is probably more commonly used in selective arte-
rial clamping after skeletonisation of segmental branches 
and subsequent selective clamping. The normally fused renal 
parenchyma will fluoresce green with the area containing the 
tumour remaining dark. In so doing the surgeon can verify 
whether the correct artery has been clamped. If persistent 
arterial inflow is suspected, then either additional arterial 
branches can be sorted or complete clamping can be used 
(Fig. 4a–b) [10]. One limitation is that one can’t inject a sec-
ond bonus of ICG until the previous one has washed out. 
Therefore, whatever alternatives in strategy in terms of 
clamping have to be made without further ICG.

4  Tumour Resection

Tumour excision can be done by enucleoresection which 
involves excising the tumour with sharp and blunt dissection 
with a rim of normal parenchyma. Alternatively, a wider 
wedge resection might be required with more endophytic 
tumours in which a broader margin of healthy parenchyma is 
included.

Another option is enucleation where the tumour is shelled 
out within the natural plane between the pseudo-capsule of 
the tumour and the healthy parenchyma. This dissection 
plane represents a less vascularised region. Enucleation has 
been described as being equivalent to enucleoresection and 
wedge resection [11] (Fig. 5a–b).

A potential drawback is inadequate resection in cases 
where the tumour has invaded the pseudo-capsule [11]. 
However the risk of positive surgical margins (PSM) never-
theless remains low, and enucleation is considered onco-
logically safe [12]. In a systematic review and meta-analysis 
comparing wide excision with enucleation, there was no 
significant difference in PSM, loco-regional or renal recur-
rence [13].

The fourth arm can be used to stabilise the kidney and 
help position the kidney at an appropriate angle to assist the 
dissection. The use of the fourth arm is possible when using 
Si, X and Xi systems.
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Fig. 3 TilePro™ integration of the ultrasound images and 3D reconstruction with the console view

After initial incision into the parenchyma and subsequent 
clamping (Scanlan® Reliance Bulldog Clamp), further prog-
ress is made along the circumference of the tumour by a 
combination of blunt and sharp dissection. By opening the 
fenestrated bipolar or Maryland forceps in the dissection 
plane, the scissors can be placed between the jaws, thereby 
facilitating exposure of the narrow surgical field. The assis-
tant uses suction to aid with visibility during the resection, 
and the suction device might also be useful at certain angles 
in applying counter traction. Care must be taken to avoid 
overzealous suction by the assistant to prevent significant 

movement of the kidney. Sharp dissection is usually used 
when cutting through renal papilla.

Intraoperative haemorrhage can be prevented in most 
cases by meticulous dissection. Significant bleeding can also 
be reduced by temporarily increasing pneumoperitoneum.

In order to minimise bleeding in the tumour bed, an 
attempt must be made to ligate large intrarenal vessels that 
become visible during resection of the tumour. To manage 
localised bleeding into the tumour bed, a figure-of-eight 
suture (3–0 Vicryl on an SH needle) can be used on bleeding 
areas. This can also be used to repair any previously identi-
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a b

Fig. 4 Near-infrared fluorescent (NIRF) imaging with indocyanine green dye (ICG) showing proper (a) or insufficient (b) clamping of the region 
of interest [10]

a b

Fig. 5 Tumour resection following an enucloresection (a) or enucleation (b) plane

fied entry into the collecting system. For diffuse bleeding 
running V-Loc™ (Medtronic) barbed suture may be 
utilised.

Currently, a two-layer closure of the renal defect is advo-
cated in most of the studies. Thereby, the first layer is used to 
close the collecting system and suture medullary vessels, 
while the second layer is used to approximate renal cortex. 
Significant calyceal defects may be closed individually. 
Surgeons differ in their choice of suture material for the first 
layer and use monofilament or barbed sutures. With a mono-
filament suture, the suture tension is increased by traction on 
both ends after completion, as the suture will glide through 
the tissues. However, barbed sutures are likely to maintain 
their traction at the time the suture is placed.

After the mini-bulldog clips are removed, a final bolus 
ICG can be administered to confirm that global perfusion is 
restored [10].

4.1  Endophytic Tumours

There is a paucity of literature regarding endophytic tumour 
as it is challenging and performed less frequently than partial 
nephrectomy for more common tumours. The open surgical 
approach is still often used despite the availability of mini-
mally invasive surgery (MIS). This is due to perceived 
advantages of better access to hilar vessels, cold ischaemia, 
direct compression of the parenchyma and more secure ren-
orrhaphy [4].

Robotic partial nephrectomy for endophytic tumours is 
considered very challenging, as the surgeon does not have 
gross tumour visualisation. The difficult manoeuvrability 
and limited external view may potentially increase the risk of 
complication and affect overall outcomes.

The most challenging component is tumour identification 
and to identify the depth of tumour. Overlying fat is dis-
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sected off. Intracorporeal ultrasound is used to define edges 
and depth of tumour. The TilePro™ and multi-image display 
mode of robotic system allows better integration and locali-
sation of tumour. The Doppler mode may allow localisation 
of renal hilum anatomy and aberrant vessels.

The renal capsule is scored usually with an attempt to 
start the dissection plane wider than normal so as to approach 
the tumour in a more horizontal or shallow trajectory. 
Resection commences after clamping along the scored mar-
gin using monopolar scissors. The left-hand forceps might 
be used to widen the plane between tumour and healthy 
parenchyma. The assistant might assist with traction at vari-
ous angles with the sucker and also remove blood from the 
operating field to maximise visibility. Super-selective clip 
ligation of small arterial feeders is optional to control 
haemorrhage.

An intraoperative frozen section from resected bed area 
may help in confirming negative surgical margins, and, if 
found positive, the resection bed can be extended.

Completely endophytic tumours may leave a larger and 
deeper cavity after resection, which increases difficulty in 
renorrhaphy. A two-layer closure is highly advocated as 
already discussed.

4.2  Hilar Tumours

It is helpful for port placement to allow the camera to be 
deliberately placed directly over the hilum in managing hilar 
tumours.

A ureteric catheter might be considered if there is signifi-
cant collecting system breach anticipated, so as to avoid or 
minimise post-operative urinary leak.

Hilar microdissection is performed medial to lateral to 
identify specific divisions of the branching arterial tree that 
might supply the tumour. Hilar fat is removed to improve 
access to the artery and vein, and robotic mini clamps 
(Scanlan) are applied to secondary-, tertiary- or quaternary- 
level branches. If the tumour is completely anterior or poste-
rior to Brodel’s line, only the anterior or posterior branches 
are dissected out.

Intraoperative ultrasound is necessary for tumour delinea-
tion for hilar tumours. Scoring is done in an inverted-U shape 
with the open end being at the hilum. Selective clamping and 
using ICG might be appropriate depending on the surgeon’s 
preference. With hilar tumours there is often more opportu-
nity to detect arterial vessels feeding directly into the tumour 
than usual. Therefore, these can be individually ligated 
where possible [14–16].

If the lesion is hilar and endophytic, the same principles 
are applied in their resection. As with endophytic tumours, a 
wider parenchymal margin is made to create a shallow tra-

jectory to the base of the tumour. Tumour excision can be 
started at the cortical level before clamping in order to mini-
mise ischaemic time. When bleeding starts to obscure, the 
visual field clamping can be performed. Predominantly blunt 
dissection is used to avoid cutting into the collecting system 
or cause vascular injury [17].

Once the tumour has been removed, the collecting system 
and radially traversing vessels will be seen in the tumour 
bed. If bleeding vessels require ligation, care must be taken 
to do this in a radial direction rather than placing sutures 
perpendicular to the radially traversing vessels. The collect-
ing system is repaired if breached. The tumour bed is left 
open, or haemostatic agents and sealants may be used 
according to the surgeon’s preference. A hilar suture renor-
rhaphy method has been described (‘V’ hilar suture) whereby 
inner layer sutures are placed in a way to reshape the paren-
chymal defect [18].

4.3  Cystic Tumours

The frequency of cystic tumours in the nephrectomy/partial 
nephrectomy published series is 12 to 18% [19, 20]. Studies 
vary in terms of malignancy in resected cysts: in one study 
64.8% for Bosniak III and IV [21] and in another 56% and 
74% for Bosniak III and IV, respectively [22]. When compar-
ing the pathology between similar tumour dimensions of 
cystic and solid tumours, the latter has higher rate of malig-
nancy as well as higher pathological grades [23–25]. 
Nevertheless, the malignancy rates in complex Bosniak III 
and IV cystic tumours support the use of nephron-sparing 
surgery [22, 23].

There are few publications on robotic partial nephrec-
tomy for cystic renal masses. A large multi-institutional ret-
rospective series of cystic tumours showed that robotic 
partial nephrectomy was associated with less operating time, 
but all the following parameters were similar to partial 
nephrectomy for solid lesions. These were blood loss, isch-
aemic time, post-operative complications, PSM, renal func-
tion and pathology [26]. Due to the risk of cystic wall rupture 
during resection and risk of tumour spillage, handling of cys-
tic masses requires special care and skills. In one study there 
was a higher rate of rupture in cysts with more complex 
nephrometry (higher E and N in RENAL classification), 
Bosniak III cysts and where the surgeon had experience of 
fewer than 20 cases [27].

In one study data was compared between matched open 
and cystic partial nephrectomy [22]. There was no difference 
in perioperative outcomes between each group, and the vol-
ume of healthy rim of renal parenchyma resected with the 
tumours was equivalent. This negated the hypothesis that 
there might be a tendency to remove more renal parenchyma 
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than necessary to avoid cyst rupture. This is a significant 
finding as the volume of resected tissue is an important pre-
dictor of renal function preservation [28, 29].

It seems therefore that in experienced hands the selection 
of patients for partial nephrectomy should not be influenced 
by the fact that lesions are cystic and they should be dealt 
with in the same way as solid lesions. The experience of the 
surgeon is paramount, and nephrometry scoring and appro-
priate patient selection are essential due to the risk of rupture 
if the cystic mass is mishandled.

During partial nephrectomy for solid lesions, a surgeon 
can alter the plane of dissection section if the lesion margin 
is breached. This is not possible with cystic lesions due to the 
potential for cyst rupture. Meticulous preoperative planning 
with high-quality imaging is necessary. 3D reconstructions 
are likely to be extremely beneficial in this group. Judicious 
use of intraoperative ultrasound is recommended to facilitate 
knowledge of the exact dimensions and depth of lesion [22]. 
Preferably, the cortex should be scored with scissors, with 
the help of intraoperative ultrasound, to determine the exact 
entrypoint for the subsequequent incision. Thereafter, cir-
cumferential incision with a rim of normal parenchyma, is 
performed in the same way as for solid tumours. Care must 
be taken not to lever over or compress the cystic tumour. At 
the end of the procedure, the endoscopic bag extraction must 
be performed through large-enough incision to avoid 
rupture.

4.4  Multiple Tumours

The incidence of multifocal lesions is 6 to 25% in the spo-
radic population [30]. It is obviously higher in hereditary 
syndromes like von Hippel Lindau syndrome, hereditary 
papillary renal cancer and Birt-Hogg-Dube syndrome.

Generally hereditary cancers are closely monitored, and 
surgery is indicated when the tumours reach 3  cm in size 
[31]. Intervention at this stage is important due to the risk of 
recurrence requiring repeat intervention and possible need 
for dialysis if left too late. Renal function preservation is the 
most important consideration in the motivation for nephron- 
sparing surgery in these patients. They are keen to avoid 
dialysis and the complexities of transplant, and reported data 
supports that renal insufficiency is an independent risk factor 
for cardiovascular disease, hospitalisation and all-cause mor-
tality brackets [32].

The robotic approach with its magnification, articulation 
and pneumoperitoneum offers the opportunity for enucle-
ation of multiple tumours with minimal vascular compro-
mise and blood loss, even in endophytic tumours. Due to 
multiplicity of lesions, excision without a rim of normal 
parenchyma is preferred [33].

By intervening when lesions are small, surgeons can per-
form enucleation of tumours with zero ischaemia in appro-
priate cases. This would be determined by surgeon experience 
and location and accessibility of the lesions. In so doing hilar 
dissection is avoided, which might be beneficial in repeat 
partial nephrectomy and reducing vascular complications 
[34, 35]. Furthermore by using MIS, and preferably with no 
hilar dissection, the approach during a re-operation proce-
dure is likely to be less challenging than re-operation after 
open surgery. These cases are good for the use of sealants, 
but otherwise the described variety of techniques for renor-
rhaphy can be utilised.

5  Conclusion

Robotic partial nephrectomy has proven to be oncologically 
safe and functionally effective and routinely practsced for 
tumours of low complexity. Endophytic, hilar, multifocal 
and complex cystic tumours can be a barrier for many sur-
geons, but as surgeon experience increases, the evidence 
shows that the robotic approach is feasible for these chal-
lenging cases. Meticulous preparation and patient selection, 
together with judicious use of improving imaging technolo-
gies, enable favourable outcomes and afford a minimally 
invasive option in the management of these cases.
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Renorrhaphy Techniques 
in Robot- Assisted Partial Nephrectomy

Elio Mazzone, Alexandre Mottrie, and Andrea Minervini

1  Introduction

Recently, in the context of robot-assisted partial nephrec-
tomy (RAPN), the suture technique has been mentioned 
among the factors influencing the functioning of the residual 
renal parenchyma. Indeed, reducing the healthy parenchyma 
incorporated in the renorrhaphy has been proposed to mini-
mize the injury from the reconstructive phase [1, 2]. Based 
on this concept, to date, there is a consensus suggesting that 
one of the main predictors of the ultimate renal function is 
the quantity of the preserved parenchyma after partial 
nephrectomy: this said, it will result from the healthy paren-
chyma spared during the resection that does not suffer of 
ischemia due to the renorrhaphy [3, 4].

The majority of the studies on the impact of renorrhaphy 
on outcomes were focused on “to suture or not to suture” 
rather than “single-layer versus double-layer suture,” but lit-
erature is still lacking about the best practice. The issue is 
underlined by the fact that, to date, we still lack a standard-
ized report about the optimal suture technique after 
RAPN. This would be of key importance in increasing the 
scientific impact of the studies about the renal function after 
RAPN. Nonetheless, current guidelines do not provide spe-
cific recommendations to tailor renorrhaphy technique 
according to patient- or tumor-related characteristics to max-
imize parenchymal preservation [5, 6].

Of note, in order to maximize the amount of healthy 
residual parenchyma after surgery, minimal-margin resec-
tion and minimal renorrhaphy are necessary, since penetra-
tion into the renal parenchyma may cause intraparenchymal 
vessel injuries, leading to increased loss of functional neph-
rons [7]. In the same direction, current literature suggests 
that ischemia time and amount of healthy renal parenchyma 
resected are the main modifiable factors affecting renal func-
tion and volume loss after RAPN [8]. Regarding suture, per-
forming single-layer renorrhaphy while omitting cortical 
renorrhaphy appears to improve postoperative renal function 
according to very limited data [9]. Lastly, recent studies have 
demonstrated the feasibility of “sutureless” techniques, 
which may ideally spare substantial renal parenchyma [10]. 
However, such evidence is still sparse, and no prospective 
well-designed studies are currently available to disentangle 
this issue. In the current chapter, we will outline the available 
evidence on different techniques for renorrhaphy in RAPN.

2  Main Body of the Chapter

2.1  Surgical Techniques for Renorrhaphy 
in Robotic Partial Nephrectomy

Before focusing on the main features of renorrhaphy, the first 
crucial step to achieve maximum parenchyma preservation is 
represented by the precise excision of the tumor. To obtain an 
optimal tumor excision, after isolating the hilum, a robotic 
bulldog clamp is applied to the renal artery to minimize 
bleeding, and, in selected cases, this is followed by another 
on the renal vein [11]. The clamping marks the triggering of 
a stopwatch, to measure warm ischemic time (WIT). The 
tumor is excised with consideration of surgical margins, with 
the assistant surgeon ensuring the field is adequately exposed 
by suctioning away blood. Thereafter, the sliding-clip renor-
rhaphy principle is applied to close the renal defect, in mul-
tiple layers. The traditional approach to renal reconstruction 
during RAPN is represented by a two-layer closure, first 
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described in 2004 [12]. The deep layer of the renorrhaphy is 
performed with the monofilament 3–0 suture, using a Hem- 
o- Lock ligating clip already attached at one end. A continu-
ous suture runs through the base of the defect closing any 
open collecting system and small vessels. If arterial bleeds 
are detected, these can be sutured individually with addi-
tional monofilament sutures to ensure meticulous hemosta-
sis. Once the running suture is applied, a second Hem-o-Lock 
clip locks the other loose end. Traction is applied to the 
suture end to snug the clip down against the renal capsule, 
bringing the renal defect together. Larger defects may require 
multiple sutures. From a technical point of view, it is impor-
tant to orient the suture at right angles with respect to the line 
of the arcuate arteries and to take into account the radial 
anatomy of the renal lobes and their respective interlobar 
arteries (Fig. 1) [13]. Early “off-clamp” technique is gener-
ally accepted after the deep sliding-clip renorrhaphy is com-
plete, in the order of release of renal vein, followed by the 
artery, where the vein has been previously clamped. This 
allows to reduce the WIT, preserving a higher amount of 
healthy parenchyma. At this stage, hemostasis is adequate to 
complete the superficial sliding-clip renorrhaphy suture with 
a larger suture. In this layer, clips are applied at every throw 
through the renal capsule to further approximate the defect. 
A second locking clip is then applied above every previous 
clip on the sliding suture to prevent slipping. During the cor-
tical suture, it is recommended to avoid including the arcuate 
arteries to preserve the medullar blood supply and to avoid 
overcompressing the tissue to minimize the ischemic com-

pression of the renal parenchyma (Fig. 2) [13]. The use of 
adjuncts to hemostasis is not essential but may provide added 
security and further minimize blood loss. This may be in the 
form of FloSeal®, Surgicel®, or Evicel®. After completing 
the renorrhaphy, the hilum and the excision site are carefully 
inspected following this step, to ensure hemostasis is 
achieved.

In summary, as described above, robotic renorrhaphy 
classically consists of a double-layer technique [11] includ-
ing a medullary suture, often performed in a knotless fash-
ion by using Lapra-Ty (Ethicon, Somerville, New Jersey, 
USA) or Hem-o-Lock clips, and a cortical suture (running 
or interrupted) to re-approximate the renal defect, typically 
performed with sliding-clip technique [14]. Hemostatic 
agents may be used according to the surgeon’s preference to 
complete hemostasis. To reduce renorrhaphy time, some 
authors reported the use of self-retaining barbed sutures 
either for inner-layer renorrhaphy [15–23] or during cortical 
renorrhaphy [19]. Of note, in their study on unclamped, 
minimal- margin RAPN, Satkunasivam et al. reported a dou-
ble-layer, bolsterless, renorrhaphy technique aimed to maxi-
mize the preservation of the vascularized healthy renal 
parenchyma [24].

In case of accidental injury of urinary collecting system 
(UCS) during tumor resection, several renorrhaphy tech-
niques have been described to close UCS entries during 
RAPN. In most studies, entries into the UCS (more frequent 
in case of larger and/or anatomically complex renal masses) 
were repaired using variable suture materials with either 

interlobar a.interlobar a.
a b

Fig. 1 Suture of the medulla. (a) The suture has been performed while 
taking into account the radial anatomy of the renal lobe (the pyramid) 
and its respective interlobar arteries. (b) Interlobar arteries have been 

included in the suture. Surrounding renal parenchyma will be devascu-
larized due to the consequent ischemia of the respective arcuate arteries 
originating from the sutured interlobar arteries [13]
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interlobular a.

arcuate a.arcuate a.

vasa recta
vasa recta

interlobular a.
a b

Fig. 2 Suture of the cortex. (a) The suture has been performed superfi-
cial enough in order to avoid the involvement of the arcuate arteries: the 
blood supply to the medullar parenchyma by the vasa recta is spared. 

(b) The suture has been deepened with involvement of the arcuate arter-
ies and subsequent ischemia of both the cortical and the medullar 
parenchyma [13]

selective interrupted sutures or during the running suture 
performed for inner-layer renorrhaphy. When repairing UCS, 
it is recommended to stay superficial, avoiding calyx involve-
ment leading to its exclusion [13]. In their study comparing 
renorrhaphy with and without repair for UCS entries, Desai 
and co-workers found that UCS repair was associated with 
significantly longer WIT but no differences in functional out-
comes or complications rate. Of note, tumor size was signifi-
cantly higher in patients requiring UCS repair [25].

Among studies comparing running versus interrupted 
sutures, four studies reported a dedicated suture of the UCS 
[15, 16, 26, 27]. The most common suture used was 2–0 or 
3–0 polyglactin suture (Vicryl). One study reported the use 
of 3–0 polydioxanone (PDS) [27]. In the study by Williams 
et al. [28], omitting the inner-layer suture (and therefore a 
dedicated UCS closure) and closing the outer layer by 
sliding- clip renorrhaphy did not result in an increased risk of 
complications or renal function impairment as compared to 
double-layer renorrhaphy.

2.2  The Impact of Different Suture 
Techniques on Outcomes

In a recent systematic review, six studies analyzed the impact 
of running versus interrupted suture on outcomes [15–18, 21, 
26, 29, 30]. The groups under evaluation were comparable in 

terms of preoperative characteristics, namely, age, body 
mass index (BMI), and tumor size. A significant advantage in 
terms of operative time (mean difference −17.12 [95% CI 
−24.30, −9.94] minutes), WIT (−8.73 [95% CI −12.41, 
−5.06] minutes), and occurrence of postoperative complica-
tions (odds ratio (OR) 0.54 [95% CI 0.32, 0.89]) and transfu-
sions (OR 0.30 [95% CI 0.15, 0.59]) favored running suture. 
Conversely, no significant differences were found for urinary 
leakages. No significant differences were found between 
pre- and postoperative estimated glomerular filtrations 
(eGFRs) in both patients who received an interrupted suture 
(mean difference −4.88  ml/min, 95% confidence interval 
[CI] −11.38; 1.63, p = 0.14) and those who received a run-
ning suture (−3.42 ml/min, 95% CI −9.96; 3.12, p = 0.31) 
(Fig. 3a–b) [29, 30].

Similarly, studies testing the impact of barbed versus non- 
barbed sutures on outcomes were analyzed [31–34]. Here, 
significant advantage in terms of operative time (mean dif-
ference −8.80 [95% CI −12.97, −4.64] minutes), WIT 
(−6.70 [95% CI −7.82, −5.57] minutes), and blood losses 
(−46.31 [95% CI −55.23, −37.39] mL) favored running 
suture. No differences were found in postoperative compli-
cations, transfusions, and urinary leakages [29, 30].

Lastly, in analyses comparing single- versus double-layer 
sutures, three studies were considered [8, 28, 35]. Groups 
were comparable in terms of age and tumor size (cumulative 
analysis for BMI not performed due to insufficient data). A 
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Interrupted suture

Study or subgroup

a

Kaouk (2011)
kaygisiz (2017)
Sup kim (2015)

Total (95% CI)
Heterogeneity: tau2 = 0.00; x2 = 0.64, df = 2 (p = 0.73); I2 = 0%
Test for overall effect: Z = 1.47 (p = 0.14)

75.57
93

81.2

29.4
24.75

31

65
31
28

124 124 100.0%
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93.77
86.14

21.39
24.74

27.5

65
31
28
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18.0%

–6.97 (–15.81, 1.87)
–0.77 (–13.09, 11.55)
–4.94 (–20.29, 10.41)

–20 –10 0
Favors [postoperative] Favors [preoperative]

10 20

–4.88 (–11.38, 1.63)

Mean (ml/min) SD (ml/min) Total mean (ml/min) SD (ml/min) Total Weight IV, Random, 95% CI (ml/min) IV, Random, 95% CI (ml/min)
Postoperative Preoperative Mean difference Mean difference

Running suture

Study or subgroup

b

Kaouk (2011)
kaygisiz (2017)
Sup kim (2015)

Total (95% CI)
Heterogeneity: tau2 = 11.62; x2 = 3.04, df = 2 (p = 0.22); I2 = 34%
Test for overall effect: Z = 1.02 (p = 0.31)
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92.81

92
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Favors [postoperative] Favors [preoperative]
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Mean (ml/min) SD (ml/min) Total mean (ml/min) SD (ml/min) Total Weight IV, Random, 95% CI (ml/min) IV, Random, 95% CI (ml/min)
Postoperative Preoperative Mean difference Mean difference

Single- layer suture

Double- layer suture

Study or subgroup

c

Bahier (2014)
Lu (2016)
Williams (2016)

Total (95% CI)
Heterogeneity: tau2 = 0.00; x2 = 0.31, df = 2 (p = 0.86); I2 = 0%
Test for overall effect: Z = 1.28 (p = 0.20)
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d
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Fig. 3 (a) Interrupted suture: pooled analysis of post- versus preopera-
tive estimated glomerular filtration rate (ml/min). (b) Running suture: 
pooled analysis of post-versus preoperative estimated glomerular filtra-
tion rate (ml/min). (c) Single-layer suture: pooled analysis of post- 

versus preoperative estimated glomerular filtration rate (ml/min). (d) 
Double-layer suture: pooled analysis of post-versus preoperative esti-
mated glomerular filtration rate (ml/min) [30]. CI confidence interval, 
IV interval variable, SD standard deviation

significant advantage in terms of operative time (mean dif-
ference −11.13 [95% CI −20.14, −2.13] minutes) and WIT 
(−3.39 [95% CI −4.53, −2.24] minutes) favored single-layer 
technique. Conversely, no significant differences were found 
in terms of blood losses, postoperative complications, and 
urinary leakages. When analyzing eGFR, a benefit in func-
tional outcomes in favor of the single-layer technique 
(−3.19 ml/min, 95% CI −8.09; 1.70, p = 0.2 versus −6.07 ml/
min, 95% CI −10.75; −1.39, p  =  0.01) has been reported 
(Fig. 3c–d) [29, 30]. In general, according to the available 
evidence and expert opinions, when a single-layer 
 renorrhaphy is attempted, the cortical rather than the medul-
lary layer should be omitted.

2.3  Feasibility of “Sutureless” RAPN

With the evolution of renorrhaphy techniques, especially 
during RAPN, the use of surgical bolsters to fill the renal 
defect after inner-layer renorrhaphy has gradually declined. 
However, few studies have proposed, in very selected cases, 
to fully omit inner and/or outer renorrhaphy in case of lim-
ited bleeding in order to preserve the maximum amount of 
safe parenchyma. To achieve this goal, several hemostatic 
agents have been employed by surgeons to improve hemo-
stasis during RAPN. Overall, the use and type of hemostatic 
agents were based on the surgeon’s preference, and no stud-
ies formally compared the differential role of renorrhaphy 
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techniques and hemostatic agents on RAPN outcomes. 
Moreover, the aim of hemostatic agents (i.e., to improve 
hemostasis versus to fill the renal defect) was rarely reported 
in most studies.

Minervini et  al. were the first to describe the use of 
TachoSil (Nycomed, Zurich, Switzerland) without capsular 
re-approximation in case of wide resection beds or after 
sutureless hemostasis for small cortical lesions [36]. More 
recently, Farinha et  al. described a novel surgical “suture-
less” technique aimed at maximally preserving vital paren-
chyma. In their classical technique (standard RAPN), inner 
renorrhaphy was performed with a running 4–0/3–0 suture 
and outer renorrhaphy with a 1–0 Vicryl running suture. 
Hem-o-Lok clips were placed on both sides of the thread and 
tightened to compress the renal parenchyma as needed if 
 cortical bleeding occurs. These parenchymal running suture 
and renorrhaphy steps were omitted during the novel suture-
less RAPN.  When no arterial bleeding was observed, no 
suturing was carried out, and a hemostatic agent (TachoSil, 
Nycomed GmbH, Zurich, Switzerland, or Veriset, Medtronic, 
Minneapolis, MN, USA) was applied to the tumor bed. 
When analyzing outcomes of the novel technique, only one 
patient (3.4%) in the sutureless RAPN group experienced an 
intraoperative complication, namely, venous bleeding during 
hilar dissection. Two sutureless RAPN patients (6.9%) ver-
sus four standard RAPN patients (13.8%) experienced 
30-day postoperative complications. Of note, at a 6-month 
follow-up, the median eGFR decrease was −5.6 (interquar-
tile range [IQR], −3.4–8.3) for the sutureless RAPN group 
versus −9.1% (IQR, −7.3–11) for the standard RAPN group 
(p < 0.01). Finally, only one sutureless RAPN patient (3.4%) 
versus five standard RAPN patients (17%) experienced post-
operative acute kidney injury (p = 0.2) [10]. Overall, these 
findings demonstrate the safety and feasibility of sutureless 
RAPN. However, this study represents the initial experience 
of a high-volume surgeon who had already reached the pla-
teau of his learning curve; as such, prospective randomized 
trials with a larger cohort are needed to further support these 
observations.

3  Conclusion

The renorrhaphy techniques have evolved over time toward 
the concept of a nephron-sparing renal reconstruction. 
Besides achieving hemostasis and closure of the collecting 
system, the aim of renorrhaphy is to maximize preservation 
of vascularized parenchyma, which may translate into a ben-
efit of ultimate renal function. Based on the available evi-
dence, single-layer renorrhaphy may favor improved 
postoperative renal functional outcomes; however, this is 
based on very limited retrospective studies. On the other 

hand, the use of “sutureless” techniques in very selected 
cases might be the optimal choice in the setting of chronic 
renal insufficiency or solitary kidney, when technically fea-
sible. Overall, surgeon experience and skills remain the key 
drivers of current reconstruction techniques, which should 
be tailored to a single clinical scenario.
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Robot-Assisted Radical Nephrectomy 
and Vena Cava Thrombus Management

Gang Zhu, Ronney Abaza, Xu Zhang, and Qingbo Huang

1  Introduction

Laparoscopic radical nephrectomy (LRN) was first per-
formed in 1991 by Clayman [1]. Not more than a decade 
later, urologists are leading the way in robotic surgeries as it 
overcomes many technical and ergonomic difficulties associ-
ated with conventional laparoscopic procedures. Further, 
robotic surgery helps surgeons challenge more technically 
difficult minimally invasive procedures, such as inferior vena 
cava (IVC) tumor thrombectomy.

Klingler has first reported the robot-assisted radical 
nephrectomy (RARN) [2]. Since then, there was no stopping 
debate on the application of robotics in RARN as it was with 
longer operative times and similar outcomes but a higher cost 
than LRN.  A multi-institutional database study compared 
RARN and LRN for large renal masses (≥ cT2). Over the 
study period, there is a trend of the increasing use of RARN 
(annual increase of 11.75%) over LRN (annual decline of 
5.39%). RARN is being performed for more advanced dis-
ease, higher histological grade, and higher rate of lymphade-
nopathy and higher BMI patients. RARN cases were more 
likely to include lymph node dissection (LND). There were 
no significant differences in operative times (OT), estimated 
blood loss (EBL), transfusion rate, length of stay (LOS), con-
version rate, intraoperative complications, and postoperative 
complications between these two groups [3, 4]. RARN has 
equivalent perioperative complication rate with LRN [5].

On the other hand, with the recognition of oncological 
outcomes and improvements in instruments and surgical 
techniques, in particular the robotic surgery, the indication of 
partial nephrectomy (PN) has been expanded in clinically 
localized renal cell carcinoma (RCC) [6].

A systemic review and meta-analysis of comparative 
studies of PN vs. radical nephrectomy (RN) for cT1b and T2 
RCCs found out that the PN group had a lower risk of tumor 
recurrence, cancer-specific mortality, and all-cause mortality 
compared to the RN group. For T2 tumors the EBL and risk 
of complications were higher for PN, but the recurrence rate 
and cancer-specific mortality were lower for PN [7]. PN even 
extended its indication in metastatic RCC (mRCC), in which 
cytoreductive PN was shown to be associated with improved 
OS in mRCC patients, although this effect was limited to 
patients with primary tumors <4 cm [8]. In general, the need 
for RN decreases.

2  Indications and Contraindications

2.1  Indications

RCC patients indicated for open or laparoscopic RN are the 
potential candidates for RARN. The use of a RARN depends 
on the availability of robotic platform, surgeon’s preference, 
and shared decision-making.

The robotic platform has expended the indications for 
RARN to larger masses, locally advanced disease stages, 
cytoreductive nephrectomy (CN) in mRCC, RN with concur-
rent lymph node dissection (LND), and/or inferior vena cava 
(IVC) tumor thrombectomy [9].

RARN is not suggested in patients with T1 tumors for 
whom a PN is feasible by any approach, including open [6]. 
RN is the recommended standard treatment option for the 
curative treatment of large or central renal masses where a 
PN is not feasible [10].

While systemic therapy is strongly suggested for contempo-
rary treatment in mRCC, CN is still indicated in well- selected 
patients, such as patients with good general status Eastern 
Cooperative Oncology Group (ECOG) Performance Status  
<2), estimated survival times >12 months, no brain metastasis, 
or three or fewer International Metastatic RCC Database 
Consortium (IMDC)  prognostic factors [10, 11].
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2.2  Contraindications

RN is not indicated in patients with T1 tumors for whom a 
PN is feasible by any approach, including open.

The absolute contraindication for RARN is diminishing. 
But the uncorrected coagulopathy, sepsis, and peritonitis are 
still generally accepted as absolute contraindications.

Other relative rather than absolute contraindications 
include:

• Bleeding disorders and anticoagulated patients.
• Severe chronic obstructive pulmonary disease (COPD).
• Difficulty body habitus.
• Tumor extends beyond the Gerota’s fascia, and perineph-

ric inflammation may increase the chance of conversion 
to open surgery.

• Previous abdominal adhesions may consider retroperito-
neal approach.

• Previous retroperitoneal surgery or percutaneous kidney 
and surrounding structure procedures may consider trans-
peritoneal approach.

• Extremely large tumors (>15 cm) may be difficult because 
of limited working space.

• Patient’s preference after fully informed consent.

2.3  Lymph Node Dissection (LND)

In patients with T1–T2, clinically negative lymph nodes, and 
absence of unfavorable clinical and pathologic characteris-
tics, regional LND offers limited staging information and no 
benefit in terms of decreasing disease recurrence or improv-
ing survival.

An extended LND may be potentially beneficial in RCC 
patients with locally advanced disease (T3–T4) and/or unfa-
vorable clinical and pathologic characteristics, such as high 
WHO/ISUP (International Society of Urological Pathology) 
grade, larger tumors, presence of sarcomatoid features, coag-
ulative tumor necrosis, and high risk for regional lymph node 
involvement [12].

The NCCN Guidelines suggested that regional LND is 
optional but is recommended for patients with adenopathy 
on preoperative imaging or palpable/visible adenopathy at 
the time of surgery [10].

It has been suggested that the lymph nodes from the ipsi-
lateral great vessel and the interaortocaval region be removed 
from the crus of the diaphragm to the common iliac artery 
when performing LND for high-risk nodal metastasis RCC 
cases [13].

Robotic platform has enabled the adoption of LND at 
RARN [14].

2.4  Adrenalectomy

Do not perform ipsilateral adrenalectomy if there is no clini-
cal evidence of adrenal gland invasion [15].

3  Preoperative Preparation

3.1  Preoperative Evaluation

We need to consider for the general risks of the surgical pro-
cedures, including anesthetic risk, bleeding, infection, deep 
vein thrombosis, wound infection, and other specific risks 
and evaluate patients properly.

A thorough preoperative assessment is necessary includ-
ing a deep history and physical examination in evaluation of 
general conditions, cardio-circulatory, respiratory, endo-
crine, neuromuscular, hepatic, renal, hematology, obese, 
obstructive sleep apnea, etc. Laboratory evaluation should 
focus on renal functional capacity. Blood type and screen are 
required. In difficult cases, autologous and/or cross-matched 
blood preparation is suggested.

As the lung is a common site of RCC metastasis, a chest 
CT is routinely suggested.

Chemical or mechanic prophylaxis of venous thrombo-
embolism (VTE) will be considered depending on the pre- or 
post-surgery evaluation.

A fully informed consent is essential. The risk is low, but 
the patient needs to be informed the risk of converting to 
open surgery.

3.2  Imaging

Diagnostic staging involving a contrast CT or MRI is manda-
tory prior to the initiation of the surgical procedure. For the 
concerns over vascular details of the tumor and aberrant vas-
cular structure, a CT angiography (CTA) or three- dimensional 
(3D) image reconstruction based on contrast CT or MRI is 
suggested.

The 3D imaging is more precise than 2D imaging in eval-
uating the surgical complexity of the renal tumor by showing 
the tumor location in the kidney and relations of tumor with 
surrounding organs and vessels as shown in Fig. 1. Nowadays, 
there is an emergence of 3D imaging navigation in robotic 
surgery. By adjusting the 3D images extracorporeally, the 
fused 3D images with the real structure will guide surgeons 
to the vessel, lymph nodes, and other important structures 
during the surgical procedure. 3D imaging technique had 
reduced operative time, estimated blood loss, complications, 
and length of hospital stay. There are more benefits from the 
3D imaging in a more challenging case [16–19].
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Fig. 1 Holographic 3D image showed the renal artery, its branches, 
collecting system, ureter, and adrenal gland with simulation of the 
clamped left renal artery

Depending on the individual cases and procedures, spe-
cial images including ultrasound, dynamic renal scintigra-
phy, etc. may be needed.

4  Surgical Technique

As in LRN, both transperitoneal and retroperitoneal 
approaches are feasible for RARN.

Currently, it’s hard to find randomized clinical trials com-
paring the transperitoneal and retroperitoneal RARN. 
However, as RARN is a special type of laparoscopic surgery, 
we use the laparoscopy surgery data as reference.

A retrospective analysis showed that retroperitoneal lapa-
roscopic RN (RLRN) has similar oncological outcomes with 
transperitoneal laparoscopic RN (TLRN) in patients with the 
final pathological diagnosis of clear cell RCC [20]. A sys-
temic review that involved 12 studies has assessed TLRN vs. 
RLRN approaches. The RLRN approach had a shorter time 
to renal artery control and a lower overall complication rate 
than TLRN. There were no significant differences between 
the retroperitoneal and transperitoneal approaches in periop-
erative and postoperative complications and oncological 
results. In appropriately selected patients, particularly 
patients with posteriorly located renal tumors, the retroperi-
toneal approach may be faster and equally safe compared 
with the transperitoneal approach [21].

For RARN, the transperitoneal approach has the advan-
tages of a wider working space and more easily identifiable 
anatomical landmarks. However, it also requires bowel 
mobilization and adhesiolysis which resulted from previous 
abdominal surgery. The retroperitoneal approach, on the 
other hand, allows extra-peritoneal dissection and fast access 
to the renal hilum while avoiding the need for bowel mobili-
zation. Relative indications for a retroperitoneal approach 

include a hostile surgical abdomen resulted from previous 
transperitoneal surgical procedures, peritoneal dialysis, mor-
bid obesity, and pregnancy [22, 23].

4.1  Retroperitoneal RARN

For retroperitoneal RARN, there is a need to develop an ade-
quate working space in the retroperitoneum before trocar 
placement. The anatomic landmarks are different, particu-
larly for surgeons not using the retroperitoneal approach 
very often.

In pregnant patients, this approach may minimize perito-
neal and uterine stimulation and risk of preterm labor [22]. In 
morbidly obese patients, this approach may directly access 
to the renal hilum, avoiding the abdominal apron [23].

Limitations of this approach include the smaller working 
space and reduced traction and instrument mobility.

4.1.1  Patient Positioning and Port Placement
Generally, a three-port technique is enough for retroperito-
neal RARN, while the fourth robotic arm will facilitate the 
procedure in complex cases. The fourth robotic arm provides 
the console surgeon more independence from the assistant in 
retraction, ligation, or clamping of hilar vessels [22, 24].

Similar to laparoscopic retroperitoneal kidney surgery, in 
retroperitoneal RARN, the patient is placed in a lateral decu-
bitus position with the umbilicus over the break of the oper-
ating table. The table is flexed to increase the space between 
costal margin and iliac crest. Position is secured by placing 
the posterior thoracic support. The arms are flexed with the 
shoulder at 90 degree to the chest in armrests. Pressure points 
should be properly padded, and an axillary roll should be 
placed in prevention of neuropraxia [25, 26].

A peripheral warming blanket and graduated compres-
sion stockings (GCS) or intermittent pneumatic compression 
(IPC) pump are applied in preventing deep venous thrombo-
sis (DVT) and pulmonary embolism (PE).

A 10–15 degree anterior rotation of the operative table 
results the abdominal contents and peritoneum drop ven-
trally and more retroperitoneal working space.

The assistant surgeon stands in front of the patient with 
suction or laparoscopic fenestrated graspers.

A 12-mm camera port position is 3  cm above the iliac 
crest. The lateral and medial trocars are placed in the lateral 
margin of sacrospinalis and anterior axillary line parallel to 
the camera port. The assistant trocar is placed 2 cm about 
the iliac crest in the anterior axillary line as shown in Figs. 2 
and 3.

A 3-cm horizontal incision is made 3 cm above the iliac 
crest, and blunt dissection is used to the level of thoracolum-
bar fascia by artery forceps. An index finger is introduced 
through the muscle layer to sweep the space and increase the 
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1st C 2nd 3rd

Assist

Fig. 2 Retroperitoneal RARN port placement

Fig. 3 Retroperitoneal RARN port placement with AirSeal

Fig. 4 Dissection of the renal hilum on the right side with fourth-arm 
ProGrasp forceps retraction

space for balloon dilation between the psoas muscle lying 
fascia and Gerota’s fascia. Usually the finger can feel the 
12th rib tip upward and kidney lower pole downward. A 
trocar- mounted balloon dilator or a self-made dilator is 
inserted and distended up to 600–800 ml; the dilation can be 
monitored by the scope.

After removal of the dilator, 8-mm lateral and medial tro-
cars are placed under direct vision or with finger guidance. 
Be aware of the sharp injury risk. The third 8-mm robotic 
arm trocar is optional and is placed in the medial and interior 
of the field, approximately 8 cm from the anterior axillary 
line. Our experience found out that even the trocar distance 

less than 8 cm, there was not a lot of robotic arm collision 
and interference of the operation. Under direct vision, the 
peritoneum is swept medially toward the paramedian plane 
by laparoscopic grasping forceps.

A 12-mm camera trocar was placed, CO2 pneumoperito-
neum is established, and pressure maintained at 12 mmHg.

For da Vinci Si system, the robot is docked over the patient 
head or 45o position to the operative table, for da Vinci Xi 
system, the robot can be docked from back or front [26]. 
Thirty-degree or zero-degree lens can be used depending on 
the surgeon’s preference.

4.1.2  Kidney Preparation
In most cases, monopolar curved scissors and Maryland 
bipolar forceps or fenestrated bipolar forceps can do very 
precise dissection. ProGrasp forceps is often used in the 
fourth arm for retraction as shown in Fig. 4. Harmonic ACE- 
curved shears can be used for better bleeding control in large 
tumor case.

It is important to dissect the fatty tissue between psoas 
muscle fascia and Gerota’s fascia. As it may interfere the 
surgical procedure, the fatty tissue is better to be freed and 
moved down to the iliac space. By this maneuver, the opera-
tion field will be expanded with clear anatomical landmarks, 
such as psoas muscle and ipsilateral peritoneal reflection.

After opening the posterolateral Gerota’s fascia longitudi-
nally along the kidney, further dissection can be carried 
along the psoas muscle to expose the ureter, the IVC on the 
right, and the aorta with pulsations on the left side. With 
good retraction, the renal hilum is readily accessible for dis-
section, and the size of the renal mass or kidney is not a sig-
nificant issue during the hilar dissection.

Once the upper pole is defined, a transversely dissection 
between the kidney and adrenal gland is carried out within 
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Gerota’s fascia. If an adrenalectomy is indicated, the adrenal 
vein is identified, clipped, and sectioned, and the whole adre-
nal gland is with the kidney specimen.

Mobilization of the specimen along avascular planes 
around Gerota’s fascia will further develop and enlarge the 
retroperitoneal space as the dissection proceeds. The entire 
procedure can be achieved without a peritoneal opening.

4.1.3  Radical Nephrectomy
RN should remove the whole kidney bearing the tumor with 
Gerota’s fascia incorporating the perinephric fat. The adrenal 
gland should be spared if there is no clinical evidence of 
adrenal gland invasion or metastasis.

The dissection is performed external to Gerota’s fascia. 
On both sides, the renal hilum can be accessed directly. Then 
the renal artery is dissected. The renal artery is secured with 
two Hem-o-lok clips proximally and one clip distally and 
sectioned.

On the left side, after sectioning the renal artery, the adre-
nal vein, gonadal vein, and lumbar vein will be dissected and 
exposed. These veins and the renal vein can be secured with 
two Hem-o-lok clips proximally and one clip distally and 
sectioned.

On the right side, the IVC, gonadal vein, and ureter are 
exposed, and then the renal vein will be dissected. The 
gonadal vein can be spared. The renal vein can be secured 
with two Hem-o-lok clips proximally and one clip distally 
and sectioned. Caution should be taken in distinguishing the 
left ureter and lower pole renal artery aberrant branches.

The mobilization of the kidney and Gerota’s fascia is 
from posterior surface to cephalad. The upper pole can be 
freed as shown in Fig. 5, often with spared adrenal gland. 
The dissection continues at the anterior aspect between 
Gerota’s fascia and the peritoneum. At this point, the duode-

num should be protected by careful dissection between 
Gerota’s fascia and the duodenum. The lower pole is free, 
and the ureter is Hem- o- lok clip ligated and sectioned as far 
distally as possible.

The specimen is placed into a retrieval bag which is 
inserted through the 12-mm assistant trocar to minimize the 
risk of direct contact with the tumor.

Lymphadenectomy can then be performed. Lymphatic tis-
sue should be dissected and ligated with clips, bipolar coagu-
lation, or harmonic shears.

The specimen is then retrieved through an iliac incision, 
which is usually a linked incision between two trocar sites. A 
free drainage is placed into the retroperitoneal space for 
24  hours. The extraction wound is closed in layers. Other 
trocar sites are closed with intracutaneous absorbable run-
ning sutures and dressed.

4.2  Transperitoneal RARN

4.2.1  Patient Positioning
For transperitoneal RARN, patient positioning is similar to what 
is used for laparoscopic or robotic kidney surgery. The flank 
position involves the patient lying on their side with the involved 
kidney side elevated. Positioning should be done carefully to 
prevent pressure points, particularly for longer procedures.

Flank position for laparoscopic or robotic surgery has 
been described anywhere from 30 to 90 degrees with some 
surgeons using 45 or 60 degrees. The use of the full 90 
degrees of laterality, though, will provide more gravity 
retraction of the small bowel after mobilization of the colon, 
and the duodenum and spleen will remain out of the opera-
tive field without deliberate retraction since gravity alone 
will provide this. This can reduce the number of robotic arms 
needed or assistant ports for retraction. Flexion of the opera-
tive table is not necessary in robotic surgery, and the kidney 
rest should not be used as it may increase the risk of rhabdo-
myolysis or other injuries by placing pressure on the spine 
and perispinal muscles.

4.2.2  Port Placement
The patient side cart should ideally approach the patient 
from behind the side of the involved kidney, particularly if 
the da Vinci® S or Si system (Intuitive Surgical, Inc., 
Sunnyvale, CA) is used, while the da Vinci® Xi robot is more 
flexible and can approach the bedside from multiple direc-
tions. The Xi patient side cart can be docked to the bedside 
from multiple directions since the tower holding the robotic 
arms can be rotated.

A three-port approach can be used to perform robotic 
nephrectomy, including a camera port and two ports for 
robotic instruments. The robotic camera port can be placed at 
the umbilicus or above or below this level still along the linea 

Fig. 5 The dissection at the anterior aspect between Gerota’s fascia 
and the peritoneum and freeing the right upper pole of the kidney
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alba to avoid muscle puncture. Alternatively, with the Xi, the 
camera port can be placed lateral to the midline, but this will 
lessen the field of view or ability to back away from the tar-
get anatomy for a wider view. The 30-degree down lens is 
commonly used.

The robotic ports for the left and right robotic arms are 
placed above and below the camera port location and are 
taken care of to avoid placing the ports in line with each 
other so as to prevent arm collisions. For complex proce-
dures or earlier in a surgeon’s learning curve, a port can be 
placed for the fourth arm and/or for the assistant to perform 
suction or retraction as needed. In right-sided nephrecto-
mies, a liver retractor is optional and may be recommended 
for less-experienced surgeons. Alternatively, the robotic sur-
geon can lift the liver and keep it above the shaft of the right 
arm instrument throughout the dissection without needing a 
liver retractor port.

4.2.3  Robotic Instruments
RARN is commonly performed with monopolar cautery in 
the right hand using the hook cautery or cautery scissor and 
with a bipolar instrument in the left hand. To avoid an addi-
tion of an assistant port, clipping of the vessels can be per-
formed by using robotic Hem-o-lok clips or the robotic 
stapler rather than having the assistant perform this critical 
step. A minimum of two clips should be placed on the renal 
artery and vein. If the fourth arm is used, the ProGrasp is 
usually used for retraction.

4.2.4  Transperitoneal Right RARN
In both right and left transperitoneal RARN, the first step is 
reflection of the colon. The plane between the colon and 
Gerota’s fascia should be preserved since early entry into 
Gerota’s fascia can be disorienting or worse. After the colon 
is reflected medially enough to allow gravity to keep it out of 
the field, the hilum can be approached without needing 
retraction. The duodenum is next seen as well as the vena 
cava in thinner patients. Kocherization of the duodenum will 
then allow identification of the vena cava if not previously 
seen. The vena cava can then be followed until the take-off of 
the right renal vein is found.

The kidney can then be lifted away from the underlying 
psoas plane lateral to the vena cava starting at the level of the 
lower pole of the kidney and then moved cephalad toward the 
hilum. The kidney and surrounding Gerota’s fascia are lifted 
laterally to keep the renal vessels on stretch. To allow dissec-
tion with two hands, either the fourth-arm instrument or assis-
tant retractor can accomplish this stretch, but alternatively in a 
three-port approach, a single clip between Gerota’s fascia and 
interior side wall will suspend the kidney equally well (Fig. 6).

The renal vein entry to the vena cava is approached poste-
riorly to identify the renal artery behind the vein. The renal 

artery is clipped or stapled first followed by the vein. Again, a 
minimum of two clips should be left on the artery if not sta-
pling it with the kidney end of the renal artery either clipped 
as well or cauterized to prevent back bleeding. The renal vein 
is also clipped leaving two clips in the patient or stapled.

The adrenal gland can be spared in most cases. Vessels 
between the upper pole of the kidney and adrenal should be 
carefully controlled with bipolar cautery at a minimum since 
this can be a common area of postoperative bleeding if not 
carefully divided.

If the adrenal gland is being removed with the specimen, 
the adrenal vein must be identified as it enters the vena cava 
posteriorly and controlled with a clip or bipolar cautery or 
both. The ureter is then clipped and divided with the lateral 
attachments taken last so that the specimen does not fall 
medially during the remainder of the dissection. The speci-
men is extracted in a bag ideally without cutting the muscle 
through the linea alba or with a Pfannenstiel incision.

4.2.5  Transperitoneal Left RARN
Left RARN begins the same way as on the right side by 
reflecting the colon medially. The spleen should be reflected 
en bloc with the colon as well by continuing the incision of 
the line of Toldt cranially above the spleen so that the colon 
and spleen will reflect medially as one unit along with the 
pancreas. The left kidney within Gerota’s fascia is then lifted 
up from the psoas muscle as on the right to place the hilum 
on stretch. The psoas plane is followed cephalad until the 
renal vein is identified. The renal artery is usually found 
behind the renal vein as on the right. The artery and vein are 
then controlled with clips or stapling as on the right side. 
One distinction from the right side is that the artery should 
not be clipped directly on the aorta as a stump of artery is 
necessary to prevent the clips from being pushed off the 
aorta from the blood pressure behind them. The adrenal can 
be taken or spared, but unlike on the right, the adrenal vein 
will empty into the left renal vein.

Fig. 6 Placing the left kidney on stretch with a clip to allow hilar 
dissection
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4.3  Postoperative Management

Following multimodal pain control protocols to control and 
prevent perioperative pain, the postoperative pain is usually 
well controlled with intravenous or oral narcotics.

As suggested in ERAS protocol [27], mobilization of 
patient is recommended as early as the patient tolerates. A 
clear liquid diet can be started the same day of surgery if 
there was no risk of bowel injury during the procedure and 
advance to regular diet if the patient can tolerate the day 
after. Foley catheter can be removed the same day or at day 1 
after the surgery. The drainage can be removed at day 1 after 
the surgery. The patient can be discharged on the first or sec-
ond postoperative day.

4.4  Complications and Management

As RARN is indicated in more complex cases, the risk of 
complication is an unavoidable consequence even in experi-
enced hands. To minimize the risk of complications, ade-
quate pre-surgery preparation and pre-surgery imaging are 
essential.

Generally, RARN had similar intraoperative and postop-
erative complications as those of LRN [5, 28]. However, 
Gershman has reported that RARN was associated with 
lower perioperative morbidity than conventional LRN (20.4 
vs. 27.2%, p < 0.001) [29].

The potential complications of a RARN have been well 
described [30]. Access-related complications include abdom-
inal wall hematomas, vascular injuries, and organ injuries. 
Intraoperatively, liver laceration and pancreas, spleen, and 
vascular injuries were reported. Transfusion rate was reported 
of 7.9%. Mechanical failure and bleeding requiring conver-
sion were reported as well. Bowel injury is another potential 
risky complication [31]. Postoperative complications such as 
wound dehiscence, wound infection, incisional hernias, pro-
longed ileus, pneumonia, pulmonary embolism, and atrial 
fibrillation were reported as well [30].

5  RARN with IVC Thrombectomy

RCC with venous tumor thrombus extending to the IVC has 
an estimated prevalence of 4–10% [32].Surgically complete 
resection of tumor thrombus is the only treatment option that 
offers the potential cure for these patients [33, 34]. Radical 
nephrectomy with IVC tumor thrombectomy is a technically 
and physically challenging procedure and has traditionally 
been performed open approach with high risks of periopera-
tive morbidity and mortality [35]. It has been reported that the 
perioperative mortality rates range from 3.5 to 9.6% [36–38].

The robotic surgery technology has enabled urologists to 
perform the RARN with concurrent inferior vena cava (IVC) 
thrombectomy to reduce perioperative complications includ-
ing massive blood loss, shorter operating time, and length of 
hospital stay and overcomes the limitations of a conventional 
laparoscopic approach [39–41].

In 2011, Abaza reported the first successful robotic IVC 
thrombectomy [40]. After that, there were several groups 
who reported their experience and techniques of RARN with 
IVC thrombectomy from level I to level III IVC thrombus 
[42–49]. Our team (Zhang Xu and Ma Xin) performed 
robotic IVC thrombectomy (R-IVCTE) since 2013 and have 
reported our experience of robotic RN with level I–IV IVC 
thrombectomy [9, 50–53]. In the section, we describe the 
detailed techniques of different levels of thrombus mainly 
based on our techniques.

5.1  Indications and Contraindications

5.1.1  Indications
Robotic RARN and IVC tumor thrombectomy are the treat-
ment options for following RCC with IVC tumor thrombus 
patients.

RARN and IVC thrombectomy are recommended for 
RCC with tumor thrombus level I thrombus (thrombus 
extending ≤2 cm above the renal vein, Mayo classification) 
and Level II thrombus (thrombus extending >2 cm above 
the renal vein, but below the hepatic veins). However, only 
highly selected level III thrombus (thrombus extending 
hepatic vein, but below the diaphragm) and level IV throm-
bus (thrombus extending above diaphragm or into the right 
atrium) could be managed by robotic approach.

It is suggested that the operation of level III–IV thrombus 
should be completed by a multidisciplinary team, including 
experts from urology, hepatobiliary surgery, and cardiac sur-
gery if cardiopulmonary bypass (CPB) is needed.

5.1.2  Contraindications
Patient with uncorrected coagulopathy.

Patient who are medically unfit for general anesthesia.
There was a history of abdominal operation and severe 

abdominal adhesion.
Huge primary tumor or enlarged congestive liver.

5.2  Preoperative Preparation

5.2.1  General Patient Preparation
Preoperative patient preparations are similar as those for 
transperitoneal robotic surgery, including preoperative skin 
preparation, bowel preparation, prophylactic antibiotics, etc.
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5.2.2  Special Patient Preparation
Low molecular heparin (if indicated) is given to decrease the 
risk of pulmonary embolism.

Preoperative renal artery embolization on the left side is 
recommended. For the right side cases, preoperative emboli-
zation is helpful in reducing intraoperative bleeding, dissect-
ing IVC and renal vein, and extracting tumor thrombus.

Temporary IVC filter is not recommended due to the risk 
of thrombogenesis of contralateral renal vein and hepatic 
vein, which may affect tumor thrombus dissection during the 
operation.

Preoperative color Doppler ultrasound re-examination for 
IVC is recommended especially for level II–IV thrombus to 
ensure the latest status of tumor thrombus.

5.3  Step-by-Step Operative Technique

5.3.1  Anesthesia and Patient Position
After general anesthesia and Foley catheter placement, the 
patient is positioned to 60- to 70-degree left lateral recum-
bent position with flank extension supported by gel pad. 
Other than respiration and ECG monitoring, blood pressure 
monitoring via jugular vein and radial artery are required for 
all cases. Multichannel venous access should be established, 
which is helpful for medication and fluid infusion. For right 
RCC, R-IVCTE and RARN can be both completed through 
this position. For the left RCC, R-IVCTE can also be com-
pleted through this position. After R-IVCTE, left RARN will 
be performed in 60–70° right lateral decubitus position.

5.3.2  Right RARN and IVC Thrombectomy

Patient Position and Port Placement
The patients were positioned in a 70° left lateral decubitus 
position (Fig. 7). The first assistant trocar is placed at 6 cm 
above the umbilicus for the insertion of the suction device. 
The second assistant trocar is placed at the subumbilical cord 
for the application of Hem-o-lok clips, and the third assistant 
trocar is placed near the xiphoid under the costal margin for 
liver retraction. A monopolar curved scissor, bipolar 
Maryland clamp, and ProGrasp grasper are inserted as the 
first, second, and third arms, respectively. All the instruments 
are placed in to the abdominal cavity under direct vision. 
During the operation, the instruments on the second and 
third arm can be exchanged as indicated (Fig. 8).

Dissection of Inferior Vena Cava, Left Renal Vein, 
and Right Renal Vein
The hepatocolic ligament and hepatorenal ligament are 
divided (Figs. 9 and 10). The liver is retracted upward with a 
needle holder (Fig.  11), and the retraction is secured by 

Fig. 7 Patient position and port placement sites

Fig. 8 Port placement and docking

Fig. 9 The hepatocolic ligament is divided (L, liver)
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clamping the needle holder at the lateral abdominal wall for 
exposure of the operating field. The ascending colon is medi-
alized to expose the retroperitoneum space (Fig.  12). The 
duodenum is mobilized until the IVC is fully exposed 
(Figs. 13 and 14). The perivascular fascia is dissected to skel-
etonize the IVC, right renal vein, and left renal vein (Figs. 15 
and 16).

Dissection of the IVC at the Thrombus Level, Left 
Renal Vein, and Part Lumbar Vein
The ventral surface of the IVC is exposed. For level II IVC 
thrombus, the accessory hepatic vein and right suprarenal 
vein are clipped and divided for cross-clamping of the IVC 
(Fig. 17). The left renal vein was dissected circumferentially 
at the interaortocaval space (Fig. 18). Then the dorsal surface 
of the IVC is mobilized, and the affected lumbar vein was 
clipped and divided (Figs. 19 and 20).

Fig. 10 The hepatorenal ligament is divided (L, liver)

Fig. 11 The liver is retracted upward with a needle holder (L, liver; 
LAW, lateral abdominal wall)

Fig. 12 The peritoneum is incised, and the retroperitoneum space is 
exposed (LP, lateral peritoneum)

Fig. 13 The duodenum is mobilized medially (D, duodenum)

Fig. 14 IVC exposure (IVC, inferior vena cava)
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Fig. 15 Right renal vein exposure (IVC, inferior vena cava; RRV, right 
renal vein)

Fig. 16 Left renal vein exposure (IVC, inferior vena cava, LRV, left 
renal vein)

Fig. 17 The accessory hepatic vein is divided and clipped with Hem- 
o- lok clips (L, liver; AHV, accessory hepatic vein; IVC, inferior vena 
cava)

Fig. 18 The left renal vein is isolated (IVC, inferior vena cava; LRV, 
left renal vein)

Fig. 19 The lumbar veins are divided and then clipped (IVC, inferior 
vena cava; LV, lumbar vein)

Fig. 20 Complete exposure of the IVC, left renal vein, and right renal 
vein (IVC, inferior vena cava; LRV, left renal vein; RRV, right renal 
vein)
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Sequential Occlusion of the Distal IVC, Left Renal Vein, 
and Proximal IVC.

The IVC proximal and distal to the thrombus and the left 
renal vein are double looped with vessel loop and secured 
with Hem-o-lok clip for surgeon control (Figs. 21, 22, 23). 
The distal IVC, left renal vein, and proximal IVC were 
sequentially occluded (Fig. 24).

5.3.3  Extraction of Thrombus
After the sequential occlusion, the IVC wall is incised, and 
the thrombus is removed (Figs. 25 and 26). After irrigation of 
the IVC lumen with heparinized saline, the IVC is closed 
with 5–0 polypropylene suture (Fig.  27). Occlusion at the 
proximal IVC, left renal vein, and distal IVC is released in 
order. Hemostasis is secured. The thrombus is inserted into a 
specimen bag to avoid tumor dissemination.

Fig. 21 The vessel loops were wrapped twice around the cephalic IVC

Fig. 22 The vessel loops were wrapped twice around the left renal vein 
(LRV, left renal vein)

Fig. 23 The vessel loops were wrapped twice around the proximal 
IVC (IVC, inferior vena cava)

Fig. 24 The caudal IVC, left renal vein, and cephalic IVC were 
sequentially clamped (IVC, inferior vena cava; LRV, left renal vein)

Fig. 25 The IVC thrombus is exposed and excised (TT, tumor 
thrombus)
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Fig. 26 The IVC thrombus was completely removed (IVC, inferior 
vena cava)

Fig. 27 The IVC is closed by a running suture (IVC, inferior vena 
cava)

Fig. 28 The right renal artery is clipped with Hem-o-lok clips and then 
divided (RRA, right renal artery)

Right Radical Nephrectomy
In the same position, the right renal artery is isolated, clipped 
with Hem-o-lok clips, and divided (Fig. 28). The right kid-
ney and adrenal gland are mobilized as described in previous 
section. Right renal artery embolization is recommended 
1–2 h before operation. In cases in which renal artery embo-
lization is not performed, a modified technique can be used. 
The right renal artery is dissected and ligated in the interaor-
tocaval space before IVC clamping. The right kidney is 
removed together with the IVC thrombus if possible. If they 
can’t be removed together, the right renal vein will be tran-
sected with Endo-GIA before clamping the IVC.

5.4  Left RARN and IVC Thrombectomy

5.4.1  Patient Position and Port Placement
Patient position and trocar placement are similar as for the 
right RCC. Left renal artery embolization must be performed 
1–2 hours before the operation.

5.4.2  Dissection of Inferior Vena Cava
The hepatocolic ligament and hepatorenal ligament were 
incised, and the liver is retracted upward. The ascending 
colon is medialized. The perirenal fascia is dissected. The 
duodenum is medialized to expose the IVC (Fig. 29).

5.4.3  Isolation of the Right and Left Renal 
Veins

The right renal vein (Fig. 30) and left renal vein (Fig. 31) are 
skeletonized. The left renal vein, including the thrombus, 
was transected with Endo-GIA (Figs. 32 and 33).

The procedure of IVC tumor thrombus removal was the 
same as that of the right tumor. After the removal of IVC 
tumor thrombus, the patient was repositioned in a 70° right 
lateral decubitus position, and the nephrectomy of the left 
side was completed.

5.5  Robot-Assisted Level III IVC 
Thrombectomy: Left Side

5.5.1  Preoperative Preparation
Renal artery embolization on the affected side was conducted 
1–2 hours preoperatively for patients with left-sided or right- 

G. Zhu et al.



495

Fig. 29 IVC exposure (IVC, inferior vena cava)

Fig. 30 The right renal vein is dissected (RRV, right renal vein)

Fig. 31 The left renal vein is dissected (LRV, left renal vein; IVC, infe-
rior vena cava)

Fig. 32 The left renal vein is transected with Endo-GIA stapler (LRV, 
left renal vein)

Fig. 33 The left renal vein is divided (LRV, left renal vein; IVC, infe-
rior vena cava)

sided large kidney tumor. Transesophageal ultrasound was 
prepared for intraoperative monitoring of thrombus extent/
tip stability during manipulation.

5.5.2  Patient Position and Trocar Placement
For liver mobilization, the patients were placed in a 
30–45° dorsal elevated lithotomy position (Fig. 34a), and 
the five- port method for trocar placement was deployed 
(Fig. 34b).

Then the patients were repositioned in a modified left lat-
eral decubitus position with a 70° bump (thrombectomy 
position, Fig.  34c), and the seven-port method for trocar 
placement was used (Fig. 34d). Four trocars can be reused 
(points A1, C, 1, and 2 in Fig. 34b and d).

Robot-Assisted Radical Nephrectomy and Vena Cava Thrombus Management



496

30°–45° dorsal elevated lithotomy position

70° left lateral decubitus position

2 C A1

1
3

12 mm

8 mm

C: camera; A1: assistant port 1;
1, 2, 3 : robot arm 1, 2, 3

C: camera; 1, 2, 3: robot arm 1, 2, 3
A1, A2, A3 : assistant port 1, 2, 3

12 mm

8 mm

5 mm

A1

A3
1

A2
3

2 C

Liver mobilization position

Thrombectomy position

a b

c d

Fig. 34 Liver mobilization position and thrombectomy position

5.5.3  Surgical Strategy
Under the “liver mobilization position,” we mobilized both 
the right and left lobes of the liver to expose retrohepatic IVC 
and control the suprahepatic infradiaphragmatic IVC. Under 
the “thrombectomy position,” the left thrombus-involved 
renal vein was stapled by Endo-GIA; the caudal IVC, right 
renal artery (RRA), right renal veins (RRV), first porta hepa-
tis (FPH), and suprahepatic infradiaphragmatic IVC were 
sequentially clamped; and the thrombi were removed 
(Fig. 35).

For the left kidney tumor, the perihepatic ligaments, 
including the round and falciform ligaments (Fig.  36), the 
right and left triangular and coronary ligaments, and hepato-
colic ligament, were disconnected under the “liver mobiliza-
tion position” (Figs.  37, 38, 39, 40, 41). Additional SHVs 
were ligated to fully expose the retrohepatic IVC (Figs. 42 

and 43). Both the right and left liver lobes were mobilized off 
the IVC. A 10-Fr catheter was placed in the suprahepatic and 
infra-diaphragmatic IVC above the proximal IVC thrombus 
(Fig.  44). Then, the robotic transabdominal control of the 
suprahepatic and infra-diaphragmatic IVC would be 
achieved. After liver mobilization, patients were repositioned 
in a “thrombectomy position.” The tumor-bearing left renal 
vein (LRV) was dissected circumferentially. Finally, the 
LRV was stapled (Fig. 45). Subsequently, the caudal IVC, 
right renal artery (RRA), right renal vein (RRV), first porta 
hepatis (FPH), and suprahepatic and infra-diaphragmatic 
IVC were clamped in order (Figs. 46, 47, 48, 49, 50). Finally, 
the IVC wall was incised, and the tumor thrombus was 
removed (Figs. 51 and 52).

For the right kidney tumor, the position and placement of 
trocars for liver mobilization and thrombectomy were the 

G. Zhu et al.



497

6 Suprahepatic
infradiaphragmatic
IVC clamp

3  RRA clamp

4 RRV clamp

5 FPH clamp

1 LRV staple

2 Caudal IVC
clamp

IVC

liver

DiaphramFig. 35 A surgical strategy 
diagram for level III thrombus 
on the left side

Fig. 36 Ligation of the liver falciform ligament (FL)

Fig. 37 Ligation of the left coronary ligament (LCL)

Fig. 38 Ligation of the left triangle ligament (LTL)

Fig. 39 Ligation of the hepatocolic ligament (HCL)
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Fig. 40 Ligation of the right triangle ligament (RTL)

Fig. 41 Ligation of the right coronary ligament (RCL)

Fig. 42 Transection of the short hepatic vein (SHV)

Fig. 43 Exposure of the retrohepatic IVC

Fig. 44 Placement of suprahepatic infradiaphragmatic IVC tourniquet 
with a 10-Fr catheter

Fig. 45 Transection of the left renal vein (LRV)
same as for the left RTs. The steps were similar except for 
clamping of renal vessels. For the right kidney tumor, we 
clamped the LRV, while we did not staple the tumor-bearing 
RRV, and we did not clamp the left renal artery.

In summary, level III RA-IVCT requires liver mobiliza-
tion and clamping of the FPH and suprahepatic and infra- 
diaphragmatic IVC.
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Fig. 46 Clamping of the caudal IVC

Fig. 47 Clamping of the right renal artery (RRA)

Fig. 48 Clamping of the right renal vein (RRV)

Fig. 49 Clamping of the first porta hepatis (FPH)

Fig. 50 Clamping of the suprahepatic infradiaphragmatic IVC

Fig. 51 IVC tumor thrombectomy
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5.6  Robot-Assisted Level IV IVC 
Thrombectomy: Right Side

Patients with level IV tumor thrombus underwent “seg-
mented thrombectomy” under CPB. Routinely, we used two- 
stage approach (liver mobilization and IVC thrombectomy). 
SHVs were ligated, and the involved retrohepatic IVC was 
dissociated. After liver mobilization, the right renal artery 
was clipped initially with Hem-o-lock interaortocaval. The 
involved infrahepatic IVC, caudal IVC, left renal vein (LRV), 
and FPH were mobilized circumferentially. Vessel loops 

were wrapped twice around the IVC below the tumor throm-
bus, around the LRV, and around the FPH, prepared for 
clamping (Fig. 53a).

Firstly, the cardiovascular surgeons established CPB. The 
right internal jugular vein was cannulated (Fig.  53b). The 
fifth intercostal small incision of 6 cm was taken to prepare 
for thoracoscopy-assisted small incision operation (Fig. 53c). 
Then, the right femoral artery and vein were cannulated 
(Fig. 53d). After pericardium incision, the superior vena cava 
(SVC) was mobilized and clamped (Fig.  54). The right 
atrium was incised (Fig. 55), and the thrombus above the dia-
phragm was transected and removed (Fig.  56). Then, the 
supradiaphragmatic IVC was mobilized and clamped 
(Fig. 57). Subsequently, the LRV, caudal IVC, and FPH were 
clamped; the IVC was incised, and the IVC thrombus below 
the diaphragm was transected and removed. Finally, the IVC 
and the atrium were closed with continuous suture, respec-
tively (Fig. 58). The FPH, LRV, caudal IVC, SVC (Fig. 59), 
and supradiaphragmatic IVC (Fig.  60) were released in 
order, and the CPB was stopped. Finally, protamine (3.3 mg/
kg) was neutralized, and then blood products, including 
platelets, plasma, and cryoprecipitate, were replenished 
according to the assessed bleeding volume.

Taken together, level IV RA-IVCT requires establishment 
of CPB.  Thoracoscopy-assisted thrombectomy was per-
formed for the intra-atrium part of the thrombus under Fig. 52 IVC suture

ba

c

d

Fig. 53 The establishment of cardiopulmonary bypass
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Fig. 54 Clamping of the superior vena cava (SVC)

Fig. 55 Incision of the right atrium

Fig. 56 Removal of the atrium thrombus

Fig. 57 Clamping of the supradiaphragmatic IVC

Fig. 58 Suturing of the right atrium

Fig. 59 Release of the superior vena cava (SVC) clamp
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Fig. 60 Release of the supradiaphragmatic IVC clamp

CPB. Infradiaphragmatic RA-IVCT was completed similar 
as level III RA-IVCT.

The steps of RA-IVCT for left-sided RTs were similar 
with that for right-sided RTs, except clamping of renal ves-
sels. For left-sided RTs, the tumor-bearing LRV should be 
stapled, and RRA and RRV should be both clamped, the 
same as the controlling of infradiaphragmatic IVC in level 
III.

5.7  Robotic-Assisted Cavectomy for Level II 
IVC Thrombectomy

In clinical practice, some IVC tumor thrombi are bulky, lead-
ing to complete obstruction of the IVC. Collateral circulation 
compensates in the process of chronic obstruction of 
IVC. The blood return of the distal IVC mainly flows back to 
the superior vena cava through the lumbar vein, ascending 
lumbar vein, azygous vein, and semi-azygous vein system 
(Fig. 61). At this time, cavectomy of tumor-bearing IVC has 
little effect on the distal IVC blood return. Furthermore, for 
tumor thrombus invading the IVC wall, cavectomy including 
tumor-bearing IVC is more suitable for tumor control [54]. 
In addition, if there is a long unresectable bland thrombosis 
in the distal IVC, cavectomy also was used to prevent 
 pulmonary embolism caused by bland thrombus shedding 
from the distal IVC. For the right renal tumor, the left renal 
vein can return through its rich branches (gonadal vein, cen-
tral adrenal vein, ascending lumbar vein, etc.). Therefore, it 
was safe to perform cavectomy of the tumor-bearing IVC 
and staple the left renal vein. However, it should be noted 
that for left renal tumors, due to the lack of natural genus of 
the right renal vein, the right renal vein return should be 

restored after it is disconnected, usually through the caudal 
IVC, the lumbar vein, azygous vein, and semi-azygous vein 
system from the distal end of inferior vena cava. In addition, 
in order not to affect the hepatic blood return, cavectomy 
should be performed below the hepatic vein.

5.8  RAC-IVCT for Right-Sided RCC with IVCT

The surgical strategy for right-sided RCC with IVCT was 
demonstrated in Fig. 62. The cephalic IVC below the hepatic 
veins was stapled, leaving a minimal segment of the cava 
caudal to the hepatic veins, thereby limiting turbulence and 
potential thrombosis (Fig. 63). Subsequently, the left renal 
vein was circumferentially dissected, looped, and stapled 
(Fig. 64). The right renal artery was exposed and ligated in 
the interaortocaval space. The caudal tumor-bearing IVC 
was further dissected circumferentially and stapled (Fig. 65). 
The main collaterals were carefully preserved under intraop-
erative ultrasound guidance during caudal IVC stapling.

5.9  RAC-IVCT for Left-Sided RCC with IVCT

For left-sided RCC with IVCT, the cephalic IVC and left 
renal vein were sequentially stapled. The IVC was dissected 
retrogradely and circumferentially. The vessel loops were 
wrapped twice around the IVC between the superior border 
of the right renal vein and inferior border of the left renal 
vein. The IVC wall was cut 1–2  cm cephalic to the loop; 
precaution was taken to preserve the orifice of preexisting 
collaterals. Thereafter, the caudal IVC was reconstructed to 
ensure the right renal venous return through IVC collaterals 
(Fig. 66).

5.10  Complications and Management

Tumor Thrombus Detachment
This fatal complication rarely occurs. Once this happens, it 
can result in pulmonary embolism or myocardial infarction.

Vascular Injury and Bleeding
During the operation, the blood vessels are skeletonized and 
exposed to the risk of injury. Vascular injury usually hap-
pened during dissection of the IVC and renal vein, espe-
cially lumbar vein dissection (Fig.  67). Familiarity of the 
anatomy and gentle dissection are the key components of 
primary prevention. Once bleeding occurs, gauzes can be 
placed, and pneumoperitoneum pressure can be increased to 
tamponade the bleeding. The injured vessel wall can be 
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a b

c d

Fig. 61 A schematic drawing and cavography images represents the 
collateral circulation of a caudal inferior vena cava (IVC) incrementally 
occluded by a thrombus. (a, b) A diagram illustrates the collateral cir-
culation through the caudal IVC to the dilated lumbar vein, ascending 

lumbar vein, and hemiazygos and azygos veins. (c, d) Cavography 
images shows the collateral circulation through the caudal IVC to the 
dilated lumbar vein, ascending lumbar vein, and hemiazygos and azy-
gos veins

repaired continuously with absorbable suture (Fig. 68). IVC 
looping proximal and distal to the thrombus is associated 
with the high risk of bleeding as well. IVC tributaries are 
clipped with Hem-o-lok clips and left in situ; vessel loops 

might dislodge the Hem-o-lok clips and cause bleeding 
(Fig.  69). IVC tributaries adjacent to the cross-clamping 
location should be sutured; Hem-o-lok clips may be dis-
lodged during looping of vessel loops (Fig. 70). Once bleed-
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1 Cephalic IVC staple 3 RRA clipped

Cavectomy for right-side RCC with IVC thrombus

2 LRV clipped

4 Infra-RRV IVC staple

Fig. 62 A schematic drawing represents a sequential ligation order, 
which was the cephalic IVC above the thrombus end, left renal vein 
(LRV), right renal artery (RRA), and infra-right renal vein (RRV) IVC

Fig. 63 Transection of the cephalic IVC

Fig. 64 Transection of the left renal vein (LRV)

Fig. 65 Transection of the caudal IVC

ing occurs, a good mastering of robotic suture technique is 
required to repair the damaged vessel wall and stop the 
bleeding. Surgery should be converted to open surgery as 
indicated.

Organ Injury
Organ injuries such as liver, kidney, spleen, pancreas and 
intestinal injury rarely occur. Familiarity of the anatomy and 
gentle dissection again are the key components of primary 
prevention. Once organ injury occurs, management should 
be conducted according to the principle of the corresponding 
organ.

Hepatic and Renal Dysfunction
Occlusion of the first porta hepatis and suprahepatic IVC 
may lead to acute hepatic dysfunction, and pharmacological 
treatment should be taken to protect hepatic function. 
Prolonged occlusion of the renal hilum may lead to acute 
renal insufficiency or even acute renal failure. In severe 
cases, hemodialysis is needed.

Coagulation Dysfunction
CPB with heparinization can lead to coagulation factor 
depletion, platelet dysfunction, hemodilution, and other 
coagulation dysfunctions. It is necessary to supplement 
coagulation factors and platelets in time according to throm-
boelastogram and coagulation factor detection and timely 
adjust blood coagulation and heparin.

Edema of Lower Limbs
If cavectomy was chosen in the insufficient establishment of 
collateral circulation, edema of lower limbs may occur, 
which could be alleviated by diuresis and elevation of 
affected limbs. With the establishment of collateral circula-
tion, edema can gradually disappear.

G. Zhu et al.
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2  LRV staple

Collaterals

IVC reconstruction Cavectomy, including thrombus

Nephrectomy (reposition)

Covectomy for left-side RCC with IVC thrombus

L3

L2

a b

1  Cephalic IVC staple

3  Supra-RRV IVC clamp

Fig. 66 A schematic drawing represents a sequential ligation order and 
collateral circulation. After the cephalic IVC and left renal vein (LRV) 
are stapled, venous return of the right renal vein (RRV) was through the 

caudal IVC, lumbar vein, lumbar ascending vein, and hemiazygos and 
azygos vein systems (right). Arrows indicate the direction of venous 
blood

Fig. 67 Bleeding from an injured tributary of the IVC Fig. 68 The IVC defect is closed by a running suture

Surgical Site Infection
Surgical site infection is managed with regular dressing. 
Colligated drain can be inserted as indicated, to drain the 
exudate. Antibiotic should be started according to the sensi-
tivity when the patient has fever.

Peritonitis
Peritonitis rarely occurs; however it can occur in patients 
with primary intraperitoneal infection. Postoperative intra-
peritoneal collection and hematoma can aggravate the infec-
tion. Optimal drainage is crucial in addition to appropriate 

antibiotic prescription. Intraperitoneal lavage can be per-
formed as indicated.

Pneumonia
It usually occurs in patients with primary lung diseases. 
Preoperative lung function test and blood gas analysis are 
important for this kind of patient during preoperative evalua-
tion. Postoperatively, the patient should rest in a 45-degree 
prompt-up position whenever possible. Chest physiotherapy 
should be initiated as soon as possible, and the patient is 
encouraged for early ambulation. Good inhalation and exha-
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Fig. 70 Preventive suturing to avoid bleeding

Fig. 69 Vessel loops dislodge the Hem-o-lok clips and cause bleeding 
(IVC, inferior vena cava)

lation techniques are emphasized to the patient. The patient 
needs to be ensured for performing intensive spirometry 
regularly. If the patient is complicated with pneumonia, chest 
physician can be consulted.

Other Complications
Other complications include postoperative lymphatic leak-
age, lower limb deep venous thrombosis, etc.

6  Future Perspectives for RARN and IVC 
Thrombectomy

Before the advent of robotic surgery, RCC with massive 
tumors, adjacent organ invasion, and need for lymphadenec-
tomy and IVC tumor thrombectomy were often performed 
by open surgery. Robotic surgery has been validated to be an 

alternative to open surgery for the management of these dif-
ficult RCC cases.

With the convergence of information technology, artificial 
intelligence, and robotics, improved vision, magnification, 
and dexterity of the robotic platform make it friendly and 
widely used. There are a number of new robotic systems 
undergoing testing to address the cost, haptic feedback, and 
interchange of multi-dimensional digital images [55]. These 
allow robotic surgeons to accumulate more experience and 
perform more complicated and technical challenging surger-
ies. Nowadays, robotic surgery has become an essential part 
for treating complex urologic diseases [56].

T3 and T4 RCC tumors with bulky lymph node disease 
and vena cava involvement use to be the relative contraindi-
cations for robotic surgery. With great efforts of urological 
surgeons worldwide, even the level III–IV IVC thrombec-
tomy has been achieved by robotic surgery [49, 52].

The FDA approval of the da Vinci SP robotic platform has 
led to its usage in urologic malignancy treatment. SP robotic 
system has been used in both retroperitoneal and transperito-
neal RARN approved to be a feasible surgical technique in 
the management of RCC [57].

RARN is a reproducible surgical technique, which will be 
mastered by more urological surgeons. There is a great 
potential for development and application of RARN in the 
future.
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Robotic Renal Transplantation

Pietro Diana, Andrea Gallioli, Karel Decaestecker, 
Mani Menon, and Alberto Breda

1  Introduction

Kidney transplantation (KT) is considered one of the cor-
nerstones in the treatment of end-stage renal disease (ESRD) 
since transplanted patients reach superior survival rates and 
an improved quality of life compared to hemodialysis, and 
the open kidney transplantation (OKT) is considered the 
gold standard technique [1]. The first KT was performed by 
Dr. Joseph Murray (Nobel Prize for Medicine, 1990) in 
1953 and is reputed to be revolutionary in the history of sur-
gery. Despite the OKT being the standard approach, in the 
era of minimally invasive surgery, technical alternatives 
have been performed targeting an improvement of the surgi-
cal outcomes and a reduction of the postoperative complica-
tions. In 2009, the first laparoscopic KT (LKT) has been 
performed [2, 3] followed by the publication in 2013 of the 
first large LKT series compared to the conventional approach 
that reported the results from 72 living donor for KT and 
145 OKT. Results showed for LKT and OKT a mean operat-
ing time of 224 vs 175 min, and the mean rewarming time 
was 60 vs 30  min (p  =  0.03). Functional outcomes were 
comparable in terms of graft and patient survival, with a 
median follow-up of 22 months. The LKT provided advan-
tages regarding wound infections and analgesic therapy, 

with a subsequent faster recovery and aesthetic results. 
However, the procedure resulted to be challenging and 
needing a solid expertise in laparoscopy to reach acceptable 
operative times and avoid complications as patients with 
ESRD have a higher risk to develop respiratory acidosis and 
hypertension due to the slower elimination of carbon diox-
ide used for pneumoperitoneum. Obvious limitations of 
laparoscopic suturing techniques did not allow a widespread 
adoption of laparoscopic surgery for KT. To overcome the 
limitations of the laparoscopic approach, robot-assisted kid-
ney transplantation (RAKT) was introduced and is showing 
promising results as a less invasive alternative to the open 
approach, with the advantages of the robotic technique such 
as a shorter learning curve and a high dexterity with 
enhanced visualization of the surgical field [4–6]. Since the 
first RAKT in 2010, the surgical technique has been refined 
and standardized by centers highly experienced in robotic 
surgery and KT. Few authors compared surgical and func-
tional results with the open approach, showing possible 
advantages in selected cases, such as obese patients and 
multiple-vessel graft [7, 8]. Furthermore, a structured pro-
gram was developed in order to expand RAKT’s indication 
to deceased donors [9].

2  Robot-Assisted Kidney 
Transplantation (RAKT): Living Donor

2.1  Background

2.1.1  Living-Donor Nephrectomy
About 20% of all KT in Europe are performed using living- 
donor grafts, while in the USA, the percentage raises up to 
40% [10]. Living donors are generally part of the patient’s 
family or emotionally related to the patient, and compared 
to deceased donor kidney, the use of living-donor graft has 
reported advantages in graft function and survival, other 
than reducing the organ waiting list [11]. Furthermore, in 
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the case of donation from an ABO blood group system-
compatible family member, the recipients need a less 
aggressive immunosuppressive regimens. The left kidney 
is generally preferred for donation because of a longer 
renal vein compared to the contralateral one; however, if 
the renal function differs between the two kidneys, the one 
with the lower function is employed. Since 1995, the liv-
ing-donor nephrectomy for graft retrieval is performed 
through the laparoscopic technique [2] that reported better 
results in terms of pain control, blood loss, hospital stay, 
and aesthetic results, compared to the open technique. In 
2001, a group at the University of Illinois (Chicago) 
reported the first series of robot-assisted laparoscopic 
donor nephrectomies, using the da Vinci Surgical System 
(Intuitive Surgical, Sunnyvale, CA, USA) [12]. This new 
approach, despite the feasibility and safety of the tech-
nique, reported high costs and no substantial advantages 
compared to the laparoscopic technique.

2.1.2  Living-Donor Kidney Transplantation
The first RAKT was performed in the USA and reported 
by Giulianotti et al. [13]. This technique was then repli-
cated and refined by other surgeons. In 2014, Menon et al. 
described a standardized technique using a transperito-
neal approach, guaranteeing regional hypothermia with 
the Vattikuti- Medanta technique [14, 15]. In Europe, the 
first two RAKTs were performed in July 2015 by Breda 
et al. [16]. In 2016, the European Association of Urology 
(EAU) Robotic Urology Session (ERUS-RAKT) formed a 
working group in order to report the surgical outcomes 
and standardize the technique [17, 18]. Today 11 centers 
joined the ERUS- RAKT working group, reporting more 
than 300 surgeries with 1  year of follow-up, showing 
comparable outcomes with OKT as reported in the litera-
ture [19].

2.2  Surgical Technique

2.2.1  Living-Donor Nephrectomy
The gold standard approach to perform living-donor nephrec-
tomy is the transperitoneal laparoscopic approach. 
Considering its functional and operative outcomes, the lapa-
roscopic technique is comparable to the open approach, and 
it bears the advantages of the minimally invasive approach, 
maintaining an acceptable cost-benefit compared to the 
robotic approach.

2.2.2  Bench Table Preparation
After donor nephrectomy, the graft preparation is carried out 
on the bench table. After nephrectomy, the kidney is posi-
tioned in a metallic basin filled with ice slush in order to 
reduce the graft temperature, and here the reperfusion of the 
organ is performed with 1  L of cold storage solution 
(Custodiol®, Celsior®, Institut Georges Lopez-1®). At this 
point, the vascular dissection, with eventual reconstruction 
in the case of multiple vessels, takes place [20]. After these 
steps, according to the preference of the surgeon, the ureter 
can be pre-stented with a double-J. Once the graft is ready 
for transplantation, the kidney is packed into a cooling sys-
tem consisting of a gauze filled with ice slush and subse-
quently positioned inside the operative field, according to 
Vattikuti-Medanta technique, in order to provide a low graft 
temperature during the rewarming time and to protect the 
kidney from injuries [14]. At the level of the renal hilum, the 
gauze is opened to form a window in order to access the renal 
vessels and perform the anastomosis while the graft is kept 
cool (Fig. 1). As the ice slush melts rapidly, every 15 min, it 
is added through the GelPOINT® (Applied Medical, Rancho 
Santa Margherita, CA, USA) via modified Toomey syringes 
in order to keep the graft temperature below 20 °C until the 
anastomosis is performed.

a b

Fig. 1 (a) Defatted kidney graft with dissected graft vessels and ureter (b) Kidney graft wrapped in gauze filled with ice slush with a central hole 
for the renal vessels and DJ stent (12 cm, 4.8 French)
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Fig. 2 Port placement in (a) Si and X DaVinci systems and (b) Xi DaVinci System

2.2.3  Patient and Trocar Positioning
Patient positioning depends on the robotic system 
employed. The lithotomy position is provided when the 
DaVinci Si® or X® system is employed, while the dorsal 
decubitus position is preferred in the case the surgeon uses 
the DaVinci Xi®. In all cases a 20–30° Trendelenburg is 
recommended. Firstly, the pneumoperitoneum is created 
with a 12 mm camera port inserted in the supra-umbilical 
area. Alternately, the Veress needle puncture, optical trocar 
access, or the Hasson technique [21] may also be used. 
Then, three 8 mm robotic ports are placed under vision and 
docking of robot is performed. If DaVinci Si® is used, the 
8  mm port for arm 3 is positioned on the intersection 
between the line joining the pubis to arm 4 with the umbi-
licus anterior superior iliac spine line. If RAKT is carried 
out with Da Vinci Xi®, the robotic ports are placed in line 
in a simple and reproducible scheme (Fig. 2). In order to 
introduce the graft in the abdominal cavity and to allow ice 
slush introducing, a GelPOINT® is positioned, replacing 
the camera trocar through a 6–8 cm periumbilical incision. 
The assistant port is placed through the GelPOINT®. 
Transvaginal access has been proposed as an alternative 
being a minimally invasive technique in women [22]. In 
some centers the AirSeal® (Conmed, Utica, NY, USA) sys-
tem is used to maintain a constant and low pressure at 
8 mmHg.

2.2.4  Transplant Bed Preparation
The external iliac vessels are carefully dissected to gain an 
operative field that allows vascular control, clamping, and 
arteriotomy/venotomy; a retroperitoneal pouch is created 
through an incision of the peritoneum in order to allow graft 
covering after reperfusion (retroperitonealization).

2.2.5  Vascular Anastomosis
For the first step, the anastomotic time is the venous anasto-
mosis between the renal graft vein and the external iliac vein. 
Two clamps are placed in the external iliac vein to avoid blood 
loss and a longitudinal venotomy is realized. The end- to- side 
anastomosis is carried out with a continuous suture using a 6/0 
Gore-Tex® CV-6 TTc-9 or THc-12 needle (W.L.  Gore and 
associates Inc., Flagstaff, AZ, USA). A continuous running 
suture is performed starting from a tight knot at the cranial 
angle of the posterior wall of the renal vein to the caudal angle, 
passing the needle in an outside-inside direction. Consequently, 
the needle is passed in an inside- outside fashion to close the 
anterior wall of the vein. Before completing the anastomosis, 
the lumen is flushed with an heparin solution using a 4.8 F 
ureteric catheter. Finally, a clamp is placed on the graft, vein 
and the two clamps are removed from the external iliac vein 
and placed on the external iliac artery.

As soon as the external iliac artery circulation is inter-
rupted, arteriotomy may be realized with a cold linear inci-
sion that may be converted to circular incision using a 
laparoscopic aortic punch. At this point, a continuous suture 
is performed similar to the venous technique (Fig. 3). The 
peculiar difference of the arterial anastomosis regards to the 
first knot at the cranial angle, which is not tightened until the 
needle has passed through the vessel, otherwise the subse-
quent needle passage would result to be harder because of 
the smaller lumen of the artery. When the anastomosis is 
completed, a clamp is placed on the graft’s artery and the 
external iliac artery clamps are removed. If no signs of bleed-
ing are observed, the graft’s vascular clamps are removed, 
and the reperfusion starts. The evaluation of the kidney’s 
reperfusion is primarily visual, but a Doppler ultrasound 
might provide an objective evaluation of the flow.
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a b c d

Fig. 3 (a–b) Venous anastomosis. (c–d) Arterial anastomosis

2.2.6  Ureteroneocystostomy
After reperfusion, ureteroneocystostomy is performed 
according to the Lich-Gregoir technique using a Monocryl or 
PDS 5/0 (Ethicoin Inc., Cincinnati, OH, USA) running 
suture. At this point the retroperitonealization of the graft is 
performed to avoid complications such as the torsion of the 
renal pedicle and facilitate eventual graft biopsies. Peritoneal 
closure is performed with Hem-o-lock® to assure lymph 
reabsorption from the peritoneum and minimize the risk of 
lymph collection.

3  Results

The first standardization of the RAKT technique was 
described by Menon et  al., reaching an operative time of 
214.1 ± 39.8 min and a rewarming time of 46.6 ± 9.3 min. 
These results were subsequently in subsequent series show-
ing that a rewarming time below 48 min was correlated with 
better functional recovery of the kidney 1  month after the 
operation [17]. The first ERUS-RAKT study showed the 
results from 147 patients followed for 1 year; positive func-
tional outcomes were reported with a median eGFR of 
57.4  mL/min/1.73  m2 [19]. ERUS-RAKT published conse-
quently another study that compared the first 120 cases of 
RAKT with the following 171 cases, reporting a statistically 
significantly shorter total operative time in the second popula-
tion (p  =  0.005). Regarding postoperative complications, 
7.5% of patients experienced Clavien-Dindo ≥3 complica-
tions, comprehending a 1.7% of delayed graft function 
(DGF); in 2% of cases, a surgical exploration was required 
due to active bleeding, and 0.3% of cases underwent trans-
plantectomies performed for acute rejection. Late complica-
tions included 3% lymphoceles, 2% ureteric stenosis, and 1% 
incisional hernias [18]. Few studies from referral centers ana-

lyzed the learning curve in RAKT [4, 5]. Gallioli et al. esti-
mated that 35 procedures were associated to a 75% probability 
to achieve RAKT’s trifecta [6]. The comparison between 
RAKT and OKT was reported in the literature despite the 
consistent limitations due to the lack of randomized control 
trials. In the latest retrospective series from Ahlawat et  al. 
[23] with a median follow-up of 2 years, graft postoperative 
function was comparable to OKT despite a higher operative 
and rewarming time in the RAKT group. Moreover, the 
RAKT provided a lower intraoperative estimated blood loss, 
a reduced use of analgesia, and a decrease incidence of wound 
infections and symptomatic lymphoceles (Table 1).

4  Complex Surgical Scenarios

4.1  Obese Patient

Obese patients were traditionally considerate a relative con-
traindication in some countries (BMI > 35 kg/m2) or at least 
a strong challenge to KT. A part from the higher technical 
difficulties, obese patients bear a higher risk of developing 
wound infections that, in the case of immunocompromised 
patients, may also lead to graft loss [7].

The first experience of RAKT was reported from the 
University of Illinois using a 7 cm periumbilical incision and 
a hand-assisted device. The total surgical time was 223 min 
and warm ischemia time was 50 min [13]. A subsequent sim-
ilar series of 28 obese patients (mean BMI 42.6) was pub-
lished by the same group in 2013, showing higher creatinine 
at discharge in the robotic group compared to the open group 
(2.0 vs 1.4 mg/dl) but similar renal function at 6 months (1.5 
vs 1.6  mg/dl). Surgical site/wound infection was signifi-
cantly at a lower rate in the RAKT group compared to the 
open approach one (28.6% vs 3.6%; p = 0.004) [7].
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Table 1 Postoperative outcomes in comparative series of robot-assisted kidney transplantation (RAKT) and open kidney transplantation (OKT)

Author
Surgical 
approach

Patients 
(n)

Follow-up 
(months)

Analgesia 
(morphine 
derivatives)

Wound 
infection

Delayed 
graft 
function

Symptomatic 
lymphocele

Length of 
hospital 
stay

Creatinine 
(last 
follow-up) Mortality

Tuğcu 
(2018)

OKT
RAKT

40
40

6
6

–
–

3 (7.5)
1 (2.5)

0
1 (2.5)

2 (5)
0

–
–

0.87 ± 0.73
0.95 ± 0.9

2 (5)
0 (0)

Pein (2019) OKT
RAKT

21
21

–
–

–
–

0 (0)
0 (0)

1 (4.7)
0 (0)

–
–

23.5 ± 11.7
15 ± 4.1*

145.7 ± 42
182.6 ± 115.9

0 (0)
0 (0)

Maheshwari 
(2020)

OKT
RAKT

152
55

29
27

3.1 ± 0.45
1.3 ± 0.12*

10 (6.6)
0 (0)

8 (5.2)
5 (9.0)

2 (1.3)
0 (0)

–
–

1.1 (0.5–6)
1.1 (0.4–7.5)

0 (0)
1 (1.8)

Bansal 
(2020)

OKT
RAKT

21
4

31
30.5

3 (2–4)
1.5 (1–2)*

3 (14.3)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)

9 (9–9)
9 (9–11.5)

1.1 (0.9–1.5)
1.35 
(1.08–1.63)

0 (0)
0 (0)

Ahlawat 
(2020)

OKT
RAKT

378
126

23.2
24.7

31.2 ± 7.2
20.1 ± 9.5*

15 (4)
0 (0)*

9 (2.4)
0 (0)

20 (7)
0 (0)*

8 (6–14)
8 (5–12)

1.2 (1–1.5)
1.2 (1–1.4)

8 (2.1)
5 (3.9)

*p < 0.05

Prudhomme et  al. recently compared renal function 
(eGFR) at 1-year follow-up in the population database of the 
ERUS-RAKT working group, stratifying the groups accord-
ing to BMI, and no statistical significant difference between 
the two groups could be underlined. The median eGFR was 
54 (45–60) vs 57 (46–70) vs 63 (49–78) ml/min/1.73  m2 
(p  =  0.5) in obese (≥ 30  kg/m2 BMI), overweight 
(< 30/ ≥ 25  kg/m2 BMI), and non-overweight recipients 
(< 25 kg/m2 BMI) [24].

4.2  Multiple Vessels

RAKT has been studied, and a few studies have shown its 
effectiveness also in those setting where the graft is charac-
terized by a complex surgical vascular anatomy that requires 
reconstruction. The vascular reconstruction may be per-
formed extra, during bench surgery, or intracorporeally with 
two different techniques. The pantaloon anastomosis pro-
vides a latero-lateral anastomosis of the vessel branches. In 
alternative, an end-to-side anastomosis may be preferred if 
the branches significantly differ in caliber.

A study from Siena et  al. recorded the results from the 
multi-institutional ERUS-RAKT working group database 
that compared 21 patients that underwent RAKT from living 
donors using grafts characterized by a complex vasculature 
or multiple-vessel grafts (MVGs) to 127 single-vessel ones. 
The ex vivo vascular reconstruction was carried out on the 
bench table after living-donor nephrectomy. Total operative 
time and cold ischemia time were significantly longer in the 
MVG group (p = 0.004 and p = 0.003, respectively), but no 
differences were found for rewarming and anastomotic time. 
However, at the multivariate analysis, RAKT applied to 
MVG was not associated with a worse postoperative renal 
function at 1  month (eGFR <45  ml/min/1.73  m2) [20]. 
Another study showed that the number of graft arteries was 
independently associated with worse GFR at 1 month post-
operatively (p = 0.02) in obese recipients [24]. In a recent 

retrospective analysis, 43 MVG patients underwent RAKT 
were compared with 43 MVG treated with OKT. The pain 
score, use of analgesic medications, and hospital stay were 
significantly lower in the robotic group (p = 0.03, p = 0.02, 
and p = 0.05, respectively), and functional outcomes were 
comparable between the two populations (p = 0.9) [25]. The 
overall complication rate was similar between the two groups 
except for wound-related events in favor of the robotic 
approach (p = 0.002).

5  Limitations

5.1  Robot-Assisted Kidney Transplantation: 
Deceased Donor

Deceased donor grafts are still one of the main limitation in 
RAKT due to either logistic matter and recipient features. 
Firstly, the deceased donor KT is performed in an emergency 
setting usually via an open approach, due to the unpredict-
able availability of the graft and the expertise needed to per-
form RAKT. Secondly, the population subjected to KT is at 
ESRD and under hemodialytic treatment; thus, they bear car-
diovascular problems, comprehending the possibility to 
present with multiple external iliac artery plaques that con-
traindicate the RAKT.  RAKT is contraindicated in these 
cases because the surgeon lacks the tactile feedback and the 
choice to position the clamps placement and the portion to 
perform arteriotomy on the external iliac artery is arbitrary. 
The first experience in RAKT from deceased donor was car-
ried out at the University of Florence, which developed a 
dedicated structured program to overcome this limit [9]. Five 
key phases of RAKT were highlighted, so that each of them 
was adapted to the emergency setting of a deceased donor’s 
RAKT (Table 2).

The largest cohort of deceased donor RAKT in the litera-
ture has been reported by the group of Florence counting 21 
patients. When compared to the same technique performed 
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Table 2 Key phases to perform in deceased donor’s RAKT, according 
to the University of Florence’s dedicated protocol

Surgical 
team

•  One experienced surgeon in RAKT.
•  Two experienced bedside assistants in laparoscopic 

urologic surgery.
•  Robotic operating room nursing staff.

Recipient •  Absence of exclusion criteria for RAKT 
(age < 18 years, contraindications for robotic 
surgery, multiple previous abdominal surgery, 
previous transplant).

•  Absence of severe atheromatic plaques at the level 
of the iliac vessels.

Robotic 
operating 
room

•  Setting of a dedicated emergency robotic operating 
room available during the weekends and at 
nighttime.

•  Full availability of the robotic operating room 
during daytime according to elective surgeries 
scheduled.

Cold 
ischemia

•  Availability of the operating room with the 
possibility to start the bench surgery within 
16 hours from the beginning of cold storage.

Graft •  Absence of exclusion criteria at bench table, such 
as in the case of a graft with multiple vessels.

Fig. 4 Cold ischemia device

in living donors (LD), surgical outcomes did not significantly 
differ in the deceased donor’s cohort (mean rewarming time 
was 59 min in LD vs 56 min in DD, p = 0.4). In two cases 
(9.5%), significative postoperative complications (Clavien 
>2) were recorded, and the other two patients experienced 
delayed graft function, being on dialysis at the last follow-
 up. No cases of Clavien-Dindo IV or V were recorded. 
Moreover, an increasing trend of eGFR from postoperative 
day 1 to the last follow-up (median of 16  months) was 
observed, reaching satisfactory graft function and holding all 
the forementioned advantages of a minimally invasive 
approach for the patient and all the enhanced movements and 
visualization for the surgeon [26].

6  Future Perspectives

Since the first experience, the indications for RAKT have 
been pushed, and obese patients, multiple-vessel grafts, and 
deceased donors can now be treated by a robotic approach. 
Some points still remain critical and need to be faced to 
improve RAKT operative outcomes.

6.1  Intracorporeal Graft Cooling Systems

One of the main critical steps of the KT, especially evident 
since the robotic approach took over, regards to the rewarm-
ing time consisting in the time running from the graft place-
ment into the abdominal cavity of the recipient to graft 

revascularization, and it is associated with ischemic/reperfu-
sion damage. In order to preserve the graft function during 
vascular anastomosis, ice slush is commonly used to main-
tain a low temperature, according to the Vattikuti-Medanta 
technique described by Menon et  al. [15]. In the standard 
RAKT procedure, graft temperature should be kept below 
20 °C before graft revascularization. This regional hypother-
mia minimizes the potential risk associated with the rewarm-
ing time. However, this cooling technique may be suboptimal 
and the ice slush may affect bowel function [25]. Several 
cooling devices have been implemented to overcome this 
limit during the surgical procedure, but due to the scarcity of 
results and the unavailability on the market, they have not 
been implemented in the human model. Recently, a cold 
ischemia device (CID) (Fig. 4) has been described by Territo 
et al. [27] to maintain a low graft temperature during surgery 
through the IDEAL phases 0 and 1. In all the preliminary 
tests of IDEAL phase 0 and in the animal model, the CID 
was able to maintain a low and constant graft temperature. 
The IDEAL phase 1 in humans demonstrated feasibility of 
both OKT and RAKT using the CID, and the graft tempera-
ture never exceeded 20 °C (mean temperature: OKT 15.7 °C 
vs RAKT 18.3 °C).

6.2  Iliac Artery Plaque Tracking

In the majority of cadaveric donor recipients, it is possible to 
detect multiple arterial plaques of the iliac artery due to 
advanced renal disease up to ESRD and to the long-term con-
sequences of the hemodialysis to the cardiovascular appara-
tus. RAKT in these patients is usually contraindicated due to 
the surgeon’s lack of intraoperative haptic feedback that usu-
ally guides the surgeon in deciding where to clamp the vessel 
and perform the arteriotomy. The use of 3D augmented real-
ity technology can overcome this limitation, expanding the 
indication of RAKT to this new cohort of patients.
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6.3  Robot-Assisted Kidney 
Autotransplantation (RAKAT)

Another novel application of the robotic-assisted renal 
transplantation is in the field of autotransplantation with 
RAKAT. The indications to perform a RAKAT are healthy 
patients with a proximal and/or medium ureteral stricture 
that can be iatrogenic or functional, in which an in situ 
reconstruction or an endoscopic approach cannot be per-
formed. Two main techniques have been described, using 
the DaVinci Si and Xi robotic platform: the extracorporeal 
and the totally intracorporeal techniques. In the extracorpo-
real technique, the graft is prepared on the bench table, 
whereas in the total intracorporeal technique, the kidney is 
prepared inside the operative field. The transplant technique 
mimics the standard RAKT steps mentioned before. The 
largest series of kidney autotransplantation available on lit-
erature included seven patients treated with both extracor-
poreal and totally intracorporeal techniques with no need 
for open conversion during the procedure [28]. Mean serum 
postoperative creatinine levels showed a significant 
improvement. A recent study by Breda et al. was published 
describing the largest population of patients (n = 29) under-
going RAKAT, and they compared the intra-versus extracor-
poreal approach [29]. They concluded that both e RAKAT = 
RAKAT represent promising minimally invasive techniques 
in selected cases with acceptable ischemia time, and, despite 
a quicker renal function recovery seen in the eRAKAT 
approach in the short-term, the long-term operative out-
comes are comparable [29].
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Nephroureterectomy and Bladder Cuff 
Excision

Ashok K. Hemal, Sumit Saini, David Albala, 
and Riccardo Autorino

1  Introduction

Upper tract urothelial carcinoma is a relatively uncommon 
malignancy and accounts for 5–10% of all urothelial carci-
nomas [1]. Radical nephroureterectomy (RNU) and bladder 
cuff excision along with template-based lymphadenectomy 
is now considered the gold standard procedure for all high- 
risk upper tract urothelial carcinomas [2]. The laparoscopic 
approach is marred with inferior oncological outcomes 
despite delivering improved perioperative outcomes in com-
parison to open approach [3, 4]. With laparoscopic approach, 
meticulous bladder cuff excision and watertight closure of 
the cystotomy require intracorporeal suturing which could 
be the most daunting task even for the most experienced 
laparoscopic surgeons. The data concerning the robot- 
assisted approach suggests comparable oncological out-
comes to open and laparoscopic approaches while allowing 
favorable perioperative outcomes in terms of blood loss, 
length of hospital stay, and complications [5]. The most 
recent National Cancer Database (NCDB)-based analysis 
favors a robot-assisted approach over the laparoscopic 

approach regarding the rates of lymph node dissection/yield 
and better oncological outcomes [6].

The robotic EndoWrist technology (da Vinci), with the 
three-dimensional visualization and magnification, allows 
for the performance of this part of the procedure with utmost 
precision and ease. Also, the evidence is mounting regarding 
the benefit of template-based lymphadenectomy, even in 
clinically node-negative patients, where robot-assisted pro-
cedure seems to have an edge [2, 6].

One of the challenges of the RNU procedure is the need 
to address both the upper and lower urinary tract. Indeed, 
discussion on the best way to manage the bladder cuff fueled 
the debate in the laparoscopic era [5]. One of the advantages 
of robot-assisted overstandard laparoscopy for this proce-
dure is that the robotic platform facilitates the “multi- 
quadrant” approach which is required for ablative and 
reconstructive components. Initial robotic experience was 
mainly based on the use of the S® and Si® platforms that 
would typically require robot re-docking and/or patient repo-
sitioning. However, the concept of a “single-stage” approach 
was then introduced with pioneering work by Hemal et al. 
and others with the main aim of reducing the operative time 
while maintaining surgical effectiveness [7, 8]. More 
recently, the introduction of the da Vinci Xi® Surgical 
System further facilitated this approach [9, 10].

In this chapter, we aim to describe our technique for 
robotic-assisted nephroureterectomy with bladder cuff exci-
sion and template-based lymphadenectomy in a step-by-step 
manner with tips and tricks to help surgeons perform this 
procedure efficiently and with ease.

2  Case Selection and Preparing 
for Surgery

Regardless of the tumor location, radical nephroureterec-
tomy with bladder cuff excision is the standard management 
of nonmetastatic, organ-confined, high-risk upper tract uro-
thelial carcinoma. Due to the inferior oncological outcomes 
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in non-organ-confined disease (pT3/T4 +/− bulky lymph 
nodes), minimally invasive surgery is a contraindication [4, 
11]. Other contraindications for robot-assisted procedure 
include medical conditions including severe cardiopulmo-
nary disease which precludes general anesthesia. Multiple 
previous abdominal surgeries are also relative contraindica-
tion. However, in these cases, a retroperitoneal approach can 
be adopted.

A thorough history and physical examination is necessary 
including the review of all the imaging studies. 
Urethrocystoscopy is also an integral part of the evaluation 
to rule out concomitant bladder carcinoma. Even when 
highly suspicious, imaging studies alone are usually not suf-
ficient to proceed with RNU. However, in the case of a poorly 
functioning kidney, or pyonephrosis or severe hydrouretero-
nephrosis with gross hematuria and periureteral or perineph-
ric stranding, a positive urine cytology can be deemed 
sufficient to proceed. If there is any doubt, then ureteroreno-
scopy and guided biopsies should be performed to stage/risk 
stratify the disease.

Patients on antiplatelets and anticoagulants should be 
seen by their primary care physician/cardiologists, and 
appropriate clearances should be sought to either hold the 
medications or to bridge with heparin in the perioperative 
period depending upon the patient’s cardiovascular condi-
tion. Aspirin can be continued throughout the perioperative 
period and in high-risk cases, we also give heparin.

Informed consent is ideally obtained in the clinic prior to 
scheduling the surgery. Both usual and unusual risks associ-
ated with the procedure and anesthesia, which includes 
bleeding, infection, damage to adjacent structures (including 
the bowel, pancreas, spleen, liver), urine leak, hernia forma-
tion, testicular pain, renal insufficiency, disease recurrence, 
myocardial infarction, stroke, deep venous thromboembo-
lism, pulmonary embolism, and very rarely death, should be 
discussed with the patients. All patients should also be 
informed regarding the need for conversion to an open pro-
cedure with a low threshold in the event of any difficulty 
(technical/surgical) encountered.

3  Patient Positioning

After induction of anesthesia in the supine position, per ure-
thral catheter is placed (16/18 Fr). The abdomen is shaved 
from the costal margins till pubic symphysis. The patient is 
then placed in a full-flank position with the lower leg flexed at 
the hip and knee joint, with the upper leg fully extended. This 
provides stability and prevents forward roll in this position. A 
pillow is placed between the knees, and the table may be 
flexed to open up the space between the costal margin and the 
iliac crest. Table flexion is not essential while using Xi in 
which the table is usually kept flat or if desired, flexion can be 

done to open the space between the iliac crest and costal carti-
lage. To prevent the neurovascular bundle injury or compres-
sion, an axillary roll is placed under the patient’s axilla. The 
back of the patient is supported by bolsters or bean bags, and 
Velcro straps are also used to secure the patient both at the 
chest and hips. The dependent arm is secured on a padded arm 
board straight out and the nondependent arm is either placed 
on the Allen’s rest with the elbow flexed or kept straight down 
the side of the patient and secured. Once positioned, all the 
pressure points must be padded as appropriate.

We currently employ a four-armed transperitoneal robotic 
technique using the da Vinci Xi with an additional port 
(12 mm) for the bedside assistant. For right side cases, an 
additional 5 mm port to accommodate a locking grasper for 
liver retraction can be used. The scrub technician also stays 
on the same side next to the bedside assistant for the ease of 
instrument placement and exchanges.

4  Instrumentation and Equipment

Robotic Equipment
• da Vinci Xi Surgical System (Intuitive Surgical Inc., 

Sunnyvale, CA),
• Fenestrated bipolar forceps.
• Monopolar curved scissors.
• ProGrasp forceps or tip-up fenestrated grasper.
• Large suture cut needle driver.
• Large needle driver (optional).
• Maryland bipolar forceps (optional).
• Vessel sealer (optional).

Trocars
• 8 mm robotic trocars × 4
• 12 mm AirSeal port (Surgiquest Inc., Milford, CT)
• 5 mm port (optional, for right side cases).

Sutures
• 3-0 barbed V-Loc suture (Covidien, Minneapolis, MN) or 

3-0 poliglecaprone suture
• 3-0 polyglactin 910 suture
• 0-polydioxanone (PDS) suture
• 4-0 poliglecaprone suture
• 4-0 silk or nylon suture (for drain).

Laparoscopic Instruments for Bedside Assistant
• Needle driver.
• Blunt grasper.
• Suction irrigator.
• Hem-o-Lok clip applier.
• Endovascular stapler with vascular loads (optional).
• Endo Catch II or bag for specimen retrieval.
• Locking grasper or Allis (optional for right side cases).
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5  Surgical Technique

5.1  Step 1: Abdominal Access

Using either the closed (Veress needle) which we do rou-
tinely or open-access (Hasson) technique, very infrequently 
based on the surgeon’s preference, pneumoperitoneum is 
created. While using Hasson’s technique for entry into the 
abdominal cavity, a point in the midline 3–4 cm above the 
umbilicus is chosen. This could later serve as the 12  mm 
assistant port (AirSeal, if available). The abdomen is insuf-
flated. Higher pressures up to 15–20 mm Hg could be used at 
the time of port placement based on the surgeon’s preference 
and then should be brought down to 10–13 mm of Hg.

5.2  Step 2: Port Placement 
and Configuration

Once the pneumoperitoneum is created, the initial intra- 
abdominal visualization may be done using a 0-degree lens, 
which could also be utilized for placement of the ports. Port 
placement is a crucial step but has been simplified over time 
to almost a standard template for the robotic radical nephro-
ureterectomy with bladder cuff excision, which allows for 
dissection in both abdomen and the pelvis, without the need 
for patient repositioning or re-docking of the robot which has 
been a major advance for this surgery. All ports are 8 mm in 
size and positioned in a linear/curvilinear fashion (Figs.  1 
and 2). The first port is placed just lateral to the rectus mus-
cle, immediately cranial to the level or above the umbilicus 
as per patient built. The second port is placed in line with the 
first port, around 2 fingerbreadths inferior to the costal mar-
gin. The third port is placed 6–8 cm caudal to the first port 

and immediately lateral to the rectus muscle. The final/fourth 
port is placed 6–8 cm caudal to the third either in line with 
the rest of the three ports or slightly toward the midline. 
Another 12 mm assistant port (AirSeal, if available) is also 
placed in the midline, around 3–4 cm cranial to the umbili-
cus. An additional 5 mm port can be placed in the subxiphoid 
area to accommodate a locking Allis or grasper for liver 
retraction in right side cases. Once all the ports are in posi-
tion, the robot is docked perpendicular to the table, over the 
patient’s back.

The camera hopping and targeting/retargeting feature of 
Xi allows for the multi-quadrant approach to this surgery as 
needed. During the abdominal component of the procedure, 
the camera is positioned in the first port just cranial to the 
level of the umbilicus, but during the pelvic component, the 
camera can be hopped to the port placed 6–8 cm caudal to 
the first port. The arms are then completely disconnected and 
the ipsilateral ureterovesical junction is targeted. This allows 
the robotic boom to rotate, reorient, and reposition the 
robotic arms, to maximize the range of motion and patient 
clearance.

With all ports and the robotic arms docked in position 
(Fig. 3), we proceed with the radical nephrectomy portion of 
the procedure typically with the 30° lens. Under direct 
vision, robotic instruments are inserted into the cannulas by 
the bedside assistant into the surgical field. As the camera is 
positioned through the first port, the instruments placed in 
position through the second and third ports serve as the right/
left working arms based on the side of the surgery. For the 
right-sided procedure, the second port which is the most cra-
nial port becomes the right working arm, and the third port 
which is placed 6–8 cm from the camera port serves as the 
left working arm. This orientation is reversed for the left- 
sided procedure, where the third port which is 6–8 cm caudal 
to the camera port becomes the right arm and the most  cranial 

8mm ROBOTIC PORT

12mm ASSISTANT PORT

CAUDAL

ILIAC CREST

CRANIAL

Fig. 1 Illustration for port placement (right RNU-BCE + LND) for the 
da Vinci Xi platform. The ports can be placed medially/laterally based 
on the patient’s body habitus

Fig. 2 Depiction of port placement (right RNU-BCE) on a patient
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Fig. 3 Ports/robotic arms docked (right RNU-BCE) with instruments in position

or the second port serves as the left arm. Monopolar curved 
scissors are placed in the right working arm, and the fenes-
trated bipolar forceps are placed in the left working arm 
(Fig. 3). The ProGrasp or tip-up fenestrated grasper is placed 
through the most caudal or the fourth port cannula (Fig. 3). 
We keep the energy setting of 3 or 5 for both coagulation and 
cutting depending on the steps of the procedure (e.g., 3 near 
the hilar structures or for lymphadenectomy or bladder cuff 
excision) while using the Xi which has an integrated ERBE 
VIO dV generator.

5.3  Step 3: Colon Mobilization

Upon entering the abdominal cavity, if any adhesions are 
encountered between the abdominal structures (omentum/
mesentery, etc.) and the peritoneum, these are taken down 
sharply in the avascular plane closest to or at the abdomi-
nal wall. The first step while performing the radical 
nephroureterectomy is colonic mobilization. The colon is 
mobilized medially by incising the relatively avascular 
white line of Toldt, using gentle sweeping motions. 
Mesocolon is swept over the Gerota’s fascia without 
breaching either of these. The color and compactness of 
the fat allow for the differentiation between the two. 
Mesocolic fat is bright yellow and more loosely packed, 

while the perinephric fat is densely packed and pale yel-
low. The colon is reflected from the hepatic/splenic flexure 
to the pelvic inlet. This allows adequate exposure of the 
kidney and proximal ureter.

On the right side, the liver usually obstructs the view of 
the colon and/or kidney. For better exposure, the right coro-
nary ligament can be incised which helps in retracting the 
liver to allow access to the Morrison’s pouch. As already 
mentioned, a 5 mm port can be placed in the midline, 2 fin-
gerbreadths away from the xiphoid process for liver retrac-
tion. An atraumatic grasper with a lock is placed through this 
port, which is then advanced under the liver, lifting it while 
taking care not to injure the gall bladder, and affixed to the 
lateral abdominal wall. On the left side, the splenocolic liga-
ment needs to be incised to gain access to the splenic flexure 
which allows the colonic mobilization and to locate the 
upper pole of the kidney. Another important step is the peri-
toneal fold incision between the liver and the kidney on the 
right and the division of the lienorenal ligament on the left 
(while taking care not to injure the splenic vessels). Based on 
the surgeon’s preference, this step could be done at the time 
of upper pole mobilization after renal vessel ligation/hilar 
dissection or at the beginning during colon mobilization.
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a b

Fig. 4 (a) Depiction of lifting the right ureter off the psoas muscle. (b) Depiction of Hilar dissection immediately following the renal artery divi-
sion; renal vein clipped

5.4  Step 4: Dissection of the Ureter 
and Identification of the Renal Hilum

On the right side, the duodenum is kocherized to expose the 
inferior vena cava (IVC) which is a necessary step not just 
for the renal hilar dissection but also for the lymph node dis-
section. After colonic mobilization, the lower pole of the kid-
ney is identified and lifted with the tip-up grasper (fourth 
arm). Dissecting further down and medially, the ureter and 
gonadal vein are identified. They are then traced back to the 
hilum by gently lifting only the ureter on the right and ureter 
and gonadal vein together on the left. A window is also cre-
ated over the psoas muscle, while gently lifting these struc-
tures, dissection is continued cranially (Fig. 4a). On the right 
side, the gonadal vein is traced to its insertion in the IVC, 
while on the left, it is traced back to its insertion in the left 
renal vein.

5.5  Step 5: Hilar Dissection

As we proceed cranially, the renal hilum is reached. Fine dis-
section at the renal hilum can be aided using additional 
instruments like vessel sealer, Maryland bipolar forceps, or 
the monopolar hook. Typically, we continue to use the mono-
polar scissors and the fenestrated bipolar forceps to save the 
cost and the time required to switch the instruments. Hilar 
dissection is done with utmost precision to skeletonize the 

proximal renal artery and renal vein for about 2–3 cm seg-
ment, individually. During the dissection, the fourth robotic 
arm with ProGrasp or tip-up grasper in position aids in con-
tinued retraction of the kidney laterally. The assistant can 
provide additional help in retracting other structures like the 
colon, duodenum, and IVC on the right side and the colon, 
pancreas, and spleen on the left side, for unhindered dissec-
tion at the renal hilum. Considerable attention must also be 
given to identify accessory renal vessels, lumbar vessels, 
adrenal vessels, and early branching of the main renal artery 
or the renal vein. Preoperative dedicated CT scans such as 
CT angiogram of the abdomen or the three-dimensional 
reconstruction is of great importance to identify these struc-
tures intraoperatively. Once the renal hilum is dissected, the 
renal artery is divided first using extra-large Hem-o-Lok 
clips 3 on the stay side and one distal toward the kidney; if 
complex dissection, then we apply one clip over the artery 
and proceed for renal vein dissection and division using 
extra-large Hem-o-Lok clips 3 on the stay side and one distal 
toward the kidney (Fig.  4b). Other potential options are 
suture ligation with 0-silk or using an endovascular stapler. If 
the stapler is used, we try and place at least one extra-large 
Hem-o-Lok clip proximally on the renal artery and vein 
before stapling, to decrease the risk of vascular fistula forma-
tion or in event of misfire or any other issue. The bedside 
assistant should be facile in deploying the stapler and under-
standing the device.
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5.6  Step 6: Adrenal Gland Dissection 
and Kidney Mobilization

Immediately after the ligation of renal vessels, the ureter is 
clipped. The clipping of the ureter is done only after the renal 
vessels have been ligated to prevent the buildup of the urine 
in the renal pelvis which might obscure the hilar dissection. 
Ureteral clipping plays an important role in the prevention of 
any tumor spillage or the shed tumor cells to move along the 
natural transit of the urine, from the pelvicalyceal system 
caudally into the ureter and the bladder, especially for tumors 
in the renal pelvis.

After the ligation of renal vessels and clipping of the ure-
ter, the upper pole of the kidney is mobilized usually with an 
adrenal sparing technique unless there is evidence of direct 
tumor involvement into the adrenal, either visually or radio-
graphically. The adrenal glands may have a complex vascu-
lar supply, and this should be borne in mind while dissecting 
the adrenals from the renal capsule. Once the adrenal gland 
is preserved and the upper polar mobilization is complete 
(incision of peritoneal folds between the liver and kidney on 
the right and lienorenal ligament division on the left side, if 
not done before), the dissection is continued laterally and 
behind the kidney to divide all the attachments, and the kid-
ney is freed from all around. The dissection is then continued 
caudally along the ureter toward the true pelvis. Until the 
bladder cuff excision, the kidney (within the Gerota’s fascia) 
is left in the upper quadrant.

5.7  Step 7: Lymphadenectomy

For the tumors arising from the renal pelvis/ureter, template- 
based lymphadenectomy is usually performed. EAU guide-
lines suggest a survival benefit even in clinically and 
pathologically node-negative patients if template-based 
lymphadenectomy is performed for all tumors with muscle- 
invasive disease (>/= T2) [2].

The following templates can be used [12].

• Renal Pelvis/Proximal Ureter
 – Right side: hilar, paracaval, precaval, and retrocaval ± 

interaortocaval.
 – Left side: hilar, para-aortic, and preaortic ± 

interaortocaval.
• Mid-ureter

 – Right side: paracaval + interaortocaval + right com-
mon iliac.

 – Left side: para-aortic + interaortocaval + left common 
iliac.

• Distal Ureter (Extended Pelvic Lymphadenectomy)
 – Right side: right pelvic nodes (obturator, internal and 

external iliac, and common iliac lymph 
nodes) ± paracaval.

 – Left side: left pelvic nodes (obturator, internal and exter-
nal iliac, and common iliac lymph nodes) ± para-aortic.

Lymph node dissection is done using blunt and sharp 
dissection without the use of electrocautery to avoid any 
inadvertent damage to the major vessels. Each nodal 
packet is clipped both proximally and distally to avoid/
reduce the risk of lymphocele and sent for pathological 
analysis separately. Vessel-sealing device, if used, is very 
helpful during this step as it avoids the need to use several 
clips.

5.8  Step 8: Dissection of the Distal Ureter 
and Bladder Cuff

As we move caudally into the pelvis, the robotic arms require 
some adjustments to allow the transition from the abdomen 
to the pelvic component of the procedure. All the robotic 
arms are completely removed, and the camera is hopped to 
the third port (6–8 cm caudal to the first/periumbilical port; 
see port placement section). Once the camera is switched to 
this new position, it is then centered/focused on the ipsilat-
eral ureterovesical junction, and the boom is retargeted. This 
is an inherent automatic feature of Xi which allows for multi- 
quadrant surgery in the same patient position. The boom 
rotates and the robotic arms align themselves in the most 
convenient position allowing maximum range of motion and 
patient clearance. The instruments of choice (surgeon’s pref-
erence) are inserted taking into consideration that the right 
working arm is through the most caudal port and the left 
working arm is through the port just above the level of the 
umbilicus (previous camera port). The fourth robotic arm is 
placed in the most cranial robotic port.

While ureteral dissection is continued caudally (Fig. 5a), 
the vas deferens in males and the broad ligament in females 
are encountered. These are then clipped and divided if 
needed. The medial umbilical ligament is then divided to 
allow for the rotation of the bladder for easier access to the 
bladder cuff if needed or else retraction with one arm is suf-
ficient. The coverings of the bladder in the peri-ureteral 
region are also incised, allowing the visualization of the 
detrusor muscle fibers. The ureter is then grasped and placed 
on traction by either using the fourth arm or with the help of 
the bedside assistant, which assists in the identification of the 
ureteral insertion into the bladder and clear delineation of 
ureterovesical junction (Fig. 5b).

5.9  Step 9: Bladder Cuff Excision

We typically use the extra-vesical technique for the bladder 
cuff excision. At Atrium Health Wake Forest Baptist, we pre-
fer Gemcitabine intra-vesical instillation in the beginning 
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a b

Fig. 5 (a) Dissection continued caudally; lifting the ureter at the level of crossing over the iliac vessels. (b) Depiction of the bladder cuff with the 
ureter placed on traction

which is left for 60 minutes, and the bladder is emptied prior 
to excision of bladder cuff to minimize the risk of urine spill-
age/intravesical chemotherapeutic, into the peritoneal cavity. 
A full-thickness stay suture using either a 3-0 barbed suture 
or polyglactin on the lateral aspect of the bladder cuff is 
placed to prevent the retraction of the bladder mucosa once 
the bladder cuff is completely excised, using suture cut nee-
dle driver in one hand and ProGrasp or bipolar forceps in the 
other hand. The use of a second needle driver can be avoided 
to reduce the cost. Monopolar scissors are then used to dis-
sect the bladder cuff with a 1–1.5 cm margin all around the 
ureterovesical junction. Using sharp dissection/incisions, the 
bladder lumen is entered, and the bladder cuff is excised. The 
contralateral ureteral orifice can be visualized once inside the 
bladder lumen, and caution must be taken to avoid its injury. 
Once this step is completed, the whole specimen (en bloc) is 
placed into a specimen bag for extraction later.

5.10  Step 10: Bladder Repair/Cystotomy 
Closure

Bladder repair is done in layers, with mucosal closure being 
the first layer. We typically use 3-0 poliglecaprone suture in 
a continuous fashion for mucosal layer closure. After the 
complete closure of the first layer, the second full-thickness 

closure is done using the previously placed 3-0 barbed stay 
suture, again in the continuous fashion. Otherwise one can 
run the same stay suture incorporating the mucosa and detru-
sor and second full-thickness layer. We then check the integ-
rity of the bladder repair by retrograde filling through the 
Foley catheter, by instilling saline (+/− methylene blue). 
Insufflation pressure is then reduced to 5 mm Hg, and the 
hemostasis is confirmed at all the dissection sites (abdomen 
and pelvis). If easy and peritoneal flap is available, we 
retroperitonealize.

5.11  Step 11: Retrieval of the Specimen 
and Closure

We deploy a 15 Fr Jackson Pratt closed suction drain through 
the most caudal 8 mm port if the specimen is planned to be 
retrieve through the supraumbilical assistant port (midline) 
and secure this with the absorbable suture. In most of the 
cases if not necessary, we do not place the drain, and the 
specimen is retrieved through the most caudal 8 mm port 
site (extending incision laterally in transverse direction). All 
12 mm ports are required to be closed at the fascial level if 
not used for specimen retrieval. Subsequent to the specimen 
removal, the fascia is closed using a 0-polydioxanone suture 
in a continuous fashion. The robot is un-docked and all 
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Table 1 Reported outcomes of robotic nephroureterectomy

Reference Year No. of cases
Robotic 
system

LND 
(%)

>/=pT3 
(%) OT, min EBL, ml

LOS, 
days

Overall complication rate, 
%

Hemal et al. [7] 2011 15 S/Si 20 26.6 183 103 2.7 0
Lim et al. [13] 2013 32 S/Si 34a 40.6 250 263 6.2 28
Lee et al. [14] 2013 17 S/Si 80 23.5 161 99 3.0 20
Zargar et al. [8] 2014 31 S/Si 45 45.1 300 200 5.0 19
Ambani et al. [15] 2014 22 S/Si 59 36.4 298 380 3.1 37
Melquist et al. [16] 2016 37 Si 100 19 306 150 5.0 14
Patel et al. [17] 2018 87 S/Si/Xi S/Si: 54

Xi: 84
S/Si: 33.3
Xi: 41

S/Si: 
232
Xi: 184

S/Si: 
156
Xi: 122

S/Si: 2.6
Xi: 2.3

S/Si: 17
Xi: 13

De Groote et al. 
[18]

2019 78 (Si/Xi: 
69/9)

Si/Xi 41 29.5 167 124 4.0 24.4

Lee et al. [19] 2019 124 S/Si/Xi NR 28.22 248.5 200.5 10.3 9.7
Ye et al. [20] 2020 29 Si NR 20.8 300 100 5.0 NR
Veccia et al. [10] 2021 148 Xi 38.1 30.8 215.5 100 2.0 17.7

Bladder cuff excision was extravesical in all series
NR: not reported
a Retroperitoneal lymph node dissection was not performed, only pelvic LND

8 mm ports are removed. These ports do not require fascial 
closure and typically only the skin closure is needed. 
Scarpa’s fascia is closed with interrupted 4-0 polyglactin 
suture, and the skin is closed using the 4-0 poliglecaprone 
(continuous, subcuticular). The port sites are also closed 
using the same suture.

6  Postoperative Management

Patients are started on a clear liquid diet on postoperative day 
0/1 and maintenance intravenous fluids based on the hydra-
tion status/urine output. We typically use acetaminophen tab-
let 1000 mg and ketorolac as the analgesic adjunct. We avoid 
narcotics and follow care pathways. Patients are also encour-
aged to ambulate, starting from the evening of the surgery or 
the postoperative day 1, with assistance. The diet is advanced, 
as tolerated. Typically, the drain is removed on postoperative 
day 1, and the patient is discharged or as needed. Per urethral 
catheter is usually kept for 7 days. Cystogram is not usually 
required unless there is clinical suspicion of a urine leak.

7  Steps to Avoid Complications

• Empty the bladder before dividing the bladder cuff to pre-
vent spillage of urine. Also, empty chemotherapeutic 
agent if it is instilled.

• Judicious use of electrocautery to minimize the risk of 
any inadvertent vascular/bowel injury.

• Use clips or vessel-sealing device at the time of lymphad-
enectomy to minimize the risk of lymphatic leak/
lymphocele.

• Perform a two-layered closure for the cystotomy repair to 
minimize urine leak.

• Place clips over the artery/vein proximally, before firing 
endovascular stapler (if employed) to prevent the risk of 
fistula formation or use extra-large Hem-o-Lok clips, and 
divide in between to save on cost.

• Carefully dissect the distal ureter in females, to avoid any 
inadvertent injury due to its proximity to the cervix/
vagina, as it may lead to the creation of a vesicovaginal 
fistula. The bedside assistant may provide some help dur-
ing this step by placing a swab on sponge stick in the 
vagina to aid in its identification.

8  Outcomes

An overview of studies reporting on robot-assisted nephro-
ureterectomy for the surgical management of upper tract uro-
thelial carcinoma is provided in Table 1.

9  Discussion

Robot-assisted RNU is a challenging procedure that includes 
both an extirpative (nephroureterectomy/abdominal compo-
nent with lymphadenectomy) and a reconstructive (bladder 
cuff excision and bladder repair/pelvic component) portion. 
With continued advancements in the robotic surgical systems 
over time, the surgical technique has evolved as well, and by 
and large all across the globe, surgeons prefer using Xi robot 
for this surgery.

While the earlier description of this procedure required 
the repositioning of the patient and re-docking/reposition-
ing of the robot, the first series with a description of com-
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plete robot-assisted RNU and bladder cuff excision without 
patient repositioning or re-docking of the robot was pub-
lished in 2011 (using S/Si systems) [7]. With the launch of 
the robotic system, da Vinci Xi in 2014. the overhead con-
figuration of the robotic arms, features like camera hop-
ping, multi- quadrant access using targeting/retargeting, 
and patient clearance, further facilitated the surgical pro-
cedure. One retrospective analysis compared the two sur-
gical systems where the Xi system was found to have an 
edge over the S/Si system. Operative times, anesthesia 
costs, and overall hospitalization costs were found to be 
significantly lower than the S/Si surgical system while 
simultaneously allowing for the single docking technique. 
This analysis suggested improved outcomes with advanc-
ing technology [17].

Template-based lymph node dissection has been studied 
both prospectively and retrospectively. Based upon the side 
and location of the primary tumor, upper tract urothelial car-
cinoma has a characteristic pattern of retroperitoneal lymph 
nodal metastases with a tendency for the involvement of 
interaortocaval lymph nodes (tumors of the renal pelvis on 
the right side) and right to left spread [12, 21]. Lymph node 
dissection (template-based) at the time of radical nephroure-
terectomy has recently been included in the guidelines sec-
ondary to the emerging evidence supporting the survival 
benefit. In patients with muscle-invasive and locally 
advanced disease, template-based lymph node dissection 
demonstrated staging and survival benefits [22]. Even in 
clinically and pathologically node-negative disease, a defi-
nite survival advantage has been demonstrated [23, 24]. It 
has also been found that the template-based dissection, 
rather than the lymph node yield, has a greater impact on 
survival [25].

Surgical approach to the RNU has been found to have an 
impact on this inclusion of lymph node dissection. Over the 
years increased utilization of robot-assisted procedures has 
been demonstrated. With increased adoption, it has also 
been noted that in clinically node-negative patients who 
underwent a robot-assisted procedure, there is a higher 
likelihood of receiving lymph node dissection. At the same 
time, it was also noted that patients who underwent a robot-
assisted procedure have significantly better perioperative 
morbidity and overall survival [6]. This is a very important 
finding as the robotic approach allows for meticulous 
lymph node dissection with ease (three-dimensional visual-
ization, magnification, and EndoWrist technology) which 
in turn is associated with better survival outcomes and 
without any antecedent increase in perioperative 
morbidity.

Following RNU, the rate of bladder recurrence is 22–47% 
[2]. Postoperative intravesical instillation of mitomycin C, 
pirarubicin, epirubicin, and gemcitabine has been tried pre-

viously to reduce such recurrences. Significant reductions in 
recurrences have been found in a few randomized prospec-
tive trials like ODMIT-C (mitomycin C) and THP 
Monotherapy Study Group Trial (pirarubicin) [26, 27], 
although the ideal time for such instillation is not yet clear 
as various time points after RNU was used in these studies 
(0–10  days) for the intravesical instillation of chemother-
apy. A few retrospective analyses have also evaluated the 
impact of intraoperative instillation and found significant 
reductions in bladder recurrences with this approach when 
compared to postoperative instillation [28, 29]. Although 
the benefit of maintenance intravesical instillations seems 
plausible (extrapolating the results/advantage of mainte-
nance intravesical chemotherapy in non-muscle-invasive 
bladder carcinoma), yet no current evidence supports this 
hypothesis. A prospective randomized trial evaluated this 
hypothesis and found some potential delay in recurrences 
with maintenance intravesical instillations but fails to regis-
ter significant recurrence- free survival benefit in this regard 
when compared to single intravesical instillation [30]. Thus, 
the current guidelines recommend only a single postopera-
tive intravesical chemotherapy instillation to reduce bladder 
recurrences [2].

There is also an emerging role of perioperative chemo-
therapy for high-risk upper tract urothelial carcinoma. The 
current guidelines recommend postoperative/adjuvant che-
motherapy [2], as the data regarding its use and benefit is 
more robust which is primarily derived from a phase III ran-
domized trial using gemcitabine-cisplatin-based chemother-
apy. Significant improvement in disease-free survival was 
seen in patients with muscle-invasive and/or node-positive 
disease if the chemotherapy is initiated within 90 days [31]. 
The main criticism for adjuvant chemotherapy is the expected 
impact of nephroureterectomy on the residual renal function. 
Due to this, delivering a full dose of cisplatin- based chemo-
therapy could be challenging following the radical surgery. 
Neoadjuvant chemotherapy, however, would not have such 
an impact. Patients are subjected to chemotherapy before 
losing their renal reserve with an opportunity of pathological 
downstaging. On the flip side, the disease may progress with 
possible deterioration of the performance status of the patient 
(toxicity) which may impact the feasibility of subsequent 
surgical resection. The data regarding its use is still evolving, 
and a recent phase II trial (accelerated methotrexate, vinblas-
tine, doxorubicin, and cisplatin in patients with creatinine 
clearance of more than 50 ml per minute) suggested a 14% 
complete pathological response with acceptable toxicity 
[32]. A retrospective analysis also suggested a significant 
survival advantage (progression-free, cancer-specific, and 
overall survival) with platinum-based neoadjuvant chemo-
therapy in locally advanced upper tract urothelial carcinoma 
[33].
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10  Conclusions

Robot-assisted RNU with bladder cuff excision is a safe and 
feasible procedure that allows for meticulous dissection 
(lymph node dissection) and intracorporeal suturing (cystot-
omy closure). The introduction of the Xi system allowed 
facilitating the implementation of a multi-quadrant single- 
stage approach, which translated into reduced operative time 
and favorable perioperative and oncological outcomes.
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Current Status of Robotic-Assisted 
Pyeloplasty in Adults

Pietro Diana, Simone Scarcella, Raymond J. Leveillee, 
Geert De Naeyer, and Nicolomaria Buffi

1  Definition and Indications (When 
to Operate and When to Wait)

Ureteropelvic junction obstruction (UPJO), or pelvic- 
ureteric junction obstruction, represents the most common 
cause of antenatal/neonatal hydronephrosis. It is character-
ized by an impaired flow of urine from the renal pelvis into 
the proximal upper ureter, due to blockage or obstruction, 
that can determine an increased back pressure on the kidney 
parenchyma. If left untreated, a progressive dilatation and 
distension of the renal pelvis and calyces could occur, lead-
ing to interstitial fibrosis, loss of nephrons, reduction of kid-
ney function, and, ultimately renal failure. UPJO affects 
sporadically 1 per 1000/1500 newborns with a 4:1 male- 
female ratio: two-thirds of congenital cases is predominantly 
left-sided with a 10–46% variable incidence of bilateral 
occurrences; also familiar inheritance has been reported [1]. 
It can be detected at any time, from uterine development dur-
ing prenatal ultrasonography to older age; it has been esti-
mated that up to 50% of the patients presenting antenatal 
hydronephrosis will be diagnosed with UPJO at further 
radiological evaluations during life [2]. There are multiple 
possible causes, either transient or physiologic, which can be 
categorized as intrinsic/extrinsic and congenital/acquired 
(Table 1).

Several theories have been proposed regarding UPJO 
development, but despite several studies focusing on differ-
ent lines of investigation including embryological, histologi-
cal, anatomical, functional, and more recently molecular 
causes, the exact determinant of UPJO remains unknown [3].

Among possible etiologies, intrinsic causes include the 
following:

 – Ureteric valves scarring due to incomplete ureteral recan-
alization during development, resulting in stenosis/
obstruction.

 – Neurogenic/muscular dysfunction at the level of the ure-
teropelvic junction determining abnormal peristalsis.

 – Discontinuity of ureteral smooth muscle, replaced with 
collagen fibers, determining ureteric hypoplasia with dis-
ruption of regular peristalsis.

Extrinsic causes include the following:

 – Impaired urine drainage due to high insertion of the ureter 
in the renal pelvis.

 – Abnormal kidney rotation (renal ectopy or hypermobil-
ity), causing intermittent obstruction in relation to the 
ureteric position.
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Table 1 Causes of ureteropelvic junction obstruction

Congenital Acquired
Intrinsic –  Aperistaltic ureteric segment 

(replacement of spiral 
musculature with fibrous 
tissue).

–  True ureteral stricture.
–  Scarring of the ureteric valve.
–  Ureteric kinking.

–  Renal calculi.
–  Traumatic stricture 

following 
instrumentation.

–  Urothelial neoplasm.

Extrinsic –  Crossing lower pole vessels 
distorting the UPJ 
configuration (e.g.,, renal 
artery, aorta, vena cava, or 
iliac vessels).

–  Horseshoe kidney.
–  Duplex kidney.

–  Scarring after 
surgical 
instrumentation of 
the ureter.

–  Fibroepithelial 
polyps.
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 – Secondary UPJO, determined by prior surgery or stone 
burden.

 – Aberrant, accessory, or early branching renal vessel cross-
ing the lower renal pole and determining ureteral com-
pression and urine flow obstruction; anterior crossing 
vessels are more common than posterior ones. This occur-
rence can be the only determinant in ≤40% of cases, 
while in the remaining ones is concomitant to an intrinsic 
UPJO cause.

 – Congenital renal abnormalities (horseshoe or duplex 
kidneys).

 – Iatrogenic scar formation secondary to ureteric manipula-
tion by previous surgery.

 – Fibroepithelial polyps.

All these etiologies lead to an acute obstruction of urine 
flow from the upper tracts with increased ureteric, renal pel-
vic, and blood pressures. As consequence of the chronic ris-
ing of the ureteric pressure, the renal pelvis starts dilating, 
and renal blood flow decreases due to efferent arteriole vaso-
constriction. In the long term, a decreased overall glomerular 
filtration rate occurs due to tubular dilation, inflammation, 
glomerulosclerosis, and fibrosis of the kidney secondary to 
UPJO [4].

For this reason, it is therefore of vital importance to 
understand how to early diagnose and treat this condition. 
Patients affected by UPJO can manifest multiple signs and 
symptoms and at any age. Of these, the most frequent ones 
are flank pain, nausea and vomiting, hematuria, recurrent 
infections progressing to pyelonephritis/pyonephrosis, and 
palpable mass in the lumbar region. Adults are more likely to 
present with UPJO secondary to acquired causes, such as 
kidney stones or previous surgeries, with symptoms of acute 
renal colic and chronic back pain that can be exacerbated by 
increased fluid intake and diuretics. Rarely, UPJO remains 
asymptomatic and is detected incidentally during radiologi-
cal investigations performed to exclude other diseases [5].

The natural history of UPJO remains not clearly defined, 
without a widely accepted consensus regarding how to man-
age patients affected by this condition and when to treat them 
conservatively or surgically. Some indications for surgical 
intervention in adult patients with UPJO include the 
following:

 – Obstructive symptoms such as flank pain, hematuria, and 
recurrent infection nonresponsive to medical therapies.

 – Impaired split renal function at MAG3 diuretic renogra-
phy with at least 40% differential function of the affected 
renal unit.

 – Anterior/posterior diameter of the renal pelvis higher than 
20 mm on ultrasonographic scan.

 – Concomitant presence of renal calculi on CT scan.
 – Hypertension development at a young age.

An effective management is mandatory; it requires early 
identification of signs and symptoms, prompt diagnosis, and 
targeted treatment with the aim of improving renal drainage 
and function. In the absence of these indications, patients can 
be monitored closely with both radiological and blood sam-
ple investigations. Their treatment algorithm has to be tai-
lored according to progression of clinical symptoms and/or 
worsening of renal function.

2  Preoperative Evaluations

UPJO reduces the normal flow of urine from the renal pelvis 
to the ureter and if misdiagnosed or left untreated, can sig-
nificantly affect renal function. In this setting, radiological 
imaging techniques are of paramount importance in UPJO 
syndrome diagnosis and treatment planning. The main objec-
tives of radiological imaging techniques for UPJO are to 
determine the presence and degree of renal obstruction, to 
assess renal function, and to determine the possible etiology. 
All patients presenting with UPJO symptoms should be eval-
uated with a full set of blood exams, including complete 
blood count, kidney function tests with serum creatinine, 
eGFR, and BUN. The majority of patients will present high 
levels of creatinine and decreased eGFR; in the case of con-
comitant urinary tract infections (UTI), leukocytosis can be 
detected. A urine sample should always be sent for analysis 
and cultures, as UTI are commonly seen in these patients.

2.1  Ultrasonography

Ultrasonography (US) is the reference standard methodol-
ogy used for evaluating the urinary system in patients sus-
pected for hydronephrosis. This technology is characterized 
by various advantages such as being noninvasive, cost and 
time saving, easily accessible in most institutions, and 
repeatable without the need of radiation exposure. The wide-
spread use of abdominal US screening leads to higher detec-
tion rates of UPJO in both pediatric and adult populations. 
Hydronephrosis can be detected as an incidental finding dur-
ing abdominal US exams performed for other reasons and 
might reflect an underlying UPJO. Each kidney should rou-
tinely be assessed both in transverse and longitudinal planes. 
Specific ultrasonographic characteristics of UPJO are the 
presence of multiple dilated calyces of uniform size com-
municating with the dilated renal pelvis that abrupt narrow-
ing at the level of the UPJ, continuing in a ureter with a 
regular caliber [6].

US examination provides essential information regarding 
laterality, kidney size, appearance (such as echogenicity, cor-
ticomedullary differentiation, cyst), parenchymal thickness, 
presence of pelvicalyceal dilatation, and extension of the ste-
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notic tract. US also gives important information about the 
contralateral kidney, ureter, and bladder. It is mandatory to 
screen the complete urinary tract system due to the increased 
incidence of concomitant congenital abnormalities in 
patients with UPJO such as vesicoureteral reflux, renal dupli-
cation, ureterovesical obstruction, and bilateral UPJO. The 
exams can be completed with the color Doppler mode evalu-
ation that can give additional information identifying the 
eventual presence of crossing vessels. It represents one of the 
extrinsic causes of UPJO occurring at older ages compared 
to intrinsic causes. These vessels usually originate from both 
the renal artery or the aorta and supply the lower renal pole.

2.2  Computed Tomography

Abdominal contrast enhanced CT scan is the gold standard 
radiological investigation for the diagnosis of UPJO with a 
97% sensitivity and 92% specificity. High-resolution imag-
ing modalities provide detailed anatomical information such 
as location, orientation, and presence of aberrant vessels 
regarding the obstruction. Moreover, it can help identify pos-
sible underlying causes, such as urinary stones or urothelial 
tumors, and provide additional 3D reconstruction images of 
the vascular anatomy. Providing a detailed preoperative 
knowledge regarding the renal arterial supply is of para-
mount importance in order to aid treatment decision-making, 
reducing the occurrence of potential intraoperative compli-
cations with improved prognosis [7].

With a resolution thickness of 1 mm, CT technology pro-
vides an accurate urinary tract reconstruction in both coronal 
and sagittal planes with additional 2D/3D reconstructions 
and volume rendering images allowing the anatomical visu-
alization of both the renal collecting system and vascular 
structures. Application of CT scan for the evaluation of the 
urinary tract is called CT urography (CTU), while the study 
of vascular anatomy is called CT angiography (CTA). CTU 
examination should always be performed in cases of sus-
pected UPJO because the assessment of the excretory phase 
is mandatory. A separate non-enhanced phase should be 
obtained to detect eventual urinary stones that may occur 
secondary to obstruction. During the contrast enhanced 
excretory CT scan, the obstructed kidney is characterized by 
delayed opacifications and excretions of the radiographic 
contrast agent. The arterial phase CTA is crucial in order to 
detect eventual crossing vessels, and the multiplanar 3D 
images reconstruction is essential to properly plan surgical 
intervention [8].

In conclusion, both CTU and CTA phases provide impor-
tant information for the anatomy and the function of the uri-
nary tract (renal parenchyma, collecting system, accessory 
vessel, stone formation, and contrast excretion) with higher 
acquisition speed, especially in those patients who are unable 

to undergo MRI or in centers where MRI is not available. 
However, the grade of collecting system dilatation detected 
on CT does not always relate to the functional obstruction, 
and a nuclear medicine scan with an added diuretic phase 
should be performed to quantify the entity of renal pelvic 
dilatation.

2.3  Magnetic Resonance Urography

Magnetic resonance urography (MRU) technology, thanks to 
both technological software and hardware developments, has 
progressed during the last decade, becoming a reliable alter-
native in patients who are not evaluable with CT imaging 
techniques. MRU allows the complete study of both upper 
and lower urinary tract anatomy, providing detailed informa-
tion regarding differential renal function and the eventual 
presence of UPJO, without using radiation [9]. Known dis-
advantages of this technology are longer operative time, the 
need of sedation to prevent motion artifacts in noncomplying 
patients, the use of gadolinium (the risk of nephrogenic sys-
temic fibrosis in patients with low eGFR), and the impossi-
bility to scan patients with metallic prosthesis.

MRU represents a promising alternative to CT scan, being 
able to assess the entire urinary tract during a single session 
providing both anatomical and functional information. In 
addition, it enables the study of the whole ureter course with 
the eventual identification of ectopic insertions and potential 
causes of obstructions [10].

2.4  Diuretic Renography

Diuretic renography represents the most effective radiologi-
cal investigative tool to assess differential renal function for 
a patient with UPJO, quantifying the degree of obstruction. 
Moreover, it allows the evaluation of renal plasma clearance 
compared to CT scan, which is characterized by a superior 
radiological resolution of the urological tract anatomy. The 
exam is performed under diuretic stimulation (Furosemide), 
and whereas a mechanical obstructive hydronephrosis is 
detected, it will show no downward slope progression of the 
tracer on renogram, with retention in the collecting system. 
The radiopharmaceutical agent of choice is Technetium 
Tc-99 m-MAG3 that has replaced Tc-99 m-DTPA due to a 
clearer gamma resolution, faster renal clearance, and a lower 
background activity. Thanks to these advantages, it is possi-
ble to compare isotope uptake and renal blood afferent flow 
in both kidneys measuring differential renal function. 
O’Reilly et al. [11] was the first one to define and publish 
renogram curves characterizing Tc-99 m-MAG3 uptake and 
drainage in both physiological and pathological conditions. 
The standard time (t½) to excrete 50% of the radionuclide 
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tracer is inferior to 10 min in normal conditions, while a t½ 
longer than 20 minutes is highly suggestive of an anatomical 
obstructive condition. Prior to submitting patients to the 
radiolabelled pharmaceutical agent injection, they should 
have been properly hydrated with the bladder completely 
emptied [12]. In conclusion Tc-99 m-MAG3 diuretic renog-
raphy should always be preferred as pharmacological agent 
in patients with suspected UPJO and normal renal function, 
thanks to its safer profile. In the case of chronic renal func-
tion impairment, Tc-99  m-DTPA should be used due to a 
20% lower rate of renal clearance resulting in less than half 
of Tc-99 m-MAG3 one.

2.5  Intravenous Pyelography

Intravenous pyelography (IVP) or intravenous urography 
(IVU) was the gold standard radiological modality to study 
the urinary tract, but its indications decreased over time due 
to technological advances. Nowadays, it is rarely used in 
centers where more advanced imaging methods are limited. 
Typical findings, characterizing obstructive hydronephrosis, 
are collecting system dilatation, parenchymal changes dur-
ing the nephrographic phase and delayed excretion of 
medium contrast [13]. Some known drawbacks of this tech-
nique are insufficient visualization of poorly functioning 
kidneys due to reduced contrast excretion, impaired image 
quality in the case of concomitant bowel gas abundance, and 
contrast nephrotoxicity and hypersensitivity reactions to 
contrast tracer.

2.6  Preoperative Stenting

Preoperative retrograde JJ stent placement should not be per-
formed routinely. According to different reports within the 
scientific literature, it can reduce the risk of intraoperative 
complications, providing an enhanced anatomical delinea-
tion and consequent better dissection of the surgical planes 
around the ureteropelvic junction. Furthermore, it allows the 
decompression of the obstructed renal pelvis and might ham-
per the posterior suturing of the anastomosis between the 
reduced pelvis and the ureter [14]. In opposition, other 
authors strongly suggested to avoid preoperative ureteral 
stenting reporting that it reduces both surgeons’ ability and 
surgical vision during the suture of the posterior anastomosis 
layer, requiring repeated multiple manipulations to keep it 
distant from the suturing line, with increased risks of ureteral 
laceration. Moreover, additional complications during JJ 
stent placement could occur including ureteral perforation or 
displacement and increased periureteral tissue fixation due to 
inflammatory reaction [15].

2.7  Preoperative Nephrostomy

In the case of pyonephrosis, it can be mandatory to insert a 
nephrostomy tube. The pyeloplasty is best done some weeks 
later, when the inflammatory reaction has been disappeared. 
The nephrostomy tube can stay in place until the moment of 
surgery, but can be removed afterward.

3  OR Setting and Patient Positioning

The setting of the operative room for a robotic transperito-
neal pyeloplasty is the same as for any transperitoneal robotic 
procedure with the patient in lateral decubitus positioning. 
The patient is positioned in a full lateral decubitus position-
ing with the ventral surface on the edge of the table for a 
transperitoneal approach. The lower leg is bended, the upper 
leg is stretched, and a pillow is supporting the upper leg, with 
flexion of the table of about 30–40 degrees (Fig. 1). To pre-
vent shoulder plexus lesions, a supportive roll is placed under 
the patient at the tip of the scapula. Mostly a shoulder sup-
port is used to prevent the patient from turning down. The 
arms are drained over the chest. The lower limbs are secured 
by a tape. In the case of a necessity to use a flexible cysto-
scope to take out some stones of the pelvis, the possibility of 
having an additional screen for this scope should be taken 
into consideration.

3.1  The Port Placement

Depending on surgeons’ preference, the procedure can be 
done with a standard three-arm approach or a four-arm 
robotic approach. The camera trocar is placed about 3  cm 
cranial of the umbilicus at the para-rectal line, with an 8 mm 

Fig. 1 Extensive padding of all pressure points when positioning the 
patient in lateral decubitus should prevent nerve entrapment
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trocar just below the lower rib and two other 8 cm trocars 
toward the lower abdomen on one line. An 12 mm assisting 
port is placed at the level of the umbilicus (see Figs. 2 and 3). 
When the port placement has been done, the abdomen is 
inflated by the pneumoperitoneum pressure of about 8 mm of 
Hg, according to the principals of low pressure laparoscopy.

3.2  Surgical Procedure

As the kidney is located in the retroperitoneum, the conven-
tional steps of bowel mobilization and reclination of the 
colon is the first step in a robotic pyeloplasty. Care should be 
taken to identify the correct plane in between the mesocolon 
and the Gerota’s fascia. The reclination of the colon is started 
at the lower pole of the kidney following up toward the renal 
pelvis. After identification of the psoas muscle, the ureter is 
identified. The ureter is then followed toward the lower pole 
of the kidney where UPJ stenosis can be identified. One 
should be careful not to damage the gonadal vessels. In the 
case of a preoperative stent placement, the periureteral 
inflammation can make these steps more bloody and more 
difficult. The UPJ is nicely dissected, where the principal of 
avoiding excessive coagulation on tissues is respected in 
order to prevent devascularization of the proximal ureter. In 

the case of an intrinsic UPJO, the dissection is continued 
toward the inflated or hydronephrotic pelvis. In the case of an 
extrinsic UPJO with a crossing vessel, the surgeon should be 
careful not to damage the vessels which could lead to exces-
sive bleeding. After the UPJ has clearly been identified, the 
next step will be to do a dismembering of the UPJ.  One 
should be careful not to have the ureter to much rotated in 
order to know which side is medial and which side is lateral. 
After dismembering, the ureter is best immediately spatu-
lated over about 1 to 2 cm. Next, the pelvis is further opened 
as well over about 1–2 cm. After it has been checked that the 
pelvis and the ureter can be brought together without too 
much traction, the anastomosis can be started. The sutures 
that are used for the anastomosis can be chosen according to 
the surgeons’ preference (monofilament or poly-filament 
absorbable sutures). For the size of the suture, mostly a 4/0 
to 6/0 suture is chosen. More important is in fact the size of 
the needle. One can choose for a continuing suturing or inter-
rupted suturing. The anastomosis is started on the posterior 
side where the posterior anastomosis is made toward the 
level of the upper pelvis. It is advised that the first knot is a 
double knot as it will better keep the ureter and pelvis 
together. After the posterior anastomosis has been made, the 
JJ stent can be introduced.

3.3  Ureteral Stenting

The size of the J splint can vary according to the size of the 
ureter. For normally sized ureters, a conventional 6 Fr double 
J splint is used. First, the guide wire is introduced by the 
table assistant. This ca be done through the accessory port or 
can be done by placing a transcutaneous 13–15  G needle. 
The tip of the guide wire is introduced in the ureter toward 
the bladder by the console surgeon. One should check that 
the guide wire is smoothly going downward the ureter and is 
not placed submucosally. After it is realized that the guide 
wire is safely in the bladder, the J splint can be introduced 
over the guide wire toward the bladder. When the J splint is 
with its proximal curl in the bladder, the guide wire can be 
removed, and the upper part of the J splint should be brought 
into the pelvis. This can sometimes be difficult as the splint 
might always have the intention to flip out of the pelvis 
(Fig. 4). This can sometimes be solved by putting a tempo-
rary stitch on the pelvis. After the J splint has been brought 
into the pelvis, the anterior part of the anastomosis can be 
made, and both anterior and posterior sutures are tied to each 
other. After the anastomosis has been finished, the Gerota’s 
fascia can be closed with a resorbable suture, but this step is 
optional. It is advised to put a small drain during the first 
postoperative day(s).

Umbilicus

12 mm

Xiphoid

midline

Iliac CrestRibs

8 mm scope

Left pyeloplasty

Fig. 2 Schematic presentation of port placement for robotic left-sided 
pyeloplasty with the da Vinci Xi system

Umbilicus
12 mm

Xiphoid
midline

Iliac Crest

8 mm scope

Right pyeloplasty

Ribs

Fig. 3 Schematic presentation of port placement for robotic right- 
sided pyeloplasty with the da Vinci Xi system
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Fig. 4 Putting the splint into the pyelum can sometimes be a 
challenge

Fig. 5 A silicone tube can be used to rinse the pyelum and flush out the 
stones

3.4  The Pelvic Stone Treatment

In the case of concomitant pelvic stones, the stones need to 
be removed. In some cases it is necessary to use a gastric sili-
cone tube to rinse the pelvis and flush out the stones (Fig. 5). 
One can also use a flexible cystoscope that can be introduced 
through the accessary port to remove those pelvic stones.

4  Tips and Tricks

In patients with a really hydronephrotic pelvis and a very 
thin mesocolon, one could take the option to go for a trans-
mesocolic pyeloplasty. In these cases, the mesocolon is 
opened parallel to the mesenteric vessels at different levels in 
order to have a good access to the ureter and the UPJ. The 

different steps of ureteral dismembering and anastomosis are 
similar. One should not forget to close the mesocolon after-
ward, because that could otherwise lead to internal 
herniation.

It is advised not to empty the dilated pelvis too early, 
because the dissection will be easier to be done with a 
dilated pelvis instead of an empty pelvis. In some cases 
where the traction on the anastomosis will be too much, it is 
sometimes indicated to release the kidney out of the Gerota’s 
fascia and bring the kidney toward a more lower level on the 
psoas muscle and to do a kind of nephropexy at the psoas 
muscle.

In some cases a transcutaneous needle can be used to fix 
the pelvis toward the abdominal wall and better present the 
area of interest. To check that the J splint is in the bladder, 
some surgeons have the preference to put a three-way blad-
der catheter, fill the bladder with a solution of methylene 
blue, and check that there is reflux of this blue fluid through 
the splint. When using a flexible cystoscope to extract some 
stones out of the pelvis, it can be helpful to use an Airseal® 
system (Conmed, Largo, USA) as this will keep the pneumo-
peritoneum more constant.

5  Surgical Outcomes

Robot-assisted pyeloplasty has showed exceptional success 
rates for symptoms resolution and very low peri- and postop-
erative complications and recurrences. The robot-assisted 
approach retains the advantages of the minimally invasive 
technique, but with a higher precision in the manipulation, 
visualization, and a faster learning curve compared to lapa-
roscopy. Several tools can be employed to verify the resolu-
tion of the obstruction including radiology and nuclear 
medicine, laboratory analysis, and clinical resolution of the 
symptoms.

Getmann et al. reported the first series of robotic pyelo-
plasty in 2002 [16] comprehending nine consecutive patients 
affected by UPJO and treated with transperitoneal robot- 
assisted pyeloplasty. No conversion to an open approach was 
recorded despite one patient was subjected to reoperation 
with an open approach due to the formation of a urinary fis-
tula. Successful radiological and laboratory outcomes were 
recorded for all patients. Subsequently, a series of 50 patients 
was reported. Operative success was described as a negative 
MAG3 renography. The totality of patients reported surgical 
success, and the authors concluded that robotic pyeloplasty 
offers short-term functional efficacy with low rate of compli-
cations and with a fast learning curve [17]. Mufarrij et  al. 
published a multicentric population of 140 patients affected 
by either primary of secondary UPJO with a median follow-
 up of 29 months. Surgical success rate was 96% and obstruc-
tion recurrence was seen in about 4% of cases. Overall 
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Table 2 Summary of studies on robotic pyeloplasty

Authors
Number of 
patients

Transperitoneal/
retroperitoneal approach

Operative time 
(min)

Conversion 
rate (%)

Complication 
rate (%)

Hospital stay 
(days)

Follow-up 
(mo)

Patel (2005) 50 Transperitoneal 122 0 32 1.1 11.7
Olsen (2007) 67 Retroperitoneal 146 1.5 17,9 2 12.1
Schwentner 
(2007)

92 Transperitoneal 108 0 NA 4.6 39.1

Mufarrij 
(2008)

140 Transperitoneal 217 0 10 2.1 29

Gupta (2010) 86 Transperitoneal 121 2.3 9.3 2.5 13.6
Etafy (2011) 61 Transperitoneal 335 0 11.4 2 18
Sivaraman 
(2012)

168 Transperitoneal 134.9 0 6.6 1.5 39

Buffi (2017) 145 Both 120 2.8 8.3 4.7 24

complication rate was 7.1%. Regarding major complication, 
the double J stent migration was the most common adverse 
event in the postoperative time, and regarding minor compli-
cations, fever was the most commonly reported [18]. 
Schwentner et  al. published in 2007 a large series of 92 
patients (80 and 12 patients were affected by primary and 
secondary UPJO, respectively). The median follow-up was 
40 months and the surgical success rate was 96%. In the sec-
ondary obstruction patients group failure rate after robotic 
pyeloplasty was slightly higher [19]. These optimal results 
were then confirmed by other single and multi-institutional 
studies exploring also the retroperitoneal approach reporting 
short- and long-term excellent and reproducible results [17, 
19–22]. Summary of the surgical outcome is reported in 
Table 2.

5.1  Comparative Studies

Autorino et  al. published a meta-analysis that demon-
strates no statistically significant difference in terms of 
success and complication rate between minimally inva-
sive and open approach in the adult population; however, 
minimally invasive approaches provide a shorter hospital 
stay and a better pain management compared to open sur-
gery [23].

Basatac et  al. confirmed the significant decrease in the 
length of hospital stay, estimated blood loss, earlier drainage 
removal, and the decrease of the need for painkillers [24]. In 
terms of success rates, intraoperative complications and con-
versions, no significant differences were found. Furthermore, 
a shorter time for robotic surgery has been recorded although 
they considered exclusively the console time. Hanske et al., 
when evaluating a large number of patients undergoing mini-
mally invasive vs. open, report a statistically significant dif-
ference in the percentage of patients requiring prolonged 
operation time (<236  min): 29.6% for minimally invasive 
pyeloplasty vs. 15.3% for open pyeloplasty [25].

5.2  The Role of Robotic System 
in the Treatment of Recurrent UPJO

The robotic approach is feasible, safe, and effective for treat-
ing recurrent obstruction [26]. Secondary minimally invasive 
pyeloplasty is obviously a more challenging procedure due 
to the fibrosis and the adhesions formed after the previous 
surgery. The precise movements with the robotic assistance 
and the amplified vision provide higher precision, thus, a 
bloodless dissection, and a higher quality of the suture above 
all in complex patients.

Thom et al. found that nine secondary robotic procedures 
done at their center required longer operative time with an 
increased blood loss and failure rate (22%) [27]. Atug et al. 
show data from seven patients undergoing redo RP. The out-
comes were compared with data from a series of 37 patients 
that underwent RP for primary ureteropelvic junction 
obstruction. The mean operative time was 60 min longer in 
the secondary RP group. However, EBL, hospital stay, and 
overall success were comparable [28].

Hemal et  al. described the outcomes of nine patients 
(mean age: 16.4 year) treated for secondary UPJO after fail-
ure of a previous open pyeloplasty and additional failed 
endoscopic pyelotomy. All patients were treated robotically 
and reported clinical resolution of symptoms and no sign of 
residual obstruction at postoperative renal scan [29].

Data from a series of 20 patients treated for secondary 
obstruction were published. Redo RP was successful in 94% of 
cases and the procedure was reported as feasible and safe [30].

6  Novelties and New Technologies

6.1  Single-Site Robot-Assisted Pyeloplasty

Ureteropelvic junction obstruction (UPJO) is a condition 
that is usually encountered in young patients. As such, the 
cosmetic results represent a crucial point in this population 
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besides the resolution of the obstruction. For this reason, 
laparoendoscopic single-site surgery (LESS) has been intro-
duced in this setting with the objective to offer a better cos-
metic result limiting the invasiveness of the procedure, 
offering a limited postoperative pain and a quicker recovery. 
However, LESS remains a challenging procedure as the 
instrument triangulation is lacking, requiring solid surgical 
skills to allow proper laparoscopic suturing that is crucial in 
the treatment of UPJO beside the reduced visibility and 
maneuverability associated with the coaxial orientation of 
instruments [31, 32]. This resulted in longer operative time 
compared to the open technique, leading the patients with 
postoperative complications related to anesthesiology and 
surgical bed positioning. The introduction of the da Vinci 
Surgical System (Intuitive Surgical, Sunnyvale, CA, USA) 
brought higher dexterity in suturing and less conflicts 
between surgical instruments. Robotic laparoendoscopic 
single site (R-LESS) pyeloplasty has been introduced as a 
feasible technique in the urologist’s armamentarium to 
overcome the technical problems and satisfy both the surgi-
cal requirements and cosmetic results [31, 32]. R-LESS 
pyeloplasty is performed by positioning a GelPort system 
through a 2.5–5  cm periumbilical incision through which 
the SP system trocar is inserted [33–35]. The SP robotic sys-
tem is docked and the camera and robotic instruments 
inserted. A first preliminary study on a series of nine patients 
confirmed the feasibility of this technique with a mean oper-
ative time of 166 min, and no intraoperative complications 
were recorded [31]. Clinical resolution of symptoms and a 
laboratory renal function recovery were observed and main-
tained during a short follow-up of 6 months [31]. A follow-
up study with a larger population was published by the same 
group 2 years after confirming both the safety and feasibil-
ity of the procedure in a series of 30 patients [32]. In this 
study, in two cases, a conversion into a classic laparoscopic 
was necessary, and in three cases, an additional 3 mm trocar 
was placed [32]. Surgical success was reached in 28 patients 
(93.3%) at a median follow-up of 13 (range 3–21) months in 
terms of absence of symptoms and functional recovery both 
through blood analysis and postoperative imaging. Lenfant 
et  al. published a series of ten patients that underwent an 
R-LESS pyeloplasty with a mini-Pfannenstiel approach 
[36]. Mean operative time was 166  minutes (interquartile 
range [IQR] 146–181) and EBL was minimal. The only 
complication recorded was a postoperative urinary tract 
infection treated with antibiotics. Surgical success at 
3 months after surgery was 100%. Exclusion criteria for this 
approach are a body mass index (BMI) >30 kg/m2, previous 
surgical procedure, an extremely dilated kidney pelvis, and 
complicated UPJO (presence of kidney stones, pelvic kid-
ney, and horseshoe kidney) [22, 37]. Despite the good aes-
thetic results and the comparable short-term functional 
results, functional advantages in the long term are still under 
investigation.

6.2  The Role of Indocyanine Green 
in Pyeloplasty

The use of intraureteral injection indocyanine green (ICG) 
dye and the visualization under near-infrared fluorescence 
(NIRF) in urological surgery have been extensively employed 
in highlighting the vasculature and the viable tissue in the 
real time, permitting the surgeon to perform an ICG-guided 
procedure [38, 39]. In the setting of ureteral reconstruction, 
ICG has been employed in both the identification of viable 
ureteral tissue and stricture margins, in order to avoid to 
leave fibrotic tissue and increase the possibility to recur as 
well as to identify the ureter itself if imbedded in a fibrotic 
surrounding occurring in the case of a redo pyeloplasty or 
previous radiotherapy [40, 41]. The procedure to perform an 
ICG-guided procedure in this setting consists in inserting a 6 
Fr ureteral catheter into the diseased ureter, and 10 ml ICG 
solution is injected retrogradely into the ureteral lumen, 
above and below the level of stricture if possible. Once 
injected the NIRF vision is activated, and both the ureter and 
the stricture (as fibrotic tissue loses its transparency) itself 
can be identified (Fig. 6). ICG can also be injected intrave-
nously (2 to 4 mL of a 2.5 mg/mL solution) in order to high-
light the healthy tissue that appears bright green and the 
fibrotic one darker as less perfused. Several series were pub-
lished proving that the intraureteral injection of ICG is repro-
ducible, safe, easy to perform, and involves minimal 
additional costs. All cases were clinically and radiographi-
cally successful, and no patient has required a repeat opera-
tion for stricture recurrence [40].

Fig. 6 Intraureteral injection of indocyanine green in a redo 
pyeloplasty
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6.3  Buccal Mucosal Graft in Pyeloplasty

Management of recurrent UPJO has lower success rate com-
pared to primary treatment. Redo pyeloplasty is not always 
feasible because the surgery could result to be challenging 
due to the fibrotic surrounding and tissue entrapment that 
brings to broader resections to find the healthy and well- 
vascularized ureteral tissue for the anastomosis and resolve 
the disorder. Buccal mucosal grafts (BMG), already in use 
for ureteral reconstruction, have been advised in cases of 
UPJO refractory to surgery and endoscopic treatment [42].

The surgery consists in the identification of the obstruc-
tion at the level of the UPJ, a longitudinal dissection of the 
ureter on the anterior face of the stricture comprehending 
about 1 cm below and above the stricture to ensure exposure 
of vascularized tissue. After the positioning of an 8 Fr ure-
teral stent from the incision itself over the guidewire, a single 
buccal graft is harvested from the right inner cheek, avoiding 
to compromise the Stensen’s ducts. The graft is adapted as an 
anterior anastomotic onlay, over the ureteral defect, and 
sutured with two semicontinuous suture (4–0 Vicryl). The 
repair and entire surgical fields are wrapped in omentum 
after assuring that the ureteral anastomosis are watertight 
with filling of the bladder with 100  cc of methylene blue 
solution.

Although a handful of cases have been reported, it is a 
feasible and safe technique. In the two studies, three and two 
patients were recorded and a complete resolution of symp-
toms with radiological and biochemical stability over the 
follow-up with a median of 10 and 7 months in the two stud-
ies. No postoperative complications were recorded [43, 44].
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Reconstructive Surgery for Ureteral 
Strictures: Boari Flap, Psoas Hitch, 
Buccal Mucosa, and Other Techniques

Nathan Cheng and Michael Stifelman

1  Introduction

Ureteral reconstruction, a field that aims to surgically correct 
pain, renal dysfunction, and infection risk associated with 
obstructed urinary flow from the kidney to the bladder, has 
been expanding with the popularization of robotic tech-
niques. Ischemia, iatrogenic trauma, non-iatrogenic trauma, 
retroperitoneal fibrosis, radiation, malignancy, or impacted 
ureteral calculi are all possible etiologies for ureteral stric-
ture formation. The fine dissecting ability, decreased postop-
erative pain, and use of adjunctive measures to confirm tissue 
perfusion in robotic reconstruction suggest equivalent, if not 
better, outcomes than that of traditional open and laparo-
scopic procedures [1].

1.1  Proximal Ureter

Radiologically, the proximal ureter is defined to be the seg-
ment between the renal pelvis and the superior border of the 
sacroiliac joint. Proximal ureteral blood supply arises 
medial-to-lateral, mostly from the main renal artery with 
some contribution from smaller branches directly off the 
aorta as well as the gonadal artery. The more proximal the 
ureteral stricture, the more the reconstruction benefits from 
robust vascularity, as is closer to the main renal artery 
branches, one of the reasons why pyeloplasty outcomes are 
excellent. Tracing distally, there are watershed regions of the 
proximal ureter between plexuses from the renal artery 
branches, aortic branches, and gonadal artery branches. 
Thus, surgical principles of proximal ureteral reconstruction 
state that dissection of the proximal ureter must be precise 
with care to leave as much adventitia on the ureter as possi-
ble and to avoid lateralizing the ureter extensively.

1.2  Mid-Ureter

The mid-ureter is defined to be the segment of the ureter 
between the superior border of the sacroiliac joint and the 
inferior border of the sacroiliac joint, or more simply, the 
pelvic inlet. This segment obtains its vascularity from poste-
rior to anterior originating from the common iliac artery.

1.3  Distal Ureter

The segment between the pelvic inlet and the ureterovesical 
junction is the distal ureter. Its vascularity originates lateral 
to medial from branches off of the internal iliac artery and its 
branches (e.g., superior vesical, uterine, inferior vesical, 
middle rectal, etc.). Similar to the rest of the ureter, its perfu-
sion from these adventitia plexuses are tenuous, and blood 
supply to the bladder will almost always be superior to that 
of the distal ureter; thus, ureteroneocystostomy is the recon-
structive technique of choice when managing distal ureteral 
strictures.

1.4  Identification and Isolation 
of Strictured Segment

First, the colon should be reflected medially by incising the 
white line of the Toldt in order to expose the retroperitoneum 
for strictures in the proximal or mid-ureter. When operating 
on the right side, Kocherizing the duodenum medially in 
order to visualize the hilar strictures of the kidney, including 
the gonadal vessels, is often necessary to aid in the identifi-
cation of the ureter. In distal ureteral strictures, the ureter can 
often be identified crossing the bifurcation of the common 
iliacs into the external and internal after medial retraction of 
bowel.

There are certain cases, particularly in radiation, malig-
nant, or retroperitoneal fibrosis etiologies, where there may 
be strong fibrotic or desmoplastic reactions in the retroperi-
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toneum that complicate ureteral identification. Fibrotic rinds 
may encase the ureter and distort the expected location of the 
ureter (e.g., retroperitoneal fibrosis medializing the ureter). It 
is important, in these cases, to identify normal ureter outside 
of the diseased segment to trace it into unknown territory.

Should anatomic considerations be inadequate in identi-
fying the ureter, there are some adjunctive techniques that 
may help. Intraoperative ultrasonography with robotic or 
laparoscopic probes are useful in identifying indwelling ure-
teral stents or catheters that can be placed cystoscopically or 
antegrade via nephrostomy access at the time of surgery—
there may be some cases of operating on a patient with an 
indwelling ureteral stent already in place, which will be dis-
cussed later to be disadvantageous to reconstructive out-
comes. Ureteroscopy is very helpful when performing 
ureteral reconstruction, as it allows for correlation between 
the intraluminal status of the ureter with the extraluminal 
appearance robotically. Most recent robotic console soft-
wares include a near-infrared imaging (NIRF) modality, 
which enhances the light emanating from the ureteroscope, 
allowing for identification of the ureter. The use of intraure-
teral indocyanine green (ICG) is also a useful tool that takes 
advantage of NIRF. 5 mL of diluted ICG can be instilled 
intraureterically. ICG binds to the tissues of the ureter and is 
fluorescent green in the NIRF setting. ICG has also been 
commonly used intravenously (2  mL) to assess for tissue 
perfusion (Fig. 1). The disadvantage of intraureteral ICG for 
ureteral identification is that it precludes one from using 
intravenous ICG to confirm ureteral perfusion, as it will be 
illuminated fluorescent green regardless of perfusion status. 
Thus, if the ureter can be identified without using intraure-
teral ICG, it may be advantageous to save the ICG to be used 
intravenously.

Once the ureter is identified, it must be isolated. Sharp 
dissection over the anterior tissues overlying the ureter 
should be performed, with judicious electrocautery use. The 
anterior ureter is generally safe to dissect, but surgeons may 
choose to hedge toward one side or the other based on the 
direction of blood supply to the diseased segment location, 
i.e., anterolaterally in proximal ureter and anteromedially in 
distal ureter. Circumferential isolation of the ureter is usually 
performed, but depending on the etiology of stricture, may 
not be necessary. If the ureteral stricture is secondary to 
extrinsic compression from extraluminal tissue (e.g., retro-
peritoneal fibrosis), circumferential isolation must be per-
formed. If an omental wrap is going to be performed (e.g., 
buccal mucosal ureteroplasty), getting completely around 
the ureter is often needed. However, there are circumstances 
when ureteral dissection is difficult and may compromise the 
adventitia and its vascular plexus and the surgeon is able to 
reconstruct the ureter without circumferential ureteral tran-
section (e.g., appendiceal bypass or side-to-side 
reimplantation).

Finally and perhaps the most important concept of ure-
teral identification and dissection is discerning healthy tissue 
versus unhealthy tissue. Reconstructive surgical principles 
state to trim or exclude unhealthy tissue until viable ureter is 
seen, so only healthy ureter is involved in urine passage. 
Poorly perfused ureter is at risk for scarring and recurrence 
of stricture—these tissues are generally pale or discolored 
with minimal to no bleeding when cutting into. If there is any 
question about viability of tissues, 2 mL intravenous ICG, as 
mentioned above, is an excellent modality to assess for tissue 
perfusion.

1.5  Ureteral Rest

The universally accepted urethral reconstructive principle of 
urethral rest has been translated to upper tract reconstruction 
as ureteral rest, the absence from ureteral instrumentation or 
hardware leading up to the operation. It has been proven to 

Fig. 1 After transection of a strictured ureteral segment, the use of 
near-infrared imaging (NIRF) following 2 mL of intravenous indocya-
nine green shows that the distal extent of the stump is poorly perfused 
and thus warrants further trimming
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be beneficial in ureteral reconstructive outcomes, with 
patients who had no indwelling ureteral stent or percutane-
ous nephroureteral tube for at least 4 weeks prior to surgery 
having 90.7% success versus 77.5% in those without ureteral 
rest (p = 0.057) in a multi-institutional retrospective study of 
234 patients [2]. While not yet studied at a histologic level, 
the hypothesized physiology is tissue recovery with matura-
tion of the stricture, as continued hardware (indwelling ure-
teral stent or nephroureteral tube) increases ureteral and 
periureteral tissue inflammation.

2  Ureterolysis

2.1  Retroperitoneal Fibrosis

Ureterolysis is a procedure reserved to manage patients 
who have ureteral obstruction secondary to extrinsic com-
pression. Causes may include tumor, infection, and, most 
commonly, retroperitoneal fibrosis (RPF). RPF is a process 
characterized by fibrosis and chronic retroperitoneal 
inflammation, usually originating from peri-aortic and 
other great vessels’ adventitia. RPF is a general term, with 
some of its causes including endovascular stents (e.g., for 
abdominal aortic aneurysms), spinal hardware, prior retro-
peritoneal surgery, radiation, medication adverse effects 
especially that of ergot alkaloids (such as methysergide), 
and other processes that recruit inflammatory reactions 
affecting the retroperitoneum. RPF is a broad disease pro-
cess with multiple etiologies including idiopathic 
RPF. While rare, with an incidence of 0.1–1.3 cases/100,000 
people annually, idiopathic RPF is thought to have an etiol-
ogy from disease processes on the spectrum of autoimmune 
disorders such as large vessel vasculitides [3]. A relation-
ship to IgG4 has been described over the past decade, with 
its pathophysiology hypothesized to be a lymphoplasma-
cytic, fibrotic, and IgG4+ plasma cell infiltration of various 
organ systems. It is associated with other autoimmune dis-
orders such as rheumatoid arthritis, ankylosing spondylitis, 
systemic lupus erythematosus, and, most commonly, 
thyroiditis.

Ureteral involvement, either bilateral or unilateral, is the 
most common sequelae of RPF. Although rare, at time of 
diagnosis of unilateral disease, the contralateral side can be 
affected gradually between weeks and years [4]. Multiple 
studies have shown that the risk of contralateral obstruction 
is low, and thus, bilateral ureterolysis for unilateral disease 
is not required [5–7]. Classically, the mid- to proximal ure-
ter is affected, extrinsically compressed, and deviated 
medially.

The etiology of RPF should be determined, if possible, 
prior to surgical intervention [5, 8–10]. After ruling out sec-

ondary causes of RPF and an idiopathic etiology is deemed 
most likely, glucocorticoid and/or other immunosuppression 
trials with temporary urinary drainage (e.g., indwelling ure-
teral stents or nephrostomy tube) have been studied, particu-
larly in mild to moderate ureteral obstruction. The first-line 
medicinal therapy is prednisone with initial dose of 
0.75–1 mg/kg/day and a titration 5–7.5 mg/day within 6–9 
months [11]. Immunosuppressive agents such as mycophe-
nolate mofetil and cyclophosphamide may also be consid-
ered. Some studies have suggested that tissue diagnosis of 
the RPF should be performed in order to guide treatment, as 
lymphoma and other diseases may mimic RPF.  Surgical 
excisional biopsy should be performed at the time of ureter-
olysis in these scenarios [12].

2.2  Patient Positioning and Trocar 
Placement

For unilateral operations, patients should be in semilateral 
decubitus with modified low lithotomy, particularly for ure-
thral access in female patients. All four arms of the da Vinci 
Xi system are used, with one 5 mm bedside assistant trocar. 
All trocars except the most inferior should be equidistant 
away from the vertical midline, approximately 2–3 cm on 
the ipsilateral side. The inferior-most trocar for retraction 
should be further medial right at midline, as shown in 
Fig. 2.

For bilateral operations, the patient is positioned supine 
with low modified lithotomy. This positioning and trocar 
placement is almost identical to that of robotic retroperito-
neal lymph node dissections, except for the low modified 
lithotomy, with all ports along the Pfannenstiel line, as seen 
in Fig. 3.

Fig. 2 Robotic trocar placement for left-sided ureterolysis
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Fig. 3 Robotic trocar placement (post-procedure and with trocars 
removed) for bilateral ureterolysis

2.3  Technique

Ureterolysis should be done in a systematic fashion by peel-
ing back anterior tissue, then dissecting circumferentially to 
free the ureter from its posterior fibrosis. The use of a vessel 
loop after the posterior has been freed is helpful to provide 
soft traction anteriorly to continue ureterolysis proximally 
and distally until normal periureteral fat is encountered. 
Once the correct plane has been established, the fibrotic rind 
is usually not difficult to peel off of the ureter. Fine dissec-
tion using Potts scissors may be helpful.

Biopsy of the periureteral tissues and retroperitoneal mass 
should be sent off for pathologic evaluation. The ureter 
should then be assessed for its perfusion, as occasionally, it 
may be necessary to excise the segment and perform uretero-
ureterostomy or other techniques, such as buccal graft ure-
teroplasty, if there is perfusion compromised to the disease 
ureteral segment.

Omental wrap is then performed. Healthy omentum 
encasing the entire length of the ureter is used to prevent 
recurrence of ureteral obstruction from its surrounding 
fibrotic tissues. The distal edge of the omentum is bifurcated. 
Enough should be mobilized to wrap the entire length of the 
ureter, and if more length is needed, the short gastric vessels 
can be ligated, freeing the omentum from the stomach. Care 
must be taken to preserve the left and right gastroepiploic 
arteries. If there is inadequate omentum, peritonealizing the 
ureter can be performed, although not preferred. The idea is 
to anteriorly displace the ureter and keep it out of the fibrotic 

retroperitoneum by tacking the peritoneal attachments of the 
colon underneath the ureter to the side wall. This technique 
does not provide the additional vascularity to the ureter as 
omental wraps, and thus it is the opinion of the authors to use 
this technique as a last resort only if the omentum is not 
accessible.

3  Ureteroneocystostomy (Ureteral 
Reimplantation)

Distal ureteral strictures may be managed with ureteral reim-
plantation of healthy ureter proximal to the diseased segment 
into well-vascularized bladder tissue. Robotic ureteroneo-
cystostomy has been shown to have similar outcomes to 
open surgery but with the benefits of minimally invasive sur-
gery: decreased postoperative narcotic use and shorter length 
of stay [13].

3.1  Patient Positioning and Robotic Trocar 
Placement

Male patients can be positioned supine on the operating 
room table, whereas female patients may require low/modi-
fied lithotomy for urethral access. Urethral access is impor-
tant for urethral catheter placement to test watertightness as 
well as ureteroscopy, if necessary.

All four arms of the da Vinci Xi robot are used, in addition 
to one 5 mm bedside assistant trocar. The camera port should 
be supraumbilical. The two working arms should be several 
centimeters lateral to the camera port, with the contralateral 
working arm being a few centimeters more caudal. The 
retracting fourth arm trocar, as mentioned above, is contra-
lateral to the disease ureter of concern and even more caudal 
than the contralateral working arm, so that it is relatively 
close to the anterior superior iliac spine (ASIS) with enough 
distance away (usually just a couple centimeters) to not be 
restricted when moving the arm. The 5 mm assistant trocar 
should be a few centimeters cephalad to the midway point 
between the ipsilateral working trocar and camera trocar 
(Fig. 4). It is recommended that all trocars be placed under 
direct visualization.

After all robotic trocars are placed, the operating table 
should be tilted to moderate-to-steep Trendelenburg position 
to allow for the bowel to fall cephalad.

3.2  Technique

After the strictured distal ureteral segment has been identi-
fied, it is traced up proximally until healthy ureter is seen, 
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Fig. 4 Robotic trocar placement for right-sided ureteral 
reimplantation

where the ureter is then transected. The dissection of this 
transected ureteral stump is generally circumferential in 
order to give it mobility for reimplantation to the dome of the 
bladder. Newer techniques have been utilized, as will be dis-
cussed later in this chapter, for a non-transecting ureteral 
reimplantation that minimizes dissection in order to preserve 
ureteral blood supply. After the transected ureteral stump is 
mobilized enough to reach to the dome of the bladder, which 
usually requires mobilization of the anterior aspect of the 
bladder off of the pelvic and lower abdominal wall, the blad-
der is filled with approximately 300  mL of normal saline. 
The ureter is then spatulated approximately 2–3  cm and 
anastomosed to the cystotomy created about the same size, 
with attention to have mucosal-to-mucosal apposition. An 
indwelling ureteral stent should be left prior to completion of 
the anastomosis. Postoperatively, the Foley catheter is left 
between 7 and 10 days and the ureteral stent 4 and 6 weeks.

4  Psoas Hitch

The psoas hitch is an adjunctive mobility technique to make 
up length to facilitate more proximal ureteral reimplanta-
tions and also a technique that takes off tension on the 
anastomosis.

After the space of Retzius is developed and adequate 
bladder mobility is achieved, an absorbable suture is used to 
tack the posterolateral aspect of the bladder to the ipsilateral 
psoas fascia. Either smooth or barbed absorbable sutures 
may be used. When suturing the psoas fascia, it is important 
to take the bite longitudinal to the fascial fibers, reducing the 
risk of catching the genitofemoral nerve, which runs along 
the anterior surface of the psoas muscle. For strength, the 
psoas hitch suture can be thrown a few times before tying 
down.

5  Boari Flap

This technique should be considered for more mobility 
when it is not possible to create a tension-free ureteroneo-
cystostomy anastomosis, even after bladder mobilization 
with psoas hitch. This may be seen in mid- to distal ureteral 
strictures occurring iatrogenically from pelvic radiation, ret-
roperitoneal fibrosis, or other surgical interventions causing 
scarring. The robotic modality for Boari flaps have shown to 
have improved outcomes [14]. All patients under consider-
ation for a Boari flap reconstruction should have bladder 
capacity and compliance tested to be within normal or toler-
able limits prior with preoperative cystogram or urodynam-
ics. Patients exhibiting poor capacity and/or compliance 
may have significant urinary frequency, urgency, and other 
symptoms secondary to decreased bladder volume, as the 
effective intraluminal bladder volume is decreased due to 
the elongated reconfiguration, after Boari flap reconstruc-
tion. In addition to these significant quality-of-life mea-
sures, patients with preexisting low bladder capacity and/or 
compliance may have increased filling and/or voiding pres-
sures, predisposing the patient to vesicoureteral reflux, 
regardless of non- tunneled or tunneled reconstructions. 
Furthermore, a patient with baseline small bladder volume 
may not have enough flap tissue to accommodate a tension-
free reimplantation anyhow. Thus, patients with preopera-
tive testing showing low capacity and/or compliance should 
have other types of reconstructive methods that may be bet-
ter suited to achieve the safest and most patient-favorable 
outcomes.

5.1  Patient Positioning and Robotic Trocar 
Placement

Positioning is similar to that of a non-Boari flap ureteral 
reimplantation.

The trocar placement is also similar to that of unilateral 
non-Boari flap ureteral reimplantation, with all ports a few 
centimeters more superior. How proximal the stricture is dic-
tates how much more cephalad the trocars are placed.
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5.2  Technique

The Boari flap reconstruction starts after transecting the ure-
ter proximal to the diseased segment, mobilizing the bladder 
adequately, and completing the psoas hitch. The bladder is 
first filled with 300–500 mL of normal saline. The shape of 
the flap is then marked out by scoring over the bladder serosa 
with electrocautery. If bladder capacity is adequate, a flap 
length up to 10–15 cm can be developed, with a shape of an 
inverted “U.” The apex of the flap will become the proximal 
aspect that is anastomosed to the ureter after its construction. 
In order to minimize the risk of flap ischemia, it is important 
that the base of the inverted “U,” which corresponds to the 
junction between the bladder and the Boari flap, is wide, 
often described to be at least 4 cm wide.

The flap is then incised transmurally. Minimal electrocau-
tery may be used for hemostasis, but similar to the principles 
of ureteral dissection, sharp cutting is preferred in order to 
retain the bladder’s intrinsic vascularity. The apex of the flap 
is then brought up to the ureteral stump. The posterior aspect 
of the flap can be tacked to the psoas fascia, if the surgeon 
decides it is necessary to take off more tension. The ureter 
should be spatulated posteriorly about 1.5–2.0 cm. After that 
is done, the posterior plate of the ureter-Boari flap anastomo-
sis is created by absorbable 4–0 suture, taking the apex of the 
Boari flap to the crotch of the posterior ureteral spatulation 
(Fig. 5). Once the posterior plate is completed, ensuring ade-
quate mucosa-to-mucosa apposition, an indwelling ureteral 
stent is placed. The anterior aspect can then be completed 
with 4–0 absorbable suture by anastomosing the anterior 

ureter to the flap, which is wrapped around the stent to create 
the lumen (Fig. 6). This is a refluxing anastomosis.

After completion of the anastomosis, the bladder is still 
open and the Boari flap is not yet tubularized. The remainder 
of the Boari flap should be tubularized around the indwelling 
ureteral stent with running 4–0 absorbable suture of mucosa 
to mucosa down to its base. A second layer closure should 
then be performed with 3–0 or 4–0 absorbable suture to reap-
proximate the detrusor over the newly tubularized flap. The 
bladder defect can then be repaired in the usual one- or two- 
layer repair with 3–0 absorbable suture.

After completion of the Boari flap tubularization and cys-
torrhaphy, the closure should be tested by instilling 300 mL 
of normal saline via the Foley catheter. Additional sutures 
may be placed in order to repair leaks.

As with all ureteral anastomoses, a surgical drain should 
be left. The Foley catheter should be left for 10–14 days and 
the ureteral stent for 4–6 weeks. A cystogram may be per-
formed to ensure that the bladder has completely healed 
before removal of the Foley catheter.

6  Non-transecting Side-to-Side Ureteral 
Reimplantation

As alluded to earlier, there are certain circumstances in 
which circumferential isolation and transection of the ureter 
are not needed, and, in fact, may compromise blood supply 
to the ureter. Non-transecting side-to-side ureteral reimplan-
tations have been become more popular recently [15], a use-
ful tool in a reconstructive urologist’s armamentarium for 
distal ureteral strictures within severely fibrotic tissues, par-
ticularly in the setting of prior radiation therapy.

Fig. 5 Posterior anastomosis of the Boari flap (right) to the spatulated 
ureteral stump (left) with absorbable suture

Fig. 6 Tubularization of the Boari flap with running absorbable suture 
around indwelling ureteral stent after completion of ureteroneocystos-
tomy anastomosis
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6.1  Patient Positioning and Robotic Trocar 
Placement

Patient positioning and robotic trocar placement are similar 
to that of standard ureteral reimplantation. A Foley catheter 
may be placed either on or off the sterile field: if off the ster-
ile field, a circulating assistant should be available to irrigate 
the Foley catheter with normal saline. This is used to assist 
with bladder mobilization as well as testing the ureteroneo-
cystostomy anastomosis.

6.2  Technique

After the distal ureter is identified, the strictured segment is 
followed up proximally until healthy ureter is seen. Again, 
there is no rule for circumferentially dissecting out the ure-
ter, particularly over the posterolateral aspect of the adventi-
tia where the blood supply in this segment originates from. A 
3–4-cm-long ureterotomy is made over the anterior (or even 
anteromedial) aspect of the healthy ureter. The strictured 
segment of the ureter distal to this ureterotomy is left in situ, 
hence the term non-transecting.

The bladder is then mobilized in order to have the length 
to reach the ureterotomy created. While dropping the bladder 
of its anterior attachments to the abdominal wall and pelvis 
may give enough length, sometimes further mobilization of 
the bladder of its lateral attachments may be necessary. The 
same adjunctive techniques of psoas hitch and even Boari 
flap can be utilized if necessary. After the bladder is ade-
quately mobilized, a transmural cystotomy is made over the 
posterolateral aspect on the ipsilateral side in order to be 
anastomosed to the ureterotomy.

The ureterotomy-cystotomy anastomosis is performed 
first over the medial side to create the posterior plate with 
4–0 absorbable suture. After this posterior plate is com-
pleted, a double J indwelling ureteral stent with a guidewire 
straightening out the proximal curl is introduced into the 
abdominal cavity through the assistant port and placed in a 
retrograde fashion through the ureterotomy. After the proxi-
mal aspect of the stent is in the approximate position, the 
guidewire is removed, and the distal curl can be placed into 
the bladder through the cystotomy. Now with the ureteral 
stent in place, the anterior aspect of the anastomosis can be 
completed with another 4–0 absorbable suture (Fig. 7).

After the anastomosis is completed, the bladder is filled 
with at least 200  mL of normal saline in order to test the 
watertightness of the side-to-side ureteroneocystostomy. 
Should there be areas of leakage, additional interrupted 4–0 
absorbable sutures can be placed, with care not to take bites 
too deep in order to avoid suturing the indwelling ureteral 
stent. A pelvic drain is then placed through the most inferior 
robotic trocar.

The drain is usually removed prior to discharge, assuming 
the output is low and, if not, drain fluid creatinine is consis-
tent with serum creatinine. The Foley catheter remains for 
approximately 1  week. Some surgeons elect to perform a 
cystogram to ensure no urine leak prior to removing the 
Foley catheter. The indwelling ureteral stent is removed in 
approximately 4 weeks.

6.3  Outcomes

As this is a newly popularized technique, there are not many 
published studies reporting the outcomes. However, in a 
recent series of 16 patients across three institutions, all 
patients had radiographically improved hydronephrosis, and 
15 out of 16 (93.8%) patients had improvement in flank pain 
at a median follow-up time of 12 months [15].

7  Buccal Mucosal Ureteroplasty

Much like the concept of preoperative ureteral rest, buccal 
mucosal graft (BMG) for urologic reconstruction is a tech-
nique borrowed from urethral reconstruction. The first 

a b

Fig. 7 Illustration of right-sided transecting (a) versus left-sided non- 
transecting side-to-side (b) ureteral reimplantation
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described open surgical use of BMG for ureteral reconstruc-
tion was by Naude for strictures not amenable to primary 
ureteroureterostomy in 1999 [16]. In 2015, Zhao et  al. 
described the robotic technique and has since been a highly 
reproducible technique for previously difficult to manage 
strictures [17]. The buccal mucosa’s ease of harvesting with 
low morbidity, compatibility with wet environment, lack of 
hair follicles, and vascular lamina propria makes it an excel-
lent candidate for ureteral reconstruction.

The candidates for BMG ureteroplasty are patients whose 
ureteral strictures are in the proximal ureter and too long for 
primary ureteroureteroplasty, which is a length traditionally 
described to be >3 cm [18], or those with mid-ureteral stric-
tures not amenable to ureteroneocystostomy with adjunctive 
mobility maneuvers such as Boari flap.

The largest study thus far for robotic BMG ureteroplasty 
has shown 47 out of 54 (87.0%) success rate at a median 
follow-up of 27.5 months, with 3 of 54 (5.6%) major postop-
erative complication rate [19]. This study included both 
onlay BMG ureteroplasty and augmented anastomotic BMG 
ureteroplasty.

7.1  Buccal Mucosal Graft Harvesting

The endotracheal tube should be secured to the side of the 
mouth ipsilateral to the ureteral pathology to allow for 
enough space to operate on the dependent cheek. The BMG 
harvest relies on intraoperative measurement of the ureteral 
stricture in order to guide the length of graft, so should be 
done concurrently with the robotic portion of the case if pos-
sible. The width of the graft should be about 1.5 cm.

The buccal mucosa is first infiltrated with lidocaine with 
epinephrine for hydrodissection and then sharply excised off 
the buccinator muscle. Usually proximal toward the molars 
and on the upper half of the cheek mucosa, the Stensen’s 
duct, the duct that drains salivary fluid into the mouth from 
the parotid gland, must be visualized in order to avoid injury. 
After harvest, it is important to keep note which side of the 
buccal mucosal graft is the shiny oral epithelium and which 
side is the more dull submucosa. The graft is prepared on a 
back table by sharply removing the submucosal tissue and 
fat to expose the lamina propria, so that the BMG will have 
an oral epithelium on one side facing the ureteral lumen and 
lamina propria on the other side in direct contact with the 
omentum or other vascular tissues. Minimal submucosa tis-
sues and fat on the lamina propria side ensure maximal direct 
contact of the lamina propria to its perfusion environment to 
optimize graft take.

After achieving hemostasis, the BMG harvest site can 
either be left open to heal via secondary intention or closed 
with absorbable suture. Postoperatively, the patient is 
allowed to have oral intake of food and fluid immediately, as 

tolerated. Oral rinses that contain local anesthetic with or 
without antiseptic agents help with symptomatic relief.

7.2  Onlay Buccal Mucosal Graft 
Ureteroplasty

Strictures with narrowed ureteral lumen are candidates for 
the BMG onlay technique [20]. Importantly, patients with 
complete ureteral obliteration are not candidates for the 
BMG onlay. A longitudinal ureterotomy is made over the 
strictured segment until the lumen is exposed. The length of 
the incision should be made so that there is adequate healthy 
ureteral tissue over the proximal- and distal-most aspects of 
the ureterotomy.

The BMG should then be trimmed to the shape of the ure-
terotomy and then secured over the ureterotomy with absorb-
able sutures. Midway through the BMG anastomosis, an 
indwelling ureteral stent should be placed.

7.3  Augmented Anastomotic Buccal 
Mucosal Graft Ureteroplasty

Strictures with obliterated ureteral lumens must be excised. 
After excision, the posterior plate of the ureteroplasty is cre-
ated by anastomosing the proximal and distal transected ure-
teral stumps with absorbable suture, making sure to confirm 
this posterior ureteral plate is healthy. Intravenous ICG is 
useful here. An indwelling ureteral stent is then placed. The 
anterior tissue of the proximal and distal ureteral stumps 
should also be confirmed to be healthy; further trimming of 
tissue may be done, and spatulation can also be performed if 
lumen is narrowed. The remaining anterior defect is then 
covered with BMG and secured with absorbable suture simi-
lar to the onlay technique (Fig. 8).

7.4  Omental Wrap

An omental, perinephric, or even mesenteric fat flap should 
be used to supply blood to the BMG as it heals and incorpo-
rates into the ureter. The technique for harvesting omentum 
is discussed previously. For ureteroplasties that were circum-
ferentially dissected, the preferred omental flap technique is 
passing the pedicle posterior to the ureter, securing it to the 
psoas fascia posteriorly, and then securing the pedicle around 
medially to cover the anterior side of the ureter so that the 
ureter is in contact with a vascular supply circumferentially. 
It is important that the BMG has maximal contact with the 
omental wrap, and a useful technique is to directly secure the 
omentum to the “serosa” of the BMG with absorbable suture. 
Placing sutures on the omentum should be done carefully 
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a cbFig. 8 Illustration of the 
steps for an augmented 
anastomotic buccal mucosal 
graft ureteroplasty, with an 
obliterated ureteral segment 
(a) transected, the posterior 
ureteroureteral plate 
anastomosis (b), and the 
onlay of the buccal mucosal 
graft over the anterior defect 
(c)

along its longitudinal axis and in an interrupted fashion as to 
not compromise pedicle perfusion. Intravenous ICG can also 
be used to confirm omental flap vascularity. For ureteroplas-
ties that were not circumferentially dissected, the omental 
pedicle is placed over the anterior surface of the ureter, with 
absorbable suture placed between the omentum and BMG 
“serosa” to maximize contact and secured laterally.

8  Appendiceal Ureteroplasty

Appendiceal utilization in ureteral reconstruction was described 
as early as 1912 by Melnikoff with both open and laparoscopic 
techniques being evaluated in the literature [21–24]. While 
simple distal ureteral strictures may be corrected with some 
variation of a ureteroneocystostomy, more complex distal ure-
teral strictures, mid-, or proximal ureteral strictures may be 
approached with appendiceal ureteroplasty, if the appendix is 
present. This is another tool as a substitute to BMG uretero-
plasty. The robotic modality for appendiceal ureteroplasty was 
recently shown to have a 92% success rate in a multi-institu-
tional early retrospective database of 12 patients [25].

Patients are placed in a modified lateral decubitus posi-
tion with both the genitalia and nephrostomy tube prepped 

into the field. Similar to the previous reconstructive tech-
niques, females had their legs in modified lithotomy for 
access to urethra. The bedside assistant trocar should be a 
12 mm port in order to accommodate the laparoscopic sta-
pler to divide the appendix from the cecum; however, one 
can also sharply divide the appendix from the cecum and 
close the cecal defect with two-layer suture. After the dis-
eased ureteral segment has been isolated, attention is then 
paid to the appendix.

A window in the mesoappendix is made, with care not to 
disturb its intrinsic vascularity. The laparoscopic stapler is 
then used to divide the appendix from the cecum, with care 
to keep the mesoappendix intact. The staple line on the 
appendix side is then sharply opened with suctioning of fecal 
material if present. The appendix may then need to be mobi-
lized in order to reach the region of the ureteral stricture. 
Intravenous ICG can be used to ensure adequate appendiceal 
and mesoappendiceal perfusion post-mobilization.

Similar to BMG onlay versus augmented anastomotic 
BMG ureteroplasty, the use of the appendix depends on 
whether the stricture lumen is narrowed or obliterated. 
Obliterated lumens require an appendiceal bypass. Narrowed 
lumens are managed with appendiceal onlay but can also be 
managed with appendiceal bypass.
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8.1  Appendiceal Onlay

The appendix is detubularized by sharply incising open 
along its antimesenteric axis. The length of the appendiceal 
lumen is then made sure to be adequate to cover the ureteral 
stricture. If inadequate, the mesoappendix can then be sta-
pled across and appendectomy is performed. Similar to the 
BMG onlay, the ureteral stricture is split open, and the 
appendiceal onlay is anastomosed to cover the ureterotomy 
with absorbable 4–0 suture. An indwelling ureteral stent 
should be left. Unlike the BMG, the appendix already has 
blood supply from the mesoappendix; thus no, omental or 
perinephric flap is needed.

8.2  Appendiceal Bypass

Appendiceal bypass, also known as appendiceal interposition, 
keeps the ureteral strictured segment in situ with a new lumen 
for urine passage through the appendiceal lumen and then 
either directly into the bladder or to the ureter distal to the 
strictured segment. In this technique, the appendix is not detu-
bularized. After the appendiceal staple line is sharply incised, 
the lumen of the appendix is calibrated to ensure its diameter 
to be >10 French. If this is satisfied, the distal tip of the appen-
dix (anticecal side) is then sharply cut to expose the lumen. 
This distal tip of the appendix will be anastomosed to the ure-
ter proximal to the stricture, while the cecal side is anasto-
mosed distal to the stricture (either the bladder or ureter). Both 
open ends of the appendix are spatulated approximately 
2–3 cm in length for anastomosis. An indwelling ureteral stent 
should be left through the appendiceal lumen and ureter.

9  Technique Summary and Algorithmic 
Approach

Robotic surgical principles in ureteral reconstruction are the 
same as those of open surgery, with many concepts extrapo-
lated from urethral reconstruction: minimizing ureteral blood 
supply disruption, creating tension-free anastomoses, ensur-
ing mucosa-to-mucosa apposition (for the ureter, bladder, or 
BMG), and, more recently studied, allowing the stricture to 
mature with ureteral rest. Minimizing ureteral blood supply 
disruption is a function of both technique and decision- 
making: dissection of the ureter should be minimized with as 
much adventitial tissue left on as possible, circumferential 
dissection should be limited if unnecessary, and ureteral 
reimplantation is preferred when possible as the bladder’s 
vascularity is superior to the ureter.

An algorithmic approach for these novel tools in our ure-
teral reconstructive armamentarium based on the character-
istics of the ureteral stricture should be used. First, the 
location of the diseased segment should be considered. 
Distal ureteral strictures should be repaired with ureteral 
reimplantation, utilizing adjunctive mobility techniques 
such as psoas hitch or Boari flap when needed. However, if 
this is not possible due to characteristics of the bladder, then 
the stricture may be treated similar to that of the proximal 
ureter. Proximal ureteral strictures should be placed in two 
groups—short and long—referring to the ability to success-
fully perform a primary ureteroureterostomy and not neces-
sarily abiding by traditional 3  cm cutoff, as, based on 
mobility, some <3  cm strictures may not be amenable to 
tension-free primary repair. Short proximal ureteral stric-
tures may undergo ureteroureterostomy. Long proximal ure-
teral strictures should undergo BMG ureteroplasty or 
appendiceal ureteroplasty. Mid-ureteral strictures can go 
either way in the algorithm: if the bladder is amenable, 
Boari flap or perhaps even just a psoas hitch ureteroneocys-
tostomy may be reasonable, and if the bladder is not ame-
nable, they can be treated accordingly with proximal ureteral 
stricture techniques. The algorithm by Zhao et al. as seen in 
Fig. 9 has been proposed and is a good guide to deciding 
how to approach this difficult urologic disease process with 
such a wide spectrum of severity [1].

10  Single-Port Robotic System

With the increased popularity of single-port robotic systems 
after the rollout of the da Vinci Single-Port (SP) platform 
(Intuitive Surgical Inc., Sunnyvale, CA) in 2018, urologic 
procedures that have been mastered with the previous itera-
tions of the multi-port robotic consoles have now been trans-
lated over the this novel device [26]. With the proposed 
advantages of improved cosmesis (Fig. 10), ability to work 
in tighter spaces (e.g., deep in the pelvis for the bladder neck 
or proximal urethral reconstructions), and ease of staying 
extraperitoneal for certain procedures (e.g., radical prosta-
tectomy), the SP system has been utilized across the country 
and is being shown to be feasible for operations that have 
been performed multi-port, including ureteral reconstruc-
tions [27, 28]. While there is a learning curve to the SP sys-
tem and its current limitations including the lack of NIRF, 
smaller working space, and increased difficulty with tissue 
retraction, ureteral reconstruction using the SP system has 
been shown to be safe and effective in early case series [29], 
with larger studies with longer follow-up data in the works 
(Figs. 11 and 12).
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Location

Distal Proximal/Mid

Reimplantation Uretero-ureterostomy
(at surgeon preference)

Buccal Graft

Appendiceal
Onlay

No appendix or
not amenable

<3 cm
Appendix present
and amenable?

Appendix not
amenable?

Illeal Uretera

Autotransplant

+ Psoas hitch

+ Boari flap

Fig. 9 Ureteral reconstruction algorithm, as proposed by [30]

Fig. 10 Periumbilical single-port robotic incision
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Robot-Assisted Adrenalectomy Workup 
and Management

Stefano Puliatti, Pietro Piazza, Declan Murphy, 
and Erdem Canda

1  Introduction

While their role and identity as individual organs have been 
neglected until the late nineteenth century, the first surgical 
adrenalectomy dates back to 1860, when Thornton success-
fully removed a 9-kg adrenal tumor, along with the ipsilat-
eral kidney, from a 36-year-old woman. Over the past two 
decades, minimally invasive treatment of adrenal glands has 
grown in popularity and eventually became the treatment of 
choice for adrenal neoplasms. Minimally invasive proce-
dures are associated with better cosmetic outcomes, less 
postoperative pain, and a shorter hospital stay than tradi-
tional open procedures [1]. After the first robot-assisted adre-
nalectomy in 1999 by Piazza et al., several studies comparing 
the robotic approach with laparoscopy were published [2]. 
The first randomized clinical trial comparing laparoscopic 
and robot-assisted adrenalectomy was published in 2004 by 

Morino et al. and yielded controversial results, mainly due to 
the surgeons’ lack of experience in using the robotic plat-
form [3]. However, subsequent studies supported the safety 
and feasibility of the technique [4, 5]. In patients with secret-
ing adrenal tumors, the use of robotic technology could help 
surgeons limit manipulation of the gland, reducing the risk of 
intraoperative complications. Robotic surgery has also been 
associated with safer treatment of larger tumors [6], other 
than in morbidly obese patients [7]. Because of these advan-
tages, despite the lack of a concrete indication from urologi-
cal guidelines, robotics is now used worldwide as a safe and 
practical minimally invasive technology for adrenal surgery.

2  Indications for Radical 
Adrenalectomy

The main indication for adrenalectomy is the treatment of 
primary or secondary neoplasm of the adrenal gland.

Adrenal neoplasms are discussed in the following sec-
tions [8].

2.1  Adrenal Carcinoma

Adrenal carcinoma is a rare neoplasm that affects 0.8–2 peo-
ple per million annually. It is usually diagnosed in the first or 
fourth decade of life. It is bilateral in 2–6% of cases, and it is 
usually associated with an underlying genetic disease 
(MEN1, Li-Fraumeni syndrome, Lynch syndrome, McCune- 
Albright syndrome). Although several oncogenes have been 
identified, their role in tumor pathogenesis is still largely 
unknown. Adrenal carcinomas are secretory in up to 70% of 
cases and result in overproduction of adrenal hormones, with 
associated symptoms depending on the type of hormone pro-
duced. The most common secreting molecule is cortisol, 
causing Cushing’s syndrome. In the case of non-secreting 
carcinoma, the most common symptoms are back pain, nau-
sea, and vomiting.
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Table 1 Weiss criteria for differential diagnosis between adrenal ade-
noma and carcinoma

High nucleolar grade (Furman 3–4)
High mitotic rate (>5 mitosis per field)
Presence of atypical mitosis
Low percentage of clear cells
Altered architecture of tumoral cells
Presence of necrosis
Vascular structure invasion
Sinusoids invasion
Tumoral capsule invasion

On diagnostic imaging, these tumors appear as irregularly 
shaped masses, with intraparenchymal calcifications and 
areas of necrosis, and with high density level. Weiss criteria 
are used for the differential diagnosis between adenoma and 
carcinoma (Table 1) [9].

Usually, adrenal carcinomas are diagnosed at advanced 
stages; therefore, 5-year survival rates are low, around 
20–40%, with a high recurrence rate (60–80%). Robot- 
assisted adrenalectomy with regional lymphadenectomy 
can be safely performed even in locally advanced and meta-
static diseases. Although not an absolute contraindication, 
tumors larger than 12 cm should raise concerns about the 
possibility of achieving complete oncologic excision with 
minimally invasive approaches. Invasion of surrounding 
organs, involvement of vascular tissue, vena cava thrombo-
sis, and widespread metastatic disease are relative 
contraindications.

2.2  Pheochromocytoma

Pheochromocytoma is a tumor arising from the chromaffin 
cells of the adrenal medulla. It is a rare tumor with an inci-
dence of 2–8 cases per million inhabitants/year. It is mainly 
diagnosed in the third, fourth, and fifth decades of life. 
Historically, it was defined as the 10% tumor: 10% extra- 
adrenal, 10% familial, 10% bilateral, 10% pediatric, and 
10% malignant. Today, this term is no longer used as it has 
been shown that the extra-adrenal forms account for about 
25% and that it is familial in 30–40% of cases. It is often 
associated with multiple endocrine neoplasia type 2 (MEN 
2), von Hippel-Lindau disease, and neurofibromatosis type 
1. Symptoms are related to high levels of circulating cate-
cholamines, including headache, palpitations, and sweating; 
anxiety, fatigue, fever, hyperglycemia, hypertension, and 
indolent hematuria may also be present. Typical manifesta-
tions of pheochromocytomas are the so-called crises, acute 
manifestations due to a sudden massive release of catechol-
amines into the bloodstream. These crises usually manifest 
with anxiety and fear of impending death, dyspnea, epigas-
tric or chest pain, nausea and vomiting, tremor, and palpita-

tions. Pheochromocytoma should be suspected when one or 
more of the following conditions are present: hyperadrener-
gic crises, treatment-refractory hypertension, genetic syn-
dromes (MEN type 2, VHL disease, neurofibromatosis type 
1), or a family history of pheochromocytoma. The diagnosis 
is confirmed by the detection of fractionated metanephrines 
and catecholamines in 24-h urine (positive test if Met >400 
microg). Contrast-enhanced computed tomography is used 
to localize the tumor. The gold standard treatment for pheo-
chromocytomas is surgical excision. To prevent a catechol-
aminergic “crisis” during surgery, a well-established 
pharmacological preparation for surgery is required, which 
will be discussed in the following sections. As this is a benign 
pathology, surgical excision is curative in most cases, but 
annual follow-up by urinary catecholamine assay should be 
performed to exclude delayed occurrence of multiple pri-
mary tumors or, in the case of a malignant neoplasm, the 
occurrence of metastases.

2.3  Metastases

Adrenal glands are a typical location of secondary dissemi-
nation for melanoma, lung, kidney, breast, and colon malig-
nancies [10]. In the case of secondary localization to the 
adrenal glands, the aim of surgery is to enucleate the tumor 
while preserving as much function as possible, making mini-
mally invasive surgery the best suitable option.

2.4  Benign Tumors

Benign adrenal tumors, which can be classified in secreting 
and non-secreting, are the most common indication for mini-
mally invasive adrenalectomy [11]. The active metabolite 
synthesis of these tumors causes clinical manifestations. 
Cushing’s syndrome, Conn’s syndrome, and virilization are 
caused by tumors that produce corticosteroids, aldosterone, 
or sex steroids, respectively.

The vast majority of benign adrenal neoplasms are non- 
secreting tumors, with adenoma being the most common his-
tologic type, accounting for 82.4% of all incidentally 
discovered adrenal lesions. Despite their low level of threat, 
they are difficult to distinguish from adrenal carcinoma on a 
computed tomography or MRI scan, posing a challenging 
differential diagnosis. Taking this into account, the need for 
resection is determined by the patient’s functional status, 
clinical manifestations, and cancer risk. Tumor size is often 
used to determine malignancy risk, but the threshold is still 
controversial. According to Song et  al., the risk of malig-
nancy in tumors <4  cm is negligible. The likelihood of 
malignant tumors increases whit lesions larger than 5  cm, 
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with lesions larger than 8 cm having a 95% chance of being 
malignant in individuals with a positive history.

Oncocytoma is a rare benign tumor. It is more common in 
women (2.5:1) and has the same histologic features as renal 
oncocytoma, but unlike the latter, in most cases, does not 
show a spoke-wheel appearance at CT and can reach a size 
of more than 20  cm. Treatment consists of surgical 
resection.

Myelolipoma is a rare benign neoplasm, with an esti-
mated prevalence of 0.1% in the world population. It is 
formed by fatty and myelopoietic cells and is usually non- 
secreting. On CT scans, it appears as a well-circumscribed 
adrenal lesion with contextual adipose tissue; these specific 
features allow a fairly simple diagnosis. Treatment is con-
servative, limiting surgical approach to symptomatic cases.

Ganglioneuroma is a rare benign tumor that can develop 
in various sites of the body (e.g., retroperitoneum or medias-
tinum), including the adrenal gland. It is more common in 
young people, with rapid growth that can cause compressive 
symptoms. It can secrete Vasoactive Intestinal Peptide (VIP), 
so it is often associated with diarrhea. Diagnosis is usually 
histological after surgical removal.

Schwannoma, is a benign tumor arising from cells of the 
peripheral nervous system and may rarely present as adrenal 
neoplasm. It is associated with neurofibromatosis type 1 and 
may present as a malignant tumor in 10% of cases. The treat-
ment of choice is surgical excision.

Adrenal cysts are found incidentally in about 0.1% of 
autopsies. They can be divided into epithelial cysts, endothe-
lial cysts, and pseudocysts. Pseudocysts are malignant in 7% 
of cases. Treatment depends on the characteristics of the 
cyst; however, any therapeutical choice should be weighed 
with caution given the malignant potential of these 
neoformations.

2.5  Other Diseases

Infections [12] and persistent Adreno Cortico Tropic 
Hormone (ACTH)-producing masses caused by Cushing’s 
syndrome [13] are two less common indications for surgical 
removal of the adrenal glands.

3  Preoperative Imaging

Diagnostic imaging in adrenal gland disease is of paramount 
importance. The current gold standard procedure is abdomi-
nal contrast-enhanced computed tomography (CECT), fol-
lowed by magnetic resonance imaging. The use of abdominal 
ultrasonography is limited by the location and size of the 
adrenal glands.

3.1  Contrast-Enhanced Computed 
Tomography (CECT)

CECT is the technique of choice for the evaluation of the 
adrenal glands [14]. Thanks to the difference in density of 
the adrenal glands with the retroperitoneal fat, tomography 
allows clear identification of the organs.

The right adrenal gland is shaped like an inverted “Y” and 
is located immediately posterior to the inferior vena cava 
(IVC), posterior to the liver, and anterior to the kidney. The 
left adrenal gland, triangular in shape, is located medial and 
anterior to the superior pole of the ipsilateral kidney, poste-
rior to the pancreas, and lateral to the aorta.

Density values and enhancement features after contrast 
administration allow characterization of the lesions and help 
in differential diagnosis (Table 2). CECT also plays a role in 
performing adrenal biopsies.

3.2  Magnetic Resonance Imaging (MRI)

MRI is considered as a second level investigation [15]. Its 
role is limited to the differential diagnosis of adrenal adeno-
mas, preoperative assessment of relationships with adjacent 
organs, and in patients with impaired renal function.

4  Vascular Anatomy

A comprehensive knowledge of the vascular anatomy of the 
adrenal glands is essential when performing an adrenalectomy 
(Fig. 1). Each adrenal gland is irrorated by branches arising 

Table 2 CECT scan characteristics of the most common adrenal tumors

Size Morphology Density Other characteristics
Adenoma <3 cm

>3 cm (usually non 
producing)

Round shaped <10 UH (fatty appearance) Hypotrophic contralateral adrenal

Pheochromocytoma Variable Irregular Uneven (necrosis) Hypervascularization (marked contrast 
enhancement)

Primary adrenal 
carcinoma

Usually quite large 
(>6 cm)

Irregular, with local 
invasion

Uneven (necrosis, 
calcifications, bleeding)

Uneven contrast enhancement; absence of 
adiposity

Metastases Variable Variable >20 UH
Uneven

Rapid and prolonged contrast 
enhancement; sometimes bilateral

Robot-Assisted Adrenalectomy Workup and Management



556

Inferior
vena cava

Renal
a. and v.

Abdominal
aorta

Superior
mesenteric a.

Middle
adrenal

a.

Right
adrenal

v.

Right superior adrenal aa.

Right adrenal gland

Inferior adrenal a.

Fegne pnrenic a.

Celiac trunk

Left inferior
phrenic
a. and v.

Left superior adrenal aa.

Left adrenal gland

Left adrenal v.

Inferior adrenal a.

Fig. 1 Adrenal glands vascular supply

from the inferior phrenic artery, the renal artery, and the aorta. 
These arteries enter the gland along the superior and medial 
borders, making the inferolateral, posterior, and anterior sur-
faces of the gland typically avascular. The right adrenal vein 
originates on the superomedial surface of the gland, runs few 
millimeters along the anterior surface of the gland, and empties 
into the inferior vena cava (IVC). The left adrenal vein exits the 
gland at the inferior border and drains into the left renal vein. 
Compared to the insertion of the left gonadal vein, the left adre-
nal vein is found on the opposite side of the vein, slightly more 
medial. There are typically multiple collateral veins present. 
These veins are usually easily distinguished from the main 
adrenal vein because they tend to be more tortuous, have thin-
ner walls, and are usually located below the main adrenal vein.

5  Preoperative Setting

Surgical preparation for adrenal disease is complex and may 
require specialized endocrinologic, anesthesiologic, and car-
diology consultation depending on the metabolic character-
istics of the tumor [16].

5.1  Pheochromocytoma

Excessive secretion of catecholamines can lead to tachycar-
dia, sweating, headache, hypertension, arrhythmias, left ven-
tricular dysfunction, and impaired glucose tolerance. 

Therefore, the following preoperative investigations are rec-
ommended: cardiac evaluation, electrocardiogram, echocar-
diography, and assessment of hypertension induced by the 
hormone-producing tumors. To achieve adequate hemody-
namic and glucose control, administration of sympathetic 
therapy with drugs blocking alpha-adrenergic receptors (e.g., 
doxazosin and terazosin) should be started 2 weeks before 
surgery. During surgery, hypertensive episodes can be antici-
pated and controlled by intravenous use of nitroglycerin, 
nicardipine, phentolamine, and nitroprusside. Beta blockers 
with short half-life are also an appropriate choice. Limited 
surgical manipulation of the pheochromocytoma is also of 
utmost importance. In the immediate postoperative period, 
careful fluid administration and the use of vasopressor medi-
cations to control hypotension are required. Correction of 
electrolyte alterations and hypoglycemia may also be 
necessary.

5.2  Conn’s Syndrome

Primary hyperaldosteronism associated with this syndrome 
can lead to electrolyte and acid-base imbalances such as 
hypokalemia, hypomagnesemia, and alkalosis; fluid loss or 
retention; refractory hypertension; cardiac dysfunction; and 
arrhythmia. These changes should be treated preoperatively 
by administration of aldosterone antagonists (e.g., spirono-
lactone) and further monitored postoperatively. Fluids or 
diuretics should be administered depending on the state of 
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volume saturation. If bilateral manipulation or excision is 
planned, preoperative cortisol administration may be 
required, which should be continued for 24 h after surgery; 
in addition, supplemental therapy with mineral corticoids or 
glucocorticoids should be administered.

5.3  Cushing’s Syndrome

Hypercortisolism can lead to hypertension, diabetes, myopa-
thy, hypokalemia, fluid retention, and cardiac dysfunction. 
For these reasons, adequate anesthesiologic and cardiopul-
monary evaluation preoperatively is recommended. Fluid 
balance, blood pressure, glucose control, and electrolyte 
changes must then be carefully evaluated and treated. In 
patients with cortisol-producing masses, steroids are admin-
istered preoperatively because of the contralateral adrenal 
gland inhibition due to the high cortisol production of the 
mass.

Hormone replacement therapy is continued for several 
weeks after surgery to allow the contralateral adrenal gland 
to normalize. Myopathy and changes in bowel motility can 
lead to postoperative respiratory problems and “ab ingestis” 
pneumonia. Respiratory gymnastics should be started as 
soon as possible after surgery.

6  Patients’ Setup

The operation is performed under general endotracheal 
anesthesia. Before positioning the patient, a urethral 
indwelling urinary catheter is inserted. The patient is posi-
tioned in the flank position with an angle of 45°–60° for a 
transperitoneal approach or 90° for a retroperitoneal 
approach. Using the kidney as anatomical landmark and 
placing it at the level of the table break, moderate table 
flexion (approximately 15°) is provided to maximize the 
distance between the costal margin and the iliac crest 
(Fig. 2). The elbows, wrists, and hands are padded, and the 
arms are extended in front of the patient with the aid of an 
upper arm support. Caution must be exercised to avoid 
hyperextension of the shoulder, which can lead to neuro-
praxia. The lower leg is flexed, the upper leg is extended, 
and all lower limbs’ pressure points are padded. To keep the 
patient immobilized throughout the procedure, the patient 
is tethered to the table with fabric tape and Velcro straps at 
the level of the iliac crest and knees. All pressure areas are 
examined, including the head, neck, armpit, arms, hips, 
knees, and ankles, and more padding is applied as needed. 
This position is used when closing trocar wounds at the end 
of the procedure and to convert to an open procedure in the 
event of an emergency.

7  Robot-Assisted Radical 
Adrenalectomy

Several techniques, such as lateral transabdominal and pos-
terior retroperitoneal, have been described for robot-assisted 
radical adrenalectomy. None of them has been recognized as 
favorable and has been associated with significant advan-
tages over the other. The choice for the best approach is still 
controversial and depends mainly on the surgeon’s experi-
ence. The lateral transabdominal technique is currently the 
most popular. This approach is preferable by others because 
of the larger working space and familiarity with the anatomi-
cal structures. This approach also allows the surgeon to per-
form multiple abdominal surgeries simultaneously [17]. In 
addition, the transabdominal approach is recommended for 
morbidly obese patients or patients with large tumors because 
of its applicability and larger workspace [18]. The main 
advantage of the posterior approach is the convenient access 
to the Gerota’s space. This approach should be preferred in 
patients who have previously undergone extensive abdomi-
nal surgery or who require bilateral adrenalectomy. However, 
due to the limited retroperitoneal surgical space, this method 
is not recommended for large tumors [19].

7.1  Transperitoneal Approach

Trocar Positioning The placement of trocars in robotic 
surgery depends on the robotic platform used and the sur-
geon’s preference. This section describes the technique used 
by Prof. A. Mottrie for the robot “Da Vinci Xi.” The first 

Fig. 2 Patient’s positioning for robot-assisted radical adrenalectomy
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trocar to be placed is the 12  mm “Airseal” trocar, a CO2 
insufflation system that allows the pressure (set at 8 mmHg 
according to early recovery after surgery protocols) to be 
kept constant during the robotic procedure and to minimize 
CO2 uptake by the patient. A peri-umbilical incision of 
approximately 2 cm is made. The planes are digitally opened 
so that the posterior fascia of the rectus muscles is reached. 
At this level, the “Airseal” trocar is used to create a small 
hole in the posterior fascia of the muscles, performing a 
rotation movement without applying pressure. The hole is 
digitally enlarged, and the trocar is inserted in the abdomi-
nal cavity. The robotic endoscope is inserted, and the correct 
placement of the trocar in the peritoneal cavity is verified. 
This trocar is then used by the table assistant for suction, 
clip placement, and suture insertion. The four 8 mm robotic 
trocars are then placed 8–10  cm apart. The first trocar is 
placed two fingers below the costal arch along the parame-
dian line. The others are placed at the aforementioned dis-
tance along a line slightly oblique and lateral to the 
paramedian line (Fig. 3).

Surgical Steps For left adrenalectomy, the most common 
approach involves dissection along Toldt’s line, medializa-
tion of the descending colon, and incision of the spleno-
colic ligament. The lienorenal ligament is then transected, 
and the retroperitoneal space is accessed at the level of the 
inferior border of the pancreas. With adequate and gentle 
retraction of the spleen and pancreas, the left adrenal vein is 
exposed. The adrenal vein is then isolated to its origin at the 
level of the left renal vein. Three metal clips are placed, two 
proximal to the renal vein and one near the origin of the vein 
from the adrenal gland, and then transected. The medial 
edge of the gland is separated from the aortic plane. With 
gentle traction on the kidney by the table-side assistant, the 

plane between the upper pole of the kidney and the adrenal 
gland is dissected. A small amount of fat is left on the adre-
nal gland to minimize direct manipulation of the gland. 
Small adrenal arteries are clipped or coagulated as they are 
identified. Dissection of the left adrenal gland from the 
upper renal pole is then completed, taking care not to injure 
superior polar renal vessels. In right adrenalectomy, after 
transperitoneal entry, the hepatic flexure is mobilized inferi-
orly, and the liver is retracted superiorly. The second part of 
the duodenum is then mobilized to expose the inferior vena 
cava. The following surgical steps resemble the left 
adrenalectomy.

Closure Once the dissection of the adrenal gland is com-
plete, the surgical specimen is placed in an Endobag and then 
removed through the 12 mm port. Pneumoperitoneum pres-
sure is then reduced to 5 mmHg to verify adequate hemosta-
sis. After removal of the robotic instruments, the robot is 
undocked, and the trocars are removed. The 12 mm port is 
closed according to the anatomical planes.

7.2  Retroperitoneal Approach

Trocar Positioning The 8  mm optic trocar is inserted 
approximately 1–2 cm inferior to the 12th rib. A finger dis-
section or balloon trocar may be applied in order to develop 
the retroperitoneal space. The CO2 insufflation pressure 
should be higher than the lateral transabdominal approach at 
approximately 20  mmHg, in order to properly expand the 
space. After insufflation, two 8-mm working arms are placed 
to lateral and medial sides of the optic trocar at a distance of 
8–10 cm, in order to avoid instrument collisions.

Surgical steps Anatomic landmarks are difficult to identify. 
The psoas muscle should be identified through a medial dis-
section, followed by the retroperitoneal major vessels. Next, 
the renal hilum should be identified. With a retroperitoneal 
approach, the artery, posterior to the vein, is identified first. 
The adrenal vein should be identified and isolated at the level 
of the inferior medial border of the adrenal gland. The adre-
nal vein is then closed using a three-clip technique, as 
described for the transperitoneal approach, and then tran-
sected. Dissection of the adrenal gland is then completed, 
taking care to carefully cauterize the small adrenal arteries 
that originate directly from the aorta.

Closure The gland is placed in an “Endobag” and then 
removed. A drain is usually placed. Pneumoperitoneum 
pressure is then reduced to 5  mmHg to verify adequate 
hemostasis. After removal of the robotic instruments, the 
robot is undocked, and the trocars are removed.

R: 8mm ROBOTIC PORT
C: 8mm CAMERA PORT

A: 12mm ASSISTANT PORT

R1

R2
R3

C
A

Fig. 3 Trocar positions for robot-assisted transperitoneal adrenalec-
tomy using the Xi system
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8  Postoperative Care

Patients must remain in the hospital overnight. In the recov-
ery room, a diet is established, narcotics are avoided, and 
deambulation is encouraged. A complete blood count and a 
basic metabolic assessment are performed the day after sur-
gery. Cushing’s syndrome patients are started on high-dose 
steroids and oral hydrocortisone at discharge. In patients 
without Cushing’s syndrome, oral steroids are not necessary 
at discharge if the blood glucose level is higher than 10 g/
dL. If the patient shows evidence of adrenal insufficiency or 
the morning cortisol level are lower than 10 g/dL, steroids 
are administered, and an endocrinology consultation is 
scheduled. In patients with primary hyperaldosteronism, 
their aldosterone and renin levels are checked. In patients 
with pheochromocytoma, catecholamine levels are checked 
once a month and then once a year [20].

9  Complications

Vascular injury, intestinal injury, liver, and splenic injury are 
all potential complications associated with this operation. 
Vascular injury is reported to occur in 0.7–5.4% of cases, 
while transfusion rates are around 10% [21]. While large 
vascular injury is immediately noticed, small vessel injury 
may go unnoticed initially due to the pneumoperitoneum 
pressure. Therefore, small vascular injuries usually show up 
during the postoperative period, causing hematomas and, in 
some cases, hemodynamical instability. Bowel damage is 
another common complication of minimally invasive adre-
nalectomy, potentially leading to severe consequences if left 
untreated. Small bowel is the most frequently injured organ, 
with duodenal injury having the most serious consequences. 
The most common type of intestinal injury is thermal injury 
[22]. When working near the bowel, especially around the 
duodenum, cautery should be avoided. Adrenalectomy can 
also potentially cause liver and splenic damage. Instrument 
insertion or forceful retraction might cause capsular tears. 
Adequate adhesion lysis before the start of the procedure can 
help prevent these injuries. To avoid harming any viscera, all 
trocars and table-side assistant’s instruments should be 
inserted under direct vision. In the following paragraphs, 
some common surgical and metabolic complications associ-
ated with robot-assisted adrenalectomy are reported.

9.1  Intraoperative Complications

Access Related Abdominal wall hemorrhage, cutaneous 
nerve injury, and endo-abdominal organ injury from Verres 
needle or trocars insertion.

Hemorrhagic Caused by injury to retroperitoneal large ves-
sels, adrenal vein, lienal or hepatic vessels, and lumbar ves-
sels or by bleeding from the resection bed following partial 
adrenalectomy.

Ischemic May be caused by erroneous ligation of the supe-
rior mesenteric artery or superior mesenteric vein or renal 
vessels.

Injury to Adjacent Organs Result from incorrect choice of 
dissection plan or diathermic insult. The organs affected may 
include the kidneys, pancreas, spleen, and liver.

Hemodynamic Instability Typically encountered in the 
case of pheochromocytoma.

9.2  Postoperative Complications

Patients with Primary Hyperaldosteronism May experi-
ence hypokalemia resulting from a prolonged loss of potas-
sium or hyperkalemia if the contralateral gland does not 
compensate by adequate secretion of aldosterone.

Patients with Cushing’s Syndrome Hypocortisolism due to 
inadequate replacement therapy, fractures due to osteoporo-
sis, hyperglycemia, inadequate wound healing, and 
infections.

Patients with Pheochromocytoma Hemodynamic altera-
tions.

General Complications Hemorrhage, pneumothorax, pan-
creatitis, and intra-abdominal collections.

10  Outcomes

Several studies have supported the safety of robotic adrenal-
ectomy when compared with laparoscopy and open surgery 
[23]. Despite the existing literature has not yet shown a sig-
nificant advantage of one technique over the other, robot- 
assisted procedures appear to have some advantages over 
other minimally invasive approaches [24]. The conversion 
rates of robot-assisted and laparoscopic adrenalectomy have 
been reported to be 0–5% [25] and 1–6% [7], respectively, 
showing a slight advantage of the robotic over the laparo-
scopic approach. Although conversion rate is not considered 
a direct indicator of safety, it may influence outcomes such 
as pain, hospital stay, and cosmetic effects and therefore 
should be considered. Other authors showed that robotic sur-
gery was associated with a lower complication rate com-

Robot-Assisted Adrenalectomy Workup and Management



560

pared to laparoscopic surgery (3.6% vs. 6.8%) [26]. In terms 
of blood loss, all current studies showed a significant reduc-
tion in blood loss with robotic surgery. In addition, patients 
treated with robot-assisted adrenalectomy had a statistically 
lower hospital stay compared to the traditional open proce-
dure [1]. All of these outcomes correlate strongly with the 
learning curve of robot-assisted adrenalectomy. According to 
current research, the learning curve cutoff for robot-assisted 
adrenalectomy is 20 procedures; however, these results are 
mainly from tertiary institutions and referrable to experi-
enced surgeons [27]. Regarding the oncologic outcomes of 
these procedures, the current level of evidence is low. 
However, one of the largest studies, involving 289 patients, 
suggests that robot-assisted adrenalectomy has comparable 
oncologic outcomes when compared with open procedures 
[28]. Further studies with higher level of evidence are 
needed.

11  Robot-Assisted Partial 
Adrenalectomy

The diffusion of robotic surgery has also contributed to new 
interest in partial adrenalectomy, a procedure currently lim-
ited to patients with single adrenal gland or with genetic dis-
eases associated with multiple adrenal tumors, such as VHL, 
neurofibromatosis, or MEN II.

Several studies have demonstrated the safety and feasi-
bility of partial adrenalectomy [29–31]. Partial adrenalec-
tomy may help patients preserve part of the 
hormone-producing function, reducing the risk of adrenal 
insufficiency and Addisonian crisis and the morbidity asso-
ciated with long- term adrenal steroid replacement. To date, 
few case reports have been published on partial adrenalec-
tomy using a robot- assisted approach [29–31]. The use of 
intraoperative ultrasonography has significantly changed 
the way partial adrenalectomy is performed. Ultrasound 
allows more precise delineation of tumor margins within the 
adrenal gland [32]. Thanks to the special vascularization of 
the adrenal gland, which is supplied with blood by various 
arteries, it is possible to selectively remove the adrenal 
tumor and spare the remaining parenchyma. In addition, the 
use of Firefly technology along with indocyanine green 
(ICG) helps the surgeon to properly identify both the tumor 
and its vascularization [33].

Patient positioning, trocar placement, and surgical setup 
are identical to total adrenalectomy as previously described. 
The same technique is used to access the adrenal gland as in 
total adrenalectomy. After isolation of the adrenal gland, a 
flexible ultrasound drop-in probe is inserted through the 
12  mm assistant trocar and used to detect the tumor and 
define its anatomical margins. It is of utmost importance to 

mobilize only the portion of the adrenal gland affected by the 
neoplasm in order to preserve the necessary residual vascu-
larity of the gland. After mobilization of the gland, the tumor 
is resected. After removal, the surgical specimen is placed in 
an Endobag and then extracted via the 12 mm periumbilical 
trocar incision. The use of frozen section histological exami-
nation is strongly recommended.

12  Conclusions

Robot-assisted approach for adrenalectomy is feasible and 
safe. Although adrenalectomy is a purely extirpative proce-
dure requiring no further reconstruction, wristed instru-
ments, increased precision, and magnified three-dimensional 
vision may aid in dissection of large and small vessels and 
more precise delineation of the tumor lesion during both 
radical and partial adrenalectomies. These advantages may 
allow more surgeons, including those with limited laparo-
scopic experience, to offer their patients an effective and 
minimally invasive approach to adrenalectomy.
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Single-Port Approach to Kidney Surgery

Alireza Aminsharif, Mahmoud Abou Zeinab, 
and Jihad Kaouk

1  Introduction

Since 2018, with the adoption of the single-port robotic sur-
gery platform at many institutes, single-site surgery has 
evolved. Potential benefits of single-port robotic surgery 
have been shown in recent radical prostatectomy series. 
Early evidence showed that single-port robotic radical pros-
tatectomy can be associated with less postoperative morbid-
ity, shorter hospital stay, and a quicker recovery compared to 
conventional approaches [1–4].

Similarly, the specific characteristics of a dedicated sys-
tem for single-port robotic surgery such as a non-bulky plat-
form, double-arm flexible instruments, and the camera would 
make it an ideal system for single-site robotic surgery for 
upper urinary tract pathologies. In this chapter, we describe 
the potential application of single-port robotic surgery for 
partial nephrectomy and pyeloplasty as common upper tract 
surgical procedures. Technical details of single-port retro-
peritoneal robotic partial nephrectomy and single-port 
robotic pyeloplasty through Pfannenstiel’s abdominal inci-
sion will be discussed. As emerging techniques in this field, 
both approaches can potentially offer a less morbid surgical 
procedure with a short hospital stay and a rapid convales-
cence period.

2  Single-Port Retroperitoneal Robotic 
Partial Nephrectomy

With the da Vinci SP® system, a single robotic arm is docked 
to a 25 mm multichannel port, and a 12 × 10 mm articulating 
camera and three 6  mm articulating instruments can be 
passed through one entry access point. All instruments and 

the camera have a double articulating design to provide intra-
corporeal triangulation. Moreover, the system has an extra 
clutch by which the surgeon can move the camera and work-
ing arms as one unit during surgery. With these characteris-
tics, this novel system can be applied for extraperitoneal 
robotic partial nephrectomy via a single flank incision.

Although several groups attempted to integrate conven-
tional robotic platforms for single-site surgery, several tech-
nical issues such as limited working space or external 
clashing of robotic arms limited the widespread application 
of single-site robotic surgery using conventional platforms 
[5, 6].

Maurice et al. were the first who described the feasibility 
of robotic-assisted single-site surgery for retroperitoneal par-
tial and radical nephrectomy in a cadaveric model [7]. Later 
on, the clinical application of the SP® platform for partial 
nephrectomy was reported by Kaouk et al. in three patients 
[8]. A transperitoneal approach was used in this initial expe-
rience with single-port robotic partial nephrectomy. All three 
procedures were completed as planned without any conver-
sion to multiport robotic or open surgery with a mean opera-
tive time of 186 min and warm ischemia time of 25 min. One 
patient required angioembolization for management of active 
postoperative bleeding.

Recently, Na et al. compared the performance of a con-
ventional Xi® system versus a dedicated SP® system for 
doing single-site robotic partial nephrectomy [9]. Docking 
time was significantly shorter with the SP® platform. 
Limitation of working space and intracorporeal docking 
clashing were more evident with the use of the Xi® system, 
which led to conversion to the conventional multiport robotic 
procedure in one case. Moreover, with the use of the Xi® 
system for single-site surgery, the authors had to add an 
assistant abdominal port away from the site of robot dock-
ing; however, with the SP® system, all procedures were 
completed without any additional abdominal ports [9]. 
Notably, when the Xi® system is used for single-site surgery, 
dissection of upper pole tumors was challenging, while with 
the SP® system, tumor dissection in various locations would 
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be easier [7–9]. In general, the bulky configuration of the 
multiport system can restrict the movement of arms because 
of extracorporeal clashing.

Fang et al. reported a series of single-port robotic partial 
nephrectomy (n = 13) with transperitoneal (n = 6) and retro-
peritoneal (n = 7) approaches [10]. They placed a separate 
5–12 mm AirSeal® (ConMed Corp, Utica, NY, USA) port 
to facilitate the procedure. All procedures were accom-
plished with zero ischemia (off-clamp enucleation). The 
mean tumor size was 3.4 cm, and they were able to approach 
exophytic or endophytic tumors in various locations (i.e., 
upper, interpolate, or lower pole) with this platform. The 
mean operative time was 176 min in this series. The authors 
reported a case of conversion from single-port retroperito-
neal partial nephrectomy to open radical nephrectomy due 
to significant adhesion in the surgical field caused by previ-
ous transperitoneal laparoscopic partial nephrectomy. They 
had also difficulties in progression and localization of the 
recurred mass [10].

Similar outcomes were reported by Shukla et  al. on a 
series of 12 patients who underwent single-port robotic par-
tial nephrectomy with a transperitoneal approach (mean 
tumor size = 3.1 cm). They used an additional 12 mm assis-
tant port, about 7 cm away from the SP® cannula. All proce-
dures were successful with an average operative time of 
172 min and warm ischemia time of 25 min. No conversion 
was reported [11].

3  Single-Port Retroperitoneal Robotic 
Partial Nephrectomy: Surgical 
Technique

With this procedure, partial nephrectomy can be accom-
plished through a small 25 mm incision without any addi-
tional ports. The retroperitoneal approach can potentially 
be associated with a shorter hospital stay and a quicker 
recovery due to a lower incidence of postoperative ileus 
[12, 13].

4  Patient Selection

At least in initial experience, the authors recommend exclud-
ing patients with complex renal hilum anatomy, previous his-
tory on ipsilateral kidney [10], or morbid obesity. Tumors 
larger than 4 cm (T1a disease) [11], those with high com-
plexity scores, or with high-risk features may not be good 
candidates in the initial experience.

The procedure is done under general anesthesia, and the 
patient is placed in a lateral flank position (Fig.  1a). 
Prophylactic single-dose intravenous antibiotics and subcu-
taneous heparin can be administered.

5  Access

The docking point should be about an inch above the anterior 
superior iliac spine over the anterior axillary line. The access 
point should be ideally ≥10 cm away from the renal hilum 
[11]. A 2–3 cm incision is made, and with blunt and sharp 
dissections, the retroperitoneal space will be entered 
(Fig.  1b). After blunt dissection of the perinephric fat, the 
psoas sheath will be palpable. The Spacemaker™ (Covidien, 
Dublin, Ireland) surgical balloon dissection system is placed 
into the retroperitoneal space over the psoas muscle and 
guided toward the lower pole of the kidney. Adequate work-
ing space can be developed in the retroperitoneum by inflat-
ing the balloon with 400 cc of air (Fig. 1c).

6  Port Placement

The GelPOINT Mini System (Applied Medical, Rancho, 
Santa Margarita, CA) is used for port placement. The wound 
retractor/protector component (Alexis®) is fixed to the 
wound by securing its inner ring under the transversalis fas-
cia (Fig. 1d). After insertion of the 25 mm, SP® cannula with 
a multichannel guide port as well as a 12 mm AirSeal® port 
into the GelSeal cap, the GelSeal cap is attached to the 
Alexis® (Fig. 1e). Then the SP® robot is docked to the can-
nula and insufflation is established (Fig. 1f).

7  Floating Technique (Air Docking)

To increase the working space for robotic instruments, the 
Alexis® wound retractor must be left unrolled. Therefore, the 
SP® cannula remains away from the patient’s body and maximal 
working space will be provided for robotic instruments [14].

8  Partial Nephrectomy

After docking, retroperitoneal partial nephrectomy can be fol-
lowed step by step in standard technique [6–8]. With the retro-
peritoneal approach, the ureter and renal hilum can be easily 
seen and dissected by lateral and upward retraction of the lower 
pole. The renal artery can be approached behind the renal vein. 
After sharp dissection of the Gerota’s fascia, the perinephric fat 
can be dissected from the kidney to identify the renal mass. 
Intraoperative ultrasound can be passed through the assistant 
port and used to identify and circumscribe the margin of resec-
tion. The assistant can also pass the laparoscopic bulldog clamp 
as well as Vicryl sutures through the assistant port.

After clamping of the renal artery, the tumor can be 
resected by cold scissors. Renorrhaphy will then be started 
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Fig. 1 (a) Patient positioned in a flank position. (b) The 2–3 cm inci-
sion made between the 12th rib and iliac crest. (c) Development of ret-
roperitoneal space. (d) Placement of Alexis® wound retractor. (e) 

Placement of the GelPOINT Mini System, SP multichannel cannula, 
and an assistant port. (f) SP robot docking and instrument insertion
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by running deep Vicryl sutures to oversew the tumor base 
and superficial interrupted sutures to close the renal cortex. 
Sutures can be buttressed with 5  mm Hem-o-Lok® clips 
(Weck, Teleflex Medical, Research Triangle, NC, USA) 
applied by a robotic clip applier. After ensuring adequate 

hemostasis, the specimen will be retrieved, and the abdomi-
nal wall is closed in layers to prevent the risk of incisional 
hernia at the access point. Figure  2 shows the critical and 
final aspects of single-port retroperitoneal robotic partial 
nephrectomy.

a b

e

c

f g

d

Fig. 2 (a) Identification of the renal artery. (b) Clamping the renal artery using a bulldog clamp. (c) Identification of the tumor. (d) Excision of 
the tumor. (e) Renorrhaphy of the tumor base. (f) Renal tumor specimen after excision. (g) Scar of the incision 6 weeks post-surgery
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9  Technical Remarks

With the single-port robotic platform, retroperitoneal partial 
nephrectomy is feasible without the need for any abdominal 
port. However, especially in early experience, the addition of 
an assistant port at the level of umbilicus can be helpful [11]. 
The multi-quadrant feature of the SP® robotic system and its 
non-bulky configuration is helpful to approach both anteri-
orly and posteriorly located tumors via the retroperitoneal 
access point. The relocation pedal repositions the camera and 
all instruments as one unit and is very helpful to adjust the 
position of working instruments with tumor location. Mastery 
of new SP® camera control (“Cobra” mode) is beneficial to 
improve visualization during dissection of tumor and suturing 
of the tumor bed. In general, single-port robotic instruments 
tend to have weaker grasping strength than their conventional 
robotic counterparts. Therefore, a standard robotic bulldog 
clamp cannot be loaded, opened, and applied using one sin-
gle-port robotic instrument. Usually, two robotic arms should 
be used to apply or remove the bulldog clamp [15].

10  Single-Port Robotic Pyeloplasty 
Through a Pfannenstiel Abdominal 
Incision

After presenting the initial series of robotic pyeloplasty in 
2002 [16], there has been an interest in the use of conven-
tional multiport robotic systems for single-site surgery [17, 
18]. Despite this initial interest, single-site surgery with 
multi-arm robotic systems was not widely adopted due to 
potential difficulties and clashing during suturing. After the 
initial utilization of the dedicated SP® robot for extirpation 
surgery, its application was rapidly expanded to reconstruc-
tive procedures [19, 20].

Potential benefits of pure single-site pyeloplasty include a 
shorter hospital stay and a faster recovery [21], reduced postop-
erative pain, and improved cosmetic results [21, 22]. Recently, 
we reported our experience with single-port robotic pyelo-
plasty via a periumbilical or Pfannenstiel abdominal incision 
[22]. Although access through a periumbilical incision is stan-
dard practice [19], we showed that to further improved the cos-
metic results and reduce postoperative pain, a mini-Pfannenstiel 
incision can be used as a potential access point for single-point 
robotic pyeloplasty [22]. Previously, the advantages of 
Pfannenstiel incision compared to abdominal incisions in 
reducing postoperative pain and morbidity have been shown in 
laparoscopic nephrectomy series [23]. The dedicated charac-
teristics of the SP® robotic platform such as its multi-quadrant 
feature and its non-bulky configuration would be very helpful 
for conducting an upper tract surgery through a Pfannenstiel 
incision especially in the pediatric population.

11  Surgical Technique

It is recommended that the surgical team completes a formal 
training course before doing pyeloplasty with SP® robotic 
platform. The SP® platform has double articulating instru-
ments with an intracorporeal triangulation feature. The arm 
movements with SP® instruments are slightly different from 
conventional robotic arms. Due to the added elbow joint to 
the instruments, the wrist function of the instrument is modi-
fied, and therefore, suturing and knot tying need practice for 
skill development [20]. Moreover, the use of single-port 
robotic surgery should be cautious in patients with previous 
abdominal surgery especially early in the surgeon’s learning 
curve.

12  Positioning, Pfannenstiel Incision, 
Access, and Port Placement

The patient is positioned in a lateral flank position with a 
20–30° tilt away from the robot (Fig.  3a). The patient is 
widely prepared and draped from symphysis pubis to the 
subcostal area. Through a small 2.5 cm transverse incision 
over the ipsilateral pubic tubercle (Pfannenstiel incision), the 
rectus fascia is exposed and sharply incised. The rectus mus-
cles are retracted, and the peritoneal cavity will be entered by 
incising the peritoneum. The inner ring of the Alexis® device 
(Applied Medical, Rancho, Santa Margarita, CA) is then 
placed in the peritoneal cavity and is secured under the rectus 
fascia.

Then the GelSeal cap into which the 25 mm SP® cannula 
and an assistant port (a 12  mm AirSeal® port) have been 
placed will be attached to the Alexis® (Fig. 3b). The SP® 
robot is docked to the cannula, insufflation is established, 
and the SP® cannula remains away from the patient’s body 
with a floating technique [14].

13  Exposing the Renal Pelvis 
and Ureteropelvic Junction (UPJ)

Using the relocation pedal, all robotic instruments can be 
directed toward the kidney. After incising the white line, the 
colon is reflected radially. On the right side, the duodenum 
can also be carefully dockerized. The proximal ureter can 
usually be easily identified, and dissection is carried in the 
cephalad direction to the UPJ. Crossing vessels can be iden-
tified during dissection of UPJ and should be preserved to 
save maximum renal perfusion. In the case of any bleeding 
around the UPJ, the use of bipolar energy would be pre-
ferred for meticulous hemostasis and minimal collateral 
damage.
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a b

Fig. 3 (a) Pfannenstiel skin incision and port orientation. (b) SP robot docking using the floating dock technique

14  Dismembered Pyeloplasty

After adequate mobilization of the proximal ureter, UPJ, and 
renal pelvis, the UPJ is dismembered, and the stenotic seg-
ment is excised. The proximal ureter is then spatulated 2 cm 
laterally, and the ureter is anastomosed to the most dependent 
part of the renal pelvis with a 4–0 Polyglactin suture. The 
posterior edge of the ureteropelvic anastomosis is completed 
with the same suture material in a running fashion. The flex-
ible 3D HD camera and its “Cobra” configuration provide 
enhanced visualization during suturing. Then a double J can 
be passed over a guidewire anterogradely. The stent and 
sutures can be easily advanced through the assistant port. 
After placement of the double J, the anterior aspect of anasto-
mosis is completed with another 4–0 Polyglactin suture. The 
renal pelvis is closed at the end of the procedure. External 
drainage is not typically required; however, a JP drain can be 
placed through a separate small incision in lower quadrants.

After completion of the procedure, the robot is undocked 
and the access point should be closed in layers to prevent any 
incisional hernia. The double J stent will be removed in 
4–6 weeks. Figure 4 shows the critical and final aspects of 
the robotic pyeloplasty through a Pfannenstiel abdominal 
incision.

15  Conclusion

Single-port robotic surgery is feasible and is being rapidly 
adopted in the urology community for upper tract urological 
procedures. The multi-quadrant feature of this platform is 
very helpful to perform partial nephrectomy through single- 
site retroperitoneal access, irrespective of the tumor location. 
The same concept is true to approach the UPJ for pyeloplasty 
through a Pfannenstiel abdominal incision. Potential limita-
tions with these techniques include limited data and evidence 
with regard to long-term post-procedural outcomes. The 
learning curve with single-port robotic surgery and the 
surgeon- bedside assistant coordination may be challenging 
during the early phase of implementation of these new sys-
tems and procedures.

Several studies on various urological procedures have 
shown the potential for same-day discharge (i.e., short hospi-
tal stay) with the use of single-port robotic surgery. 
Comparative trials with conventional robotic platforms and 
cost-analysis studies will be very interesting to determine the 
cost-effectiveness of these new approaches.

Disclosures Dr. Jihad Kaouk has a consultant agreement with Intuitive 
Surgical.
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Fig. 4 (a) Identification of the proximal ureter. (b) Insertion of JJ stent into the ureter. (c) Ureteropelvic anastomosis. (d) Final incision
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Robotic Single-Port Kidney Surgery: 
The Chicago Approach

Susan Talamini and Simone Crivellaro

The single-port da Vinci robotic system (SP) offers a unique 
approach to the treatment of renal masses. Specifically, those 
tumors located posteriorly and laterally which can be 
addressed via the retroperitoneal approach are uniquely 
suited for the single-port robot. The small footprint of the 
robot makes working within the narrow confines of the retro-
peritoneum more ergonomic.

1  Introduction

Given the widespread availability of cross-sectional imag-
ing, renal tumors are increasingly diagnosed well before 
becoming symptomatic [1]. Often, these tumors are diag-
nosed incidentally and at an earlier stage of the disease [2]. 
As compared to radical nephrectomy, the benefit of nephron- 
sparing surgery in order to preserve renal function and reduce 
the progression of chronic kidney disease (CKD) when fea-
sible for small renal masses has been demonstrated through-
out the literature [3–5]. Thus, for the appropriately selected 
patient, those with cT1a lesions, solitary kidney, bilateral 
disease, or familial disorders, nephron-sparing surgery has 
become standard of care [5].

Historically, partial nephrectomy has been managed via 
open, laparoscopic, and robotic approaches. Considerations 
such as depth of invasion, size of the mass, and location of 
the mass (nearness to hilum, anterior or posterior location) 
have been used to gauge the complexity of the case and 
select the most appropriate approach [6]. In recent years, the 
robotic approach has been preferred over laparoscopic and 
open approaches for the properly selected mass due to 
decreased clamp times, better visualization, decreased trans-
fusion rates, and a shorter learning curve as compared to 
laparoscopy [7–11].

The robot-assisted partial nephrectomy (RAPN) has tra-
ditionally included transperitoneal (TP-RAPN) and retro-

peritoneal (RP-RAPN) approaches. Initially performed 
laparoscopically first by Gill and colleagues in 1994, the ret-
roperitoneal partial nephrectomy is a unique anatomical 
approach with surgical benefits to the well-selected mass 
[12]. Lesions located posteriorly or laterally often require a 
significant amount of mobilization when approaching trans-
peritoneal. In order to reach some posterior lesions, the kid-
ney may need complete medial mobilization and may still 
pose surgical challenges. The retroperitoneal approach 
makes these lesions more easily accessible with minimal 
mobilization. Additionally, avoiding entrance into the perito-
neum reduces bowel manipulation, decreasing incidence of 
ileus and risk of bowel injury, and leads to shorter hospital 
stays [13, 14]. In patients with a history of previous abdomi-
nal surgery, the retroperitoneal approach avoids potential 
adhesions and scarring. The retroperitoneal approach using 
the da Vinci multiport (MP-RAPN) system presents the chal-
lenges of a multiarmed robotic system working within a very 
confined space.

Recent advances in robotic surgery have led to the devel-
opment of the da Vinci single-port robotic platform (Intuitive 
Surgical, Sunnyvale Ca), which has found unique applica-
tion in the realm of renal surgery [15, 16].

The SP system is uniquely suited to retroperitoneal partial 
nephrectomy owing to the narrow profile of the device and 
flexible, articulated camera. This chapter will review the role 
of the single-port robot in the approach to the RP-RAPN and 
address specific technical considerations.

2  Overview and Key Points

The retroperitoneal approach to partial nephrectomy offers 
the advantage of direct access to the renal hilum, avoidance 
of the peritoneal space, and decreased postoperative ileus, 
blood loss, and hospital stay [13, 17, 18]. This approach pro-
vides considerable benefit when dealing with a complex 
abdomen with a history of previous interventions. The 
decrease in spillage of blood and urine into the intraabdomi-
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nal cavity and avoidance of bowel manipulation and mobili-
zation may play a role in the reduction of ileus [13].

The appropriate patient selection is crucial for success. A 
thorough history and physical exam must be performed, 
including documentation of prior renal surgery or retroperi-
toneal surgery [10, 19]. The patient must be counseled 
regarding the risks of the surgery, including the need to con-
vert to a radical nephrectomy if there is a risk of compromise 
to oncologic outcomes due to anatomical challenges or con-
cern for positive margins and conversion to an open 
procedure.

When considering renal masses, those lesions which are 
very posterior or would require significant renal mobilization 
to reach via a transabdominal approach are well suited to the 
retroperitoneal technique, whereas anterior or medially 
located lesions may be better addressed via transabdominal 
approaches [13]. Patients with a history of previous retro-
peritoneal surgery, percutaneous nephrostomy or percutane-
ous nephrolithotomy may represent a contraindication to 
RP-RAPN [14].

Previously, major drawbacks of the retroperitoneal 
approach included the limited working space, making lapa-
roscopic surgery challenging in this space. The SP robot is 
uniquely suited for the small space of the retroperitoneum, 
and some patients may even be considered for same-day dis-
charge [20].

3  Positioning

The patient is placed on the operating room table in the 
supine position initially. IV access is obtained, bilateral 
sequential compression devices applied, and intubation per-
formed. A Foley catheter is placed for maximum decompres-
sion of the urinary system. The patient is the placed in lateral 
decubitus position. We prefer to place gel rolls for lumbar 
support, and axillary gel roll may be placed as well. No-slip 
padding on the operating table pads pressure points and 
allows for table rotation, and the patient is further secured 
using circumferential tape. The arms are also secured in 
place in a neutral position and protected using either foam or 
pillow for padding. The kidney rest may be lifted, or a break 
in the table may be flexed to aid in opening the space for dis-
section. Cross-sectional imaging should be displayed in the 
operating room for review.

4  Access

The narrow operative space for retroperitoneal surgery 
necessitates careful port placement. The 11th and 12th ribs 
superiorly and the iliac crest inferiorly are marked out. The 
anterior and posterior axillary lines are delineated as anterior 

and posterior margins, and the midaxillary line is used to 
guide the middle of the port incision. A 3  cm marking is 
made transversely approximately half the distance between 
the bottom margin of the 12th rib and the iliac crest (Fig. 1). 
If the port is placed too inferiorly, the assistant may be 
restricted by the iliac crest while directing instruments 
superiorly.

The incision is made sharply, and dissection is carried 
down to the thoracolumbar fascia which is divided. Once the 
retroperitoneal space is entered, blunt finger dissection is 
used to further develop the space posterior to the kidney to 
allow for placement of the balloon spacemaker. The psoas 
muscle can be felt posteriorly and the lower pole of the kid-
ney inside Gerota’s fascia anteriorly. Typically, the kidney is 
pushed anteriorly during blunt dissection. Whereas the mul-
tiport approach would require extensive dissection to posi-
tion four trocars, the single port requires much less dissection 
to allow port placement and therefore minimal with risk of 
perforating the peritoneum.

A Balloon Dissector Spacemaker™ (Covidien, Dublin, 
Ireland) trocar is placed into the space, trocar removed, and 
the balloon inflated. Care must be taken to ensure proper 
 orientation of the balloon, which is oblong and football 
shaped. This balloon can inadvertently violate the peritoneal 
space if not oriented correctly. A 0-degree 10  mm laparo-
scopic camera is placed into the trocar to confirm adequate 
development of the space, utilizing visualization of the psoas 
muscle posteriorly as an anatomical landmark. The balloon 
is deflated, and the device is removed.

Fig. 1 Patient positioning and anatomical landmarks for port 
placement
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Fig. 2 (A) Floating configuration of Alexis retractor; (B) 12 mm assis-
tant port in side car configuration; (C) 5 mm AirSeal port

Fig. 3 Floating dock and sidecar technique with GelPOINT Mini

Fig. 4 Floating dock and sidecar technique with SP access port

Multiple techniques have been used for access and port 
placement. One key concept is the floating dock (Fig.  2). 
This approach essentially extends the port outside the body 
using insufflation of the unrolled portion of the Alexis wound 
protector. The floating dock allows for significantly more 
working space and greater deflection and angulation of the 
robot [21, 22].

When using the GelPOINT Mini advanced access plat-
form (Applied Medical, Rancho Santa Margarita, CA), an 
Alexis wound protector is inserted into the incision, and the 
ring is rolled downward, leaving some space in the plastic for 
the floating technique, and a green GelPOINT device is 
placed over the Alexis. The metal SP trocar is inserted 
through the gel, and a 5 mm AirSeal (ConMed, Utica, NY) is 
also inserted through the gel. A 12 mm trocar is placed in the 
sidecar fashion by using the same skin incision and placing 
the trocar through a separate fascial incision through the 
plastic of the Alexis retractor (Fig. 3).

Currently, we favor the use of the SP access port which is 
a purpose-specific device designed to allow an all-in-one 
approach to SP surgery (Fig. 4). This device allows for maxi-
mum floating ability, and the space within the access port 
allows for seamless bedside assistance, such as suture 

exchanges and specimen placement outside of the abdominal 
cavity which can be extracted later.

An Alexis-type retractor is placed into the incision in the 
retroperitoneal space, again leaving some space in the plastic 
to allow for a floating configuration. The SP access port is 
placed onto the retractor, which includes the robotic trocar 
and a custom-designed space for placement of the 5  mm 
AirSeal device for insufflation. A 12 mm trocar is placed in 
the side car fashion.

Robotic Single-Port Kidney Surgery: The Chicago Approach
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The remotely operated suction irrigation system (ROSI) 
(Vascular Technology Inc., Nashua, NH) is placed through 
the sidecar port. Silk sutures are tied on either side of the tip 
of the suction device for surgeon manipulation. Both the sur-
geon at the console and the bedside assistant have a foot 
pedal to control the ROSI in two modes, continuous and 
pulse. Alternatively, a Foley catheter can be attached to an 
assistant-controlled suction irrigator and placed in the side-
car. Silk sutures are tied around the tip of the catheter for 
ease of manipulation.

4.1  Docking

The robot is docked and aligned with the expected position 
of the hilum. The boom is extended to the end of the black 
marking, and then slightly drawn back into the patient cart. 
This allows for additional movement, extension or retrac-
tion, or “burping” of the trocar during the case if needed. 
Care is taken during the docking process to ensure good 
alignment of the trocar with the incision, as misalignment of 
the trocar can make instrument exchanges challenging due to 
clashes with either the skin edge or abdominal wall.

4.2  Instruments and Equipment

The camera is typically placed in the 6 o’clock position. This 
allows the Cadiere instrument to be in the 12 o’clock posi-
tion, which will aid in the upward traction of the Gerota’s 
fascia needed to expose the hilum. The consideration of cam-
era positioning, in either the 12 o’clock or 6 o’clock position, 
is of particular importance given the use of ROSI suction, 
which supplants the use of the assistant rigid suction. The 
assistant rigid suction is often used to provide countertrac-
tion during the dissection. The Cadiere and ROSI suction 
allow the surgeon more independence from the assistant, but 
frequent repositioning of instruments and camera is required 
to provide adequate exposure. Bipolar forceps are placed in 
the left hand connected to bipolar electrocautery energy and 
a robotic scissors in the right hand connected to monopolar 
energy.

The assistant is crucial in the control of the renal hilum 
with the placement of bulldog laparoscopic clamps 
(Aesculap, Center Valley, PA), and a selection of clamps may 
be available including straight and curved clamps, both in 
short and long varieties.

A Robotic Drop-In ultrasound transducer or laparoscopic 
ultrasound probe (BK Medical ApS, Herlev, Denmark) can 
be utilized with Tile Pro to better visualize the lesion. The 
Drop-In probe is a flexible transducer that can be controlled 
robotically by the primary surgeon, and again, decreasing 
reliance on the bedside assistant. Cadiere is the recom-

mended instrument to hold the probe. The laparoscopic 
probe can be inserted through the 12  mm assistant trocar, 
however, can be difficult to manipulate given the small oper-
ative space.

In consideration of the renorrhaphy, 2–0 and 3–0 Vicryl or 
V-loc barbed sutures may be used for hemostasis, and lapa-
roscopic Hem-o-Lok clips (Weck Closure Systems, Research 
Triangle Park, NC, USA) can be placed by the assistant to 
secure the suture. Robot Hem-o-Lok clips are available for 
the SP system and can be utilized instead of the laparoscopic 
clips depending on surgeon preference. When using a sliding 
clip technique for renorrhaphy, the sutures should be pre-
pared ahead of time on the back bench as ischemia time is 
affected by any additional preparation needed intraopera-
tively. Additional suture to consider include 5–0 Prolene pre-
pared with Lapra-Ty clips for repair of vascular injury.

Hemostatic agents to consider may include Surgicel 
(Ethicon, Raritan NJ), Surgiflo (Ethicon, Raritan NJ), and 
Floseal (Baxter, Deerfield IL).

5  Surgical Technique

The key operative considerations of the SP-RAPN include 
patient positioning, access into the retroperitoneal space, 
robot docking, and familiarity with anatomical landmarks. If 
any of these points are miscalculated, the case may become 
increasingly challenging and progress hindered.

After docking considerations are taken into account as 
mentioned in Sect. 49.4.1, the trocar is positioned and 
directed toward the expected location of the hilum. Minimal 
initial dissection is typically needed as the balloon dissector 
opens the retroperitoneal space bluntly. The psoas muscle 
can be identified posteriorly and the Gerota’s fascia medi-
ally. Gerota’s is observed for pulsations, and then dissection 
is directed toward creating a window for isolation and con-
trol of the renal hilum. The perirenal fat is lifted upward by 
the Cadiere, which will provide much of the counter traction 
during the procedure. Countertraction can be applied with 
the bipolar forceps, and minimal monopolar energy is needed 
as dissection is carried out in an avascular plane. Adequate 
traction and counter traction is crucial during the procedure 
and as a general rule when using the Single Port robot. Once 
the hilum is encountered, the renal artery is typically encoun-
tered first, considering its posterior location to the renal vein, 
and dissected circumferentially in order to allow the assistant 
to place a bulldog clamp without resistance. The  consideration 
of renal vein clamping can be taken in the context of a very 
centrally located lesion, interpolar lesion, or to prevent CO2 
gas embolism though rare [23–25]. There is evidence to sug-
gest that concurrent renal artery and renal vein clamping do 
not adversely affect renal function, though data is still con-
flicting [26–29].
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The remainder of the dissection and resection are analo-
gous to the transperitoneal approach with either MP or SP.

Prior to clamping, the dissection is then carried out over 
the expected location of the mass. Intraoperative ultrasound 
can be utilized at this time to aide in identification of the 
lesion. Once accurately identified, the perirenal fat over the 
lesion is cleared in order to achieve a 1 cm margin. One can 
proceed with enucleation or wedge resection of the mass 
based on surgeon preference. Caution should be taken when 
attempting enucleation of cystic or partially cystic lesions. 
Risk of entering or perforating a cystic lesion during enucle-
ation increases risk of malignant seeding, and consideration 
should be given to a wedge resection of these lesions.

Prior to initiating the resection, the parenchyma may be 
scored circumferentially around the tumor to guide the dis-
section. Fat overlaying the tumor may be sent to pathology as 
a separate specimen, if this tissue needs to be removed to aid 
in the dissection. At this point, if proceeding with a clamped 
resection, the bedside assistant will place a bulldog clamp 
around the renal artery and/or vein. The resection can be car-
ried out with sharp dissection cold or with electrocautery. 
Using energy during the dissection may alter tissue planes, 
making visualizing the correct plane between the tumor and 
healthy parenchyma more challenging.

Once resection is complete, monopolar scissors and 
fenestrated bipolar respectively ay 3 and 9 o’clock are 
switched with needle drivers. The tumor bed and renorrha-
phy can be completed in one or two layers. A deep running 
stitch can be performed using Vicryl or V-loc suture with a 
Hem-o-Lok clip placed after a knot on the end of the stitch 
and double clip placed after completion of the stitch. 
Interrupted 2–0 Vicryl prepared with Hem-o-Lok clips are 
placed to bring together the defect and are sequentially tight-
ened gently using the sliding clip technique, with care taken 
not to tear through the parenchyma by placing undue traction 
on sutures [30]. Clip is placed ensuring suture in the middle 
of the clip to avoid tearing of tissue and evenly dispersed 
parenchymal pressure. Clips should remain outside the 
parenchyma, as migrated clips into the collecting system or 
stone formation on clips that have migrated have been 
reported [31–33]. The insufflation pressure should be 
dropped down to 8 to assess hemostasis. Needles are typi-
cally left on the suture until the defect is completely closed 
and adequate hemostasis is confirmed.

6  Limitations

We were able to reproduce this technique in a wide variety of 
patients, with different levels of tumor complexity with renal 
scores ranging from 4 to 12, BMI ranging from 18 to 55, and 
in patients with previous renal surgery. It is a reliable, repro-
ducible technique, however associated with some objective 

limitations. The need of having a good alignment of the plat-
form with the target might pose more challenges when 
approaching upper pole or lower pole lesions. The camera 
and the instruments need to be frequently repositioned dur-
ing the dissection introducing a small learning curve. The 
strength of the needle drivers does not allow the surgeon to 
apply the same pressure to the Hem-o-Lok clips when using 
the sliding clip technique that could be applied with the mul-
tiport robot. This necessitates the positioning of multiple 
sutures to be able to properly close the defect without tearing 
the tissue. Finally, though the single port has firefly technol-
ogy capabilities, it has not yet received FDA approval.

7  Conclusions

Overall, the single-port platform offers the opportunity to 
exploit different approaches than the classic transperitoneal 
route. Single-port kidney surgery can be easily performed 
via the retroperitoneal approach, reducing the technical chal-
lenges of retroperitoneal surgery encountered via a multiport 
technique due to the slim profile of the device. The improved 
technical feasibility will decrease the learning curve associ-
ated with this approach, providing benefits to our patients by 
reducing the invasiveness and morbidity of the procedure, 
not only due to the single 3 cm incision but through the ben-
efits obtained from avoiding the peritoneal cavity, allowing 
easy access to the pedicle and decreasing pain and length of 
hospital stay.
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Complications in Robot-Assisted Renal 
Surgery

Marcio Covas Moschovas, Elio Mazzone, 
and Alexandre Mottrie

1  Introduction

Several authors have described the benefits of robotic sur-
gery to approach renal tumors [1]. In this scenario, in the 
USA, robot-assisted partial nephrectomy has become the 
standard surgery for managing renal tumors smaller than 
5 cm [2]. Some authors have described renal function preser-
vation of up to 90% in favor of PN versus 70% of the radical 
nephrectomy group [3]. The finesse provided by robotic 
technology associates the intraoperative 3D digital image 
with highly precise instruments, maximizing renal paren-
chyma preservation and postoperative recovery. However, 
despite its advantages, robotic surgery is not devoid of com-
plications. In this chapter we describe the management of the 
most common complications associated with the robotic 
approach to renal surgery.

2  Intraoperative Complications 
and Management

2.1  Patient Positioning

The first step to avoid complications in robotic surgery starts 
with patient positioning. All patients must have pad protec-
tion in all articulations and points of body contact with the 

operative table. In addition, head and face protection is cru-
cial in this process to avoid trauma to the patient’s eyes. In 
some reports, the chances of corneal abrasions in robotic sur-
gery can reach up to 6.5-fold compared to open surgery [4].

In the current literature, several authors have described 
complications during this initial step of the surgery, being 
skin lesion, the most common issue reported, and operative 
time the most important risk factor for nerve injuries [5–7]. 
Common nerve injuries include brachial nerve plexus due to 
hyperabduction in kidney surgery, ulnar nerve injury due to 
elbow compression against the table corner, radial nerve 
injury due to hand and wrist compression, and femoral nerve 
injury due to the lithotomy position in radical prostatectomies 
and cystectomies. For each additional hour of surgery, it is 
estimated that the nerve injury increases up to 100-fold [8, 9].

Finally, the collision between the robotic arms and the 
patient’s body is another source of skin complications. In 
these cases, the tableside assistant and anesthesia team must 
monitor these robotic movements during the surgery and 
provide an appropriate external arm angulation and trocar 
burp when required [10].

2.2  Trocar Placement and Bowel Lesion

Appropriate trocar placement is imperative for the success of 
the robot-assisted surgical procedure. The correct trocar tri-
angulation associated with a standardized technique is cru-
cial to avoid internal lesions and optimize robotic movements 
during the surgery. In renal surgeries, especially partial 
nephrectomies, the trocar placement is always adapted 
according to the type of robot used (S, Si, X, Xi, and SP), 
patient’s size, body habitus, tumor location, and renal anat-
omy. In addition, the past surgical history is a determinant 
factor while placing the trocars due to the highest chances of 
intra-abdominal adhesions, which increases vascular and 
bowel lesions during the abdominal access. In these cases, 
the most appropriate trocar placement is performed with 
Hasson’s technique or Palmer’s point access [11, 12].
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Recent studies reported the chances of vascular and bowel 
lesions in robot-assisted surgeries in up to 0.1% of the cases, 
being vascular injury the most common complication [13]. 
However, despite the small likelihood, an adverse and unrec-
ognized injury can cause serious impacts on the patient’s 
health. In this scenario, it is crucial to inspect the whole 
abdominal with the robotic or laparoscopic scope after plac-
ing the first trocar and before proceeding with the next tro-
cars. In the case of any organ damage, the repair must be 
performed immediately.

Extra attention must be paid to patients with small body 
habitus and low BMI due to a smaller distance between the 
skin incision and the aortocaval space, which increases the 
chances of damaging these structures while placing the 
Veress needle or the robotic trocar.

Besides the trocar placement, bowel injury can happen 
while releasing the colon to access the kidney in both sides. 
Two different types of injury mechanisms are described: 
mechanical and thermal.

Mechanical injuries are usually associated with retraction 
and blunt dissection. Due to the lack of tactile feedback, 
some delicate organs and structures are damaged with inap-
propriate mechanical manipulation.

In general, robotic instruments provide two types of 
energy: monopolar and bipolar. Both have potential for ther-
mal lesions of the bowel. Monopolar energy causes more 
lateral thermal spread and produces higher temperatures than 
bipolar electrocautery, the Harmonic scalpel, and LigaSure 
[14]. Thermal injury is usually more extensive than expected, 
and conservative management can result in acute perforation 
during the postoperative period. Intraoperative repair is usu-
ally the best management. If a bowel repair is required, all 
bowel edges must be refreshed, and all affected tissue 
removed before the primary repair [14]. The injured site 
should be drained, and the patient must be prescribed antibi-
otic treatment [15].

Unrecognized bowel injuries usually present as sepsis 
and acute abdominal pain in the postoperative period. 
Other signs and symptoms are leukopenia or leukocytosis, 
fever, orifice pain trocar, ileus, nausea, or vomiting. In 
these scenarios, a CT scan usually supports the diagnosis. 
In cases of suspicion, a diagnostic laparoscopy should be 
performed.

Technical refinement is the best way of minimizing 
complications during trocar placement and bowel manipu-
lation. When using bipolar or monopolar energy, the sur-
geon must ensure that the instruments are not touching 
each other and that the arm is not touching the bowel, ves-
sels, or adjacent structures; only the tip of the instrument 
must be in contact with the bleeding tissue to be cauter-
ized. In addition, the surgeon must avoid manipulating the 
bowel with tools with delicate tips such as scissors and 
Maryland.

2.3  Potential Issues 
with Pneumoperitoneum

Insufflation of CO2 and pneumoperitoneum pressures during 
the surgical procedure are always potential factors of com-
plications. In addition, extended operative time is associated 
with hypercapnia and metabolic acidosis, especially in 
smokers and patients with chronic obstructive pulmonary 
disease (COPD). In such cases, some authors have described 
pneumoperitoneum insufflation with helium gas as an alter-
native to CO2 [16–18].

The CO2 insufflation rate is also important due to the 
increased risk of embolic events, hypotension, and vagal 
response. Monitoring the rapid increase of intra-abdominal 
pressure is crucial, mainly when operating patients with car-
diovascular diseases and morbid obesity due to the asystole 
and ventilation issues during the surgery [6].

2.4  Hepatic, Splenic, and Pancreatic 
Lesions

Hepatic, splenic, and pancreatic lesions are uncommon 
events in robot-assisted renal surgery. Some authors have 
reported up to 0.3% of splenic lesions in left upper urinary 
tract surgeries while mobilizing the spleen to access the 
upper pole of the kidney [19]. On the other hand, hepatic 
lesions are difficult to estimate because minor injuries are 
not usually reported. Bile duct injuries appear in the right 
adrenalectomy and partial nephrectomy. In these cases, the 
general surgery team must be contacted immediately to man-
age ductal lesions appropriately.

It is estimated that pancreatic injury rates reach up to 
0.2% during left kidney surgery. Despite the uncommon 
event, it has substantial morbidity. The best advice to prevent 
this complication is a careful dissection of the upper renal 
pole, between the tail of the pancreas and Gerota’s fascia 
[14]. It is also recommended to have an intraoperative evalu-
ation of the general surgery team when suspecting or recog-
nizing an inadvertent pancreatic lesion.

2.5  Vascular Injury and Management

Controlling the renal hilum and manipulation of large- caliber 
vessels are common steps of robot-assisted renal surgery. 
However, being direct branches of the aorta and vena cava, 
any lesion of the renal artery or vein has deadly potential. In 
this scenario, preoperative imaging studies, including 3D 
reconstructions, are crucial for avoiding accidental vascular 
lesions [20].

In our experience, after dissecting the renal artery and 
vein, a vessel loop is used to repair these branches and 
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facilitate the manipulation while placing the bulldog clamp 
(Fig. 1). These repairs are important landmarks to identify 
the vessels in the case of any accidental vascular lesion and 
massive bleeding. Placing vessel loops is also an option to 
minimize the blood loss in large-caliber vessels such as 
 aortic injuries, allowing an appropriate surgical view during 
the repair (Fig. 2).

The bedside assistant has a fundamental role during these 
episodes of vascular injuries. The assistant must associate an 
efficient suction with compression of the bleeding source 

(Fig. 3). Performing the blood suction without applying local 
compression increases the blood loss and, in the case of mas-
sive bleeding, will not properly clean the surgical site for 
identifying and repairing the lesion. The assistant can also 
use other resources to help the robotic surgeon, such as intro-
ducing a compress through the 12 mm port for improving the 
compression surface, placing a new trocar to work with both 
hands, or using additional bulldog clamps to decrease the 
active bleeding while the surgeon repairs the lesion.

Sliding Hem-o-Lok clips is another situation that usually 
leads to massive bleeding, especially when only one clip is 
placed in large-caliber vessels. For this reason, we usually 
apply two clips on the renal artery or direct branches of the 
aorta. In addition, the assistant must have extra caution when 
using the suction over a clamped artery because the tip of the 
suction device can displace or slide the clip, causing substan-
tial bleeding.

Finally, some patients present a hemorrhagic state after 
unclamping the renal artery and vein due to a medullar or 
cortical vessel that was not controlled during the renorrha-
phy. In our technique, all sutures used in the renorrhaphy 
have Hem-o-Lok clips on their tips. In these episodes of 
parenchymal bleeding after unclamping, the first step is the 
suture tightening by sliding the Hem-o-Lok of the suture. 
However, sometimes, the suture adjustment is not enough to 
stop the bleeding. In such cases, we usually release the suture 
and apply new stitches to the bleeding site.

2.5.1  Hemostatic Agent’s Role in Bleeding 
Episodes

Several groups have reported the role of hemostatic agents in 
robot-assisted renal surgery for the final hemostasis and for 

Fig. 1 Renal artery repaired by vessel loops

Fig. 2 Aorta injury. Vessel loops repairing the edges of the lesion to 
decrease blood loss and improve visualization

Fig. 3 Bedside assistant associating pressure and suction to improve 
the operative view while decreasing blood loss
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reducing the warm ischemia when performing tumor enucle-
ation without clamping the renal artery [21–24]. A variety of 
brands and materials are available in the market, such as 
hemostatic patches, foam, and powder products. However, 
the current literature still lacks well-designed studies describ-
ing which hemostatic agent is the most appropriate for renal 
surgery.

In our experience, hemostatic patches such as TachoSil 
are effective for minimizing renal sutures in enucleations of 
small and peripheral tumors (Fig. 4). The patch is placed on 
the tumor bed, and the robotic arm performs a local pressure 
with a wet gauze over the patch. After 5 min of pressure, the 
gauze is removed, and the hemostasis is checked with low- 
pressure insufflation (Fig. 5). These patches can also be used 
in the hemostasis of hepatic and splenic inadvertent lesions.

2.6  Instrument Malfunction and Material 
Issues

Some studies in the literature described up to 4.6% of issues 
associated with the materials used in robot-assisted surgery, 
including software-related, mechanical, electric, and instru-
mental failures [25, 26]. Alemzadeh and colleagues reported 
up to 2.7% of conversion rates due to instrumental and 
robotic malfunction [27].

In our experience, all instruments are tested on the surgi-
cal back table. The robotic instruments have the tips, and the 
protective sheets checked before being inserted into the 
patient. Especial attention must be taken with the vascular 
bulldog clamps because the pressure applied by each clamp 
differs among the brands, sizes, and the number of times 
used [28]. Before using in the patient, the clamps and appli-
ers must be checked by the surgeon and tableside assistant. 
Having a bulldog clamp with inappropriate pressure leads to 
two different types of complications. Clamps with a loose 
grip and decreased pressure lead to a hemorrhagic state dur-
ing the tumor enucleation, while clamps with a strong grip or 
opening issues lead to a more extended ischemic state, which 
impacts the renal function (Fig. 6).

2.7  Considerations for Vena Cava 
Thrombus Surgery

Renal surgery in patients with vena cava thrombus is one of 
the most challenging procedures in urology due to the 
increased intra- and postoperative complication rates com-
pared to the standard partial nephrectomy [1]. Despite the 
potential blood loss during the surgery, these cases, depend-
ing on the thrombus level, must be faced by a high-volume 

Fig. 4 Hemostatic patch before application

Fig. 5 Hemostatic patch after 5 min
Fig. 6 Laparoscopic bulldog with opening issues during renal artery 
clamping
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center with a multidisciplinary surgical team including vas-
cular and cardiac surgery.

Our consideration for this type of surgery regard the IVC 
thrombectomy. Before opening the vena cava, the thrombus 
must have its limits identified with intraoperative ultrasound, 
and an appropriate IVC clamping with vessel loops must be 
performed to avoid embolism of any fragment. After the 
thrombus removal, the IVC interior walls are checked for 
tumoral infiltration. In these cases, the infiltration is removed, 
and a bovine patch is placed to repair the IVC wall. Finally, 
before releasing the tourniquet, the IVC is filled with saline 
solution to avoid gas embolism.

3  Postoperative Complications Related 
with the Robotic Approach

Some of the complications related with robotic approach 
may be experienced during the postoperative period, and 
they should be properly identified in order to optimize their 
management.

3.1  Acute Kidney Injury

Acute Kidney Injury (AKI) is a common occurrence after 
partial nephrectomy and is a significant risk factor for chronic 
kidney disease. RAPN have been demonstrated to reduce the 
risk of AKI [29], but this finding may be related to the shorter 
ischemia time of robotic surgery or to the selective clamping 
of only arteries in RAPN [30]. Therefore, prospective evi-
dence is needed to confirm these findings from retrospective 
analyses. Within the context of patients treated with robot- 
assisted approach, age, gender, BMI, diabetes, nephrometric 
scores, and baseline estimated glomerular filtration have 
been demonstrated to be strongly associated with the risk of 
experiencing AKI in the postoperative time [31]. The data 
corroborate the importance of patient selection to reduce the 
risk of AKI. Moreover, when considering ischemia time, this 
preoperative information can aid in the early identification of 
patients who would potentially benefit from an early multi-
disciplinary consultation.

3.2  Venous Thromboembolism (VTE) 
Complications

Deep venous thrombosis (DVT) and pulmonary embolism 
are postoperative complications strongly related to onco-
logical surgeries. Although there are many risk factors 
inherent to the patients, positioning and prolonged opera-

tive time can remarkably influence thromboembolic 
events [32, 33]. Surgical features, such as lymph node dis-
section, can increase the incidence of DVT/pulmonary 
embolism up to sevenfold, while minimally invasive sur-
gery seems to have lower risk of thromboembolism than 
open approaches [34].

While comorbidities and most of the surgical features 
related to VTE are not modifiable, VTE prophylaxis manage-
ment is of utmost relevance. Early ambulation, sequential 
compression devices, and chemoprophylaxis are helpful 
measures in patients at risk of VTE without contraindica-
tions [32]. A randomized study showed that 4-week antico-
agulation prophylaxis has advantages in relation to 1-week 
administration after major abdominal surgeries [35]. Single 
preoperative chemoprophylaxis has also shown benefits 
without increasing the risk of bleeding in patients [36].

3.3  Rhabdomyolysis

Clinically relevant rhabdomyolysis can occur in patients 
exposed to prolonged robotic procedures, particularly at the 
beginning of the procedure learning curve. Serum creatine 
kinase (CK) increases after surgery peak at 18  h after the 
procedure, but CK elevation in isolation should not be used 
to predict positioning injury [37]. Prolonged Trendelenburg 
position, high body mass index, peripheral vascular disease, 
and comorbidities increase the risk of muscle injuries [38, 
39]. Serum CK dosage is indicated for these patients and for 
those with pain in the back, thigh, or gluteals after surgery. 
Serum CK levels of >1000 IU/L or myoglobinuria confirms 
a rhabdomyolysis diagnosis, which increases the postopera-
tive renal failure risk. Hypervolemic diuretic therapy and 
management of metabolic acidosis are required in such situ-
ations [37].

3.4  Ocular Complications

A steep Trendelenburg position combined with pneumoperi-
toneum can cause increased intraocular pressure, reduced 
ocular perfusion, and possibly visual impairment caused by 
ischemic optic neuropathy. Permanent vision loss is a rare 
but important complication [40, 41]. In the context of renal 
surgery, the risk of ocular complications is reduced due to 
the limited use of steep Trendelenburg, while pneumoperito-
neum still remains a notable risk factor. Therefore, limiting 
operative time, adequate intraoperative blood pressure moni-
toring, and transparent occlusive dressing as opposed to stan-
dard eye tape may play a role in minimizing the risk of 
postoperative ocular complications [40].
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3.5  Port-Site Hernias

Port-site hernias are a late access-related complication, 
which occur in <1% of robot-assisted procedures. There is a 
higher incidence with >10  mm port sites, although 8  mm 
robotic and even 5 mm port-site hernias have been described. 
Cutting trocars have been associated with larger fascial 
defects; thus, blunt-tipped obturators have been preferred. 
Port-site with >10 mm closure is the best way to avoid her-
nias, although some studies have shown low incidence of 
hernia in non-midline port-sites of <12 mm [42].

3.6  Skin Lesions

Most skin lesions are positioning related. The combination 
of general anesthesia and prolonged immobilization is a 
combination of known risk factors which increase the risk of 
decubitus pressure lesions. Moreover, inadequate fixation 
and patient slippage might potentiate it and lead to severe 
decubitus and trocar-site lesions. Therefore, fixation of the 
patient on the table with a gel mattress, restraints, and body 
and shoulder straps may prevent such complications [43].

3.7  Postoperative Complication 
Assessment: Is there a Quality Control?

During the past decade, it has been proposed to introduce 
standardized systems for reporting complications [44–47]. 
Although these recommendations, few studies demonstrated 
a weakness in the literature for grading and reporting of 
complications following partial nephrectomy [48]. For 
instance, it was found that only six studies (2.9%) fulfilled 
all the criteria proposed by the European Association of 
Urology (EAU) for reporting complications. Therefore, the 
EAU recommended to use a 14-criteria template to collect 
and report complications after urological surgery [49]. A 
recent systematic review described that, after publication of 
the EAU guideline recommendations on outcome reporting, 
there was mainly better adherence to all the criteria [50]. 
Overall, there was underreporting (<50%) for 6 of the 14 
criteria after publication of the EAU guidelines. Moreover, 
they found statistically significant improvements in the 
inclusion of mortality rates and causes of death, definitions 
of complications, severity grade, postoperative complica-
tions tabulated either by grade or complication type, and 
inclusion of risk factors in analyses. As previously reported, 
the vast majority of studies did not investigate who collected 
the data and the percentage of patients lost to follow-up. 
Despite a causal link between the introduction of EAU 
guidelines for reporting complications and the improvement 
of quality assessment after renal surgery cannot be proven 

(particularly in non-European center), the introduction of 
standardized guideless may have influenced the methodol-
ogy of researchers for collecting and reporting complications 
after robotic renal surgery.

Of note, most complications may happen at the beginning 
of a surgeon learning curve; therefore, console and team 
training outside the OR represent a crucial step to reduce the 
risk of experiencing complications related to robotic 
approach. Indeed, it has been agreed during international 
multi-specialty consensus meeting that basic device training 
and basic skills training are fundaments steps to be achieved 
when starting with a robotic surgery program [51].

4  Conclusion

Patients’ selection, adequate positioning, mentorship train-
ing during the learning curve, and avoiding last-longing pro-
cedures are key steps to prevent robot-assisted-related 
complications.

Considering the importance of team training and commu-
nication, the assistant has a fundamental role and should 
undergo a similar pattern of basic training. This said, we 
believe that team training and standardization of the surgical 
technique is crucial to minimize the risk of complications. 
From a clinical point of view, complex renal surgery should 
be always performed in a high-volume center where urologi-
cal department is supported by other highly experienced spe-
cialties, such as vascular and general surgery, which can help 
in managing intra- and postoperative complications.
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1  Introduction

Since the Food and Drug Administration (FDA) cleared the 
first robotic surgery in the USA in 2000, several authors have 
described the outcomes and benefits of this technology in 
urologic procedures [1–5]. Despite some advantages over 
laparoscopy and open surgery, robotic technology is not 
devoid of complications. In this scenario, Alemzadeh et al. 
reported a retrospective study accessing the nationwide com-
plication rates of robotic surgery in the MAUDE (Manufacture 
and User Facility Device Experience) database, collected by 
the FDA. In this study, the author identified 10.624 (0.6%) 
complication events among 1,745,000 robotic surgeries per-
formed by several specialties from 2000 to 2013 [6]. Urology 
represented 15% of all complications reported in this period.

Recently, despite the increasing number of robotic proce-
dures performed annually, other authors have reported simi-
lar rates of outcomes and complications associated with this 
type of surgery [7]. In this scenario, this chapter aims to 
describe different types of intraoperative complications of 
the robotic approach to urologic surgeries.

2  Robotic Platform and Instrument 
Malfunction

According to some reports in the literature, the robotic mal-
function rates range from 0.4% to 4.6% and include software- 
related, mechanical, electric, and instrumental failures [8, 9]. 
Borden et al. reported 2.6% (9 surgeries) of robotic technol-
ogy failure in a series of 350 radical prostatectomies [9]. 
Among these cases, six malfunction episodes happened before 
surgery and three during the procedure. The most common 

issues reported were setup and arm malfunction. Kozlowski 
et  al. also described issues related to robotic technology in 
4.6% of the cases. Overall, the robotic malfunction rates 
reported by current studies range from 0.4% to 8%, with an 
average of 3%, while the conversion rates related to these 
issues can reach up to 2.7%. The most common problems 
reported by these studies were fallen pieces, broken instru-
ments, arcing tip covers, system errors, and imaging issues [6].

3  Patient Positioning and Cutaneous 
Lesion Considerations

In our concept, laparoscopic and robotic surgery begins on 
the correct patient positioning with appropriate mattress and 
pad protection in all articulations and body contacts with the 
table. In addition, special attention must be taken to protect 
the patient’s face and eyes.

Several authors have reported in the literature complica-
tions related to inappropriate positioning, especially in cases 
of prolonged operative times and obese patients [10, 11]. In 
these cases, skin lesion is the most common issue, which is 
prevented by the initial process of patient positioning and by 
a final checking before the sterile draping procedure [12]. The 
operative time length has been described as a risk factor for 
nerve injury caused by the positioning. According to these 
studies, for each additional hour of surgery, the nerve injury 
increases up to 100-fold [13, 14]. Common nerve injuries 
include the brachial nerve plexus due to hyperabduction in 
kidney surgery, ulnar nerve injury due to elbow compression 
against the table corner, radial nerve injury due to hand and 
wrist compression, and femoral nerve injury due to the lithot-
omy position in radical prostatectomies and cystectomies.

The robotic arm movement outside of the body is another 
source of skin lesions. In cases that the trocars are not placed 
correctly, the working angle is only achieved with an extra 
angulation of the arms outside of the body. In these  situations, 
the tableside assistant must monitor these movements during 
the whole procedure to prevent these collisions [15].
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The CO2 insufflation is also a potential factor for skin 
lesions, especially in the scrotum. The gas distention can dis-
sect the scrotal tissues during the surgery leading to an intra-
operative scrotal swelling, which causes cutaneous itching 
and sometimes painful sensations in the postoperative period 
[16].

All patients undergoing robotic surgery with prolonged 
operative times have higher risks of rhabdomyolysis, espe-
cially during the surgeon’s learning period. Some risk factors 
for this type of complication include the steep Trendelenburg 
position, obesity, previous peripheral vascular disease, and 
comorbidities such as cardiac insufficiency [17]. Patients 
with these clinical characteristics and postoperative muscu-
lar pain should have serum CK levels checked in the postop-
erative period.

Finally, ocular injury is another type of complication 
related to inappropriate positioning. Some authors described 
that the chances of corneal abrasion in robotic surgery reach 
up to 6.5-fold compared to open surgery [18]. In addition, 
the association between Trendelenburg and pneumoperito-
neum increases the intraocular pressure, which could lead, in 
the worst scenarios, to ischemic neuropathy and vision loss 
[19, 20].

4  Port Placement Considerations

4.1  Assessment of Surgical Field

Initially, the abdominal wall status and body habitus should 
be assessed, and special attention should be paid to scars 
from previous surgeries, extensive midline incisions, or 
umbilical hernia repairs, which may have had the placement 
of surgical mesh. In addition, a note should be taken of any 
umbilical or paraumbilical hernias, as the bowel may be very 
close to the skin incision and initial entry into the abdomen.

In obese patients, the use of extra-long bariatric trocars 
may need to be contemplated. It should be noted that any 
abdominal cavity may have bowel and (or) omentum adher-
ent to the abdominal wall, often secondary to an unrecog-
nized intra-abdominal inflammatory process, even if there is 
no history of previous surgery.

4.2  Abdominal Access Techniques

There are two commonly used methods for obtaining initial 
entry into the abdominal cavity to establish an initial pneu-
moperitoneum: the Veress needle technique and Hasson’s 
technique. Both are routinely employed, and each one has its 
proponents. This initial point of entry is probably the most 
dangerous moment of trocar insertion, as it is not done under 
direct view.

4.2.1  Veress Needle Technique
This technique relies on using a specialized insertion needle 
with a unique valve system on it, which is passed in a blind 
puncture method, allowing for initial CO2 insufflation of the 
abdominal cavity. The Veress needle has a two-cylinder 
design consisting of an outer short and a long inner compo-
nent. The inner cylinder has a retractable blunt tip, which 
retracts, deploying the outer sharp edge when contacting 
resilient structures, allowing passage through the abdominal 
wall. A “click” may be audible when the blunt tip has re- 
engaged after passage through the abdominal fascia. This, in 
conjunction with tactile feedback, allows the surgeon to 
determine when to stop needle advancement [21].

Once the Veress needle is in place, before starting insuf-
flation, several maneuvers can be used to confirm proper 
positioning (e.g., needle aspiration, injection and recovery, 
“drop test,” and the initial intraperitoneal pressure test). It is 
usually advised to place the Veress needle far from previous 
surgical scars. For Bianchi et al., the bowel perforation rate 
with the blind access technique was 0.33% [22].

When the Veress needle perforates an intra-abdominal 
organ and no enteric content or a hollow viscus is observed, 
conservative treatment may be an option [23]. Usually, when 
the Veress needle is in the bowel, asymmetrical abdominal 
distension will appear, and the insufflation must be stopped 
immediately. The management will depend on the severity of 
the injury. Laparoscopic intracorporeal suturing techniques 
or open surgery based on the experience of the operating sur-
geon are valid approaches.

Once the pneumoperitoneum is established, the primary 
trocar must be inserted. As there is no direct visual guidance, 
it is responsible for most trocar-induced bowel injuries [24]. 
Thus, the first step with the camera is the abdominal cavity 
inspection for detecting potential injuries.

Trocar insertion in upper abdominal accesses may also 
result in gastric perforation. Therefore, fasting for 8 h before 
surgery and inserting an oro- or nasogastric tube can mini-
mize this risk. The needle should never be moved or “wag-
gled” around, as that can convert a minor vascular or visceral 
injury into a larger one, which can become a significant life- 
threatening emergency.

4.2.2  Hasson Open Technique
This is an open cutdown technique, which decreases (but 
does negate) the risk of blind entry into an abdominal viscera 
[25]. The initial incision should be planned above the umbi-
licus, approximately 20 cm from the root of the penis. The 
skin is incised, and the dissection is performed by planes 
until reaching the peritoneum layer below the rectus abdomi-
nis muscle. The peritoneum is then opened, and the surgeon’s 
finger is passed into the opening to check for visceral adhe-
sions. In sequence, the trocar is placed without the obturator, 
and the CO2 insufflation is commenced.
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Initially, a low flow of 5 L/min is recommended, while an 
assessment of intra-abdominal pressure is made. Care should 
be taken with a rapid increase in pressure due to cardiorespi-
ratory issues or evidence of a pulmonary gas embolus. Upon 
full insufflation, the robotic camera is inserted carefully in a 
freehand manner, and a full laparoscopy is performed. Then, 
all trocars are placed under visualization.

It is important to note that this technique usually provides 
an incision bigger than the trocar caliber. Thus, especially in 
the Xi robot, which has 8 mm trocars, CO2 leakage can hap-
pen around the trocar. In these cases, performing an aponeu-
rotic suture (U shape) provides an appropriate CO2 sealing.

4.2.3  Insertion of Additional Trocars
After placing the first trocar and inserting the camera, the 
remaining ports are placed using similar principles under 
direct vision. The 8 mm robotic ports should be positioned 
between 7 and 10 cm from each other to minimize clashing 
of robotic arms. These arms should also be 10–20 cm from 
the target organ. The ruler and marking pen are used here to 
measure the appropriate distances and mark potential inser-
tion sites [26].

Finally, trocar placement is one part of the procedure that 
has to be done in part without the benefit of direct vision, and 
injuries to large vessels, bowel, and other abdominal con-
tents can have catastrophic consequences and turn a routine 
procedure into potentially disastrous outcomes. Thus, it is 
worthwhile to have a standardized trocar insertion technique 
associated with the ability to respond to the variabilities that 
each step may pose.

5  Pneumoperitoneum Considerations

Pneumoperitoneum insufflation (PI) is crucial in laparo-
scopic and robotic surgeries to provide the appropriate space 
for performing the procedure. However, this process is not 
devoid of complications. The initial access to the abdominal 
cavity with Veress needle puncture must be performed cau-
tiously due to potential bowel or vascular injury, especially 
in patients with previous abdominal surgeries (higher 
chances of adhesions) and low BMI (shorter space between 
the skin and aortocaval space).

Another consideration regards the prolonged operative 
time with intra-abdominal CO2 insufflation due to increased 
hypercapnia and metabolic acidosis ricks, especially in 
smokers and patients with chronic obstructive pulmonary 
disease (COPD). In such cases, some authors have described 
pneumoperitoneum insufflation with helium gas as an alter-
native to CO2 [27–29].

Finally, the rate of CO2 insufflation is also important due 
to the increased risk of embolic events, hypotension, and 
vagal response. Monitoring the rapid increase of intra- 

abdominal pressure is crucial, mainly when operating 
patients with cardiovascular diseases and morbid obesity due 
to the asystole and ventilation issues during the surgery [11].

6  Thermal Injury

The robotic platform usually provides two sources of intra-
operative energy: monopolar and bipolar. Stray energy can 
be transferred from the instruments to the camera, other 
instruments, and trocar by different mechanisms. For this 
reason, all instruments must have the insulation sleeve as a 
security measure for minimizing stray energy [16].

Surgical technique refinement is also another way of min-
imizing thermal injuries. Before activating the pedal energy 
(monopolar or bipolar), the surgeon needs to certify that the 
instruments are not in contact with each other and that the 
arm is not touching the bowel, vessels, or adjacent structures; 
only the tip of the instrument must be in contact with the 
bleeding tissue to be cauterized. Having a thermal injury out-
side of the operative view is challenging because it usually 
has a clinical impact a couple of days after surgery 
(5–10 days); patients typically complain of abdominal pain 
and ileus symptoms (constipation and vomits).

7  Visceral and Vascular Injury 
Considerations

Visceral and vascular injuries are rare events in laparoscopic 
and robotic surgeries. Some authors described that the likeli-
hood of these complications could reach up to 0.1%, with 
vascular injury more common. Some risk factors include 
prior abdominal surgery, which increases the rates of adhe-
sions and changes the intra-abdominal anatomy. In these 
cases, it is advised to perform the trocar placement with 
Hasson’s technique or Palmer’s point access [30, 31]. In 
addition, patients with low BMI have a smaller distance 
between the skin and aortocaval space, which is easier for 
vascular lesions while placing the Veress needle or trocar.

In both situations (visceral or vascular injuries), the man-
agement and repair must be performed immediately, even if 
that requires converting to open surgery or even canceling 
the main procedure. Depending on the type of injury or 
severity, it is advised to have a specialist reviewing the lesion 
(vascular or general surgeon) before the procedure is 
finished.

Some considerations during the vascular injury regard the 
assistant role in these episodes. Due to extensive bleeding, 
the assistant must associate the blood suction with the vessel 
compression. The most important initial step is the compres-
sion to minimize blood loss; then performing suction will 
clear the field for surgical repair. Performing suction without 
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local compression increases blood loss and aggravates the 
patient clinical scenario. Special attention must be taken 
while increasing the pneumoperitoneum pressure in bleeding 
episodes to avoid gas embolization. Consider using laparo-
scopic bulldog clamps and vessel loops in big vessels, such 
as aorta and vena cava injuries, to minimize the blood loss 
and optimize the lesion visualization during the repairing 
process.

7.1  Bowel Injury Caused by Electrocautery 
and Mechanical Effects

Thermal damage can get unrecognized during the surgery 
and cause serious complications. Frequently, it results from 
monopolar electrosurgical current activated unintentionally 
outside the operational field or unwanted energy transfer 
during tissue dissection. Monopolar energy causes more lat-
eral thermal spread and produces the highest temperatures 
than bipolar electrocautery, the harmonic scalpel, and 
LigaSure [22]. Thermal injury is usually more extensive than 
expected, and conservative management can result in acute 
perforation during the postoperative period. Intraoperative 
repair is usually significantly safer. If an enterotomy is 
required, all bowel edges must be refreshed, and all affected 
tissue removed before the primary repair [22]. The injured 
site should be drained, and the patient must be prescribed 
antibiotic treatment [24].

Furthermore, robotic arms with no tactile feedback can 
cause mechanical bowel injuries. These lesions can be sharp 
or blunt and mainly occur outside the operative field. 
Therefore, all tissue handling and instrument insertion must 
be performed under direct view.

Mechanical bowel injuries are managed with intracorpo-
real suturing. Bowel resection and a diverting colostomy are 
rarely required, and if there is an extensive injury or a bowel 
resection is necessary, a general surgeon must be consulted. 
Unrecognized bowel injuries usually present as sepsis and 
acute abdominal pain in the postoperative period. Other 
signs and symptoms are leukopenia or leukocytosis, fever, 
orifice pain trocar, ileus, nausea, or vomiting. In these sce-
narios, a CT scan usually supports the diagnosis. In cases 
with high suspicion, a diagnostic laparoscopy should be 
performed.

7.2  Spleen and Liver Injuries

Most splenic lesions (0.3%) happen during left upper urinary 
tract surgeries when the retroperitoneum is exposed to mobi-
lize the spleen [21]. On the other hand, liver injury is uncom-
mon, although the true incidence is difficult to estimate 
because minor injuries are not usually reported.

Compression and cautery are usually enough to manage 
minor injuries to both organs [23]. Splenectomy due to a 
severe injury with massive bleeding is rare. Open surgical 
repair of the liver can be necessary in cases of uncontrolled 
bleeding [21]. Bile duct injuries appear in the right adrenal-
ectomy and partial nephrectomy. Prompt recognition and 
cholangiography to stage the damage direct the appropriate 
treatment, whether endoscopic or surgical.

7.3  Pancreatic Injury

Pancreatic injury is also a rare complication (incidence 
0.2%) but can have substantial morbidity. The organ is dam-
aged typically during left adrenalectomy or left renal sur-
gery. The best advice to prevent this complication is a careful 
dissection of the upper renal pole, between the tail of the 
pancreas and Gerota’s fascia [22].

Although most superficial lesions are managed conserva-
tively with parenteral nutrition, somatostatin administration, 
and drainage, a major pancreatic duct injury may require dis-
tal pancreatectomy. In this scenario, a general surgeon con-
sultation is always advised [24].

7.4  Rectal Injury

Rectal injury is the most common intestinal complication 
during radical prostatectomy, but it can also occur during 
radical cystectomy. The incidence rate is 0.17% for robot- 
assisted radical prostatectomy and 1% for robot-assisted 
radical cystectomy [32, 33]. These lesions convert the sur-
gery from clean to contaminated, increasing the risk of 
wound infection, pelvic abscess, recto-urinary fistula, sepsis, 
or even death [26].

Some factors, such as previous prostate or rectal surgery, 
radiotherapy, pelvic fracture, or hormonal therapy, might 
distort surgical planes leading to challenging dissections and 
increasing the risk of rectal injury [34]. Other factors include 
a locally advanced disease, non-nerve-sparing extrafascial- 
wide excision, and blunt dissection.

Surgeon expertise is an essential factor in avoiding com-
plications. According to the learning curve of a single-center 
analysis, 150 to 200 cases were needed to decrease compli-
cations as bowel injury [35]. For Guiote et al., hospitals with 
more than 100 robot-assisted radical cystectomies per year 
also have lower complication rates [33].

Management of rectal injury depends on its presentation. 
Once the rectal wall and muscular layers are identified, a 
continuous absorbable suture is performed. Several ways of 
rectal repair have been described. Some surgeons close the 
defect in two planes, while others use only one layer of 
barbed suture. Longitudinal closure may be preferred over a 
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transverse or Heineke-Mikulicz technique to minimize anas-
tomotic tension since the rectal luminal diameter is usually 
sufficient to obviate significant narrowing [22].

The rectal repair can be further reinforced by overlaying 
an omental flap from the transverse colon. Obtaining an 
omental flap might sometimes be challenging in patients 
undergoing transperitoneal RARP because of the steep 
Trendelenburg position. Therefore, a full-layer peritoneal 
graft obtained from the pelvic sidewall can alternatively be 
used as a third layer to cover the area of RI repair [36].

The repair integrity is checked by filling the pelvic cavity 
with sterile saline and the rectum with air. In addition, meth-
ylene blue can be injected into the rectum, while the surgeon 
observes the anastomosis. At the end of the procedure, the 
abdomen is drained, and the patient is prescribed broad- 
spectrum antibiotics [23].

Although a routine diverting colostomy has been recom-
mended in the past, nowadays, it is only reserved for cases of 
massive fecal spillage, previous radiotherapy, extensive rec-
tal injury (>2 cm) with cautery application, or a tense suture 
line [26]. Recent literature continues to advocate primary 
closure for rectal injury. Kheterpal et al. described a single- 
surgeon series of 4400 RARP, including 10 intraoperative 
rectal injuries [37]. All lesions were closed with a two-layer 
suture and only in one case required diverting ileostomy.

If the diagnosis of the rectal injury is delayed, the early 
postoperative symptoms manifest as lower abdominal pain, 
fever, abnormal white blood cell count, and sepsis [23]. In 
such cases, investigation with a Gastrografin enema, retro-
grade urethrography, or CT scan might confirm the 
diagnosis.

8  Compartment Syndrome (CS)

Compartment syndrome (CS) is an uncommon but possibly 
underappreciated potential complication of RARP, espe-
cially in complex cases or initial learning curve, where oper-
ative time is extensive. The underlying cause of CS is the 
increasing pressure in the muscle compartments surrounded 
by inelastic fascia due to swelling or edema. This condition 
leads to an eventual increase in pressure in the compartment 
above perfusion pressure, which potentially disrupts the oxy-
genated blood flow and, in the worst scenarios, causes tissue 
necrosis [38]. The CS pathophysiology describes a rise of the 
internal compartment pressure to above 30 mmHg, although 
it can occur at lower pressures.

Lower limb compartment syndrome (LLCS) following 
RARP can be devastating, including loss of motor function, 
foot drop, permanent disability and mobility restriction, 
lower limb amputation, renal failure from rhabdomyolysis, 
and death.

Some authors described the CS incidence as reaching up 
to 0.29% [38]. This rate equates to three cases per thousand, 
so it is possible that most moderate to high volume surgeons 
may come across it once in their career. LLCS is often related 
to lithotomy position due to excessive pressure on the calf 
muscles by the weight of the leg. Trendelenburg positioning 
can also contribute to LLCS in the setting of RARP [38]. 
Predisposing factors include the following:

 1. Extended time in lithotomy over 4 h increases the risk of 
LLCS, but it can occur in cases that last less than an hour.

 2. Blood loss/hypovolemia
 3. Hypotension
 4. Obesity
 5. Muscular, tight calves
 6. Smoking
 7. Peripheral vascular disease
 8. Compression of iliac vessels such as during 

lymphadenectomy.

8.1  CS Clinical Presentation

LLCS usually manifests in the first few hours after surgery, 
but the symptoms may present later in some cases. Pain is 
usually the first major complaint, which is out of proportion 
to the injury and usually increases on passive stretching. The 
tissue may also feel tense and “woody.” The traditional con-
glomeration of symptoms is described by the “the Five P’s,” 
including pain, pulselessness, paresthesia, pallor, and paraly-
sis [39]. However, these may be late signs, and pain should 
be considered a cardinal sign, although this may be confused 
with the pain from deep vein thrombosis and may be masked 
by epidural analgesia use. Paresthesia or loss of sensation in 
the first interdigital web space of the foot is also related to 
the CS. The diagnosis is clinical, but measuring intracom-
partmental pressures using either a transducer-tipped cathe-
ter or a conventional fluid-filled system is also helpful.

8.2  CS Surgical Intervention

There is no universal agreement on the precise intracompart-
mental pressure at which intervention should be considered. 
The decision to operate should be made in conjunction with 
clinical findings, although a value of >30  mm Hg usually 
shows that surgical decompression is needed. Alternatively, 
the perfusion pressure of the compartment is used, or com-
partment delta pressure, which is the diastolic pressure minus 
the intracompartmental pressure. If this value is less than 
30 mmHg, there is an imminent risk of anoxia and ischemia, 
which requires intervention [40]. Serial creatine kinase lev-
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els sequentially elevated occur with increasing muscle dam-
age [41]. In such cases, renal function should be serially 
assessed as renal impairment may occur secondary to rhab-
domyolysis [42].

The procedure of choice for LLCS is urgent fasciotomy of 
the compartments of the below-knee compartments to allow 
the release of pressure. This should be done as soon as pos-
sible and usually requires the intervention of orthopedic, 
trauma, plastic, or general surgery depending on what exper-
tise is available. It is vital to open the anterior compartment 
as this is the one most commonly affected, but more exten-
sive fasciotomy with the opening of other compartments is 
often needed. Repeat inspections of the muscle bellies under 
anesthesia are usually required, and skin grafts are often 
employed to close the resultant defect [43].

The risk of CS is lowered by reduced operative time and 
keeping the legs in a flat position instead of using stirrups 
and the lithotomy position. There is no significant associa-
tion of the use of mechanical thromboprophylaxis and com-
partment syndrome [44, 45].

9  Conclusion

Robotic surgery has evolved in the past 20 years. However, 
like any other type of surgical procedure, this approach is 
not devoid of complications. In this chapter, we have 
described the most common types of complications reported 
in the current literature. The main concept, common to all 
episodes of complications, is the immediate identification 
and repair of accidental lesions. In our experience, appropri-
ate team training, surgical technique standardization, and 
high volume are crucial factors for increasing expertise and 
proficiency while minimizing surgical complications in 
robotic surgery.
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Technical Advances in Robotic Renal 
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and Erdem Canda

1  Introduction

The surgical discipline revolves around the use of medical 
technologies and where the initial medical devices were just 
scalpels; today’s armamentarium consists of complex tech-
nologies. Laparoscopy is one of the areas where technical 
breakthroughs have impacted the way patients are treated. In 
nearly 30 years, it has become the standard of care in many 
indications [1, 2]. Despite this success, laparoscopic surgery 
is limited by the prolonged learning curve, the 2D vision, the 
limited range of motion of the laparoscopic instruments, and 
the unsatisfactory movement ergonomics [3]. In 1999, a new 
surgical system (da Vinci Surgical System, InSite Vision 
Systems, Intuitive Surgical Inc., Mountain View, CA, USA) 
was developed and initially used by cardiac surgeons at the 
University Hospital of Frankfurt, Germany. However, this 
system is not an autonomous robot, but a robotic assistance 

system for laparoscopic surgery that addressed the limits of 
laparoscopy. This system was then used for the first time in 
the urological field, in the same center, for a series of ten 
radical prostatectomies [4]. Since then, the robotic approach 
changed the landscape of urological surgery, ultimately 
crowning itself as the gold standard over other alternatives 
(open and laparoscopic surgery) in different procedures, 
including renal surgery [2, 5]. Several innovations facilitated 
the acceptance and diffusion of this technology, allowing for 
the implementation of both pre- and intraoperative 
performance.

2  Preoperative Planning

2.1  Three-Dimensional (3D) Models

In the era of precision surgery, a comprehensive and patient- 
specific understanding of surgical anatomy is the cornerstone 
of procedural planning, especially in oncologic surgery [6]. 
Conventionally, surgical roadmaps are created based on 
cross-sectional imaging studies, mainly computed tomogra-
phy (CT), magnetic resonance imaging (MRI), positron 
emission tomography/CT (PET), and/or single photon emis-
sion CT [7]. However, this may render a suboptimal evalua-
tion of the patient’s anatomy as it is based on bidimensional 
images; thus, it requires sophisticated cognitive processing 
to conceptualize a 3D reconstruction from the 2D images, 
and subsequently relate such information to the repositioned 
patient [8]. Hence, it comes as no surprise that nowadays 
technological advances such as 3D printing and/or 3D virtual 
models of target organs have been applied with increasing 
interest in surgical planning [6–11].

Porpiglia et al. [6] used the Polyjet® technology to pro-
duce a 3D printed model of the prostate or kidney of 18 
patients undergoing live surgery (robot-assisted laparoscopic 
prostatectomy [RALP] or minimally invasive partial 
nephrectomy) in a urology meeting. These models were used 
by surgeons to discuss the case with the patient and to eluci-
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date the optimal surgical plan with the attendees. Following 
the surgery, 144 attendees were asked to fill in a question-
naire, which showed that this tool is convenient for surgical 
planning and patient education [6]. Similarly, von Rundstedt 
et  al. expanded the use of renal models beyond surgical 
decision- making into preoperative rehearsal and training. 
Interestingly, the authors reported no significant difference 
between resection times and tumor volumes of the models 
and the actual tumors, demonstrating the usefulness of this 
as a training tool [9].

Three-dimensional visualization techniques have been 
particularly applied for the surgical planning of robot- 
assisted partial nephrectomy (RAPN) (Fig.  1) [7–12]. 
Different nephrometry scores (based on bidimensional CT 
scans) are commonly used to predict perioperative outcomes 
of patients receiving RAPN. Thus, 3D virtual models were 
proposed to improve the prediction of surgical complexity in 
patients with renal masses [11]. In fact, such models reduced 

the predicted anatomical complexity of renal masses using 
different nephrometry scores compared to the 2D images [8, 
12]. Interestingly, when the CT scans of 20 complex renal 
masses were showed to 108 attendees of the sixth Techno- 
urology Meeting (overall, 542 views), RAPN was selected in 
only 47.2% of the views. Subsequently, the attendees viewed 
the 3D virtual models of the same patients, and the indication 
for RAPN increased to 74.5% [7]. Furthermore, the use of 
these models allowed for an increased rate of selective arte-
rial clamping, resulting in significantly fewer patients with 
complex renal masses receiving total ischemia during RAPN 
(80.6% versus 23.8%; p < 0.001) [10]. Very recently, new 
predictive 3D models are finding their way into clinical tri-
als, in which the surgeon gets a suggestion on the clamping 
strategy, allowing him to upfront estimate the ischemic and 
perfused zones of the tumor bed [13]. This way, the surgeon 
should be able to make a better estimation on the benefit of a 
clamped, an unclamped, or a selective clamped approach.

a b

Fig. 1 (a) Virtual 3D reconstruction of the kidney showing a small 
tumor in the middle zone and kidney vasculature (arteries in red and 
veins in blue). (b) Printed 3D model showing upper pole tumor and the 

renal vasculature. These pictures are provided by and published with 
permission from MEDICS®
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2.2  Hologram

Holographic reconstruction is the use of light waves to 
reconstruct a 3D floating projection of a specific object. 
Generally, it integrates the advantages of 3D reconstruction 
with the immersive experience, interactivity, and flexibility 
of digitalization. There is only one report in the literature 
comparing the holographic reconstruction of renal tumors to 
conventional CT scans demonstrating a higher level of 
interobserver agreement and shorter time of evaluation for 
the holographic images [14]. Generally, further investiga-
tions are needed to draw definitive conclusions on the value 
of the 3D visualization technology in urological practice.

3  Intraoperative Guidance

3.1  Three-Dimensional Augmented 
Reality (AR)

The ability to use the 3D virtual models as surgical road-
maps in surgical planning has led to increased interest in 

using these advanced techniques for intraoperative naviga-
tion. Three-dimensional representations of anatomical 
structures reconstructed from the preoperative CT or MRI 
were superimposed over the anatomy in vivo to allow intra-
operative guidance by creating an augmented reality view 
that depicts both the surgical anatomy and scan data [15–
17]. Initially employed in robotic radical prostatectomy, 
Hyperaccuracy 3D™ model AR-models can be applied dur-
ing RAPN of complex renal masses in order to identify 
intraparenchymal structures and guide the surgical resection 
(Fig. 2). Canda et al. similarly published their initial experi-
ence on the use of 3D virtual reality (VR) tumor navigation 
during robotic prostate cancer surgery incorporating both 
multiparametric prostate MR and Ga68 PSMA PET images 
and suggested that this approach was particularly useful in 
high-risk prostate cancer cases [18]. Porpiglia et  al. [15] 
demonstrated that this technology was associated with lower 
rates of global ischemia and higher tumor enucleation than 
intraoperative ultrasound (US) guidance. Moreover, the AR 
technology was associated with less violation of the collect-
ing system and lower drop of the estimated renal plasma 
flow at 3 months [15].

a b

Fig. 2 (a) Augmented reality superimposition during RAPN. (b) Zoomed image of augmented reality superimposition during RAPN, showing the 
precise location of the tumor and the vasculature of the kidney. These pictures are provided by and published with permission from MEDICS®
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3.2  Virtual Reality (VR) Surgical Navigation

These surgical navigation systems are based on the 3D 
reconstruction derived from preoperative imaging and use 
the anatomical landmarks to align the endoscopic view to the 
VR one [19]. The main difference between these systems 
and AR models is that the images are not superimposed over 
the real anatomical endoscopic view in the da Vinci console 
[19, 20]. On the contrary, in a feasibility study, the endo-
scopic view from recorded short videos was superimposed 
over the VR view to give a more realistic view and ensure a 
better alignment [20]. Among possible applications, it can be 
used for intraoperative real-time orientation and guidance of 
the procedure like, for instance, it may support the surgeon in 
the identification of the renal artery during RAPN [19, 20]. 
In general, the VR navigation systems may improve the sur-
geon’s skills [19].

3.3  Image-Guided Surgery

The concept of image-guided surgery is not new to urolo-
gists. It represents the base for different endoscopic surgeries 
such as percutaneous nephrolithotomy. Still, innovation 
within imaging modalities has allowed their integration in 
laparoscopic and robotic surgeries.

There are two main types of image-guided surgery that 
are listed below:

 1. Morphological Imaging Guidance
Ultrasound represents a key surgical modality for this 

technology. The introduction of robotic drop-in US 
probes and the ProGrasp forceps allows direct control of 
the probe by the surgeon at the console and facilitated the 
intraoperative use of US imaging during RAPN [21, 22]. 
This probe may be used to guide the enucleation of small 
renal masses (including totally endophytic tumors) and 
decrease warm ischemia times [21]. Furthermore, Alenezi 
et  al. described an innovative technique of “sequential 
selective occlusion angiography,” which utilizes contrast-
enhanced US for intraoperative mapping of renal and 
tumor vasculature, thus enabling efficient selective 
clamping [22].

 2. Molecular Imaging Guidance
Radio-guided surgery allows the integration and trans-

lation of molecular imaging in surgery. The introduction 
of laparoscopic gamma probes has enabled the adaptation 
of this technology in minimally invasive surgery [23, 24].

Visualizing fluorescent dyes using fluorescence imag-
ing are based on the concept that the emission of higher 
wavelength light energy can be detected using high- 
resolution cameras (such as the Firefly® mode in the da 

Vinci robotic platform) and coded into a pseudocolored 
image as an output (Fig. 3) [25]. Indocyanine green (ICG) 
is one of the most commonly used fluorescent dyes in 
urological practice, as it can be detected using the near- 
infrared light spectrum (NIRF) [26]. This technology has 
gained great interest in the urological field for different 
indications such as angiographic agent during RAPN 
[25–28], or as a flushing agent during robot-assisted ure-
teral reconstruction [29, 30]. As regards partial nephrec-
tomy, it is well known that the off-clamp approach can 
improve renal function. However, it may also increase the 
operative blood loss and disturb the view during resection 
that can potentially result in positive surgical margins. On 
the contrary, the on-clamp approach may prolong the 
ischemia time and potentially increase the perfusion/
reperfusion injury. These factors combined have driven 
an increasing interest in selective arterial clamping to 
limit the ischemia to the involved renal tissues as much as 
possible [27]. ICG-based fluorescence imaging was pro-
posed to help identify the arterial supply to the tumor, 
which may allow selective clamping and improve the 
functional outcomes [25]. Diana et al. [26] presented the 
largest series available to date which included 318 
patients undergoing ICG-guided RAPN, showing that 
ICG-guided surgery is a promising tool in deciding the 
type of clamping (selective or global clamping). Several 
other authors supported this finding [25, 27]. Moreover, 
Mattevi et al. [27] compared 42 patients undergoing non-
selective clamping with 20 patients undergoing NIRF- 
ICG- guided selective arterial clamping during RAPN, 
demonstrating a greater glomerular filtration rate loss in 
patients undergoing nonselective clamping RAPN (21.5% 
versus 5.5%, p = 0.046). Likewise, Simone et al. [28] pro-
posed the use of the ICG guidance as an alternative to US 

Fig. 3 Firefly® mode in the da Vinci robotic platform. This picture is 
provided by and published with permission from Intuitive®
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in totally endophytic tumors. In this regard, a mixture of 
ICG-lipidol (to delay the ICG washout from the kidney) 
can be delivered in the arterial branches supplying the 
tumor to facilitate its identification and subsequent 
enucleation.

Another interesting application of ICG is to evaluate 
the blood flow to the remaining parenchymal tissue after 
renorrhaphy, particularly in patients with chronic kidney 
disease [26]. Furthermore, the ICG-guided approach to 
RAPN can potentially be used for reducing positive sur-
gical margins as ICG tends to accumulate in normal 
parenchymal tissues (hyperfluorescent), while malignant 
tissues do not store ICG (hypofluorescent) [25, 26, 28].

During robot-assisted ureteral reconstruction, retro-
grade or antegrade ICG injection through a ureteral cath-
eter or nephrostomy tube may help to overcome two main 
challenges, that is, the identification of the ureter (espe-
cially in the case of fibrosis or inflammation) and the 
identification of ureteral stricture margins that have nota-
bly lower vascularity. This would, in turn, facilitate a 
complete excision of required ureteral segment, reducing 
the risk of recurrence while preserving as much of the 
healthy ureter as possible [29, 30]. Furthermore, it can 
guide the identification and dissection of the ureter during 
robotic reimplantation of ureteroileal anastomotic stric-
ture [29].

3.4  Intraoperative Pathology

The main aim of oncological surgery is the complete resec-
tion of tumors without compromising postoperative onco-
logical and functional outcomes. For this reason, there is 
increased interest among urologists in new technologies that 
can provide a real-time pathological examination of surgical 
margins such as confocal laser endomicroscopy (CLE) [31], 
ex-vivo fluorescence confocal microscopy (FCM) [32, 33], 
and Raman spectroscopy [34].

Ex vivo fluorescence confocal microscopy VivaScope® 
2500M-G4 (MAVIG GmbH, Munich, Germany; Caliber 
I.D.; Rochester, NY, USA) is a new technology that utilizes 
two lasers to allow digital pathological examination of the 
freshly excised tissues in the reflectance (785 nm) and fluo-
rescence (488 nm) modalities, revealing images that resem-
ble hematoxylin and eosin (H&E) staining in just a few 
minutes [35, 36].

Similarly, CLE Cellvizio (Mauna Kea Technologies, 
Paris, France) is capable of providing an in  vivo high- 
resolution histopathological imaging by employing a 488 nm 
laser with fluorescein. This technology can be potentially 
used in vivo for the identification of identify vessels, nerves, 

and connective tissues [31]. Likewise, Pinto et al. [34] pre-
sented a preliminary study integrating an in vivo dual excita-
tion Raman spectroscopy (680 and 785  nm) during 
RALP. Raman spectroscopy is an emerging technology that 
can be used in molecular tissue characterization, allowing 
the ex vivo differentiation between prostatic and extrapros-
tatic tissues. Although the first applications of all these tech-
nologies were performed in prostate surgery, they are 
compatible with the robotic system, and as such, their appli-
cation to renal surgery is similarly feasible.

Canda et al. recently published their technique on RAPN 
that enables cold ischemia with application of ice pieces and 
intraoperative frozen section evaluation [37].

3.5  Artificial Intelligence

This technology is based on computational analysis of the 
endoscopic views to provide additional information that 
might be camouflaged to the naked eye and assess surgical 
performance [38–41]. Amir-Khalili et al. [38] proposed the 
use of machine learning algorithms to guide the vascular dis-
section during RAPN as it is capable of detecting the faint 
motion of connective tissue surfaces resulting from the pul-
sation of blood vessels hidden below them. However, this 
was an experimental study, and it was applied only on 
recorded RAPN cases. Yet, this technique may be affected by 
the image’s “noise” and cannot identify deeply hidden vas-
culature [39]. Thus Nosrati et al. [39] combined the advan-
tages of visual cues and machine learning to improve the 
accuracy of this technology, where they used the preopera-
tive imaging studies to identify the patient-specific 3D posi-
tion and deformations of different structures in combination 
with the visual cues.

First feasibility studies also show promising results of the 
use of machine learning/AI models in predicting intraopera-
tive and 30-day postoperative events in RAPN, although 
more validation is required [35].

3.6  Instruments

One of the main limitations of robotic surgery (particularly 
during pelvic or multiquadrant surgery) is the inability to 
change the patient’s position without undocking the robot, 
which may prolong the operative time. The TruSystem 
7000dV Operating Table (TS7000dV, TRUMPF Medizin 
Systeme GmbH & Co. KG, Saalfeld, Germany) overcame 
this limitation by adding coordinated motion of both the table 
and the robotic instruments, thus allowing a change in the 
patient’s position mid-procedure without undocking [42].
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Fig. 4 Figure of the EndoWrist® Stapler, Intuitive Surgical Inc., 
Sunnyvale, California, USA. This picture is provided by and published 
with permission from Intuitive®

The robotic stapler (EndoWrist® Stapler, Intuitive 
Surgical Inc., Sunnyvale, California, USA) is another instru-
ment that might facilitate robotic surgeries because it offers 
several advantages compared to the traditionally used lapa-
roscopic staplers (Endo GIA™ Stapler, Medtronic, Dublin, 
Ireland and Ethicon Stapler, © Johnson & Johnson Medical) 
such as tremor reduction and a higher degree of freedom of 
movement (Fig. 4). This robotic stapler has been used safely 
in ten patients undergoing robotic living-donor nephrecto-
mies without any related complications [36].

One of the interesting innovations in the last few years is 
the magnetic retraction system Levita™ Magnetic Surgical 
System (LMSS) (Levita Magnetics, San Mateo, CA), which 
may ease some of the concerns related to reduced working 
space in laparoscopic or robotic surgery. The LMSS works 
by attaching a spring-loaded grasper, characterized by a 
small magnetic end, to the targeted tissue, subsequently con-
trolling it using an external stronger magnet [43]. Steinberg 
et  al. [38] assessed the feasibility of this technology in 15 
patients undergoing single-port RALP showing that it was 
able to improve tissue exposure during the different surgical 
steps. Similarly, Fulla et al. [43] reported the safety and fea-
sibility of the magnetic retraction technology during mini-
mally invasive renal surgeries.

4  Robotic Platforms

da Vinci Single-Port (SP) Robotic System
More than a decade ago, laparoendoscopic single-site sur-
gery (LESS) was proposed as a promising alternative to con-
ventional minimally invasive surgery. Later on, this 

technology was adopted by robotic surgeons to perform 
robotic LESS (R-LESS); however, it did not gain wide 
acceptance due to the associated technical limitations, 
including external collisions between robotic arms and dif-
ficult assistant access [39, 40]. Recently, the da Vinci SP 
device (Intuitive Surgical, Sunnyvale, CA, USA) has revived 
interest in single-site surgery with a system that has been 
specifically designed to overcome the limitation of R-LESS 
through its articulating camera and wristed surgical instru-
ments (Fig. 5) [39–41]. Several studies evaluated the new SP 
robotic system in urological procedures including partial 
nephrectomy [39, 40, 44, 45], radical nephrectomy [39], and 
pyeloplasty [45]. While da Vinci SP system initially has been 
trialed with robotic radical prostatectomy, there is increasing 
evidence on SP-RAPN. The mean size of the renal tumors 
treated with this robotic system ranged from 2.6 cm [44] to 
3.4  cm [39], and the operative time ranged from 153 to 
244 min [45]. The reported warm ischemia time ranged from 
25 min [40] to 27.5 min [44]. Only one patient throughout 
the included studies required conversion to open surgery 
because of significant abdominal adhesions [39]. The hospi-
talization period ranged from 1 to 5 days [45]. Interestingly, 
Na et al. [44] made a comparison between the da Vinci Xi 
single-site partial nephrectomy and the da Vinci SP-RAPN, 
reporting that the SP surgical system was able to overcome 
the technical limitations of R-LESS.

New Robotic Platforms
Over the last two decades, Intuitive Surgical has dominated 
the global surgical robotics’ market with different genera-
tions of the da Vinci surgical system, while competitors were 
struggling due to patenting issues. However, the landscape of 
robotic surgery started to change over the last few years with 
the introduction of several new surgical robotic systems in 
clinical practice [46–50]. The REVO-I robot (Meere 
Company Inc., Yongin, Republic of Korea) design is similar 
to the da Vinci robots. It consists of an open console, four 
robotic arms attached to an operation cart, high-definition 
vision cart, and reusable robotic instruments [47]. Similarly, 
the Micro Hand S, Chinese robotic system, was developed in 
2013, and it is similar to the da Vinci robotic system. It has 
not been used in urological practice yet [50].

Another new robotic system is the Versius Surgical 
System (CMR surgical, Cambridge, UK), consisting of sepa-
rate wheeled carts for each instrument, all of which are con-
trolled by a game-controller handgrip and visual feedback on 
the surgeon’s open console (Fig. 6). This system has been 
used in a preclinical urological trial in human cadavers to 
perform renal and prostate surgeries [46]. Similarly, the 
Senhance® robotic system (TransEnterix Surgical Inc., 
Morrisville, NC, USA) (previously known as Telelap ALF- 
X) consists of four independent robotic arms that can be 

S. Puliatti et al.



599

a b

Fig. 5 (a) Image of the different components of da Vinci SP device (Intuitive Surgical, Sunnyvale, CA, USA). (b) A close-up image of the da Vinci 
SP arms. This picture is provided by and published with permission from Intuitive®

manipulated by laparoscopic handles at the surgeon’s con-
sole (Fig.  7). Notably, this system offers the advantage of 
haptic feedback, and as such, surgeons do not have to rely 
solely on visual feedback [48]. Samalavicius et  al. [48] 
reported the safety and efficacy of this robotic system in the 
largest series of patients undergoing different surgeries (31 
urological, 39 abdominal, and 30 gynecological procedures) 
with only three patients requiring conversion to either lapa-
roscopic or open approaches due to technical difficulties.

Although clinical studies are not yet available, several 
other surgical robots are at an advanced stage of develop-
ment including the Hugo robot (Medtronic-Covidien, 
Dublin, Ireland), Medicaroid (Kobe, Japan), Avatera 
(Avateramedical, Jena, Germany), Verb Surgical (Johnson & 
Johnson, Inc., New Jersey, USA), and Virtuoso Surgical sys-
tem (Nashville, TN, USA) [51]. In the near future, it will be 
possible to evaluate the applicability and results of using 
these platforms in renal surgery.

5  Training and New Technologies

A significant driver of the development of new technologies 
is the simple fact that less invasive procedures (i.e., mini-
mally invasive surgery (MIS), surgical robotics, endovascu-
lar interventions, etc.) are better tolerated by patients who 
may not be suitable candidates for open surgical procedures 
(e.g., transcatheter aortic valve implantation procedures). 
The introduction of these technologies has however been 
accompanied by an increased frequency of complications, 
many life-threatening, particularly during the early experi-
ences. In the 1990s, a series of high-profile adverse medical 
events [52, 53] as well class actions [54, 55] against one of 
the leading manufacturers of surgical robots drew the atten-
tion of the general public and authorities (e.g., Food and 
Drug Administration) to issues of clinical training. Urologists 
have been enthusiastic and early adopters of new, innovative, 
and less invasive technologies. However, in the last three 
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a b

c d

Fig. 6 Versius Surgical System (CMR surgical, Cambridge, UK). (a) Image of the entire robot. (b) Simulation of the robot in action. (c) Control 
joystick. (d) Different instruments of the robot. These pictures are provided by and published with permission from CMR surgical, Cambridge, UK

decades, they have underscored the imperative of quality- 
assured training as part of the successful rollout and adoption 
of these technologies. Mindful of these adverse events, cor-
porate medicine (e.g., institute of medicine) has championed 
an outcome-based approach to skills training. The trainee 
(no matter how senior) must demonstrate a quantitatively 
defined performance benchmark before training progression 
and before using the device clinically. In this sense, 
proficiency- based progression training produces trainees that 
perform significantly (i.e., 60%) better in the operating room 
in comparison to trainees graduating from conventional 
training programs [56]. This approach to training derives the 
performance metrics from experienced and proficient practi-
tioners, and after satisfactory validation, the metrics are used 
to set performance benchmarks which trainees must demon-
strate before training progression [57]. Users and manufac-
turers of new and potentially high-risk devices/procedures 
(e.g., carotid artery stenting with embolic protection [58], 
mechanical thrombectomy for ischemic stroke [59], surgical 
robotics [60], etc.) find this training approach appealing 
because it quality assures the skill level of the trainee at the 

completion of training. Furthermore, it has the potential to 
produce more homogeneous performance levels to use new 
devices [61]. No matter how innovative or revolutionary a 
robotic technology is, it is merely a tool to augment the 
efforts of the clinician themselves. Tools will not perform 
optimally when users do not really know how to use them 
due to lack of training of interest. Like all tools, their impact 
is in the hands of the user.

6  Conclusions

Technological innovation and urology have a historically 
privileged relationship. The innovations introduced in the 
field of robotic renal surgery have shown to deliver substan-
tial improvements, both in preoperative planning and intra-
operative guidance. Moreover, new surgical platforms have 
recently appeared on the market showing encouraging 
results, opening a new chapter of competition, and pushing 
further advancements in the field of robotic surgery in 
urology.
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b

aFig. 7 Senhance® Robotic 
System (TransEnterix 
Surgical Inc., Morrisville, 
NC, USA). (a) Different 
components of the robot. (b) 
Zoom up on the robotic arms. 
These pictures are provided 
by and published with 
permission from TransEnterix 
Surgical Inc.
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Outcomes of Robotic Radical and Partial 
Nephrectomy

Shirin Razdan and Ketan K. Badani

1  Overview

Since the advent of the first laparoscopic nephrectomy in 
1990 by Clayman et al., the use of the robotic platform has 
revolutionized the performance of minimally invasive renal 
surgery. Robotic surgery allows for a magnified, three
dimensional (3 D) view with reduced tremor and articulating 
robotic instruments that offer a greater range of motion com
pared to traditional laparoscopic instruments. The greatest 
improvement arguably is seen in the ease by which intracor
poreal suturing can be performed. Over the last decade, the 
robotic platform as allowed partial nephrectomy to become 
more feasible due to improved visualization and hilar dissec
tion, as well as expedient tumor excision and renorrhaphy. 
More recently the retroperitoneal approach has also become 
a popular option, with surgeons relying on the retroperito
neal approach for posterior and lateral tumors as well as in 
those patients with hostile abdomens. In this chapter we 
review the literature on outcomes and complications after 
robotic radical, partial, and retroperitoneal partial 
nephrectomy.

2  Robotic Radical Nephrectomy

The first transabdominal laparoscopic nephrectomy was per
formed by Clayman et al. for a renal tumor. The authors uti
lized a morcellator to deliver a 190 gram kidney through a 
1  cm incision [1]. The first retroperitoneal laparoscopic 
nephrectomy was performed in 1993 by Gaur et al., utilizing 
the assistance of a dissecting balloon [2]. The first experi
ence with robotic assisted radical nephrectomy was done 
experimentally in pigs in 2000 [3]. Bilateral nephrectomy 
was performed in five pigs, with one side being performed 
robotically and the other laparoscopically. The robotic 

approach required significantly longer total operative and 
actual surgical times, but blood loss, complication rates, and 
adequacy of surgical resection were comparable between the 
two groups. The first robotic nephrectomy in a human was 
described in 2001 and was performed in a 77yearold female 
with a nonfunctioning, hydronephrotic right kidney second
ary to a chronic ureteropelvic junction obstruction [4]. The 
surgery was performed with the assistance of the Zeus 
robotic surgical system with an operative time of 200 min 
and estimated blood loss (EBL) of less than 100 mL.

The first reported series of robotic radical nephrectomy 
was performed in 2005 and established the safety and feasi
bility of the procedure. Of five patients, only one patient was 
converted to handassist laparoscopy due to bleeding from 
the renal vein. Median operative time was 321  min, EBL 
150  mL, hospital stay 3  days, and tumor size 66  cm3 [5]. 
Since then, numerous retrospective studies have been per
formed to compare outcomes of the robotic approach with 
both open and laparoscopic. In 2006, Nazemi et al. compared 
robotic, open, laparoscopic with and without handassist 
radical nephrectomy [6]. There was no significant difference 
in patient or tumor characteristics. The robotic approach 
resulted in significantly longer surgical times than open 
approach, whereas robotic and laparoscopic approaches had 
comparable total operative time given longer setup times. 
EBL, requirement for patientcontrolled analgesia (PCA), 
and hospital length of stay were longer in the open group. 
Rogers et al. performed another retrospective study examin
ing their outcomes for 42 consecutive patients who under
went robotic radical or simple nephrectomy [7]. Mean 
operative console time was 158 min, mean EBL was 223 mL, 
mean tumor size was 5.1  cm, and mean hospital stay was 
2.4  days. There was a 2.6% complication rate due to one 
morbidly obese patient having a wound dehiscence. In those 
patients who underwent radical nephrectomy, there were no 
positive margins. There was no evidence of tumor recurrence 
at a mean (range) followup of 15.7 (1–51) months.

More recently, an expansive multiinstitution retrospec
tive study was performed to compare outcomes of robotic 

S. Razdan (*) · K. K. Badani 
Department of Urology, Icahn School of Medicine at Mount Sinai 
Hospital, New York, NY, USA

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
P. Wiklund et al. (eds.), Robotic Urologic Surgery, https://doi.org/10.1007/9783031003639_53

https://doi.org/10.1007/978-3-031-00363-9_53


606

and laparoscopic radical nephrectomy for large (≥ cT2) renal 
masses [8]. From 2004 to 2017, a total of 941 patients under
went surgery. Patients undergoing robotic radical nephrec
tomy RRN had higher median BMI (27.6 vs. 26.5, p < 0.01) 
as well as longer operative times (185.0 vs. 126  min, 
p  <  0.001). However, length of stay was shorter for the 
robotic approach (3.0 vs. 5.0  days, p  <  0.001), although 
robotic cases were more likely to present with more advanced 
disease—higher pathologic staging (pT3–4 52.5 vs. 24.2%, 
p  <  0.001) and rate of nodal disease (pN1 5.4 vs. 1.9%, 
p  <  0.01). The authors also examined the trend in robotic 
usage, finding that in the study period, robotic radical 
nephrectomy had annual increase of 11.75%, whereas lapa
roscopic radical nephrectomy had an annual decline of 
5.39%. The increased use of the robotic platform for numer
ous urologic procedures not limited to renal surgery has 
allowed surgeons to become very comfortable with its usage, 
most likely accounting for the preference seen in this modal
ity for patients with more advanced disease.

Helmers et al. queried their institution’s renal mass regis
try to compare outcomes between robotic and laparoscopic 
radical nephrectomy, as well as hospital costs [9]. They 
found total operative time, intraoperative complications, and 
length of stay equivalent between both approaches. The 
robotic approach was associated with significantly higher 
EBL (50 mL vs. 100 mL, p = 0.041) as well as conversion to 
alternate surgical approach (0% vs. 11.1%, p < 0.001). Along 
the same lines as the aforementioned study by Anele et al., 
these authors found robotic cases were more likely to include 
a lymph node dissection (12.6% vs. 24.2%, p = 0.031), again 
a tribute to the comfort many surgeons feel with the robotic 
platform, allowing for more complex dissection and surgery 
on more advanced disease. Although robotic radical nephrec
tomy incurred higher costs than laparoscopic surgery, the 
difference was not significant ($14,913 vs. $16,265, 
p = 0.171).

A populationbased analysis comparing robotic and lapa
roscopic radical nephrectomy using the SEER database was 
performed in 2017 [10]. Between the years 2008 and 2012, 
241 patients over the age of 65 underwent a robotic radical 
nephrectomy for localized renal cell carcinoma, while 574 
patients underwent the standard laparoscopic approach. 
Using a propensity score matched analysis, the researchers 
found no significant difference in adverse event rate, length 
of stay, overall survival, and cancerspecific survival at 
3 years. The robotic cohort did incur higher hospitalization 
costs compared to the laparoscopic group ($53,681 vs. 
$44,161, p < 0.01).

In the prospective setting, Hemal et al. compared robotic 
and laparoscopic radical nephrectomy for patients with T1–
T2 renal tumors [11]. In their cohort of 30 patients, 15 under
went either procedure. Patients who underwent a robotic 

procedure had significantly longer operative times (221 
vs.175 min); otherwise, there was no difference between the 
two approaches when comparing EBL, complication rate, 
blood transfusion rate, hospitalization, and analgesic require
ment. There was no recurrence in either group at a mean 
followup time of 8.3  months in the robotic group and 
9.1 months in the laparoscopic group.

A systematic review was recently published in 2020 com
paring robotic radical nephrectomy with laparoscopic and 
open nephrectomy [12]. A total of 12 studies were included 
in the metaanalysis, incorporating 64,221 patients. Weighted 
mean differences (WMD) were calculated. When comparing 
robotic to open surgery, the robotic platform allowed for 
shorter length of stay (WMD 3.06 days; p = 0.002), fewer 
overall complications (OR 0.56; p  <  0.001), lower EBL 
(WMD −702 ml; p = 0.01), and higher total hospital costs 
(WMD US$4520; p = 0.004). When compared to the laparo
scopic approach, robotic radical nephrectomy resulted in sta
tistically significant longer operative time (WMD 37.44 min; 
p = 0.03), shorter length of stay (WMD −0.84 days; p = 0.02), 
and higher total costs (WMD US$4700; p < 0.001). There 
were no significant differences in terms of transfusion rate, 
complication rate, conversion to open, or perioperative mor
tality rate.

The above studies, particularly the systematic review and 
metaanalysis, suggest that robotic radical nephrectomy is a 
safe and efficacious modality of treatment compared to lapa
roscopic and open radical nephrectomy, although associated 
with longer operative times and cost.

3  Robotic Partial Nephrectomy

Nephron sparing surgery is the accepted surgical standard 
for management of small renal masses [13, 14]. It has been 
shown to have equivalent oncologic outcomes to radical 
nephrectomy, and the minimally invasive approach has 
proven to result in improved patient convalescence and 
decreased morbidity when compared to the open approach 
[15–17].

The first study describing robotic partial nephrectomy 
was published in 2004 by Gettman et al. [18] In their series 
of 13 patients with mean tumor size of 3.5 cm, 11 patients 
underwent a transperitoneal robotic partial, while the remain
ing two underwent a retroperitoneal partial. Eight of the par
tial nephrectomies were performed after placement of an 
intra arterial cooling balloon catheter that fully occluded the 
renal artery. In these patients, the mean cold ischemia time 
(CIT) was 33 min, while in the remaining five patients who 
underwent more traditional renal artery and vein clamping, 
warm ischemia time (WIT) was 22 min. Mean operative time 
was 215 min and EBL 170 mL. There was no conversion to 
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alternate surgical approach, and the only complication was 
one patient with ileus. Mean length of stay was 4.3  days. 
There was no recurrence observed at 2–11  months of 
followup.

Subsequent studies describing the robotic partial experi
ence found decreasing rates of WIT and total operative time 
[19–22]. Most common complications included need for 
blood transfusion and conversion to open or laparoscopic 
approach. This early experience with robotic partial nephrec
tomy found that the robotic platform allowed for shorter WIT 
and decreased blood loss when compared to the laparoscopic 
approach, likely due to improved hilar visualization and wrist 
articulation allowing for precise clamping and unclamping of 
the renal vessels, with quick and efficacious resection of the 
target tumor and subsequent renorrhaphy [23].

Similar to the trend seen with robotic radical nephrec
tomy, robotic partial nephrectomy has been increasingly uti
lized for more complex renal tumors. Khalifeh et  al. 
retrospectively reviewed the charts of 500 patients who 
underwent robotic or laparoscopic partial nephrectomy at 
their institution [24]. While patient demographics were simi
lar, the robotic group had a significantly higher Charlson 
Comorbidity Index (3.75 vs. 1.26) and more complex tumors 
(RENAL score 7.2 vs. 5.98). The authors found that robotic 
partial nephrectomy engendered shorter operative and WIT, 
fewer intraoperative and postoperative complications, and 
lower positive margin rate when compared to laparoscopic 
partial nephrectomy. Thus, they argued that robotic partial 
nephrectomy allows for a “higher overall trifecta rate” (WIT 
less than 25 min, negative surgical margins, and no periop
erative complications), thereby placing it as the standard 
approach for minimally invasive partial nephrectomy.

Wu et al. performed a propensitymatched analysis of 237 
patients who underwent robotic or laparoscopic partial 
nephrectomy [25]. In their cohort, patients who underwent a 
robotic procedure had lower EBL (156 vs. 198  mL, 
p = 0.025), a shorter WIT (22.8 vs. 31 min, p < 0.001), higher 
proportion of malignant lesions (88.4 vs. 67.5%; odds ratio 
[OR]: 2.6; 95% confidence interval [CI]: 1.2–5.67; 
p = 0.023), and lower intraoperative complication rate (1.3 
vs. 11.7%; OR 0.1, 95% CI 0.01–0.81; p = 0.018). They also 
found that early functional outcomes were greater in the 
robotic group, with smaller decline in estimated glomerular 
filtration rate (eGFR) (−4.8  ±  17.9 and −12.2  ±  16.6; 
p = 0.018).

A prolific group out of France published prospective stud
ies comparing robotic partial nephrectomy with both open 
and laparoscopic nephrectomy [26, 27]. When compared to 
the laparoscopic approach, robotic partial nephrectomy 
resulted in lower WIT, EBL, total operative time, use of 
hemostatic agents, and length of stay. When compared to the 
open approach, robotic surgery was also associated with 
lower EBL and length of stay, albeit equivalent WIT, opera

tive time, complication rate, and effect on renal function. The 
researchers also concluded that robotic partial nephrectomy, 
particularly in T1b or higher tumors, provided acceptable 
shortterm cancerspecific survival rates (2 year progression 
free survival 90.5%) with acceptable morbidity [28].

Given the recent explosion in the literature on the subject 
of robotic partial nephrectomy outcomes, numerous system
atic reviews have been performed to better synthesize the 
available data [29, 30]. Xu et al. queried 19 studies that com
pared robotic partial nephrectomy to open partial nephrec
tomy [31]. On metaanalysis they found that robotic partial 
resulted in significantly improved postoperative complica
tion rates (risk ratio [RR] = 0.60, 95% confidence interval 
[CI] = 0.46, 0.78, p = 0.0002), lower need for transfusion 
(RR  =  0.64, 95% CI  =  0.41, 0.98, p  =  0.04), less EBL 
(weighted mean difference [WMD]  =  −98.82, 95% 
CI = −125.64, −72.01, p < 0.00001), and shorter length of 
stay (WMD = −2.64, 95% CI = −3.27, −2.00, p < 0.00001). 
On the contrary, open partial nephrectomy had improved 
operative time (WMD  =  18.56, 95% CI  =  2.13, 35.00, 
p  =  0.03) and WIT (WMD  =  3.65, 95% CI  =  0.75, 6.56, 
p  =  0.01). Positive surgical margin rate (RR  =  0.87, 95% 
CI  =  0.56, 1.34, p  =  0.52) and shortterm eGFR change 
(WMD  = −1.56, 95% CI  = −3.41, 0.28, p  =  0.10) were 
equivalent between the two approaches.

A more recent systematic review by Tsai et al. examined 
34 studies comparing outcomes of robotic and open partial 
nephrectomy encompassing 60,808 patients [32]. Similar to 
Xu et al., they found improved EBL and transfusion rates as 
well as lower complication rates. Open partial still held the 
advantage in terms of total operative time. Aboumarzouk 
et al. performed a systematic review of robotic versus lapa
roscopic partial nephrectomy [33]. On metaanalysis of 717 
patients, the authors found no significant difference in total 
operative time, EBL, or conversion to open. However, the 
patients undergoing robotic partial nephrectomy had signifi
cantly shorter WIT.  There was no difference in length of 
stay, complication rate, or rate of positive surgical margins. 
Choi et al. also performed a systematic review of 23 studies 
comparing robotic with laparoscopic partial nephrectomy. 
There were no significant differences in complication rates, 
operative time, EBL, or positive surgical margin rate. 
Robotic partial nephrectomy resulted in lower rate of con
version to open, shorter WIT, smaller decrease in eGFR, and 
shorter length of stay.

The above data shows a definite trend toward increased 
usage of the robotic platform for partial nephrectomy. 
Robotic technology allows for improved WIT, allowing for 
preservation of renal function postoperatively, with equiva
lent complication rates to open and laparoscopic approaches. 
When comparing robotic to open approach, the increased 
operative time of the robotic approach and possible increased 
WIT have to be balanced against the increased length of stay 
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of patients who undergo open surgery. When compared to 
laparoscopic approach, robotic partial is clearly preferred in 
terms of WIT, conversion to open, and maintenance of eGFR 
postoperatively.

4  Robotic Retroperitoneal Partial 
Nephrectomy

The retroperitoneal approach to the kidney has emerged as a 
viable option for those patients with posterior and laterally 
located tumors. It has the benefit of avoiding the peritoneal 
cavity and has a role in those patients with multiple prior 
abdominal surgeries who may have hostile anatomy preclud
ing transperitoneal approach. The first minimally invasive 
retroperitoneal approach was described by McDougall et al. 
in 1996, when they described their series of 33 patients who 
underwent laparoscopic nephrectomy for benign disease, 23 
via transperitoneal approach, and 10 via retroperitoneal 
approach. They found faster resumption of regular diet and 
decreased need for analgesia for tumors smaller than 100 
grams in patients who underwent retroperitoneal approach 
[34]. The 2000s brought the advent of robotic technology, 
and its attendant improved wrist articulation and 3D visual
ization. Subsequent studies on robotic retroperitoneal partial 
nephrectomy found decreased hospital length of stay, EBL, 
and shorter operative time [35–38].

Abaza et al. in their initial series showed that there is neg
ligible learning curve when making the transition from trans
peritoneal to retroperitoneal approach, with patients 
undergoing robotic retroperitoneal partial nephrectomy hav
ing equivalent tumor characteristics, operative time, WIT, 
and positive margin rates [39]. The retroperitoneal group had 
statistically lower EBL and shorter length of stay. There 
were only two attempts at retroperitoneal approach that had 
to be converted to transperitoneal due to morbid obesity 
affecting access.

Stroup et  al. performed a retrospective review of 404 
patients who underwent transperitoneal and retroperitoneal 
robotic partial nephrectomy with the aim of determining how 
many achieved the “pentafecta”—a composite of negative 
margin, no 30day complications, ischemia time ≤ 25 min, 
return of eGFR to >90% from baseline at last followup, and 
no chronic kidney disease upstaging. They found that penta
fecta rates were not significantly different between the trans
peritoneal and retroperitoneal approaches (33.9% vs. 43.3%, 
p = 0.526). The retroperitoneal approach afforded a shorter 
operative time [40]. The pentafecta was again examined by 
Choi et  al. in their cohort of 523 patients who underwent 
transperitoneal or retroperitoneal robotic partial nephrec
tomy [41]. They also found no significant difference in 
attainment of the pentafecta between the two approaches. 
However, retroperitoneal approach had shorter operative 

time, WIT, and EBL, albeit at the expense of greater eGFR 
decline postoperatively.

There have been three systematic reviews performed to 
integrate the available literature on robotic retroperitoneal 
partial nephrectomy compared to the transperitoneal 
approach. Xia et al. performed a systematic review of four 
studies totaling 449 patients [42]. They found no differences 
between retroperitoneal or transperitoneal approach in terms 
of tumor size, tumor laterality, RENAL nephrometry score, 
and tumor pathology. The retroperitoneal approach trended 
toward shorter operative time. Pavan et al. performed a sys
tematic review of seven casecontrol studies totaling 1379 
patients [43]. On their metaanalysis, they found that the ret
roperitoneal group was more likely to have posteriorly/later
ally located tumors and be larger. Additionally, operating 
time (WMD 20.17 min; 95% CI 6.46–33.88; p = 0.004) and 
EBL (WMD 54.57 mL; 95% CI 6.73–102.4; p = 0.03) were 
significantly lower in the retroperitoneal group. Length of 
stay was significantly shorter in the retroperitoneal group as 
well (WMD 0.46 days; CI 95% 0.15–0.76; p = 0.003). There 
was no difference between the retroperitoneal and transperi
toneal group in complication rate, WIT, or positive surgical 
margin rate. Most recently, McLean et al. performed a sys
tematic review of three publications comparing transperito
neal and retroperitoneal partial nephrectomy for posterior 
tumors, finding the only significant difference was a shorter 
length of stay for the retroperitoneal group, with otherwise 
equivalent complication rate, WIT, EBL, and positive surgi
cal margin rate [44].

All in all, the retroperitoneal approach appears to be a 
technically feasible procedure for surgeons who are already 
familiar with the robotic transperitoneal approach. It may 
result in faster operative times with shorter length of stay 
compared to transperitoneal partial nephrectomy, the latter 
outcome likely secondary to avoidance of peritoneal 
irritation.

5  Conclusion

In the preceding chapter we presented a broad recap of the 
available literature on outcomes of robotic radical, partial, 
and retroperitoneal partial nephrectomy. The current national 
trend is toward increased utilization of robotic technology, 
with more recent systematic reviews available that allow us 
to understand comparative efficacy with the laparoscopic 
and open approaches. There does not appear to be a draw
back in functional or oncologic outcomes or complication 
rate with the robotic approach, with comparably acceptable 
outcomes of intraoperative parameters such as operative 
time, WIT, and EBL.  The available literature overwhelm
ingly supports the adoption of robotics for the surgical treat
ment of renal masses.
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Surgical Anatomy and Clinical 
Relevance to Robot-Assisted 
Cystectomy and Urinary Diversion

Bastian Amend, Panagiotis Mourmouris, Peter Wiklund, 
Arnulf Stenzl, and Stavros I. Tyritzis

1  Introduction

Proceeding from open to endoscopic surgery and continuing 
to robot-assisted surgery does not change the anatomical 
facts, but visual perspective on anatomical structures and 
landmarks changes literally. The technical evolution has 
enhanced and modified the angle of view of topographic 
relations between anatomical structures and the attention to 
details. Variable magnification and full high-definition ste-
reoscopic view along with the possibility of tremor reduction 
feature and precise preparation facilitated these real-time 
insights into human pelvic anatomy. The following chapter 
addresses the macroscopic and microscopic anatomy of the 
lower urinary tract, ureters, and bowel with regard to special 
needs of a surgeon performing robot-assisted radical cystec-
tomy with urinary diversion. In addition to basic anatomical 
knowledge, this chapter highlights the topographic anatomy 
of the female and male pelvis, the urethral sphincter mecha-
nisms, visceral vascularization, and genitourinary tract 
innervation. Whereas macroscopic anatomy is extensively 
investigated and knowledge is established, microscopic anat-
omy, especially the complex pelvic neural network and the 
structure and topography of the rhabdosphincter, is still in 
the spotlight of scientific investigations. The prostate and the 

periprostatic nerve courses are excluded and focused on in 
another chapter, but regarding nerve-sparing radical cystec-
tomy in male patients’ understanding of the well-described 
periprostatic, autonomous nerve course is also essential. The 
incorporation of novel insights into urological practice, 
along with traditional anatomical knowledge, will improve 
our patients’ treatment outcomes following robotic pelvic 
surgery.

2  The Anterior Abdominal Wall: 
Anatomical Landmarks

For laparoscopic and robot-assisted surgery, identifying the 
distinct anatomical structures of the anterior abdominal wall 
is essential. Trocar insertion and the early steps of intrapelvic 
preparation necessitate anatomical landmark orientation. 
Figure 1 shows a projection of the principal structures onto 
the skin of the anterior abdominal wall, whereas Fig. 2 shows 
a realistic and outlined laparoscopic view of the male pelvis 
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Fig. 2 (a) Intrapelvic anatomical landmarks. Left: laparoscopic view 
into the male pelvis (camera trocar insertion below the umbilicus). 
Right: anatomical structures of the inguinal region and the internal 
abdominal wall [additional annotation: deferent duct (#, orange), tes-
ticular vessels (+, violet), lacunar ligament (*)]; (b) Anatomical land-

marks in the pelvis; (c) “Regeneration/Refixation” of the anterior 
abdominal wall after complete detachment during robot-assisted radical 
prostatectomy (laparoscopic view during laparoscopic lymphocele 
fenestration)

at the start of robot-assisted pelvic surgery. The anterior 
abdominal wall is divided into five tissue folds. The median 
umbilical ligament, which raises the median umbilical fold 
between the apex of the urinary bladder and the umbilicus, is 
derived from the former embryonic urachus (which connects 
the urinary bladder to the embryonic allantois) and is situ-
ated between the transversalis fascia and the peritoneum. 
The remnants of the fetal umbilical arteries are accommo-
dated by the medial umbilical folds on both sides of the 
median umbilical fold. The excavation in the middle is 
known as the supravesical fossa. During cystectomy, the 
medial umbilical ligaments serve as guiding structures to 
identify the upper vesical pedicle, which includes the supe-
rior vesical artery. The lateral umbilical folds are formed by 
both inferior epigastric arteries. The location of the hernia 
passage to the lateral umbilical fold is used to classify her-

nias. The medial inguinal fossa, located medial to the lateral 
umbilical fold, is where direct inguinal hernias pass. The lat-
eral inguinal fossa is related to the deep inguinal ring, which 
serves as the entrance to the inguinal canal. An indirect 
inguinal hernia could accompany spermatic cord compo-
nents through the inguinal canal. The inguinal ligament is 
formed by the aponeurosis of the oblique external abdominal 
muscle and connects the pubic tubercle to the anterior supe-
rior iliac spine. Furthermore, the iliopectineal arch subdi-
vides the space below the inguinal ligament. The iliopsoas 
muscle and the femoral nerve are found laterally in the mus-
cular lacuna, while the external iliac vessels are found medi-
ally in the vascular lacuna. The lacunar ligament, which 
connects the inguinal ligament to the superior pubic ramus 
and is directly medial to the external iliac vein, represents the 
caudal extent after lymphadenectomy for prostate or bladder 
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Fig. 3 Intrapelvic view after laparoscopic lymphadenectomy for pros-
tate cancer; EIV external iliac vein, EIA external iliac artery. The lacu-
nar ligament represents the distal extent of pelvic lymphadenectomy

Fig. 4 Laparoscopic insight into the female pelvis during sacrocolpo-
pexy. The rectovaginal fold, which includes the inferior hypogastric 
plexus (right side), is highlighted in lucent blue

cancer (Fig. 3). Interestingly, the anatomy has been restored 
with distinct anatomic features even after total detachment of 
the anterior abdominal wall after pelvic surgery. Figure 2c 
shows a lymphocele on the left pelvic axis after a robot- 
assisted radical prostatectomy [1–3].

3  Anatomical Topography of the Female 
Pelvis

The female pelvic bone has a flat sacral promontory and 
wide-open iliac wings. The urinary bladder, ureters, uterus, 
vagina, ovaries, oviducts, and rectum are the main organs of 
the peritoneal and subperitoneal pelvic cavity. The upper half 
of the urinary bladder, the uterus, the adnexa, and the ante-
rior wall of the rectum are all covered by the parietal perito-
neum, resulting in a variety of peritoneal conditions. The 
rectouterine excavation (Douglas’ fold) and the vesicouter-
ine excavation are caused by the uterus location between the 
urinary bladder and the rectum. The uterus is held in place by 
several ligaments: the cardinal ligaments (transverse cervical 
ligaments) include the uterine arteries, the uterine venous 
plexus, and portions of the distal third of the ureters and link 
the cervix to the lateral pelvic wall. Although it is not a liga-
ment in the physical sense, the bilateral peritoneal duplica-
tion between the uterus and the pelvic wall in cranial 
continuation to the cardinal ligaments is known as ligamen-
tum latum (broad ligament). The ovarian vessels are con-
tained by the suspensory ligaments, which attach the ovaries 
to the lateral wall of the pelvis. The ovarian ligaments align 
the ovaries to the uterus in the opposite direction; supple-
mentary vessels coming from the uterine arteries are included 
in these structures (ovarian branches of the uterine artery). 

The round ligaments connect the deep inguinal rings to the 
uterine horns. The rectouterine folds define the boundaries of 
the rectouterine excavation; they are made up of fibrous tis-
sue and smooth muscle fibers, as well as they include the 
route of the inferior hypogastric plexus (Fig. 4). The pelvic 
fascia (endopelvic fascia), which is split into the parietal and 
visceral layers, comprises the superior layer of the fascia of 
the pelvic diaphragm and covers the boundaries of the sub-
peritoneal space (also known as cavum retzii). The pubovesi-
cal ligaments (condensation of fibrous tissue and no 
ligaments in the anatomical sense) connect the urinary blad-
der to the symphysis pubis, with lateral connections to the 
superior layer of the fascia of the pelvic diaphragm [1–4].

4  Anatomical Topography of the Male 
Pelvis

In male humans, the pelvic bone is thinner and characterized 
by a larger protrusion of the sacral promontory, resulting in a 
heart-shaped pelvic entrance. The urinary bladder, ureters, 
prostate, seminal vesicles, deferent ducts, and rectum are all 
part of the pelvis. The rectovesical excavation is the lowest 
part of the abdominal cavity between the urinary bladder and 
the rectum (Fig.  5). The inferior hypogastric plexus is 
included in the rectovesical fold, which borders the excava-
tion laterally (Fig.  6a). By elevating a peritoneal fold, the 
deferent ducts form the paravesical fossa. The current litera-
ture contains inconsistencies in the description and nomen-
clature of the subperitoneal fascias, particularly when 
examining the periprostatic fascia and the rectoprostatic sep-
tum, which separates the urinary bladder and the rectum 
beginning at the rectovesical excavation (“cul-de-sac”). Like 
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female anatomy, the pelvic fascia is made up of two layers: a 
parietal layer that covers the lateral wall of the pelvis and a 
visceral layer (clinically known as “endopelvic fascia”) that 
covers the pelvic organs. The tendinous arch of pelvic fascia 
is the intersection of two layers. It is still unknown if the 
prostate’s own fascia divides the gland. The absence of a fas-
cia in the apical area of the prostate, as well as the creation of 
the so-called puboprostatic ligaments by an aggregation of 
the endopelvic fascia, indicates that the visceral layer of the 
pelvic fascia and the fascia of the prostate correlate. Muscle 
fibers (smooth or striated) may also have a role in the archi-
tecture of the puboprostatic ligaments. Similarly, the 
 configuration of the Denonvilliers fascia remains unknown 
in the literature. The rectoprostatic septum is defined in ana-

tomical nomenclature as a membranous separation between 
the rectum and the ventral urinary bladder with the prostate. 
From the lowest point of the rectovesical excavation to the 
pelvic floor, the fascia arose from two layers of a peritoneal 
cul-de- sac. Currently, it is considered that the rectoprostatic 
septum is composed of two former peritoneal layers that can-
not be separated bluntly in the majority of individuals. It is 
thought that writers illustrating fascia separation procedures 
are referring to the gap between Denonvilliers fascia and the 
rectal fascia propria (a part of the visceral layer of the pelvic 
fascia) [1–3, 5–10].

5  Ureter and Periureteral Space

The ureter can be identified after incising the posterior peri-
toneal layer just over the iliac vessel (landmark: bifurcation 
of the common iliac artery) crossing with the uterine artery 
in the female and medially to the junction of the medial 
umbilical ligament and the internal iliac artery in males. The 
ureter is then running down to its final third crossing poste-
riorly to the superior vesical pedicle. The ureter is supplied 
by branches of renal, gonadal, common iliac, internal iliac, 
vesical, and uterine arteries and also directly from branches 
of the abdominal aorta. It is important for the surgeon to 
remember that the vascularization of the ureter is commonly 
medially for its abdominal part whereas for the pelvic ureter 
is situated laterally. Also, there is a good longitudinal anas-
tomosis between all the above mentioned branches that 
 facilitates the transection and anastomosis in any level. The 
distal ureter is situated in females inside the transverse cer-
vical ligament (which also contains the uterine arteries and Fig. 5 Anatomical landmarks during robot-assisted laparoscopic cys-

tectomy after the first step of lymphadenectomy

Rectum

Rectovesical excavation

Int. iliac artery

Catheter tip

Urinary bladder

Seminal vesicle

a b

Fig. 6 (a) Topographic anatomy after mobilization of the ureter and 
the vascular pedicles of the urinary bladder (marked lucent red) in 
robot-assisted laparoscopic radical cystectomy; the inferior hypogastric 
plexus (lucent blue) is situated medial to the ureter and lateral to the 

apex of the seminal vesicle; (b) Rectovesical excavation with crosswise 
peritoneal incision for retroprostatic preparation; the inferior hypogas-
tric plexus is located lateral to the seminal vesicles (small arrow) and 
the internal iliac artery
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veins), whereas in the males medial to the ureter and lateral 
to the apex of the seminal vesicle lies the inferior hypogas-
tric plexus. The anatomy of the ureter and periureteral space 
is of great importance for various reasons. The length of the 
ureter as a factor influencing functional outcomes of robot-
assisted radical cystectomy via anastomotic stricture occur-
rence is still debatable [11, 12], but surgeons must preserve 
as much ureteral length as possible. However, the most 
important factor seems to be the preservation of adequate 
periureteral fatty tissue. Excision of a possible compro-
mised section of the ureter can effectively prevent stricture 
formation [13]. In addition, preoperative imaging helps to 
identify regularly occurring ureteral abnormalities: ectopic 
ureter, ureter duplication (fissus/duplex), retrocaval ureter, 
or crossed renal dystopia. In case of ureteral stenting, the 
surrounding tissue is often characterized by periureteral 
fibrotic reaction.

6  Macroscopic and Microscopic 
Anatomy of the Urinary Bladder

The urinary bladder is a distensible, muscular organ that col-
lects urine and allows for regulated micturition. The apex, 
corpus, fundus, and collum (with the trigone) are the macro-
scopic divisions of the urinary bladder (Fig. 7). Between 300 
and 500 cm3 is the typical filling volume. The trigone is dis-
tinguished by an interureteric crest raised between the 
obliquely descending ureters. The mucosa (transitional 
cells), the submucosa, the detrusor muscle (three layers), and 
the surrounding adipose and connective tissue constitute the 
urinary bladder wall (Fig.  7). In the trigone region, the 
mucosa adheres directly to the submucosa; however, the 
other sections of the urinary bladder show a loose relation-
ship between these two layers. There are three layers to the 
detrusor muscle: an exterior and internal longitudinal muscle 

Fig. 7 Macroscopic anatomy of the urinary bladder. Left: male cystec-
tomy specimen ventrally incised; 1 apex, 2 corpus, 3 fundus, 4 collum/
trigone, 5 Prostate with verumontanum. Right: Cross section of cystec-

tomy specimen with muscle bladder cancer; 6 mucosa, 7 submucosa, 8 
detrusor muscle (three layers), 9 adventitia with perivesical fat tissue or 
serosa (peritoneum)
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layer, as well as an interjacent circular layer. The circular 
layer does not reach the trigone or the bladder neck. The lon-
gitudinal muscle fibers of both ureters, in combination with 
the expanding longitudinal fibers of both ureters, extend 
below the bladder neck and reach the muscular layers of the 
urethra, creating the Waldeyer’s sheath of the ureterovesical 
junction. These structures reach the seminal colliculus point 
in male humans.

Table 1 summarizes the arterial blood supply to the pelvis 
and, in particular, the genitourinary tract. The superior 

 vesical artery and the inferior vesical artery are the two major 
branches of each of the internal iliac arteries that supply the 
urinary bladder (clinically the superior and inferior vesical 
pedicle). The superior vesical artery arises from a shared 
branch with the previous umbilical artery and passes through 
the medial umbilical ligament. The inferior vesical artery 
develops from a branch of the middle rectal artery. The infe-
rior vesical artery is the most common source of prostatic 
branches. The urinary bladder’s venous drainage is con-
trolled by a series of distinct venous plexuses on both sides 

Table 1 Pelvic vascularization: main arteries with origin, branches, and supplied organs [1]

Artery Origin Main branches Blood supply to (lead structure)
Testicular/
ovarian

Abdominal aorta – Testes (spermatic cord)/ovaries (suspensory ligament)

Inferior 
mesenteric

Abdominal aorta Left colic art. Descending colon
Sigmoid branches Sigmoid colon
Superior rectal art. Rectum

Middle sacral Abdominal aorta – Sacral nerves, coccygeal glomus
Common iliac Abdominal aorta External iliac art. (Ureter crosses iliac bifurcation)

Internal iliac art.
External iliac Common iliac art. Inferior epigastric art. Rectus abdominis muscle (lateral umbilical fold)

Deep circumflex iliac art. Surrounding muscles/structures
Femoral art. Leg (vascular lacuna)

Internal iliac Common iliac art. See below See below
Iliolumbar Internal iliac art. (parietal 

branch)
… Iliopsoas and quadratus lumborum muscle, spinal cord

Lateral sacral Internal iliac art. (parietal 
branch)

… Erector spinae muscles

Obturator Internal iliac art. (parietal 
branch)

Pubic branch Surrounding tissue (anastomosis to inferior epigastric art.—
corona mortis)

Anterior branch Anterior adductor muscles
Posterior branch Posterior adductor muscles
Acetabular branch Femur head

Superior gluteal Internal iliac art. (parietal 
branch)

– Gluteal muscles (suprapiriform foramen)

Inferior gluteal Internal iliac art. (parietal 
branch)

– Gluteal muscles (infrapiriform foramen), hip external rotators, 
ischial nerve

Umbilical Internal iliac art. (visceral 
branch)

Obliterated distal part (Medial umbilical fold)
Superior vesical art. Urinary bladder, prostate, ureter
Art. of the vas deferens Vas deferens

Inferior vesical Internal iliac art. (visceral 
branch)

– Urinary bladder, prostate, seminal vesicles/vagina

Uterine Internal iliac art. (visceral 
branch)

Vaginal branch Vagina
Arcuate vessels Uterus (broad ligament)
Ovarian branch Ovary (ovarian ligament)
Tubal branch Uterine tube

Middle rectal Internal iliac art. (visceral 
branch)

– Rectum and surrounding organs

Internal 
pudendal

Internal iliac art. (visceral 
branch)

Inferior rectal art. Rectum
Perineal art. Perineum
Posterior labial/scrotal 
branch

Labia/scrotum

Art. of the bulb of vestibule/
penis

Urethra, bulb of vestibule/corpus spongiosum

Dorsal art. of clitoris/penis Corpus cavernosum clitoridis/glans penis
Deep art. of clitoris/penis Corpus cavernosum clitoridis/penis

… indicates different small branches, art. artery
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of the vesical base. These venous vessels have significant 
communication with the prostatic venous plexus in male 
humans and the vaginal venous plexus in females.

The proper functioning of the urinary bladder to manage 
urine storage, continence, and micturition is facilitated by a 
sophisticated neurological system. For a precise procedure, 
interactions between separate reflex circuits and arbitrary 
actions are required. Lower urinary tract innervations are 
enhanced by both the autonomous and somatic neural sys-
tems, making bladder filling and emptying possible. Table 2 
shows the nerves and plexus of the pelvis in detail, as well as 
their neurological functions.

Through the inferior hypogastric plexus, parasympathetic 
and sympathetic nerve fibers reach the urinary bladder and 
surrounding organs (pelvic plexus). The inferior hypogastric 
plexus is derived from the superior hypogastric plexus, 
which crosses the distal ureter and the common iliac artery 
on both sides and enters the pelvis proximally and medially 
(Fig. 8). As previously stated, the inferior hypogastric plexus 
is a component of the rectouterine or rectovesical fold 
(Figs. 4 and 6b). In a sagittal orientation, the plexus extends 

laterally to the rectum, the vagina (in females, Fig. 9), the 
bladder neck, and the seminal vesicles (in men) (Fig. 10). It 
appears that nerve fibers inside the plexus can be assigned to 
innervated destinations. The front section is responsible of 
urogenital innervations, whereas the posterior part directs to 
the rectum. The perivesical extent and trajectory of autono-
mous nerve fibers are less understood. According to detailed 
descriptions of periprostatic nerve characteristics, a signifi-
cant number of nerves congregate lateral and anterior to the 
seminal vesicles at the level of the urine bladder neck 
(Fig. 11). To define nerve courses proximal to the bladder 
neck in terms of nerve-sparing methods, more research is 
needed.

The inferior hypogastric plexus sympathetic fibers are 
derived from two superior retroperitoneal sympathetic chains 
known as sacral splanchnic nerves, which travel topographi-
cally through the superior hypogastric plexus. Sympathetic 
excitations cause the detrusor muscle to be inhibited and the 
smooth muscle sphincter cells at the bladder neck and ure-
thra to be stimulated, resulting in urinary bladder filling. 
Parasympathetic fibers from the sacral spinal cord (S2–S5) 

Table 2 Main nerve pathways of the pelvis [1]

Nerve Spinal origin Intermediary trunk Innervation
Iliohypogastric L1 Lumbar plexus M: transversus abdominis and internal oblique muscle

S: hip and lower abdominal wall
Ilioinguinal L1 Lumbar plexus M: abdominal muscles

S: inguinal region, penile root, proximal medial femoral skin, 
scrotum/labia majora

Genitofemoral L1/2 Lumbar plexus M: cremaster muscle
S: tunica vaginalis, tunica dartos, hiatus saphenus

Lateral femoral 
cutaneous nerve

L2/3 Lumbar plexus M: –
S: anterolateral femoral skin

Femoral nerve L2/3/4 Lumbar plexus M: iliopsoas/pectineus/sartorius/quadriceps femoris muscle
S: anteromedial femoral skin, anteromedial crural skin, 
medial forefoot skin

Obturator L2/3/4 Lumbar plexus M: external obturator/pectineus/adductor brevis/adductor 
longus et magnus et minimus/gracilis muscle
S: distal medial femoral skin

Inferior gluteal L4/L5/S1 Lumbosacral plexus M: gluteus maximus muscle
S: –

Posterior femoral 
cutaneous

S1/2/3 Sacral plexus M: –
S: gluteal skin, posterior scrotal/labial skin

Ischial L4/S1/S2/S3 Lumbosacral plexus M: ischiocrural and forefoot muscles
S: crural and forefoot skin (except medial)

Pudendal (S2)/S3/S4 Sacral plexus M: levator ani muscle, external urethral sphincter and 
urogenital diaphragm
S: skin above the ischial tuberosity, labia (majora and) minora 
and clitoris, penile skin with glans and prepuce

Coccygeal S5/Co1 Coccygeal plexus M: –
S: anococcygeal skin

Sacral splanchnic Sympathetic 
trunk

Superior hypogastric plexus Sympathetic: urinary bladder, internal sphincter complex, 
ejaculation reflex

Pelvic splanchnic S2/S3/S4 Inferior hypogastric plexus—
prostatic plexus—cavernous nerve

Parasympathetic: erectile function

M motoric, S sensory
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Fig. 8 Nerve course of the sympathetic fibers deriving from the supe-
rior hypogastric plexus (ci common iliac artery, u ureter) (Schilling 
et al. [14])

Fig. 9 Fetal female pelvic study illustrates 3D distribution pattern of 
autonomic nerves between the rhabdosphincter, the urethra, the urinary 
bladder, and the vagina (Colleselli et al. [15])

Fig. 10 Human male cadaver study to illustrate topographical relation 
of the complex intrapelvic nerve plexus to the urinary bladder, the ure-
ter, the male adnexa, and the prostate. The superior vesical artery 
crosses the ureter almost orthogonally (Colleselli et al. [15])

Fig. 11 Prostate specimen after non-nerve-sparing radical prostatec-
tomy indicating mean nerve counts of extraprostatetic nerve fibers 
(>200 μm/<200 μm). Orange field marks the accumulation of peripros-
tatic nerves/bundle (Sievert et al. [16])

emerge via the foramina of the sacral bone and go to the 
bladder through the inferior hypogastric plexus. The para-
sympathetic neural system controls both urinary bladder sen-
sibility (and, presumably, proximal urethral sensation) and 
detrusor muscle contraction. A new article uses three- 

dimensional nerve mapping to show the nerve entry into the 
urinary bladder wall at the level of the bladder neck and the 
trigone. The pudendal nerve is a somatic nerve that inner-
vates the striated portions of the external urethral sphincter, 
among other muscles as well as sensibility of the skin of the 
perineum and partly the external genitals. The pudendal 
nerve exits the pelvis by encircling the ischial spine and 
passing via the pudendal canal (Alcock’s canal) at the bot-
tom of the inferior pubic bone after distributing the 
 lumbosacral plexus. Stimulation causes the external urethral 
sphincter and neighboring segments of the levator muscle to 
contract more intensely. The process of filling and emptying 
involves complex linkages on many areas of the central ner-
vous system, including the Onuf’s nucleus (found in the 
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sacral region of the spinal cord), the periaqueductal gray, the 
pontine micturition center, and the frontal lobe of the cere-
brum [1–3, 14, 16–19].

7  Anatomic Abnormalities 
of the Urinary Bladder

Depending on the treated condition and the guideline-based 
extent of preoperative staging diagnostics, unexpected intra-
pelvic anatomic abnormalities or changes have not been dis-
closed in all situations. The following changes in human 
pelvic anatomy should be anticipated on a more or less regu-
lar basis. There are two types of urinary bladder diverticula: 
congenital and acquired. The most common bilateral para- 
ureteral diverticulum (Hutch diverticulum) is congenital and 
causes vesicoureteral reflux in the majority of cases (Fig. 12). 
Acquired diverticula arise because of infravesical occlusion 
and can grow to be very large. Only a few occurrences of 
urachal obliterations were determined to be abnormal. There 
are four types of malformations: (1) persistent urachus with 
continuous urine leakage, (2) urachal cyst located along the 
medial umbilical ligament, (3) umbilical-urachus sinus with 
obliteration toward the urinary bladder, and (4) vesicoura-
chal diverticulum with obliteration toward the umbilicus. 
Ureteroceles, ectopic placements, and refluxive diseases are 
further examples of ureteric orifices (Fig. 12) [1, 2, 20].

8  Pelvic Floor

The pelvic diaphragm and the urogenital diaphragm are two 
separate fibromuscular layers that form the inferior pelvic 
aperture. The coccygeal muscle and the levator ani muscle 
constitute the pelvic diaphragm, which is formed up of the 

following components, which are called according to their 
origins and insertions: the pubococcygeal muscle, the ilio-
coccygeal muscle, and the puborectalis muscle. The superior 
layer of the levator ani fascia is formed by the endopelvic 
fascia, while a distinct layer covers the caudal section; the 
levator ani muscle’s pelvic insertion is known as the tendi-
nous arch of levator ani. In men, the levator ani muscle cre-
ates an archway-shaped entry for the anus and urethra and, in 
females, the anus, vagina, and urethra. The sacral plexus (S3 
and S4) provides the majority of the innervation, with some 
nerve fibers reaching the puborectalis muscle through the 
pudendal nerve. Although the contributions of shape topog-
raphy and pelvic diaphragm contraction to anal continence 
appear to be demonstrated, it is still unknown to what degree 
these anatomical structures also impact urine continence. 
The pelvic diaphragm and the striated external urethral 
sphincter are muscularly independent, according to recent 
publications, but a connective tissue link creating a tendi-
nous connection originating from the inferior portion of the 
external urethral sphincter in females has been shown. These 
interactions lead the authors to believe that urinary conti-
nence requires a healthy pelvic diaphragm.

The urogenital diaphragm is not recognized by anatomi-
cal nomenclature, and its precise anatomical and histomor-
phological structure is unknown. According to anatomical 
atlases, the urogenital diaphragm is made up of the deep 
transverse perineal muscle (which is less developed in 
females) and a superior and inferior urogenital fascia. The 
conventional image of the urogenital diaphragm is com-
pleted by the superficial transverse perineal muscle entering 
at the perineal body (central tendon of the perineum), the 
striated external urethral sphincter, and the surrounding con-
nective tissue. Although some publications claim to have dis-
covered a deep transverse perineal muscle, most subsequent 
investigations have been unable to confirm this claim. The 

Fig. 12 Left: male patient CT-scan with a para-ureteral diverticulum; middle and right: left ureteric orifice after transurethral resection of an 
obstructive ureterocele with an ectopic orifice at the bladder neck in a female patient (endoscopic view after resection and sagittal CT-scan)
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external urethral sphincter, the perineal body, the inferior 
pubic bone, and the superficial transverse perineal muscle 
are all embedded in the urogenital diaphragm, which is made 
up of layers of connective tissue. Directly under the urogeni-
tal diaphragm are the internal pudendal artery and the puden-
dal nerve. The bulbourethral glands (Cowper’s glands) are 
located in the urogenital diaphragm, laterally to the membra-
nous urethra [1, 2, 21–27].

9  Male Urethra

The intramural periprostatic urethra at the bladder neck, the 
prostatic urethra, the membranous urethra, and the spongy 
urethra compose up the male urethra. Transitional cells form 
the mucosa of the proximal sections, while a gradual shift 
from stratified columnar to stratified squamous cells charac-
terizes the distal region near the navicular fossa. The muscle 
layer is split into three sections: an inner longitudinal, a mid-
dle circular, and an outer longitudinal stratum that is poorly 
defined. The bulbourethral artery enters the spongy urethra at 
the level of the penile bulb and receives blood from the inter-
nal pudendal artery [1–3].

10  Female Urethra

From the urinary bladder neck to the vaginal vestibule, the 
female urethra measures around 4 cm. An inner longitudinal 
and a surrounding circularly orientated stratum compose up 
the muscle layer. Figure  13 depicts the female urethra’s 
innervations and blood supply, which are provided by the 
internal pudendal artery and the pudendal nerve. Females 
have a smooth transition from the bladder neck to the proxi-

mal urethra, unlike males who have a clear boundary between 
the bladder neck and the prostatic urethra. A transurethral 
catheter balloon is used intraoperatively to aid in the optimal 
identification of the anatomical resection line in order to 
maintain continence (short proximal urethra) and minimize 
urine retention (long proximal urethra) [1–3].

11  Sphincter Mechanisms

In the past, urinary continence was attributed to the volun-
tary, striated external urethral sphincter (rhabdosphincter) in 
the urogenital diaphragm and the autonomous, smooth inter-
nal sphincter (lissosphincter) in the bladder neck. The ana-
tomical and functional knowledge of the sphincter complex 
has changed dramatically as a result of extensive research 
(Fig.  14). Although the precise anatomical formation and 
interaction are debated, three components of the sphincter 
complex are widely accepted: the smooth detrusor muscle 
fibers of the bladder neck, including the trigone, the intrinsic 
smooth muscle fibers of the urethral wall, and the external 
urethral sphincter.

11.1  The Bladder Neck Component

Various authors have disputed the presence of an isolated, 
circularly orientated smooth muscle sphincter at the internal 
urethral orifice during the previous two centuries, even 
though numerous anatomical atlases still depict a typical 
inner urinary bladder sphincter. In fact, at the bladder outlet, 
a complex network of smooth muscle strands forms, with 
detrusor muscle fibers condensing toward the trigone, longi-
tudinal fibers originating from the ureteral orifices, and 

Fig. 13 Human female cadaver study illustrating the pudendal nerve arising from the Alcock’s canal to innervate the distal third of the urethra 
including branches to the rhabdosphincter (Colleselli et al. [15]; additional annotations have been made for clarification)
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Fig. 14 Fetal female pelvis illustrating the omega-shaped rhabdo-
sphincter surrounding the urethra and the topographical location of pel-
vic plexus (Colleselli et al. [15])

smooth intrinsic fibers of the urethral wall forming a muscu-
lar compartment innervated by the autonomic nervous sys-
tem. Muscle fibers arising from the ureteral orifices distend 
downward into the verumontanum in male individuals.

11.2  The Urethral Wall Component

The smooth muscle fibers of the urethral wall are integrated 
continuously from the bladder neck component into the ure-
thral closure mechanism. The urethral muscular element 
consists of inner longitudinal and surrounding circular ori-
ented muscle fibers. Inconsistently, an outer longitudinal 
muscular layer has been described. Also, these smooth mus-
cle fibers receive autonomic innervations (Fig. 14).

11.3  The External Urethral Sphincter

To present, there is no widely recognized anatomical and 
functional understanding of the external urethral sphincter 
complex. There is agreement on the three-dimensional pro-
file of the external urethral sphincter, which is characterized 
as omega or horseshoe shaped in both male and female indi-
viduals (Fig. 14). As a result, muscle fibers are seen in the 
anterior and lateral parts of the urethra. By connecting the 
posterior muscular ends of the external urethral sphincter, 
fibrous tissue completes the horseshoe form dorsally. The 
external urethral sphincter is debated as to whether it is a 
component of the urogenital diaphragm and hence buried in 
the doubtfully existent deep transverse perineal muscle. The 
external urethral sphincter is increasingly being recognized 
as a separate entity maintained by a fibrous link to the sur-
rounding tissue, particularly the pelvic diaphragm and 

puborectalis muscle. Similarly, the vertical extent and histo-
logical composition of the external urethral sphincter are 
being studied in depth. The striated muscle fibers of the pro-
nounced anterior portion of the sphincter are thought to dis-
seminate under the puboprostatic ligaments over the anterior 
face of the prostate in male humans. The striated muscle 
fibers’ communication with components of the urine blad-
der neck is yet unknown. Parts of the striated external 
sphincter were only discovered in the two distal thirds of the 
urethra in females. For a long time, it has been well recog-
nized that striated muscle fibers play a major role in the for-
mation of the external sphincter. In terms of function, the 
external sphincter must always maintain continence by 
maintaining a static closure pressure, as well as during stress 
episodes when the need for urethral constriction increases 
fast. Two possible explanations for achieving continence are 
the existence of two specialized striated muscle fibers, “slow 
twitch fibers” for basal pressure and “fast twitch fibers” for 
rapid pressure increases, as well as the existence of a smooth 
muscle component (“lissosphincter”) located within the 
main part of striated fibers (named the internal urethral 
sphincter). The axons for somatic innervation of the volun-
tary striated external sphincter are found in the pudendal 
nerve (Fig. 14). It is currently unknown if autonomous fibers 
derived from the inferior hypogastric plexus, which may 
have an influence following nerve sparing ablative pelvic 
surgery, are involved in sphincter innervation [1–3, 7, 15, 
21, 23, 24, 26–29].

12  Lymph Node Dissection

The extended lymph node dissection is a surgical step of 
paramount importance to the oncological outcome of the 
procedure. The template of the lymph node dissection has to 
be precise, and there are anatomical landmarks that define it. 
The upper border of an extended template is defined by the 
crossing of the common iliac artery. The medial border is 
defined by the umbilical ligament, the lateral border by the 
genitofemoral nerve, and the distal end by the lacunar liga-
ment (Fig. 15).

Relevant to the lymph nodes in patients with bladder can-
cer are the juxtavisceral nodes (anterior, lateral, posterior, 
subvesical) which are located on the corresponding site of 
the urinary bladder, the external iliac, the internal iliac, and 
the common iliac nodes. The juxtavisceral nodes collect 
lymph fluid from the bladder and transport it to the external, 
internal iliac, and the presacral lymph nodes.

The external iliac nodes are subdivided into three distinc-
tive chains:

• Lateral external iliac chain which is situated between 
psoas muscle and lateral side of the external iliac artery.
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Fig. 15 Definition of anatomic region for pelvic lymphadenectomy 
(Schiling et al. [14]) [preaortic (ao), common iliac (ci), internal iliac 
(ii), external iliac (ei), obturator foramen (of) and preperitoneal (pp)]

• Middle external iliac chain which is situated in the medial 
side of the external iliac artery.

• Medial external iliac chain which is situated against the 
lateral pelvic wall above the obturator nerve. This chain is 
well known in most of surgeons as obturator nodes even 
though anatomically the true obturator nodes are signifi-
cantly lower in the obturator fossa.

The internal iliac nodes are surrounding the internal iliac 
vessels. These nodes receive lymph fluid from all afferent 
vessels of major pelvic organs, and their chain follows crani-
ally hypogastric lamina and passes underneath the common 
iliac vein and drain in the intermediate group of common 
iliac nodes.

The common iliac nodes are situated around the common 
iliac vessels, which are divided topographically in three 
smaller groups:

• The lateral situated between common iliac artery and 
psoas muscle

• The middle situated on the posterior side of the common 
iliac artery

• The medial situated just below the aortic bifurcation

These nodes are of great importance in controlling blad-
der cancer, and their excision is mandatory during radical 
cystectomy. There are studies reporting common iliac node 
involvement in nearly 20% of cancer patients [30]. The 
extend of the lymph node dissection has been extensively 
studied and found to be much greater than originally thought 
and must include lymph nodes up to aortic bifurcation [31]. 
Surgical anatomy of lymph nodes is clinically important 
especially for identification of the correct ones along with 
the appropriate numbers since ten lymph nodes are being 
proposed as the minimum number of lymph nodes required 
for optimal cancer control [32].

13  Bowel

Small intestine extends between the pylorus and the cae-
cum, and it is 3–5 m long. It consists of duodenum, jejunum, 
and ileum. From these parts, only the ileum is used for uri-
nary diversion during robot-assisted radical cystectomy. 
The wall of the intestine divides in serosa, muscle wall, sub-
mucosa, and mucosa. The important layer for bowel anasto-
mosis is the submucosa since it is the basic strength layer 
that can hold staples and sutures and must be included in the 
anastomosis. The wall of the small intestine has folds and 
circulates that can aid in distinguish it from the colon. The 
arterial supply of small intestine is achieved by numerous 
branches that are derived from the superior mesenteric 
artery. The richest blood supply of the ileum is along its 
mesenteric border, whereas the poorer is in its antimesen-
teric border. This has a significant impact on every ileal 
anastomosis (ileo-ileal, ureteroileal, urethroileal), which 
needs to be done in the antimesenteric border in order to 
maintain arterial integrity.

The required length of the ileum depends on the type of 
urinary diversion. If an ileal conduit is decided, then 
12–15 cm of terminal ileum must be prepared, whereas for 
neobladder the required length is 40–60 cm, depending of 
the type of orthotopic neobladder. The ileum is harvested 
at least 20 cm from the ileocecal valve. The length should 
not only be too short in order to prevent tension of the 
stoma but also not too long in order to avoid residual urine 
volume and urinary infections [33] in the ileal conduit. 
Especially in obese patient a wide incision of the aboral 
mesentery is necessary. In fact, the depth of mesenterial 
incision of the aboral end defines the possible length of 
abdominal wall transition. For neobladder diversion, the 
ileal length does not seem to influence the final outcome of 
the procedure [34]. Furthermore, the length of the mesen-
tery can greatly impact the tension-free anastomosis 
between the urethra and the neobladder; thus surgeons 
should choose the segment of ileum with the longest mes-
entery in order to ensure that it reaches effortlessly the ure-
thral stump [35].

14  Summary

Robot-assisted pelvic surgery allows for a stereoscopic and 
more comprehensive view of anatomical features that would 
be impossible to see with the naked eye during open surgery. 
As a result, surgeons who use robots benefit from submacro-
scopic and microscopic anatomical expertise to achieve the 
best oncological and functional outcomes for their patients. 
The unique vascular and neurological structures having the 
most pronounced influence on urine continence and erectile 
function must be given special attention.
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Imaging in Bladder Cancer Surgery

Valeria Panebianco, Emanuele Messina, 
Hebert Alberto Vargas, and James Catto

1  Introduction

1.1  Bladder Anatomy

The urinary bladder is a muscular hollow organ, part of the 
urinary system, representing the reservoir of the urine 
received from the ureters. It acts also as an active organ 
because it expels urine into the urethra, through contraction 
of the detrusor muscle. Because of its structure, when it is 
completely distended, the bladder can accept up to 400–
600 mL of urine [1, 2].

Its shape and location differ depending on the amount of 
the urine stored: When the bladder is empty, it has a pyramid 
shape, and it is located in the lower pelvis; when it is full, it 
presents a round or oval shape, and it extends into the abdo-
men. Anatomically, the bladder can be divided into four 
parts: a base (also known as fundus) located posteriorly and 
inferiorly, an anterior-superior apex (also known as dome), a 
body (the main part of the bladder located between the apex 
and the fundus), and a neck, which gives origin to the urethra 
[2]. A specific area of the bladder is called the trigone, and it 
is a triangular area of smooth mucosa; the superolateral 
angles are formed by the ureteral orifices, and the inferior 
angle is formed by the internal urethral orifice. This area is 
important because urine enters the bladder through the left 
and right ureters and exits via the urethra [3].

The bladder mucosa is represented by urothelium, a pseu-
dostratified columnar epithelium formed by three different 
kinds of cells: apical umbrella, medial, and basal cells (with 
multiple possible shapes). The lamina propria is constituted 
from a highly vascularized connective tissue, and it lies 

underneath the mucosa. The muscularis propria, also indi-
cated as detrusor muscle, surrounds the former layer and is 
formed by three layers of smooth muscle tissue: The middle 
one is circular, while the inner and the outer are longitudinal. 
The adventitia is the outermost layer and is made up of mes-
enchymal tissue that envelops the bladder and establishes 
contact with the surrounding tissues [4].

1.2  Bladder Cancer

Bladder cancer (BCa) is the seventh most frequent cancer 
diagnosed in men globally, while it is the tenth when both 
genders are taken into account [5]. Every year around 
550,000 new BCa diagnoses are made [1].

Urothelial cell carcinoma is the most common histologic 
variety of BCa, representing more than 90% of all cases; 
other less common types include squamous cell carcinoma, 
adenocarcinomas, and lymphomas [1]. BCa can show differ-
ent morphologies, which could also succeed one another 
during the tumor progression and growth. These tumors can 
be represented by exophytic polypoid masses or sessile infil-
trative lesions, whereas carcinoma in situ (CIS) grows hori-
zontally and is extremely invasive.

A crucial predictive and prognostic factor is represented 
by the invasion of the muscularis propria (pT2). In fact, 
muscle- invasive BCa (MIBC) presents an extremely poorer 
prognosis, compared to non-muscle-invasive BCa (NMIBC) 
[6]. This point assigns a key role to pathologic and radiologic 
assessment of muscle invasion, with a significant impact on 
treatment strategies [1].

2  Bladder Cancer Diagnosis

2.1  From Symptom to Imaging

The most frequent presenting symptom of BCa is macrohe-
maturia. CIS can cause lower urinary tract symptoms, par-
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ticularly irritative voiding. Microhematuria, dysuria, 
increased urinary frequency, pelvic discomfort, and signs 
related to urinary tract blockage are other possible manifes-
tations of MIBC, even if they rarely appear at the onset [5].

All the international guidelines agree that the first step in 
case of macrohematurai should be physical examination, 
which can be supported by the use of ultrasound (US). 
Imaging techniques will help on the detection of bladder 
abnormalities, even if the final diagnosis always implicates 
cystoscopy.

Imaging presents especially a supportive role, even if it is 
essential in the staging phase in case of muscle-invasive and 
metastatic BCa. In fact, computed tomography (CT) and 
magnetic resonance imaging (MRI) are essential to investi-
gate the eventual presence of metastasis and lymph nodes 
involvement. In this scenario, a recent new score has been 
published, Node Reporting and Data System (Node-RADS), 
which tackles the lack of consensus in the radiologic evalua-
tion of cancer-related lymph node involvement and fulfills 
the growing request for standardized reporting. This scoring 
can be deduced both from CT and MRI images [7].

Moreover, the exclusive use of imaging techniques (i.e., 
CT urography, US, or MRI) does not permit the diagnose of 
carcinoma in situ (CIS) [5].

2.2  Ultrasound

US shows intermediate sensitivity in the identification of a 
wide variety of anomalies of upper and lower urinary tract. 
In fact, it can be used as a supplement tool to physical exami-
nation. It can aid to characterize intraluminal bladder masses 
and renal masses and to detect hydronephrosis, but it cannot 
exclude every possible cause of hematuria [5, 8, 9]. 
Furthermore, US cannot confidently rule out the presence of 
upper tract urothelial carcinoma and take the place of a CT 
urography. Consequently it cannot represent the only imag-
ing tool to investigate the possible cause of hematuria [5].

2.3  CT Urography

In case of suspected BCa, CT with and without contrast 
media intravenous injection should always include the study 
of the excretory phase, obtaining CT urography (CTU). This 
technique has the aim to investigate the urinary tract, search-
ing the presence of papillary tumors, which usually appears 
as filling defects and/or hydronephrosis [5].

Before the CTU acquisition, the patient should undergo 
oral hydration, with up to 1 L of water, during the previous 
20–60 min. This precaution will permit a better definition of 
the ureters and of the bladder. When this preparation is not 
possible, because of patients’ intolerance or impossibility, 

diuresis can be stimulated with a slow intravenous drip infu-
sion of 0.9% saline (maximum 500 mL) before and during 
the CTU [10].

The injection of furosemide before contrast media infu-
sion does not present wide consensus, even if it is proved that 
it could improve CTU quality and performance. Within min-
utes after the administration, furosemide causes hyper- 
diuresis, which speeds up the opacification of the urinary 
system and amplifies the distension and consequently the 
visualization of the ureters and of the bladder. It also causes 
a dilution of the excreted contrast media, diminishing streak-
ing artifacts and ameliorating ureteral and bladder wall visu-
alization and filling defect identification. A consensus 
conference from the French Society of Genitourinary 
Imaging suggests the intravenous administration of 20 mL of 
furosemide before contrast media injection [11].

Concerning contrast media injection, two possible 
approaches are possible: the single bolus technique and the 
split bolus technique. The first one requests a classic single 
bolus injection of contrast media, followed by different 
scans, decided by the radiologist. In particular, it will be nec-
essary to acquire the renal parenchymal phase and then the 
excretory one. Each phase is scanned separately, increasing 
radiation dose while improving images quality thanks to the 
greater volume of contrast media. Conversely, with the split 
bolus technique, a first lower dose of contrast will be injected, 
and after a specific delay, the remaining volume will be 
administrated. Consequently, with a single scan, both the 
renal parenchyma phase and the excretory one will be 
obtained in the same image. The advantage will be to reduce 
the radiation dose; however this could lead to a lower urinary 
tract distension and a weaker renal parenchyma enhance-
ment [12].

2.4  Multi-parametric Magnetic Resonance 
Imaging (mpMRI)

Multi-parametric magnetic resonance imaging (mpMRI) 
shows an extremely powerful potential in the detection, 
description, and classification of BCa, even if it is not yet 
widely introduced in the international guidelines ruling BCa 
diagnostic workup. Its application led to the introduction of 
VI-RADS, a useful tool which permitted to standardize 
mpMRI of the bladder technique and reporting [5, 13].

2.5  International Guidelines

2.5.1  European Association of Urology (EAU)
When any diagnostic imaging approach detects a bladder 
mass, cystoscopy, biopsy, and/or resection should be per-
formed, to achieve histological diagnosis and staging.
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Imaging techniques (such as US, CT, MRI) show high 
sensitivity for the identification of bladder tumors; in fact, 
when they are indisputably positive for bladder masses, diag-
nostic flexible cystoscopy could be skipped, proceeding 
straight to rigid cystoscopy and transurethral resection of 
bladder tumor (TURBT) [5, 14].

Imaging plays a key role in the staging process for muscle- 
invasive bladder cancer (MIBC), furnishing prognosis infor-
mation and helping in the decision of the most proper 
treatment [5].

In case of diagnosed MIBC, CT of the chest, abdomen, 
and pelvis should always be performed for a correct staging. 
CT is necessary for a correct pulmonary evaluation, in case 
of lung metastases, while CT and MRI present comparable 
performances for the research of abdominal and pelvic 
metastasis. CT urography technique should also be executed 
for an appropriate urothelial assessment. When CT urogra-
phy cannot be performed because of contraindications, for 
example, related to contrast administration or radiation 
exposure, MRI urography should replace it. CT and MRI 
should always be requested to stage locally advanced or met-
astatic disease, when radical treatment is necessary [5].

Unless the patient presents symptoms or signs implying 
possible bone or brain metastases, a bone scan and further 
brain imaging are not typically recommended. Furthermore, 
MRI shows higher sensitivity and specificity than bone scin-
tigraphy in the detection of bone metastases [5].

2.5.2  American Urological Association/Society 
of Urodynamics, Female Pelvic Medicine 
and Urogenital Reconstruction (AUA/
SUFU)

According to the 2012 AUA guidelines, CT urography and 
cystoscopy are always suggested when microscopic hematu-
ria occurs in patients over 35 years of age. The 2020 update 
of these guidelines highlights the necessity of risk-based 
stratification of patients with microhematuria. Low-risk 
patients should follow shared decision-making with the phy-
sician, considering the possibility of repeating urinalysis 
within 6 months or directly perform cystoscopy and renal 
US; intermediate risk patients should undergo cystoscopy 
and renal US; high-risk patients should be investigated with 
cystoscopy and CT urography. The risk-based stratification 
is founded on several major risk factors, such as the patient’s 
age, previous episodes of microhematuria, and smoke his-
tory [15].

When CT urography is contraindicated, MRI urography 
should replace it [15].

2.5.3  National Comprehensive Cancer Network 
(NCCN)

Patients with micro- or macrohematuria should always 
undergo cystoscopy, to investigate the possible presence of a 

bladder mass. In case of cystoscopy confirmation, a TURBT 
should be executed, to obtain the final diagnosis and to estab-
lish the extent of the tumor.

Before TURBT, CT or MRI (with and without contrast 
media injection) of the abdomen and pelvis is suggested to 
better define the anatomy of the lesion and to demarcate the 
depth of invasion. In particular CT or MRI urography should 
also be performed in case of hematuria to investigate the 
upper urinary tract: without specific contraindications, CT 
should be preferred [16].

2.5.4  National Institute for Health and Care 
Excellence (NICE)

CT or MRI should be performed before TURBT, in patients 
with suspicion of MIBC at cystoscopy. When MIBC or high- 
risk NMIBC is diagnosed and a radical treatment is indi-
cated, CT or MRI staging is necessary, also with the 
acquisition of the excretory phase for a detailed study of a 
possible upper urinary tract involvement. In these cases, CT 
of the thorax should also be executed to investigate eventual 
pulmonary metastasis. In this kind of patients, or when there 
is a high risk of metastatic disease (i.e., T3b tumor), fluoro-
deoxyglucose positron emission tomography (FDG PET) CT 
should be utilized.

CT of the abdomen, pelvis, and chest should be used for 
the follow-up, in particular 6, 12, and 24 months both after 
radical cystectomy and radical radiotherapy, to investigate 
possible local and distant recurrence [17].

3  MRI of the Bladder

The principal role of MRI is the local tumor staging [18]. 
Clinical staging of BCa is paramount to plan the most suit-
able treatment for every patient. Moreover, the differentia-
tion between NMIBC and MIBC is mandatory, because it 
changes the treatment planning: NMIBC (stage T1) are 
treated with TURBT, whereas MIBC (stage T2 or higher) are 
treated with radical cystectomy or with radiotherapy and pal-
liative chemotherapy [19].

At the moment, MRI represents the best imaging tech-
nique for BCa regional staging, and the main advantages 
are its superior contrast resolution of soft tissues, the 
absence of ionizing radiation, and its ability to evaluate 
tumor infiltration grade in the bladder wall and the perivesi-
cal extension.

The use of mpMRI of the bladder is crucial: it combines 
anatomical and functional sequences that improve the accu-
racy of tumor detection and local tumor staging compared to 
conventional imaging alone. Moreover it also helps to moni-
tor post-therapy response, and it identifies potential local dis-
ease recurrence [20]. We can thus obtain multiplanar images 
with high spatial and contrast resolution, with morphological 
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T2-weighted imaging (T2WI) and additional information 
with functional sequences such as diffusion-weighted imag-
ing (DWI) and dynamic contrast-enhanced (DCE) MRI [21].

3.1  Bladder MRI Anatomy and MRI 
Semeiotics

MRI does not permit to visualize every histological layer of 
bladder wall. On T2WI, urine can be distinguished from the 
bladder wall because of the high signal intensity (SI) of urine 
and the low intensity of the bladder wall. The inner layer 
(mucosa), composed of urothelium and lamina propria, can-
not be visualized, while the muscularis propria (detrusor 
muscle) appears as a low signal intensity line on T2WI. Also, 
on DWI, the inner layer is not seen, while muscularis propria 
appears as an intermediate SI line, and on apparent diffusion 
coefficient (ADC) maps, urine appears hyperintense, and 
bladder wall is of intermediate SI. With DCE, the inner layer 
presents early enhancement, and it appears as a high SI line, 
while muscularis propria is seen as a low SI line that enhances 
slowly and progressively [22].

Intravesical lesions can be endophytic with intramural 
growth, exophytic with endoluminal growth, flat (non-mass 
effect), and mixed forms. The exophytic lesions can be papil-
lary or sessile; the papillary lesions can be pedunculated 
(with a stalk) or not-pedunculated: papillary tumors with a 
stalk generally have a better prognosis than papillary tumors 
without a stalk or broad sessile cancers [23]. The tumor size 
is generally related to the grade of the tumor: high grade BCa 
are generally the largest tumors. Concerning tumor location, 
many studies have shown that most new tumors arise from 
the lateral walls of the bladder, while the others take origin 
from the trigone, neck, and ureteral orifices. In particular, 
bladder neck cancers show a significantly higher frequency 
of muscle invasion.

Using DCE and DWI imaging, we can improve the accu-
racy of diagnosis. Intravesical lesions with a T2 SI interme-
diate to urine and muscle, with high DWI signal and low 
signal at ADC map, and post-contrast early enhancement at 
DCE MRI, should be reported as a lesion suspected for 
BCa [24].

The first thing to describe in morphological sequences is 
the muscularis propria, to discern MIBC from NMIBC: The 
muscularis propria is a continuous hypointense line in T2WI 
in NMIBC, while in MIBC there is an interruption of this 
low SI muscular line, suggesting muscle invasion. This 
means that when the radiologist acknowledges the preserva-
tion of the low SI of the muscle, a stage T1 can be assessed. 
On the other hand, when there is an interruption of muscular 
line, indicating muscle-invasive cancer, a stage T2 would be 
indicated. In stage T3 lesions there is not only interruption of 

detrusor line but also extension to perivesical fat, while stage 
T4 implicates extension of the tumor to adjacent organs.

In DWI the tumor presents an hyperintense signal at high 
b-value (and an hypointense signal at ADC map). In particu-
lar, in stage T1 the hyperintense signal is seen only within 
lumen of bladder, in stage T2 it is seen within the bladder 
wall, in stage T3 it disrupts the bladder wall, and in T4 it 
extends to adjacent organs.

In DCE imaging, BCa presents an early enhancement. 
When the tumor enhancement does not disrupt the low SI of 
detrusor, it indicates a stage T1, while stage T2 shows mus-
cle invasion with an interrupted hypointense muscle line. In 
stage T3 there is an early enhancement extended to perivesi-
cal fat, and in stage T4 the lesion enhancement is seen also 
into adjacent organs [25] (Table 1).

Table 1 TNM classification of bladder cancer, 2017

T-Primary 
tumour

Description N-Lymph 
Nodes

Description

Tx The tumour 
cannot be 
evaluated

Nx Lymph nodes cannot 
be evaluated

T0 The tumour is not 
evident

N0 No evidence of 
regional 
lymphadenopathies

Ta Non invasive 
papillary 
carcinoma

N1 Metastasis in a single 
lymph node 
(hypogastric, 
obturator, external 
iliac, presacral)

Tis Flat tumour: 
carcinoma in situ

N2 Metastasis in a 
multiple lymph nodes 
(hypogastric, 
obturator, external 
iliac, presacral)

T1 Tumour invades 
mucosa and 
submucosa

N3 Metastasis in common 
iliac lymph nodes

T2 Tumour invades 
muscolaris 
propria
T2 a: Superficial 
muscle
T2 b: Deep 
muscle

M-Distant 
metastasis

Description

M0 No evidence of distant 
metastasis

T3 Tumour invades 
perivesical tissue
T3 a: 
Microscopically
T3 b: 
Macroscopically

M1 Metastasis
M1 a: Metastasis in 
non regional lymph 
nodes
M1 b: Other distant 
metastasis

T4 Tumour invades 
adjacent organs
T4 a: Prostate, 
seminal vesicles, 
uterus or vagina
T4 b: Pelvic and 
abdominal wall
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3.2  MRI Acquisition Protocol

Before MRI examination, appropriate bladder distention is 
required to avoid a misdiagnosis of BCa or an overstaging in 
case of insufficient bladder filling; moreover, an overdisten-
sion of the bladder may cause a motion artifact and compli-
cate the diagnosis.

The patient must empty the bladder 1–2 h before imaging 
and then drink 500–1000 mL of water half an hour before the 
examination. Real-time MRI images can be used to deter-
mine adequate bladder filling. In addition, an antispasmodic 
agent can be administered to reduce bowel movement arti-
facts, if there are no contraindications.

MRI (1.5 or 3.0T) is recommended to achieve high spatial 
resolution and signal-to-noise ratio with a multichannel 
phased array external surface coil. The protocol image acqui-
sition consists of T2WI fast-spin-echo (FSE) or turbo-spin- 
echo sequences (TSE) with at least two planes of multiplanar 
(axial, coronal, and sagittal) and with a slice thickness of 
3–4 mm, DWI with high b value (800–1000 s/mm2) and with 
an ADC map, and DCE-MRI, administering a gadolinium- 
based contrast agent and preferring a 3D acquisition to obtain 
higher spatial resolution. Pre-contrast image (T1-weighted) 
should also be acquired [13] (Table 2).

3.3  VI-RADS

The promising performance of mpMRI of the bladder and its 
spread led to the conception and designing of the VI-RADS 
score [13]. This new scoring system has the aim to standard-
ize the approach to imaging and reporting of mpMRI for 
bladder cancer and to define the risk of BCa muscle invasion. 
The score is based on T2WI (weighted images), DCE-MRI, 
and DWI findings. In particular, for each sequence, five cat-
egories can be identified: structural categories (SC) for 
T2WI, contrast-enhanced (CE) categories for DCE 
sequences, diffusion-weighted (DW) categories for DWI, 
and ADC map.

3.3.1  T2WI Categories

 1. SC 1: Continuous low SI line (muscularis propria is 
intact), the lesion should be <1  cm, exophytic with or 
without stalk and/or thickened inner layer.

 2. SC 2: continuous low SI line (muscularis propria is 
intact), the lesion should be >1 cm, exophytic with stalk 
and/or high SI inner layer, when present, or sessile/broad- 
based with high SI thickened inner layer, when present.

 3. SC 3: No evidence of category 2 characteristics, exo-
phytic tumor without stalk, or sessile/broad-based tumor 
without high SI thickened inner layer; no clear interrup-
tion of low SI muscularis propria.

 4. SC 4: Clear interruption of low SI line (infiltration to 
muscularis propria).

 5. SC 5: Extension of tumor to extravesical fat and extra-
vesical tissues.

3.3.2  DCE-MRI Categories

 1. CE 1: The muscularis propria does not show early 
enhancement (with lesions corresponding to SC 1).

 2. CE 2: The muscularis propria does not show early 
enhancement, but there is evidence of early enhancement 
of inner layer (with lesions corresponding to SC 2).

 3. CE 3: No evidence of category 2 findings (with lesions 
corresponding to SC category 3) and no evident interrup-
tion of low SI muscularis propria.

 4. CE 4: Tumor early enhancement involving focally the 
muscularis propria.

 5. CE 5: Tumor early enhancement involving the entire 
bladder wall and exceeding to the extravesical fat.

3.3.3  DWI/ADC Categories

 1. DW 1: Continuous and intermediate SI of the muscularis 
propria on DWI with lesion <1 cm, hyperintense on DWI 
and hypointense on ADC, with or without stalk and/or 
low SI thickened inner layer on DWI.

Table 2 MRI parameters setting

Parameters
3T 1.5T
T2 DWI DCE T2 DWI DCE

TR (ms) 4690 2500–5300 3.8 5000 4500 3.3
TE (ms) 119 61 1.2 80 88 1.2
FA (fleep angle) 90 90 15 90 90 13
FOV (cm) 23 32 27 23 27 35
Matrix 400 × 256/320 128 × 128 192 × 192 256 × 189/256 128 × 109 256 × 214
Slice thickness (mm) 3–4 3–4 1 4 4 2
Slice gap (mm) 0–0.4 0.3–0.4 0 0–0.4 0–0.4 0
Number of excitations 2–3 4–10 1 1–2 10–15 1
B values – 0–800–1000–2000 – – 0–800–1000 –
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 2. DW 2: Continuous and intermediate SI of the muscularis 
propria on DWI with lesion >1 cm, hyperintense on DWI 
and hypointense on ADC, with low SI stalk and/or low SI 
thickened inner layer on DWI, or broad-based/sessile 
tumor with low/intermediate SI thickened inner layer on 
DWI.

 3. DW 3: No evidence of category 2 findings (with lesions 
corresponding to SC category 3) and no clear interruption 
of low SI muscularis propria.

 4. DW 4: High SI on DWI and low SI on ADC map involv-
ing focally the muscularis propria.

 5. DW 5: High SI on DWI and low SI on ADC map involv-
ing the entire bladder wall and exceeding to the extravesi-
cal fat.

3.3.4  Definitive VI-RADS Score
The final score is based on these categories, on T2WI for the 
morphology and on DWI/DCE for the definitive decision 
about muscular invasion. The dominant sequence is DWI; if 
the DWI is not optimal, the DCE will aid to obtain the final 
decision. In conclusion, there are five final VI-RADS scoring 
categories, and each one corresponds to a different probabil-
ity of muscle invasion.

 – VI-RADS 1: SC, CE, and DW category 1 suggest that 
muscle invasion is highly unlikely.

 – VI-RADS 2: SC, CE, and DW category 2 or CE and DW 
category 2 and SC category 3 suggest that muscle inva-
sion is unlikely (Fig. 1).

 – VI-RADS 3: SC, CE, and DW category 3 and SC category 
3 or CE category or DW category 3 and the other sequence 
belong to category 2; VI-RADS 3 suggest that the muscle 
invasion is equivocal.

 – VI-RADS 4: at least SC and/or DW and CE category 4, the 
remaining category 3 or 4, SC category 3 plus DW and/or 
CE category 4, and SC category 5 plus DW and/or CE 
category 4. It indicates that muscle invasion is likely 
(Fig. 2).

 – VI-RADS 5: At least SC plus DW and/or CE category 5; 
the remaining category 4 or 5. It suggests that muscle 
invasion and the extension to adjacent organs are very 
likely (Fig. 3).

4  MRI Future Perspectives for Bladder 
Cancer

VI-RADS and mpMRI of the bladder might be exploited for 
different further applications.

The use of VI-RADS is now especially dedicated to the 
pre-TURBT workup and before intravesical BCG (Bacillus 
Calmette-Guerin) injection. Preoperative MRI and VI-RADS 
score give interesting and useful information in the evalua-

tion of treatment response, indicating when BCa requires a 
more aggressive approach. Furthermore, in cases of high- 
risk NMIBC, VI-RADS score may play a useful role also for 
disease risk stratification and as an indicator of whether a 
secondary excision of the tumor is necessary. The high risk 
of tumor recurrence and the frequent necessity for a second-
ary tumor resection stimulate its application as a follow-up 
diagnostic tool [1].

4.1  Surveillance in Non-muscle-Invasive 
Bladder Cancer

MRI may constitute a solid noninvasive substitute to cystos-
copy for follow-up, resulting in lower disease-related expen-
ditures, particularly representing a promising and powerful 
tool in NMIBC surveillance [1].

The bladder wall structural alterations must be considered 
in this context. Wall thickening can be induced by fibrosis 
and inflammation as result of the treatment and might be 
misinterpreted as BCa recurrence/residue on T2-weighted 
imaging (T2WI). To solve these problems, functional 
sequences, particularly DCE-MRI and DWI, have proven to 
be accurate in distinguishing BCa from these findings [1]. To 
minimize overstaging caused by posttreatment structural 
modifications, MRI should be performed at least 2 weeks 
after TURBT and BCG administration and at least 2 days 
after cystoscopy or withdrawal of a Foley catheter [13].

4.2  MRI Before and After Bladder Cancer 
Treatment

MRI and VI-RADS scoring may be extremely helpful in case 
of MIBC, to stage tumors that will benefit from neoadjuvant 
chemotherapy, to detect lesions that will take advantage from 
bladder-sparing surgery and chemoradiation, and schedule 
therapeutic TURBT [1].

The VI-RADS score could be effective to predict BCa 
aggressiveness and its response to therapy, and it could rep-
resent a clinical predictor of posttreatment outcomes. On this 
scenario, MRI functional sequences have been shown to be 
accurate in assessing and predicting tumor aggressiveness 
[1]. For example, ADC value has been appointed as a poten-
tial biomarker, indicating a potential cutoff value of 0.86·10–

3  mm2/s, to distinguish clinically aggressive from less 
aggressive phenotypes [26].

BCa response to therapy may be assessed by MRI in a 
variety of clinical scenarios, including before, during, and 
after treatment. More specifically, DWI-MRI has been indi-
cated as a biomarker to predict MIBC chemoradiation sensi-
tivity [27]. Furthermore, it has been demonstrated that 
resistant BCas show more diversified spatial representation 
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c d

Fig. 1 A 62-year-old female patient with positive US. (a) T2WI (axial 
plane) shows an exophytic and pedunculated mass, >1 cm in size, at the 
level of the posterior bladder wall, near the left ureteral orifice, with 
intermediate SI not extending through the muscularis propria. T2WI 
assigned as VIRADS category 2. (b) DCE imaging shows early and 

heterogeneous enhancement of the lesions, not extending through the 
muscularis propria. DCE assigned as VI-RADS category 2. (c, d) DWI 
(b  =  2000) and ADC map show significant restricted diffusion, not 
extending through the muscularis propria. DWI assigned as VIRADS 
category 2. Definitive VI-RADS score was 2

of ADC values, furnishing useful information in the pre- 
neoadjuvant chemotherapy (NACT) [28]. MRI has been 
proved to produce extremely useful results also in the study 
of BCa before and after immunotherapy [29].

MRI has been proved to be a powerful tool in the stratifi-
cation of patients affected by BCa, especially during chemo-
therapy. In fact it can predict treatment failure, with the 

consequent reduction of morbidity and costs, already with 
the only use of T2WI [30]. With the addition of DCE 
sequences, MRI performance becomes extremely strong, 
assigning to DCE a key role in the detection of chemother-
apy responders [1]. MRI is definitively a promising tool in 
the evaluation of patients affected by MBIC treated with 
NACT, indicated their response to therapy [31].
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Fig. 2 A 68-year-old male patient presenting with macroscopic hema-
turia, with further positive cystoscopy. (a) T2WI (axial plane) shows an 
exophytic and sessile mass >1 cm in size at the level of the posterolat-
eral left bladder wall, with an adjacent diverticulum, with intermediate 
SI extending through the muscularis propria and invading the perivesi-
cal fat tissue. T2WI assigned as VIRADS category 5. (b) DCE imaging 

shows early and heterogeneous enhancement of the lesion, extending 
through the muscularis propria. DCE assigned as VI-RADS category 4. 
(c, d) DWI (b = 2000) and ADC map show a lesion with significant 
restricted diffusion, extending through the muscularis propria. DWI 
assigned as VIRADS category 4. Definitive VI-RADS score was 4
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Fig. 3 A 71-year-old male patient presenting with macroscopic hema-
turia, with further positive cystoscopy. (a) T2WI (axial plane) shows a 
sessile mass >1 cm in size at the level of the posterolateral left bladder 
wall, with intermediate SI extending through the muscularis propria, 
invading the perivesical fat tissue. T2WI assigned as VIRADS category 
5. (b) DCE imaging shows early and heterogeneous enhancement of the 

lesion, extending through the muscularis propria, invading the perivesi-
cal fat tissue. DCE assigned as VI-RADS category 5. (c, d) DWI 
(b = 2000) and ADC map show a lesion with significant restricted dif-
fusion, extending through the muscularis propria, invading the perivesi-
cal fat tissue. DWI assigned as VIRADS category 5. Definitive 
VI-RADS score was 5
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The use of DCE-MRI has been indicated also as an impor-
tant biomarker during post-radical cystectomy follow-up 
[32].

Additionally, the VI-RADS score proved to be a reliable 
tool to stratify patients according to risk with a personalized 
management. Indeed, VI-RADS 5 score proved to be an 
independent factor for significant delay to the execution of 
radical cystectomy, in particular to a time to cystectomy >3 
months from the diagnosis of MIBC obtained with TURBT, 
time which is correlated to reduced survivals. VI-RADS 
might be used to reduce the reliance and morbidity of 
TURBT for MIBC detection and also to assist urologists in 
the identification of patients that may need immediate radi-
cal surgery [1, 33].
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Step-by-Step Approach 
to Robot- Assisted Male Cystectomy

J. Palou, F. D’Hont, M. Annerstedt, and A. Piana

1  Introduction

Open radical cystectomy (ORC) with pelvic lymph node dis-
section and urinary diversion is considered the gold standard 
treatment for nonmetastatic muscle invasive bladder cancer 
and for recurrent noninvasive disease [1]. However, due to its 
high complexity and rate of complications, the robot-assisted 
radical cystectomy (RARC) has gained popularity as a mini-
mally invasive alternative to the standard approach, bringing 
to potential advantages in terms of lower intraoperative blood 
loss, postoperative blood transfusions, and morbidity, leading 
to a shorter hospital stay [2, 3]. Despite a definitive high-level 
evidence supporting RARC is still lacking, as reported from 
the main randomized control trials (RCTs) comparing OKT 
with RARC [4–7], this approach has the potential to achieve 
excellent postoperative results in terms of early recovery of 
sexual function. In fact, due to the enhanced three-dimen-
sional (3D) visualization and high precision movements, the 
robotic approach seems to give significant advantages when 
performing a nerve-sparing surgery [8, 9].

1.1  Robotic Instruments Used

 – Large needle driver
 – Monopolar curved scissor

 – Vessel Sealer®/SynchroSeal®
 – Fenestrated bipolar forceps (or Cadiere forceps)
 – 0° 3D laparoscope

1.2  Patient Positioning and Trocar 
Placement

Patient positioning changes according to the robotic system 
employed. If Da Vinci X® is used, the patient is placed in the 
dorsal lithotomy position, with arms tucked to the side and 
legs opened. Leg attachment is then lowered, and the patient 
is placed in 30-degree Trendelenburg position. A Foley cath-
eter is placed on a sterile operative field.

The first incision is made 2  cm above the umbilicus 
according to Hasson’s technique, in order to place the optic 
trocar. The pneumoperitoneum is created insufflating CO2 
continuously. The AirSeal system may be used to provide a 
stable pressure with constant smoke evacuation. All remain-
ing trocars are placed under direct vision along a horizontal 
line which pass 1 cm under the umbilicus considering pos-
sible slight differences in trocar placement among different 
authors; two robotic trocars are placed on the left side, with 
a distance of at least 8 cm and not less than 2 cm from the 
iliac crest; another robotic trocar is placed on the right side. 
A 15 mm assistant trocar is placed 8 cm away from the right 
robotic trocar; an ulterior 5  mm assistant trocar is placed 
between the optical and the robotic trocar on the right side 
(Fig. 1). Surgery is performed under low insufflation pres-
sure (8 mmHg).

The da Vinci X® system is docked between the patients’ 
legs with the robotic arms oriented in a cephalad direction. 
The primary assistant operates from the patient’s right.

da Vinci Xi® system is docked on the patient’s right. The 
primary assistant operates from the patient’s left.
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12 mm camera port 8 mm robotic trocar 12 mm assistant trocar

5 mm assistant trocar

Fig. 1 Trocar placement (daVinci® X, Si, Xi)
Fig. 2 Dissection of the right ureter. The ureter is mobilised from just 
above the crossing of the iliac vessels down to the ureterovesical junc-
tion, where the umbilical ligament can be seen just lateral of the ureter

Fig. 3 Incision of the peritoneum just above its reflection over the 
rectum

1.3  Pelvic Lymph Node Dissection

Pelvic lymph node dissection could be performed before or 
after the cystectomy according to the surgeon’s preference. 
The procedure is described in Chap. 65.

2  Non-nerve-Sparing RARC in Male: 
Surgical Technique

• Dissection of the Ureters

The procedure is begun by incising the peritoneum over 
the right ureter as the sigmoid colon is often attached to the 
left side wall. A longitudinal incision is made just medial to 
the ureter, which is mobilized from just above the crossing of 
the iliac vessels down to the ureterovesical junction, where 
the umbilical ligament can be seen just lateral of the ureter. 
Once the right ureter is completely mobilized, the sigmoid 
colon is released to allow access to the left iliac vessels and 
left ureter. The left ureter is dissected free of its attachments 
up to the level of the psoas muscle. This should be done 
before dividing the ureter as proximal dissection can be dif-
ficult once the ureter is divided.

During the complete dissection, special attention is 
needed to maintain adequate periureteral tissue. Note that 
too much or too aggressive dissection proximal on the ureter 
can result in devitalization of the ureter and may contribute 
to anastomotic stricture. Sometimes, individual vessels from 
the common iliac or distal aorta can be seen and preserved 
(Fig. 2, Video 1).

• Posterior Dissection

The aim of this step is to mobilize the posterior bladder 
and prostate from the rectum. The posterior dissection starts 
with the incision of the peritoneum just above its reflection 
over the rectum, connecting the incision with previously 
incisions for both ureters (Fig. 3). The seminal vesicles are 
freed, which can be done mainly bluntly. Further dissection 
to the base of the seminal vesicles exposes Denonvilliers fas-
cia. This multilayered fascia is opened, and a plane is devel-
oped between the fascia (still attached to the prostate) and 
the rectum until the rectourethralis muscle is seen. Proceeding 
anteriorly, the yellow pre-rectal fat is followed to avoid rectal 
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Nerve spare

Non nerve spare

a b

Fig. 4 (a) Denonvillers fascia exposure. (b) Dissection layers of Denonvillers fascia: above (black line) during a nerve sparing procedure; below 
(red line) during a non nerve sparing procedure

Fig. 5 Identification of the origin of the umbilical ligament, which is 
clipped at the base

Fig. 6 Incision of the endopelvic fascia to expose the lateral surface of 
the prostate

injury. Once the rectum is freed on the midline, extend the 
dissection further laterally to the neurovascular pedicle of 
the prostate. In this way, the rectum becomes completely 
exposed (Fig. 4, Video 2).

• Lateral Dissection

The goal of this step is to develop the space between blad-
der/prostate and sidewall. This will also facilitate the expo-
sure of the bladder pedicle. The peritoneum, which was 
already incised for the dissection of the ureters, is progres-
sively incised following the genitofemoral nerve and contin-
ued laterally from the medial umbilical ligaments. The vas 
deferens is divided, which allows the bladder to be retracted 
medially and facilitates further exposure. It is important not 
to drop the bladder at this point. With mainly blunt dissec-
tion, an avascular plane between bladder (medially) and 
lymph nodes (laterally) can be identified. Care must be taken 
not to injure the obturator nerve. The peri-vesical space is 
developed distally, up to the level of the endopelvic fascia 
and proximally to the origin of the umbilical ligament, which 
is clipped with a Hem-o-lok® at the base. This clip can also 
be used later on as a repair during later lymphadenectomy 
(Fig.  5). The endopelvic fascia, which forms the superior 
layer of the levator ani fascia, is incised, and the lateral sur-
face of the prostate can be identified until the apex of the 
prostate (Fig. 6, Video 3).

• Securing the Bladder Pedicles

Once the bladder pedicles are completely dissected, the 
ureters are divided between clips (Fig.  7). A stay suture 
(4 cm) is placed on the proximal clip for an easier identifica-
tion and manipulation. The distal margins are sent for frozen 
sections, if indicated. The transection of the pedicle is per-
formed with the Vessel Sealer® or SynchroSeal™ system. 

To have a good exposure, the fourth arm retracts the umbili-
cal ligament toward the umbilicus. As the superior vesical 
artery descends in most of the cases from a common branch 
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Fig. 7 The left ureter is divided using clips

Fig. 8 Dissection of the right umbilical ligament at its origin. A clip is 
placed at the base and the ligament is sealed and cut

with the former umbilical artery proceeding in the medial 
umbilical ligament, sealing and cutting above the previously 
placed clip is the first step (Fig. 8).

The internal iliac arteries are followed downward, and the 
inferior vesical artery is sealed and cut. To facilitate the dis-
section, especially in obese patients with wide pedicels, a 
space can be created just under the clipped ureter. The pedi-
cle can then be divided in a lateral vascular segment and a 
more medial neurovascular segment (Fig. 9). In a non-nerve 
spare procedure, use the seminal vesicle as a guide to prog-
ress dissection. The neurovascular bundle on the posterolat-
eral side of the prostate is easily dissected with the vessel 
sealer down to the prostatic apex. Make sure that the previ-
ously done posterior dissection extends laterally enough to 
prevent any rectal injury. Furthermore, the already incised 
endopelvic fascia helps to expose the pedicle at the prostatic 
base. At the level of the prostatic base, dissection is done 

posterior to the prostate. Closer to the apex, the bundle is dis-
sected more lateral to the prostate, again to prevent any rectal 
injury (Fig. 10).

• Section of Urachus and Anterior Plane

The urachus, just below the umbilicus, and the median 
umbilical ligaments are coagulated and cut. The bladder is 
dropped down to gain access to the space of Retzius. Staying 
in the correct plane, the pubic bone is followed until the dor-
sal vein complex (DVC) and puboprostatic ligaments are 
identified.

• Prostate Apex

The DVC is divided with cold scissors. Arterial bleed-
ings can be secured with monopolar coagulation. If exten-
sive blood loss occurs, the intra-abdominal pressure can be 
increased to 15 mmHg. The anterior contour of the pros-
tate is followed until the apex is reached and the urethra is 
identified. The DVC is secured with a continuous hemo-
static V-Loc™ suture. The most important concept is to 
proceed with the urethral dissection, once there is a good 
visualization of the apex and the bleeding is under control 
(Video 4).

• Dissection of Urethra

At this point, the membranous urethra is completely iso-
lated. Depending on underlying disease and type of diver-
sion, the urethra can be dissected at different levels.

 – Maximum sparing of the urethra is performed when a 
neobladder is planned. Frozen section of the urethra may 
be taken, if indicated. The catheter is withdrawn, and a 
large clip is placed at the level of the apex, as high as pos-
sible into the prostatic urethra in order to prevent tumor 
spillage and to preserve as much as possible the sphinc-
teric area of the urethra.

 – If a simultaneous urethrectomy is planned, the urethra can 
be dissected further trough the pelvic floor to create a 
maximal urethral length. This will facilitate the 
urethrectomy.

 – When an ileal conduit is planned, the membranous ure-
thra is isolated for 2–3 cm. The catheter is withdrawn, and 
a large clip is placed at the level of the apex. A second clip 
is placed on the urethra at the level of the pelvic floor. The 
urethra is cut between the clips, and the specimen is 
immediately placed in an Endobag® (Fig. 11).
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Fig. 9 To facilitate the 
dissection (especially in obese 
patients with wide pedicels), a 
space can be created just 
under the clipped ureter. The 
pedicle can then be divided in 
a lateral vascular segment and 
a more medial neurovascular 
segment

Fig. 10 Dissection of the right neurovascular bundle of the prostate. 
Important that the rectum is dissected completely free to prevent any 
injury Fig. 11 Dissection of the urethra
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3  Nerve-Sparing RARC in Male: Surgical 
Technique

Several steps of radical cysto-prostatectomy are at risk of 
neurovascular bundle (NVB) damage. For this reason, a con-
servative surgical approach is carried out by identifying and 
sparing the peri-prostatic neurovascular structures (Video 5). 
The robot-assisted approach allows an enhanced three- 
dimensional (3D) visualization, with dramatically improve-
ment and surgical precision.

According to the surgeon’s preference, the dissection may 
start from the posterior plane or from the iliac ureters.

• Posterior Dissection

The posterior peritoneum is opened at the level of pre- 
rectal space, and by a carefully dissection of the posterior 
wall of the bladder, the seminal vesicles are identified. At 
this point, it is possible to keep dissecting posteriorly until 
the prostate. If the posterior dissection is carried out, vas def-
erens can be tied up and cut. Then it is important to perform 
a dissection of the seminal vesicles separating them inter-
nally, from the external and lateral pedicle of the bladder. 
This maneuver allows the section of the lateral pedicles at 
higher level and thus preserves the bundles (Fig. 12).

• Identification of the Ureters and Lateral Dissection

Once the robot is docked, the camera is oriented toward 
the pelvis. The posterior peritoneum on the right side is 
opened at the level of iliac vessels, and the right ureter is 
identified. The right iliac vessels and ureter are easier to 
locate and dissect, due to less intrusion of the colon. A vase- 

loop is passed around the ureter and closed with a Hem-o- 
lok®. At this level, extreme attention has to be paid in order 
to preserve as much peri-ureteral tissue as possible, with the 
aim of preserving ureter’s vascularization, avoiding subse-
quent stenosis. During the dissection of the pre-vesical ure-
ter, the umbilical artery, the superior vesical artery, and the 
lateral umbilicus-vesical ligament are identified and dis-
sected. Later on, the inferior vesical artery and vein are iden-
tified and cut. At the end of this procedure, two Hem-o-lok® 
are placed on the terminal tract, and the ureter is cut just 
before the intravesical segment. A distal ureteral margin 
should be sent for a frozen section, if indicated. Subsequently, 
sigmoid mobilization is performed to create the left space, 
allowing the left ureter dissection, that will be carried out 
with the same modality. The left ureter is transposed to the 
right retrosigmoid space besides the right ureter after this 
dissection or later on. It is better to do it after the bilateral 
lymphadenectomy, which facilitates this maneuver because 
of the clear anatomical space developed.

• Lateral Dissection

Once the posterior plan has been developed, the dissec-
tion continues laterally until the endopelvic fascia, which has 
to be separated from levator ani muscles. The procedure con-
tinues distally to the apex and laterally, maintaining a plane 
of incision immediately alongside the prostatic fascia, to 
expose the neurovascular triangle between Denonvilliers fas-
cia, lateral pelvic fascia, and the prostate. At this point, pros-
tatic pedicles can be identified. Due to the absence of prostate 
cancer, an intra-fascial nerve-sparing approach can be per-
formed, leaving no fascial layer overlying the prostatic tissue 
but keeping a layer of Denonvilliers fascia on the surface of 
the rectal wall (Fig. 13). In order to avoid thermal injuries, a 
sharp dissection at this level and the use of clips are recom-
mended. Moreover, as it happens for radical prostatectomy, 
care must be taken to avoid excessive traction to the bundle, 
because of the fragility of the nerves.

• Bladder Pedicles

The lateral pedicles can be taken down using a 5–10 mm 
LigaSure™ device (Tyco Healthcare) at high level of the dis-
section, but when getting closer to space of the bundles cre-
ated after the dissection of the seminal vesicles, it is better to 
use Hem-o-lok clips taking every vessel separately.

• Section of Urachus and Anterior Plane

At this point, the anterior peritoneum is incised. The ura-
chus and the median umbilical ligaments are cut with mono-
polar scissors. The bladder is dropped down to gain access to 
the space of Retzius. At the level of Santorini plexus, a suture 

SEPARATED
SEMINAL VESCICLE

NERVE SPARING 
DISSECTION

NON-NERVE SPARING 
DISSECTION

Fig. 12 Seminal vescicles are separated internally, from the external 
and lateral pedicle of the bladder. This manoeuver allows the section of 
the lateral pedicles at higher level, and thus preserving the bundles
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Fig. 13 Lateral detachment of the periprostatic fascia and isolation of NVB

is performed to limit bleeding from venous sinus. An ana-
tomic dissection of the apex as we do in radical prostatec-
tomy is important. Different techniques can be considered, 
but the surgical field has to be bloodless when performing 
the final dissection of the apex of the prostate. Considering 
that accessory pathways of neural net may run close to the 
anterior urethra, a deep placement of the dorsal venous 
(DVP) stitch may increase the risk of neural damage. This 
can be avoided by placing the stitch prior to disconnection of 
the apex, when the venous complex can be better visualized. 
At this point, it is possible to dissect the anterior space until 
the urethra, where a Hem-o-lok® is placed, as high as pos-
sible, internally in the prostatic urethra, before its section to 
avoid tumor seeding. A frozen section can be taken from the 
proximal portion of the divided urethra if indicated.

• End of the Demolitive Phase

At this point, the demolitive phase is completed, and the 
hemostasis is carefully performed. The specimen can be 
extracted in a retrieval bag through a 5–6 cm infraumbilical 
or periumbilical incision.

4  Conclusions

Robot-assisted radical cystectomy may offer several advan-
tages compared to the standard open technique, due to its 
mini-invasiveness. Moreover, in case of young men who 
desire to preserve their sexual function, some of the critical 
surgical steps seem to significantly beneficiate from a mini-
mally invasive approach. It is known that a nerve-sparing 
technique improves continence in radical prostatectomy; 
thus it is better to use this technique, if oncologically feasi-
ble, in patients undergoing radical cystectomy and a neo-
bladder. The oncological and functional results of the 

nerve-sparing robot-assisted radical cystectomy corroborate 
the role of this approach.
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Step-by-Step Approach 
to Robot- Assisted Female Cystectomy, 
Anterior Exenteration, and Pelvic Organ 
Preserving Approaches

Zachary Dovey and Peter Wiklund

1  Background

In their lifetime, women will have a 0.27% or 1 in 400 risk of 
being diagnosed with bladder cancer, approximately four 
times less than men, with the highest incidences in Europe, 
Syria, Egypt, Israel, and the United States [1, 2]. The stan-
dard treatment for localized muscle invasive bladder cancer 
(MIBC), as well as carefully selected higher-risk non-muscle 
invasive bladder cancer (NMIBC), is radical cystectomy [3], 
which includes removal of the bladder and urethra, bilateral 
extended pelvic lymphadenectomy (EPLND), and urinary 
diversion. This procedure has significant morbidity (up to a 
60% complication rate) and a recognized mortality (1–4%) 
[4, 5]. Robotic approaches to radical cystectomy evolved 
from “minimally invasive” and laparoscopic surgery, with 
the Intuitive Da Vinci gaining FDA approval in 2000. Menon 
et al. [6] published the first description of robot-assisted radi-
cal cystectomy (RARC), and since then the technique has 
evolved significantly, with a wealth of studies comparing its 
outcomes to those of open radical cystectomy (ORC). The 
randomized controlled RAZOR trial is the largest of these to 
date, demonstrating non-inferiority of RARC.  When com-
paring ORC to RARC at 3 years follow-up, disease-free sur-
vival (DFS) (65.4% vs. 68.4%), overall survival (OS) (68.5% 
vs. 73.9%), complication rates (69% vs. 67%), and outcomes 
related to quality of life (QOL) were not significantly differ-
ent [7]. Moreover, a recent Cochrane systematic review of 
five other relevant RCTs found no difference between onco-
logical outcomes, complication rates, and quality of life 
results for RARC and ORC, other than possibly lower trans-
fusion rates and shorter hospital stay (LOS) for RARC [8].

Whichever approach is used, standard radical cystectomy 
in females requires removal of the bladder and urethra, an 
EPLND as well as removal of the gynecological organs (ova-
ries, fallopian tubes, uterus, and anterior vaginal wall) in 
what is termed anterior pelvic exenteration. With a view to 
improving postoperative sexual function, pelvic organ pro-
lapse (POP) RARC can be undertaken in carefully selected 
patients, allowing preservation of the ovaries, fallopian 
tubes, uterus, anterior vaginal wall, and urethra [9]. The 
rationale for this is reinforced by evidence that these organs 
are involved histologically in up to only 7.5% of patients, 
and the procedure may be done in conjunction with robotic 
intracorporeal neobladder (RIN) to further improve postop-
erative functional outcomes and body image. This chapter 
will discuss in detail patient selection, patient preparation, 
and the step-by-step technique for RARC with anterior pel-
vic exenteration as well as with POP.  Following this, out-
comes of each will be presented, where possible comparing 
female RARC directly with female ORC, as well as outlin-
ing the importance of enhanced recovery after surgery 
(ERAS) protocols, the influence of experience, and surgical 
learning curves, as well as novel approaches to RARC, wher-
ever possible with specific reference to female patients.

2  Patient Selection

Patient selection is crucial when considering patients for 
RARC, and surgeon and operating team experience are an 
important part of the decision-making process. An ideal 
robotic case has an ECOG score of 0, no extravesical disease 
with T2 clinical staging, a BMI of less than 30, no history of 
abdominal pelvic irradiation or surgery, and no significant 
past medical history of note. Surgeon experience with the 
potential for prolonged operative times and Trendelenburg 
influences how stringently these factors are applied, and as 
the console surgeon and operative team gain experience, 
more complex cases may be chosen. Factors considered as 
relative contraindications, regardless of surgeon experience, 
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may be significant past cardiac or pulmonary disease com-
promising the safety of anesthesia, morbid obesity, and prior 
abdomino-pelvic surgery, trauma, or irradiation [10].

When planning POP RARC with or without RIN, the sur-
geon will have to consider additional factors. The main risk is 
inadequate excision of tumor with a concomitant increase in 
the local recurrent rate, which may primarily arise from inac-
curacies in staging prior to surgery. Preoperatively patients 
under consideration of POP RARC should have full gyneco-
logical and sexual histories, with a detailed discussion of 
goals for sexual function and fertility longer term once recov-
ered from surgery. Specific contraindications include any evi-
dence of more extensive local disease, such as radiological 
evidence of T3 disease on clinical staging including hydrone-
phrosis or nodal involvement, palpable tumor and tumors at 
the bladder base, trigone or neck at the time of primary trans 
urethral resection of bladder tumor (TURBT), or CIS on 
TURBT histology [9]. Similarly, patients who carry BRCA1/2 
mutations or have Lynch syndrome have an increased future 
risk of gynecological malignancies and so would be relatively 
contraindicated for POP RARC [11]. When planning RIN 
with POP RARC, additional considerations are liver and 
renal failure which may result in longer-term metabolic prob-
lems, tumor involving the urethral margin (which may be 
excluded with an intraoperative negative frozen section of 
urethral margin tissue), cognitive impairment causing com-
pliance issues with postoperative training protocols, physical 
disability preventing the ability to intermittently self-catheter 
and urethral sphincter injuries that would cause incontinence 
[12]. Once a decision about the robotic approach has been 
made, patients should undergo their surgery as soon as pos-
sible and definitely within 3 months. Both US SEER database 
analysis as well as a more recent meta-analysis have con-
firmed delays in surgery for bladder cancer beyond 3 months 
result in inferior longer-term survival outcomes [13, 14].

In order to facilitate the selection process, all patients 
should have a full medical and surgical history, physical 
examination, and diagnostic workup including hematology, 
biochemistry, urine microbiology, and cytology as well as 
CT or MRI of the chest, abdomen, and pelvis. Informed 
decision- making is important, and patients should be coun-
seled regarding the pros and cons of the different technical 
approaches for bladder removal and urinary diversion, before 
the final procedure is chosen. The use of enhanced recovery 
after surgery (ERAS) protocols for patient preparation pre 
surgery and recovery afterward is now an accepted part of 
robotic cystectomy programs for women and men, and this is 
discussed in a separate section below.

3  Patient Positioning and Port 
Placement

Accurate positioning of the patient and port placement will 
facilitate smooth step by step progress through the proce-
dure and limit the technical problems for each step. After 
induction of general anesthesia, a nasogastric tube is inserted 
for the period of the operation to remove any gastric con-
tents that may accumulate. Patients are placed in 30 degrees 
of Trendelenburg to bring the bowel out of the pelvis, with a 
foam cushion under them and if necessary padded shoulders 
at the head of the operating table to prevent sliding. The legs 
are fixed up in stirrups and lifted apart with hips and knees 
flexed to allow the robot to come forward between them. To 
further keep the patient stable on the table, a soft chest strap 
may be applied, and the arms may be strapped to the side of 
the body or held on arm boards. Once positioning is com-
plete, it is crucial to check all pressure points to prevent sub-
sequent pressure necrosis injuries and compartment 
syndrome. For port placement, the Karolinska method will 
be described [15]. Prepping and draping is done from the 
lower sternum to superior thigh, including the perineum and 
vagina, and a urethral catheter is inserted and left on free 
drainage. A midline 12  mm camera port is inserted 5  cm 
above the umbilicus using the open Hasson technique to 
prevent bowel injury, and all subsequent ports are inserted 
under direct vision, with the camera placed intra-abdomi-
nally. Pressure is set slightly higher at 18 mmHg while the 
ports are being placed and then reduced to 12 mmHg when 
the surgery starts. Two 8 mm robotic instrument ports are 
placed 8–10 cm away from and on each side of the umbili-
cus, at the lateral edge of the rectus sheath. A 12 mm assis-
tant aspiration post triangulates between the right instrument 
and camera port high enough up toward the inferior edge of 
the rib cage to prevent clashing during the operation. A sec-
ond 12 mm assistant port is placed on the right side, level 
with the anterior axillary line, 2–3  cm above the anterior 
superior iliac spine. The final 15 mm robotic instrument port 
mirrors the right lateral assistant port over the left anterior 
axillary line, again 2–3 cm above the anterior superior iliac 
spine. With a lumen of 15 mm, an 8 mm robotic instrument 
port can telescope through it, and during the bowel division 
and re- anastomosis, this can be replaced by a handheld GI 
stapler. The proximal positioning of the ports for RARC 
when compared to robotic prostatectomy allows for easier 
presacral dissection during the EPLND and easier suturing 
technique for the afferent limb of the uretero-ileal 
anastomosis.
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4  RARC with Anterior Exenteration

There are some fundamental modules or steps for RARC 
which have been widely accepted and are beneficial for many 
reasons. They allow the operating surgeon to benchmark his 
or her progress through the procedure and facilitate a focus 
on each task and the instrument movements that are neces-
sary for each module. This not only limits technical difficul-
ties and thus potential complications but also provides a 
structure for learning and progress on the learning curve, 
inevitably helping to reduce operating time. By contributing 
to the educational process, modules also help with mentor-
ing, and as new methods and techniques emerge, having a 
clear procedural structure already in place helps with their 
introduction [15]. For standard RARC, these may be com-
mon to men and women, but the nuances specific to women 
and anterior exenteration are described in detail below.

Dissection of the Ureters (Fig.  1) In female RARC it is 
valuable to orientate oneself with the position of the gyneco-
logical organs at the beginning of the operation. The ureters 
enter the pelvis over the bifurcation of the common iliac 
arteries and can generally be found once the peritoneum is 
incised overlying this point. This may be obscured on the left 
by the sigmoid colon, potentially with the addition of adhe-
sions, necessitating adhesiolysis and sigmoid instrument 
retraction with the fourth arm. Once the peritoneum is 
incised, dissecting just medial to pelvic wall may help to find 
the ureters, which are followed and dissected distally toward 
the uretero-vesical junction (UVJ). During this process it’s 
important not to overmanipulate the ureters and prevent any 
injury to their blood supply that may increase the risk of sub-
sequent ischemic stricture. With the distal dissection, the 
infundibulo-pelvic (IP) suspensory ligament and adnexa 

may be lifted superiorly, and the uterine artery may be seen 
crossing over the ureter from lateral to medial. Once the UVJ 
is identified, the ureter is doubly clipped with two hem-o- 
loks with a stay suture on the distal clip, just proximal to the 
junction itself, and then the ureter is divided between the 
clips.

Posterior Dissection (Figs. 2 and 3) If the approach is non- 
organ preserving, this part of the operation starts with an 
inverted U-shaped incision in the midline of the posterior 
peritoneum below the bladder, with the limbs of the inverted 
U extending proximally on each side toward the bifurcation 
of the common iliac vessels. The uterus is placed under trac-
tion by the fourth robotic arm, and the dissection continues 
distally opening the plane between the body of uterus and 

Fig. 1 Second Clip applied to distal left ureter, just above the left 
vesico-ureteric junction

Fig. 2 Incision of peritoneum and dissection into plane between poste-
rior bladder wall and body of the uterus and cervix

Fig. 3 Distal dissection into plane between posterior bladder wall and 
anterior vaginal wall, towards the pelvic floor, during a POP RARC 
approach
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cervix and posterior bladder wall toward the fornix of the 
vagina. If it has not already been done, the IP ligament is 
ligated and divided using a LigaSure, as are the ovarian and 
uterine pedicles. To identify the junction of the cervix with 
the vagina, a sponge on a stick may be placed and manipu-
lated within the vagina by the bedside assistant. Positioning 
of the fourth robotic arm and uterus is an important aspect of 
removal of the gynecological organs, also helped by the bed-
side assistant moving the sponge within the vagina. This 
clearly identifies the position of the vaginal posterior fornix, 
which can then be incised through the overlying peritoneum. 
This incision passes caudally down the anterolateral aspect 
of the vagina, so the anterior vaginal wall, uterus, and ovaries 
are removed with the specimen.

Lateral Dissection (Figs.  4 and 5) The lateral dissection 
begins with incision of the peritoneum lateral to the medial 
umbilical ligaments and development of the lateral 
 paravesical space, which can be opened up down to the pel-
vic floor and endopelvic fascia. The space medial and lateral 
to the medial umbilical ligament can be connected, and the 
round ligament divided. The bladder can then be lifted under 
traction with the fourth robotic arm, pulling the superior 
bladder pedicle away from the external iliac vessels and rec-
tum. The superior bladder pedicle is then divided by 
LigaSure, and as the dissection continues down to the pelvic 
floor, the inferior pedicle and any small perforating arteries 
are dealt with in the same way.

Bladder Drop and Dissection of the Urethra (Figs. 6, 7, 8, 
9, 10 and 11) The median umbilical ligaments and urachus 
are divided proximally, and the bladder is then dissected off 
the under surface of the anterior abdominal wall. The dissec-
tion continues in the midline down to the pubis, with most of 
the lateral dissection having already been completed as 

Fig. 4 Division of the left superior bladder pedicle, using a ligasure 
which is hand held by the surgical bedside assistant

Fig. 5 Division of the right superior bladder pedicle, using a ligasure 
which is hand held by the surgical bedside assistant

Fig. 6 Urachal division

Fig. 7 Dissection of bladder from abdominal wall continuing distally 
towards the pelvis
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Fig. 8 Demonstration of the vesico-urethral junction by pulling down 
the catheter balloon down during a POP RARC approach

Fig. 9 Dissection of the urethra, including dissection posteriorly 
between the wall of the posterior urethra and anterior wall of the vagina 
for the POP RARC approach

Fig. 10 Urethral ligation just beyond the junction between the bladder 
and urethra, aiming to maximise distal urethral stump length during 
POP RARC

Fig. 11 Urethral transection, aiming to maximise distal urethral stump 
length during POP RARC

Fig. 12 Bladder specimen with proximal and distal urethral stumps, 
following POP RARC. In cases where Orthotopic Neobladder is being 
considered, a tissue sample is taken form the urethral margin for frozen 
section. A positive margin would be a contraindication for Neobladder

above. At this point it is helpful if the bedside assistant places 
the urinary catheter under traction, which pulls the catheter 
balloon down, and helps to identify the bladder neck and 
vesicourethral junction. The dorsal vein complex (DVC) 
over the female urethra can be divided and hemostasis 
achieved with cautery alone for most patients, although 
sometimes a hemostatic suture is required. The urethra is 
then dissected and excised with the anterior vaginal wall 
ensuring the urethrectomy is complete.

EPLND, Specimen Removal and Urinary Diversion (UD) 
(Fig.  12) A detailed discussion of EPLND and UD is 
beyond the scope of this chapter, suffice to say most sur-
geons would perform the EPLND prior to the UD. The ana-
tomical borders for the EPLND dissection template are well 
described and include removing all lymph node tissue within 
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the area bounded by the genitofemoral nerve laterally, the 
pelvic floor and internal iliac vessels inferiorly, the circum-
flex iliac vessels distally, and proximally up to the aortic 
bifurcation over the presacral area. Any venous injuries may 
be better dealt with by applied pressure using an intra- 
abdominal swab and surgical rather than any attempts at 
suturing, which may be more technically challenging and 
has potential to make the vessel injury worse. The cystec-
tomy specimen and lymph node packets are placed into large 
and individual small bags, respectively, and may be removed 
through vaginotomy, or through the camera port incision. If 
removed through the camera port incision at the end of the 
procedure, this should be done carefully to prevent any injury 
to the mesentery of the conduit.

Regardless of the modality of UD, the left ureter is care-
fully brought across to the right side of the abdomen beneath 
the sigmoid mesentery, and a handheld GI stapler is brought 
into the abdomen through the 15 mm left lateral trocar. At the 
same time, a robotic bowel grasper and robotic cadiere 
instrument are exchanged with the robotic instruments on the 
second and third arms, allowing the bowel work to begin. If 
a RIN is planned, a tissue sample is taken from the distal 
urethral stump for frozen section to ensure no cancerous ure-
thral involvement, which would be a contraindication to 
proceeding.

Other technical variations that may be considered if RIN 
is planned after standard RARC include avoiding overlap-
ping suture lines between the vaginal remnant and 
neobladder- urethral anastomosis and placing an omental flap 
between the vagina and anastomosis, both of which may 
reduce the risk of neobladder-vaginal fistula [11]. Finally, a 
modified sacrocolpopexy may also be done not only to 
 prevent prolapse of the vaginal remnant through the weak-
ened pelvic floor but also to reduce the risk of urinary reten-
tion caused by loss of mechanical support from the 
gynecological organs and angulation at the neobladder- 
urethral anastomosis. This requires suturing a mesh to the 
vaginal remnant, which is then fixed proximally to the sacral 
promontory [11].

5  RARC with POP

The ureteric dissection does not differ for POP RARC, but 
there are technical differences relating to preservation of the 
gynecological organs as well as in the posterior and urethral 
dissection, notwithstanding that POP RACR is commonly 
performed with RIN as the modality of UD. For RIN, preser-
vation of the gynecological organs will provide mechanical 
support to the overlying neobladder, and by reducing the 
angle at the urethral anastomosis potentially lowers the risk 
of urinary retention. Maximizing urethral stump length is 

also important for RIN, and analogous to nerve sparing dur-
ing a robotic prostatectomy, preservation of the autonomic 
nerves that run lateral to the vagina may contribute to recov-
ery of sexual and urinary function [11].

Posterior Dissection in POP RARC (Figs.  2 and 3) The 
dissection begins in the same way with an inverted U-shaped 
incision in the posterior peritoneum below the bladder 
across the midline, with the limbs of the U extending proxi-
mally on either side toward the bifurcation of the common 
iliac vessels. With the uterus under traction from the fourth 
robotic arm, the plane between the posterior bladder wall is 
developed and extended caudally down toward the cervix. 
Once the vagina is reached, care is taken to ensure the ante-
rior vaginal wall is kept intact. The paravaginal tissues are 
notably vascular, and it is important to prevent any nervous 
or vaginal injury when using cautery, the latter of which 
would require a repair, resulting in unwanted suture lines in 
the vagina. As the dissection continues distally toward the 
pelvic floor, the posterior bladder and anterior vaginal wall 
are separated completely down to the bladder neck and 
urethra.

Preservation of the Gynecological Organs During dissec-
tion of the posterior plane, the uterine and ovarian liga-
ments are left intact. This includes the IP suspensory 
ligament, the round ligament and pedicle of the ovaries, 
and the cardinal ligaments containing the uterine arteries, 
all of which would otherwise have been ligated and divided 
with a LigaSure. Further manipulation of the uterus to help 
open up the plane between posterior bladder and anterior 
vaginal walls is done with the fourth robotic arm, but dis-
section around the posterior and lateral aspects of the uterus 
is minimized, as is dissection of the lateral vaginal walls 
and endopelvic fascia.

6  Evidence Acquisition

Evidence was derived from searches of Web of Science, 
Scopus, and PubMed databases using three separate search 
terms “robot assisted” AND “cystectomy,” “da Vinci radical 
cystectomy” and “robot*” AND “cystectomy.” A total of 
2354 references were retrieved and categorized under the 
broad headings of comparative and case series, as well as 
those focused on learning curves, ERAS, and nerve sparing 
or pelvic organ preservation. Studies with an emphasis on 
laparoscopic surgery and duplicates were excluded, and 
those reporting on functional and oncological outcomes 
were included. The remaining 71 references were then 
reviewed to extract information focused specifically on 
female RARC.

Z. Dovey and P. Wiklund



653

7  RARC with Anterior Exenteration 
Outcomes

In general, oncological and functional outcomes for patients 
following RARC are not stratified by gender. However, some 
studies were found where outcomes were reported by gender 
(or were simply case studies and series and the results 
reported on an individual basis), or where gender was used 
as a predictor variable in the analysis of perioperative surgi-
cal, functional, and oncological outcomes.

7.1  RARC with Anterior Exenteration: 
Perioperative Outcomes 
and Complications (See Table 1)

Pruthi et al. [16] first presented on a case series of 12 women 
(mean age 67.9 years), undergoing RARC with pelvic exen-
teration [nine with ileal conduit (ECUD) and three with 

robotic intracorporeal neobladder (RIN)]. Mean estimated 
blood loss (EBL) and operating time (OT) were 221 ml and 
4.6 h, respectively. There were no positive surgical margins, 
and the mean number of lymph nodes was 19 (range 12–34). 
Two postoperative complications were encountered in two 
patients, though the Clavien-Dindo classification or severity 
of these complications was not disclosed. The mean LOS 
was 4.8 days. A follow-up study compared outcomes for 
females (n = 10) to men operated upon during the same time 
period (n = 20) [17]. There was no significant difference in 
blood loss, OT, or mean time to flatus, bowel movement, or 
discharge. However, when compared to a second group of 
men (n = 20) who were operated on during the previous year, 
female patients were found to have significantly shorter OTs 
(4.6 h vs. 5.9 h; p <  .001) and less blood loss (215 ml vs. 
330 ml; p = .012) as well as a shorter time to bowel move-
ment (2.4 days vs. 2.8 days; p = .057). These improvements 
likely reflected improvements in the learning curve for the 
operating surgeons.

Table 1 Perioperative and pathological outcomes comparing men and women from studies where sufficient information is provided to permit 
informed comparisons with minimal confounding factors

Reference Cohort Diversion

Mean 
operating 
time

Blood 
loss (ml)

Lymph nodes 
removed 
(range) Length of stay

Positive 
surgical 
margins

Pruthi 
[16]

12 women; mean 
age = 67.9 years

Ileal conduit = 9 (75%)
Neobladder = 3 (25%)

4.6 h 221 19 (12–34) 4.8 days 0

Pruthi 
[17]

10 female; mean 
age = 68.4 years
40 male; mean age 
= 62.8 years
(cysto- 
prostatectomy)

Females:
Ileal conduit = 7 (70%)
Neobladder = 3 (30%)
Males:
Ileal conduit = 23 (57.5%)
Neobladder = 17 (42.5%)

Female = 
4.6 h
Malea = 4.4 
h

Female = 
215
Malea = 
233

Female = 19 
(12–34)
Male = 18 
(8–37)

Female = 4.9 days
Malea = 4.4 days

Female = 0
Male = 0

Kwon 
[18]

5 female
12 male

Ileal conduit = 14
Neobladder = 4
– No information on gender 
distribution

Female = 
6.0 h
Male = 6.45 
h

Female = 
210
Male = 
211

n/a Female = 20.1 
days
Male = 22.2 days

Female = 0
Male = 0

Kang [19] 22 female
82 male

Female
Ileal conduit = 13 (59.1%)
Neobladder = 9 (40.9%)
Total cohort
Ileal conduit = 60 (57.7%)
Neobladder = 44 (42.3%)
Female cohort similar to total 
cohort, so it follows distribution 
of diversion types are similar 
between male and female

Female = 
8.3 h
Male = 7.9 
h

Female = 
591
Male = 
515

Female = 16.0
Male = 19.1

Female = 20.0 
days
Male = 17.7 days

Female = 0
Male = 0

Yuh [20] 32 female
164 male

Females:
Ileal conduit = 15 (46.9%)
Neobladder = 0 (0%)
Continent cutaneous = 17 
(53.1%)
Males:
Ileal conduit = 47 (28.7%)
Neobladder = 86 (52.4%)
Continent cutaneous = 31 
(18.9%)

Females
1–7 days = 5 
(15.6%)
8–14 days = 22 
(68.8%)
>14 days = 5 
(15.6%)
Males
1–7 days = 50 
(30.5%)
8–14 days = 82 
(50.0%)
>14 days = 32 
(19.5%)

a Data from male cohort of 20 from same time as females. Other 20 males were done earlier and make up learning curve

Step-by-Step Approach to Robot-Assisted Female Cystectomy, Anterior Exenteration, and Pelvic Organ Preserving Approaches



654

One of the first studies to report actual differences in pro-
cedural and postoperative outcomes between males (n = 12) 
and females (n = 5) was that by Kwon et al. [18]. Ileal con-
duits were performed in 13 cases, while the other four 
patients obtained neobladders, though how these were dis-
tributed across gender was not disclosed. They examined the 
differences in mean OT, EBL, time to oral intake and ambu-
lation, and LOS. They found no significant differences in any 
of these categories between men and women (p-values 
between 0.241 and 0.552).

A multicenter Korean study summarized by Kang et al. 
[19] also compared results between males (n  =  82) and 
females (n = 22). Of the 22 women, 13 had ECUD, while 9 
had RIN (a similar distribution of UD was noted in the male 
group). The mean age of the women was 66.1 years, and 
median OT and EBL was 567 min and 591 ml, respectively. 
The median number of lymph nodes was 16, and all surgical 
margins were negative. The authors statistically analyzed 
differences between the men and women for age, BMI, OT, 
pelvic lymph node dissection time, urinary diversion time, 
EBL, LOS, time to flatus, number of lymph nodes, and the 
mean follow-up time. They found no difference between the 
male and female patients, with p-values for all these factors 
ranging between 0.186 (LOS) and 0.644 (OT).

Yuh et  al. [20] studied a cohort of 32 females and 164 
males. Of the females, 47% received an ileal conduit, but 
none received neobladders. The remaining were cutaneous 
continent UDs. Fifty-two percent of the males underwent 
RIN and a further 19% ileal conduits. The remaining 19% 
were cutaneous continent diversions. For LOS, 15.6% of 
females were discharged within 1–7 days, compared to 
30.5% for males. Approximately 69% of females were dis-
charged between 8 and 14 days, compared to 50% for the 
men. LOS greater than 14 days were similar at 15.6% for 
females and 19.5% for men.

The data presented in Table 1 provides no strong evidence 
to suggest that there is a difference between perioperative 
outcomes between males and females when diversion types 
are accounted for to the greatest extent possible. Some study 
differences are observed in operating times and length of 
stays, but these may be due to learning curve issues and local 
hospital discharge guidelines, respectively. Also, when 
reporting operating times, it is not always clear whether the 
reported value includes the time required for lymph node 
dissection. No positive surgical margins were reported in any 
of the studies.

With regard complications (see Table 2), there appears to 
be no significant evidence that females are more prone to 

Table 2 Summary of available oncological and functional outcomes following RARC with anterior exenteration in females as compared to males

Reference Cohort Diversion Complications Survival
Continence 
outcomes

Sexual 
outcomes

Pruthi 
[16]

12 women; mean 
age = 67.9 years

Ileal conduit = 9 
(75%)
Neobladder = 3 
(25%)

2/12 (17%)
Grade unidentified

Pruthi 
[17]

10 female; mean 
age = 68.4 years
40 male; mean 
age = 62.8 years
(Cysto- 
prostatectomy)

Females:
Ileal conduit = 7 
(70%)
Neobladder = 3 
(30%)
Males:
Ileal conduit = 
23 (57.5%)
Neobladder = 17 
(42.5%)

Females = 20%
Males = 30%
– Not found to be statistically 
significantly different

Yuh [20] 32 female
164 male

Females:
Ileal conduit = 
15 (46.9%)
Neobladder = 0 
(0%)
Continent 
cutaneous = 17 
(53.1%)
Males:
Ileal conduit = 
47 (28.7%)
Neobladder = 86 
(52.4%)
Continent 
cutaneous = 31 
(18.9%)

Gender not found to be a 
predictor of all complications or 
only major complications in 
univariate or multivariate 
analysis
Incidence of transfusion:
Women = 21/32 (66%)
Men = 65/164 (40%)

90 day survival rate:
Women = 30/32 (94%)
Men = 158/164 (96%)
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(continued)

Table 2 (continued)

Reference Cohort Diversion Complications Survival
Continence 
outcomes

Sexual 
outcomes

Johar [21] 189 female
750 male

Ileal conduit = 
613 (68%)
Continent = 294 
(32%)

Predictors of any complication—
multivariate analysis, pre- 
operative variables only:
Gender p-value = .605 (gender 
not significant predictor)
Predictors of Clavien III–V 
complication—multivariate 
analysis, pre-operative variables 
only:
Gender p-value = .097 (gender a 
weak predictor)
Odds ratio (female/male) = 0.67 
(0.42–1.07)

Predictors of 90-day 
mortality—multivariate 
analysis, pre-operative 
variables only:
Gender p-value = .766 
(gender not significant 
predictor)

Nazmy 
[22]

33 female
176 male

Female:
Ileal conduit = 
15 (45%)
Indiana pouch = 
18 (55%)
Male:
Ileal conduit = 
52 (30%)
Indiana pouch = 
33 (19%)
Orthotopic 
bladder 
substitute = 91 
(51%)

Predictors of urinary tract 
infection—multivariate analysis:
Gender p-value = 0.09 (gender a 
weak predictor)
Odds ratio (Female/Male) = 2.48 
(0.87–7.06)
Predictors of any complication—
multivariate analysis, pre- 
operative variables only:
Gender p-value = 0.6 (gender not 
significant predictor)
Predictors of Clavien III–V 
complication—multivariate 
analysis, pre-operative variables 
only:
Gender p-value = .7 (gender not 
significant predictor)
Predictors of anemia—
multivariate analysis, pre- 
operative variables only:
Gender p-value = .1 (gender a 
weak predictor)
Odds ratio (female/male) = 2.32 
(0.80–6.74)

Sung [23] RARC
4 female
31 male
ORC
19 female
85 male

RARC
Ileal conduits = 
13 (37%)
Neobladder = 22 
(63%)
ORC
Ileal conduits = 
81 (78%)
Neobladder = 19 
(18%)
Other = 4 (4%)

Predictors for Grade II or greater 
complications—multivariate:
Gender p-value = .028
Odds ratio (female/male) = 4.06

Tyritzis 
[24]

8 female; mean 
age = 55.6
2 with organ 
sparing
62 male; mean 
age = 60.3
41 with nerve 
sparing

All neobladders 12 month day:
Women 2/3 
(66%)
Men 16/18 
(89%)
Men 
(nerve-spared)
30/34
(88%)
12 month night:
Women 2/3 
(66%)
Men 13/16 
(81%)
Men 
(nerve-spared)
25/34 (73%)

Sexually 
active:
Women 4/8 
(50%)
Men 
(nerve- 
spared) 
27/32 (84%)
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Table 2 (continued)

Reference Cohort Diversion Complications Survival
Continence 
outcomes

Sexual 
outcomes

Canda 
[25]

2 female
25 male

Female
Neobladder = 2 
(100%)
Male
Neobladder = 21 
(84%)
Ileal conduit = 4 
(16%)

Minimum 5 
month 
follow-up—
Daytime:
Women 0/2 
(0%)
Men 8/12 
(66.6%)

Smith 
[26]

49 female
178 male

168 Ileal conduit 
(74%)
58 Neobladder 
(26%)

None:
Female = 37 (60%)
Male = 122 (69%)
Clavien I–II:
Female = 11 (22%)
Male = 42 (24%)
Clavien III–V
Female = 1 (2%)
Male = 14 (8%)
Logistic regression analysis:
Gender not a predictor of 
complications (p = .2148)

complications following RARC than males. Only in the 
study by Sung et al. [23] was gender found to be a significant 
predictor of complications (in this case Clavien II or greater). 
Their cohort was 139 patients (35 RARC, 104 ORC, with 4 
females in the RARC group and 19 in the ORC group). The 
odds ratios (OR) for grade II or greater complications were 
2.44 (1.02–5.84) for ORC versus RARC (p = .045) and 4.06 
(1.12–14.11) for females over males (p = .028). By contrast, 
Johar et al. [21] found a weak gender-specific difference in 
complications in a large cohort of 189 females and 750 males 
but actually in favor of females (OR female/male  =  0.67 
[0.42–1.07]). Nazmy et al. [22] in their study of 33 females 
[45% ECUD, 55% Continent Cutaneous Diversion (Indiana 
Pouch)] and 176 males (30% ECUD, 19% Continent 
Cutaneous Diversion (Indiana Pouch), 51% RIN) found a 
weak increase in risk for females for urinary tract infection 
and anemia requiring transfusion following RARC 
(OR = 2.48 and 2.32, respectively).

7.2  RARC with Anterior Exenteration: 
Oncological and Survival Outcomes 
(See Tables 1 and 2)

There is a paucity of data on pathological outcomes between 
men and women, where available lymph node yield and mar-
gin status are presented in Table 1. In their follow-up study 
comparing men and women, Pruthi et al. [17] did note that 
50% of females had a pathological outcome of less than or 
equal T2N0 (compared to 70% for men); 30% had T3N0 
(15% for men) and 20% TxN+ (15% for men). Their male 

data included a cohort of 20 men that had been operated 
upon prior to any of the women, and thus outcomes may 
have been comprised the operating surgeon’s inexperience 
and learning curve.

Attempts to compare complication and survival outcomes 
between women and men are summarized in Table 2. Again, 
there are some confounding factors that must be considered, 
and as in the previous section, in some cases it was impossi-
ble to stratify the type of UD by gender. However, many of 
these studies employ multivariate logistic regression analy-
ses that include UD as one of the variables, and so UD would 
be accounted for.

In the few studies with comparable survival data, there is 
no evidence that gender is significant. Yuh et al. [20] noted 
similar 90-day survival rates between men and women, even 
though a much higher fraction of men underwent the more 
complex neobladder procedure. In their multivariate logistic 
regression analysis of 90-day mortality, Johar et al. [21] did 
not find that gender was a significant factor (p = .766).

7.3  RARC with Anterior Exenteration 
Outcomes: Functional Outcomes (See 
Table 2)

Although formal statistical analyses were not provided, it 
does appear continence rates are higher for males. In their 
study, Tyritzis et al. [24] focused only on patients that under-
went RIN (patients assessed were 3 women, 18 men, and 34 
men who underwent nerve sparing RARC). They found 12 
months day continence rate for women was 66%, compared 
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to 89% for men and 88% for nerve-spared men. With regard 
to nighttime continence, 66% of women compared to 81% of 
men and 73% of nerve-spared men were dry at night. The 
study by Canda et al. [25] also showed similar results in 2 
women and 12 men undergoing RARC with RIN. At mini-
mum 5 months follow-up, neither of the women achieved 
daytime continence, while 66% of the men reported conti-
nence during the day. The study by Tyritzis et al. [24] was 
also the only one where data reporting on sexual activity 
allowed any comparison between men and women, finding 
men were more sexually active following RARC (84% com-
pared to 50%).

8  Female POP RARC Outcomes

As has been discussed, the potential criticism of female POP 
RARC is underestimating disease stage prior to the proce-
dure, resulting in inadequate excision with a negative influ-
ence of longer-term oncological outcomes. Nevertheless, a 
recent systematic review examining 197 female POP open 
cystectomy (ORC) patients with follow-up between 1 and 
nearly 13 years showed disease-free survival (DFS) of 
87–100% and cancer-specific survival (CSS) of 70–100% 
[9]. This compares favorably to a larger multicenter series of 
standard ORC without preservation of the gynecological 
organs in 888 patients (167 of whom were female), which 
demonstrated DFS and CSS at 5 years follow-up of 58% and 
66% [27]. Similarly, with neobladder as the modality of UD, 
local urethral recurrence rates for the standard ORC and POP 
ORC also compare favorably at 0.6–4.3% and 0–13% [9, 
28–30]. However, transferring these outcomes from open to 
POP RARC as a technique has been less well studied with a 
paucity of series in the literature examining functional and 
oncological outcomes.

The first report of organ preservation during RARC in 
women was provided by Menon et al. in 2004 [31]. This was 
a case series study of three female patients, aged 59–66 all 
with preoperative tumor stage T3b. The chosen UD was dif-
ferent for each (W and T-pouch neobladder and Ileal con-
duit). Final histopathology ranged from PT1 to PT3a with all 
surgical margins negative. There were no in-hospital compli-
cations reported, no open conversions and LOS ranged from 
5 to 8 days. These findings supported the view the technique 
was safe and technically feasible, although it clearly required 
more study before widespread use.

More recently, Tuderti et al. [32] reported a retrospective 
case series of 11 female patients undergoing organ sparing 
RARC with RIN (Padua type). Their mean age and BMI 
were 47.1 years and 23.1, respectively. Ten of the patients 
had ASA scores of 2 or less prior to surgery. The median OT 
and LOS was 255 min and 7 days, respectively. No major 
complications (Clavien-Dindo grade III or higher) were 

reported. Four patients suffered from lower grade, Clavien- 
Dindo grade I-II, complications. The mean lymph node 
count was 26.2, and no positive surgical margins were 
reported. At median follow-up of 28 months, 1-year 
recurrence- free, cancer-specific, and overall survival were all 
100%. The probability of daytime and nighttime continence 
recovery was determined as 90.9% and 86.4%, respectively. 
Results from the EORTC-QLQ-C30 survey indicated that 
the global health status/quality of life and physical and emo-
tional functioning items improved significantly over time (all 
p ≤ 0.04). Of the 11 patients, 8 (72.7%) remained sexually 
active at the 12-month evaluation.

In a video publication demonstrating their technique, Goh 
et al. [33] also summarized their method and results in a case 
series of four females of median age and BMI of 67 years 
and 27, respectively, so older and potentially at higher risk 
when compared to the previous study of Tuderti et al. [32] 
Median OT was 396 min, and media lymph node yield was 
63. All surgical margins were negative, and the median LOS 
was 12 days. One patient required a blood transfusion, but no 
long-term outcomes or functional outcomes were described.

Apart from the better functional outcomes and if com-
bined with RIN, improved body image and ovarian sparing 
will preserve estrogen levels, lowering the risk of long-term 
osteoporosis as well as the potential cognitive and cardiovas-
cular issues related to chronic estrogen depletion. If RIN is 
the chosen modality of UD, the gynecological organs will 
also provide mechanical support to the neobladder, reducing 
the angle of the neobladder-urethral anastomosis and reduc-
ing the risk of postoperative neobladder retention [34]. 
Although a small number of series, the findings suggest that 
female POP RARC and RIN is not only safe and technically 
feasible but also may improve sexual activity and continence 
outcomes at rates similar to organ sparing ORC.  A recent 
systematic review sanctioned by the EAU and incorporated 
into the European Association of Urology (EAU) guidelines 
for muscle invasive bladder cancer (MIBC) suggested female 
POP ORC and neobladder offered the potential for improve 
potency and continence [34], and from a technical viewpoint, 
these findings would also support use of the robotic approach.

9  ERAS

The concept of “Enhanced Recovery after Surgery” (ERAS) 
was developed in colorectal surgery in the late 1990s. It actu-
ally refers to detailed activities relevant to patient’s prepara-
tion before surgery outlining pre-, peri-, and post-surgery 
protocols all aimed at speeding up and improving recovery 
[35]. Investigating the physiology of surgical recovery and 
the stress response to surgical trauma, it became clear that 
catabolic processes induced by the hormonal response to sur-
gical stress, mediated by inflammatory and metabolic path-
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ways, may have a negative impact on surgical recovery [35]. 
To prevent the negative effects of this catabolic stress 
response, a number of pre- and postoperative protocols were 
devised. Robotic surgery, as a minimally invasive approach, 
contributes to ERAS programs by limiting surgical trauma. 
According to the Karolinska ERAS pathway, patient educa-
tion regarding in-hospital care pathways, complications, and 
surgical recovery are an important part of the preoperative 
process, as is medical optimization, including cessation of 
smoking and dietary advice to optimize preoperative nutri-
tional status. At the authors center, patients are recommended 
for clear fluids and loading with carbohydrates the day before 
surgery, with no specific additional bowel prep. In the OR, 
epidural analgesia is avoided, antibiotics are administered at 
induction according to AUA guidelines, and pneumatic calf 
compression with heparin at induction is used for thrombo-
prophylaxis. Postoperatively patients are managed initially 
on the intensive care unit, but the emphasis is on early feed-
ing and mobilization, with multimodal analgesia with a view 
to minimizing the use of opioids. On discharge, thrombopro-
phylaxis is prescribed for another 3 weeks. To date there is 
little information regarding effectiveness of ERAS protocols 
specific to female RARC, and further study is required in this 
area.

10  Learning Curves

All modalities of RARC, especially if RIN is the planned 
modality of UD, require great technical expertise. As a result, 
surgical mentoring and trainee learning curves for RARC are 
an important part of the procedure’s introduction into robotic 
programs, notwithstanding the potential negative influence 
of less experienced robotic cystectomy on functional and 
oncological outcomes.

There are a few studies that have examined learning curves 
using sequential case numbers and surgical experience by 
volume as variables, with an additional analysis of patient 
gender (Porreca et al; Calderon et al.; Hellenthal et al.) [36–
39]. In the study by Porreca et al. [36], they used a sequential 
case number model assessing 90-day postoperative complica-
tion rates but found gender not to be significant on univariate 
analysis (p = 0.7). Similarly, Calderon et al. [37] examined 
any complications and major complications using surgical 
experience as one of the predictor variables with gender once 
again not showing significance. Although there is a paucity of 
data, the published evidence suggests that female RARC may 
be learnt without any negative influence on perioperative out-
comes, but further study is required. Overall, those groups 
who studied learning curve analysis, not only for female 
RARC but for RARC as a whole, emphasized learning should 

be modular and take place within an experienced mentor and 
team in an established robotic program. Moreover, the educa-
tional approach should be multimodal combining experience 
gained in the OR with theoretical lectures and a detailed mod-
ular examination of technical videos where the procedure is 
performed by experts [36].

11  Novel Approaches to RARC

As female RARC becomes more widespread in established 
programs with more technical advances in robotic surgery, 
new indications and approaches are emerging. These include 
single port RARC, palliative RARC, salvage RARC, and 
RARC in the elderly. Once again there are limited studies on 
these approaches that have specific reference to gender, but 
there is some emerging data.

Female Elderly RARC.  Mortezavi et  al. [40] examined 
the postoperative complications in octogenarians following 
RARC with ICUD. There cohort consisted of 1726 patients 
<80 years of age and 164 >80 years of age. By analyzing 
predictors of any complication and specifically major com-
plications with Clavien-Dindo classification greater than III, 
they found that gender was a nonsignificant predictor in 
either. By further examining cancer-specific, other cause, 
and all-cause mortality, once again gender was not found to 
be a significant factor. In another study of RARC in octoge-
narians, Elsayed et  al. [41] found that females were more 
prone to readmissions following RARC with an odds ratio of 
2.10 (1.30–3.50; p <  .01), but gender was not a significant 
factor for recurrence-free survival, disease-specific survival, 
or overall survival.

Single port RARC. In the evolution of minimally invasive 
approaches, single port robotic systems are now being used 
in a number of high volume robotic programs. In one of the 
earliest reports of single port RARC, Kaouk et al. [42] pre-
sented a case series of four patients, two of whom were 
females. One was a 70-year-old female who presented with a 
pT2 tumor and underwent single port RARC with extracor-
poreal urinary diversion. The OT was 496 min with an EBL 
of 100 ml. A total of nine lymph nodes were retrieved (all 
negative), and the final pathology was pT4aN0. LOS that 
was 5 days with only one Clavien-Dindo grade I 30-day 
complication was reported (nausea and vomiting). The sec-
ond was a 71-year-old female with a pT1 tumor. OT was 
420 min, EBL was 100 ml, 18 lymph nodes were retrieved 
(all negative), and the final pathology was pTisN0. She was 
discharge 5 days post procedure and did not report any 30 
day complications.

These favorable reports of female RARC in novel settings 
require further study.
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12  Conclusion

Female RARC with standard anterior exenteration and pel-
vic organ preservation, as well as both ileal conduit and 
intracorporeal neobladder as modalities of urinary diversion, 
is increasingly widespread. The techniques for each of these 
approaches in females are now well established, and apply-
ing a step-by-step modular approach as described facilitates 
smooth progress through the operation as well as facilitating 
learning. Reviewing the literature reveals, apart from some 
evidence of an increase risk in urinary tract infection and 
perioperative anemia requiring transfusion, there is no 
gender- specific increase risk of adverse perioperative out-
comes. Similarly, for either standard or POP female RARC, 
if neobladder is the modality of urinary diversion, females 
may have an increased risk of long-term incontinence, but 
otherwise there are no gender-specific differences in func-
tional or oncological outcomes reported. With regard to 
female POP RARC, the published evidence suggests it is 
feasible and, when patients are carefully selected, has the 
potential to improve functional outcomes without compro-
mising oncological outcomes. Although there is a paucity of 
learning curve analyses specific to female RARC, the data 
available shows female RARC can be taught in high volume 
robotic programs without adversely influencing outcomes. 
Moreover, as high volume robotic programs gain experience, 
single port RARC and RARC in elderly patients over 80 is 
becoming more widespread, with early reports of favorable 
results.
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Robot-Assisted Intracorporeal Ileal 
Conduit

Carl J. Wijburg , Stephan Buse, and Erdem Canda

1  Introduction

The use of intracorporeal urinary diversion has increased from 
9% in 2005 to 95% in 2018. Although the technique may seem 
to be more complicated because of the intracorporeal robot-
assisted laparoscopic bowel handling, high volume centers 
show shorter operative times and no difference in high-grade 
complications as compared to the extracorporeal technique 
[1]. High-grade complications decreased with time and can be 
as low as 10% [2]. A transition from extracorporeal to intra-
corporeal urinary diversion is safe and reduces operative time, 
blood loss, and uretero-enteric stricture rates [3].

A recent meta-analysis also showed lower blood loss and 
less need for blood transfusion, shorter operative times, and 
comparable complications rates for the intracorporeal tech-
nique [4]. We provide here a step-by-step description of 
intracorporeal robot-assisted ileal conduit.

2  Patient Positioning

Patient positioning is depending on the robotic system and 
the sex of the patient.

Details are described in Chap. 20 (RARC). In short, male 
patients are positioned in 25–30 degrees Trendelenburg. da 
Vinci Si or X-system can be located between the legs in lithot-
omy position. Alternatively, side docking with legs straight is 
also possible. For da Vinci Xi-system, the male patients can be 
positioned with straight legs and 25–30 degrees Trendelenburg.

In female patients, lithotomy positioning and 25–30 
degrees Trendelenburg are always the preferred approach. 
The choice between side docking or robot position between 

the legs will depend on the robotic system. Side docking is 
advisable in the case of a simultaneous urethrectomy.

During the bowel-handling part of iRARC, Trendelenburg 
tilt can be reduced to 15–25 degrees. If table motion is avail-
able, undocking the robot is not needed, and the Trendelenburg 
can be adjusted to an optimal minimum number of degrees.

3  Instruments

For the bowel handling part in particular, it is crucial to be 
aware of the force of the instruments and how traumatic they 
can be for vulnerable organs like the ileum. Therefore, we 
advise not to use needle drivers, ProGrasp, and Maryland 
bipolar forceps for the bowel handling. Special bowel instru-
ments like Small Graptors are preferable for bowel handling. 
For bowel and tissue handling, the Cadiere forceps is a safe 
and useful instrument. Not only the type of instrument but 
also the atraumatic surgical technique plays an important 
role. To prevent iatrogenic trauma to the bowel, care should 
be taken to grab as much as possible the fatty tissue close to 
the bowel, instead of the bowel itself.

4  Trocar Placement

For trocar placement during cystectomy, please refer to 
Chap. 20 (RARC). For intracorporeal conduit, based on our 
experience, guiding the stapler from the left side will ensure 
better maneuverability inside the abdomen. Depending on 
surgical preferences the additional robotic arm will be either 
on the right-hand side or on the left-hand side.

4.1  Two Robotic Arms on the Left

If two robotic arms on the left side were used during the cys-
tectomy, the most lateral of these two arms should be used 
for the robotic stapler (SureForm). This also applies if 
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Fig. 1 Trocar placement two robotic arms on the left side of the patient, 
port-through-port
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Fig. 2 Trocar placement two robotic arms on the right side of the 
patient

another stapling device is used. The stapler should then be 
inserted from the most lateral (15 mm) trocar (2 cm medial 
and 2–4 cm superior to the left anterior superior iliac spine). 
An 8 mm-sized robotic trocar for the first arm goes through 
the 15 mm-sized port (port through port), and at the time of 
ileal stapling, first arm is undocked with the 8-mm port, and 
ileal staplers go through the 15 mm-sized port. In addition, 
an Alexis port (C8501, S 2.5–6 cm) can be inserted above the 
umbilicus, and the 8-mm-sized camera robotic port for the 
third arm goes through the Alexis port (Fig. 1). The Alexis 
port might be used in order to extract the cystoprostatectomy 
specimen in male patients.

4.2  Two Robotic Arms on the Right

The use of two robotic arms on the right side during the cys-
tectomy (see Fig. 2) will require redocking of arm number 1 
to reach the most lateral left position for the stapling device.

To use the robotic stapler, arm number 1 is undocked with 
the 8 mm trocar left in place. The 12 mm robotic trocar is 
then docked on arm number 1 and inserted through the 
15 mm port. The camera is now inserted in arm number 3 
and the left-hand instrument in arm number 2. Now the sur-
geon has a robotic stapler most lateral to the left and bowel 
handling instruments in arm number 2 and 4.

In case of the use of laparoscopic bowel staplers, the 
robotic arms can stay in place, and the bowel stapler is 
inserted through the 15 mm port.

5  Staplers

Different laparoscopic stapling devices are available on the 
market with continuously improving techniques. In addition, 
the length of the staplers can differ. It is advisable to have 
knowledge of the technique, the length, and the depth of the 
staplers that will be used. For example, both bowel staplers 
and vascular staplers should be available.

The robotic stapling device is available in 45  mm or 
60 mm. The 60 mm is preferred, because the ileal-ileal anas-
tomosis needs to be closed, for which at least one filling with 
the length of 60 mm is necessary. An advantage of the robotic 
stapler is that the surgeon has full control of the angle and 
positioning of the stapler and the firing process.

6  Step by Step: Bowel Handling 
and FireFly

First, the ileocecal junction is identified. About 20  cm 
proximal of this junction, the bowel is stapled with a 
60 mm firing, perpendicular to the bowel (Fig. 3). In obese 
patients, a longer section of meso is necessary to extract 
the ileal conduit at the end of the operation. One extra fir-
ing of 45 mm or 60 mm with a vascular stapler may then 
be used. To preserve the good vascularity of the ileum, it is 
of utmost importance to place the stapler perpendicular to 
the bowel. To ensure that vascularity is maintained, we 
suggest the following approach: close the stapler without 
firing it. Now (if available) use the FireFly technique. 
Inject 2–4  ml Verdye solution (indocyanine green, ICG) 
and check the perfusion of bowel and ureters. If there is 
good perfusion of the bowel, one can fire the stapler. 
Should the perfusion not appear optimal (Fig.  4), then 
open again and reposition the stapler and check  perfusion 
again. This not only can prevents serious bowel-related 
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60 mm
perpendicular

Fig. 3 Bowel stapling

a b

dc

Fig. 4 Check bowel perfusion with FireFly technique (a) stapler is placed and closed, perpendicular to the bowel (b) Verdye is injected intrave-
neously. With the FireFly technique, good perfusion (green) is shown only in the lower part (c and d) stapler is opened, perfusion of the bowel is 
restored and stapler is replaced and closed

complications but also prevents uretero-enteric strictures. 
As shown in Fig.  5, the perfusion of the ureters can be 
checked easily, and the place of the uretero-enteric anasto-
mosis can be adjusted as needed.

The length of bowel needed for the formation of an ileal 
conduit depends on the adiposity of the patient. In most 

patients about 15 cm should be enough. Again, we suggest 
stapling the oral side of the ileal conduit (perpendicular) 
with 60 mm. Before the start of the ileal-ileal anastomosis, 
the distal part of the ileum (proximal from the last staples) 
can be excised with another 60 mm bowel or vascular sta-
pler, Fig. 6.

Robot-Assisted Intracorporeal Ileal Conduit
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a

c

b

d

Fig. 5 Check ureter perfusion with FireFly technique (a) normal view of right ureter (b) perfusion of right ureter is checked with FireFly (c) 
normal view of left ureter (d) perfusion of left ureter is checked with FireFly

EXCISE

a b

Fig. 6 Excise proximal part of the bowel (a) staple close and parallel to the bowel (b) excise proximal part of the bowel with stapler
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6.1  Side-to-Side Anastomosis Ileum

The last step is the formation of a side-to-side ileal-ileal 
anastomosis. First a small hole in the bowel is made, close to 
the staples, on the antimesenteric side. The next step consists 
of the insertion of one limb of a 60 mm bowel stapler in the 
lumen of each ileum (Fig. 7a, b). Make sure that only the 
antimesenteric ileum border is included between the limbs of 
the stapler. Each limb must be inserted completely, to ensure 

that a wide ileal-ileal anastomosis is created (Fig. 7c, d). A 
second 60 mm stapler can be used, if the opening appears to 
be too small (Fig. 7e). The last step is to transversely close 
the opening of the two ileal parts with a 60 mm bowel stapler 
(Fig. 7f). The complete side-to-side ileal-ileal anastomosis is 
checked for its width and integrity. With a 3/0 absorbable 
suture, the top and the corner of the anastomosis can be rein-
forced. The mesentery gap between the anastomosis needs 
no reconstruction.

a b

c d

e f

Fig. 7 Step-by-step and side-to-side stapled ileal anastomosis. (a, b) 
insertion first limb of 60 mm stapler  in distal ileal loop. (c, d) insertion 
second limb of 60 mm staler in proximal ileal loop. (e) extend side-side 

anastomosis with 45 or 60 mm stapler. (f) close the opening of the two 
ileal parts with a 60 mm bowel stapler

Robot-Assisted Intracorporeal Ileal Conduit
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7  Step-by-Step: Uretero-enteric 
Anastomosis Techniques

The most commonly used techniques for uretero-enteric 
anastomosis are Bricker (side-to-side, separate) and Wallace 
(conjoined, side-to-side end). Care should be taken to pre-
vent uretero-enteric strictures, which occur in 3–15% of the 
patients. One population-based retrospective study com-
pared stricture rates after open radical cystectomy (ORC) 
with RARC, performed between 2009 and 2014 [5]. The 
stricture incidence after 1-year follow-up was higher for 
RARC (15%) vs. ORC (9.5%). A stricture was defined as the 
need for an intervention. The study could not differentiate 
between intra- and extracorporeal reconstruction 
technique.

A single center observational study of a large intracorpo-
real cohort showed a stricture rate of 6.5% at a median time 
of 165 days after surgery [6]. Strictures occurred in 8.3% of 
patients with an orthotopic neobladder and in 5.4% of 
patients with an ileal conduit urinary diversion. There was 
no difference in stricture rates between monofilament or 
barbed suture.

A comparative study showed no difference in stricture 
rates between the Bricker and Wallace technique [7]. 
Indocyanine green (ICG) fluorescence to assess distal ureter 
perfusion during intracorporeal reconstruction may reduce 
the risk of ischemic uretero-enteric stricture [8].

7.1  Bricker Technique

The first step is to bring the oral side of the ileal conduit 
toward the left ureter that is passed under the mesosigmoid 
from the left to the right (Fig.  8a). With a V-Lock barbed 
absorbable suture, the stapled meso of the ileum is attached 
to the peritoneum of the mesosigmoid (Fig.  8b). Then the 
bowel is opened on the side with scissor. The hole should be 
as large as 2–3 cm in length (Fig. 8c). Thereafter, the ureter 
is opened on the avascular side and spatulated for 2–3 cm 
(Fig.  8d). With a double-armed absorbable barbed suture 
(like FillBlock), a circular ureter-bowel anastomosis is made. 
The suture is started on the left side, outside-in of the bowel 
and then to the corner of the spatulated ureter, inside-out of 
the ureter (Fig. 8e, f). It is continued with the dorsal caudal 
side taking care that the suture is tight enough but without 
excessive traction (Fig. 9a). Now a ureter stent is inserted, 
either a double J or single J stent Ch7-8, or a straight Ch8-10 
silicon drain (Fig. 9b). The straight drain should be fixed to 
the bowel with a rapid absorbable suture (Fig.  9c). After 
closing the cranial side of the anastomosis, the ureter is tran-

sected, and its distal part is sent to the pathologist (Fig. 9d). 
Finally, the anastomosis of the left ureter is closed and 
completed.

To start the anastomosis of the right ureter, the ileal con-
duit is flipped cranially, and a hole is opened in the bowel on 
the caudal/right side (Fig. 9e, f). The right ureter is straight-
ened, incised transversely, and spatulated for 2–3 cm. The 
same technique described for the left ureter is then used. 
When both ureters are implanted in the ileal conduit, the con-
duit is covered with the peritoneum of the mesosigmoid, to 
prevent traction on the conduit and ureters. This may also 
prevent herniation of small bowel underneath the left ureter 
(Fig. 10).

7.2  Wallace Technique

An alternative approach to uretero-enteric anastomosis is the 
creation of a ureter plate (Wallace type, Fig. 11). After pass-
ing the left ureter through the mesosigmoid to the right, both 
previously clipped ureters are hold using the fourth robotic 
arm in front of the orifice of the inner inguinal ring on the 
patient’s right side. It is crucial to ensure that the ureters are 
not crossed and that the right ureter is placed on the right 
side. Using the fourth arm, both ureters are then incised over 
a length of 2–3 cm. To create the posterior plate, both dorsal 
sections of the ureters are sutured using a running 4-0 or 5-0 
monofilament absorbable suture. Care should be taken to put 
the suture knot outside the plate. Both stapled ends of the 
bowel are cut with scissors. Through the ileum conduit part, 
mono- or double J catheters are inserted into the ureters from 
the aboral to the oral end of the ileum (the anastomosis 
between Wallace plate and ileum is conducted on the oral 
side of the conduit).

To avoid dislocation during removal of the guidewire, it 
proved useful to hold the stent in place by grasping it using a 
Cadière forceps. If available, for later differentiation, stents 
of different color may be used.

To perform the anastomosis of the plate with the ileum 
conduit, suture is prepared by tying two 4-0 monofilament 
absorbable sutures, 18 cm long back to back using a round 
half-circle needle as to achieve a double-armed suture. 
Alternatively with a double-armed absorbable barbed suture 
(like FillBlock). The first running suture is started immedi-
ately left of the mesentery (7 o’clock position) from the out-
side and is led to the inside of the right ureter at the proximal 
end of spatulation. The suture is continued in counterclock-
wise direction keeping an outside-in direction on the enteric 
tissue and an inside-out direction for the ureteral plate. Every 
three bites the suture is carefully tightened to bring the edges 
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a b

dc

e f

Left ureter

Stapled ileal
mesentery

Peritoneum
sigmoid

Fig. 8 Step-by-step uretero-enteric anastomosis left ureter. (a) 
Transpose  left ureter under the mesosigmoid from the left to the right. 
(b) stapled meso of the ileum is attached to the peritoneum of the meso-

sigmoid. (c) bowel is opened 2–3 cm. (d) left ureter is opened on the 
avascular side and spatulated for 2–3 cm. (e, f)  circular ureter-bowel 
anastomosis is made
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c d

fe

Fig. 9 Step-by-step ureteroenteric anastomosis right ureter and stent 
placement . (a) ureter-bowel anastomosis, dorsal caudal side. (b) inser-
tion of ureter stent, either a double J or single J stent Ch7-8, or a straight 
Ch8-10 silicon drain. (c) straight drain fixed to the bowel with a rapid 

absorbable suture. (d) After closing the cranial side of the anastomosis, 
the ureter is transected, and its distal part is sent to the pathologist. (e, 
f) To start the anastomosis of the right ureter, the ileal conduit is flipped 
cranially, and a hole is made in the bowel on the caudal/right side 
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a b

c

Fig. 10 Retroperitonialisation of oral side of ileal conduit. (a–c) the conduit is covered with the peritoneum of the mesosigmoid

to each other. This first running suture is continued until a 12 
o’clock position is reached. The second suture is now started 
clockwise from 7 to 12 o’clock using the same technique of 
outside-in on the enteric and inside-out of the ureteral part of 
the anastomosis. Care should be applied to avoid suturing the 
ureteral stents. Once both sutures are at the 12 o’clock 
 position, they are tied to each other to complete the uretero- 
enteric anastomosis.

8  Step by Step: Extraction Ileal Conduit 
and Stoma Formation

Skin is excised at the preoperatively marked preferred stoma 
site, the fascia of the abdominal wall is incised for each 
4–5 cm in the length and transversely, the fibers of the mus-
culus abdominis is spread, and the peritoneum entered. Care 

should be taken that the opening is as wide as two fingers, 
and then a bowel clamp is placed on the distal side of the 
ileal conduit to extract it.

All instruments are extracted, the abdomen is deflated, the 
robot is undocked, and the trocars are removed. To extract 
the cystectomy specimen, the incision of the 15 mm trocar 
on the left side is enlarged. Alternatively, the specimen can 
be extracted using a Pfannenstiel incision. In women, trans-
vaginal extraction is also a possibility. The incision is then 
closed stratum by stratum as usual. Alternatively, as described 
above, a supra-umbilical Alexis port might be used in order 
to extract the cystoprostatectomy specimen in male patients.

Work is then resumed on the ileal conduit: The ileum is 
fixed to the fascia and/or to the skin, opened by excising the 
staples line, and the lumen is everted. The straight splints 
(single J or silicon drains) are led out of the conduit. If dou-
ble J stents are used, or if the splints cannot be reached with 
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Fig. 11 Construction of Wallace type side-to-side uretero-uretero anastomosis

a finger, a catheter can be placed in the stoma with 3–5 cc in 
the balloon, for about 3 days.

Although often double J stent can be removed with a fin-
ger in the conduit, single J or straight drains used as ureter 
stent are preferred over double J stents, because they do not 
require flexible cystoscopy in the conduit for extraction.

9  Tips and Tricks

The uretero-enteric anastomosis can be checked for possible 
leakage at the end of the procedure. Instead of removing tro-
cars as described above, all ports are left in place. After com-
pletion of the conduit, the abdomen is insufflated with CO2, 
and sterile serum is given through the stoma opening while 

the anastomosis is visualized. Should leakage be detected, 
additional sutures are applied?
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Robot-Assisted Intracorporeal 
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Abbreviation

e-PLND Extended pelvic lymph node dissection
ERP Enhanced recovery protocol
ICUD Intra-corporeal urinary diversion
RARC Robot-assisted radical cystectomy

1  Introduction

Radical cystectomy with extended pelvic lymphadenectomy 
(ePLND) and urinary diversion still represents the gold stan-
dard treatment for muscle invasive bladder cancer and high- 
risk bladder cancer unresponsive to intravesical treatments. 
Irrespective of surgical approach RC remains a complex 
multistep surgery, being associated with a high rate of com-
plications [1, 2]. With the purpose of further reducing mor-
bidity, minimally invasive approaches have been described, 
and the 2020 EAU guidelines [3] consider robot-assisted 
radical cystectomy (RARC) as a viable alternative to open 
radical cystectomy (ORC). Concluding current evidence 
indicates RARC has longer operative time (1–1.5  h) and 
major costs but shorter length of hospital stay (1–1.5 days) 
and less blood loss compared to ORC [4]. Surgeons’ experi-
ence and institutional volume are considered the key factor 
for outcome of both RARC and ORC [5]. Laparoscopic radi-
cal cystectomy never gained wide acceptance in the urologi-
cal community due to long operative time and the technical 
difficulties related to both ePLND and urinary diversion 
reconfiguration. With the introduction of robot-assisted lapa-
roscopic surgery, RARC has emerged as a more viable alter-
native to both open and laparoscopic approaches to radical 
cystectomy [6, 7].

To date, the RARC experience is increasing worldwide, 
minimizing surgical insult, and aiming to result in reductions 
in postoperative morbidity while offering improved ergo-
nomics for the surgeon [8]. Several meta-analyses have dem-
onstrated that RARC decreases blood loss and reduces 
overall complication rates, resulting in reduced transfusion 
rates, shorter time to normal diet, and length of stay [4, 9], 
without compromising oncologic safety as compared to open 
surgery [10]. Several urinary diversions have been described, 
but only limited randomized clinical trials performed by few 
super-specialized tertiary referral centers have demonstrated 
the advantages offered by intracorporeal urinary diversion 
(ICUD). The potential advantages of a complete intracorpo-
real procedure are less intraoperative blood loss, decreased 
bowel manipulation and exposure, reduced insensible losses, 
decreased morbidity from smaller incisions, reduced postop-
erative analgesic requirements, shorter hospital stay, and ear-
lier return to normal activities [7].

In this paper we describe our standardized approach with 
modifications to technique for intracorporeal neobladder for-
mation performed since December 2003 [6].

2  Materials and Methods

In this chapter, we describe our standardized approach to 
modified Studer intracorporeal neobladder formation per-
formed from 2003 identifying potential hazard steps and 
identifying strategies to help avoid complications [6]. 
Particularly attention has been placed in patient selection, 
preoperative preparation, enhanced recovery protocol (ERP), 
operative setup including patient positioning, and the equip-
ment required.
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2.1  Patient Selection, Inclusion, 
and Exclusion Criteria

The selection process includes preoperative investigation to 
ensure fitness for surgery as well as specific counseling about 
robotic technology. The exclusion criteria for RARC include 
the following: (a) bulky tumors with persisting signs of 
locally advanced/frozen pelvis cancer, cT4 disease after neo-
adjuvant chemotherapy; (b) history of extensive abdominal 
surgery; (c) the presence of contraindications to laparoscopy 
and steep Trendelenburg position (30°): ASA score >3, 
severe cardiac and/or lung insufficiency; and (d) relative 
contraindications that include avoiding bulky tumors (cT3-4) 
early in the learning curve, extensive lymph node involve-
ment, age >75 years, and body mass index (BMI) >30.

In the absence of contraindications and following appro-
priate discussion, patients chose between an open procedure 
and RARC with totally intracorporeal orthotopic ileal neo-
bladder or ileal conduit.

2.2  Preoperative Preparation 
and Enhanced Recovery Protocol

In order to reduce perioperative stress response and to aid 
faster patient recovery, we routinely apply an enhanced 
recovery protocol (ERP) [2, 11]. There is also evidence for 
decreased financial costs associated with ERAS for radical 
cystectomy [12]. Our multidisciplinary team routinely sug-
gests the patient preoperative regarding smoking cessation, 
appropriate weight loss, and physical activity. Medical 
comorbidities are addressed, and cardiopulmonary testing is 
completed where indicated. Social issues are identified, and 
discharge planning is agreed before admission. The ERP 
protocol advises no preoperative mechanical bowel prepara-
tion, and premedication includes omeprazole and metoclo-
pramide with the avoidance of anxiolytics preoperatively. 
Postoperatively avoidance of the use of opiate-based anal-
gesia, early postoperative nasogastric and drainage tubes 
removal as well as early feeding and patient mobilization 
aid early bowel recovery. All patients have a stoma site 
marked the day before surgery. One dose of broad-spectrum 
intravenous antibiotics is administered at the start of the 
procedure [11].

2.3  Operative Setup

After induction of general anesthesia and nasogastric tube 
and sterile urinary catheter insertion, patient is placed in 
lithotomy position with arms adducted and padded. The 
lower limb calves are wrapped with Flowtron pneumatic 
compression stockings and then placed and secured within 

stirrups where they can be abducted and slightly lowered on 
spreader bars. The table is placed in the 25–30° Trendelenburg 
position. Standard, Si, and Xi da Vinci robotic systems 
(Intuitive Surgical, Sunnyvale, CA, USA) have been used, 
respectively. The technique has evolved with experience 
from 2003, and the technique described in this chapter has 
been used since 2008. A 0° lens is used for the majority of 
cases. Standard robotic instruments are: Maryland Bipolar 
Forceps, Large Needle Driver, Monopolar Curved Scissors, 
Cadiere forceps, and bowel graspers. Among other standard 
laparoscopic surgical equipment, essential additional instru-
ments are required: LigaSure ® (Covidien plc, Dublin, 
Ireland), surgical endoscopic clip applicators, laparoscopic 
Endo-Catch bags, and laparoscopic stapler with 60 and 
45 mm cartridges for intestinal stapling.

2.4  Surgical Technique

2.4.1  Trocar Configuration
RARC is commonly performed via a six-port laparoscopic 
approach. A 5-cm supraumbilical optical port position is 
placed with Hasson technique; the other ports are placed in 
view of the camera. A pneumoperitoneum pressure of 
18 mmHg during the port placement can be helpful in creat-
ing additional tension on the abdominal wall. Two robotic 
ports are placed symmetrically and level with the umbilicus 
on the left and right side, lateral to the rectus sheath. A third 
robotic instrument port is placed just above and medial to the 
left anterior superior iliac spine through a 15-mm port 
thereby enabling laparoscopic stapling by the assistant when 
the third robotic port is temporarily disconnected. Two assis-
tant 12-mm ports are placed on either side of the right robotic 
instrument port (Fig. 1). The pneumopertioneum can then be 
reduced to 10–12 mmHg.

E

Fig. 1 Port configuration. Karolinska six-port approach
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2.4.2  Orthotopic Neobladder, Intracorporeal 
Technique

Step 1: Development of periureteral space, clipping, and 
division of ureters
The ureters are identified, and the peritoneum covering them 
is carefully opened. The ureters are dissected out toward the 
bladder, holding them by the peri-ureteric tissue and main-
taining adequate peri-ureteral tissue. Avoid excessive dissec-
tion of the peri-ureters, as this causes increased risk of 
strictures. Close to the ureterovesical junction, they are 
divided between two Hem-o-lok clips. The Hem-o-lok clips 
on the ureter end are knotted at their corner with a suture to 
facilitate the handling of the ureter: a direct manipulation of 
the ureter with the robotic instruments during construction of 
the urinary diversion should be avoided in order to prevent 
ureteric trauma and later strictures. The distal ureteric mar-
gin will be sent for frozen section in case of CIS in the 
bladder.

Step 2: Passing the left ureter to the right side under the 
mesosigmoid
After completion of RARC and ePLND, the presacral area 
under the mesosigmoid is already prepared, as the lymph 

nodes below the aortic bifurcation are removed at both sides 
[6]. The robotic Cadiere forceps are passed under the sig-
moid from the right to the left side. The left ureter is grasped 
by the stay suture and brought to the right side. In this step 
careful attention should be paid to move the instrument in a 
horizontal direction in order to avoid damage to the vessels 
or nerves that lie posteriorly.

Step 3: Identifying and selection of terminal ileum
An ileal loop of 50–55 cm is required to form the ileal neo-
bladder, and this harvested loop should be at least 20–25 cm 
from the ileo-caecal junction. A section of ileum is identified 
35–40 cm from the ileo-caecal junction and brought down to 
the urethra. The ileum is sufficiently mobilized to reach 
down to the urethra without tension. A 20F opening is made 
on the antimesenteric side of ileum, using cold robotic scis-
sors (Fig. 2a).

In case of a short mesentry or fatty mesentry, the ileum 
can be difficult to mobilize sufficiently to come down into 
the pelvis, therefore undermining the ability to complete a 
neobladder. To obtain precious millimeters to get the 
ileum down to the urethra, different solutions can be 
attempted:

a b

c

Fig. 2 Urethro-neovesical anastomosis. (a) Neo urethra opening: A 
20F opening is made on the antimesenteric side of ileum, using cold 
robotic scissors. (b) Modified posterior Rocco’s repair: The posterior 

reconstruction begins by suturing the rhabdosphincter to the remaining 
Denonvilliers’ fascia in a running fashion. (c) Urethro-neovesical 
anastomosis
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• Complete dissection of all adhesions.
• Detachment of the cecum and the first part of the ascend-

ing colon.
• Superficial incision of the peritoneal layer on the mesen-

try in a line parallel with the ileum, making sure that the 
incision is not damaging the mesenteric vessels below.

• Reducing Trendelenburg.
• To assist the manipulation and positioning of the ileum, 

two vessel loops are passed around the intestine through 
the mesentery either side of the section of ileum loop to 
be anastomosed to the urethra.

Step 4: Posterior reconstruction
Our evolved technique now includes a modified posterior 
Rocco’s repair [13] with a barbed suture with two needles 
(2.0 Quill SRS; Angiotech, Reading, PA) suturing the rhab-
dosphincter and the median fibrous raphe to the remaining 
Denonvilliers’ fascia in a running fashion. The resulting 
reconstructed plane is then fixed to the posterior aspect of the 
ileum at the level of opening for the ileal-urethral anastomo-
sis (neobladder neck) approximately 8 mm dorsocephalad. 
Putting traction on this suture, the opening for the neoblad-
der neck descends toward the urethral stump (Fig. 2b). The 
posterior reconstruction during RARC is safe and feasible, 
providing good continence rates [13]. The anastomosis 
between the neobladder and urethra can then be made with-
out tension, and this maneuver also ensures an uncompli-
cated catheter placement, and the neobladder will be placed 
correctly in the small pelvis during the whole procedure.

Step 5: Urethro-neovesical anastomosis
The anastomosis between ileum and urethra is then per-
formed according to the van Velthoven technique, with two 
16 cm 2-0 Quill® suture, allowing for 10-12 suture passes 
(Fig. 2c) [14]. The running suture is commenced by placing 
both needles from outside to in through the new “bladder 
neck,” one needle at the 5:30 o’clock and the other at the 
6:30 o’clock position, so that the “middle” sits at the 6 
o’clock position on the posterior neobladder neck. The ure-
thral “bites” are then made from inside to out, at the corre-
sponding sites. At this point, perineal pressure, if needed, can 
be applied. After two such placement on each side, which 
covers the completed posterior aspect of anastomosis, the 
neobladder neck is brought down together with the major 
portion of the ileal loop by tightening both sutures. In order 
to avoid urethral tearing, we suggest to gently lift upward the 
suture only after passing through the urethra and by alternate 
the left and the right needle in a “marionette technique” to 
get the ileum to “snug down.” At 12 o’clock position, both 
suture arms are tied to each other over the urethra. The cath-
eter balloon is then temporary inflated to 5 mL.

Step 6: Section of ileum segment and commencing the 
orthotopic reservoir
The orthotopic neobladder is fashioned from a 50–55  cm 
segment of terminal ileum (Fig. 3a). After the urethral–ileum 
anastomosis, an ileal inverse U-shaped loop is obtained 
(Fig. 3b). The Endo-GIA stapler is inserted by the bedside 
assistant through the left hybrid 15 mm trocar and a charge 
of 60 mm fired twice over the ileum (Fig. 3c), to select an 
ileal segment going from 35 to 40 cm from the ileo-caecal 
valve and 15 cm from the urethral–enteric anastomosis and 
40 cm from the urethral–enteric anastomosis, to obtain the 
afferent reservoir loop. The selected point included not more 
than 3–4 cm of the ileal mesentery.

Step 7: Restoring continuity of the ileum (side-to-side 
entero-enteric anastomosis)
A side-to-side ileum anastomosis is performed by opening a 
1-cm hole at the antimesenteric bowel border just next to the 
staple line. The continuity of the bowel is restored by insert-
ing through these holes, the jaws of the stapler, and fired 
twice with 60 mm firing (Fig. 3d–f). The transverse opening 
is then closed by an additional 60 mm firing of the stapler.

Step 8: Detubularization of ileum
The intestinal loop is then detubularized with robotic scis-
sors along the anti-mesenteric border apart from the last 
12–14 cm of the distal 40 cm of the isolated ileal segment 
(Fig. 4).

Careful attention has to be paid at level of the anastomo-
sis, where the incision can be performed closer to the mesen-
teric border, by keeping a safe distance from the anastomosis. 
The left ileum loop will be preserved, as the proximal iso- 
peristaltic afferent limb for the ureteral anastomosis.

Step 9: Construction of the posterior wall of the 
reservoir
The posterior part of the reservoir is closed using a multiple 
running self-anchoring suture (V-Loc® closure device, 
Covidien V-Loc 180 3-0®, Mansfield, MA, US) in a sero-
muscular fashion. After applying traction sutures every 
5–7  cm on the posterior aspect the running suturing start 
from the proximal aspect of the detubularized bowel 
(Fig. 3a).

Step 10: Folding and constructing the anterior wall of 
the reservoir
To achieve a spherical reservoir consisting of four cross- 
folded ileal segments, similar to the Studer neobladder [15], 
the right upper bottom of the U is folded over approximating 
diagonally to the left limb of reservoir loop, at 7–10 cm from 
the urethral–enteric anastomosis (Fig. 3a). The distal half of 
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b

a

12-14 cm

10-15 cm

20-25 cm
40-45 cm

c

ed f

Fig. 3 Forming the modified Studer neobladder. (a) The orthotopic 
neobladder is fashioned from a 50–55 cm segment of terminal ileum. 
(b) The ileal inverse U-shaped loop is obtained after urethro-enteric 
anastomosis and intestinal stapling. (c) Endoscopic view of Endo GIA 

stapler and ileum. (d) The selected point incised for insertion of the 
stapler to avoid the stapling the mesentery. (e) Restoring continuity of 
the ileum (side-to-side entero-enteric anastomosis). (f) Ileum is closed 
with further stapling

the anterior part of the reservoir is then sutured, while the 
proximal half is temporary left open, to let ureteric stents 
passing through the abdominal wall.

Step 11: The uretero-enteric anastomosis
At this point, the staple line of the afferent reservoir loop is 
excised, and a Wallace technique is adopted for the uretero- 

enteric anastomosis: while the fourth arm holding still the ties 
attached to Hem-o-lok clips, the ureters are aligned. Following 
ureter incision and spatulation for 2 cm (Fig. 5a), the poste-
rior walls of ureters are sutured side to side with a 15-cm 
running 5-0 PDS suture (Synature, Covidien) (Fig.  5b). 
Bilateral single-J, 70-cm 7.2 Fr ureteric stents are introduced 
with the Seldinger technique through two separate 4-mm 
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suprapubic incisions (Fig. 5c). Using the Cadiere forceps, the 
stents are pulled through the afferent limb and pushed up into 
the ureters on each side. The ureters are then sutured to the 
afferent limb of the Studer pouch, using two- times 16 cm 3-0 
Quill suture [16]. After the entero-ureteric anastomoses are 
completed, the stents are sutured and fixed to the skin.

Step 12: Closure of the neobladder
The remaining part of the neobladder is then closed with a run-
ning 3-0 V-Loc suture. The balloon of the final indwelling cath-
eter is filled with 10 mL. The neobladder is then filled with 
50 mL of saline to check for leakage. When necessary extra 
suturing is fundamental to secure a watertight reservoir. A pas-
sive drain is then introduced and placed in the small pelvis.

2.5  Postoperative Care

In an ERP schedule, nasogastric tube is early removed in 
recovery room. Drain fluid is routinely sent for creatinine 

Fig. 4 Construction of the posterior wall of the reservoir. 
Detubularization of ileum

a c

b

Fig. 5 The uretero-enteric anastomosis (Wallace I). (a) Ureter incision 
and spatulation for 2 cm. Posterior walls of ureters are sutured side-to- 
side with a 15-cm running 5-0. (b) Bilateral single-J, 40-cm ureteric 

stents inserted into each ureter. (c) The ureters are then sutured to the 
afferent limb of the Studer pouch, using two-times 16  cm 3-0 Quill 
suture
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analysis on postoperative day (POD) 1, and the drain can be 
removed from POD 1 if fluid indicates serum creatinine lev-
els. Both compression stockings and low molecular weight 
heparin are routinely administered for 3–4 weeks postopera-
tively. Single J’s will be removed POD 14. Indwelling cath-
eter will be removed 3 weeks postoperatively.

3  Conclusions

A totally intracorporeal RARC with urinary diversion is 
gaining popularity as a realistic alternative to open surgery. 
RARC with intracorporeal neobladder performed in experi-
enced robotic centers have reported functional and complica-
tion rates comparable to open series with the potential 
advantages over open approach, which include reduced 
blood loss and length of stay [17].

However, totally intracorporeal RARC represents a com-
plex multistep procedure, and we highlight the importance of 
adequate planning and proper mentoring while commencing 
this procedure, initiation of an ERP, and establishment of a 
dedicated RARC team with continual auditing of results [6].
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Robotic Intracorporeal Neobladder: 
UCLH Experience

Emmanuel Weyne, Wei Shen Tan, John Kelly, 
and Ashwin Sridhar

1  Introduction

Radical cystectomy remains the golden standard for the 
treatment of muscle-invasive bladder cancer and selected 
high risk non-muscle-invasive bladder cancer [1]. Over the 
last decade, robot-assisted radical cystectomy (RARC) is 
increasingly being utilized. The intended benefits for the 
patient include lower wound-related complications, 
decreased intraoperative blood loss, lower blood transfu-
sion rates, shorter hospital stay, and faster recovery after 
surgery [2].

To date, randomized trials between open and RARC have 
showed equivocal perioperative outcomes with the exception 
of blood loss and blood transfusion rates, and this has been 
reaffirmed in meta-analysis [3–6]. These trials were limited 
by extracorporeal construction urinary diversions and sur-
geons early in their learning curve. It is postulated that intra-
corporeal constructed diversion is deemed to have an even 
higher benefit for the patient in terms of recovery and hospi-
tal length of stay. The iROC trial, randomizing patients to 
open radical cystectomy versus robotic cystectomy with 
intracorporeal urinary diversion, intends to address this 
hypothesis and has completed patient accrual [7].

Following radical cystectomy, two types of urinary diver-
sion can be constructed: a non-continent ileal conduit or a 
continent urine reservoir either in a form of orthotopic (neo-
bladder) or heterotopic (Mitrofanoff or Monti). The choice 
of urinary diversion depends on bladder cancer disease char-
acteristics, patient characteristics, patient choice, and patient 
motivation.

2  Patient Selection

In our institution, all patients are seen in a multidisciplinary 
bladder clinic before surgery consisting of an evaluation with 
the surgeon, anesthetist, urinary diversion nurse, and oncol-
ogy specialist nurse. Anesthetic review includes cardiopul-
monary exercise tolerance (CPET) testing to assess 
preoperative risk.

All patients opting for neobladder as a urinary diversion 
are taught and must be able to successfully perform intermit-
tent self-catherization before surgery. Patients undergo a 
clinical exam under anesthesia and rigid cystoscopy with 
biopsy to exclude disease involvement of the prostatic ure-
thra. Relative contraindications to neobladder diversion are 
impaired renal function, bladder neck or prostatic urethra 
involvement, salvage surgery and extensive anterior bladder 
disease in women. In our center, a preoperative MRI of the 
bladder is routinely performed which aids with visualizing 
and planning the cystectomy. The MRI helps to exclude 
occult prostate malignancy which can interfere with exten-
sive erectile nerve sparing. Furthermore, it assesses potential 
involvement of the distal ureter and relationship of the tumor 
to the anterior vaginal wall in women.

Our preoperative protocol before cystectomy has been 
previously described in detail and follows enhanced recovery 
after surgery (ERAS) principles [8].

3  Operative Setup

In our institution, we use a da Vinci X (Intuitive Surgical) 
robotic platform. The patient is installed on an anti-slip sur-
face (Xodus Medical, Pittsburgh, PA, USA) mat to prevent 
sliding down in Trendelenburg positioning, with the arms 
tucked to the sides. The level of Trendelenburg is modified 
based on patient tolerance. Our standard is to aim for 26° 
head down. If the patient cannot tolerate the Trendelenburg 
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position, we will perform a side dock procedure with a 
break at the level of the hips to keep the legs flat but the 
upper body down. A nasogastric tube is inserted and will be 
removed at the end of the surgery. Flowtron© intermittent 
pneumatic compression stockings are applied around the 
lower limbs to prevent lower limb compartment syndrome 
and minimize risk of lower limb deep venous thrombosis. A 
Bair Hugger (3M, St Paul, MN, USA) is used to prevent 
hypothermia.

A six-port configuration is used for transperitoneal robotic 
surgery (Fig. 1). A Hassan technique is used to insert a cam-
era port about one hand width cranial to the umbilicus and to 
create a pneumoperitoneum. The position of the camera port 
is typically more cranial compared to a radical prostatec-
tomy configuration. This allows for better manipulation of 
the bowel during the creation of the urinary diversion and 
allows for a more extensive lymphadenectomy template. 
Subsequently, two 8  mm robotic ports are inserted at the 
level of the umbilicus just lateral to the rectus abdominis 
muscle. A 15 mm AirSeal port (ConMed, New York, USA) 
is placed in the right iliac fossa, about two fingers above the 
bony projection of the anterior superior iliac spine. The use 
of the AirSeal port prevents changes in pneumoperitoneum 
during the procedure. A 15 mm robotic port is placed in the 
left iliac fossa to allow for the use of a robotic bowel stapler. 
Special care is taken to position this port caudal and lateral 
enough. This will facilitate faster introduction of the robotic 
stapler by the bedside assistant and allows to staple the bowel 
without the need for extreme angulation with the stapling 

device. A 5 mm suction port is placed cranially and triangu-
lated between the camera port and right lateral port.

4  Special Attention Points During 
Cystectomy to Facilitate Neobladder 
Creation

The detailed technique of the exenterative part of a robotic 
radical cystectomy is extensively discussed in other chapters. 
In this chapter, we will focus on the technique of construct-
ing an orthotopic neobladder. We do like to stress some 
important points during the cystectomy that will facilitate the 
subsequent steps during the reconstructive phase of the 
surgery.

In female patients, a female organ-sparing cystectomy is 
performed sparing ovaries and uterus. This allows for better 
support of the native tissues and reduces the risk of vaginal 
prolapse which is frequently seen after en-bloc anterior pel-
vic exenteration. Furthermore, this technique limits the risk 
of fistula formation between the vagina and neobladder, as 
the vagina is conserved. For the same reason, the specimen 
is delivered through a Pfannenstiel incision in women 
undergoing a neobladder urinary diversion. This is in con-
trast to the transvaginal delivery of the specimen in women 
undergoing cystourethrectomy and ileal conduit. Typically, 
the Pfannenstiel incision is slightly more cranial to avoid 
injury to the neobladder when delivering the specimen. An 
oncological contraindication for female organ sparing cys-
tectomy is anterior or extensive trigonal bladder cancer dis-
ease. Full urethral sparing is essential for early urinary 
continence recovery in women, and this means not opening 
the endopelvic fascia during the exenterative bit of the sur-
gery. The distal bladder limit is at the vesicourethral 
junction.

In male patients, special attention is paid to preserve 
maximal urethral length during the apical dissection of the 
prostate and urethra. If needed, part of the apical prostate is 
preserved to maintain a lengthy urethral stump and to stabi-
lize the apical sphincter mechanism. In men with good pre-
operative erectile function and non-extensive bladder 
cancer disease who are keen on preserving their erectile 
function after surgery, a prostatic capsule sparing cystec-
tomy is an option. Preoperative MRI is used to exclude the 
presence of prostate cancer. In a prostate capsule-sparing 
cystectomy, the posterior dissection is continued in the 
plane above the seminal vesicles and vas deferens. The 
prostatic tissue is enucleated within the prostatic capsule 
(Millin’s plane). This will allow maximal sparing of the 
cavernous nerves on the dorsolateral side of the prostate 
(Fig.  2). Nerve-sparing radical cystectomy has a proven 
beneficial impact on urinary continence after orthotopic 
neobladder construction [9].Fig. 1 Trocar positioning
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Fig. 2 Prostate capsule-sparing cystectomy: the prostatic adenoma is 
enucleated within the prostatic capsule (Millin’s plane)

Fig. 3 Posterior wall of urethral-intestinal anastomosis

5  Construction of Orthotopic 
Neobladder

After completion of the radical cystectomy and bilateral pel-
vic lymph node dissection, the specimens are placed in the 
left upper quadrant above the spleen to free up space within 
the pelvis before constructing the neobladder. The cords of 
the endobags are hitched with a clip to the left lateral perito-
neum. The left and right ureters would have already been 
clipped to the right lateral peritoneum.

5.1  Rocco Stitch and Urethral-Intestinal 
Anastomosis

The most dependent part of the ileum is brought down to the 
pelvis toward the urethra. If required, Trendelenburg posi-
tioning can be reduced to avoid too much tension on the 
small bowel’s mesentery. The further steps of the neobladder 
have been modified over the years. These changes aim to 
obtain a neobladder shape closest to a spherical configura-
tion on leak test and long-term follow-up. On the right side 
of the urethral-ileal anastomosis, 10 cm of ileum will be iso-
lated to be incorporated into the neobladder, whereas on the 
left side 35–40 cm of the ileum is incorporated to construct 
the neobladder. One should pay attention that there is enough 
length left on the terminal ileum for the bowel anastomosis. 
A robotic small bowel grasper is used to minimize trauma to 
the small bowel during manipulation.

Using a 9 in. 3.0 Filbloc® (Assut Europe) with 5/8 neel-
dle, a Rocco suspension stitch is placed between the periure-
thral Denonvilliers fascia 1 cm proximal of the urethra and 
the small bowel near the posterior mesenteric limit. A longer 

suture will have enough length to allow parachuting down of 
the small bowel. After three consecutive sutures, a hole is 
made in the small bowel to create the bowel anastomosis 
with the urethra cranial to the Rocco. While making the neo-
bladder opening, care should be taken to allow enough small 
bowel width to allow for detubularizing. The detubularizing 
incision is made on the mesenteric edge opposite to the 
Rocco edge. The first suture line is tightened to complete the 
Rocco anastomosis. The same suture is used to continue the 
urethral-ileal anastomosis (Fig. 3). After completion of the 
posterior wall of the anastomosis, the bowel is opened on the 
mesenteric side to pass through the urinary catheter. After 
completing one-halve of the anastomosis, a second Filbloc 
suture is used. Starting at the 6 o’clock position, the other 
halve of the anastomosis is completed.

5.2  Isolation of Small Bowel for Neobladder

On the right side, 10 cm of ileum will be isolated to be incor-
porated into the neobladder, whereas on the left side 
35–40 cm of the ileum is incorporated to construct the neo-
bladder. The jaws of the small bowel grasper can be used as 
a measuring tool. This measures 5 cm in length. The small 
bowel is divided at the appropriate length. Attention is paid 
to leave sufficient length to the terminal ileum to avoid dis-
turbances in vitamin B12 uptake and allow for a tension-free 
small bowel anastomosis.

A robotic vessel sealer is used to divide the bowel (Fig. 4). 
Cutting mode is used on the bowel for transection and seal-
ing mode to divide the subsequent mesentery. A wedge of 
small bowel and mesentery is discarded distal to the neo-
bladder to create space between the neobladder and the small 
bowel anastomosis, as well as to ensure adequate vascular 
supply to the segment of bowel re-anastomosed. By the use 
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Fig. 4 Isolation of bowel loop with vessel sealer Fig. 5 Closure anterior apex neobladder

Fig. 6 Hitching of the anterior wall of the neobladder to obtain a pyra-
midic shape

of a robotic stapler, the bowel continuity is re-established 
with a side-to-side anastomosis. Two consecutive 60 mm sta-
plers are used on the antimesenteric wall of the bowel. This 
is followed by another 60 mm stapler transversally.

5.3  Construction of the Neobladder

The UCLH neobladder consists of a pyramid shape which is 
obtained by hitching the anterior side of the neobladder to 
the anterior abdominal wall [10].

To start off, the antimesenteric side of the isolated bowel 
is opened on each side at the proximal site and continued 
distally to the previous incision above the urethra in order to 
detubularize the bowel. On the left side, the proximal 
5–10 cm is spared to create the chute. The fourth arm is used 
to hold the chute. The assistant grabs the opposite side of the 
bowel and pushes down the posterior bowel wall with the tip 
of the suction during the incision of the bowel loop.

The posterior closure of the neobladder is made by using 
multiple 6 in. 2.0 Filbloc sutures with a half curved needle. 
The closure is started 10 cm to the left of the urethral-ileal 
anastomosis such that the posterior closure is performed 
horizontally between to equal limbs (20 cm each). Attention 
is paid to take equal steps on each limb to avoid asymmetry.

The closure of the anterior wall starts at the apex just 
proximal to the urethral-ileal anastomosis (Fig.  5). This 
reduces the stretch of the mesentery, chute, and the ure-
teroileal anastomosis. After this is closed to the level of the 
pubis, the remaining anterior wall is closed along the hori-
zontal axis (like the posterior wall). Before preparing to fold 
the neobladder by hitching it to the anterior abdominal wall, 
a suture can be placed to stabilize the apex of the neobladder. 
This is done by placing a Vicryl 3.0 suture on each side 
between the apex of the neobladder and the endopelvic fas-

cia. The anterior wall of the neobladder is hitched to the ante-
rior abdominal wall and secured by additional anterior 
holding sutures (Fig. 6).

5.4  Ureteroileal Anastomosis

Two separate incisions are made on the top of the afferent 
limb of the neobladder to implant the ureters individually. 
The left ureter is tunneled under the sigmoid mesentery, 
and the right ureter is brought under the neobladder mesen-
tery. The ureter is spatulated and then anastomosed in a 
continuous fashion with two separate sutures PDS 4.0. 
After completing the posterior half of the anastomosis, a 
single J stent on a guidewire is inserted in the ureter. After 
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Fig. 7 Ureteric stent in ureteroileal anastomosis being fixed with 
Vicryl Rapide 3.0 to prevent accidental pulling during procedure

positioning the tip of the ureteric stent in the kidney, the 
stent is fixed to the bowel with a suture point of Vicryl 
Rapide 3.0 (Fig. 7). After this, the end of the ureteric stent 
will be passed through from the ureterointestinal anastomo-
sis and then through an opening made on either side of the 
chute near the mesentery (left on the left side and right on 
the right). The anastomosis is then finished off, and the 
peritoneum of the ureter is placed over the anastomosis as a 
second layer to limit chances of leakage and to improve 
vascularization.

The neobladder is closed, paying special attention to 
tightly close the area around the exit point of the ureteric 
stents in order to avoid urinary leakage. The stents are picked 
up with an artery clip through the abdominal wall. This is at 
the site where a precautionary stoma site has been marked on 
the abdominal wall that should an ileal conduit be necessary 
(Fig. 1 “cross mark”).

5.5  Finishing Off the Procedure

A leak test is performed by filling the neobladder with saline. 
The neobladder is partly retroperitonialized, by placing 
sutures between the medial side of the neobladder and lateral 
edge of incised peritoneum using Vicryl 3.0. Another suture 
is used to bury the transverse staple line of the transverse 
side-to-side bowel anastomosis. This is to minimize the risk 
of fistulation of the bowel anastomosis to the neobladder due 
to the presence of the stapler line. Where omentum is avail-
able, it should be used to drape around the neobladder. A 
20 Fr passive drains are placed inside the pelvis, around the 
neobladder. The specimens are delivered through a 
Pfannenstiel incision which is typically placed slightly more 
cranial to avoid injury to the neobladder.

5.6  Postoperative Care

Patients routinely will be monitored for in an intensive care 
unit for the first 24 h post-surgery. An early recovery after 
surgery (ERAS) protocol is initiated [8]. The nasogastric 
tube is removed at the end of the surgery. Antibiotics are con-
tinued for 24 h. In cases with high intraperitoneal fecal spill-
age, antibiotics are administered for 5 days. For the first 3 
days postoperatively, patients are prescribed intravenous 
metoclopramide three times daily, and chewing gum is used 
as a gastroprokinetic to minimize the risks of postoperative 
ileus. Patients can commence free fluids a few hours follow-
ing surgery, and oral feeding is started the day after surgery 
if tolerated and in the absence of signs of nausea. Low 
molecular weight heparin is administered 6 h postoperatively 
and is continued daily for 4 weeks postoperatively. The ure-
thral catheter is flushed daily to ensure good drainage of the 
neobladder and avoid blockage due to mucous built up. 
Patients are admitted to hospital for 1 day for a cystogram to 
confirm no evidence of leakage prior to the removal of ure-
teric and urethral catheter 3 weeks postoperatively.

5.7  Postoperative Outcomes

Between 2011 and 2016, a total of 60 intracorporeal neo-
bladder cases were performed at UCLH. Median patient age 
was 55.6 years (IQR: 48.7–61.9). Fifty-four (90%) patients 
were male, and 12 patients (20.0%) had an American Society 
of Anesthesiologists (ASA) ≥III. Median hospital length of 
stay was 10 days (IQR: 7–13) with a 30- and 90-day read-
mission rate of 13.3% (n  =  8) and 28.3% (n  =  17), 
respectively.

Median operating time was 398.0 min (IQR: 328.5–473.8) 
30-day, and 90-day major complication rate was 13.3% 
(n = 8) and 16.7% (n = 10), respectively. Postoperative ileus 
was reported in 14 patients (23.3%). At 90-day follow-up, 
infection and gastrointestinal-related complications were 
most common and were reported by 46.7% (n  =  28) and 
36.7% (n = 22) of patients, respectively. Perioperative blood 
transfusion rate was 6.7% (n = 4).
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Step-by-Step Approach 
to Intracorporeal Urinary Diversion, 
Ileal Conduit, and W-Neobladder: The 
Roswell Park Technique

Umar Iqbal, Ahmed Aly Hussein, and Khurshid A. Guru

1  Introduction

In the initial era of robot-assisted radical cystectomy 
(RARC), urologic surgeons mainly focused on developing 
surgical techniques that optimize oncological outcomes. 
There is growing body of evidence supporting the non- 
inferiority of oncologic and perioperative outcomes of robot- 
assisted radical cystectomy (RARC) compared to open 
cystectomy [1–3]. RARC has been shown to provide some 
perioperative benefits such as reduced blood loss, transfu-
sion need, pain, faster bowel recovery, and shorter hospital 
stay [4]. The attention shifted to more focus on the potential 
additional benefits of intracorporeal urinary diversion 
(ICUD). Several advantages of ICUD have been proposed, 
including reduced third space fluid loss, blood loss, periop-
erative transfusions, faster bowel function recovery, shorter 
hospital stay, and earlier convalescence [5] .

In centers of excellence, up to 97% of diversions are now 
performed intracorporeally [6]. The Pasadena Consensus Panel 
recommends building experience in a graduated manner, start-
ing first with ileal conduits and shifting gradually to the more 
complex neobladders [7]. Several techniques have been pro-
posed for intracorporeal neobladder after RARC. Herein, we 
describe the construction of ICUD (ileal conduit and neoblad-
der) with step-by-step instructions and illustrations.

1.1  Choice of Urinary Diversion

ICUD is appropriate for most patients except those with 
decreased cardiac and pulmonary compliance. These patients 
may not be able to tolerate the steep Trendelenburg position 
for a prolonged time that is needed for ICUD. However, the 
newer Xi model of da Vinci® Surgical System and AirSeal® 
has mitigated this by decreasing the need for steep 

Trendelenburg angle to more manageable levels. For the 
neobladder construction, the absolute and relative contrain-
dications are summarized in Table  1. Additionally, patient 
preference and surgeon comfort with the procedure are 
important driving factors for the selection of diversion type 
and approach for each patient [8].

1.2  Preoperative Preparation

Enhanced recovery after surgery (ERAS) pathway has previ-
ously been shown to achieve quicker recovery and enhance 
patient satisfaction. The ERAS pathway includes compo-
nents like skipping mechanical or chemical bowel prepara-
tion, early ambulation and oral feeding, appropriate fluid 
management, drugs like Alvimopan, and avoidance of epi-
durals. It has been shown to decrease complications, shorten 
length of stay, and reduce readmissions [9]. The “NEEW” 
(Nutrition, Exercise, patient Education and Wellness) path-
way, which in addition incorporates physical prehabilitation, 
nutrition, and social work, has been suggested as a further 
improvement to ERAS and was shown to improve short-term 
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Table 1 Absolute and relative contraindications for neobladder con-
struction [8]

Absolute contraindication Relative contraindication
Tumor involvement of distal urethral 
margin in men

Advanced age

Tumor infiltration of bladder neck in 
women

Inflammatory bowel disease

Damaged rhabdosphincter Locally advanced disease
Poor renal function with creatinine 
>2 mg/dL

Prior pelvic irradiation

Impaired hepatic function Multiple prior abdominal 
surgeries

Severe intestinal disease, for example, 
Crohn’s

Adjuvant chemotherapy 
planned/anticipated

Intellectual disability, noncompliant 
patient
Unwillingness or inability to perform 
intermittent self-catheterization
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perioperative outcomes [10]. Additionally, mechanical bowel 
preparation and oral antibiotics should be avoided. 
Anticoagulant therapy should be used before and up to 
4 weeks after surgery [11].

2  Surgical Technique

Instruments used are summarized in Table 2.

2.1  Positioning and Port Placement

Patient is placed in dorsal lithotomy position with adequate 
padding of all pressure points. The patient’s arms are adducted 
and padded, and the table is placed in Trendelenburg position at 
30 degrees. A 22 Fr Foley catheter and a rectal tube are placed. 
A Veress needle is used to achieve pneumoperitoneum. The 
standard insufflation or the AirSeal® may be used (the latter 
can be useful especially in female patients) [12]. A standard 
six-port transperitoneal approach is used. The 8 mm camera 
port is first placed an inch above and to the left of the umbili-
cus. The abdominal cavity is then inspected. All other ports are 
introduced under vision. Three 8 mm robotic trocars are intro-
duced in addition to 15 mm assistant port and a 5 mm suction 
port. An additional 15 mm short suprapubic port is placed to 
facilitate bowel anastomosis toward the end of the procedure. 
Placing the ports an inch higher may facilitate bowel manipula-
tion during intracorporeal urinary diversion (Fig. 1).

2.2  Technique of Intracorporeal Ileal 
Conduit: The “Marionette” Technique [13]

• Isolation of the Bowel Segment

A 12–15 cm bowel segment is identified approximately 
15–20 cm proximal to the ileocecal valve. A silk suture on a 
straight Keith needle is introduced through the abdominal 
wall and passed through the small bowel (at the distal end of 

the conduit) and back through the abdominal wall as a “mari-
onette stitch.” The marionette stitch is not tied and is used for 
dynamic retraction by the bedside assistant (Fig.  2). 

Table 2 Instruments and sutures used

Robotic instruments
   • Fenestrated bipolar (or Maryland) forceps.
   • Monopolar scissors (or hook).
   • Cobra forceps.
  • Large needle drivers x 2.
Sutures
Marionette stitch: 1-0 Silk suture on Keith needle; Uretero-ileal 
anastomosis: 4/0 Vicryl®
Neobladder Sutures: 3/0 V-Loc®; Ureterovesical anastomosis: 
3/0 V-loc®; Mesenteric defect: 3–0 Silk; Stoma: 3/0 Vicryl®; Stent 
fixation: 2-0 chromic sutures.
Endo GIA® stapler, Hem-o-lok® clip, AirSeal insufflator
Laparoscopic scissors, suction device, graspers, Hem-o-lok® clip 
appliers

Fig. 1 Port configuration (Credit for Surgical Complications after 
Robot-Assisted Radical Cystectomy chapter, Techniques of Robotic 
Urinary Tract Reconstruction: A Complete Approach, 2021. Publisher: 
Springer. Editors: Michael Stifelman, Lee Zhao, Daniel Eun and 
Chester Koh)

Fig. 2 Marionette stitch (Credit for Surgical Complications after 
Robot-Assisted Radical Cystectomy chapter, Techniques of Robotic 
Urinary Tract Reconstruction: A Complete Approach, 2021. Publisher: 
Springer. Editors: Michael Stifelman, Lee Zhao, Daniel Eun and 
Chester Koh)
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Indocyanine green (ICG) can be injected, and the FireFly® 
technology may be used to ensure adequate blood supply of 
the bowel segment used for the conduit, as well as for the 
distal ureters. The bowel can be manipulated utilizing the 
fourth arm and the marionette stitch. The hook cautery (or 
the hot scissors) is used to develop two mesenteric windows 
in the mesentery while ensuring a wide base to maintain 
adequate blood flow to the conduit. An Endo GIA® stapler is 
used to divide the conduit from the rest of the ileum (Fig. 3).

• Preparation of the Conduit and the Ureter

A buttonhole enterotomy is made using scissors at the 
proximal end of the conduit (one or two enterotomies based 
on the ureteral reimplantation technique). Then, using the 
fourth arm to hold the Hem-o-lok® clip on the distal end of 
the clipped ureter, the ureter is spatulated generously (Fig. 4).

• Uretero-Ileal Anastomosis

The left ureter is crossed toward the right side through the 
sigmoid mesentery. Caution should be used to avoid twisting 
of the ureter. The direction of the Hem-o-lok clip on the dis-
tal end of the ureter can help maintain orientation. Excessive 
ureteral dissection should be avoided, and care should be 
taken to ensure enough periureteral tissue to maintain 
vascularity.

 (a) Wallace Technique

Both ureters are aligned together using the fourth arm. 
The adjacent edges of the ureters are sutured together in a 

running side-to-side fashion to form the Wallace plate. This 
is followed by uretero-ileal anastomosis to a single enterot-
omy using 4/0 Vicryl® suture in a continuous (or interrupted) 
end-to-side fashion (Fig. 5).

 (b) Bricker

Each ureter is sutured on its corresponding enterotomy on 
the conduit in an end-to-side fashion (Fig. 6).

Before completion of the uretero-ileal anastomosis, an 
8.5 Fr single J stent or a feeding tube is passed. A metal lapa-
roscopic suction tube is gently advanced through the distal 
enterotomy up to the anastomosis, guided by the robotic 
needle driver, to allow passage of stent into the ureter. The 

Fig. 3 Isolation of the conduit (Credit for Surgical Complications after 
Robot-Assisted Radical Cystectomy chapter, Techniques of Robotic 
Urinary Tract Reconstruction: A Complete Approach, 2021. Publisher: 
Springer. Editors: Michael Stifelman, Lee Zhao, Daniel Eun and 
Chester Koh)

Fig. 4 Ureteral spatulation

Fig. 5 Wallace ureteroileal anastomosis (Credit for Surgical 
Complications after Robot-Assisted Radical Cystectomy chapter, 
Techniques of Robotic Urinary Tract Reconstruction: A Complete 
Approach, 2021. Publisher: Springer. Editors: Michael Stifelman, Lee 
Zhao, Daniel Eun and Chester Koh)
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Fig. 6 Bricker ureteroileal anastomosis (Credit for Surgical 
Complications after Robot-Assisted Radical Cystectomy chapter, 
Techniques of Robotic Urinary Tract Reconstruction: A Complete 
Approach, 2021. Publisher: Springer. Editors: Michael Stifelman, Lee 
Zhao, Daniel Eun and Chester Koh)

Fig. 7 Reperitonealization of the conduit (Credit for Surgical 
Complications after Robot-Assisted Radical Cystectomy chapter, 
Techniques of Robotic Urinary Tract Reconstruction: A Complete 
Approach, 2021. Publisher: Springer. Editors: Michael Stifelman, Lee 
Zhao, Daniel Eun and Chester Koh)

Fig. 8 Re-establishment of the bowel continuity (Credit for Surgical 
Complications after Robot-Assisted Radical Cystectomy chapter, 
Techniques of Robotic Urinary Tract Reconstruction: A Complete 
Approach, 2021. Publisher: Springer. Editors: Michael Stifelman, Lee 
Zhao, Daniel Eun and Chester Koh)

stent is sutured to the conduit using 2–0 chromic sutures. 
This step may be omitted if a stentless anastomosis is 
planned. There is growing evidence supporting stentless 
anastomosis because of potential association with complica-
tions and urinary tract infections [14].

• Completion of Uretero-ileal anastomosis

The Hem-o-lock® clip and the distal ureteric ends are cut 
and sent for pathology. The anastomosis is completed using 
continuous 4/0 Vicryl® sutures.

• Retroperitonealization of the Conduit

The peritoneal fold adjacent to the conduit is used to cover 
the proximal end of the conduit and the uretero-ileal anasto-
mosis (Fig. 7). We found this helpful to support the anastomo-
sis, contain potential leakage, and prevent strictures.

• Re-establishment of the Bowel Continuity

An extra 15  mm short suprapubic port is placed. The 
fourth arm is used to approximate the two sides of the divided 
ileum together in a side-to-side fashion. Using the monopo-
lar hook, two enterotomies are made on the proximal and 
distal ileal limbs. Ensuring that the anti-mesenteric sides of 
the bowel are properly aligned, two sequential side-to-side 
bowel re-anastomosis are performed using a 60  mm Endo 
GIA® stapler. This is followed by closure of the intestinal 
stump using another load applied transversely (Fig. 8). This 
is followed by closure of the mesenteric defect using silk 
sutures to avoid internal hernia.

• Delivery of the Conduit

The robot remains docked, and a circumferential skin 
incision is performed in the planned site of the conduit. 
Dissection continues until reaching the rectus sheath. A cru-
ciate incision is made in the rectus sheath, and four 3/0 
Vicryl® anchoring sutures are placed at the corners of the 
cruciate incision. A clamp is introduced through the cruciate 
incision to grasp the marionette stitch and deliver the conduit 
through the rectus muscle to the skin surface. About five 
 centimeters of the conduit are delivered above the skin sur-
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face. The conduit is anchored to the fascia using the stay 
suture. The conduit is everted and sutured to the skin by a 
series of four interrupted 3/0 Vicryl sutures, starting from the 
edge of the conduit, to the body of the conduit at the junction 
between the distal 2/3 and proximal 1/3, then finally to the 
skin. Simultaneous tightening of all the sutures everts the 
conduit. Lastly, the conduit edge is sutured to the skin sur-
face. Drain is placed through one of the port sites, and a large 
hematuria catheter is left as a pelvic drain.

2.3  Technique of Intracorporeal W 
Neobladder

We have previously described our W neobladder technique 
[15]. In the current discussion, we will focus and highlight 
the modifications that we have adopted since then.

• Stay Sutures and the W Configuration

A 45  cm bowel segment is identified approximately 
15–20 cm proximal to the ileocecal valve, and a W configu-
ration is set up and maintained in place by stay sutures. There 
are four “limbs” of the W configuration, each two adjacent 
limbs make a “trough” for each side of the W.  The most 
dependent parts of the right and left troughs are maintained 
in place with sutures to the Foley’s catheter using 2/0 silk 
sutures. The catheter will act as a dynamic retractor until the 
neobladder-urethral anastomosis is performed (Fig. 9). The 
sutures maintain the W orientation and facilitate manipula-
tion of the bowel and construction of the neobladder. They 

mark the end of the pouch and the beginning of the chimney 
on each side.

• Detubularization of the Bowel

The right trough is detubularized using hot scissors along 
the anti-mesenteric border. Detubularization can be done 
while providing traction using the assistant’s laparoscopic 
suction device. One trough is opened at a time to avoid spill-
age of the intestinal contents and maintain orientation. 
Traction by the bedside assistant using the Foley catheter and 
by the fourth arm on the proximal trough sutures helps to 
stretch the bowel segment. The adjacent bowel edges of the 
detubularized right trough are sutured together in a running 
fashion using 3/0 V-Loc® sutures. Suturing is done in a con-
tinuous fashion with tightening every three throws. The same 
steps are repeated for the left trough (Fig. 10).

• Construction of the Posterior Plate

The right and left trough are sutured together in the mid-
line to form the posterior plate of the neobladder (Fig. 11).

• Neobladder-Urethral Anastomosis

At this time, biopsy from the urethral end should be taken 
if not previously performed. The traction sutures are released 

Fig. 9 Formation of W configuration (Credit for Surgical Complications 
after Robot-Assisted Radical Cystectomy chapter, Techniques of 
Robotic Urinary Tract Reconstruction: A Complete Approach, 2021. 
Publisher: Springer. Editors: Michael Stifelman, Lee Zhao, Daniel Eun 
and Chester Koh) Fig. 10 Detubularization of the bowel
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Fig. 11 Posterior plate of W neobladder (Credit for Surgical 
Complications after Robot-Assisted Radical Cystectomy chapter, 
Techniques of Robotic Urinary Tract Reconstruction: A Complete 
Approach, 2021. Publisher: Springer. Editors: Michael Stifelman, Lee 
Zhao, Daniel Eun and Chester Koh)

Fig. 12 Neobladder urethral anastomosis (posterior) (Credit for 
Surgical Complications after Robot-Assisted Radical Cystectomy 
chapter, Techniques of Robotic Urinary Tract Reconstruction: A 
Complete Approach, 2021. Publisher: Springer. Editors: Michael 
Stifelman, Lee Zhao, Daniel Eun and Chester Koh)

Fig. 13 Neobladder urethral anastomosis (anterior) (Credit for 
Surgical Complications after Robot-Assisted Radical Cystectomy 
chapter, Techniques of Robotic Urinary Tract Reconstruction: A 
Complete Approach, 2021. Publisher: Springer. Editors: Michael 
Stifelman, Lee Zhao, Daniel Eun and Chester Koh)

from the Foley catheter. Two 3/0 V-loc® sutures are used, 
and suturing is started at the 6 o’clock position. The depen-
dent part of the posterior plate of the neobladder is anasto-
mosed to the urethra (Fig. 12). Sutures can be reinforced by 
including the periurethral tissue. To facilitate the urethral 
anastomosis, Trendelenburg position may be reduced or flat-
tened (if using the Xi da Vinci® system), pneumoperitoneum 
pressure reduced, or perineal pressure applied.

The urethral-neobladder sutures are continued anteriorly 
over a 22 Fr hematuria catheter until the 12 o’clock position, 
folding the right and left edges around the urethra. Suturing 

is completed, closing the caudal 2/3 of the anterior surface of 
the neobladder (Fig. 13).

• Bowel Division

Ten centimeters are left for each chimney proximal to the 
stay sutures. An Endo GIA® vascular stapler is used to divide 
the neobladder from the bowel on each side (Fig. 14). Bowel 
continuity can be restored now or after construction of the 
neobladder, as described earlier with the ileal conduit.

• Ureteroileal Anastomosis

The ureter is partially transected and spatulated anteriorly, 
and the staple line is removed from the chimney. Appropriate 
length of the ureter is used. End-to-end ureteroileal anasto-
mosis is performed in an interrupted or continuous fashion 
using a 4/0 Vicryl® sutures. The Hem-o-lock® and the distal 
ureteric ends are cut and sent for final pathology. The ure-
teroileal anastomosis is performed on one side followed by 
the passage of the stent before completion. An 8.5 Fr single J 
stent is passed through the hematuria catheter and through the 
ureteroileal anastomosis. The stent is secured to the neoblad-
der using 2/0 Chromic® catgut to prevent dislodgement and 
sutured to the catheter to facilitate removal (Fig. 15).

• Closure of the Anterior Plate of the Neobladder

The remaining suture from the anterior wall is lifted by 
the fourth arm. The rest of the anterior wall is closed like a 
“cigarette box,” giving the neobladder a globular configura-
tion (Fig. 16).
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Fig. 14 Bowel division (Credit for Surgical Complications after 
Robot-Assisted Radical Cystectomy chapter, Techniques of Robotic 
Urinary Tract Reconstruction: A Complete Approach, 2021. Publisher: 
Springer. Editors: Michael Stifelman, Lee Zhao, Daniel Eun and 
Chester Koh)

Fig. 15 Ureteroileal anastomosis (Credit for Surgical Complications 
after Robot-Assisted Radical Cystectomy chapter, Techniques of 
Robotic Urinary Tract Reconstruction: A Complete Approach, 2021. 
Publisher: Springer. Editors: Michael Stifelman, Lee Zhao, Daniel Eun 
and Chester Koh)

Fig. 16 Anterior plate of the neobladder (Credit for Surgical 
Complications after Robot-Assisted Radical Cystectomy chapter, 
Techniques of Robotic Urinary Tract Reconstruction: A Complete 
Approach, 2021. Publisher: Springer. Editors: Michael Stifelman, Lee 
Zhao, Daniel Eun and Chester Koh)

Fig. 17 Omental coverage (Credit for Surgical Complications after 
Robot-Assisted Radical Cystectomy chapter, Techniques of Robotic 
Urinary Tract Reconstruction: A Complete Approach, 2021. Publisher: 
Springer. Editors: Michael Stifelman, Lee Zhao, Daniel Eun and 
Chester Koh)

• Omental Coverage

The omentum is pulled and anchored to cover the anterior 
aspect of the neobladder without tension (Fig. 17). Drain is 
left to drain the pelvis.

2.4  Postoperative Management

The patient is encouraged to ambulate on postoperative day 
1 provided there are no contraindications. A clear liquid diet 
and prophylactic anticoagulation are started. For ileal con-
duits, Foley catheter is removed. For female patients, any 
vaginal packing is also removed. Daily complete blood 
count (CBC) and comprehensive metabolic panel (CMP) 
are drawn, and all lab values are trended and replaced as 
needed.
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The diet is advanced as tolerated. For neobladders, regu-
lar irrigation is started on postoperative day 3 with 50 cc of 
saline q 8 hours, and the patient is transitioned to oral pain 
medications. The patient is discharged with the Foley cath-
eter in place once they are tolerating regular diet and the 
drain has minimal output. Drain can be removed prior to 
discharge or on the first postoperative visit depending on the 
output.

Patients return 4 weeks after surgery for a pouchogram 
to exclude leakage. The Foley and two stents sutured to it 
are pulled out. Patient education about voiding is rein-
forced. They are initially instructed to void every 
2–3 hours and gradually increased up to 5 hours with an 
indwelling catheter overnight. Those with inability to 
void or high residual volumes are advised intermittent 
self-catheterization.

References

 1. Bochner BH, et al. Randomized trial comparing open radical cys-
tectomy and robot-assisted laparoscopic radical cystectomy: onco-
logic outcomes. Eur Urol. 2018;74(4):465–71.

 2. Parekh DJ, et  al. Robot-assisted radical cystectomy versus open 
radical cystectomy in patients with bladder cancer (RAZOR): 
an open-label, randomised, phase 3, non-inferiority trial. Lancet. 
2018;391(10139):2525–36.

 3. Hussein AA, et al. Ten-year oncologic outcomes following robot- 
assisted radical cystectomy: results from the International Robotic 
Cystectomy Consortium. J Urol. 2019;202(5):927–35.

 4. Tan YG, et al. Benefits of robotic cystectomy compared with open 
cystectomy in an enhanced recovery after surgery program: a 
propensity- matched analysis. Int J Urol. 2020;27(9):783–8.

 5. Murthy PB, et al. Robotic radical cystectomy with intracorporeal 
urinary diversion: beyond the initial experience. Transl Androl 
Urol. 2020;9(2):942.

 6. Hussein AA, et  al. Outcomes of intracorporeal urinary diver-
sion after robot-assisted radical cystectomy: results from 
the International Robotic Cystectomy Consortium. J Urol. 
2018;199(5):1302–11.

 7. Wilson TG, et  al. Best practices in robot-assisted radical cystec-
tomy and urinary reconstruction: recommendations of the Pasadena 
Consensus Panel. Eur Urol. 2015;67(3):363–75.

 8. Lee RK, et al. Urinary diversion after radical cystectomy for blad-
der cancer: options, patient selection, and outcomes. BJU Int. 
2014;113(1):11–23.

 9. Melnyk M, et al. Enhanced recovery after surgery (ERAS) proto-
cols: time to change practice? Can Urol Assoc J. 2011;5(5):342.

 10. Aldhaam NA, et al. Impact of perioperative multidisciplinary reha-
bilitation pathway on early outcomes after robot-assisted radical 
cystectomy: a matched analysis. Urology. 2021;147:155–61.

 11. Klaassen Z, et al. Extended venous thromboembolism prophylaxis 
after radical cystectomy: a call for adherence to current guidelines. 
J Urol. 2018;199(4):906–14.

 12. Sroussi J, et al. Low pressure gynecological laparoscopy (7 mmHg) 
with AirSeal® System versus a standard insufflation (15 mmHg): 
a pilot study in 60 patients. J Gynecol Obstet Hum Reprod. 
2017;46(2):155–8.

 13. Ahmed YE, et al. Robot-assisted radical cystectomy in men: tech-
nique of spaces. J Endourol. 2018;32(S1):S-44–8.

 14. Aldhaam NA, et al. Detailed analysis of urinary tract infections after 
robot-assisted radical cystectomy. J Endourol. 2021;35(1):62–70.

 15. Hussein AA, et  al. Robot-assisted approach to ‘W’-configuration 
urinary diversion: a step-by-step technique. BJU Int. 
2017;120(1):152–7.

U. Iqbal et al.



695

Step-by-Step Approach 
to Extracorporeal Urinary Diversion 
in Robot-Assisted Cystectomy

Yasmeen Jaber, Timothy G. Wilson, and Kevin Chan

1  Introduction

Robot-assisted radical cystectomy (RARC) has established 
itself as a standard treatment for muscle invasive bladder 
cancer which to date has shown comparable perioperative 
and oncologic outcomes to the gold standard of open radical 
cystectomy [1–6]. The primary morbidity associated with 
radical cystectomy remains the urinary diversion [7]. 
Significant achievements in perioperative morbidity have 
been achieved in the recent past with the implementation of 
extended recovery after surgery protocols, cessation of 
mechanical bowel preparation, integration of Alvimopan, 
and restrictive deferred hydration [8–16].

However, future improvements in perioperative and 
functional outcomes with RARC will ultimately rest on our 
ability to refine and optimize urinary diversion [17–19]. 
Forward progress in urinary diversion requires techniques 
that are reproducible and achieve consistent evidence-based 
results. Extracorporeal urinary diversion (ECUD) in the set-
ting of RARC was first described by Menon et al. and since 
inception has consistently demonstrated non-inferiority 
compared to the gold standard in prospective randomized 
controlled trials [1, 2, 20].

As it stands today, intracorporeal urinary diversion 
(ICUD) adds complexity to an already complex surgery [21]. 
Although some retrospective data suggest equivalence in 
skilled hands, with the potential for faster convalescence and 
decreased evaporative fluid losses, level one evidence has yet 
to be elucidated [21, 22]. It is also worth noting the impor-
tance of proficiency in multiple forms of urinary diversions. 
Proficiency in one, but not all forms, may lead to implicit 
bias during diversion counseling and determination, thus 
limiting patient options. This highlights the need for ECUD 
training for trainees. It is our belief that it is incumbent upon 

all practicing reconstructive urologists to be well versed and 
comfortable with ECUD.

Herein we will discuss important patient factors for diver-
sion selection, provide a step-by-step approach to the differ-
ent extracorporeal urinary diversions that may be performed 
in the setting of robot-assisted laparoscopic radical cystec-
tomy (RARC), and report on specific risks, complication 
rates, and long-term data associated with each reconstruction 
technique. Specifically, we will discuss in detail the extracor-
poreal techniques of a Studer orthotopic neobladder, Indiana 
pouch continent cutaneous urinary diversion, and ileal con-
duit urinary diversion.

2  Perioperative Considerations

Oncologic indications for radical cystectomy include urothe-
lial and non-urothelial carcinoma of the bladder with inva-
sion into the muscularis propria, as well as high-risk, 
non-muscle invasive disease refractory to prior therapy. All 
patients should undergo appropriate cardiac and medical 
clearance. Patients must be physiologically able to tolerate 
pneumoperitoneum and prolonged Trendelenburg for the 
RARC.

The type of urinary tract reconstruction is determined 
after meticulous preoperative evaluation of the patient with 
particular interest in the patient’s comorbidities, support sys-
tem, dexterity, and neurologic status. An important compo-
nent of the preoperative evaluation is a discussion regarding 
the patient’s priorities and tolerance, both psychologically 
and physically, for potential complications. It is important 
that patients are counseled and demonstrate understanding of 
all potential risks and complications prior to surgery. Patients 
must also be informed that intraoperative findings may dic-
tate a change in the planned form of urinary diversion. No 
randomized data exist regarding the superiority of one type 
of diversion over another, so oftentimes, in the absence of Y. Jaber · K. Chan 
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absolute and relative contraindications, the diversion deci-
sion comes down to patient preferences and surgeon biases 
and experience.

Broadly, urinary diversions can be classified into inconti-
nent, ileal or colonic conduits and continent, orthotopic, and 
cutaneous. Diversions using the anal sphincter as the conti-
nence mechanism are best served as historic reference and 
will not be discussed in this chapter. It is important to note 
that regardless of diversion selected lifelong follow-up is 
necessary for all patients [23, 24].

In this chapter, we describe the extracorporeal technique 
of the ileal conduit, the Studer orthotopic neobladder, and the 
Indiana pouch continent cutaneous urinary diversions. 
However, there are various other types of orthotopic and con-
tinent cutaneous urinary diversions that can easily be applied 
and translated to the extracorporeal techniques we describe. 
RARC is detailed in another chapter; however briefly we will 
touch on positioning, port placement, and broad robotic 
preparation.

3  Patient Positioning, Port Placement, 
and Robotic Preparation

The patient should be placed in the dorsal lithotomy or split- 
leg position when the da Vinci® standard, S, or Si robotic 
platform is employed. Male patients can remain in the supine 
position when the da Vinci® XI robotic platform is employed. 
An exaggerated Trendelenburg position is utilized to allow 
for adequate exposure of the pelvis and lower retroperito-
neum. Care should be taken to adequately pad all pressure 
points, especially the posterior lower extremity, to avoid a 
peroneal nerve palsy.

Port placement is similar to that for robot-assisted laparo-
scopic radical prostatectomy, with the ports placed further 
cephalad to allow for a more extended lymph node dissec-
tion. Port placement can be varied according to surgeon 
preference.

Extracorporeal urinary diversion mirrors open surgical 
technique regardless of the type of urinary diversion being 
performed. However, in the setting of robotic cystectomy, 
there are maneuvers that can aid in allowing the incision to 
remain the size of the extraction site and optimize surgical 
efficiency by utilizing the advantages of robotics and lapa-
roscopy for key portions of the operation.

During the RARC, the ureters are divided between two 
extra-large Weck Hem-o-lok® clips. The clips have a pre- 
tied 8-cm, dyed, or undyed suture to denote left and right. 
The clips are placed on the ureter through the right iliac 
12-mm bedside assistant’s port in a right to left orientation. 
This allows us to identify any twists in the ureter at the time 
of the ureteroileal anastomosis. The ureteral suture tags are 

placed aside, out of the operative field, during the completion 
of the cystectomy.

Once the cystectomy and lymph node dissection are com-
plete, there are a number of final steps performed prior to 
undocking the robot. The left ureter is brought under the sig-
moid mesentery by guiding the attached suture with a lapa-
roscopic needle driver. At this time one may choose to use 
the Carter-Thomason® Suture Passer to pass a suture through 
the 12  mm assistant port in preparation for closure. The 
remaining diversion-specific preparatory steps will be dis-
cussed further in the respective sections later within the 
chapter.

4  Ileal Conduit Extracorporeal Urinary 
Diversion

The primary goal in selecting a urinary diversion is to mini-
mize the potential for, perioperative and oncologic, compli-
cations while maximizing quality of life. The decision 
process warrants careful consideration of issues related to 
cancer stage, comorbidities, age, and patient desires. The 
ileal conduit is the least complicated diversion. The relative 
simplicity enables less time under anesthesia and decreased 
postoperative complications. As a result, the ileal conduit has 
largely become the default diversion and primary choice for 
patients with contraindications to continent diversion.

5  Robotic Preparation

As discussed previously, the left ureter is transposed to the 
right abdomen through the sigmoid mesenteric window. 
Both ureters remain clipped and tagged as described above. 
An additional identification tag, using 2–0 silk, is placed 
through the terminal ileum. We then use a laparoscopic nee-
dle driver, through the assistant port, to take hold of the three 
tags. The needle driver remains intracorporeal and is secured 
to the drape with a peon. This allows for all three compo-
nents to be readily available for the urinary diversion. The 
robotic instruments are then removed, and the robot is 
undocked.

6  Ileal Harvest

Several sites can be used for the specimen extraction and 
subsequent extracorporeal urinary tract reconstruction 
including periumbilical midline (incorporating the camera 
port), infraumbilical midline, Pfannestiel, and McBurney 
(incorporating right-sided port site for ileal conduits) [25]. 
We routinely use a 6-cm midline incision just below the 
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umbilicus (Fig.  1). With the abdomen still insufflated, we 
open the rectus fascia and peritoneum. The insufflation is 
turned off, and the specimen is extracted using an Endo 
Catch™ II 15-mm specimen pouch (Covidien, Mansfield, 
MA). A wound retractor is then placed to aid in exposure. 
One may opt to use an Alexis wound retractor (Applied 
Medical, Rancho Santa Margarita, CA) or a CleanCision™ 

(Prescient Surgical, San Carlos, CA) (Fig. 2). The sutures for 
the right ureter, left ureter, and terminal ileum are delivered 
through the incision with the aid of the laparoscopic needle 
driver. The ureters are then placed in their correct anatomic 
orientation, using both visual and manual evaluation to check 
for twisting or crossing of the ureters.

At this point it is our practice to complete real-time 
indocyanine green angiography using the PINPOINT fluo-
rescence imaging platform (Stryker Corp., Kalamazoo, 
MI, USA, previously Novadaq, Mississauga, ON, Canada) 
to assess ureteral perfusion. With the assistance of our 
anesthesia colleagues, 3 ml of ICG, followed by 10 ml of 
saline, is administered intravenously. After approximately 
30–45 seconds, a perfusion assessment is performed using 
the PINPOINT® Fluorescence Imaging System. The 
imaging displays ICG photon emission detected in the tis-
sue. Dark images result from low photon emission indicat-
ing poor perfusion, while bright imaging results from 
abundant photon emission indicating good perfusion. A 
suture is then used to mark the distal-most extent of ure-
teral perfusion for each ureter (Fig. 3). Eventually, the ure-
ter will be divided proximal to this suture to ensure 
adequate blood supply to the anastomosis. It is important 
to note that ICG perfusion assessment is best done prior to 
dividing the bowel for the urinary diversion. This allows 
for tailoring of the bowel segment length in situations 
where a large portion of ureter needs to be excised due to 
poor perfusion [26].

After the ureteral perfusion assessment, the ileum is iden-
tified with the assistance of the 2–0 silk tag and brought 
through the incision. The terminal ileum is then stapled and 
divided using a GIA stapler approximately 15 cm proximal 
to the ileocecal valve (Fig. 1). The mesentery at this location 
is divided for approximately 8–10 cm at the plane of Treves. 
This can be performed with the LigaSure device or suture 
ligations of crossing mesenteric vessels, using 3–0 silk 
sutures. A segment of ileum is then measured to create the 

Fig. 1 This picture shows the midline incision just below the umbilicus 
with a CleanCision™ wound retractor. The ileal segment is brought 
through the incision, and the ileal harvest measurements are completed. 
The Penrose drains demarcate the ileal segment to be used as well as the 
discard segment

a b

Fig. 2 (a) Image of antibiotic wound protector. (b) Cross-sectional image of antibiotic wound protector inside wound. Antibiotic flows from 
superficial to deep portions of the wound (dotted white line)
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a b

Fig. 3 Evaluation of ureteral perfusion using ICG and Novadaq platform. A suture is placed to mark the ureter where we identified the margin of 
good perfusion. (a) White luminescence demonstrates flow. (b) Blue coloration indicates good perfusion

Fig. 4 The proximal conduit can be seen with the silk Lembert sutures. The ureters can be seen with Weck clips prior to anastomoses on the left 
and just after anastomoses on the right. Ureteral stents are seen exiting the stomal end of conduit

conduit. An appropriate length can be obtained by placing 
the distal end of the harvested segment on the skin at the 
planned stomal site and measuring the length of ileum 
needed to perform tension-free ureteroenteric anastomoses. 
In general, this is typically 20 cm. An additional 5-cm seg-
ment of ileum is then marked for excision. A GIA stapler is 
used to staple and divide the ileal segment at the determined 
distal and proximal ends. The stapled proximal and distal 
ileal segments are tagged with a 3–0 silk. These silk tags 
assist in alignment during the side-to-side ileoileal 
 anastomosis. Using Bovie electrocautery, the proximal 5-cm 
discard segment is then excised and discarded (Fig. 1). This 
5-cm discard serves two purposes. It reduces mesenteric ten-

sion and creates distance between the ileoileal anastomosis 
and the ureteroileal anastomoses.

The proximal end of the conduit is closed using absorb-
able 3–0 polyglactin sutures in two continuous layers. The 
closure is reinforced with 3–0 silk Lembert sutures, which 
are left long for future identification in the event of reopera-
tion (Fig. 4). The ileum is then brought back into continuity. 
With the conduit placed inferiorly, a stapled side-to-side 
ileoileal anastomosis is then performed using the GIA sta-
pler. The crossing staple lines and the base of the anastomo-
sis are reinforced with interrupted 3–0 silk sutures (Fig. 4). 
The mesenteric defect is then closed using 3–0 polyglactin 
suture in continuous fashion.
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7  Ureteroileal Anastomoses

For the left ureter, a small enterotomy is made sharply adja-
cent to the proximal end of the conduit using Metzenbaum 
scissors. The mucosal edges are then everted using 4–0 chro-
mic sutures in the four quadrants of the enterotomy. The left 
ureter is then brought adjacent to the planned anastomosis 
site. The excess ureter is excised proximal to the tag placed 
during ICG and sent as a final specimen. The ureteroileal 
anastomosis is then performed in end-to-side, spatulated 
fashion using interrupted or continuous 4–0 polyglactin or 
monofilament absorbable suture (Fig. 4). Halfway through a 
single-J urinary diversion stent is placed across the ure-
teroileal anastomosis and brought out the distal end of the 
conduit. The remaining anastomotic stitches are subse-
quently completed. Care should be taken to create a water-
tight anastomosis with a no touch technique. The procedure 
is then replicated for the right ureteroenteric anastomosis.

8  Ileal Conduit Stoma Creation

A circle of skin approximately 2.5 cm in diameter is excised 
at the previously marked planned stoma site. The subcutane-
ous tissue is divided using cautery, and a cruciate incision is 
made in the anterior rectus fascia. The peritoneum is then 
incised. To avoid strangulation of the conduit, the fascial 
incision should be wide enough to accommodate two finger-
breadths. If the small bowel mesentery is compliant, a rose-
bud stoma can be created, but if the small bowel mesentery is 
shortened and noncompliant, a modified Turnbull stoma 
should be created.

For a rosebud stoma, the distal end of the conduit is 
brought through the incision with the mesentery along the 
superior aspect. The conduit is secured to the fascia at four 
locations using a 0 polyglactin suture through a seromuscu-
lar layer of the conduit. The distal staple line is then excised. 
The stoma is then matured using 2–0 polyglactin sutures 
through the distal edge of the stoma, then through the sero-
muscular layer of the conduit at the level of the skin, and 
then lastly through the dermis. The stomal mucosa is everted 
as these sutures are tightened. The intervening gaps can then 
be filled in with additional 2–0 polyglactin sutures (Fig. 5). 
For a modified Turnbull stoma, a segment of conduit several 
centimeters proximal to the distal end is brought through the 
incision. The conduit is secured to the fascia at four locations 
using 0 polyglactin suture through a seromuscular layer. A 
semilunar incision is then created through the conduit, and 
the stoma is then matured at the functional limb using 2–0 
polyglactin sutures as described above.

A red Robinson catheter is placed into the conduit and 
secured at the stomal level, along with the two ureteral stents. 

A 19-Fr round Blake drain is then placed through the left 
pararectus port site, traversing the pelvis and ending adjacent 
to the ureteroileal anastomoses at the proximal end of the 
conduit (Fig. 5). The incisions are irrigated thoroughly. The 
fascia and skin are then closed at the midline incision, and all 
port sites are closed. A urostomy appliance is placed over the 
stoma and placed to gravity drainage.

9  Postoperative Care

The hospital stay typically ranges from 5 to 7 days. An ERAS 
protocol is followed with early oral feeding and minimal nar-
cotic administration. Prior to stent removal a JP creatinine is 
obtained. In the absence of concern for urinary leak, the 
stents and red Robinson catheter are removed once the 
patient is unequivocally tolerating a diet and experiencing 
return of bowel function. Typically, this occurs between 
postoperative days 4–6. The drain is removed when the out-
put is less than 600 mL/24 h.

10  Ileal Conduit-Specific Complications

The ileal conduit is the default diversion for patients with 
significant medical comorbidities. The greater prevalence of 
morbidity in these patients leads to a rate of surgical compli-
cations that approaches that of the continent diversions per-
formed in healthier patients. The most common complications 

Fig. 5 The 6-cm extraction and ECUD incision are shown here. The 
stoma can be seen with the Robinson catheter secured at the stomal 
level, along with the two ureteral stents. A 19-Fr round Blake drain is 
then placed through the left pararectus port site
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reported are pyelonephritis, ureteric obstruction, urinary cal-
culi, and stomal complications [27]. Metabolic and absorp-
tive aberrancies are much less frequent [23].

11  Extracorporeal Studer Orthotopic 
Ileal Neobladder

Patient selection is critical to the success of orthotopic, con-
tinent diversions. The primary goal is always cancer control, 
and the decision to pursue an orthotopic continent diversion 
should not interfere with the curative potential of the 
surgery.

When evaluating a patient for an orthotopic neobladder, 
one must take into consideration relative and absolute con-
traindications. It is important to note that age is not a contra-
indication to orthotopic neobladder diversion. Appropriate 
physical and cognitive capacity is imperative. This is true not 
only for orthotopic neobladders but also for all continent 
diversions. Unlike conduit diversions, all continent diver-
sions require active patient participation and understanding 
to ensure proper maintenance and use. If hindrances to par-
ticipation exist, such as limited dexterity and understanding, 
a continent diversion should not be undertaken.

In conjunction with physical and mental impairment, 
absolute contraindications for continent diversions include 
impaired renal and hepatic function. Patients with impair-
ment in renal and hepatic function are at risk for reabsorption 
of urinary waste products including creatinine, urea, and 
ammonia. These waste products are subsequently absorbed 
by the intestinal segment and enter systemic circulation, 
increasing the burden on renal and hepatic clearance. This 
increased metabolic burden can potentiate the preexisting 
impairment.

The final absolute contraindication to an orthotopic neo-
bladder is urethral disease. This includes urethral dysfunc-
tion as well as malignant involvement [23, 28].

12  Robotic Preparation

Several key steps performed with the robot still docked facil-
itate an expeditious creation of the orthotopic urinary diver-
sion. As discussed previously, the left ureter is transposed to 
the right abdomen through the sigmoid mesenteric window. 
Both ureters remain clipped and tagged as described above. 
An additional identification tag, using 2–0 silk, is placed on 
the terminal ileum.

During the RARC as the urethra is divided, we place a 
9-in. 2–0 Vicryl™ (Ethicon, New Brunswick, NJ) suture at 
the 6 o’clock position of the urethra. This suture serves as the 
initial ureteral stitch in the urethral anastomosis. The needle 
remains intracorporeally, in the periosteum of the pubic 

bone, so that it can be easily found when the robot is re- 
docked for the anastomosis.

Once the cystectomy and lymph node dissection are com-
plete, a 16-Fr red Robinson catheter, with an 8-cm 0 silk 
suture pre-tied to the end, is placed in the urethra. The red 
Robinson catheter will assist in bringing the assembled neo-
bladder down into the pelvis later in the case. The two ure-
teral sutures, the ileal suture, and the red Robinson suture are 
then placed into the assistant’s laparoscopic needle driver by 
the console surgeon. The needle driver remains intracorpo-
real and is secured to the drape with a peon. This allows all 
four components to be readily available and identifiable for 
the urinary diversion when the robot is undocked, and the 
infraumbilical midline incision is opened. The robotic instru-
ments are removed, the ports are kept in place, and the robot 
is undocked. The ports will be utilized later when the robot is 
re-docked for the urethral anastomosis.

13  Ileal Harvest and Neobladder 
Formation

The robot is undocked but kept sterile to be used later for the 
urethral anastomosis. The insufflation is turned off, and all 
port sites are kept in place. The patient remains in 
Trendelenburg position to keep the small bowel out of the 
way during the neobladder construction.

As discussed above, one may choose from a variety of 
incision types. We prefer to use a 7-cm midline infraumbili-
cal incision for extracorporeal Studer neobladders, as this is 
the shortest length that accommodates a constructed neo-
bladder. After the rectus fascia and peritoneum are opened, 
the specimen is extracted using an Endo Catch™ II 15-mm 
specimen pouch (Covidien, Mansfield, MA). A wound 
retractor is then placed to aid in exposure. The sutures for the 
right ureter, left ureter, terminal ileum, and red Robinson are 
delivered through the incision with the aid of the laparo-
scopic needle driver. The ureters are then placed in their cor-
rect anatomic orientation, using both visual and manual 
evaluation to check for twisting or crossing of the ureters. At 
this point it is our practice to complete real-time indocyanine 
green angiography using the PINPOINT fluorescence imag-
ing platform (Stryker Corp., Kalamazoo, MI, USA, previ-
ously Novadaq, Mississauga, ON, Canada) to assess ureteral 
perfusion as discussed above (Fig. 3).

After the ureteral perfusion assessment, the ileum is iden-
tified with the assistance of the 2–0 silk tag and brought 
through the incision. The terminal ileum is then stapled and 
divided using a GIA stapler approximately 15 cm proximal 
to the ileocecal valve. The mesentery at this location is 
divided for approximately 8–10 cm at the plane of Treves.

A 60-cm segment of ileum is then measured to create the 
neobladder (Fig. 6).
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Fig. 7 Neobladder constructed with bilateral ureters adjacent to affer-
ent limb where they will be anastomosed

5cm discard
segment for
mobility

15cm for
afferent
limb

10-15cm from
ileocecal valve

45cm for
neobladder

Fig. 6 Ileal segment for Studer Pouch neobladder

An additional 5-cm segment of ileum is then marked for 
later excision. A GIA stapler is then used to staple and 
divide the ileal segment at the determined distal and proxi-
mal ends. The stapled proximal and distal ileal segments 
that are to be anastomosed are tagged with a 3–0 silk. These 
silk tags assist in alignment during the side-to-side ileoileal 
anastomosis. Using Bovie electrocautery, the proximal 5-cm 
discard segment is then excised from the diversion segment 
of ileum. As with the ileal conduit, this 5-cm discard serves 
to reduce mesenteric tension and create distance between 
the end of the afferent limb of the neobladder and the 
ileoileal anastomosis.

The proximal end of the neobladder is closed in two 
running layers using absorbable 3–0 polyglactin suture. 
The closure is reinforced with 3–0 silk Lembert sutures, 
which are left long for future identification in the event of 
reoperation. The ileum is then brought back into continu-
ity. With the ileal segment to be used for the neobladder 
placed inferiorly, a stapled side-to-side bowel anastomosis 
is then performed using the GIA stapler. The crossing sta-
ple lines and the base of the anastomosis are reinforced 
with interrupted 3–0 silk sutures. The mesenteric defect is 
then closed using 3–0 polyglactin suture in continuous 
fashion.

The most proximal 15-cm of ileum from the neobladder 
segment is marked and delineated as the afferent limb. The 
remaining 45 cm of ileum from the neobladder segment is 
then detubularized using cautery along the antimesenteric 
edge. The detubularized segment is then placed in a U-shaped 
configuration, and the medial edges are sewn together using 
continuous 3–0 polyglactin sutures.

These sutures should be placed in close enough proximity 
to ensure a watertight closure, incorporating a larger sero-
muscular bite and a smaller mucosal bite to allow for ade-
quate inversion of the mucosa. The pouch is then folded on 
itself in Heineke-Mikulicz fashion, and the remaining edges 
are sewn to close the pouch using 3–0 polyglactin suture, 
with the same technique as described above (Fig. 7).

Once the pouch is completed, two 0 polyglactin sutures, 
one dyed and one undyed, are used to mark the 6 o’clock and 
12o’clock positions, relative to the anticipated anastomotic 
location on the neobladder. A figure of eight suture is utilized 
at the 6 o’clock to allow for traction to be placed on this 
suture to aid in the urethral anastomosis. These stitches will 
be used to orient the console surgeon robotically and will 
also serve as handles for the console surgeon’s fourth arm. 
An additional polyglactin suture is used to secure the neo-
bladder and the tip of the urethral red Robinson catheter. 
This stitch will act as a handle for the bedside assistant later 
in the case. It is important to note that the neovesical-urethral 
anastomotic location is not committed to until the robot is 
re-docked and the neobladder has been brought down to the 
pelvis. Once the neobladder has been brought into the pelvis, 
one should evaluate lie, exposure, and point of minimal ten-
sion. All three factors should be considered when determin-
ing the location on the pouch for the urethral anastomosis.

The neobladder is then placed into the pelvis with only 
the afferent limb and bilateral ureters exposed at the infraum-
bilical midline incision (Fig. 7) in preparation for the ure-
teroileal anastomoses.
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14  Ureteroileal Anastomoses

The ureteroileal anastomoses are then performed as detailed 
above for the ileal conduit urinary diversion. The two ureters 
are stented with single-J urinary diversion stents that are 
brought out through a 1-mm incision in the afferent limb of 
the neobladder and placed beside the right pararectus robotic 
port site. A 3–0 plain gut purse-string suture is used to secure 
the stents at the afferent limb.

15  Neovesical-Urethral Anastomosis

Once the ureteroileal anastomoses are completed, the mid-
line incision is closed, and the abdomen is insufflated. The 
robot is re-docked to the ports, and the robotic instruments 
are replaced.

The redundant sigmoid colon is moved out of the pelvis, 
and the neobladder is then brought down toward the pelvis 
by the console surgeon using the pre-placed suture handles 
and the fourth arm. The assistant can aid in the maneuver by 
placing gentle traction on the red Robinson catheter attached 
to the 6 o’clock position of the neobladder.

The posterior urethral plate reconstruction is then per-
formed in similar fashion to a Rocco reconstruction [29]. 
First, the musculofascial plate of the rectourethralis is 
approximated to the cut edge of Denonvilliers’ fascia in 
figure- of-eight fashion using 9 inch 3–0 V-Loc absorbable 
suture. The needle is kept on the suture for the second part of 
the Rocco reconstruction. The neobladder is then brought 
down to the pelvis by applying gentle traction on the red 
Robinson catheter and the 6 o’clock suture of the neoblad-
der. Once in the pelvis, the neobladder is held in place using 
the robotic fourth arm and the 6 o’clock suture. Care should 
be taken to ensure that the fourth arm is not resting in such a 
way that it compresses the external iliac vessels.

Next, the musculofascial plate of the rectourethralis is 
approximated to the posterior neobladder, approximately 
2  cm posterior to the planned urethral aperture, using 
3–0 V-Loc suture still attached to the first part of the Rocco 
reconstruction.

The suture on the red Robinson catheter is cut, and this 
catheter is removed. The urethral aperture is then created 
sharply or with cautery using the cutting current.

The previously placed 3–0 polyglactin 6 o’clock posterior 
urethral stitch is then utilized to reapproximate the posterior 
urethral plate to the neobladder aperture. If tension is appre-
ciated when tying this stich down, additional interrupted 
sutures can be used to reapproximate the posterior urethral 
plate. Two 3–0 absorbable barbed sutures that are looped 
together are then brought in and are placed in the neobladder 
neck on each side of the 3–0 polyglactin suture and then in 

their corresponding location in the posterior urethra. Each 
suture is used to complete the urethra-neovesical anastomo-
sis, along each side up to the 12 o’clock position. The com-
pleted anastomosis is tested by irrigating the neobladder with 
120 ml of normal saline. Any visible area of extravasation 
from either the neobladder or the anastomosis is reinforced 
with an additional 3–0 Vicryl™ or 3–0 absorbable barbed 
sutures. A new two-way 18-Fr hematuria catheter is placed 
into the neobladder, and 15 mL of sterile water is instilled in 
the balloon.

A 19-Fr round Blake drain is brought through the left 
pararectus port site and placed along the urethral anastomo-
sis, adjacent to the ureteroileal anastomoses. The drain and 
stents are secured to the skin. The remaining robotic instru-
ments are removed, and the robot is undocked. All ports are 
irrigated thoroughly. The fascia at the 12-mm robotic port 
site is closed. All remaining skin incisions are closed. The 
stents are cut approximately 5 cm, and an ostomy appliance 
is placed over them.

16  Postoperative Care

The hospital stay typically ranges from 5 to 7 days. An ERAS 
protocol is followed with early oral feeding and minimal nar-
cotic administration. Prior to stent removal a JP creatinine is 
obtained. In the absence of concern for urinary leak, the 
stents and red Robinson catheter are removed once the 
patient is unequivocally tolerating a diet and experiencing 
return of bowel function. Typically this occurs between post-
operative days 4–6. The drain is removed when the output is 
less than 600  mL/24  h. The neobladder Foley catheter is 
hand-irrigated every 4 h and kept in place for 3 weeks. A cys-
togram is performed to ensure no leakage before catheter 
removal. Patients are taught clean intermittent catheteriza-
tion at their catheter removal visit and instructed to perform 
timed catheterizations if retention is suspected until residuals 
are consistently minimal.

17  Orthotopic Neobladder-Specific 
Complications

Continent orthotopic urinary diversions involve multiple 
suture lines and longer operative times than ileal conduits. 
As such, they are subject to a higher incidence of urinary 
leaks, fecal leak, prolonged ileus, and wound infection in the 
early postoperative period. Similarly, any continent reservoir 
is at greater risk of rupture than an incontinent diversion 
[23]. Other orthotopic neobladder-specific complications 
include hypercontinence, incontinence, and ureteral anasto-
motic stricture. Generally, continence rates in the literature 
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vary but with a general trend toward higher continence rates 
in experienced hands. In fact, some institutions have reported 
daytime continence rates greater than 90% and nocturnal 
continence rates greater than 80% [30].

The corollary complication is hypercontinence after 
orthotopic neobladder. Urinary retention, and the need for 
intermittent catheterization, is more frequently seen in 
females with orthotopic neobladders. It is believed that this 
hypercontinence is due in part to posterior prolapse of the 
neobladder [31].

Lastly, specific to all continent diversions is the increased 
risk of resorptive metabolic derangements due to prolonged 
urinary dwell times.

18  Extracorporeal Indiana Pouch Urinary 
Diversion

Continent cutaneous urinary diversion remains an important 
option for those patients who are not candidates for ortho-
topic urinary diversion due to urethral disease. Aside from 
the urethral contraindications, the requirements and contra-
indications for cutaneous continent diversions are much the 
same as that discussed for orthotopic neobladders.

Appropriate physical and cognitive capacity is imperative 
as continent cutaneous diversions require active patient par-
ticipation and understanding to ensure proper maintenance 
and use. Specifically, the ability and willingness to perform 
regimented timed intermittent catheterization is mandatory. 
If hindrances to participation exist, such as limited dexterity 
and understanding, a continent diversion should not be 
undertaken.

19  Robotic and Laparoscopic 
Preparation

As discussed previously the left ureter is transposed to the 
right abdomen through the sigmoid mesenteric window. 
Both ureters remain clipped and tagged as described above. 
The sutures on the two ureters are secured with a laparo-
scopic needle driver that is in the right iliac port. At this 
point, the robot is undocked, and the patient is positioned 
flat, with the right side up. An 8 cm incision is made for spec-
imen extraction, and the specimen is extracted as detailed 
above. Using the existing port configuration, a hand-assist 
gel port and Alexis wound retractor (Applied Medical, 
Rancho Santa Margarita, CA) are placed in the extraction 
incision. The abdomen is re-insufflated and hand-assisted, 
and laparoscopic mobilization of the right colon is then per-
formed. Using monopolar shears, the ascending colon is then 
mobilized by continuing the peritoneal incision lateral to the 

colon along the white line of Toldt. The colon and colonic 
mesentery are then dissected medially. The hepatic flexure is 
taken down using cautery. This mobilization is continued to 
the mid transverse colon.

20  Ileocolonic Harvest

After the right colon mobilization, the abdomen is desuf-
flated, and the gel port is removed. The Alexis wound retrac-
tor is kept in place for exposure. The sutures for the left 
ureter and right ureter are delivered through the incision. At 
this point it is our practice to complete real-time indocya-
nine green angiography using the PINPOINT fluorescence 
imaging platform to assess ureteral perfusion as discussed 
above (Fig. 3).

After the ureteral perfusion assessment, the ileum is iden-
tified and then stapled and divided using a GIA stapler, 
approximately 15  cm proximal to the ileocecal valve. The 
mesentery at this location is divided for approximately 
8–10 cm at the plane of Treves.

A 31-cm segment of ascending colon is then measured 
starting at the appendix; this segment will be used to create 
the colonic reservoir. The colon is then stapled and divided 
at this location using a GIA stapler (Fig. 8). The ileocolonic 
anastomosis is then performed with the future Indiana pouch 
segment inferior to the bowel anastomosis. A stapled side-
to- side bowel anastomosis is then performed. The crossing 
staple lines and the base of the anastomosis are reinforced 
with interrupted 3–0 silk sutures. The mesenteric trap is 
then closed using a 3–0 polyglactin suture in continuous 
fashion.

The colonic portion of the Indiana pouch is then detubu-
larized using cautery along its antimesenteric surface. This 
incision is continued around the appendix.

Fig. 8 Ileocolonic harvest for Indiana Pouch
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21  Catheterizable Limb Formation

The creation of the catheterizable limb is performed with 
colon segment completely opened. The staple line on the 
ileal segment of the Indiana pouch is excised. A 14-Fr red 
Robinson catheter is then advanced through the ileal seg-
ment and into the pouch itself, serving as a tapering guide. 
Allis clamps are used to tension the ileal segment against 
the red Robinson catheter along its antimesenteric edge. A 
GIA stapler is then used to excise this excess ileum along 
the catheter. The staple line should continue up to approxi-
mately 1–2  cm from the ileocecal valve; multiple staple 
loads may be required (Fig. 9). The base of the ileocecal 
valve is imbricated over the catheter, using three Lembert 
style 3–0 silk sutures. These imbricating stiches are placed 
in a seromuscular layer equally spaced around the ileoce-
cal valve, superiorly, anteriorly, and inferiorly. The cathe-
ter is then removed and replaced, ensuring ease of 
catheterization.

22  Pouch Formation

As described in the ileocolonic harvest section, the colonic 
portion of the Indiana pouch has been detubularized using 
cautery along its antimesenteric edge. The mesoappendix 
and the appendix have been removed. The detubularized 
colonic segment is then folded on itself in Heineke-Mikulicz 
fashion, and the edges are sewn together using 3–0 polygla-
ctin suture. These sutures should be placed in close enough 
proximity to ensure a watertight closure, incorporating a 
larger seromuscular bite and a smaller mucosal bite to allow 
for adequate inversion of the mucosa.

Once completed, the pouch is then filled with 300 mL of 
normal saline to confirm the presence of a watertight pouch 
and continence at the ileal segment. The pouch is then 
emptied.

23  Ureteroenteric Anastomoses

Once the pouch is created and the continence mechanism is 
completed, we proceed with the ureteral anastomoses. The 
right side of the Indiana pouch is then rotated counterclock-
wise 90°. A small enterotomy is made sharply along the left 
aspect of the Indiana pouch, at least 1  cm away from any 
suture line. The mucosal edges of the enterotomy are then 
everted using 4–0 chromic sutures in four quadrants. The left 
ureter is then brought adjacent to the planned anastomosis 
site. The excess ureter is excised and sent as a specimen. The 
uretero-colonic anastomosis is then performed as detailed 
earlier. Either interrupted or continuous fashion using 4–0 
polyglactin or monofilament absorbable suture may be used. 
Halfway through the anastomosis, a single-J urinary diver-
sion stent is placed across the anastomosis and brought out 
through a stab incision in the right anterior aspect of the 
pouch. After which, the remainder of the anastomosis is then 
completed. Care should be taken to create a watertight anas-
tomosis, using a “no touch” technique on the ureteral mucosa. 
The procedure is then repeated with the right ureter. The 
stents are then secured to the pouch using a 4–0 plain gut 
purse-string suture. Stents are then externalized at the right 
iliac port site.

24  Suprapubic Catheter Placement

A 24-Fr Foley catheter is brought into the abdomen through 
the right upper quadrant port site. A separate 1-cm incision 
may be used if the port site is too cranial. It should be noted 
that the term suprapubic is used as a historical term for this 
catheter, as the location is not at within the suprapubic region. 
When determining the suprapubic site on the skin, it should 
be determined in relation to location of the catheterizable 
channel. The distance and orientation between two sites on 
the pouch should match the corresponding sites on the skin. 
Once the sites have been determined, the catheter is placed 
into the Indiana pouch in Stamm fashion using 3–0 polyglac-
tin sutures. The suprapubic catheter balloon is then filled with 
10 ml of sterile water. The suprapubic catheter is then pulled 
taut. The pouch is then anchored to the anterior abdominal 
wall in Stamm fashion using 2–0 polyglactin sutures. The 
catheter is secured at the skin using a 0 silk suture.

25  Creation of Catheterizable Channel

A small disk of skin is then excised at the right pararectus 
port site. The fascia at this location is bluntly dilated to one 
fingerbreadth. The stoma location can also be at the umbili-
cus depending on patient preference. The limb is then Fig. 9 Indiana pouch and catheterizable limb formation
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Fig. 10 Completed umbilical 
Indiana stoma with port sites 
and drain sites

brought through this incision until the excess limb is outside 
the skin. The excess is then excised 1 cm above the level of 
the skin and discarded using cautery. Our goal is to excise as 
much redundant ileal segment as possible to create an easily 
catheterizable channel. Catheterization is then performed 
again to ensure ease. The stoma is secured to the skin using 
interrupted 3–0 polyglactin sutures, full thickness through 
the stoma, and subcuticular at the skin. A 19-Fr Blake drain 
is placed in the pelvis and adjacent to the uretero-colonic 
anastomoses. The drain is externalized at the left pararectus 
port site. The fascia and skin are then closed at the midline 
incision. All remaining port sites are irrigated and then 
closed (Fig. 10). The suprapubic tube and stents are placed to 
gravity drainage. A Vaseline gauze is used to cover the stoma 
which is left uncatheterized.

26  Postoperative Care

Similar to the neobladder, the hospital stay typically ranges 
from 5 to 7 days. As with the neobladder, regular pouch irri-
gations, every 4 hours, are required until the suprapubic cath-

eter is removed. An ERAS protocol is followed with early 
oral feeding and minimal narcotic administration. Prior to 
stent removal a JP creatinine is obtained. In the absence of 
concern for urinary leak, the stents are removed once the 
patient is unequivocally tolerating a diet and experiencing 
return of bowel function. Typically this occurs between post-
operative days 4–6. The drain is removed when the output is 
less than 600  mL/24  h. The suprapubic Foley catheter is 
hand-irrigated every 4 h and kept in place for 3 weeks. A cys-
togram is performed to ensure no extravasation before cath-
eter removal. The stomal dressing is changed daily.

27  Indiana Pouch-Specific Complications

Complications include many of those discussed for the 
orthotopic neobladder. However, additional complications 
seen in continent cutaneous diversions, which are not seen in 
orthotopic diversions, relate to the efferent limb. The most 
prevalent of these complications reported in recent studies is 
stomal stenosis, the second of which is difficulty with cath-
eterization [32].
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28  Recent Advancements in ECUD

Surgical refinement is a continuous variable among the goals 
and objectives of a surgeon. This continuous variable moves 
the equation of a surgeon incrementally closer to surgical 
perfection, without ever achieving it.

The graphical representations of the best surgeons are 
asymptotic, approaching ever nearer to the line of perfection 
but never crossing, as the potential for growth is always infi-
nite. Vital to this continued growth is the ability to adapt, 
integrate, and acclimate to new information, technology, and 
tools at our disposal. Not only does continued refinement 
advance a surgeon’s graphical trajectory, but most impor-
tantly it improves patient outcomes and decreases 
complications.

With a lifetime complication risk of up to 36% for all 
patients undergoing urinary diversions, it is mandatory that 
we continue to refine surgical techniques and perioperative 
management [23]. In this section we will discuss advance-
ments in the practices and techniques of ECUD that are 
aimed to minimize common complications seen in patients 
with urinary diversions.

Benign ureteroenteric strictures (UES) are among the 
most common complications seen in patients with urinary 
diversions. The incidence reported in the literature is quite 
variable but appears to be between 1.3% and 16.8% for 
ECUD, even higher rates can be seen for ICUD [2, 7, 27, 
33–43]. Among the most common complications, UES are 
the most morbid. All UES require at least one operative 
intervention. However, it is not infrequent that multiple inter-
ventions are required. UES are also the leading cause of 
renal dysfunction after urinary diversion [36, 44]. Although 
the pathophysiology has yet to be definitively elucidated, it is 
largely believed that UES development is a consequence of 
ureteral devascularization and ischemia, leading to scar for-
mation [38, 39]. The associated morbidity of UES has led to 
many observational investigations on causality and mitigat-
ing factors including extracorporeal versus intracorporeal, 
running versus interrupted anastomosis, and touch versus 
no-touch technique. The results within the literature are var-
ied regarding those factors; however the use of a promising 
new technology, indocyanine green (ICG) with near-infrared 
fluorescence for intraoperative vascular evaluation, appears 
to have a consistent and significant UES reduction benefit. 
The technique has been used for at our institution for over 
five years with a clinically evident decrease in UES. In fact, 
we found that our UES went from 7.5% in the non-SPY 
group (p = 0.01) to 0% in the SPY group [26, 45].

Another common complication seen in RARC patients is 
infection. Approximately 31.9% of radical cystectomy 

patients get readmitted for early infection including sepsis, 
pyelonephritis, abscess, UTI, bacteremia, and C.Diff. An 
additional 12.2% get readmitted for surgical site infection 
[46]. The effect of this high complication rate in this popula-
tion cannot be understated as hospital readmission, addi-
tional procedures, and economic burden all negatively impact 
patient quality of life [47]. As a result we have adopted a new 
ECUD retractor, CleanCision™ (Prescient Surgical, San 
Carlos, CA). CleanCision™ is a wound retraction device 
that combines barrier protection and continuous antibiotic 
irrigation to the surgical wound (Fig. 7). We utilize a solution 
of 2 gm of cefazolin and 240 mg of gentamicin in 1 L of 
normal saline that flows to gravity into the superficial to deep 
portions of the wound into the dispersive sponge system of 
the retractor, providing continuous and consistent delivery 
throughout the duration of the surgery. A retrospective review 
at our institution has shown a decrease in 30-day infectious 
complication rate from 30.4 to 6.5% (p = 0.003) since we 
started utilizing CleanCision. This pattern persisted on 
90-day infectious complication rates as well.

The last complications we would like to discuss is dimin-
ished renal function. This patient population is at risk for 
increased renal function loss, with continuous decline of 
1.0 mL/min/1.73 m2 per year. There are multiple contribut-
ing factors to this decline including the site of anastomosis, 
reservoir/conduit outflow, stones, and chronic infection. 
Makino et  al. identified ureteroenteric stricture as the sole 
risk factor associated with early renal function deterioration 
[odds ratio (OR) 4.22, p  =  0.037]. Diabetes mellitus (OR 
8.24, p = 0.015) and episodes of pyelonephritis (OR 4.89, 
p = 0.038) were also independently associated with the grad-
ual decline in the late postoperative period [48]. Many of 
these contributing factors are reversible, or can have a mini-
mized impact, if identified early with frequent and careful 
surveillance. It is our practice to follow our patients lifelong. 
The first week after discharge patients are sent home with 
intravenous hydration of 1 L per day and home health nurs-
ing checks for a minimum of one week. Their first visit is at 
the end of the first week at home, and their second visit is one 
week thereafter. Prior to each visit the patient obtains labs, 
which allow continued metabolic, hemodynamic, and renal 
monitoring. At six week postoperative visit, the patient 
receives labs and a renal ultrasound for upper tract evalua-
tion. The patient continues to follow every six months with 
CT and labs for two years, after which the patient is seen 
every 6 months with alternating imaging, CT and renal US 
with CXR, and labs. At any point upper tract dilation is iden-
tified, and we order a nuclear medicine MAG3 and a loopo-
gram. We maintain a low threshold for intervention if 
obstruction is suspected.
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29  Conclusion

In conclusion, it is prudent upon urologists to continue to 
adapt and improve technique to further better patient out-
comes. Ultimately, future improvements in operative and 
functional outcomes with RARC will ultimately rest on our 
ability to refine and optimize the urinary diversion. Forward 
progress will require techniques that are reproducible and 
achieve consistent evidence-based results. We should strive 
to continue to integrate technology and push the forefront, 
safely, building upon the original core principles and opera-
tive steps first described for urinary diversions.
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Single-Port Robot-Assisted Radical 
Cystectomy

Reza Mehrazin, Eric H. Kim, Etienne Lavallee, 
and Mutahar Ahmad

1  Introduction

Robot-assisted radical cystectomy (RARC) has been dem-
onstrated to have non-inferior oncologic outcomes when 
compared to open radical cystectomy in several studies, 
with RARC providing a reduction in rates of perioperative 
blood transfusion and reducing hospital stay [1–3]. With the 
development of the da Vinci® Single-Port (SP) platform 
(Intuitive Surgical, Sunnyvale, CA), SP RARC has been 
increasingly performed. The safety and feasibility of SP 
RARC with intracorporeal ileal conduit was first demon-
strated by Kaouk et  al. and Zhang et  al. [4–6]. In initial 
series including patients with intracorporeal urinary diver-
sion, SP RARC was non-inferior to conventional multiport 
(MP) RARC [7, 8].

The SP platform has distinct advantages over MP for 
RARC, including less incisions, camera flexibility, and 
robot patient-cart maneuverability for multi-quadrant sur-
gery (e.g., pelvic for the cystectomy and right lower quad-
rant for the bowel harvest). However, the design differences 
in the SP instruments that allow for single point of entry, 
including the more proximal location of the instrument 
joint, require specific considerations when performing SP 
RARC. In this chapter, we describe the surgical steps and 
specific considerations of SP RARC and intracorporeal uri-
nary diversion.

2  Single-Port Robotic Radical 
Cystecomy and Extended Pelvic 
Lymph Node Dissection

2.1  Patient Positioning, Port Placement, 
and Robot Docking

Patients are placed in either supine or dorsal lithotomy posi-
tion with arms tucked and all pressure points padded. The 
Pink Pad® (Xodus Medical, New Kensington, PA) is used to 
secure patients to the table, and the table is placed in 20–25 
degrees Trendelenburg during the cystectomy and lymph 
node dissection. Trendelenburg can be reduced to 15–20 
degrees during the urinary diversion if necessary. For SP 
RARC, adequate working space (10–25 cm from target anat-
omy) can be obtained with the SP robotic trocar placed either 
1.) directly into the abdomen through a 2.7 cm incision or 2.) 
through a GelPOINT access platform (Applied Medical, 
Rancho Santa Margarita, CA) using an open Hasson tech-
nique [9]. Patient body habitus and prior surgical history 
should be considered when deciding between these 
approaches for SP robotic trocar placement. For intracorpo-
real urinary diversions, a dedicated 12–15 mm assistant port 
is added for the Endo GIA™ stapler (Medtronic, Minneapolis, 
MN) [10, 11]. As such, we use of the 12 mm AirSeal® access 
port and system (CONMED, Largo, FL) through an addi-
tional incision (e.g., SP “plus 1”). Typically, the SP robotic 
trocar is placed 3–4 cm above the umbilicus, and the assis-
tant port is placed in the left lower quadrant or the right mid- 
abdominal ostomy site. Alternatively, the SP trocar can be 
placed through the ostomy site, and the assistant port can be 
placed through the left lower quadrant. In female patients, 
the vaginal cuff can also be used as an entry point for instru-
ments and staplers. This technique can enable single-incision 
surgery for radical cystectomy in females. Once the patient 
has been placed into Trendelenburg position, the robot is 
docked from either the patient’s right or left side. The pitch 
limit is then set to avoid inadvertent pressure against the 
patient’s upper body.
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2.2  Ureteral Dissection

Beginning with the camera up (12 o’clock), we adjust the 
camera to recreate a 30 degree down view. The fenestrated 
bipolar is placed in the 9 o’clock position (e.g., left hand), 
and the monopolar scissors and Cadiere forceps are placed in 
either the 3 o’clock or 6 o’clock position. The ureter is iden-
tified where it crosses the iliac artery. The overlying perito-
neum is grasped and incised lateral to the expected trajectory 
of the ureter. Using the Cadiere forceps, the cut edge of the 
peritoneum is grasped and brought medially, and the ureter is 
dissected meticulously using mostly blunt dissection and 
occasional electrocautery when perforating vessels from the 
internal iliac artery are seen. The periureteral tissues are pre-
served, and direct manipulation of the ureter is minimized to 
avoid inadvertent injury. The ureter is traced down to the 
bladder, beyond the level of the medial umbilical ligaments. 
Once the intramural tunnel of the ureter is visualized, the 
distal ureter can be grasped to provide counter traction for 
Weck® Hem-o-lok® clip (Teleflex, Morrisville, NC) place-
ment near the ureterovesical junction. The ureter is then 
sharply divided proximal to the clip, and a distal segment of 
the ureter is removed and sent for frozen section. The dissec-
tion is then repeated for the contralateral ureter.

2.3  Posterior Bladder and Pedicle 
Dissection

On occasion, we have noted that visualization of the poste-
rior bladder and the pedicles can be achieved with the cam-
era up (12 o’clock) and the angle adjusted to recreate a 0 
degree or 15 degree up view. In other cases, supplemental 
anterior retraction of the posterior bladder is required, and 
leaving the camera up causes internal instrument collisions. 
If this is the case, we have adjusted the camera down (6 
o’clock) with the Cadiere forceps up (12 o’clock). Once ade-
quate visualization is achieved and retraction can be per-
formed while minimizing internal collisions, attention is 
turned to the posterior peritoneum. In the male patient, the 
seminal vesicles and vas deferens are exposed in a similar 
fashion to the posterior approach to a radical prostatectomy; 
however, these structures are not dissected. With retraction 
of these structures cranially and anteriorly, Denonvilliers’ 
fascia is opened sharply, and the posterior prostate is dis-
sected bluntly in a similar fashion as a radical prostatectomy. 
In the female patient, the cervix or vaginal cuff (if status-post 
hysterectomy) is identified by using a sponge stick in the 
vagina. The peritoneum is opened at this level and the vagi-
nal canal is intentionally entered with electrocautery. Either 
the anterior vaginal wall is retracted anteriorly with the spec-
imen (non-vaginal sparing), or the anterior vaginal wall is 
dissected away from the posterior bladder (vaginal sparing).

The posterior plane of dissection described above is 
extended by working medial to lateral using mostly blunt 
dissection. To define the bladder pedicle, the medial umbili-
cal ligament is once again identified, and the space lateral to 
the medial umbilical ligament is bluntly dissected to the level 
of the endopelvic or endocervical fascia. In the male patient, 
the vas deferens is divided lateral to the medial umbilical 
ligament. In the female patient, if concurrent hysterectomy, 
oophorectomy, and salpingectomy are being performed, the 
gonadal vessels are identified and clipped; the infundibulo-
pelvic, round, and broad ligaments are divided with bipolar 
electrocautery. The medial umbilical ligament is clipped and 
divided. The bladder pedicle is now exposed both medially 
and laterally. With the bladder retracted cranially, anteriorly, 
and away from the pedicle to be divided, the pedicle can be 
controlled with either 1.) a carefully placed load of the Endo 
GIA stapler, 2.) sequential clips, or 3.) bipolar electrocau-
tery. Once the dissection has been carried distally, the endo-
pelvic or endocervical fascia can be opened sharply, and 
nerve-sparing can be performed using clips or bipolar elec-
trocautery to control the prostatic pedicles. For males, care-
ful apical dissection is important so as not to disturb the 
striated muscle. Careful dissection and preservation of the 
tissue near the apex of the prostate helps to promote postop-
erative continence. Similarly, the bladder neck can be dis-
sected from the distal vaginal canal in female patients with 
bipolar electrocautery (vaginal sparing). In females undergo-
ing neobladder reconstruction, preservation of the anterior 
vagina below the urethra and trigone is important to help 
with postoperative continence. Uterine sparing can also be 
performed as necessary or when desired.

2.4  Anterior Dissection

If the camera was moved to the down (6 o’clock) position, 
continue with this instrument arrangement until the median 
and proximal medial umbilical ligaments are divided from 
the anterior abdominal wall and the pubic bone can be visu-
alized. For the anterior bladder and apical dissection, we 
have found that the camera up (12 o’clock) position with 
variable camera adjustments between 0 degrees and 30 
degree down view is optimal. The space of Retzius is devel-
oped in similar fashion as in MP cystectomy. The endopelvic 
and endocervical fascia can be opened sharply at this point if 
they were not opened previously and the puboprostatic or 
pubovesical ligaments can be divided. The dorsal venous 
complex (DVC) can be divided with either 1.) bipolar elec-
trocautery, 2.) monopolar electrocautery, 3.) a carefully 
placed load of the Endo GIA stapler, or 4.) using a suture to 
ligate the DVC. The pelvic floor is swept away laterally from 
the prostate (or bladder neck) with blunt dissection. Once the 
rectourethralis muscle (in males) or the distal anterior vagina 
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(in females) is dissected away from the posterior urethra, the 
Cadiere forceps are used to retract the specimen cranially, 
and the anterior urethra can be opened. If a neobladder is 
planned, a generous urethral stump should be saved, and a 
frozen section should be performed to ensure a negative ure-
thral margin. The Foley catheter should now be visualized 
and a clip can be applied to the exposed catheter to ensure 
the balloon does not deflate once the catheter is cut. We rec-
ommend having the assistant divide the Foley catheter 
intraabdominally, distal to the clip, using the laparoscopic 
scissors to avoid dulling the robotic scissors, which will be 
important during the ureteral reconstructions during urinary 
diversion.

2.5  Specimen Extraction

We have noted that the Inzii® 12/15 mm specimen retrieval 
bag (Applied Medical) is particularly useful as it fits through 
the 12 mm AirSeal® access port without encumbering the 
insufflation pressure and providing 1600  mL capacity. 
Additionally, once deployed, the specimen retrieval bag can 
be carefully manipulated open to deposit lymph node speci-
mens and re-closed. The specimen retrieval bag is set aside 
in a male patient for later extraction through the SP robotic 
trocar site after undocking or through a separate midline 
incision. In female patients, specimen extraction is per-
formed through the vaginal cuff with an empty ring forceps. 
The vaginal cuff is then closed in either a “clam-shell” con-
figuration for non-vaginal sparing cases or horizontally for 
vaginal sparing cases, using a 2-0 V-Loc™ suture (Medtronic) 
in running fashion.

2.6  Lymph Node Dissection

We recommend switching to or continuing in the camera up 
(12 o’clock) position with a 15 to 30 degree down view. The 
same lymph node dissection templates as discussed in previ-
ous chapters by XX for MP RARC can be achieved during 
SP RARC. The standard template is bounded by the genito-
femoral nerve laterally, Cooper’s ligament distally, the obtu-
rator nerve posterior-medially, and the common iliac artery 
at or near its bifurcation proximally. The extended template 
includes the common iliac lymph node packets taken to the 
bifurcation of the aorta or the inferior mesenteric artery 
proximally as well as presacral packets posterior to the rec-
tosigmoid mesentery [12]. In the case of extended template 
dissection, use of a GelPOINT access platform for the SP 
robotic trocar will be necessary to provide the minimum 
10 cm working distance to the target anatomy. The use of 
judicious monopolar electrocautery, rather than continuous 
application of electrocautery while the instrument is in 

motion, is strongly recommended during the lymph node 
dissection. Specifically, an internal collision of the active 
arm, such as the monopolar scissors against the camera, with 
continued motion will cause the monopolar scissors to “roll” 
over the camera with a sudden movement of the active arm. 
This risk of SP instrument arm “roll” over an adjacent instru-
ment arm can risk inadvertent vascular injury, particularly if 
the monopolar electrocautery is active. Thus, we recommend 
when at all possible judicious “point” monopolar or the use 
of bipolar electrocautery.

After completing the lymphadenectomy and before mov-
ing on to the reconstructive part of the surgery, the left ureter 
is passed behind the sigmoid mesentery and brought to the 
right side of the abdomen in preparation for the ureterointes-
tinal anastomosis.

3  Intracorporeal Urinary Diversion

3.1  Neobladder

The ileum is identified, with a 45–50 cm segment needed for 
the creation of a neobladder. A coarse measurement is per-
formed using the length of the robotic instruments. The 
ileum is harvested about 15–20 cm proximal to the ileocecal 
junction. 3-0 silk stitches are placed at the distal and proxi-
mal ends of the intended ileal segment to be used. These stay 
sutures are established to serve as markers and to be used as 
handles for bowel manipulation. The stapler is introduced 
through the 12 mm trocar. Alternatively, in women, it can be 
introduced through the vagina.

After the ileal segment is transected on either side, a side- 
to- side bowel anastomosis is performed to reestablish bowel 
continuity. Small openings in both ends of the free bowel are 
made to accommodate the stapler. 3-0 silk stay sutures are 
left in place near the openings to aid with bowel grasping. 
About 6  cm from the bowel’s free ends, another 3-0 silk 
stitch is placed to bring the two bowel segments together and 
to be used as a handle. Each jaw of the stapler is passed 
through an open end of the bowel to create the anastomosis. 
The free bowel’s distal end is stapled close and buttressed 
with 3-0 silk stitches. In females, the vaginal orifice is closed 
with a 3-0 barbed suture after completing the stapling.

We create an off-center U pouch with a chimney as ini-
tially described and illustrated by Studer [13] and more 
recently adapted for intracorporeal reconstruction [14, 15]. 
We begin with the posterior urethral anastomosis at the apex 
of the bowel segment. After the posterior urethral anastomo-
sis is complete, we detubularize the ileum while preserving a 
10 cm segment proximally to serve as the chimney. The pos-
terior aspect of the detubularized ileum is sutured with a 30 
barbed suture and then folded to create a spherical pouch. A 
22 Fr silicone catheter is placed before the anterior bladder 
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wall closure is completed in order to ensure its good posi-
tioning. Once the pouch is made, we complete the anterior 
urethral anastomosis. The ureteroileal anastomosis is then 
performed at the chimney of the U pouch using the Wallace 
technique. The distal ends of the ureters are spatulated and 
sutured together with 4-0 Monocryl in a running fashion. 
The end of the ileum is cut and the combined ureters are 
sutured to the ileum on either side with 4-0 Monocryl. Prior 
to closure of the final backwall of the ureter, a wire with 
double JJ stent is advanced through the assistant port and 
placed in each ureter. The curl is left in the neobladder. 
Finally, we irrigate the neobladder with 120–180 cc of nor-
mal saline to check for any leaks.

3.2  Ileal Conduit

For ileal conduit, we use many of the same techniques with a 
few key differences to accommodate the differences in uri-
nary diversion. We identify 15 cm of ileum for use in the ileal 
conduit. We use the same techniques with silk stitches to 
mark the segments intended for the urinary diversion. Once 
the ileum is resected, the bowel anastomosis matches the 
technique used in neobladder. The ureterointestinal anasto-
mosis and stent placement are performed as described for 
neobladders. The stents will be pulled at bedside at 4 weeks, 
or if not visible or through the conduit, cystoscope can be 
used to find the stent for removal in the office.

The other end of the ileum is suture with a long 3-0 silk 
which serves as a tag. For male patients, the 12 mm robotic 
assistant trocar is placed at the site of the intended ostomy at 
the beginning of the case. For female patients, a 12  mm 
assistant trocar is optional as the vaginal cuff opening can be 
used for bowel stapling. If using an assistant in females, a 
grasper is placed through the trocar situated at the ostomy 
site and the tag is grasped tightly. The robot is undocked, and 
the ileal conduit is pulled through the ostomy site via the 
trocar. Alternatively, if the robotic port was placed at the 
ostomy site, the conduit can be grasped directly with the 
robotic instruments and extracted en bloc. The ileal conduit 
is then matured in a standard fashion using 3-0 Vicryl sutures. 
We place 3 Vicryl sutures along the anti-mesenteric border 
through the fascia and deep tissue of the stoma. We then 
place sutures circumferentially at the skin and edge of ileum 
to complete the stoma.

3.3  Indiana Pouch

The creation of the Indiana pouch has a few differences and 
key benefits when utilizing the single-port robotic system. 
The Indiana pouch is created using the ileocecal valve as the 
continence mechanism. In total, this requires about 60 cm of 

ascending colon and transverse colon which is utilized for 
the pouch and about 12 cm of terminal ileum which is used 
for the stoma. We have performed robotic Indiana pouches in 
association with radical cystectomy. In multiport cases, the 
robot is docked near the umbilicus and pointed in the direc-
tion of the pelvis. After completion of the radical cystectomy, 
the cecum and initial portion of the ascending colon are 
mobilized along the line of Toldt. This process is mimicked 
with the single-port robot.

In multiport robots, the next step involves undocking the 
robot, flipping the robot toward the head, placing the patient 
in reverse Trendelenburg, and then redocking the robot. With 
the single-port robot, none of these steps are required given 
the ability of the robot to reposition on its own. With the 
single-port robot, the proximal ascending colon is mobilized, 
and the single-port robot can be repositioned intracorpore-
ally to march up the colon to continue the dissection. The 
mobilization of the ascending colon continues 60 cm from 
the cecum. This process requires dissection of the hepato-
colic ligament and progression beyond the hepatic flexure to 
the initial portion of the transverse colon. The transverse 
colon is typically very mobile and does not require extensive 
dissection.

Once the colon is fully mobilized, creation of the Indiana 
pouch begins. The next steps can be done intracorporeally or 
extracorporeally. For urologists transitioning to the single- 
port robot, we advocate starting with extracorporeal approach 
as this allows for a smoother transition to the new system. 
With proper experience and support, the entire process can 
be performed intracorporeally.

The bowel anastomosis is performed similarly to the neo-
bladder anastomosis as described above. We make one 
adjustment when making the bowel anastomosis between the 
large bowel and small bowel. For a small bowel anastomosis, 
we fire one 60 cm load to create the connection between the 
two free ends. With the large to small bowel anastomosis, we 
fire two loads to create a larger anastomosis. With removal of 
the ileocecal valve, there is concern for abdominal symptoms 
including diarrhea, but in our experience and reported litera-
ture, there are no significant differences in long term quality 
of life [16].

To create the pouch, the colon is divided along its antimes-
enteric border and then folded over to detubularize it. The 
ends of the pouch are then sutured together with running 3-0 
barbed suture. Attention is then turned to the small bowel 
and ileocecal valve to create a continent catheterizable 
stoma. The small bowel lumen is too large for a catheteriz-
able channel and requires imbrication to get it to the appro-
priate size. A Foley is placed within the small bowel lumen 
and a stapler is then placed along the antimesenteric border 
to imbricate the small bowel. This requires multiple loads to 
complete the imbrication across the segment of small bowel. 
We continue the imbrication until the final load reaches and 
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includes the cecum. We further imbricate and tighten the tis-
sue near the valve with a simple 3-0 Vicryl suture to help 
maintain the long-term continence of the pouch.

Finally, we turn our attention to the ureteral anastomosis. 
We perform a Bricker anastomosis of the ureter to the end of 
the cecum. The anastomosis can be tunneled if a non- 
refluxing anastomosis is required. We use 4-0 Monocryl to 
complete each individual ureteral anastomosis. Prior to com-
pletion of the anastomosis, a double JJ stent is placed in the 
ureter and pouch. Once the ureteral anastomosis is complete, 
we place a 20 Fr Malecot catheter directly through the pouch 
and then through the skin. This is used as the main catheter 
for daily irrigation.

Once the intracorporeal work is complete, we mature the 
stoma at the umbilicus. We use the single-port incision to 
guide the stoma to the umbilicus and make a small incision 
at the umbilicus to accommodate the stoma. When placing 
the initial incision for the single-port robot, we make sure to 
be at least 2 cm from the umbilicus to provide room for the 
stoma site. The stoma is matured similar to the stoma for the 
ileal conduit as noted above. The Malecot catheter is passed 
through the skin at a separate location from the single-port 
incision and stoma site. A 14 Fr catheter is placed through 
the stoma and capped. Finally, the single-port incision site is 
closed.

We found this combination of drainage catheters and 
stoma catheters provides optimal function and comfort for 
the patient. We use double JJ stents which eliminates the 
need for stents to come out of the body and be placed to a 
urostomy appliance. We use a large caliber Malecot catheter 
which is utilized for daily irrigation to minimize mucus 
buildup. We finally utilize a small lumen catheter in the 
stoma which can help the stoma heal and be used as a backup 
catheter for drainage if there are any issues with the Malecot 
catheter. We remove the Malecot catheter after 4 weeks and 
24 hours later remove the stoma catheter. We find that leav-
ing the stoma catheter for an additional 24  hours helps to 
close the opening in the pouch that was utilized for the 
Malecot catheter. The stents are also removed at 4 weeks via 
cystoscopy.

3.4  Postoperative Outcome

In another submitted publication, we discuss many of the 
benefits and drawbacks of the single-port system for urinary 
diversion. In our early experience, we have noted no major 
differences in complication rates between multiport urinary 
diversion and single-port urinary diversion. When looking 
specifically at PO and IV narcotic use, SP cystectomy 
patients required fewer narcotics than their MP counterparts 
which was statistically significant. A review of the colorectal 

literature demonstrates that the return of bowel function 
strongly correlates with the amount of morphine used. The 
transition from ORC to MP has already demonstrated bene-
fits to the return of bowel function. Lower opioid usage after 
SP cystectomy might contribute toward further improving 
the return of bowel function.

3.5  Other Considerations

There remain significant challenges when using SP modality. 
Due to its recent implementation, there still exists a learning 
curve when using the SP. Previous studies have commented 
on the ergonomic challenges arising from using an SP modal-
ity while occupying a large extraperitoneal space. 
Anecdotally, we have noted similar challenges when first uti-
lizing the SP robotic system. We posit that a surrogate mea-
sure for technical difficulty during surgery is operative time, 
and while we found no difference in our operative time 
between SP versus MP, more data is needed.

Technical challenges exist when utilizing the SP surgical 
system. These challenges are related to the limited work-
space when using the robotic arms, as large movements 
across the field are grossly limited. This limitation reduces 
the traction the fourth arm can provide as it needs to remain 
within the confines of the working space. Additionally, all 
four arms need to be moved in tandem, which contrasts with 
the MP system, where the fourth arm can be left behind to 
retract while the surgeon operates outside of the visual work-
space. Thus, the surgeon must pay greater attention to robotic 
arm positioning in situ while using the SP system for radical 
cystectomy. In our early experience with the SP robotic sys-
tem, we often utilize an additional port for suction and trac-
tion to mitigate this added cognitive load.

Another difficulty associated with the SP robot is the 
clashing of the instruments, which we believe is amplified in 
the SP system compared to the MP system due to the intro-
duction of the proximal elbow and the small working field. 
Our observation is that the instruments often clash at the 
proximal elbow which is commonly outside the surgeon’s 
view. We predict this to be possibly hazardous during sur-
gery as clashing may cause rapid and potentially dangerous 
movements of the arms; however, further studies are needed. 
The surgeon must pay attention to the on-screen navigator, 
which shows where the instruments are within the working 
field.

While we hypothesized that there would be a learning 
curve with the SP system, our early data shows that we could 
maintain our operative times. Our data could not measure 
cognitive load, and we have not found an adequate surrogate 
endpoint to measure this challenge. Further evaluation is 
warranted.
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3.6  Conclusion

The single-port robotic system can be utilized when per-
forming urinary diversion. While some considerations are 
specific to the SP platform, the surgical steps mimic the 
multiport approach. The single-port system has many tech-
nical differences, but none are uniquely applicable to uri-
nary diversion. In our experience, we find the single-port 
robotic system to be an effective tool for urinary 
diversion.

References

 1. Bochner BH, et al. Randomized trial comparing open radical cys-
tectomy and robot-assisted laparoscopic radical cystectomy: onco-
logic outcomes. Eur Urol. 2018;74(4):465–71.

 2. Parekh DJ, et  al. Robot-assisted radical cystectomy versus open 
radical cystectomy in patients with bladder cancer (RAZOR): 
an open-label, randomised, phase 3, non-inferiority trial. Lancet. 
2018;391(10139):2525–36.

 3. Sathianathen NJ, et al. Robotic assisted radical cystectomy vs open 
radical cystectomy: systematic review and meta-analysis. J Urol. 
2019;201(4):715–20.

 4. Kaouk J, et al. Step-by-step technique for single-port robot-assisted 
radical cystectomy and pelvic lymph nodes dissection using the 
da Vinci((R)) SP surgical system. BJU Int. 2019;124(4):707–12. 
https://doi.org/10.1111/bju.14744.

 5. Kaouk J, et al. Single-port robotic intracorporeal ileal conduit uri-
nary diversion during radical cystectomy using the SP surgical sys-
tem: step-by-step technique. Urology. 2019;130:196–200.

 6. Zhang M, et al. Single port robotic radical cystectomy with intra-
corporeal urinary diversion: a case series and review. Transl Androl 
Urol. 2020;9(2):925–30.

 7. Gross JT, et  al. Initial experience with single-port robot-assisted 
radical cystectomy: comparison of perioperative outcomes between 
single-port and conventional multiport approaches. J Endourol. 
2021;35(8):1177–83.

 8. Palka JK, Henning GM, Gross JT, Kim EH.  Single-port robot- 
assisted laparoscopic radical cystectomy with intracorporeal 
ileal conduit. Videourology. 2021;35(4) https://doi.org/10.1089/
vid.2020.0133.

 9. Hasson HM. A modified instrument and method for laparoscopy. 
Am J Obstet Gynecol. 1971;110(6):886–7.

 10. Ahmed K, et al. Analysis of intracorporeal compared with extra-
corporeal urinary diversion after robot-assisted radical cystectomy: 
results from the International Robotic Cystectomy Consortium. Eur 
Urol. 2014;65(2):340–7.

 11. Hussein AA, et  al. Outcomes of intracorporeal urinary diver-
sion after robot-assisted radical cystectomy: results from 
the International Robotic Cystectomy Consortium. J Urol. 
2018;199(5):1302–11.

 12. Hwang EC, et al. Extended versus standard lymph node dissection 
for urothelial carcinoma of the bladder in patients undergoing radi-
cal cystectomy. Cochrane Database Syst Rev. 2019;5:CD013336.

 13. Studer UE, et al. Three years’ experience with an ileal low pressure 
bladder substitute. Br J Urol. 1989;63(1):43–52.

 14. Jonsson MN, et al. Robot-assisted radical cystectomy with intracor-
poreal urinary diversion in patients with transitional cell carcinoma 
of the bladder. Eur Urol. 2011;60(5):1066–73.

 15. Abreu AL, et al. Robotic radical cystectomy and intracorporeal uri-
nary diversion: the USC technique. Indian J Urol. 2014;30(3):300–6.

 16. Germani P, et al. Ileocecal valve syndrome and vitamin b12 defi-
ciency after surgery: a multicentric prospective study. Updat Surg. 
2021;73(2):569–80.

R. Mehrazin et al.

https://doi.org/10.1111/bju.14744
https://doi.org/10.1089/vid.2020.0133
https://doi.org/10.1089/vid.2020.0133


715

Complications of Robot-Assisted 
Radical Cystectomy

Ralph Grauer, John P. Sfakianos, Reza Mehrazin, 
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1  Overall Complication Rates of Robot- 
Assisted Radical Cystectomy

RARC has a morbidity rate reported to range from 30% to 
70%, even at high-volume, tertiary referral centers; RARC 
also carries a 15–25% rate of high-grade complications, 
defined as Clavien-Dindo (CD) III–V [1–4]. The breadth of 
complications associated with RARC is very similar to that 
of its open counterpart, yet there are reported differences in 
the rates of these complications. We report complication fre-
quency by etiology from large, retrospective multi- 
institutional studies (Table  1). These complications data 
come from studies that contain RARC with both extracorpo-
real and intracorporeal urinary diversions. Direct compari-
sons of complication rates in extracorporeal versus 
intracorporeal approaches are discussed below.

2  Predictors of Complications

Preoperative predictors for complications are important if 
they reveal modifiable risk factors. We must function to opti-
mize preoperative condition ahead of surgery to mitigate the 
likelihood of complications. Several studies incorporate a 
multivariable analysis predicting the occurrence of postop-
erative complications following RARC [1, 3–5, 8, 9]. Zhang 
et al. found predictors of increased 90-day major complica-
tions were age, the Charlson Comorbidity Index (CCI) and 
operative time. Johar et  al. also found age, BMI, current 
smoking status, and the receipt of neoadjuvant therapy to be 
associated with any complication as well as major complica-
tions [4]. Kauffman et al. found preoperative renal insuffi-
ciency and intraoperative intravenous (IV) fluids of 
>5000 mL were significantly associated with postoperative 
complications of any grade, with respective odds ratios of 

4.2 and 4.1; age of ≥65  years, operative blood loss of 
≥500  mL, and intraoperative IV fluids of >5000  mL pre-
dicted CD grade III-V complications, with respective ORs of 
12.7, 9.7, and 42.1 [5]. Smith et al. similarly found increased 
age to be predictive of CD complication grades. Naturally, 
these factors tended to correlate to poor preoperative health 
reserve—the preoperative predictors of major complications 
are displayed in Table 2. We see three of the five most com-
mon variables are possibly modifiable: BMI, smoking status, 
and CCI. Thus, the commonsense notion that preoperative 
patients should stop smoking, lose weight, and optimize 
medical conditions to avoid complications is supported by 
data. Unfortunately, the time to surgery following diagnosis 
in bladder cancer is short—the patient does not have time to 
adopt such modifications to a measurable effect, besides 
smoking cessation.

R. Grauer (*) · J. P. Sfakianos · R. Mehrazin · P. Wiklund 
Department of Urology, Icahn School of Medicine at Mount Sinai, 
New York, NY, USA

Table 1 Types and frequencies of complications associated with 
robot-assisted radical cystectomy

Etiologya Frequency References
Infectious 23%–60% [3–7]
Gastrointestinal 22%–31% [3–7]
Genitourinary 8%–22% [3, 4, 6, 7]
Cardiac 4%–10% [3–6]
Vascular 6%–11% [3, 4, 6]
Wound 2%–13% [3, 4]
Pulmonary 3%–13% [3, 4, 6]
Neurological 2%–7% [3, 4, 7]

a Infectious includes urinary tract infection, sepsis, intrabdominal infec-
tion, wound infection, and pneumonia; gastrointestinal includes anasto-
motic bowel leak, colitis, intestinal perforation, ileus, small bowel 
obstruction, bowel ischemia, ulcer, and diarrhea; genitourinary includes 
acute kidney injury, urinary fistula, and ureteral stricture; cardiac 
includes arrythmia and acute coronary syndrome; vascular includes 
pulmonary embolism, thromboembolic event, deep vein thrombosis, 
bleeding, anemia, and lymphocele; wound includes wound dehiscence 
and disruption; pulmonary includes aspiration, pulmonary edema, pleu-
ral effusion, and respiratory failure; neurological includes delirium, 
stroke, seizure, and transient ischemic attack.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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Table 2 Preoperative predictors on multivariable analysis of major 
(Clavien-Dindo III-V) robotic-assisted radical cystectomy postopera-
tive complications

Variable
Odds ratio (95% 
CI) p-value Referencea

Age (10-yr intervals) 1.47
(1.15–1.88)

0.002 [1, 4, 5, 8, 
9]

CCI 1.13
(1.03–1.23)

0.007 [1]

BMI (kg/m2) 1.04
(1.01–1.08)

0.014 [4, 9]

Current smoker 1.63
(1.02–2.60)

0.042 [4, 9]

Neoadjuvant 
chemotherapy

1.87
(1.12–3.10)

0.016 [4, 9]

a Multiple references listed indicates variable was found to be statisti-
cally significant within each study

3  Bias in Comparing Complication 
Rates Using Multi-Institutional 
and Non-prospective Data

Pooled studies and meta-analyses that integrate multi- 
institutional data form the strongest level of evidence. The 
premise that the component studies are consistent in measur-
ing relevant criteria allows the drawing of robust conclu-
sions. In 2012, to bolster consistency, the European 
Association of Urology (EAU) Ad Hoc Panel proposed a 
14-item standardized tool for reporting and grading compli-
cations after urological surgical procedures [10]. However, a 
2021 systematic review that examined the impact of this 
reporting tool found low adherence and heterogeneity in 
adverse event assessment and reporting; this inconsistency 
could lead to an underestimation of perioperative complica-
tions, precluding sound comparison of complication rates 
between studies [11]. Thus, the strongest level of evidence 
will come from studies that directly compare complication 
rates within a study as opposed to across studies, preserving 
validity. Bias also exists in non-prospectively collected data 
and single instructional data. Due to the lack of standardiza-
tion in non-prospective studies, internal reliability is 
affected—it becomes more difficult to ascribe cause and 
effect to interventions and outcomes. Single intuitional/
regional practices affect the external validity of studies. 
Institutional inertia and established postoperative pathways 
confound certain outcomes such hospital length of stay and 
return of bowel function. With this intellectual skepticism in 
mind, we present the various complication rates as well as 
selected perioperative outcomes reported in the literature for 
open radical cystectomy (ORC) versus RARC with intracor-
poreal urinary diversion (ICUD) or extracorporeal approach 
to urinary diversion (ECUD).

4  Complication Rates: Open Versus 
Robot-Assisted Radical Cystectomy

Seven prospective randomized controlled trials (RCTs) 
within six articles have compared ORC and RARC [6, 12–
16]. The largest (n  =  302) was the RAZOR study, a non- 
inferiority trial with the primary endpoint of 2-year 
progression-free survival that also analyzed secondary end-
points that included proportion of patients requiring intraop-
erative blood transfusions and surgical complications at 
90 days. The proportion of patients who required postopera-
tive blood transfusions was significantly lower in the RARC 
group, though there was no difference in major or minor CD 
complications between groups at 90 days [6]. In the second 
largest study (n = 118), Bochner et al. examined complica-
tions between ORC and RARC in the setting of an RCT and 
found lower intraoperative blood loss for RARC but no 
advantage for 90-day major (CD III–V) or minor complica-
tion rates [12]. These two RCTs, as well as the remaining 
five, are included in a recent meta-analysis that evaluates the 
efficacy and safety of ORC versus minimally invasive radical 
cystectomy (both RARC and laparoscopic cystectomy) [17]. 
Shi et al. found that RARC showed longer operating time, 
less estimated blood loss, lower blood transfusion rate, 
shorter time to regular diet, and shortened length of hospital 
stay compared to ORC; there was no significant difference in 
the complication rates between both groups, pooled OR 0.75 
(95% CI, 0.54–1.03; p = 0.07) [17]. Though a benefit in mor-
bidity rates was not shown in these RCTs, exclusive extra-
corporeal reconstruction was performed in all RARC 
groups—leaving the possibility of a difference between 
totally intracorporeal approaches and ORC, as the recon-
structive phase of radical cystectomy is the primary driver of 
perioperative morbidity [18].

5  Complication Rate: Extracorporeal 
Versus Intracorporeal Urinary 
Diversions

The reconstructive phase, whereby a urinary diversion is cre-
ated, of the RARC is the primary factor in perioperative mor-
bidity. It is postulated the ICUD may be more beneficial in 
terms of perioperative complications, especially gastrointes-
tinal (GI) ones, as the bowel experiences less exposure to 
ambient air and remains at body temperature throughout the 
procedure [18]. There exists no RCT comparing ECUD to 
ICUD, and there is only one prospective study explicitly 
comparing the two robotic approaches in terms of periopera-
tive complications [19]. Bertolo et al. compared periopera-
tive and oncological outcomes in these two approaches with 
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ileal conduit (n = 126). They found no differences in overall 
or major (CD III–V) postoperative complications during 
admission or at 30- and 90-days postoperatively [19]. 
However, several retrospective studies of prospectively 
maintained databases compare ICUD to ECUD, though are 
subject to the aforementioned bias [1, 3, 7, 9, 20–26]. One of 
the largest of these studies, and the only to provide direct 
evidence for evaluating the relative perioperative complica-
tions rates of open radical cystectomy, intracorporeal RARC, 
and extracorporeal RARC, comes from a large, 
 single- institution three-way comparison trial [1]. Though 
retrospective, the study’s sample size was 948, including 
272, 301, and 375 patients treated with ORC, ICUD, and 
ECUD, respectively. They found 30-day and 90-day overall 
and major (CD III–V) complication rates of ICUD (30-day 
major, 10.0%; 90-day major, 16.9%) were lower than those 
of ECUD (17.9%, 24.8%) and ORC (21.0%, 26.1%), 
p  =  0.002, 0.015; there were no significant differences in 
readmission rates or oncologic outcomes [1].

The International Robotic Cystectomy Consortium 
(IRCC) has published multiple papers assessing the differ-
ences in perioperative outcomes between ICUD and ECUD 
via their multi-institutional, prospectively maintained data-
base [3, 9, 25]. These studies aggregate multi-institutional 
data in a productive way, but there is high variability in 
reported complications between centers—perhaps biasing 
the interpretation of these data [11]. The study with the larg-
est sample size (n  =  2125) found that ICUD resulted in a 
higher overall complication rate at month one after RARC as 
compared to ECUD (31% vs 19%, p < 0.001); this difference 

became insignificant at 90 days [25]. The ICUD group also 
had higher rate of CD III-V complication (13% vs 10%, 
p  =  0.02), though incidence of high-grade complications 
after ICUD decreased from 25% in 2005 to 6% in 2015 
(p < 0.001), while it remained stable for ECUD at 13–14% 
[25]. This effect is thought to be due to the protracted learn-
ing curve of the ICUD approach as well as increased tech-
nique standardization. Thus, at the most recent time point, 
ICUD may offer an advantage in terms of major complica-
tion rate, though this statistical analysis was not performed. 
Data comparing each approach including ORC is provided in 
Table 3.

Few studies report the rates of re-operation, and they are 
unilaterally retrospective in nature. Johar et  al. reported a 
reoperation rate of 5.6% (n = 53) within 30 days of RARC, 
agnostic to diversion approach; they identify fascial 
dehiscence (n = 12), small bowel obstruction (n = 8), and 
urine leak (n = 7) as the top three causes [4]. Ahmed et al. 
examined this same endpoint at 30 days and compared the 
rates between ECUD and ICUD. They reported 32 (6%) and 
12 (8%) reoperations in the groups, respectively (p = 0.42). 
It appears both procedures carry similar reoperation risk, 
though more data on this subject is required.

Two recent meta-analyses integrated the above data to 
explore differences in perioperative complications for ICUD 
versus ECUD [27, 28]. Katayama et al. combined 12 studies 
to form a sample size of 3067 patients that met inclusion 
criteria; they found no significant difference between ICUD 
and ECUD in overall and major complications, regardless of 
the period (short-term [≤ 30 days] or midterm [> 30 days]). 

Study

Major complication rates, n (%)
< 30 days 30–90 days Readmission (<90 days)
Open ECUD ICUD Open ECUD ICUD Open ECUD ICUD

Bertolo (2018)b – 1 (1) 1(2) – 0 (0) 1 (2) – 11 (17) 9 (15)
Lenfant (2018) – 2 (6) 7 (10) – 6 (18) 9 (12) – – –
Carrion (2019) – 4 (21) 6 (37) – – – – 6 (27) 4 (21)
Zhang (2020)a 57 (21) 67 (18) 31 (10) 71 (26) 93 (25) 51 (17) 92 (34) 108 (29) 85 (28)
Mistretta (2021) – 9 (21) 11 (19) – 11 (25) 16 (28) – – –

Study

Major complication rates, n (%)
< 90 days Readmission (<90 days)
Open ECUD ICUD Open ECUD ICUD

Bochner (2015)b 12 (21) 13 (22) – – – –
Khan (2016)b 4 (20) 7 (35) – – – –
Parekh (2018)b 34 (22) 33 (22) – – – –
Ahmed (2014)a – 115 (18) 34 (18) – 121 (19) 22 (12)
Hussein (2018)a – 99 (10) 141 (13) – 90 (8) 103 (9)
Shim (2020) – 57 (21) 11 (13) – – –
Hussein (2020)a – 39 (12) 66 (14) – 11 (6) 49 (19)

a Statistically significant difference detected
b Prospective study

Table 3 Rates of patients experiencing major (CD III-V) postoperative 
complications and readmission for any reason in selected studies that 
include a comparison between ICUD, ECUD, and open technique for 

radical cystectomy. The table is split by the studies that report 30–90-
day complications and those that report total < 90-day complications

Complications of Robot-Assisted Radical Cystectomy



718

However, subgroup analysis revealed that ICUD performed 
by high-volume center had a significantly lower risk of major 
complications at both short- and midterm time points (OR 
0.57, 0.66; p = 0.008, 0.02, respectively) [27]. Patients who 
underwent ICUD were found to have lower blood loss and 
were less likely to receive to receive blood transfusions, even 
at low- volume centers. Tanneru et al. performed a meta-anal-
ysis on six studies to examine the complications in ECUD 
versus ICUD as well as a cumulative analysis on 83 studies 
that reported perioperative outcomes in either approach. 
Within the meta-analysis, ICUD and ECUD had comparable 
complication rates at <30 days (RR 1.19, 95% CI 0.71–2.0; 
p = 0.5); similar rates were also reported in the cumulative 
analysis, 59% (range: 31%–86%) and 44% (range: 29%–
78%), in the ICUD and ECUD groups, respectively. 
Similarly, there was no difference in complication rates at 30 
and 90 days between ICUD and ECUD, (RR 0.91; 95% CI 
0.71–1.15, p = 0.4). However, in the cumulative analysis, the 
rate of GI complications was lower in ICUD (9.3%) group 
versus ECUD (13.4%)—an important consideration in hos-
pital stay prolongation. Additionally, they report that most 
ICUD used ileal conduit (78%) versus neobladder (22%), 
though robust data are lacking for complication comparison. 
Overall, these meta-analyses suggest there is value in the 
centralization/specialization of urological surgery, as it will 
make the postoperative morbidity advantages of ICUD more 
pronounced in expert care—a fact acknowledged by the 
EAU guidelines [29].

Nevertheless, there still exists a need for a randomized 
controlled trial comparing these three approaches to radical 
cystectomy to draw the most robust conclusions about peri-
operative outcomes. A trial in the United Kingdom compar-
ing RARC with ICUD and ORC (iROC; clinicaltrials.gov: 
NCT03049410) is pending. In addition, specific types of uri-
nary diversion (neobladder versus ileal conduit) via intracor-
poreal and extracorporeal approaches still require comparison 
in the setting of a RCT.

6  Perioperative Outcomes

Historically, robotic-assisted surgery has tended to outper-
form its open counterpart in perioperative outcomes. We 
examine operative time, the use of pain medication, the time 
to return of bowel function, hospital length of stay (LOS), 
and quality of life (QOL) outcomes as important drivers of 
cost and patient satisfaction.

6.1  Operative Time

Operative time is an important perioperative outcome as it 
relates to patient and payer surgical cost—which directly 

informs the adoptability and long-term viability of proce-
dures. In a cost analysis comparing RARC and ORC, Martin 
et al. found the direct procedure cost was most sensitive to 
operative time—however, this model was agnostic to differ-
ences in complication rates. Thus, an effective surgery is 
synergized by also being efficient. ORC has been shown to 
be quicker operation than RARC by either approach. The 
RAZOR study found ORC (n = 152) to have a median opera-
tive time of 361  minutes and RARC (n  =  150) to last a 
median of 428  minutes, p  =  0.0005 [6]. Similar statistical 
differences between ORC and RARC have been reported in 
other smaller, prospective studies, retrospective studies, and 
a recent metanalysis by Shi et al. [1, 13, 14, 17, 30]. Despite 
the longer operative time in RARC, it is important not to 
draw conclusion about total cost, as other perioperative out-
comes such as hospital LOS and complication rate are 
important factors. Within RARC, there is conflicting evi-
dence regarding the relative operative duration of ICUD ver-
sus ECUD approaches. Though some studies have noted a 
statistically significant advantage in ECUD by <30 minutes, 
two recent meta-analyses suggest equivalent operative dura-
tion between approaches [27, 28]. The meta-analysis by 
Tanneru et  al. posited no difference between ICUD and 
ECUD, but their cumulative analysis supported a difference 
within the ICUD approach based on the type of urinary 
diversion used. From the 83 studies included, the mean 
ICUD operative times for neobladder and ileal conduit were 
428 ± 42 min and 313 ± 54 min, respectively; this compared 
to ECUD’s 426 ± 72 min and 428 ± 181 min, respectively 
[28]. Hussein et al. leveraged the prospectively maintained 
IRCC database (n = 972) for a comparative propensity score- 
matched analysis of perioperative outcome between ICUD 
and ECUD approaches. Interestingly, they reported that 
ICUD operative times were shorter than ECUD (355 vs 401, 
p < 0.01) [3]. These results suggest that higher-volume insti-
tutions with experienced surgeons can shorten the time for 
ICUD, making it the preferred approach with respect to 
operative time. Despite these data, it is important to remem-
ber institutional variation in the amount of trainee teaching, 
in the operating room setup, and in the accuracy of recording 
procedure time can bias results.

6.2  Analgesia and Bowel Function Return

The usage of pain medication, specifically narcotics, in the 
postoperative setting directly impacts the return of normal 
bowel function. In turn, this can lead to sooner discharges 
and cost savings. Therefore, reducing postoperative pain via 
minimally invasive techniques can have a multiplicative 
effect on procedure expenditure. Nix et  al. prospectively 
compared postoperative analgesia in a RCT between ORC 
and RARC in 41 patients. They reported significantly less 
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morphine equivalent units in the robotic group versus the 
open group (89.0  mg, 147.4, p  =  0.004) [13]. Similarly, 
another prospective study (n  =  40) explicitly comparing 
postoperative pain in ORC versus RARC found that mor-
phine sulfate equivalents differed significantly between both 
groups, despite having similar average pain scores [31]. Nix 
et al. also found statistically significantly sooner flatus and 
bowel movement in the robotic group by one day; this could 
be driven by narcotic use. This finding has been corroborated 
by a meta-analysis by Shi et al., reporting a mean difference 
of 1 day, in favor of robotic surgery. Data is lacking compar-
ing pain and analgesia use between ICUD and ECUD 
approaches. In comparing both robotic approaches with 
respect to return of normal bowel function, it is hypothesized 
that ICUD results in the fastest return of function due to less 
bowel manipulation and less exposure to ambient tempera-
ture and air—an effect that has been documented in non- 
urological, laparoscopic literature [32]. In the most recent 
meta-analysis comparing ECUD and ICUD, Katayama et al. 
find ICUD to have benefit in the occurrence of ileus 
(OR  =  0.72, 95% CI 0.5–-1.03, p  =  0.07), significant at 
α = 0.10 but not at α = 0.05.

6.3  Hospital Length of Stay

Hospital LOS in the postoperative setting is directly corre-
lated to narcotic use and hence also time to return of bowel 
function. Thus, given the advantage RARC holds over ORC 
in these metrics, it stands to reason that patients that under-
went robotic surgery would have shorter LOS. In the setting 
of a meta-analysis, Shi et al. show that minimally invasive 
radical cystectomy has shorter LOS than open surgery (mean 
difference = −0.93, 95% CI -1.32 to −0.54). Both approaches 
of robotic surgery, ICUD and ECUD, have not been shown to 
be significantly difference with respect to LOS, in a recent 
meta-analysis [27].

6.4  Quality of Life Scores

Patient QOL scores highlight tradeoffs involved in treatment. 
They inform the importance of understanding the impact of 
interventions on patients’ life activities. Three RCTs study the 
health-related QOL scores between ORC and RARC, two of 
which use FACT-VCI questionnaire and one used the EORTC 
QLQ-C30 [6, 12, 33]. These questionnaires inquired on the 
dimensions of urinary, bowel, and sexual function, as well as 
body image, physical, social, emotional, and functional well-
being. There were no differences between groups in each of 
these studies at baseline, 3 months, 6 months, 9 months, and at 
1 year—except for the RAZOR trial, which picked up a 2.5 
points lower score in the ORC arm for physical well-being at 

6 months. A recent meta-analysis that combines these 3 RCTs 
and examines 31 nonrandomized studies also found no differ-
ences in QOL measures [33]. Though these data show no dif-
ference, QOL benefit in robotic surgery occurs in the 
short-term (<3 months), a measure not yet investigated. The 
pending iROC study will produce data investigating short-
term and 12-month QOL outcomes. Data is lacking compar-
ing QOL outcomes in ICUD and ECUD approaches.

7  Conclusions

Radical cystectomy is a morbid procedure, regardless of 
whether it is performed robotically or open, with complica-
tion rates ranging between 30 and 70%. Several RCTs have 
demonstrated equivalence in perioperative complications 
between open technique and robot-assisted procedure with 
extracorporeal urinary diversion. There is reason to believe 
that robotic approach with intracorporeal urinary diversion 
provides a benefit in perioperative morbidity, as there are less 
intestinal manipulation and exposure to ambient air and tem-
perature—though this claim is unsubstantiated by random-
ized clinical trials. Several multi-institutional studies have 
credited ICUD with an advantage in complication rate, after 
a protracted learning curve—though these results carry bias 
as there still exists space for improved standardization of 
reporting outcomes. We anticipate the iROC trial to mature 
soon comparing ICUD to ORC, yet there is still a need for a 
three-armed RCT comparing ORC, ECUD, and 
ICUD.  Moreover, there still is ongoing research regarding 
the optimal type of urinary diversion in this setting. A desire 
for better quality of life, enhanced recovery, and minimized 
cost will drive physicians and payers to research the best sur-
gical approach to radical cystectomy. We eagerly await the 
results of these future studies.
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Robotic-Assisted Radical Cystectomy 
Outcomes

Abolfazl Hosseini and Ashkan Mortezavi

1  Introduction

Outcome assessment of radical cystectomy with pelvic 
lymph node dissection and subsequent urinary diversion can 
be subdivided into three categories: 1. perioperative outcome 
including complications and early postoperative mortality, 2. 
quality of life and functional outcome in case of continent 
bladder substitution, and 3. oncological outcome. Significant 
efforts have been made in the last decades to achieve 
improvements across all of these areas. These measures 
included centralization of bladder cancer treatment to high- 
volume centers [1], introduction of enhanced recovery after 
surgery protocols [2], and standardization of surgical tech-
nique [3], together with the implementation of robot-assisted 
laparoscopic radical cystectomy (RARC) with or without 
intracorporeal urinary diversion (ICUD). While the onco-
logical outcome is largely influenced by the ablative surgery, 
the perioperative and functional outcome are generally 
affected by the reconstructive part. Therefore, a differentia-
tion between the hybrid approach of RARC followed by 
extracorporeal urinary diversion (ECUD) and a fully mini-
mal invasive technique of RARC with ICUD for outcome 
assessment is fundamental.

2  Perioperative Outcome

Relevant perioperative and short-term postoperative param-
eters for evaluation of a surgical technique are estimated 
blood loss, transfusion rates, operation time, intra- and post-
operative complications, and hospital length of stay. Five 
randomized clinical trials with a total of 541 patients have 

assessed some of these parameters prospectively, although 
all patients in these studies received an ECUD.  The first 
report was by Nix et al. from the United States (University of 
North Carolina) who randomized 41 patients [4]. Although 
the primary endpoint was lymph node yield in a noninferior-
ity setting, secondary endpoints also included perioperative 
parameters. In 2013, Parekh et al. followed with results on 
perioperative and oncological outcome from their pilot RCT 
including 40 patients in the United States; purpose of the 
study was to establish the feasibility of a RCT for RARC vs. 
ORC [5]. The same author reported 5 years later results of 
the randomized open versus robotic cystectomy (RAZOR) 
trial [6] from 15 US centers with 302 patients compromising 
more than half of the total population included in the avail-
able five RCTs. This was the first trial not only reporting 
perioperative outcome but also oncological follow-up data. 
Bochner et al. had already presented their perioperative out-
come data of the MSKCC RCT three years earlier in 2015 
including 118 patients [7] when they gave an update also on 
oncological outcome in the same year (2018) [8]. The only 
study from outside the USA was the Cystectomy Open 
Robotic and Laparoscopic (CORAL) single center trial from 
the UK [9]. After a first report on perioperative outcome, a 
follow-up report on long-term oncological outcome followed 
in 2019 [10]. This was also the only trial performing a three- 
way comparison of ORC, RARC, and a laparoscopic 
approach. Results of all the abovementioned RCTs on peri-
operative outcome are presented in Table 1. All five RCTs 
reported a significantly longer operation time and a lower 
estimated blood loss for RARC (all p < 0.05), although there 
was a large variability [4–6, 8, 10]. Only two studies pro-
vided transfusion rates, with both showing an advantage 
(less transfusions) in the RARC cohort [5, 6]. Three studies 
did not find a significant difference in length of stay [4, 5, 8]. 
Two trials, including the largest RCT (RAZOR), reported a 
shorter hospitalization time for RARC patients [6, 10]. A 
meta-analysis including data from all the abovementioned 
trials concluded that the mean estimated blood loss favored 
RARC (difference −  281  ml, 95% CI -435 to −125) and 
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Study Modality N OP time (min) Estim. blood loss (ml) Transfusion rate (%) Length of stay (days)
Nix 2009 [4] RARC  21 Median 252 258 – 5

ORC  20 210 575 – 6
Parekh 2013 [5] RARC  20 Median 300 400 40% 6

ORC  20 286 800 50% 6
Bochner 2015 [7] (MSKCC) RARC  60 Mean 464 500 – 8

ORC  58 330 681 – 8
Khan 2015 [9] (CORAL) RARC  20 Mean 389 585 – 12

ORC  20 293 808 – 14
Parekh 2018 [6] (RAZOR) RARC 150 Median 428 300 13%1 / 24%2 6

ORC 152 361 700 34%1 / 45%2 7

Table 1 Prospective randomized controlled trials comparing robot-
assisted radical cystectomy (RARC) with extracorporeal urinary diver-
sion (ECUD) with open radical cystectomy (ORC). OP operation, 

estim. Estimated. N represents the number of analyzed cases. 1intraop-
erative, 2perioperative

Study Modality N OP time (min) Estim. blood loss (ml) Transfusion rate (%) Length of stay (days)
Hussein (IRCC), 2018 [15] ICUD 1031 357 300 5 9

ECUD 1094 400 350 13 8
Zhang (Cleveland), 2020 [16] ICUD 301 396 300 16.9 6

ECUD 375 421 400 24.3 7
ORC 272 332 700 38.6 8

Mortezavi (Sweden), 2021 ICUD1 874 320 150 7.7 9
ORC 1554 323 700 38.7 13

Wijburg (Netherlands)*, 2021 [17] ICUD2 180 330 300 9.2 8
ORC 168 229 600 14 11

Table 2 Perioperative outcome parameters of large retrospective and 
prospective not randomized cohort/comparative effectiveness studies. 
Results presented as median. OP operation, Estim. estimated, ICUD 

intracorporeal urinary diversion, ECUD extracorporeal urinary diver-
sion. 1: 94% ICUD. 2: 88% ICUD. N represents the number of analyzed 
cases. *All results from the inverse probability weighted population

mean operation time was shorter for ORC (difference 75 min, 
95% CI 26–123). Hospital length of stay favored RARC but 
did not reach statistical significance (0.5 d, 95% CI -1.15 to 
0.14) [11]. Multiple retrospective reports comparing RARC 
with ECUD and with ORC have reproduced these findings 
from the prospective RCTs [12].

No prospective RCT has been performed so far to com-
pare a completely intracorporeal approach to an open 
approach. It has been proposed that ICUD might have poten-
tial benefits compared to ECUD; the obvious advantages of 
the totally intracorporeal technique are the protection of 
bowel inside the abdomen (faster return of function), reduc-
ing hypothermia and loss of fluids through dehydration, less 
bleeding, no need for extensive ureteral dissection, which 
may cause ureteral strictures, and further reduction of the 
surgical trauma. However, evidence exists almost exclu-
sively from small retrospective single center trials [12–14]. 
Recently, four groups reported results including large and 
multicenter populations undergoing RARC with ICUD, 
although only one was prospective (Table 2).

One of the largest sources of retrospective outcome data 
on RARC with ICUD and ECUD has been the International 
Robotic Cystectomy Consortium (IRCC) [15]. The IRCC 
database was established in 2006, initially with four par-
ticipating institutions. In an analysis in 2018, Hussein 
et al. retrospectively reviewed the records of 2432 patients 
from a total of 29 institutions who were included in the 

IRCC database. ICUD was performed in 51% of the cases. 
The rate increased from 9% of all urinary diversions in 
2005 to 97% in 2015. On multivariable analysis, higher 
annual cystectomy volume (OR 1.02, 95% CI 1.01–1.03, 
p < 0.002), the year of RARC (2013–2016 OR 68, 95% CI 
44–105, p  <  0.001), and American Society of 
Anesthesiologists score less than 3 (OR 1.75, 95% CI 
1.38–2.22, p  <  0.001) were associated with undergoing 
ICUD. These patients demonstrated shorter operative time 
(357 vs. 400 min), less blood loss (300 vs. 350 ml), fewer 
blood transfusions (5% vs. 13%, all p < 0.001), but longer 
lengths of stay (9 vs. 8  days, p  <  0.001) compared with 
ECUD.

Zhang et al. performed a three-way comparison of ORC, 
ECUD, and ICUD, all performed at their institution between 
2011 and 2018 [16]. A total of 948 patients were analyzed, 
well balanced between the three groups. Operative time was 
lower for ICUD (396 min) compared to ECUD (421 min). 
However, it was lowest for ORC (332 min). Estimated blood 
loss was lower for ICUD than for ECUD and ORC (300 vs. 
400 and 700  ml, respectively). All pairwise comparisons 
between surgical approaches for operative time and esti-
mated blood loss were statistically significant. Intraoperative 
transfusion rates were lowest for ICUD compared to ECUD 
and ORC (16.9% vs. 24.3% and 38.6%, respectively, 
p  <  0.001). Pairwise comparisons of transfusion require-
ments between ICUD and ORC and between ECUD and 
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ORC were statistically significant (p < 0.001). However, this 
difference did not reach statistical significance for ICUD vs. 
ECUD.  Contrary to the IRCC report, length of stay was 
shortest for ICUD compared to ECUD and ORC (6 vs. 7 and 
8 days, respectively, p < 0.001).

In our own analysis (Mortezavi et al., unpublished data), 
we used nationwide population-based data to compare out-
comes after RARC vs. ORC in a cohort comprising >97% of 
the national bladder cancer cases in Sweden over a time 
period of eight years (2011–2018). To account for possible 
selection bias, observed differences in baseline characteris-
tics between patients who received ORC vs. RARC were 
addressed using propensity score matching. The matched 
cohort consisted of 2428 patients (1554 [64%] ORC and 874 
[36%] RARC) from 24 different hospitals in Sweden with 
balanced preoperative parameters. The vast majority of the 
procedures were classified as ICUD (94%). Notably, opera-
tion time was comparable between the groups (320 min vs. 
323 min, p = 0.5, Table 2). RARC was associated with lower 
estimated blood loss (150  ml vs. 700  ml, p  <  0.001) and 
intraoperative transfusion rate (7.7% vs. 38.7%, OR = 0.13, 
p < 0.001). Patients undergoing RARC had a shorter length 
of stay (9d vs. 13d, p < 0.001).

Just recently, one-year results of the RACE (Radical 
Cystectomy Evaluation) study from the Netherlands were 
reported [17]. This is an ongoing prospective comparative 
effectiveness study at 19 Dutch centers recruiting a total of 
348 participants. Patients entered the nearest hospital, and 
surgeons did not select a technique based on patient or tumor 
characteristics. Ten centers performed RARC, nine per-
formed ORC, and two of the participating centers performed 
both techniques. All but one RARC center performed ICUD 
leading to a fully minimal invasive approach rate of 88%. To 
address potential systematic differences between two groups, 
inverse probability of treatment weighting (IPW) with the 
pretreatment variables was used. In comparison with RARC, 
the ORC group showed higher median estimated blood loss 
(600 vs. 300 ml, p < 0.01), shorter median skin-to-skin oper-

ating time (229 vs. 330 min, p < 0.01), and longer median 
length of stay (11 vs. 8 d, p < 0.01). No statistically signifi-
cant differences were found regarding transfusion rates (14% 
vs. 9.2%, p = 0.17).

3  Complications

Complications are a critical issue for complex procedures 
such as radical cystectomy. Rates have been reported exten-
sively for ORC showing a high risk for complications 
(>60%), including a substantial risk for high-grade 
(Clavien- Dindo III-V) complications (13–40%) and 
30−/90-day mortality (up to 7%) [18, 19]. These rates are 
dependent on the treated patient population, on peri- and 
postoperative protocols, and specially on hospital and sur-
geon experience and volumes. Several studies have demon-
strated improved performance in high-volume centers by 
high-volume surgeons. For a newly introduced technique 
such as RARC, this has to be taken into consideration. This 
is particularly the case for the available RCTs, since in con-
trast to RARP, these trials were conducted at the very 
beginning of this technical development. Therefore, it is 
remarkable that in none of these studies, a higher rate of 
complications was observed for RARC compared to the 
prior routinely performed technique of ORC. Nix et al. did 
not observe a significant difference in the total number of 
complications (p  =  0.3) and also when comparing the 
groups using the Clavien-Dindo system (p = 0.3) [4]. Ileus 
was the most observed complication in both groups. 
However, the RARC cohort demonstrated a more rapid 
return of bowel function as evidenced by time to flatus 
(p = 0.001) and bowel movement (p = 0.001). Patients in 
the RARC arm also required less in-house analgesia (mil-
ligrams of morphine equivalents) compared with their open 
counterparts (89 vs. 147 mg; p = 0.019). Notably, only a 
limited number of orthotopic bladder substitutions were 
performed in this RCT (Table 3). In their first RCT, Parekh 

Study Modality N OBS/CC FU Any complication High-grade complication2 Mortality Time to BM
Nix 2009 [4] RARC 21 7% NA 33% NA 0% 3.2

ORC 20 6% 50% NA 5% 4.3
Parekh 2013 [5] RARC 20 NA NA 25%1 NA NA 43

ORC 20 NA 25%1 NA NA 5.53

Bochner 2015 [7] (MSKCC) RARC 60 55% 90d 63%1 21% 0% NA
ORC 58 60% 65%1 21% 1.7% NA

Khan 2015 [9] (CORAL) RARC 20 10% 90d 55% 35% NA 43

ORC 20 15% 70% 20% NA 7.53

Parekh 2018 [6] (RAZOR) RARC 150 25% 90d 67% 22% NA NA
ORC 152 20% 69% 22% NA NA

Table 3 Prospective randomized controlled trials comparing compli-
cation rates between robot-assisted radical cystectomy (RARC) with 
extracorporeal urinary diversion (ECUD) and with open radical cystec-
tomy (ORC). OBS orthotopic bladder substitution, CC continent cuta-

neous reservoir, FU follow-up time (for complications), d days, BM 
bowel movement. 1, Only complications graded as grade II or higher 
(Clavien-Dindo); 2, Clavien-Dindo grade III-V; 3, Time to oral solids. 
N represents the number of analyzed cases
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et al. only reported complications graded as Clavien II or 
higher, and no data on diversion type was available [5]. No 
difference in the complication rate was detected (p = 0.5). 
Both studies did not provide the follow-up time for compli-
cations, which is an important to enable comparability 
between studies. Bochner et al. reported all Clavien-Dindo 
grade II-V complications observed in the first 90 postoper-
ative days without finding a difference between the groups 
(intention to treat (ITT) analysis, 62% and 66% of RARC 
and ORC patients, difference: −4%; 95% CI, −21 to 13%; 
p  =  0.7) [7]. Overall, 21% of patients experienced high-
grade complications (grade III-V), with no differences 
observed between treatment groups (difference: 1.0%; 95% 
CI, −14 to 16%; p  =  0.9). When patients were analyzed 
based on actual surgical procedure received rather than 
ITT, similar results were observed (Table 3). The types of 
complications observed were similar in the two groups, 
with infectious complications the most commonly classi-
fied. The only statistically significant difference identified 
was a higher rate of wound complications in the ORC arm. 
Khan et  al. (CORAL) reported almost identical 30- and 
90-day complication rates, although the classification by 
system showed that multiple complications occurred 
between day 30 and 90. This observation suggests that 
patients with a late complication usually also experience 
complications in the early postoperative stage (30  days), 
and these events do not have an impact on the overall per 
patient complication rate. This is in line with the clinical 
experience that cystectomy patients regularly experience 
infectious complications or ureteric strictures late in the 
postoperative course. There were no statistically significant 
differences between the RARC and ORC arm for all grades 
and for high-grade complications. Lastly, in the large 
RAZOR trial, no significant differences in overall (grades 
I–V) and major (grades III–IV) were identified between the 
treatment groups. The most common adverse events were 
urinary tract infection (35% in the RARC group vs. 26% in 
the ORC group) and postoperative ileus (22% in the RARC 
group vs. 20% in the ORC).

Radical cystectomy is a two-step procedure, namely, the 
removal of the bladder/lymph nodes and subsequently the 
reconstruction and urinary diversion. The majority of the 
postoperative complications are associated with the recon-
structive part, challenging any potential difference in com-
plications between ORC and RARC with ECUD since the 
technical approach for diversion is identical. The question 
arises whether the fully minimal invasive approach of ICUD 
can lead to a lower rate of adverse events, such as ileus, leak-
ages (bowel and urine), hernia, and cardiovascular events, or 
if we are making an already challenging procedure more 
complex prolonging the operation time and potentially the 
complication rate. So far, no level 1 evidence exists for this 
comparison, although the rate for ICUD has significantly 
increased from 2% in 2005 to 81% in 2016 and to a lesser 
extent for intracorporeal orthotopic bladder substitutions 
(iOBS) with a rate increase from 7% in 2005 to 17% in 2016 
(IRCC) [15]. While reporting this significant increase in uti-
lization of ICUD after RARC, Hossein et al. observed that 
patients treated with ICUD experienced complications more 
often (57% vs. 43%, p < 0.001), especially in the first 30 days 
after RARC (31% vs. 19%, p < 0.001). However, the inci-
dence of high-grade complications after ICUD decreased 
significantly with time from 25% in 2005 to 6% in 2015 
(p < 0.001) while it remained stable for ECUD at 13% in 
2005 and 14% in 2015 (p  =  0.76). ECUD was associated 
with more overall readmissions (34% vs. 26%, p = 0.003, 
Table 4). A history of abdominal surgery was the only sig-
nificant factor associated with high-grade complications (OR 
1.52, 95% CI 1.06–2.15, p = 0.02).

Zhang et  al. found in their retrospective large single- 
center three-way comparison that 30-day overall and high- 
grade complication rates of ICUD were lower than those of 
ECUD and ORC (Table  3) [16]. This pattern persisted on 
subsequent 90-day analysis with ICUD demonstrating an 
advantage of high-grade complications compared to ECUD 
and ORC (p  =  0.015). Pairwise comparisons between the 
robotic approaches (ICUD vs. ECUD) differed in high-grade 
but not overall complications at 30 and 90 days. All compari-

Study Modality N OBS/CC FU Any complication High-grade complication2 Mortality Readmission
Hussein (IRCC), 2018 [15] ICUD 1031 21% NA 57% 13% 3% 26%

ECUD 1094 23% 43% 10% 3% 34%
Zhang (Cleveland), 2020 [16] ICUD 301 15% 90d 44.2% 16.9% NA 28.2%

ECUD 375 29% 48.3% 24.8% NA 28.8%
ORC 272 25% 54.8% 26.1% NA 33.8%

Mortezavi (Sweden), 2021 ICUD1 874 20% 90d 50.9% 17.2% 2.7% 34.3%
ORC 1554 9% 50.5% 23.9% 4.2% 26.1%

Wijburg* (Netherlands) 2021 [17] ICUD2 180 16% 90d 56% 16% 3.4% 24%
ORC 168 17% 63% 15% 2.4% 21%

Table 4 Large retrospective and prospective not randomized cohort/
comparative effectiveness studies comparing complication rates of 
robot- assisted radical cystectomy with extracorporeal urinary diversion 
(ECUD), intracorporeal urinary diversion (ECUD), and open radical 

cystectomy (ORC). Results presented as median. OP operation, Estim. 
estimated. 1: 94% ICUD. 2: 88% ICUD. N represents the number of 
analyzed cases. *All results from the inverse probability weighted 
population
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sons between ICUD and ORC remained statistically signifi-
cant. ICUD was associated with lower rate of ileus than 
ECUD and ORC (21.3% vs. 27.5% and 31.3%, respectively, 
p  =  0.023). The total parenteral nutrition requirement was 
5.6% of ICUD, 11.7% of ECUD and 18.0% of ORC cases 
(p < 0.001) supporting the findings for ileus. The most fre-
quent complications observed were gastrointestinal, infec-
tious, acute kidney injury, and acute blood loss anemia 
regardless of the surgical approach. Notably, the ICUD group 
had the lowest rate for OBS, potentially influencing the com-
plication rates. However, a subgroup analysis for only ileal 
conduit diversions demonstrated a lower complication rate 
for ICUD than for ECUD and ORC for the 30 and 90-day 
time points. On univariable analysis patient age, Charlson 
Comorbidity Index and operative time were positive predic-
tors of a higher 90-day major complication rate, while the 
ICUD approach was a negative predictor. These four factors 
remained significant on multivariable analysis.

In the Swedish population-based cohort study, the overall 
90-day complication rate was comparable in both groups. 
However, ICUD was associated with a significantly lower 
high-grade complication rate compared with ORC (17.2% vs. 
23.9%, OR = 0.66, 95%CI: 0.54–0.82; p < 0.001). Notably, 
the groups were well balanced regarding the preoperative 
parameters (including ASA score), while the rate for OBS was 
more than twice as high in the ICUD group than in the ORC 
cohort. However, we observed a higher 90-day rehospitaliza-
tion rate in the robotic group (34.3% vs. 26.1%, OR = 1.48, 
95%CI: 1.23–1.77; p  <  0.001). Regarding classification of 
adverse events, infectious complications were more common 
in the RARC group, while lymphoceles and events concerning 
the cardiovascular/respiratory system or the abdominal wall/
stoma occurred more frequently in the ORC group.

The only available prospective trial comparing complica-
tion rates between RARC with ICUD and ORC is the Dutch 
comparative effectiveness study using inversed probability 
of treatment weighting by Wijburg et  al. (RACE) [17]. 
Within 90  days, 63% of ORC and 56% of ICUD patients 
experienced at least one complication (any grade), resulting 
in a risk difference of—6.4% (95% CI –17 to 4.5). Regarding 
major complications, the rates were 15% for ORC and 16% 
for RARC (risk difference 0.9%, 95% CI –7.0 to 8.8). 
However, the ORC group had a higher rate of ICU admis-
sions (48% vs. 25%, risk difference 24%, 95% CI 13–34%) 
and higher use of total parenteral nutrition (33% vs. 16%, 
risk difference 17%, 95% CI 7.5–27%). No differences were 
found regarding median time to defecation and unplanned 
readmissions.

While there are increasing numbers of series reporting 
data on complications after RARC with intra- and extracor-
poreal ileal conduit, limited data is available on complica-
tions in the subgroup of patients with iOBS.  The largest 
iOBS series included 158 patients from Sweden reporting a 

90-day high-grade complication rate of 23% [20]. The low-
est rates for high-grade complications were reported from 
Japan [21] and France [22] with 4.5% and 7.5%, respec-
tively. However, these patients were highly selected in terms 
of age and other baseline parameters. Therefore, these results 
were in contrast to rates reported by other groups ranging 
between 25.0% and 27.5% [23–26]. Simone et  al. could 
show a trend toward a decrease in the overall complication 
rate (first 15 cases: 66.6%, last 15 cases: 26.7%, p = 0.07) 
and in the high-grade complication rate (first 15 cases: 
26.7%, last 15 cases: 6.6%, p = 0.07) in the chronology of a 
learning curve [24]. Simultaneously, he performed a propen-
sity score matched comparison of perioperative complica-
tions (30-day) between 64 iOBS and 46 open OBS cases. 
The open cases experienced a higher incidence of periopera-
tive complications (91.3% vs. 42.2%, p  =  0.001), most of 
which represented by the need for blood transfusions [27]. 
High-grade complications were observed in both groups 
with a comparable frequency (RARC 6.3% vs. ORC 2.2%, 
p = 0.31), although significantly lower than rates reported by 
other groups. Overall, the comparability of iOBS with intra-
corporeal ileal conduits in terms of complication rates 
remains challenging; most iOBS series report a per patient 
rate for 0–30  days and 30–90  days without providing a 
90-day overall per patient rate, as done by the majority of the 
abovementioned trials (Table 5).

4  Functional Outcomes

The assessment of the functional outcome after RARC is in 
most studies limited to urinary continence after orthotopic 
bladder substitution (OBS). A fully intracorporeal recon-
struction of an OBS (iOBS), with detubularization of the iso-
lated bowel segment and subsequent reconfiguration of the 
reservoir, is challenging and time-consuming. Consequently, 
the ileal conduit has been the most common intracorporeal 
urinary diversion after RARC. The number of studies report-
ing on functional outcome after iOBS is therefore limited.

Irrespective of how an orthotopic neobladder is recon-
structed after RARC, it should have a good capacity with low 
pressure, enable spontaneous micturition, preserve kidney 
function in the long term, and most important of all it should 
be continent. In a systematic review of reported functional 
outcomes by the Pasadena Consensus Panel in 2015, the 
number of patients evaluated for continence after RARC 
with iOBS was <200. This number increased in the last five 
years to a total of 647, brought together in a recent system-
atic review performed by Daza et al. [29] (Table 6). However, 
the cases are reported from 12 different cites with the largest 
series reporting less than 100 cases. Additionally, the authors 
identified widespread differences in patient selection, meth-
ods of data collection, and outcome assessments.
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Table 5 Characteristics and complication rates of selected large intracorporal neobladder series

Publication Desai et al. [23]
Schwentner et al. 
[26] Simone et al. [24] Gok [28]

Hosseini et al. 
[20]

Multicenter Multicenter Single center Multicenter Single center
Year of publication 2014 2015 2016 2019 2020
No. of patients 132 62 45 98 158
Male/female 114 (86.4%)/

18 (13.6%)
50 (80.6%)/
12 (19.4%)

32 (71.1%)/
13 (28.9%)

92 (93.9%)/
6 (6.1%)

134 (85%)/
24 (15%)

Shape of neobladder Globular/
amorphous

Amorphous Triangular + neobladder 
neck

Amorphous Amorphous

Afferent limb Yes Yes None Yes Yes
Method of ileal detubularization Scissors Scissors Stapler Scissors Scissors
Neobladder construction Sewn Sewn Stapler Sewn Sewn
Ureteroileal anastomosis Bricker/Wallace Wallace Modified split-nipple Wallace Wallace
Conversion to ECUD 2.9% 0% 0% – 3%
Short-term complication rate (30d)
Overall 47% 50%a N = 14b 51.0% 63%
High-grade (III-V) 15% 25.8%a N = 0b 20.4% 18%
Long-term complication rate (30–90d)
Overall 27% – N = 19b 13.3% 24%
High-grade (III-V) 13% – N = 5b 7.1% 5%
FU time for specific complications 0–90d ØFU 37.3 mo 0–90d 0–90d 0–90d
Bowel complications 3.8%1

1.5%2

1.5%3

– 20%1

5%3

6.0%1 1%1

0.6%2

Neobladder leak 4.5% – 10% 7.1% 9.4%
Ureterointestinal anastomosis 
stricture

3.8% 8.3% 5% 5.0% 2.5%

Stone formation in the neobladder 2.3% – 10% – 1.8%
1 Bowel obstruction/ileus, 2Bowel anastomotic leak, 3Neobladder-bowel fistula
a Unknown follow-up time
b Authors describe numbers of complications not the complication rate assigned to each case based on the highest grade recorded for the period. 
High-grade complications: Clavien-Dindo grade III-IV. FU follow-up

Table 6 Urinary continence rate in RARC with totally intracorporeal orthotopic bladder substitution

Study N Daytime continence Nighttime continence Nerve- sparing* Sexual function
Atmaca 2015 [34] 32

(13***)
84.6% 46.1% 93.7% IIEF 13.6

Gok 2019 [28] 98
(61**)

60.6% 40.9% 95.7% IIEF 20.6

Porreca 2019 [32] 51 90.2% 70.6% 50% 31%**
Jonsson 2011 [36] 36 83% 66% NA NA
Goh 2012 [37] 15 75% NA NA NA
Tyritzis 2013 [30] 70 89% (m), 67% (f) 73% (m) 67% (f) 64.2% 81%**
Tan 2015 [38] 20 95% 65% NA NA
Asimakopoulos 2016 [22] 40 100% 72.5% 100% 21.9
Satkunasivam 2016 [35] 28 16.7% pad free

84% <2 pads
NA NA NA

Simone 2018 [24] 45 73.2%
(m: 84%, f: 46%)

55.5%
(m: 62%, f: 38%)

NA NA

Sim 2015 [31] 73 89.2% 67.6% m: 63.4%
f: 78.9%

NA

Schwentener 2015 [26] 62 88% 55.1% 93.5% NA

NA Not available, *Uni- or bilateral, ** Erection sufficient for penetration, *** no of patients available for functional assessment. m, male; f, 
female
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4.1  Continence

Several factors have been identified to have an impact on 
continence after RARC with iOBS such as age, baseline uri-
nary function, level of motivation, intact innervation to ure-
thral sphincter, and urethral length analogue to open OBS 
[27]. Additionally, there are technical aspects known from 
former historic series including internal pressure and capac-
ity of the urinary reservoir, and also time since surgery.

Only a few series have reported on patient cohorts ade-
quately sized for review and statistical analysis. One of the 
first series of RARC with iOBS was from Tyritzis et al. in 
2013 with 70 patients who observed 12-mo daytime conti-
nence rates of 89% in men and 67% in women and 12-month 
night-time continence rates of 73% in men and 67% in 
female patients [30]. Definition for continence was generally 
no pad or using one safety pad per day. Following this, four 
other reports have been available with more than 50 patients 
in their cohort; a study by Gok et  al. included 98 patients 
undergoing iOBS (Studer pouch) with a follow-up of 
24 months. With functional outcome being available for 61 
patients, full continence was achieved in 60.6% (0–1 pad), 
22.9% had a mild incontinence (1–2 pads), 9.8% moderate 
(3 pads), and 6.5% severe daytime incontinence (>3 pads) 
[28]. Nighttime continence was good in 40.9% (dry), fair 
(dry+1 awakening) in 42.6%, and poor (wet, leakage, urge 
incontinence) in 16.3% of the cohort. Schwentener et  al. 
included 62 patients in their retrospective study and observed 
day and nighttime continence (up to 1 pad) of 88% and 
55.1% after 12  months, respectively [26]. Similarly, Sim 
et al. reported a daytime continence rate (no pads) of 89.2% 
and nighttime of 67.6% in 73 patients receiving an iOBS 
[31]. In the most recent study by Porreca et al., 51 of the 100 
patients included received an iOBS [32]. The overall day and 
nighttime continence were 90.2% and 70.6%, respectively.

Although the results across the studies reported by high- 
volume centers seem to be consistent and reproducible, evi-
dence is poor when comparing results to the open technique. 
In larger contemporary series of open OBS daytime, conti-
nence rates range between 87 and 98% and nighttime conti-
nence rates between 70 and 95% (iOBS: 61–100% and 
41–72.5%) [33]. Atmaca et al. reported a comparable daytime 
continence with no pad use (75% and 84.6%, p = 0.6) after 42 
open OBS and 32 iOBS cases [34]. Satkunasivam et al. per-
formed an in-depth analysis of the functional outcome, 
although the included number of patients was low. They com-
pared 28 patients with iOBS with 79 open OBS cases and 
demonstrated no difference in the number of pads used, rate 
of pad-free continence, frequency of mucus leakage, and 
Bladder Cancer Index questionnaire score [35]. Rates of 
intermittent self-catheterization were 10.7% in patients 

receiving robotic surgery and 6.3% in those whose surgeries 
were open. Urodynamic data from 12 male patients with 
iOBS showed no detrusor overactivity, normal compliance, 
and a mean capacity of 514 mL. However, some of the param-
eters showed an inferior outcome in the iOBS group; for 
example, timing of pad use (day or night) tended toward both 
day and night use for the robotic iOBS (78%) compared to the 
open OBS group (50%; p = 0.005). The robotic iOBS group 
reported the use of larger pads during daytime (p < 0.001) and 
nighttime (p = 0.007) compared to the open OBS group. The 
degree of daytime pad wetness was worse in the robotic iOBS 
group than in the open OBS group (p = 0.002), but wetness 
was comparable at night (p = 0.1). Major limitation is the dis-
similar follow-up time of 9.4 moths for the robotic cohort and 
62.1 months for the open cohort.

4.2  Sexual Function

Data over sexual function after RARC and iOBS is also lim-
ited, and evaluation methods are not clearly defined in the 
published cohorts. Some series of RARC with iOBS have 
evaluated erectile function postoperatively with varying 
results.

In a series of 40 patients that underwent RARC with sem-
inal vesicle sparing approach and iOBS, the authors reported 
that erectile function returned to normal, defined as an IIEF 
score greater than 17, in 31 of 40 patients (77.5%) within 
3  months while 29 of 40 patients (72.5%) returned to the 
preoperative IIEF score within 12 months [35]. Gok et  al. 
reported for men with mild dysfunction prior to surgery 
(n = 8) a mean a postoperative IIEF score of 11.1 +/−4.6 and 
for patients without preoperative sexual dysfunction (n = 23), 
mean score of 20.6 +/−7.4 [28]. Atmaca et al. reported that 
those with no erectile dysfunction prior to the surgery had 
better erectile function or higher IIEF scores postoperatively 
than those with mild dysfunction [34]. These patients also 
were dependent on PDE5 inhibitors. Although the rate of 
nerve sparing was higher in the RARC group compared to 
the open surgery group, the latter one reported better IIEF 
scores postoperatively (22 vs. 13.6, n = 13, p > 0.05). In one 
of the earlier reports by Tyritzis et al., 41 of 62 men (66%) 
underwent unilateral or bilateral nerve sparing RARC and 
81% of patients were potent with or without using PDE5-I at 
12 months follow-up [30]. All women in this cohort under-
went nerve-sparing surgery, which involves preservation of 
the autonomic nerves at the anterior vaginal wall at the 10 
and 2 o’clock position. Four out of six women remained 
sexually active postoperatively. Until now, no data on the 
impact of RARC on female sexual function has been 
available.
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4.3  Quality of Life

Most reported studies have focused on perioperative and 
oncological outcomes, which are the primary goals of any 
oncological surgery. Although there is a consensus that qual-
ity of life may be as important as survival duration, this 
domain remains significantly unexplored [39]. And again, 
the majority of available evidence is for RARC with ECUD 
leaving the potential benefits of a fully minimal invasive 
approach on quality of life unanswered. However, all avail-
able RCTs reporting HRQoL comparison between RARC 
with ECUD and ORC have shown no significant 
differences.

Messer et  al. reported on health-related quality-of-life 
(HRQoL) results of the abovementioned RCT by Parekh 
et  al. in 2013 [5, 40]. Patients completed the Functional 
Assessment of Cancer Therapy–Vanderbilt Cystectomy 
Index (FACT–VCI) questionnaire preoperatively and then at 
3, 6, 9, and 12 months postoperatively. The FACT–VCI con-
sists of 45 items scored from 0 to 4 with higher scores indi-
cating a better HRQoL. Univariate analysis showed a return 
to baseline scores at 3  months postoperatively in all mea-
sured domains with no statistically significant difference 
among the various domains between the RARC and the ORC 
cohorts. Multivariate analysis showed no difference in 
HRQoL between the two approaches in any of the various 
domains with the exception of a slightly higher physical 
well-being score in the RARC group at 6 months.

Bochner et al. used a different questionnaire for assess-
ment of HRQoL [7]. Patients completed the validated 
European Organisation for Research and Treatment of 
Cancer (EORTC) Quality of Life Questionnaire Core 30 
(QLQ-C30) survey. Similarly, they did not observe any dif-
ference between RARC and ORC arms in the HRQoL 
change from baseline to 3 and 6 mo for any EORTC QLQ- 
C30 item analyzed.

In the CORAL trial, HRQoL was assessed by the 
Functional Assessment of Cancer Therapy- Bladder 
(FACT-Bl) scale v.4, covering physical well-being, func-
tional well-being, emotional well-being, social/family well- 
being, and additional questions specific to bladder cancer 
[9]. One questionnaire was analyzed per patient (average 8 
mo postoperatively). There were no statistically significant 
relationships in HRQoL according to surgical arm.

In the large RAZOR trial, outcomes were assessed at 
baseline, 3 and 6 months after surgery using FACT-VCI [6]. 
No significant differences were identified between the treat-
ment groups at any timepoint for all FACT-VCI endpoints. In 
the RARC and ORC group, the mean estimated score for 
emotional wellbeing was significantly higher at 3  months 
and 6 months than at baseline (p < 0.05). Both groups had 
significant improvement in mean total FACT-VCI score 
6 months after surgery compared with baseline.

Very limited HRQoL data for RARC with ICUD has been 
reported so far. Wijburg et al. measured HRQoL in their pro-

spective trial at baseline and after cystectomy at 30, 90, 180, 
and 365 days using FACT-Bl-Cys (formerly FACT-VCI) and 
Bladder Cancer Index (BCI). Regarding HRQoL, both the 
BCI and the FACT-Bl-Cys did not show statistically signifi-
cant differences between RARC (88% ICUD) and ORC at 
any time point. The mean scores were lowest at 30 days, but 
at 90 days, both measures returned to the mean baseline score.

Just recently, an interim analysis of 1-year HRQoL data 
from an ongoing RCT conducted in Italy was reported [39]. 
Results from patient-reported questionnaire EORTC generic 
QLQ-C30 and bladder cancer-specific instruments (QLQ- 
BLM30) were collected at baseline and 1 year after surgery. 
A total of 51 patients (24 RARC, 27 ORC) were assessed. In 
the RARC group, all diversions were performed intracorpo-
real. The most commonly used urinary diversion was the 
orthotopic Padua ileal bladder for both approaches (RARC 
77% vs. ORC 71%; p = 0.438). Overall, both groups reported 
significant worsening of body image and physical and sexual 
functions (all p ≤ 0.012). Patients receiving ORC were more 
likely to report significant 1-year impairment of role func-
tioning, fatigue, dyspnea, constipation, diarrhea, financial 
difficulties, and abdominal bloating and flatulence (all 
p ≤ 0.048). By contrast, no other statistically significant dif-
ference except for impairment of urinary symptoms and 
problems (p  =  0.018) was observed for the RARC group, 
suggesting a faster return to normal activities of daily living. 
This difference may be explained by the lower compliance of 
a robotic OBS.

5  Oncological Outcomes

Despite the apparent advantages of RARC, debate remains 
as to whether minimally invasive surgery negatively impacts 
survival outcomes, potentially due to inadequate resection, 
suboptimal lymph node dissection, or alteration of recur-
rence patterns due to “tumor seeding” related to the pneumo-
peritoneum or insufflation [41–43]. However, growing 
evidence supports the non-inferiority of RARC in terms of 
oncological outcome (Table 7) [44]. Individual and pooled 
results from three prospective randomized clinical trials 
(RCT) involving 460 patients have confirmed that RARC 
and ORC are comparable in terms of the positive surgical 
margin rate, number of removed lymph nodes, progression- 
free survival (PFS), cancer-specific (CSS) and overall sur-
vival (OS) [6, 8, 10, 45]. Two RCTs did not report survival 
outcome but positive surgical margin (PSM) rates and lymph 
node (LN) yield; both did not observe a statistically signifi-
cant difference for these early indicators of oncological out-
come (p > 0.05 for PSM and LN yield) [4, 5].

The RAZOR trial [6], which is the largest single RCT, 
compared the two-year PFS between RARC and 
ORC. Recruiting 302 patients in a 1:1 randomization between 
RARC and ORC, a non-inferiority of RARC compared to 
ORC in terms of 2y PFS was observed (72.3% vs. 71.6%, p 
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Table 7 Progression-free survival rates from prospective randomized 
controlled trials comparing RARC and ORC. 1: mean, 2: median. 
RARC robot-assisted radical cystectomy, y year, ORC open radical cys-
tectomy, PFS progression-free survival, PSM positive surgical margin, 
LNY lymph node yield, Ext extended, Stan. standard

Study Modality N PFS PSM LNY
Nix 2009 [17] RARC 21 – – 0% 191

ORC 20 – 0% 181

Parekh 2013 [5] RARC 20 – – 5% 112

ORC 20 – 5% 232

Bochner 2018 [8] 
(MSKCC)

RARC 60 5y 64% 3.3% Ext: 
31.91

Stan: 
19.51

ORC 58 59% 5.2% Ext: 
30.01

Stan: 
18.91

Khan 2019 [10] 
(CORAL)

RARC 20 5y 58% 15% 16.31

ORC 20 60% 10% 18.81

Parekh 2018 [6] 
(RAZOR)

RARC 150 2y 72.3% 6% 23.31

ORC 152 71.6% 5% 25.71

Table 8 Oncological outcome parameters of large retrospective and 
prospective not randomized cohort/comparative effectiveness studies. 
PSM positive surgical margin, LNY lymph node yield. N represents the 
number of analyzed cases. 1, 88% ICUD; 2, 60% ICUD; 3, 94% ICUD; 
4, 100% ICUD

Study Modality N
Oncological 
outcome PSM

LNY 
(median)

Wijburg 
(Netherlands), 
2021 [17]

RARC1 180 1y 
(PFS)

76% 5.6% 15
ORC 168 75% 18% 13

Elsayed (IRCC), 
2020 [46]

RARC2 2107 5y 
(PFS)

66% 6% 17 
(mean)

5y 
(OS)

60%

Mortezavi 
(Sweden), 2021

RARC3 874 5y 
(OS)

61% NA 20
ORC 1554 58% NA 14

Collins (ERUS), 
2017 [47]

RARC4 717 2y 75% 4.8% 18

non-inferiority = 0.001). Bochner et al. [8] compared onco-
logical outcome of RARC and ORC after 5  years in their 
RCT including 118 patients. Lymph node yield and positive 
surgical margin rate demonstrated no significant differences 
based on technique (p  =  0.5 and p  =  0.6). No differences 
were observed in PFS (64% RARC, 59% ORC; p  =  0.4), 
cancer-specific survival (CSS, p = 0.4), and overall survival 
(p = 0.8). In the CORAL trial, a total of 60 patients were 
randomized 1:1:1 to ORC, RARC, and laparoscopic radical 
cystectomy [10]. Lymph node yield and positive surgical 
margin rates were comparable. The 5-yr PFS was 60%, 58%, 
and 71%; 5-yr CSS was 64%, 68%, and 69%; and 5-yr OS 
was 55%, 65%, and 61% for ORC, RARC, and LRC, respec-
tively. There was no significant difference in PFS, CSS, and 
OS between the three surgical arms. Finally, Satkunasivam 
et al. performed recently a meta-analysis based on data from 
these RCTs. They found no difference between RARC and 
ORC in oncologic outcome, including PFS (HR 0.89, 95% 
CI 0.64–1.24), surgical margin rates (OR 1.00, 95% CI 0.48–
2.11), or lymph node dissection yield (mean difference 1.98, 
95% CI 5.2 to 1.25) [11].

Besides RCTs of RARC with ECUD, a limited number of 
large single and multicenter studies assessing the oncologi-
cal outcome of RARC with ICUD have been reported 
(Table  8). In contrast to the prior reports, the prospective 
comparative effectiveness study from 19 Dutch centers 
reported a significantly higher PSM rate of 18% for ORC 
compared to only 5.6% for RARC (difference −  12, 95%  
CI -20 to 5.2), p < 0.01) after adjusting for potential baseline 
differences by means of propensity score-based inverse 
probability of treatment weighting [17]. The authors did not 
have an explanation for this not only in comparison but also 

in absolute terms high PSM rate in the ORC group. 
Furthermore, the median number of removed lymph nodes 
was significantly higher in the RARC group compared to 
ORC (15 vs. 13, difference 2.3, 95% CI 0.5–4.2, p = 0.001). 
Although these early indicators of oncological safety were in 
favor of RARC, no impact on the short-term oncological out-
come could be observed so far. After a follow-up of 
12  months, the PFS rates of 75% for ORC and 76% for 
RARC were comparable (p = 0.8).

One of the largest sources of oncological outcome data on 
RARC is the IRCC registry. An updated analysis in 2020 
with focus on oncological outcome included 2107 patients 
(60% ICUD) and revealed a 1y and 5y PFS rate of 82% and 
66% after a median follow-up time 26 months, respectively. 
The 1y and 5y OS rate was 88% and 60%, respectively [46]. 
The PSM rate and mean LN yield were comparable to large 
open series (Table 8).

In our own large population-based cohort study of bladder 
cancer in Sweden we observed after propensity score match-
ing for baseline parameters a higher overall mortality after 
ORC than after RARC with ICUD. The overall-survival ben-
efit was 2% in the first year and increased to around 7% after 
seven years (hazard ratio 0.83, 95% CI: 0.72–0.96; p = 0.01). 
We assume that a combination of multiple effects of the min-
imal invasive approach may have enabled the overall- survival 
benefit. Besides the observed lower Clavien-Dindo grade V 
complication rate for RARC (0.8% vs. 1.8%, p = 0.06), esti-
mated blood loss, blood transfusions, higher lymph node 
yield, and CD III/IV complications were strong predictors of 
all-cause mortality in the cox analysis; RARC with ICUD 
had a beneficial effect on all of them.

The EAU Robotic Urology Section (ERUS) Scientific 
Working Group performed a similar analysis on recurrence 
rates of 717 patients at 9 institutions who all underwent 
RARC with ICUD. They observed a PSM rate of 4.8%. PFS 
rates at 1y and 2y are 80.2% and 74.6%, respectively [47]. 
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These rates are similar compared to the previously discussed 
RCTs and prior large ORC series [48].

Analogue to functional outcome, oncological outcome for 
RARC with iOBS is scarce. Recently, follow-up data on the 
largest iOBS cohort from Sweden was reported [20]. After 
following 158 patients for a median of 34  months, the 5y 
PFS, CSS, and OS rates were 70%, 72%, and 71%, 
respectively.

Although prospective and retrospective trials have 
reported favorable and comparable recurrence rates after 
RARC, conflicting evidence exists regarding the recurrence 
patterns. It has been hypothesized that the lack of tactile 
feedback, the pneumoperitoneum pressure, and port place-
ment may lead to an inadequate intra-abdominal cancer con-
trol. In particular, a retrospective review of 383 consecutive 
patients who underwent ORC (n = 120) or RARC (n = 263) 
observed within 2 years of surgery has a higher incidence of 
peritoneal carcinomatosis and extraperitoneal lymph node 
recurrences in patients undergoing RARC, although there 
was no difference in the total number of local recurrences 
(ORC 15/65 [23%] vs. RARC 24/136 [18%]). Similarly, the 
number of distant recurrences did not differ between the 
groups (26/73 [36%] vs. 43/147 [29%]) [43]. The potential 
for differences in recurrence patterns was also observed by 
Bochner et  al. [8]. The pattern of first recurrence demon-
strated a non-statistically significant increase in metastatic 
sites for those undergoing ORC (sub-HR [sHR]: 2.21; 95% 
CI: 0.95–5.11; p  =  0.064) and a greater number of local/
abdominal sites in the RARC-treated patients (sHR: 0.34; 
95% CI: 0.12–0.93; p = 0.035). However, these observations 
could not be confirmed in other reported cohorts and studies, 
and the assessment of different recurrence patterns after cys-
tectomy remains methodologically difficult. The ERUS sci-
entific working group series identified in their RARC cohort 
of 717 patients bone, lung, and liver as the most frequent 
location for distant and pelvic lymph nodes for local recur-
rence [49]. This is consistent with the pattern of recurrences 
seen in previous studies of ORC and in autopsy series [50]. 
They did not observe “unusual recurrence patterns”; five 
patients (0.7%) were diagnosed with peritoneal carcinoma-
tosis and two patients (0.3%) with port site (abdominal wall) 
metastasis, which are both of low incidence and consistent 
with published open series. Slightly higher but comparable 
rates have been reported by the IRCC [46]; in their recent 
update, port site metastases and peritoneal carcinomatosis 
were both observed in 1.2% of the patients. An overall local 
recurrence rate of 11%, despite a significant number of 
patients with extravesical disease and variant histology, was 
lower than prior reports. Finally, a systematic literature 
review in 2016 could only identify four cases of port site 
metastasis after RARC [51].

Although retrospective in these large cohorts, no evidence 
of an unusual recurrence pattern after RARC was observed. 

The RCT iROC will most likely be sufficiently powered to 
shed more light on this issue.
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Robotic Surgery Applications 
for Benign Bladder Diseases

H. John, N. Abo Youssef, and A. Ploumidis

1  Robot-Assisted YV Plasty (RAYV) 
for Recurrent Bladder Neck Stenosis

N. Abo Youssef and H. John

1.1  Introduction

The transurethral surgery of the prostate due to benign pros-
tatic hyperplasia (BPH) is the gold standard after failed or 
refused medical therapy [1]. The well-known complication 
of a bladder neck stenosis (BNS) occurs rarely but most fre-
quently described after transurethral resection of the pros-
tate. According to the International Consultation on 
Urological Diseases (ICUD), the term “bladder neck stenosis 
(BNS)” is recommended to use when the prostate is still in 
situ [2]. In cases where BNS occurs after radical/total prosta-
tectomy, the condition should be described as “vesicoure-
thral anastomotic stenosis (VUAS).” In the present chapter, 
we focus on the technique of the robot-assisted YV plasty for 
recurrent BNS as an individualized treatment option.

1.2  Etiology

The fully pathophysiological mechanisms of bladder neck 
stenosis remain unknown. As showed by Barboglu et  al., 
smoking, coronary artery disease, hypertension, and diabetes 

contribute to VUAS; it appears obvious to transfer these 
unfavorable predictors in the same way to BNS [3]. The 
altered microvascular blood supply in the bladder neck in 
combination with the local iatrogenic ischemia/wounds 
could favor the scar formation [4]. Several risk factors are 
described to be associated with BNS: small prostate volume, 
higher International Prostate Symptom Score storage scores 
(IPSS), preoperative uncontrolled infection, unsuitable 
resectoscope, large resection loop, extensive resection of the 
bladder neck, long surgical time, and recatherization after 
surgery. The incidence of BNS after transurethral resection 
of the prostate (TUR-P) is described between 0.3 and 9.2% 
[5–7]. It occurs typically early within the first 2 years post- 
operation after transurethral therapy [4]; thereby, no signifi-
cant difference between monopolar and bipolar resection 
technique has been shown [8]. Other techniques such as 
photo vaporization of the prostate reported similar rates of 
BNS [9].

1.3  Treatment Options

An initial treatment step for the primary BNS is the widely 
accepted endoscopic procedure. It ranges from a simple dila-
tation, bladder neck resection (TUR-BN), bladder neck inci-
sion (TUI-BN), stent placement, bipolar plasma vaporization, 
injection of mitomycin C to various kinds of laser-type inci-
sion. The success rates of the most common option of the 
TUR-BN and TUI-BN are reported approximately 90% [10]. 
C. M. Rosenbaum et al. and other studies showed a declined 
success rate [11]. However, highly repeated BNS are rare 
and complex. Reconstructive surgery as a further treatment 
option should be discussed with the patient. First described 
by Young in 1953 [12], the latest YV plasty with the transpo-
sition of a well-vascularized bladder wall flap into the com-
pletely transected anterior area of the bladder neck is gaining 
more popularity—especially in the area of robotic urology.
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1.4  Patient Selection and Preoperative 
Preparation

A diagnostic cystoscopy has to be performed prior to surgery 
to confirm and assess the bladder neck stenosis. At least two 
unsuccessful endoscopic treatments should be performed 
before confirming the indication of a YV pasty. Patients are 
given a single broad-spectrum antibiotic within 60 minutes 
of skin incision. An indwelling bladder catheter is placed if 
possible, alternatively a single-use catheter.

1.5  Surgical Technique

Patients are placed in a supine 15° Trendelenburg position 
with abducted legs. All pressure points should be padded. 
After setting a pneumoperitoneum with 12 mmHg over the 
8 mm paraumbilical camera port, a total of four ports are 
inserted according to the scheme of the radical prostatec-
tomy (da Vinci Xi® system): two left lateral 8 mm work-
site ports and one 8 mm working port on the right side. The 
port distance should range between 6 and 10  cm along a 
line perpendicular to the target anatomy. Furthermore, a 
5 mm assistant port and a 12 mm VersaPort™ is inserted in 
the right lower quadrant (not between da Vinci ports) 
(Fig. 1).

According to the radical prostatectomy [13], the extra-
peritoneal approach offers some advantages (e.g., better pul-
monal ventilation due to reduced Trendelenburg position, 
open dissection planes after previous intraperitoneal surgery 
[14]). However, the standard transperitoneal approach should 
be chosen if there are some contraindication for the extra-
peritoneal approach such as hernia mesh implants or pelvic 
kidney. In the following section, the technique refers to the 
extraperitoneal approach.

1.6  Operative Technique

As a first step, the prevesical fat is removed and the peri-
vesical space cleaned. The bladder neck is located, and the 
ventral part of the prostate is exposed. Carefully the pelvic 
floor around the prostate is exposed. The anterior prostatic 
venous plexus can be ligated to avoid bleeding. An anterior 
longitudinal incision in hot and cold scissor-incision tech-
nique is performed starting from the bladder neck and ven-
tral vesico- prostatic junction down through the stenotic 
area (Figs. 2 and 3). The caudal extension of the incision is 
performed at the height of the seminal colliculus. As the 
dorsal bladder base and ureteral ridges are not touched, ure-
teral stents are not routinely necessary. The cut is enlarged 
to an inverted Y-shaped manner (Fig. 4). As a result, a well-
vascularized and tension-free flap is created, which offers 
the possibility of reconstructing a wide bladder neck and an 
anterior prostatic urethra with vital tissue. Therefore, the 
tip of the inverted V-flap is brought and fixed to the base 
point of the inverted Y-incision distal of the stricture 
(Fig. 5). This is an essential step to keep the reconstruction 

Fig. 1 ★ camera port, ↑ 8 mm worksite port, ■ 12 mm VersaPort™, • 
5 mm trocar

Fig. 2 Incision of the vesicoprostatic stenosis

Fig. 3 The stenotic area of the bladder neck and intraprostatic urethra 
is widely open.  bladder wall,  tip of indwelling catheter
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Fig. 4 The incision is prolonged into the bladder as an inverted Y in 
order to create a flap.  prostatic capsule,  bladder wall,  flap

Fig. 5 The tip of the flap is fixed at the base point of the inverted Y 
incision with a 3–0 barbed suture

Fig. 6 Closure of the right inverted Y side of the bladder flap.  right 
side of the bladder flap,  prostatic capsule

Fig. 7 Closure of the left side of the bladder flap by an ascending con-
tinuous suture.  left side of the bladder flap,  bladderwall,  pros-
tatic capsule

symmetric. Both sides of the inverted V shape are then 
closed with running sutures using a V-Loc™ 3–0 (Figs. 6 
and 7). Thereafter, a new indwelling catheter 20 Fr foley is 
placed. To test the leak tightness, the bladder should be 
filled with 200  ml of sterile normal saline. There is no 
necessity of a pelvic drain.

1.7  Postoperative Management

Patients suffer from full diet and mobilization on day 1 post-
operatively. The transurethral catheter can be removed on the 
fifth postoperative day after exclusion of a urinary extravasa-
tion in the cystourethrogram. Spontaneous micturition is 
observed with urinary diary and the residual volume con-
trolled by ultrasound.

1.8  Discussion

Bladder neck stenosis (BNS) ranges from a simple contrac-
ture to recurrent stenoses, which are refractory to repeated 
surgical treatments. The primary surgical technique, includ-
ing the necessity of the application of thermal, cryo, or radia-
tion energy, the occurrence of urinary infections, or the 
delayed wound healing – all may play an important role in 
the development of BNS. Today, there exists a variety of sur-
gical possibilities to treat BNS such as dilatation, transure-
thral resection, cold knife incision, diversion, open 
reconstruction, adjuvant agents during transurethral surgery, 
and more. The treatment of choice remains unclear and pro-
vides the opportunity of discussion based on the complex 
underlying disease. Cindolo et al. argue that the lack of well- 
designed studies makes it reasonable to leave the choice of 
BNS treatment technique to the surgeon’s own judgement 
[15]. J.  Kranz et  al. reported that most patients who have 
undergone an endoscopic therapy are treated successfully in 
up to 65% after the first TUR. However, there was a success 
rate of only 25% after more than three transurethral proce-
dures [16]. To higher the chances of success in complex 
bladder neck stenosis, the reconstruction of the bladder neck 
should be discussed into account of the patient age and 
comorbidities. The open surgical approach is weakly recom-
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mended due to the necessity of a relatively large and morbid 
median laparotomy, which is needed to gain an acceptable 
exposure of the surgical field [17]. A robot-assisted mini-
mally invasive surgical procedure provides once again sev-
eral advantages: wider range of motion near the bladder 
neck, enhanced visualization especially to define the ana-
tomical borders of the external sphincter, less blood loss, etc.

Reiss et al. propose for patients with BNS the so-called T 
plasty, which is basically a modified YV plasty for recurrent 
BNS, with a reported high success rate in all ten patients 
(defined as no need for further instrumentation); thereby, two 
vascularized flaps are used to reconstruct the bladder neck in 
comparison to one flap with the YV technique. The argument 
creating a wider bladder neck with less tension and thus the-
oretically to reduce the risk of recurrence remains doubtful. 
A group from Kliniken Essen-Mitte, around M. Musch et al. 
in Germany showed in a case series including 12 patients 
treated with RAYV a treatment success of more than 80% 
during a median follow-up of 23.2 months. No intraoperative 
or major postoperative complications were observed [17]. 
Another case series with a retrospective evaluation of 24 
patients who underwent an open YV plasty showed a signifi-
cant improvement of postoperative Qmax, post-void urine 
residual, and IPSS score [18].

We are currently in our institution in process conducting a 
case series with at least 30 patients who received RAVY due 
to BNS.  In general, we prefer an extraperitoneal access as 
there is no need for a large dissection area in the intraperito-
neal cavity, preventing any intraperitoneal complications and 
drawbacks. While an extraperitoneal approach in BNS 
 procedure is very suitable, we recommend a transperitoneal 
access in patients with vesicourethral anastomotic stenosis. 
We always incise the prostatic capsule and full-thickness 
bladder wall with hot and cold scissors, which is at least as 
efficient as a blade fixed in a needle holder. Finally, we suture 
the inverted V flap in continuous suture technique with a 
barbed suture, which allows a stable flap position. The use of 
indocyanine green in the da Vinci fluorescence imaging 
mode helps us to confirm blood flow in the tip of the inverted 
V bladder flap. In patients with long stricture zones, includ-
ing the external sphincter and consecutive possible stress uri-
nary incontinence, an artificial sphincter system can be 
placed in the future if necessary.

1.9  Conclusion

After repetitive endourological attempts to cure BNS, a new 
reconstructive procedure must be offered to the patient as a 
definitive solution. The robot-assisted inverted YV plasty of 

the bladder neck with interposition of a well-vascularized 
bladder flap into the edges of the opened bladder neck and 
prostatic stricture seems to be a promising concept with good 
early postoperative results.

2  Robotic-Assisted Bladder 
Diverticulectomy

A. Ploumidis

2.1  Introduction

Bladder diverticula (BD) are herniations of the bladder uro-
thelium and lamina propria through a defect of the bladder 
wall. Because they lack muscularis propria lining and con-
tain only a few scattered muscle fibers, they are unable to 
contract efficiently during voiding. Subsequently failing to 
empty their content causes urinary stasis and high residual 
volume in the bladder [19].

Although BD are usually asymptomatic, they may cause 
LUTS, urinary tract infections, formation of bladder calculi 
within the BD, and sensation of incomplete bladder empty-
ing, all of which are associated with the urinary stasis [20, 
21]. In rare cases, they may compress the ureter causing ure-
teral obstruction and hydronephrosis [22]. Furthermore, an 
increased risk of bladder cancer due to chronic inflammation 
within the BD has been noticed [23].

BD are classified as congenital and acquired. The former 
is commonly seen in the pediatric population, while the lat-
ter is usually secondary to obstruction and high voiding 
pressure and is typically encountered in older adults. In this 
chapter, we are mainly going to address BD in adults sec-
ondary to bladder outlet obstruction such as urethral stric-
ture, bladder neck contracture, benign prostatic enlargement, 
etc. [24–26].

Bladder diverticulectomy is indicated in large symptom-
atic cases and was first described in 1987 by Czerny et al. 
[27]. In 1992, Parra et al. reported the first laparoscopic blad-
der diverticulectomy (LBD), while the first robotic bladder 
diverticulectomy (RBD) followed in Berger et  al. in 2006 
[28, 29]. Since then, many RBD case series have been 
described with good functional results, and RBD can be 
offered sequentially after other procedures that address the 
underlying bladder outlet obstruction (BOO), such as robotic 
simple prostatectomy (RSP), TURP, PVP, HOLEP, robotic 
radical prostatectomy, etc. [30–35] or alone as part of a sec-
ond staged procedure where the obstruction has already been 
managed on the first stage.
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2.2  Preoperative Evaluation 
and Preparation

Cystoscopy is the mainstay of the preoperative evaluation 
especially when surgery is considered. It can give informa-
tion about the number, size, location of the BD relative to the 
ureteral orifices, concomitant stones, or transitional cell car-
cinoma (TCC).

Other imaging studies such as ultrasonography, computed 
tomography, voiding cystourethrogram (VCUG) can give 
further details for the upper and lower urinary tracts as far as 
reflux, hydronephrosis, and underlying LUTS is concerned.

Urine cytology should be offered to all patients given the 
higher probability of TCC in the BD.  Urinalysis, negative 
urine culture, and informed consent preoperatively are 
mandatory.

2.3  Operating Room Configuration 
and Patient Positioning

Under general anesthesia, the patient is placed in a dorsal 
lithotomy position with the legs supported on Allen stirrups 
and the hands tucked to the sides. All pressure points are well 
padded. The perineum and abdomen are prepared and draped 
for cystoscopic evaluation and for trocar placement. A single 
perioperative dose of broad-spectrum antibiotic prophylaxis 
is administered.

2.4  Endoscopic Preparation

We suggest a cystoscopic evaluation before the robotic oper-
ation especially in the beginning of the learning curve. Apart 
from visualizing the BD, a Councill-tip catheter can be 
placed over a wire inside the diverticulum. Selective disten-
tion of the diverticulum by installation of fluid through the 
catheter can aid the identification and dissection of the diver-
ticulum during surgery [36–38]. Others have suggested intra-
operative transillumination of the BD with the flexible 
cystoscope placed inside the BD [39, 40].

Furthermore, most of the times the BD is located antero-
lateral to the ipsilateral ureteral orifice and in close proxim-
ity. Placement of a ureteral catheter or a stiff hydrophilic 
wire that can be manipulated by the assistant could aid in the 
identification of the ureter and avoid subsequent injury. After 
cystoscopy, a bladder catheter is placed.

If the cystoscopy has already been done in the office set-
ting and the surgeon feels adequate confident of identifying 
both BD and ipsilateral ureter, this part of the procedure can 
be omitted [30].

It is important to emphasize that if an endoscopic proce-
dure for BOO (such as TURP, HOLEP, or GreenLight laser) 

is performed sequentially to RBD, it should be performed 
before RBD to avoid the potential risk of bladder perforation 
on the suture line due to the irrigation fluid. For the same 
reason, the bladder and prostatic bed should be thoroughly 
checked at the end of the endoscopic procedure for blood 
clots and for free prostatic tissue to avoid potential blockage 
of the output of the catheter during continuous irrigation 
postoperatively.

2.5  Trocar Placement and Instrumentation

Our technique uses a four-arm robotic configuration with an 
addition of one or two laparoscopic ports for the bedside 
assistant. A 12 mm or 8 mm robotic camera trocar (depend-
ing if the da Vinci Si or Xi system [Intuitive Surgical] is 
being used) is placed supraumbilical. Two 8 mm robotic tro-
cars are placed 8 cm lateral to the camera trocar on each side 
of the rectus abdominis muscle. The fourth robotic trocar is 
placed 8 cm to the right of the right lateral robotic port and at 
least two fingerbreadths above the anterior superior iliac 
spine (ASIS). When the da Vinci Si is used, the trocars are 
placed more in an arc configuration where with the da Vinci 
Xi, they are placed more in a straight line. A 12 mm assisting 
trocar is placed between and slightly higher the camera port 
and the left lateral robotic trocar. If needed, an additional 
5 mm trocar can be placed lateral to the left robotic trocar 
and at least two fingerbreadths higher than the ASIS.

This trocar configuration is similar to that of robotic sim-
ple prostatectomy (RSP) (and radical prostatectomy); since 
in our experience, most of the times RBD is offered sequen-
tially to this operation. On the contrary to what was men-
tioned above for sequential endoscopic procedures for BOO, 
in the case of a combined pure robotic procedure, we believe 
that it is preferable to start with the RBD followed by the 
RSP. The reason for this is that in some cases RSP could be 
accompanied by slight hemorrhage, which will hinder the 
good visibility needed for the dissection of the BD if an 
intravesical approach is decided.

Our preference is to place the fourth robotic arm on the 
side of the dominant hand of the surgeon (right iliac fossa for 
a right-handed surgeon). The reason for this is that especially 
during RBD the surgeon will need to continuously change 
between two grasping tools (left robotic arm and fourth arm) 
in order to lift a large diverticulum and one grasping tool and 
the scissors (left and right robotic arm) in order to perform 
blunt and sharp dissection (Fig. 8).

Finally, the patient is placed in a steep Trendelenburg 
position (25–30%), and side docking of the robot will facili-
tate intraoperative cystoscopy if needed.

We usually use three robotic instruments: Hot Shears 
monopolar [Intuitive Surgical] curved scissors, Fenestrated 
Bipolar [Intuitive Surgical] forceps, and a large needle driver 
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Fig. 8 (a) Longitudinal cystotomy on the anterior wall of the bladder 
with two stay sutures for exposure. The Councill-tip catheter is seen 
(blue arrow) leading to the BD. (b) The two ureteral catheters are seen 
(blue arrows) with the BD (green arrows) close to the right ureteral 
orifice. (c) The edges of the opening of the BD (green arrows) are 
scored with monopolar cautery so that the mucosa of the BD is incised 

from the mucosa of the rest of the bladder. (d) Dissection into the avas-
cular plane between the diverticulum (green arrow) and the fibrous cap-
sule formed around it. (e) The assistant (or the fourth arm) is lifting the 
BD to aid in the dissection. (f) Suturing the bladder opening in two 
layers
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[Intuitive Surgical]. A ProGrasp forceps [Intuitive Surgical] 
can be used in the fourth arm instead for the large needle 
holder if robotic instrument consumption is not an issue. A 
30-degree lens is used although the operation can be done 
with a zero degree lens.

2.6  Procedure

During RBD, essentially the surgeon is mimicking the open 
technique; thus, mainly two approaches can be performed: 
the intravesical where the bladder is opened and the BD is 
dissected and inverted within the bladder and the extravesi-
cal where the BD is dissected from outside the bladder and 
only when the BD neck is identified it is incised. If RBD is 
combined with RSP, an intravesical approach is preferred 
since with the same bladder incision both operations can be 
performed. Some authors suggest a purely extravesical 
approach when the BD is not in proximity to the ureter [40].

2.6.1  Intravesical Approach
The bladder is released from the anterior abdominal wall and 
the space of Retzius is exposed in similar manner as in radi-
cal prostatectomy. After filling the bladder with 120 cc nor-
mal saline through the indwelling catheter, a longitudinal 
cystotomy is done close to the prostate-vesical junction. Two 
extracorporeal stay sutures are placed on either side of the 
bladder incision with the aim to keep the bladder open and 
ensure adequate exposure. The two ureteral orifices are iden-
tified in case ureteral catheters are not placed and the BD is 
visualized with the Councill-tip catheter inside. Subsequently 
the edge of the opening of the BD is scored with monopolar 
cautery so that the mucosa of the BD is incised from the 
mucosa of the rest of the bladder. The surgeon lifts the uro-
thelium of the BD on one side and with pinpoint coagulation 
and blunt dissection searches for the avascular plane between 
the diverticulum and the fibrous capsule formed around it. 
This plane of dissection once found is continued around the 
edges of the ostium of the BD before proceeding to further 
deeper dissection. Once the BD is adequately dissected, the 
fourth arm (or the bedside assistant) can lift it so it is con-
stantly under tension. With blunt and sharp dissection, the 
plane can be easily advanced while further pealing of the BD 
can be done with the scissors slightly open. Once the BD is 
completely removed, the opening of the bladder is sutured 
with 3.0 V-Loc suture in two layers in a continuous fashion 
(Fig. 8) (Video 1).

Subsequently, the surgeon can proceed with the RSP as 
previously described if a combined operation for BOO is 
planned [41]. Finally, the initial opening of the bladder is 
closed in one or two layers with 3.0 V-Loc (Covidien) suture 
in a continuous fashion.

Alternatively, instead of dropping down the bladder from 
the abdominal wall, some authors suggest a cystotomy at the 
fundus of the bladder and extending this incision into the 
neck of the BD [42]. Further dissection can be done as 
described.

2.6.2  Extravesical Approach
The bladder is filled through the indwelling catheter. Since 
the BD is expected to be posteriorly or posterolaterally to the 
bladder, it can be recognized as a bulge over the peritoneum. 
At this site, monopolar scissors is used to incise the perito-
neum and expose the fundus of the BD. Once identified, the 
diverticulum is grasped by the bedside assistant or the fourth 
arm and firm tension is used. At this point, identification of 
the ureter could be a safe option especially in cases when 
large a BD is close to the ureter. Furthermore, a combination 
of sharp and blunt dissection circumferentially and in close 
proximity to the BD with pinpoint coagulation when needed 
is applied. Progressively, the dissection of the BD from its 
surrounding fibrotic tissue is advanced till the BD neck is 
identified. Once identified, the BD neck is incised anteriorly 
with electrocautery, and the bladder is inspected from the 
inside to identify potential proximity to the ureteral orifice. 
The incision of the BD neck is not fully carried out, and 
before complete removal of the BD, suturing of the edges of 
the bladder is initiated with a 3.0 V-Loc (Covidien) suture. 
The reason for this is to take advantage of the tension applied 
on the BD to fully expose the opening of the bladder and 
ensure a better approximation. Finally, the BD is fully 
removed and the opening of the bladder sutured in a running 
fashion (Fig. 9) (Video 2).

2.7  Postoperative Management

In case RBD is combined with RSP, continuous irrigation 
through the catheter can be used preferably with a low flow 
rate. On the first postoperative day, the patient can ambulate 
and start a regular diet. At the same time, the drain can be 
removed if there is no fluid collection coming out. In case of 
noticeable output from the drain, continuous irrigation if 
used must be stopped and the subsequent fluid collection 
must be checked for creatinine. If the creatinine level is 
higher than serum creatinine, then urine leakage should be 
suspected and the patient should undergo imaging studies to 
rule out bladder perforation or even ureteral injury. Parenteral 
analgesics can be changed to oral ones as soon as possible, 
and subcutaneous heparin and compression stocking are 
used during the hospitalization period and till the patient is 
fully ambulatory. If the postoperative period is uneventful, 
the patient can be discharged the second postoperative day 
with the catheter connected to a leg bag. The catheter can be 
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Fig. 9 (a) Vertical incision lateral to the medial umbilical ligament 
(blue arrow). (b) Identification of the BD (blue arrow) after filling the 
bladder with normal saline. (c) Dissection of the ipsilateral ureter in 
case of large BD in close approximation. (d) The assistant (or the fourth 
arm) is lifting the BD exerting steady traction to aid dissection. (e) 

Opening of the BD neck and identification of the ureteric catheter 
(white arrow) close to the BD as well as the bladder catheter (green 
arrow). (f) Suturing the opening of the bladder (white arrow) before 
fully incising the BD (blue arrow) for better exposure of the bladder 
opening
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removed after 7 days, while a cystogram can be suggested 
but is not routinely required. Follow-up will include abdomi-
nal ultrasound and/or cystogram to evaluate post is post void 
residual.
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Tips and Tricks
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Robotic-Assisted Surgery in Urinary 
Fistulas

H. John, D. Pushkar, M. Randazzo, and J. Rassweiler

1  Vesicovaginal Fistulas

M. Randazzo and H. John

1.1  Definition and Types of VVF

The English translation of the Latin word “fistula” means 
pipe, duct, or tube, and it stands for an abnormal anatomical 
junction between two hollow organs. Thus, the vesicovaginal 
fistula (VVF) is defined as the anatomical connection of the 
dorsal bladder wall with the anterior vaginal wall. The fistula 
is usually permanent as a result of a necrosis of both organ 
walls due to an ischemic condition or direct injury during 
surgery.

There are two different types of VVF: 1) VVF after sur-
gery and 2) VVF due to prolonged child birth. The first one 
usually occurs in resourced countries by an iatrogenic unper-
ceived injury of the dorsal bladder wall during hysterectomy 
or sometimes sling placement for incontinence with an esti-
mated incidence of 0.3–2% [1]. Other more rare causes 
include pelvic irradiation or malignant disease [2]. The sec-
ond form of VVF is more likely to occur in less-resourced 
countries: The most frequent condition is a cephalopelvic 

disproportion during child birth with prolonged labor. This 
disproportion then causes a prolonged pressure with consec-
utive ischemia of the vaginal wall. Some authors call the first 
type of VVF “iatrogenic” and the second one “ischemic” [3], 
although an unperceived injury by electrocautery during sur-
gery might also lead to an ischemic vaginal wall in the first 
type.

Generally, type 2 VVF (prolonged labor) has a broad isch-
emic area from the cephalopelvic disproportion, which usu-
ally leads to the formation of a larger fistula. These VVF may 
also be located deeper in the pelvis and sometimes include a 
urethral loss, rectovaginal fistula formation, as well as an 
anal sphincter incompetence or even osteitis pubis [4].

1.2  Prevalence of VVF

The overall prevalence of VVF in lower-resourced countries 
is higher than in higher-resourced countries. In African coun-
tries, such as Ethiopia, the prevalence is estimated to 1.5 per 
1000 women [5] indicating the limited access to obstetric 
intervention [6]. In some other countries, such as Pakistan, 
there is a switch with a rising trend for type 1 (iatrogenic) 
and a decreasing one for type 2 VVF (prolonged labor) [3].

The urinary leakage through the vagina is the typical 
manifestation of a VVF with the degree of incontinence 
being proportional to the size of the fistula [7]. The vagina 
may become inflammated and ulcerated [8], which is why 
VVF should always be treated—although there might be a 
continent urinary situation in extremely rare situations [9].

Taken together, VVF usually create hygienic, social, 
infectious, psychological, and sexual problems.

1.3  Etiology of VVF

The etiology of VVF has impact on the surgical approach. 
Whenever urinary discharge through the vagina after hyster-
ectomy or obstetric surgery is appearing, a VVF should be 
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Fig. 1 Simple vesicovaginal fistula with single fistula tract (left figure, arrow) and corresponding cystogram (right)

Fig. 2 Complex vesicovaginal fistula with multiple fistula tracts on the 
left bladder wall (arrows)

suspected [10, 11]. Compared to VVF provoked by pro-
longed labor, iatrogenic fistulas are located higher in the pel-
vis and are therefore supratrigonal. The mechanism for a 
VVF consists of a thermal injury leading to a necrosis of the 
posterior bladder wall. Once the process of necrosis has 
started, an inflammatory process leads to production of col-
lagen and perifistula fibrosis. This damage might occur dur-
ing mobilization of the vagina, e.g., during hysterectomy. 
The reported incidence varies from 0.02 to 1.2% depending 
on the approach to hysterectomy [12, 13]. Thus, surgery is 
the most important risk factor for VVF in well-resourced 
countries [14]. In a recent review, 62.7% of postoperative 
VVF were due to hysterectomy performed by any route, 
12.7% were associated by other types of pelvic surgery such 
as colorectal, urological, or gynecological procedures, 
whereas 13% were developed after radiotherapy [14]. Other 
reasons include infection, foreign bodies, or pelvic malig-
nancy [15].

1.4  Preoperative Imaging

The correct fistula identification is the most crucial step in 
their management. The workup includes the pelvic examina-
tion with speculum and cystoscopy (Fig. 1). In some cases, a 
fistula tract might be seen during clinical examination or by 
cystoscopy, although VVF can be very difficult to diagnose. 
When imaging modalities are not available, a “double-dye 
test” might be helpful to better understand the fistula location 
[16]. The preoperative understanding is of paramount impor-
tance in order to understand the number of fistula (“hidden 
fistula”), their size, location, their distance to the ureteral ori-

fices, as well as possible fistula branching. Although the 
majority of VVF are caused by iatrogenic injury, prolonged 
labor, or radiation, VVF caused by malignancy should be 
ruled out by tissue biopsy. In addition, a CT scan with cysto-
gram is helpful in exactly locating the fistula. On MRI 
images, VVF usually shows a wall enhancement if the tissue 
is active or in a healing process [17], and sometimes, a heal-
ing VVF has a central granulation tissue [18].

Patients with multiple fistulas (Fig.  2) should always 
prompt the suspicion of hidden fistula. Whether MRI is help-
ful in detecting these hidden fistulas remains unclear so far.

VVF should be graded according to their location (“supra-
trigonal” or “trigonal”), size, and etiology. However, the 
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most challenging step often remains the location of the fis-
tula during surgery. Often, the fistula is located at the trigone 
close to the ureteral orifice [19].

1.5  Classification of VVF

Table 1 summarizes current VVF classification systems. 
Several attempts have been made for a risk stratification 
according to their risk to relapse—recurrent VVF is the 
most common complication after fistula repair. There are 
currently a couple of risk scores or classifying systems, but 
the clinical usefulness remains to be discussed. Older sys-
tems like the one by Lawson [20] simply include the rough 
location of the fistula (such as “juxtaurethral” or “juxta-
vaginal”). More recent classification systems such as Goh 
[21] include the distance from the external urinary meatus 
to the distal edge of the fistula (from >3.5 cm to <1.5 cm), 
the diameter, as well as the degree of fibrosis. Waaldijk 
includes the size, involving of the urethra, and the closing 
mechanism (type I not involving closing mechanism ver-
sus type II involving closing mechanism, [22]). It is rea-
sonable that a more extended VVF with an increased 
perifocal fibrosis, the involvement of other anatomical 
structures (such as the urethra), or VVF after irradiation 
has a greater risk of recurrence than those without “risk 
factors.” Notably, most of the  current classification sys-
tems have a poor to fair performance with an area under 
the curve of 0.60 to 0.63 [23]. In addition, there are other 
important clinical, metabolic, technical, and anatomical 
variables that might need to be involved in a classification 
system. There is also evidence that moderate to severe 
perifistula fibrosis as well as the presence of multiple fis-
tula have been reported to negatively affect the recurrence 
rate of VVF [24]. The size of the fistula seems to be another 
risk factor: Some studies have reported lower success rates 
for fistula >1 cm [25] or > 3 cm [26], while other authors 

found no difference for fistula size but for bladder capac-
ity, urethra involvement, fibrosis, and prior surgery [27]. 
From a practical point of view, the ability to mobilize local 
tissue for a tension-free cover of the lesion is probably one 
of the most important factors influencing the success rate. 
Commonly reported recurrence rates vary between 0 and 
30%.

Factors influencing the success rate of VVF repair include 
size, location, prior fistula repair, clinical experience, and 
skills of the surgeon, perifistula fibrosis which depends on 
the etiology and clinical course of VVF, and the quality of 
the surrounding tissue, such as the peritoneum or sigmoidal 
epiploic appendices.

VVF due to irradiation and malignant condition is usually 
more difficult to treat. One of the most frequent malignant 
conditions is cervical cancer. The incidence depends on the 
tumor stage and the involvement of the bladder and varies 
between 3 and 48% 3 to 25 months after irradiation 
[28–30].

Complex VVF are characterized by either multiple previ-
ous surgeries, a large size or in case of multiple fistulas, or a 
demanding underlying disease (Fig.  2). Some of complex 
VVF have a high degree of perifistula inflammation and 
fibrosis, whereas others lack of interposition tissue. Some 
complex VVF are located low in the pelvis and might 
involve the urethra. Other complex VVF include those after 
malignancy such cervical cancer with an altered pelvic anat-
omy after previous surgery. Pelvic irradiation or endome-
triosis can complicate treatment and needs to be considered 
for the surgical approach. MRI might be a useful diagnostic 
tool for complex fistula. These VVF often show a wall 
enhancement or sometimes central granulation tissue on 
MRI [17, 18].

1.6  Surgical and Robotic Approach to VVF 
(Video 1)

The transabdominal approach was first described by von 
Dittel in 1893 [31]. In 1980, O’Conor once described the 
transabdominal, suprapubic, extraperitoneal access with a 
cystostomy [32]. This approach allowed a good mobilization 
of the bladder and exposition of the Retzius space. The first 
published laparoscopic repair of VVF was in 1994 by Nezhat 
[33]. The first robotic repair was published in 2005 [34]. 
Meanwhile, there is a variety of studies on robotic VVF 
repair with different techniques. There is a standardized 
algorithm for the robotic management since 2020 [35, 36]. JJ 
placement should always be performed in order to protect 
the ureters during surgery [37–39]. Some are convinced of 
putting a flap onto the excised fistula [40], while others are 
not [41]. Even the repair with fibrin sealant has been 
described [42]. Finally, the surgical approach (e.g., vaginal 

Table 1 Current VVF classification systems

Author
Lawson
Goh
Waaldijk
Panzi
Sims
Mahfouz
Moir
Mc Connachie
Bird
Gray
Hamlin and Nicholson
Arrowsmith
Tafesse
WHO
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or abdominal, laparoscopic, or with robotic assistance) is 
often chosen according to location, complexity, and sur-
geon’s preference [43]. Thus, there is a variety in techniques 
for the management of VVF.

1.7  Step-by-Step Procedure for Robotic 
VVF Repair

The first robotic-assisted repair was published in 2005 
[34]. During the last couple of years, several reports for 
robotic VVF repair have been published [34, 37–39, 42, 
44–48]. Since then, several case series have been pub-
lished with a reported success rate of 100% in most series 
[38–40, 45, 49, 50].

The quality of dissection on the one side and the correct 
suture on the other side are crucial steps along with a urine 
drainage after surgery. Table 2 depicts the principle steps of 
robotic VVF repair.

1.8  Step-by-Step Procedure

The patient is placed in a low lithotomy position. Most sur-
geons agree to administer a single-shot antibiotic prophy-
laxis (e.g., 2 g cefazolin intravenously at the start of 
anesthesia). Cystoscopy is firstly performed to identify the 
fistula. During cystoscopy, a Fogarty catheter or a guidewire 
can be placed in the fistula. Ureteral stents should be placed 
in order to protect the ureteric orifices. The operation might 
also be started with the colposcopy in lithotomy position 
and the insertion of a 5-F Fogarty catheter through the fis-
tula into the bladder using a vaginal speculum. For easier 
identification of the vagina and dissection of the vesicovagi-
nal space, a gauze sponge stick might be inserted into the 
vagina. The operation is then continued in a low lithotomy 
position with a 25° Trendelenburg tilt. For a standardized 
patient positioning, a goniometer can be used. The abdomen 
and the vagina are disinfected using povidone-iodine. After 

establishing the pneumoperitoneum via the 12-mm camera 
port, all ports are installed according to the scheme of radi-
cal prostatectomy: One 8-mm da Vinci port left and right to 
the umbilicus, one 12-mm Versaport™ in the right lower 
quadrant (3-cm craniomedial of the anterior iliac spine), and 
one 5-mm port is installed right of the camera port 3  cm 
proximally (Fig.  3). The fourth arm might be useful for 
holding the bladder upward during dissection of the vesico-
vaginal space.

Sharp and blunt dissection is then performed in order to 
expose the vesicovaginal space or the vaginal stump in case 
of post hysterectomy. A good exposition of the vesicovaginal 
space is crucial in order to visualize the fistula marked with 
a guidewire. The bladder might subsequently be opened for 
preparation toward the fistula in order to finally resect the 
fistula completely including perifistula scar and inflamma-
tion tissue (Fig. 4). The next and most important step is the 

Table 2 Principle steps of VVF repair

Perform cystoscopy; consider JJ placement if required
Mark VVF by placing a guidewire or 5 Fr catheter into the VVF. If 
possible, extract guidewire/catheter through the vagina
Separate the bladder and vagina. Expose the fistula track by exposing 
the guidewire
Excise the fibrotic tissue to obtain histological specimen
Suture healthy tissue in a tension-free manner, multiple layers close 
the vagina and bladder
Test water tightness of the bladder
Tissue interposition such as the peritoneal flap, omentum, or 
appendix epiploica
Insert bladder catheter

Fig. 3 Port placment for robotic fistula repair

Fig. 4 Complete resection of the fibrotic scar tissue around the fistula 
tract
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Fig. 5 The peritoneal flap (arrow) is used to cover the space between 
the bladder and the vagina (colporrhaphy, double arrows)

mobilization of the bladder wall circumferentially to provide 
a tension-free closure. This is of utmost importance in order 
to prevent fistula recurrence. Before closure of the bladder, a 
flap is mobilized such as the adjacent peritoneum to use it as 
a vital layer between the vaginal and bladder sutures (Fig. 5). 
The suture of the vagina is performed using 2–0 Vicryl®. 
The bladder is finally closed using 4–0 Biosyn® in two lay-
ers. After performing a final leakage test of the bladder, all 
the ports are removed.

1.9  Interposition Tissue

There is no randomized study comparing VVF repair with 
and without interposition tissue. Some few authors report no 
flap interposition [19, 41, 51]. A variety of intraabdominal 
interposition tissues can be used in order to cover the fistula 
area. These include peritoneal, omental, pedicled rectus 
myofascial flaps, buccal flaps [52], or perisigmoid epiploic 
tissue [40]. Even a buccal mucosal graft has been described 
[53]. In addition, robotic repair offers additional reconstruc-
tive procedures such as bladder augmentation or ureteral 
reconstruction if needed. The robotic approach often includes 
VVF repair with a peritoneal flap inlay [54–56]. With the 
aggressive surgical approach for pelvic malignancies such as 
ovarian cancer, omentum might be missing in these patients. 
Tumor debulking often includes wide excision of the perito-
neum with dissection of the bladder and ureters. Thus, in 
some patients, pedicled rectus myofascial flaps or perisig-
moid epiploic tissue or even no flap might be used as inter-
position tissue [57].

1.10  Leakage of Pneumoperitoneum

One of the problems encountered in robotic VVF repair is 
the leak of pneumoperitoneum after opening of the bladder 
and vagina. To reduce air leakage, a sponge stick or a wet 
swab gauze might be inserted into the vagina. Other methods 
include the AirSeal® valve-less trocar system which in gen-
eral offers a more stable pneumoperitoneum [58].

1.11  Timing of Fistula Repair

There is no consensus on the optimal timing for surgery of 
VVF. In addition, the type, etiology, and duration of the fis-
tula as well as the metabolic situation of the patient need to 
be considered. Most fistula won’t close spontaneously and 
require operative closure. Nevertheless, spontaneous fistula 
closure has been reported in patients with “small” fistula 
after prolonged labor [59]. The EAU Guidelines on Urinary 
Incontinence suggest catheterization [60]. Historical data 
suggest a spontaneous fistula closure of up to 20% [61]. The 
ERUS Reconstructive Panel recommends a trial with cathe-
ter for attempting a conservative management of up to 12 
weeks. There is no minimum timing for surgical treatment 
(robotic VVF repair) from initial diagnosis in order for the 
edema to resolve.

1.12  Intraoperative Diagnosis of the VVF 
and Protective JJ Placement

Cystoscopy is the standard to visualize the VVF. A 5-F cath-
eter or a guidewire can be placed through the VVF in order 
to mark the fistula channel and the inflammatory tissue to be 
excised. The panel recommends placements of ureteral stents 
preoperatively, especially in fistulas close to the ureteral 
orifices.

Some authors reported for fistula identification the use of 
intraoperative combined cystoscopy with the cystoscope 
focusing on the fistula while the robotic camera light is 
switched off [62].

1.13  Postoperative Management

The wound drain, if even placed, should be removed after 
24 h if there is no evidence of bleeding or urinary leakage. 
The indwelling Foley catheter is left in the bladder for 10 to 
14 days with open drainage; cystography is then performed 
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prior to the catheter removal. However, there is evidence that 
7-day bladder catheterization is non-inferior to 14 day cath-
eterization [63]. Sexual intercourse is prohibited for 4 weeks, 
and the ureteral catheters are cystoscopically removed after 4 
weeks.

1.14  Robotic Repair of VVF: Special 
Comments

Basically, there are two techniques in addressing the repair 
robotically. One is going directly in between the bladder and 
the vagina and finding directly the VVF. The other technique 
opens the bladder in a higher point (away from the fistula) 
with or without continuing this opening up until the fistula 
tract (O’Conor technique) thus giving a wider exposure, and 
the dissection starts from normal tissue and advancing to 
scared tissue. Both techniques have their advantages and dis-
advantages. But the most important factor is the surgeon’s 
experience.

The transvaginal approach has the advantage of a low 
patient morbidity, low blood loss, minimal postoperative 
pain, and low postoperative bladder irritability [64–66].

For VVF situated low in the pelvis, such as deep obstetric 
fistula, the vaginal approach might be feasible. Some authors 
report similar success rates by vaginal techniques compared 
to abdominal approaches using a peritoneal flap, with or 
without a labial Martius flap [65, 67]. The main exclusion 
criteria for the transvaginal approach are 1) major circumfer-
ential induration of the fistula, 2) a high fistula location 
where the transvaginal approach gives too little exposure, 3) 
fistula involving ureters, or 3) the patient’s wish for the trans-
abdominal approach [64, 68]. Combined transabdominal and 
transvaginal procedures have also been reported [69].

However, when a safe transvaginal fistula repair cannot 
be granted, the transabdominal approach is always an 
option. This technique provides most space for exact and 
wide preparation of the bladder and vaginal wall and easier 
identification of the scar and fistula tissue. Therefore, an 
abdominal approach provides a safe basis for complete exci-
sion of the inflamed fistula tissue, wide bladder wall mobili-
zation, and tension-free bladder closure. More recent 
techniques have become less morbid than the historical 
transvesical O’Conor procedure even though there are 
“mini” variations [70, 71].

The technical advantages of the robotic approach are fur-
thermore underlined by its low morbidity; we observe that 
patients after robotic VVF repair recover immediately after 
surgery as compared to the open operation. The most diffi-
cult steps during the procedures are likely the ones that keep 
urologic surgeons away from the laparoscopic approach. It is 
the tricky preparation of previously damaged tissue and the 
suturing. This is where the robotic surgery gives the utmost 

assistance as it provides an optimal exposure to the fistula 
area and in particular the possibility for a wide excision of 
the fistula tissue.

The perifistula anatomy can exactly be exposed and there-
fore the access to interpolate the tissue is easy to achieve. In 
contrast, access through the vagina as a natural orifice gives 
less working space to prepare precisely, not to mention that 
many high fistulas are difficult to reach.

In a few cases, ureters can be affected by the fistula or 
have to be partially resected. In these cases, the operation can 
also be performed by the robotic approach, while a trans-
vaginal access is futile. Moreover, the robotic system offers 
a precise and easy suturing of the interposition tissue.

Some authors used flaps such as epiploic appendix of the 
sigmoid colon [39], epiploic appendix of the sigmoid colon 
or a peritoneal flap [45], omentum [38], or fibrin glue [34]. A 
similar functional result in all these different ways might be 
assumed, but randomized controlled trials are lacking. Major 
importance remains the separation of the suture lines of the 
bladder and vagina and tension-free water-tight bladder 
closure.

2  Rectovesical Fistulas

J. Rassweiler

2.1  Frequency Origin and Early 
Management of Rectovesical Fistula

Rectal injury with subsequently developing rectovesical fis-
tula may occur in 0.4–4.9% following retropubic, laparo-
scopic, or robotic-assisted radical prostatectomy. Previous 
transurethral resection of the prostate represents a risk factor 
[72–78].

Other reasons include previous irradiation, brachyther-
apy, the application of high-intensity focused ultrasound, 
and rectal surgery, respectively [79–82]. Prostatic abscess 
perforated spontaneously into the rectum is an uncommon 
reason for urorectal fistula [83–86]. However, under these 
circumstances especially, a prostate-rectal fistula occurs. 
This requires different treatment modalities, such as (robot- 
assisted) laparoscopic radical prostatectomy [78, 86, 87].

Early management should focus on colostomy, even if 
there have been reports on conservative management using 
IV nutrition and placement of single J stent [77, 78, 88]. 
Such results have been achieved with specially designed 
nutrition solutions. Following complete healing of the vesi-
courethral anastomosis plus a period of 90–100 days, surgi-
cal repair can be planned. In case of associated complications 
like sepsis or pelvic abscess formation, this interval might be 
prolonged.
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2.2  Surgical Management of Rectovesical 
Fistula

Transanal closure of the fistula using an endoscopic single- 
port technique [89–91] has been reported; however, our own 
experience was not satisfactory. Open surgical repair usually 
involves major surgical procedures using different approaches 
(transabdominal, perineal, posterior sagittal). Most of them 
are associated with major risk of impotence or fecal and uri-
nary incontinence [92–100] (Table 3).

Since the beginning of this century, different laparoscopic 
and robotic-assisted techniques for repair of such fistula have 
been published [78, 101–104]. This included transperitoneal, 
transvesical approaches, as well as a combination of both 
techniques [101]. The approach depends on the extent and 
localization of the fistula. Evidently, the situation is different 
if the fistula occurs after a transurethral resection.

2.3  Patient Preparation

Preoperative diagnosis should include rectoscopy and cys-
toscopy to clarify the actual anatomy and to exclude associ-
ated findings (i.e., urinary stones, tumors). During 
cystoscopy, the ureter close to the fistula should be stented 
to prevent any injury during the repair and prevent obstruc-
tion due to postoperative edema (Fig. 6). The fistula can be 
catheterized with a 4 F ureteral catheter if it is difficult to 
identify endoscopically. The patient should be pre-treated 
with antibiotics (i.e., cephalosporine) and urine culture 
should be negative.

For a better identification of the rectum, a rectal balloon 
catheter can be inserted (Fig.  7) once the patient is in the 
lithotomy position. Alternatively, the assistant should be pre-
pared to insert the finger into the rectum. For this purpose, a 
rectal shield like in the TURP set is helpful to maintain steril-
ity without changing gloves. We use a transperitoneal 
approach with trocar arrangement similar to robotic-assisted 
radical prostatectomy (RALP). This can be accomplished 
with a 3 or 4 arm setting with the da Vinci Xi system (earlier 
versions) (Fig. 8).

2.4  Operative Technique (Video 2)

The first step is the opening of the previously dissected 
Retzius space to take the bladder down until the pubic bone 
(Fig. 9a). Thereafter, we dissect the bladder neck from both 
sides to identify the rectum (Fig.  9b). Then the bladder is 
opened and the fistula is recognized (Fig. 10a). This allows 
better isolation of the lateral bladder wall from the rectum. 
Then, we incise the fistula canal and open the rectum 
(Fig. 10b) and complete the isolation of the rectal wall from 
the bladder.

Once the rectum is sufficiently dissected, we start with 
the closure of the rectum using a continuous double-layer 
suture (PDS, RB-1 needle, 15 cm) (Fig. 11). There are two 
options to cover the anastomosis: If the Omentum majus is 
long enough to create an omental flap. Here, the da Vinci Xi 
system is very helpful, because the camera can be changed 
to all ports. However, another alternative represents the use 
of a free peritoneal graft from the bladder peritoneum, 
which is sutured to the rectum (Fig. 12). Both techniques act 
as a tissue layer to minimize the risk of recurrence of the 
fistula.

The final step is the closure of the bladder wall using a 
continuous V-Loc suture (3–0, SH needle, 15 cm) (Fig. 13a). 
Finally, the partially incised urethro-vesical anastomosis is 
closed by interrupted sutures (4–0 Vicryl, RB1 needle, 10 
cm) (Fig. 13b). It is important to place a well-draining cath-
eter (20 F silicone) to avoid any tension on these sutures. 

Table 3 Surgical approaches for recto-vesical fistula (modified from 
Dal Moro 2006)

Approach Comment
Open surgery
Transabdominal Poor exposure

Availability of tissue to interpose
Familiar approach to surgeons

Perineal Good exposure
Risk of impotence
Interposition of connective tissue
Familiar approach to urologists

Anterior transanorectal Minimal blood loss
Risk of impotence

Perianal Poor exposure
Difficult maneuverability of 
instruments
Low risk of wound infection

Laterosacral Excellent exposure
Risk of incontinence and impotence

Posterior sagittal transrectal Excellent exposure
(York-Mason) Unfamiliar approach to urologist
Minimally invasive surgery
Transanal microsurgery Technique requires special 

instruments
No tissue to interpose
No risk of impotence or incontinence
Minimal morbidity

Transvesical mini-laparocopy Difficult technique
No tissue to interpose
Risk of bowel injury by port 
placement
No risk of impotence or incontinence

Transperitoneal robotic 
assisted

Optimal exposure

Laparoscopy All kinds of tissue to interpose
Low risk of impotence and 
incontinence
Reduced morbidity
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a

c

b

Fig. 6 Diagnostic work-up for vesico-rectal fistula. (a) Cystography prior to the surgery with contrast-filled bladder and rectum. (b) Cystoscopy 
showing the entrance of the fistula lateral to the left orifice. (c) Colonoscopy showing the exit of the fistula in the rectum

Fig. 7 Rectal-balloon catheter for better identification of the rectal 
wall

Then we readapt the bladder peritoneum to the pubic bone to 
cover the anastomosis. Finally, a drain is placed lateral to the 
bladder neck following checking the tightness of the bladder 
and anastomosis (Fig. 13c).

2.5  Follow-Up

We remove the drain when the secretion is below 100 cc usu-
ally on the third day. In case of urine extravasation, which 
might occur, the drain is kept longer. A cystography to dem-
onstrate complete healing of the bladder neck and the absence 
of the fistula is mandatory before the removal of the catheter 
(Fig. 14). After 4–6 weeks, we remove the DJ stent. Closure 
of the colostomy can be accomplished 8–12 weeks later.
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ba

Fig. 8 Da Vinci XI-System as preferred device (a) Console with the possibility to turn the 30°-optic. (b) Position of trocars. Left 10 mm trocar 
can be changed to an 8 mm-port for the 4th arm

a b

Fig. 9 Exposure of the bladder neck. (a) Opening of Retzius’ space. (b) Dissection of the bladder neck

a b

Fig. 10 Identification of the fistula (a) Opening of the bladder with indwelling DJ-stent. (b) Incision of the fistula until the rectum
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a b

Fig. 11 Dissection and closure of rectum. (a) Dissection of the rectum from the bladder with identified rectal fistula. (b) Closure of the fistula with 
a double-layer continuous PDS-suture

a b

Fig. 12 Free-peritoneal graft (a) Harvesting the graft from the bladder peritoneum. (b) Fixation of the graft over the sutured rectum using inter-
rupted Vicryl-sutures

2.6  Alternative Robotic-Assisted 
Techniques for Vesicorectal Fistula

Following radical prostatectomy, usually the fistula is 
located close to the bladder neck lateral to the respective 
orifice (Fig. 5a). However, following rectal surgery or treat-
ment of a local recurrence by high-intensity focused ultra-
sound, this might differ. In such situation, bivalving of the 
bladder similar to the technique used for the management of 
vesicovaginal fistula might be appropriate [36, 78]. Another 
alternative represents the combined lateral and transvesical 
approach [104].

2.7  Management of Rectoprostatic Fistula

In case of a fistula between the prostate and the rectum, 
mainly occurring after extended TURP, brachytherapy com-
bined with percutaneous irradiation, and the use of high- 
intensity focused ultrasound, we prefer a robotic-assisted 
salvage prostatectomy [78, 87]. After complete removal of 
the prostate, the rectal fistula can be optimal identified and 
closed with interposition of an omental flap, free peritoneal 
graft, or even a tunica vaginalis graft (Fig. 15).

The advantage of this approach is also to guarantee opti-
mal healing of the urethro-vesical anastomosis.
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a

c

b

Fig. 13 Closure of the bladder and bladder neck. (a) Closure of the bladder using a continuous V-lock-suture. (b) Closure of the urethra-vesical 
anastomosis by interrupted Vicryl-sutures. (c) Re-adaptation of the bladder peritoneum and placement of drain

2.8  Discussion

Iatrogenic urorectal fistulas are rare but devastating compli-
cation that mostly develop after transurethral resection of the 
prostate or radical prostatectomy [72–77]. Based on the 
underlying anatomy, urorectal fistula can be classified distin-
guishing between rectovesical and recto-prostatic fistula. 
Moreover, urorectal fistulas can be differentiated between 
benign, infectious or traumatic, and malignancy-related 
complex fistulas such as neoplastic, surgical, and radiogenic 
(Table 4). For the latter, the situation even more complicated 
and accordingly is the success rate slow.

Conservative approaches, consisting of urinary diversion, 
wide spectrum antibiotics, and parenteral nutrition, may 
allow cure in certain iatrogenic fistulas. Success rates as high 
as 25–53% have been reported in the literature [86, 87] and 
were based on specific nutrition solutions [77, 88]. It has to 
be emphasized that they have to include all essential vita-
mins (i.e., B12, C). However, most of them required finally 

surgical interventions especially if the fistula remained in 
3–6 months [77, 78].

Another “conservative approach” option is fecal diversion 
via a colostomy or ileostomy plus urinary diversion via a 
bladder catheter. Indeed, we feel that this should be the first 
approach not only when there have been previous failed 
repairs, complex fistulae, a history of radiotherapy or pelvic 
sepsis, or in the absence of bowel preparation [74, 78]. The 
combination of fecal diversion and urinary diversion mini-
mizes the risk of further complications, such as septicemia. 
Additionally, it allows healing of the developed fistula or 
associated structures like the vesicourethral anastomosis 
after radical prostatectomy (Fig. 16). Ideally, the fistula may 
heal completely [69]. Nevertheless, this approach guarantees 
optimal wound healing even if the fistula persists.

Successful operative treatment of an urorectal fistula is 
often challenging [76]. Several procedures have been 
described, which include different approaches and different 
flap types and techniques. However, there has been no con-
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Fig. 14 Postoperative findings. Cystography (left) and computed tomography (right) demonstrate closure of the fistula

a

c

b

Fig. 15 Use of tunica vaginalis to cover the suture of the rectum following robot-assisted salvage prostatectomy. (a) Demonstration of fistula. (b) 
Harvesting of tunica vaginalis. (c) Covered suture of the rectum with a free-graft of tunica vaginalis
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Table 4 Classification of uro-rectal fistula

Criteria Cause Comment
Anatomy
Recto-vesical 
fistula

Radical 
prostatectomy

TURP is risk factor

Rectal surgery Transabdominal
Robot-assisted approach

Recto-prostatic 
fistula

TUR P Robot-assisted salvage 
prostatectomy

Brachytherapy
(plus 
radiotherapy)
High intensity 
focal
Ultrasound 
(HIFU)
Radiotherapy
Rectal surgery
Prostatic abscess

Cause of fistula
Benign TUR P Robot-assisted salvage 

prostatectomyTrauma
Infectious

Malignancy- 
related

Radical 
prostatectomy

Transabdominal robot- 
assisted approach

Brachytherapy
HIFU
Radiotherapy
Rectal surgery

sensus on the best method of repair. Even if we were able to 
successfully apply the transvesical approach [101], we have 
completely switched to the robot-assisted surgical fistula 
repair, since it offers optimal exposure of the fistula and 
allows to apply all basic surgical principles including exci-
sion and debridement of the fistula tract to healthy  vascular 
tissue and separation of the rectal and bladder suture lines 
with tissue interposition [36]. The six degrees of freedom 
and the optimal 3D vision with the ability to turn the 30° lens 
upside down (using the da Vinci Xi system) offer additional 
advantages over the previously used laparoscopic approach 
[36].

Especially for fistulas in irradiated fields with ischemic 
fibrosis and radiation changes around the fistula, the proce-
dure is technically difficult and the probability of successful 
closure is low [77–82]. Munoz et al. reported on 23 patients 
with complex fistulas, using different surgical approaches, 
and their success rate was only 25% (six patients) by the first 
operation [74].

Open salvage prostatectomy was reported before in the 
literature specially the postirradiation urorectal fistulas. 
Mundy and Andrich have advocated that a good exposure 
following a salvage radical prostatectomy for closure of the 
rectal defect and interposition of an omental flap before the 
vesicourethral anastomosis was advantageous. However, 
they found the salvage radical prostatectomy not easy to per-

form in this group of patients with complex fistulas associ-
ated with a high rate of postoperative incontinence [76]. 
Thus, the role and value of salvage prostatectomy in these 
difficult and complex cases is still to be determined.

We have promising experiences with robotic-assisted lap-
aroscopic salvage prostatectomy for urethrorectal fistula. 
Based on more than 5000 cases, we are able to transfer the 
basic principles of preservation of continence, such as the 
preservation of the puboprostatic collar, dissection of a long 
urethral stump, and a vesicourethral anastomosis with poste-
rior and anterior reconstruction to minimize the side effects 
of the salvage prostatectomy. Herein, the advantage of the 
Heilbronn technique includes that the posterior dissection is 
performed on the rectum at an early step of the operation 
which has allowed us a good exposure of the rectum and 
 better dissection of the anterior rectal wall and the fistula 
tract [87].

A very important step is the interposition of tissue 
between the suture lines, basically to cover the suture of the 
rectum. Best choice is an omental flap, in contrast to vesico-
vaginal fistula, a peritoneal flap can hardly be created [36]. 
However, a free peritoneal graft from the bladder peritoneum 
is easy to harvest. If this is not possible, a tunica vaginalis 
graft might be unseful. In very complicated cases, muscular 
flaps (i.e., gracilis or rectus) can be applied but require an 
open surgical approach [98, 99].

2.9  Conclusions

Robot-assisted laparoscopic urorectal fistula repair seems to 
be safe, feasible, and efficacious alternative to the open 
abdominal approach with the advantages of magnification, 
homeostasis, decreased postoperative pain, shorter hospital 
stay, and fast recovery. Although it is not possible to draw a 
strict conclusion with the limited number of patients reported 
in the literature, we recommend this minimally invasive sur-
gery in the management of urorectal fistulas, particularly in 
centers with experience. Further randomized studies are war-
ranted to compare the outcomes of laparoscopy versus open 
urorectal fistula repair.

3  Ureterovaginal Fistulas

D. Pushkar

3.1  Introduction

Descriptions of urinary fistulas may be found in the ancient 
writings of Hippocrates. Nowadays, specialists all over the 
world encounter fistulas as a result of surgery, radiation, or 
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a b

a b

Fig. 16 Early “conservative” management of vesico-rectal fistula with 
insufficiency of the urethra-vesical anastomosis. (a) Cystography on 
6th postoperative day shows massive extravastion, but no vesico-rectal 
fistula. (b) Cystography on 12th postoperative day demonstrates vesico- 

rectal fistula. (c) Placement of two Single-J-stents followed by colos-
tomy. (d) Cystography after 6  weeks: Complete healing of the 
urethra-vesical anastomosis, but persistence of the vesico-rectal fistula
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any other intervention to the human organism for varying 
medical conditions. Fistula repair may be really challenging, 
and success is common only in experienced hands. According 
to the WHO (World Health Organization) data, approxi-
mately two million women suffer from obstetric fistula in 
developing regions (especially Africa) and up to 100,000 
cases occur annually worldwide.

The ureterovaginal fistula (UVF), the most common ure-
teral fistula, is a rare occurrence with a 5% incidence in the 
developed countries. Despite this, UVF has become more 
common with the development of advanced options for pel-
vic disease. Genitourinary fistulas rank among the most seri-
ous complications in gynecology. They are debilitating for 
the patient and challenging for the surgeon to correct.

This section reviews the etiology, symptoms, diagnosis, 
prevention, and the management of ureterovaginal fistulas.

3.2  Etiology

The ureter is vulnerable to injury during pelvic surgery as it 
courses through the retroperitoneum. The formation of UVF 
depends on injury to the ureter that can destroy its wall or 
result in delayed necrosis leading to urine extravasation 
[105]. Injury may be acute or delayed in onset. Acute ure-
teral injury is immediately apparent (iatrogenic trauma—
suture ligation, ureter incision or transection, crushing). A 
delayed change is seen mostly in heat therapy, cryoablation 
therapy, or radiation [106].

The anatomical course of the ureter is the cornerstone to 
understanding the sites of injury. The ureter travels caudally 
through the retroperitoneum, along the anterior psoas mus-
cle, posterior to the colonic mesentery, and lateral to the 
gonadal vein [107]. Approximately 80 to 90% of injuries 
occur in the distal portion where it passes beneath the uterine 
vessels [108].

UVF may occur as a complication of colorectal surgery, 
vascular surgery, other urologic procedures, and obstetric 
care, but most arise following gynecologic surgery. The inci-
dence of iatrogenic ureteral injuries during gynecologic sur-
gery is 0.04–4.3%, and these numbers probably underestimate 
the true incidence [109, 110]. Most UVF are caused by one 
procedure—hysterectomy. The incidence is estimated to be 
0.04% for abdominal hysterectomy, 0.02% for vaginal hys-
terectomy [12], and 0.8–4.3% for laparoscopic hysterectomy 
[12, 111–113]. With the introduction of laparoscopy and 
minimally invasive techniques, the incidence of iatrogenic 
gynecologic ureteral injuries is increasing [12, 114]. Rates 
are slightly higher following pelvic reconstructive surgery, 
ranging between 2% and 11% [115]. Most ureteric injuries 

resulting from gynecological surgery occur during proce-
dures that surgeons describe as uncomplicated and routine 
and where the pelvic anatomy is normal [116]. Many injuries 
are missed at the time of operation and discovered only when 
they become symptomatic [117].

Risk factors for the development of UVF include endo-
metriosis, obesity, pelvic inflammatory disease, radiation 
therapy, and pelvic malignant disease [117]. Most uretero-
vaginal fistulas occur during procedures for benign indica-
tions [118], usually hysterectomy, but also cesarean section, 
pelvic organ prolapse repair, and other pelvic operations dur-
ing which surgical injury of the distal third or pelvic portion 
of the ureter occurs.

3.3  Symptoms

Ureterovaginal fistulas most commonly manifest with a sud-
den onset of persistent urinary incontinence 1 to 4 weeks 
after surgery [118]. This complication may be associated 
with or preceded by flank pain, nausea, prolonged ileus, or 
fever related to a urinoma or renal obstruction [69]. Flank 
pain is usually limited by postoperative analgesic. These 
patients maintain normal voiding patterns as the bladder con-
tinues to be filled by the contralateral kidney.

The type of ureteral injury does often determine the tim-
ing of manifestation. Partial excisions of the ureter usually 
lead to urinary extravasation and related symptoms δ 48 h 
postoperatively. Ischemic injuries (ligation, clamping, partial 
ligation) may initially be associated with obstruction, 
 followed by stricture formation, necrosis, and fistula forma-
tion. Therefore, presentation may not occur for 1 to 3 weeks. 
In radiated patients, ureterovaginal fistulas appear late, 
approximately 5 weeks postoperatively [107].

3.4  Diagnosis

A complete history and physical examination are necessary 
in evaluating for UVF. These actions are not so important as 
in patients with vesicovaginal fistulas (VVF). A tampon test 
using a combination of phenazopyridine and diluted methy-
lene blue provides preliminary evidence of a VVF or a ure-
terovaginal fistula. Patients are given phenazopyridine, 
which colors the urine orange. A tampon inserted into the 
vagina before the phenazopyridine is administered. The 
bladder is also filled with diluted methylene blue before 
placement of the tampon. The patient then ambulates for 
15–30 min. If the tampon is orange, a ureterovaginal fistula 
and VVF are likely. If the tampon turns blue, this finding 
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supports a VVF. Certainly, this classic and old-fashioned test 
is imprecise. A ureterovaginal fistula cannot be confirmed 
without imaging.

Radiologic examination should include a CT urogram and 
a cystoscopy with retrograde pyelogram. Ureterovaginal fis-
tulas are unique in their association with urinoma or ureteral 
obstruction, and therefore upper tract imaging with CT is 
valuable in patients who present with flank pain, fever, nau-
sea, or prolonged ileus. These patients may need percutane-
ous drainage of a urinoma or abscess.

3.5  Prevention

Many ureteral iatrogenic injuries occur during blind cauter-
ization or clipping to rich hemostasis or dissection without 
considering the location and direction of the ureteral blood 
supply. A good understanding of the anatomy and careful 
dissection without blind attempts at control during times of 
significant bleeding is essential for preventing ureterovaginal 
fistula formation. The use of the intraoperative stents to 
determine the course of the ureter for dissecting large tumors 
has been controversial over the years. Stenting definitely 
adds time and cost to the procedure. In spite of the fact that 
no objective evidence indicates that ureteral stenting 
decreases ureteral complication rates, [107] sometimes it 
may be very useful in preventing trauma and fistula 
formation.

3.6  Management

Management of a ureterovaginal fistula depends on time of 
diagnosis, location, nature, and extent of injury. Intraoperative 
detection and repair are ideal, with excellent results and 
fewer complications. At that time, the tissues are typically in 
their best condition. In general, minimally invasive tech-
niques for repair are favored over open repair except in cases 
of extensive ureteric damage, complete transection, or sig-
nificant delay in recognition of injury. Ligation of the ureter 
is usually managed with immediate intraoperative removal 
of the ligature or surgical clip and observation because dam-
age is usually minimal as a result of the inclusion of other 
tissue. If there is a doubt about ureteral integrity, a stent 
should be placed. If recognition of the condition is delayed, 
retrograde pyelogram and an attempt at stent should be per-
formed. A successfully placed stent is maintained for up to 6 
weeks [119, 120].

There have been divergent opinions regarding the initial 
conservative management of ureterovaginal fistula, since 
prolonged delay can lead to ureteral stricture, infection, and 
potentially irreversibly compromised renal function [121, 
122]. Patients eligible for nonsurgical management include 

those with unilateral injury, absence of upper tract infection 
of the involved kidney, presence of ureteral continuity, nor-
mality of the infralesional ureter, and reliability to follow-up 
[123, 124]. Recent success rates of ureteral stent insertion in 
the setting of complex injuries or fistula have been reported 
to be as high as 55–76% [125, 126]. However, in the largest 
case series, consisting of 84 patients, a ureteric catheter 
could be passed in just 9% of cases [127]. When stenting is 
possible, fistula resolution rates are >63%, and the risk of 
subsequent ureteral stricture is between 6% and 38% 
[125–129].

When retrograde stenting fails, antegrade stenting through 
a percutaneous nephrostomy tract is often successful. 
Schmeller et al. reported 11 patients with UVFs treated only 
by percutaneous nephrostomy, of which 6 (55%) had persis-
tent fistula while another 2 (18%) had stricture [130]. 
Al-Otaibi treated 3 patients, initially by percutaneous neph-
rostomy alone, and all had persistent fistulas [130]. Patients 
who present with sepsis are better managed with nephros-
tomy tube placement and simultaneous drainage of present 
urinoma [107]. Most ureteric injuries during vaginal surgery 
are ligation injuries that result from attempts to achieve 
hemostasis and are detected after the operation. In all these 
cases, ureteric patency should be assessed with intravenous 
indigo carmine before completion of the procedure. If an 
afflux of indigo carmine is not noted, the ureter may be 
kinked or ligated [131, 132]. Complete ureteric obstruction 
during cystocele, enterocele, or bladder neck suspension sur-
gery is managed with the removal of offending sutures and 
confirmation of efflux. If any doubt exists about the integrity 
of the ureter, a retrograde pyelogram may be done and a stent 
placed. Following vaginal hysterectomy or vaginal vault 
reconstruction, obstructing ureteral sutures are typically not 
removed and the ureter is reimplanted [119].

When the conservative approach fails, surgical interven-
tion becomes necessary. General principles of ureteric recon-
struction include ureteral mobilization preserving adventitia, 
debridement of devitalized tissue, mucosa-to-mucosa spatu-
lation (tension free, watertight), ureteric drainage, and isola-
tion of anastomosis (omental or peritoneal coverage) [119, 
133, 134]. Historically, nephrectomy was the treatment of 
choice during ureteral injury. Surgical techniques for uretero-
vaginal fistula repair, including the Boari–Ockerblad bladder 
flap and psoas hitch for ureteroneocystostomy, permit renal 
preservation. In 2005, the first laparoscopic technique was 
performed [135], and recently, robotic-assisted repair has 
been described as a feasible and safe procedure. Traditional 
recommendation was that repair of fistulas with delayed pre-
sentation should not be attempted for 3–6 months. However, 
fistulas diagnosed less than 2 weeks postoperatively can be 
immediately repaired because inflammation is minimal in the 
range of 2 to 6 weeks. Some controversy exists, but most sur-
geons proceed with operative repair at 6 weeks.
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3.7  Robotic Repair of Ureterovaginal 
Fistula

3.7.1  Preoperative Preparation
All patients planned for ureteral reconstruction undergo a 
2-day bowel prep, with clear liquid diet starting 48 h prior to 
surgery and whole bowel irrigation via osmotically balanced 
solutions.

Patients receive an extensive informed consent regarding 
all possible options of ureteral reconstruction: ileal ureter, 
Boari flap, psoas hitch, transureteroureterostomy, uretero-
calicostomy, ureteral reimplantation, nephrectomy, and auto-
transplant. All possible operative interventions, including 
open, endoscopic, laparoscopic, and robotic, are thoroughly 
discussed with and fully understood by the patient during the 
informed consent. In addition to bleeding, transfusion, and 
infection, patients undergoing robotic ureteral reconstruction 
must be aware of the potential for conversion to open 
surgery.

3.7.2  Surgical Room Setup
The anesthesiologic team is located at the head of the patient. 
The da Vinci Si robot is docked between the legs of the 
patient. The da Vinci Xi system is located in a side docking 
position. The bedside assistant is to the right of the patient, 
and the same localization is used for the scrub nurse.

3.7.3  Patient Positioning
The target is situated in the deep pelvis; thus, the patient 
should be placed in the same position as for the radical pros-
tatectomy – supine with legs in low dorsal lithotomy with 
arms placed alongside the body. Trendelenburg table pads 
are used to prevent the patient from moving in steep 
Trendelenburg position. It is better to avoid strapping the 
patient’s chest in order to facilitate its adequate ventilation. 
Special accuracy should be applied to the patient positioning 
for minimization of brachial plexus injuries.

3.7.4  Trocar Configuration
Trocar configuration is similar to that of radical prostatec-
tomy with minimal modification depending on the trauma 
side. It is the standard five-port transperitoneal approach.

For the da Vinci Si system, five trocars are used as fol-
lows. A 12-mm camera port placed in the midline 3–4 cm 
above the umbilicus (1–2 cm higher than for radical pros-
tatectomy). The two 8-mm robotic working trocars are 
placed 10 cm lateral to the camera port on a line between 
the first trocar and the iliac spine on each side. The fourth 
port is placed 7 cm lateral to the robotic working trocar on 
the straight line on the contralateral to the injured ureter 
side. A 12-mm assistant port is placed between two work-
ing robotic trocars on the contralateral to the injured ureter 
side.

For the da Vinci Xi system, five trocars are used as fol-
lows. Camera port is placed in the midline 3–4 cm above the 
umbilicus (1–2  cm higher than for radical prostatectomy). 
The two robotic working trocars are placed laterally to the 
camera along the pararectus line, at the level of the first port. 
The fourth port is placed 7 cm lateral to the robotic working 
trocar on the straight line on the contralateral to the injured 
ureter side. A 12-mm assistant port is placed between two 
working robotic trocars on the contralateral to the injured 
ureter side.

3.7.5  Instrumentation and Equipment List

Equipment
• Da Vinci Si or Xi system
• EndoWrist curved monopolar scissors
• EndoWrist bipolar Maryland grasper
• EndoWrist ProGrasp forceps
• EndoWrist needle drivers (2)
• 00 and 300 robotic lens

Trocars (da Vinci Si)
• 12-mm trocars (2)
• 8-mm robotic trocars (3)

Trocars (da Vinci Xi)
• 12-mm trocar (1)
• Robotic trocars (3).

Recommended sutures
• 3–0 barbed suture on SH needles
• 2–0 barbed suture on SH needle
• 3–0 Monocryl suture on SH needle

Instruments used by the assistant
• Laparoscopic needle driver
• Laparoscopic scissors
• Suction irrigator device
• Hem-o-lok clip applier

3.7.6  Step-by-step Technique
Step 1: Adhesiolysis

In some cases, UVF may appear as a result of injury dur-
ing abdominal surgery. In such patients, the presence of 
colostomy is not a rare situation and is not a contraindication 
for robotic procedure. Adhesiolysis, either laparoscopic or 
robotic, with gentle and sharp dissection should be  performed 
to facilitate safe trocar placement. Then, the colon must be 
reflected cranially in order to facilitate the approach to the 
deep pelvis. The steep Trendelenburg position also helps 
with it. Release of bowel adhesions also avoids inadvertent 
bowel injury during the procedure and reduces tension on the 
bladder or vagina, promoting a tension-free anastomosis.
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Step 2: Exposure of the ureter
Surgeon instrumentation (for right-handed surgeon)

Right arm: curved monopolar scissors
Left arm: Maryland bipolar grasper
Fourth arm: ProGrasp

Endoscope lens: 300 down
The posterior peritoneum is incised longitudinally at the 

level of the iliac vessels and the ureter is identified and isolated. 
The peritoneum is then incised over the ureter until the dam-
aged segment is identified. In all cases of reimplantation, the 
ureter must be dissected all the way to the bladder wall. Care 
must be taken during dissection in close proximity to vagina.

Step 3: Division of the ureter and dissection of damaged 
part

Surgeon instrumentation (for right-handed surgeon)

Right arm: curved monopolar scissors
Left arm: Maryland bipolar grasper
Fourth arm: ProGrasp

Endoscope lens: 300 down
The ureter is then transected just proximal to the damaged 

part and spatulated. Sometimes it is necessary to put a Hem- 
o- lok clip on the bladder cuff. It is also possible to put a 3–0 
Monocryl suture on it.

Step 4: Bladder mobilization
Surgeon instrumentation (for right-handed surgeon)

Right arm: curved monopolar scissors
Left arm: Maryland bipolar grasper
Fourth arm: ProGrasp

Endoscope lens: 300 down
Next, the bladder is mobilized from the anterior abdomi-

nal wall, using the same technique as is used for radical pros-
tatectomy. The peritoneum is incised lateral to the medial 
umbilical ligament and the Retzius space is entered and dis-
sected to the pubic bone if necessary. Some surgeons per-
form a psoas hitch during this step. The reason for that is an 
opinion that this maneuver minimizes tension at the anasto-
mosis and keeps the path of the ureter lateral and away from 
the bowel. While fixing the posterior bladder wall to the 
psoas muscle, it is necessary to remember and avoid genito-
femoral nerve.

Step 5: Ureteroneostomy and Boari Flap techniques and 
ureteral stent placement

Surgeon instrumentation (for right-handed surgeon)

Right arm: curved monopolar scissors, needle driver
Left arm: Maryland bipolar grasper, needle driver
Fourth arm: ProGrasp

Endoscope lens: 300 down
Next, a small area of the bladder is isolated at the lateral 

dome, and 1–1.5 cm incision is made into the bladder wall 
and mucosa (metal bougie inside the bladder may help a lot 
to identify the right spot). With the opened bladder and 
spatulated ureter, it is possible to start anastomosis using 
3–0 barbed suture on double needles. After the first stitch 
on the posterior part of the anastomosis ureteral, JJ stent is 
placed and interrupted sutures completed the mucosal anas-
tomosis. The bladder is then filled with 300 mL of normal 
saline, and the ureteral reimplantation site is assessed to 
verify that there is no leakage or tension. Additional sutures 
may be placed if necessary. A second anastomotic layer is 
performed using sutures between the serosa of the bladder 
and the adventitia of the ureter. The peritonization is then 
performed using 3–0 barbed suture. Drainage tube is 
placed.

For Boari flap technique, the bladder is mobilized as dis-
tal as possible ipsilaterally to the structured ureter. It is very 
important not to transect the vascular supply of the bladder. 
The Boari flap is formed by an incision with a 2:1 proportion 
in length and width. The ureter is spatulated and implanted 
through a submucosal tunnel in the apex of the Boari flap. 
Then the ureter is retracted through the submucosal tunnel 
and the ureteral adventitia is sutured to the mucosa of the 
flap. At this point, a JJ stent is inserted in the ureter over a 
guidewire. The flap is then tabularized in two layers. The 
bladder opening is then closed in two layers. The bladder is 
then filled with 150–200 mL saline to exclude any extravasa-
tion. A drainage tube is inserted.

Step 6: Exiting the abdomen
The operative field is examined under low pressure and 

hemostasias is achieved. All trocars are removed under a 
direct laparoscopic view. A Bersi needle is used in all cases 
for closing the port’s incision.

3.7.7  Postoperative Management
Patients typically remain in the hospital for 2–3 days. On the 
first day, a clear diet begins. Drain is removed on the first 
post-op day after the US investigation and once its output is 
less than 50 ml. The urethral catheter remains indwelling for 
10–14 days and is removed in the office. The stent is removed 
with the local office cystoscopy in 4–6 weeks. Appropriate 
imaging studies are obtained in 3–6 months postoperatively 
(Figs. 17, 18, 19, 20, 21, and 22).
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Fig. 17 Dissection of the ureter

Fig. 18 Excision of the ureter

Fig. 19 Spatulation of the ureter

Fig. 20 Excision of the bladder
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Fig. 21 Double J stenting

Fig. 22 Ureterocystoanastomosis
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Robotic Surgery Applications 
in Pediatric Urologic Patients: 
Physiology and Special Considerations

Christina Kim and Chester J. Koh

1  Physiology of Minimally Invasive 
Surgery

Minimally invasive surgery (MIS) has become a common 
approach for many urologic surgeries. Initially this was 
applied to adults but has expanded into the pediatric popula-
tion for many years.

We will highlight the physiologic effects of pneumoperi-
toneum and positioning used in MIS. We will also review 
special considerations when performing MIS in children.

Most of the physiologic changes with laparoscopy and 
robotic surgery are due to the increased intra-abdominal 
pressure (IAP) when carbon dioxide (CO2) insufflates the 
abdominal cavity. Higher IAP directly and indirectly influ-
ences the respiratory, cardiac, cerebral, and renal systems.

1.1  Cardiovascular Changes

A rise in IAP affects both arterial and venous blood flow. 
Cardiac output (CO) and respiratory regulation are altered as 
well. Most of these changes appear similar in children com-
pared to adults.

Specifically, as IAP rises, there is an increase in mean 
arterial pressure (MAP), systemic vascular resistance (SVR), 
and central venous pressure (CVP). At higher IAP pressures, 
there is a decrease in cardiac output (CO) and stroke volume 
(SV).

The increased MAP and SVR is multifactorial. As IAP 
rises, there is a catecholamine release and activation of the 
renin-angiotensin system. This can increase mean arterial 
pressure and systemic vascular resistance seen with higher 

IAP [1]. Additionally, there is compression of both the arte-
rial and venous vessels.

Changes in cardiac output appear variable at different 
pressures. When IAP is less than 5 mmHg, there is compres-
sion of the splanchnic vasculature. This leads to a greater 
venous return to the right atrium and an increase in cardiac 
output. But at higher IAP (15 mmHg), there can be lower 
cardiac output due to inferior venal cava (IVC) and aortic 
compression, pooling of blood in the lower extremities, and 
a subsequent rise in arterial resistance.

There are limited studies in the physiologic changes in 
children undergoing MIS.  One study of 13 children 
(6–36 months old) looked at hemodynamic changes associ-
ated with laparoscopic fundoplication. Patients were posi-
tioned with head elevated 10 degrees and insufflation 
pressure of 5 mmHg. Multiple parameters were measured: 
cardiac index (CI), stroke volume index (SVI), heart rate 
(HR), and mean arterial pressure (MAP). During insuffla-
tion, end-tidal CO2 tension (PetCO2), cardiac index (CI), 
heart rate (HR), and MAP all increased. But there were no 
changes in SVI or arterial oxygen saturation. The authors 
concluded that low insufflation pressure (5 mmHg) did not 
decrease CI in young patients [2].

Another study looked at 33 pediatric patients undergoing 
laparoscopic fundoplication. They did not see significant 
cardiovascular changes if IAP was <10 mmHg [3].

If CO2 insufflation causes hypercarbia, acidosis can 
occur. With acidosis, there can be lower cardiac contractility, 
systemic vasodilation, and a greater chance of arrhythmias. 
Also, pneumoperitoneum can lead to a robust vagal reflex. A 
vagal reflex can cause bradycardia. If this occurs during ini-
tial insufflation, the team needs to be ready for emergent 
desufflation [4, 5].

Overall, the use of MIS in pediatric patients has shown 
favorable results, even if there is a history of congenital heart 
disease (CHD). A meta-analysis looking at patients with 
CHD who underwent laparoscopic surgery included a total 
of 2502 patients who underwent open surgery (OS) and 1182 
with laparoscopic surgery (LS). Cardiac risk was similar in 
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both populations. Patients who had LS were more likely to 
have undergone prior cardiac surgery. The LS group had 
shorter hospitalizations and lower overall complication rates 
(specifically lower pulmonary, bleeding, and wound compli-
cations). The two groups had similar rates of postoperative 
cardiac arrest [6].

1.2  Respiratory Effect

Higher IAP can displace the diaphragm leading to lower total 
lung capacity and increased peak inspiratory pressures. This 
can result in atelectasis, higher airway pressures, and reduced 
lymphatic drainage. A lower functional residual capacity and 
atelectasis may cause a mismatch of ventilation and perfu-
sion. These respiratory changes can lead to collapse of the 
alveoli with subsequent hypoxemia.

A study in 1995 looked at 126 children (11 months-13 years 
old) undergoing laparoscopic inguinal hernia explorations. 
These patients were categorized in three groups based on age 
(Group 1, ages 11 months-2 years; Group 2, ages 2–5 years; 
and Group 3: ages 5–13  years). All patients showed an 
increase in airway pressure and PetCO2 during laparoscopy 
with little difference between the groups. But the time lag 
from CO2 insufflation to PetCO2 change was fastest in 
youngest patients and slowest in oldest patients. However, 
body temperature and hemodynamics were not significantly 
altered in any of the groups [7].

A study in 2003 looked at effects of carbon dioxide (CO2) 
insufflation in both extraperitoneal and intraperitoneal lapa-
roscopic cases. 29 children had retroperitoneal surgery and 
33 patients had intraperitoneal surgery with a mean age of 
7.2 years and 3.8 years, respectively. In these cases, mean 
retroperitoneal insufflation of 12 mmHg lead to significant 
increases in end-tidal CO2 (ETCO2), respiratory rate (RR), 
and peak airway pressure (PAP). The rise in ETCO2 was 
notably higher when patients were in a left lateral decubitus 
position. Mean intra-abdominal insufflation of 11 mmHg led 
to a rise in ETCO2, RR, and PAP. It also led to a lower O2 
saturation level. Although there were no intraoperative com-
plications seen with these hemodynamic changes, it is 
important to recognize these effects [8].

This same group did a prospective study of retroperito-
neal surgery between 2003 and 2004. 18 consecutive 
patients followed the same anesthetic protocol. Mean age 
was 79.4  months and mean insufflation pressure was 
12  mmHg. ETCO2, RR, PAP, mean arterial pressure 
(MAP), and heart rate (HR) were recorded before, during, 
and after CO2 insufflation. Data was collected at 1–2 min-
ute intervals. There were significant changes in ETCO2, 
PAP, and MAP after CO2 insufflation. But these variables 
trended back to baseline after the laparoscopic procedure 
was done [9].

CO2 is rapidly absorbed and highly soluble s o insufflation 
can lead raise CO2 levels due to direct absorption. Some stud-
ies have shown an inverse correlation between age and the 
higher CO2 levels. Infants continue to have a rise in CO2 
levels, whereas adults hit a plateau [10]. This may be due to 
infant peritoneal cavities being proportionally larger and bet-
ter perfused. Also, the peritoneum in children can absorb 
more gases relative to adults due to a shorter distance between 
the capillaries and the peritoneum. Lastly, children typically 
have a higher absorptive area relative to body weight. Some 
of these respiratory changes can be offset by increasing min-
ute ventilation or increasing positive end expiratory pressure 
(PEEP). The ventilatory rate may need to be increased by 
over 60% to balance end-tidal CO2 levels [11].

1.3  Renal Effects

The effects of IAP on renal function have been attributed to 
multiple factors. This includes increased compression of the 
renal vein and renal parenchyma, increased renal vascular 
resistance, increased antidiuretic hormone production, and 
secondary effects of decreased cardiac output [12]. The renal 
effects appear to be most notable when IAP is >15 mmHg. 
Since most pediatric MIS cases are done with IAP 
<12 mmHg, these renal changes are not as likely to manifest. 
But there are many notable renal changes linked to MIS.

Pneumoperitoneum appears to stimulate the renin- 
angiotensin- aldosterone system. This increases renin, aldo-
sterone, and anti-diuretic hormone levels. These hormonal 
changes can cause salt retention, water retention, and oligu-
ria [13]. Higher IAP can cause a pressure dependent decrease 
in renal blood flow, glomerular filtration, and urinary output. 
Studies have shown these changes are all reversible.

The impact of the renin-angiotensin-aldosterone system 
was challenged in a 2002 study comparing open and laparo-
scopic gastric bypass surgery. They found similar levels of 
ADH, aldosterone, and renin in both groups [14].

When patients have normal renal function, the renal 
effects seen with MIS are typically transient. Oliguria is 
likely related to compression of both the renal parenchyma 
and the renal vein [12, 15].

A study of 8 pediatric patients (0–12 months old) looked 
at renal function when laparoscopic IAP was 8 mmHg. In 
this study, 88% developed anuria during the operative case. 
All patients had resumption of urinary production postopera-
tively. This production reached its maximum 5 hours after 
desufflation [16].

Gomez et  al. looked at 30 children with normal renal 
function undergoing laparoscopic surgery. They measured 
renal blood flow by Doppler ultrasound before surgery, every 
15 minutes during surgery, and 24 hours after surgery. Blood 
and urine samples were collected before surgery and 24 hours 
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after surgery. Although urine output decreased within 
45 minutes of pneumoperitoneum in all patients, there was 
significant recovery of urine production 5–6 hours later (in 
both infants and older children). There was temporary anuria 
in most of the infants and oliguria in one third of the older 
children. However, there was no significant change in renal 
blood flow, levels of cystatin C, creatinine, or urea nitrogen. 
In this study, the volume of intraoperative intravenous fluids 
did not correlate with urine production. The authors con-
cluded that urine output changes seen during MIS are revers-
ible and intravenous fluid management should not be dictated 
by the urine production [16].

Another study looked at 29 patients having laparoscopic 
surgery. Information was recorded 15 minutes before, dur-
ing, and 15  minutes after pneumoperitoneum insufflation 
and deflation. Pneumoperitoneum levels varied based on 
age: 0–1 month had <6 mmHg; 2–12 months had <8 mmHg; 
1–2  years old had <10  mmHg, and 2–8  years old had 
<12 mmHg. Surgeons used the lowest pressure to allow ade-
quate visualization. All patients had normal renal function 
and near-infrared spectroscopy (NIRS) probes were used to 
measure renal regional oxygen saturation (rSO2). There 
were no significant drops in rSO2 between preinsufflation, 
insufflation, and desufflation. Also, there was no significant 
association between urine output and fluid input. The authors 
concluded that renal hypoxia did not occur during laparos-
copy when age-appropriate IAP was used [17].

Most pediatric studies looked at patients with normal 
renal function. If patients have preoperative renal dysfunc-
tion, deterioration of renal function after MIS is always 
possible.

1.4  Cerebral Effect

Cerebral hemodynamics are affected by the cardiovascular 
system, abdominal pressure, and the position of the patient. 
The relationship is likely due to compression of the lumbar 
venous plexus with impaired venous drainage. Also, higher 
IAP can impair reabsorption of cerebrospinal fluid. CO2 
insufflation also appears to directly affect cerebral blood 
flow [18].

In 2011, Karsli et al. evaluated 18 retroperitoneal and 18 
transperitoneal laparoscopic surgeries in children. Their 
team measured ETCO2, middle cerebral arterial blood flow 
velocity, heart rate, and mean arterial blood pressure. The 
middle cerebral blood flow was measured with transcranial 
Doppler ultrasound. Data was collected before, during, and 
after CO2 insufflation (mean 12 mmHg). In the transperito-
neal group, there was a rapid increase in middle cerebral 
arterial blood flow velocity, mean arterial pressure, and 
ETCO2 during the first 8  minutes of pneumoperitoneum. 
ETCO2 continued to increase after 8 minutes, but the MAP 

and middle cerebral arterial blood flow velocity hit a plateau 
after 8 minutes. However, in the retroperitoneal group, the 
middle cerebral flow velocity and ETCO2 progressively 
increased throughout intraabdominal insufflation. The 
authors believe the smaller absorptive surface in retroperito-
neal surgery explained these hemodynamic differences [19].

A study in 2020 looked at cerebral and renal oxygenation 
during laparoscopic procedures. This study evaluated 25 
infants (mean age 40 days and weight 4.0 kg). The regional 
oxygen saturation (rSO2) was measured during laparoscopic 
pyloromyotomy. Parameters were compared at the time of 
incision and the end of pneumoperitoneum. Both cerebral 
and renal rSO2 decreased at the end of laparoscopy, but there 
was only a statistically significant change in cerebral rSO2. 
There was an increase in cerebral tissue oxygen extraction. 
However, the values did not decrease below those seen 
before induction of anesthesia [20].

Cerebral blood flow and intracranial pressure may be 
increased with higher IAP. So, if a patient has reduced intra-
cranial compliance, a laparoscopic approach should be 
avoided. Patients with head injuries have a higher risk since 
they may have compromised regulation of intracranial pres-
sures [21].

1.5  Insufflation Gas

When choosing the gas used for insufflation, CO2 is the pri-
mary gas used for MIS. It is noncombustible, relatively inex-
pensive, and highly soluble in blood. Its solubility minimizes 
the risk of embolism. Other gas agents (e.g., room air, nitro-
gen, helium, and oxygen) have been associated with signifi-
cant problems [22].

A study in 2003 looked at the pattern of CO2 elimination 
during laparoscopic surgery in infants and children. In this 
study, 20 children underwent laparoscopic surgery and 19 
children underwent laparotomy for elective intra-abdominal 
surgery. Indirect calorimetry was used to measure CO2 elim-
ination as well as PeCO2. These variables were measured 
before CO2 insufflation, during pneumoperitoneum, and 
after desufflation. After desufflation, CO2 elimination 
decreased toward the preinsufflation values, but did not 
return to those baseline levels. PeCO2 peaked at 1 hour and 
then decreased in response to ventilatory adjustments. The 
total CO2 insufflated had a positive correlation with patient 
age. CO2 elimination was age related and had negative cor-
relation to weight. These results suggested CO2 elimination 
was higher in the younger and smaller patients. Also, younger 
patients absorbed proportionally more CO2 than older 
patients during pneumoperitoneum. The increase in CO2 
elimination after desufflation may be related to a higher 
venous return from the lower extremities after releasing the 
intra-abdominal pressure during desufflation. The authors 
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concluded that it is important to use close monitoring during 
laparoscopy and the immediate postoperative period [23].

In 1994, an adult study compared hemodynamic effects of 
CO2 and nitrous oxide (N2O). Insufflation went up to 
20  mmHg. CO2 insufflation led to increase in MAP, sys-
temic vascular resistance index, and CVP. There was not a 
change in HR with insufflation. This differed from N2O 
insufflation which correlated with decreased MAP and no 
change in vascular resistance. Overall, both gases were asso-
ciated with cardiovascular depression. But mean arterial 
pressure was better preserved with CO2 [24].

Studies on adults have looked at the use of heated and 
humidified CO2 for pneumoperitoneum. This has been asso-
ciated with lower postoperative pain, lower analgesic dos-
age, and lower risk of postoperative hypothermia. Therefore, 
its use should be strongly considered when performing 
robotic and laparoscopic procedures [25].

1.6  Trendelenburg Position

Trendelenburg position can lead to lower lung capacity and 
increased peak inspiratory pressures. Although the 
Trendelenburg position increases SVR and heart rate, it can 
increase venous return to the heart, leading to an increase in 
cardiac output. Reverse Trendelenburg can have the reverse 
effects due to reduced venous return to the heart and lower 
cardiac filling pressure.

Oztan et al. looked at 44 children who had appendectomy 
(22 laparoscopic and 22 open). They measured cerebral oxy-
genation, heart rate, mean arterial pressure, end-tidal CO2 
pressure, and peripheral oxygen saturations. Measurements 
were taken at multiple times during induction, after open 
incisions were made, and after positional changes. There 
were no significant changes in cerebral oxygenation, MAP, 
ETCO2, PETCO2, and pneumoperitoneum. Therefore, 
Trendelenburg position did not appear to alter hemodynamic 
values. The authors felt laparoscopic surgery in Trendelenburg 
can be safely done without altering regional brain oxygen-
ation levels [26].

1.7  Abdominal Wall Elasticity

A child’s abdomen stretches up to 17% after induction of 
pneumoperitoneum. The degree of stretch tapers as the intra- 
abdominal pressure approaches peak pressure. Older chil-
dren have a lower longitudinal abdominal elasticity but have 
higher transverse abdominal elasticity.

In 2020, Zhou et  al. looked at 163 children undergoing 
laparoscopic surgery. These patients had pre-stretching of 
their abdomen using IAP of 0, 4, 6, 8, 10, and 12 mmHg. 
Regardless of age, pre-stretching led to increased elasticity 

over the transverse and lower sagittal abdominal wall. This 
can lead to a larger working space. Given the space limita-
tions in pediatric robotic surgery, this can be extremely help-
ful [27].

Vlot et al. performed abdominal stretching in a porcine 
model. They stretched the abdominal cavities between 5 and 
15 mmHg and used computed tomography (CT) to measure 
volumes and linear dimensions. By pre-stretching the 
abdominal wall, they achieved similar surgical field expo-
sure at lower IAPs. The concept of pre-stretching may have 
potential benefit in human subjects [28].

1.8  Inflammation

A study in 2019 looked at the inflammatory stress response 
between laparoscopic and open inguinal hernia repairs in 
children. A total of 32 patients were randomly divided into 
one of the two surgical approaches. Mean age was 4.5 years. 
Blood samples were obtained in three different time frames. 
Specific lab values of white blood cell count (WBC), 
C-reactive protein (CRP), and tumor necrosis factor alpha 
(TNF-alpha) were measured. There were significant 
increases in all levels with surgery, but a significantly higher 
level was seen with the open approach. This may be attrib-
uted to a variety of factors. The operative time was signifi-
cantly shorter with the laparoscopic approach. Regardless, 
the laparoscopic technique showed a lower stress response 
when compared to an open hernia approach [29].

Oxidative stress can be induced by reactive oxygen spe-
cies (ROS). Since the pneumoperitoneum can temporarily 
compromise splanchnic blood flow, there is reperfusion after 
deflation. Baysal et al. looked at the oxidative-antioxidative 
status in pediatric patients undergoing laparoscopic surgery. 
Blood samples were collected and centrifuged to separate the 
plasma. Then plasma total antioxidative status (TAS), total 
oxidant status (TOS), and oxidative stress index (OSI) were 
all measured. When compared to levels at induction, the lev-
els of TOS and OSI were higher at the end of surgery. But 
TAS was lower. The authors concluded that the ROS gener-
ated during laparoscopic surgery may cause oxidative stress 
and consume plasma antioxidants. This may be a result of 
ischemia-reperfusion secondary to insufflation-deflation 
associated with pneumoperitoneum [30].

1.9  Metabolic Response

Neonates differ from adults in their metabolic response to 
laparoscopic surgery. Immediately after surgery, neonates 
have a small increase in oxygen consumption and resting 
energy expenditure. However, this returns to normal levels 
within 24 hours. The conservative rise in energy expenditure 
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may be secondary to energy diverted from growth and into 
tissue repair.

Older children appear similar to adults with a drop in rest-
ing energy expenditure immediately after surgery but with 
no late hypermetabolism.

Postoperative changes are likely influenced by intraopera-
tive thermoregulation and metabolism. Minimally invasive 
surgery (MIS) may keep postoperative metabolic processes 
at a physiologic level or simply maintain thermoregulation. 
If so, this can help maintain preoperative metabolic pro-
cesses [23].

1.10  Conclusions: Physiology Associated 
with Robotic Surgery Applications 
in Pediatric Urologic Patients

Most pediatric MIS cases are done at lower IAP (<12 mmHg). 
Regardless of the pressure used, MIS causes a variety of 
physiologic changes in the cardiac, respiratory, renal, and 
cerebral systems. However, these physiologic changes 
appear reversible.

Many studies of MIS in children have shown favorable 
outcomes. Despite excellent outcomes, it is important for the 
surgeon and anesthesia team to be aware of these physiologic 
changes so they can provide the safest environment for the 
patient.

2  Special Considerations

Special considerations exist with the use of robot-assisted 
laparoscopic surgery in children due to their smaller anat-
omy when compared to the adult population as well as the 
different types of urologic conditions that are surgically 
addressed in children.

2.1  Small Working Spaces

One special consideration in small children and especially 
in infants is the smaller working space in these patients that 
leads to a perception of increased difficulty and associated 
reluctance to perform robotic surgery in infants and small 
children. Robot-assisted laparoscopic pyeloplasty (RALP) 
is the most common robotic surgical procedure in the field 
of pediatric urology for the treatment of ureteropelvic junc-
tion obstruction (UPJO). The treatment goals are to prevent 
deterioration of the affected kidney’s renal function from 
the effects of urinary tract obstruction, and minimally inva-
sive surgery offers numerous potential benefits over con-
ventional open surgery that includes reduced blood loss, 
pain medication usage, infection risk, and shorter recovery 

times [31–36]. However, in a nationwide inpatient sample 
data of US children’s hospitals between 2005 and 2010, the 
percentage of RALP in infants was only 2.9% of the total 
number of pediatric RALP cases, while infants comprised 
39.9% of the pediatric patients undergoing open pyeloplas-
ties [32]. As a result, there are limited reports of infant 
RALP since many consider it to be a challenging procedure 
[37–40].

The limited adoption of RALP in infants may stem from 
the perception that there is increased operative difficulty than 
with RAL pyeloplasty in older children, since a typical 
infant’s small size usually correlates with a smaller operative 
working space. This may lead to difficulties with port place-
ment and can dissuade robotic surgeons from performing 
RALP in infants. Furthermore, minimally invasive surgery 
(robotic and conventional laparoscopic surgery) has been 
performed with caution in infants because of the perceived 
risks to hemodynamic and respiratory functions in small 
infants as well as the established long experience and high 
success rates associated with open surgery in this age group 
[41, 42].

However, we previously reported that infant RALP with 
5 mm instruments is feasible, safe, and effective, with similar 
outcomes when compared to RALP in older children with 
larger working spaces [43]. In this study, the total operative 
times as well as console times were similar between the 
infant and older children groups, which suggests similar lev-
els of operative difficulty in these groups. One of the most 
important steps of infant RALP is appropriate robotic port 
placement, since infants have a relatively shorter and wider 
abdominal wall surface area as well as relatively distended 
bowel when compared to older children. While the recom-
mended distances between the camera port and each instru-
ment port is usually at least 4  cm, this can be difficult to 
apply in infants due to their small body habitus. To overcome 
this difficulty, the inferior instrument port is often placed in 
the inferior midline region. In addition, with the smaller 
working space in infants, wide side-to-side movements can 
be difficult in infants and should be avoided. RALP usually 
requires only a single area of anatomic access (the uretero-
pelvic junction and proximal ureter). Of note, we found that 
the operative time for dissection to UPJO as well as anasto-
mosis time were longer in the older pediatric age group 
(>10 years old) in comparison to the other age groups. We 
hypothesized that the larger anatomy of the older patients 
required more dissection than in infants and may have led to 
the longer operative times for these portions of the proce-
dure. In addition, since the indication for operation in the 
older pediatric age groups was mostly related to the presence 
of UPJO-related symptoms (flank pain/abdominal pain – 11 
of 15 pyeloplasties, 73.3%) rather than worsening hydrone-
phrosis, there may have been less dilation of the renal pelvis 
than in the infant group, which may have increased the level 
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of difficulty of the dissection around the UPJO in the older 
pediatric age group.

Additional operative recommendations may help to over-
come the complexities of infant RALP.  Clashing of the 
robotic arms and the robotic instruments within the smaller 
working space can be reduced by limiting the depth of port 
insertion inside the peritoneal cavity. However, this may 
increase the risk of port dislodgement as well as lead to 
increased camera lens fogging since a larger amount of the 
camera scope is exposed to the external environment. 
Increasing the gas insufflation flow rates up to 2–3 L/min or 
higher to expand the abdominal cavity has previously been 
recommended, [40] but this should be used with caution to 
avoid potential respiratory difficulties that may occur if the 
intra-abdominal pressures are increased.

2.2  Lack of Small Pediatric-Sized 
Instruments

A limited selection of instruments was available in the 5 mm 
size as compared to the instruments in the 8 mm size that 
included the lack of a bipolar energy source with the 5 mm 
dissectors, where the primary cautery instrument was the 
hook cautery. However, the monopolar hook cautery was 
often beneficial for pediatric procedures, since it allowed for 
atraumatic handling of the delicate tissues in pediatric 
patients with the use of the blunt tip of the hook. Curved scis-
sors with cautery also were not available in the 5 mm size, 
where only “cold” scissors were available. However, this 
again was sufficient for pediatric procedures such as RALP 
since minimal blood loss was routinely encountered. In addi-
tion, the 5 mm instruments have a longer articulated wrist 
distance where some surgeons believed that a slightly longer 
working distance was necessary, which may not be available 
in infant cases. However, this did not materialize as a chal-
lenge in the infant cases in our experience, since we did not 
see longer operative times with these cases when compared 
to previously reported cases of infant RALP using 8  mm 
robotic instruments [38–40].

Unfortunately, there has been decreasing availability of 
small pediatric-sized robotic instruments with the discontin-
uation of the 5 mm instrument product line for the da Vinci 
Si system (Intuitive Surgical, Sunnyvale, California) in late 
2020 as well as the planned discontinuation of maintenance 
services for the da Vinci Si system in early 2024. In addition, 
since only 8 mm instruments are available with the da Vinci 
Xi system, pediatric-sized robotic instruments (5  mm) are 
now limited to institutions and their current inventory which 
cannot be restocked.

The benefit of the smaller pediatric-sized (5 mm) instru-
ments and especially in the infant population was the avoid-

ance of larger scars that were associated with the 8  mm 
instruments, especially when these procedures were per-
formed safely and effectively with the limited selection of 
5 mm instruments without the need for conversion to an open 
procedure or conversion to the 8 mm instruments.

Despite benefits seen in the pediatric population with pedi-
atric devices, pediatric patients and their device needs con-
tinue to be underserved with the discontinuation of 
pediatric- sized robotic instruments as an example. While it is 
well known that “children are not small adults,” a persistent 
shortage of pediatric medical devices that can accommodate 
the unique anatomy and physiology of pediatric patients con-
tinues to exist. As a result, pediatric clinicians and surgeons 
are often using adult devices in an off-label manner [44]. 
There are multiple factors that contribute to this public health 
problem, including the smaller pediatric population when 
compared to the adult population, less attractive financial pro-
jections with pediatric device development, the relatively high 
cost and low enrollment numbers with pediatric clinical stud-
ies relative to the market size as well as the perceived increased 
risk with pediatric device development and the limited funding 
sources that are available to pediatric device innovators [45]. 
With advocacy by key stakeholders including the American 
Academy of Pediatrics to address this shortage, Congress 
passed the Pediatric Medical Device Safety and Improvement 
Act in 2007, which included the creation of the US Food and 
Drug Administration (FDA) Pediatric Device Consortia (PDC) 
Grant program. The PDC program allows consortia at tertiary 
care children’s hospitals and academic institutions to support 
pediatric device innovators in the development of novel pedi-
atric medical devices throughout the pediatric device life cycle 
with local, regional, and national institutional and innovation 
partners [46, 47]. Figure  1 lists the five current FDA P50 
grant-supported pediatric device consortia.

To increase the pipeline of pediatric clinicians and sur-
geons with pediatric device development experience, the col-
laboration of biomedical engineers with pediatric clinicians 
and surgeons has been encouraged by the consortia via cap-
stone engineering design programs and medical product 
development-focused Master’s programs that are available at 
all accredited engineering schools in the USA [48]. Capstone 
engineering design programs that are partnered with tertiary 
care children’s hospitals and the regional engineering univer-
sities allow for prototype development during an academic 
year (September to April) and enable pediatric clinicians and 
surgeons with busy clinical schedules to create novel pediat-
ric device prototypes with their engineering team partners to 
address unmet pediatric device needs.

Once a prototype is created, the later stages of device 
development and especially the preclinical, clinical, and 
commercialization steps can be supported by federal grant 
funding such as the Small Business Innovation Research 
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San Francisco

National Capital Consortium for Pediatric Device Innovation 2.0: Kolaleh Eskandanian, Ph.D., MBA
Philadelphia Pediatric Medical Device Consortium: Matthew Maltese, Ph.D.
Southwest National Pediatric Device Consortium: Chester Koh, M.D.
UCSF-Stanford Pediatric Device Consortium: Michael Harrison, M.D.
West Coast Consortium for Technology and Innovation in Pediatrics: Juan Espinoza, M.D.

Los Angeles

Philadelphia

Washington D.C.

Houston

PEDIATRIC DEVICE CONSORTIA
FY18 – FY23

Fig. 1 The five current FDA 
P50 grant-supported pediatric 
device consortia that support 
pediatric device innovators

(SBIR) (R43/R44) and Small Business Technology Transfer 
(STTR) (R41/42) programs that are available through the 
National Institutes of Health (NIH) and the National Science 
Foundation (NSF) [44]. While engineering faculty are often 
aware of the NSF SBIR and STTR funding opportunities, 
clinical faculty may not be aware of these federal grant pro-
grams in the NIH due to the traditional emphasis on R01 
basic science funding. While federal grant funding is diffi-
cult to obtain, pediatric faculty have been awarded NIH 
SBIR or STTR funding for various pediatric/fetal devices, 
including several at our institutions: 1) ureteral stent electro-
magnetic removal device for pediatric patients, 2) uterine 
wall membrane anchor device for the prevention of preterm 
premature rupture of the membranes in fetoscopic surgery, 3) 
pediatric urinary sphincter device for neurogenic bladder, 4) 
pediatric polymeric heart valves, and 5) vaginal stent for 
neo-vagina creation in female pediatric patients [44]. In 
comparison to NIH basic science research funding, the 
SBIR/STTR grants are often more reachable for pediatric 
clinicians and surgeons with partnership with qualified small 
business concerns than with NIH R01 funding, since the 
Impact Score paylines of SBIR/STTR grants at many NIH 
Institutes are often above 25. While also improving the aca-
demic record of faculty member toward promotion with this 
type of federal grant funding, this non-dilutive funding 
source for pediatric device development provides needed 

funding to pediatric device innovators during the early stages 
of development when funding is often in short supply.

In addition, new device innovation including new robotic 
systems also may help to address the pediatric device short-
age in minimally invasive surgery. With a long history of 
minimally invasive/laparoscopy surgery in children since its 
first use for non-palpable testicles in the 1960s, widespread 
adoption of minimally invasive surgery has occurred within 
the field of pediatric urology and has even replaced open 
surgery in some situations as the gold standard [49]. With 
the benefits of smaller surgical scars and decreased hospital 
lengths of stay, robotic surgery has expanded minimally 
invasive surgery to complex reconstructive cases due to the 
improved surgeon dexterity with the robotic instruments, 
visualization, and sensory feedback (visual). The introduc-
tion of the da Vinci Surgical System (Intuitive Surgical, Inc., 
Sunnyvale, CA) in 1999 [50] led to key improvements for 
surgeons such as 3D visualization, 7-degree range of motion, 
tremor elimination, a fourth arm for retraction in limited 
cases, as well as teaching capabilities with dual-console sys-
tems and skill simulators. Emerging robotic platforms may 
provide new capabilities for robotic surgeons with contin-
ued reduction in the number of incisions to a single port 
platform and possibly even no incisions in the future. In 
addition, the combination of virtual reality technology and 
robotic surgery may lead to a completely new future for 

Robotic Surgery Applications in Pediatric Urologic Patients: Physiology and Special Considerations



778

robotic surgery that may even include autonomous robotic 
surgery.

2.3  Techniques and Learning Curve 
with Pediatric Robotic Surgery

Vesicoureteral reflux (VUR) has a relatively high prevalence 
in children, where it occurs in approximately 1% of the gen-
eral pediatric population [51]. There has been a recent 
decline in the screening and diagnostic tests for VUR due to 
the most recent American Academy of Pediatrics (AAP) 
guidelines [52] on the diagnosis and management of urinary 
tract infections (UTIs) in febrile infants and young children 
which has led to a delay of voiding cystourethrography 
(VCUG) until the second UTI, which has decreased the diag-
nostic incidence of VUR [53]. Indications for surgical treat-
ment of pediatric VUR include breakthrough UTI while on 
continuous antibiotic prophylaxis, renal scarring, and wors-
ening or unresolving VUR. Despite the reduction in VCUG 
studies, the historically high utilization of surgical interven-
tion for VUR has led to the introduction of minimally inva-
sive surgical options including robot-assisted laparoscopic 
ureteral reimplantation (RALUR) which has become more 
prevalent over the past decade but still remains relatively 
uncommon in many pediatric centers. Bowen et  al. previ-
ously analyzed the use of pediatric open, laparoscopic, and 
robot-assisted laparoscopic ureteral reimplantation in the 
USA from 2002 to 2012 [54]. The number of ureteral reim-
plantations annually decreased by 14.3% during this time 
period, but the minimally invasive ureteral reimplantations 
increased from 0.3% in 2000 to 6.3% in 2012. Of the mini-
mally invasive ureteral reimplantations, 81.2% were robot- 
assisted laparoscopic.

Traditionally, open ureteral reimplantation has been con-
sidered the gold standard surgical intervention for VUR [55] 
in addition to the endoscopic option for subureteric injec-
tions. However, over the past 2 decades, minimally invasive 
techniques such as robotic surgery has increasingly been uti-
lized for the treatment of pediatric surgical conditions [56, 
57] as robotic surgical systems have provided surgeons with 
three-dimensional vision, 10x magnification, and fully artic-
ulating endo-wrists suitable for dissection and suturing. As a 
result, minimally invasive surgery options have become 
increasingly available for many complex reconstructive pro-
cedures in pediatric urology such as RALUR which can be a 
relatively high-volume procedure for a pediatric robotic sur-
gery program due to the high incidence of VUR in the pedi-
atric population.

However, differences in outcomes and especially in the 
rate of perioperative complications have been noted among 
pediatric centers where many centers have reported favor-
able outcomes and safety profiles for RALUR) [58–61], 

while other centers have reported outcomes that did not 
reach the levels associated with traditional open reimplanta-
tion [62, 63]. This likely indicates differences in techniques 
as well as learning curve issues with this relatively new mini-
mally invasive surgical procedure. While RALUR’s techni-
cal complexity may have been underestimated initially, it 
appears to be prudent that surgeons early in their learning 
curve for robotic surgery should defer RALUR procedures 
until a later point in their robotic experience. It is of note that 
suboptimal results were reported initially with open extra-
vesical reimplantation [64], but since then, has been associ-
ated with widespread adoption worldwide.

Even though extravesical RALUR has been utilized by 
many surgeons over the past 1.5 decades, the surgical out-
comes of this procedure have been reported with variability 
among previously reported series. In 2008, Casale et  al. 
reported their extravesical RALUR experience of 41 chil-
dren with VUR [58] with a reflux resolution rate of 97.6%. 
No complications were reported except for one febrile UTI 
episode which occurred in the patient with persistent VUR 
postoperatively. In 2012, a subsequent RALUR case series 
by this group with an increased number of 150 children with 
bilateral VUR and at least 2 years of postoperative follow-up 
[60] was associated with a 99.3% reflux resolution rate based 
on postoperative VCUG and no patients with novo voiding 
dysfunction or urinary retention. Other subsequent series 
also reported similar favorable outcomes of RALUR.  In 
2011, Smith et al. compared surgical outcomes of 25 extra-
vesical RALUR patients with those of 25 open cross-trigonal 
ureteral reimplantation patients [59] with an overall success 
rate was 97% for RALUR compared to 100% for open reim-
plantation but with a reduced mean length of stay (33 vs 
53 hours) and reduced pain medication usage in the RALUR 
group. In 2015, Silay et al. reported the outcomes of 72 chil-
dren (91 ureters) who underwent extravesical RALUR [61] 
with complete resolution of VUR in 97.9% with only two 
patients (2.7%) developing temporary postoperative urinary 
retention that self-resolved within 2 weeks.

Other series have reported favorable reflux resolution 
rates with RALUR but with uncommon but significant com-
plications. In 2011, Marchini et  al. reported 20 cases of 
extravesical RALUR with a reflux resolution rate of 100% 
but with 2 cases (10%) of ureteral injury [65]. In 2014, 
Akhavan et  al. reported the outcomes of 78 extravesical 
RALUR in 50 patients [66]. The reflux resolution rate was 
92.3% based on postoperative VCUG, but the overall com-
plication rate was 10% that included ureteral obstruction in 2 
patients and ureteral injury in 1 patient, with ureteral stent 
placement required in these three patients.

Two other series have reported suboptimal success rates 
with relatively high complication rates. In 2015, Grimsby 
et  al. reported on the experience at two institutions with 
extravesical RALUR [62]. Of the 61 patients (93 ureters) 
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who underwent RALUR, VUR resolution was noted in only 
44 of 61 patients (72%), while 6 major complications (10%) 
were also noted including ureteral obstruction or ureteral 
leak. In 2016, Herz et al. reported the outcomes of extravesi-
cal RALUR in 54 children with a total of 72 ureters [63]. 
Overall surgical success was 85.2% of ureters and overall 
complication was 11% including ureteral obstruction (7.4%) 
or ureteral injury (3.7%).

As with any new surgical treatment, variability in the 
reported surgical outcomes can occur at different institutions 
and this includes extravesical RALUR.  Variabilities in the 
patient populations and in surgeon experience are likely, 
where the reported success rates after RALUR at different 
institutions may have been affected by case selection as well 
as by a surgeon’s learning curve. Similar to the adoption of 
robot-assisted laparoscopic pyeloplasty (RALP), the opera-
tive time of RALP significantly decreased as surgeons pro-
gressed through their learning curve with reductions in 
operative time and the potential for major complications, and 
this is expected for RALUR as well [67].

Another consideration is the underestimated complexity 
of the extravesical RALUR procedure. Some of the most 
important principles for operative success with RALUR are 
based on principles commonly taught for all open reimplan-
tation surgery such as a no-touch rule for handling the ure-
ter, low cautery settings, and careful use of the robotic 
instruments that do not lead to inadvertent injury to the ure-
ter and bladder. These may not be fully appreciated by a 
surgeon early in their robotic experience when there is a 
minimally invasive approach with no haptic (sensory) feed-
back. Similar to open reimplantation, essential surgical 
steps for RALUR include the mobilization of the ureter 
proximally for approximately 4 to 5 cm to achieve a suffi-
cient length for reimplantation as well as minimal usage of 
cautery and ureteral handling during distal ureteral dissec-
tion to preserve the delicate periureteral tissues and blood 
supply to the ureter.

Similar to the trifecta of outcomes for prostate cancer 
surgery (cancer control, urinary continence, and preserva-
tion of erectile function), a similar trifecta for VUR surgery 
can be equivalent success rates, equivalent hospital charges, 
and low complication rates similar to those of the gold stan-
dard, open ureteral reimplantation. RALUR has been estab-
lished as a viable option for the surgical management of 
VUR, but it is well understood that the favorable outcomes 
and low complication rates for RALUR need to be compa-
rable to open ureteral reimplantation for all surgeons and 
centers. Educational opportunities such as robotic hands-on 
course and expanded training during residency/fellowship 
training should help to standardize RALUR techniques to 
those that are associated with comparable outcomes to open 
reimplantation. Furthermore, multi-institutional collabora-
tions are in progress that are identifying technical factors 

that hopefully will lead to widespread best practices for 
RALUR. In addition, we expect that the further advances in 
robotic technology will benefit the pediatric field and espe-
cially for complex procedures such as RALUR. However, 
the impetus to improve pediatric medical devices is difficult 
because of the smaller pediatric population and therefore 
smaller number of pediatric procedures when compared to 
the adult population [47].
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Robotic Pediatric Renal Surgery

Daniel E. Nassau, Miguel Castellan, Pasquale Casale, 
and Pablo Gomez III

1  General Principles of Robotic Renal 
Surgery

By now, this book has comprehensively highlighted the 
numerous applications and advantages that have come to 
light after more than 20 years since the inception of the first 
robotic surgical system. As the field has matured, it has 
become increasingly apparent that the advantages offered 
by the robotic surgical system are further enhanced when it 
is utilized in confined, difficult to access spaces, particu-
larly if detailed, meticulous surgical technique is warranted, 
such as the one required during reconstructive surgery in 
the pediatric population. In this chapter, we will review the 
general principles, patient selection, positioning, trocar 
sites, and preferred robotic instruments as they apply to its 
use on renal reconstructive and extirpative surgery. Given 
the author’s background, specific emphasis will be placed 
in reviewing the applications as they pertain to the field of 
pediatric urology, although these techniques certainly 
translate to the adult patient population. We will tackle a 
variety of techniques and review data associated with 
robotic pyeloplasty, revision robotic pyeloplasty, and the 
synchronous treatment of nephrolithiasis while undergoing 
robotic renal surgery; we will touch upon the “bail-out” 
procedures such as ureterocalicostomy; and we will finish 
by reviewing robotic heminephrectomy in the pediatric 
population.

2  Patient Selection for Robotic Renal 
Surgery

One of the most important aspects and predictors of success 
for robotic surgical procedures is one that it is often ignored 
or undervalued. Patient selection is critical, particularly in 
the pediatric population. It sounds obvious, but the first step 
prior to offering patient robotic surgery as a surgical treat-
ment alternative, the surgeon must recognize his/her own 
limitations and should disclose his/her experience and results 
as well as complications to the patient. The basis of a healthy 
patient-surgeon relationship has its base in the absolute trust 
and transparency of both involved parties. Often, complica-
tions arise when one embarks on surgical endeavors that 
exceed our comfort zone. Complications are inherent to any 
surgical approach, but it is our belief that surgical introspec-
tion minimizes those risks. The disclosure of potential com-
plications to the patient and patient’s family is fundamental, 
and if those complications arise, early recognition and the 
ability to address and repair these complications truly cement 
the surgeon’s mastery of such surgical intervention. The role 
of correct patient selection cannot be overstated, as one can-
not embark in the wrong path without ever starting such 
path.

Comorbidities: Recognizing significant comorbidities in 
anticipation of potential robotic-assisted laparoscopic sur-
gery is a determining factor. Significant cardiac and pulmo-
nary pathology may preclude the patient’s ability to tolerate 
pneumoperitoneum. A “hostile” abdomen following previ-
ous, often multiple, intra-abdominal surgeries may signifi-
cantly impact the ability to place the trocars and gain access 
into the abdomen. Furthermore, intestinal adhesions and 
synechiae increase the likelihood of inadvertent bowel injury. 
Hematologic conditions and blood dyscrasia may preclude 
patients from undergoing such procedures. Active sepsis is 
also viewed as a contraindication to robotic, minimally inva-
sive surgery.

Age: Age is a relative contraindication for robotic surgical 
procedures. In the pediatric population, robotic surgery in 
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healthy children is frequently performed in children over 
12 months old. Experienced surgeons lower age limits and 
are not infrequent to offer robotic surgery for children at 
6 months of age. The authors of this chapter have performed 
robotic surgery in children as young as 4 months of age but 
warn colleagues that these age group pose significant chal-
lenges, both physiological and anatomical, and do not advise 
the routine performance of robotic surgery and children less 
than 6 months of age. Age may not be the only factor; body 
habitus is fundamental as well. In a study by Finkelstein 
et  al., a pubo-xyphoid distance of at least 15  cm and a 
 distance of 13  cm between the two anterior-superior iliac 
spines were found to be suitable for selecting infants under-
going robotic procedures [1].

3  Patient Positioning and Preoperative 
Steps Prior to Robotic Renal Surgery

Optimal patient positioning is of paramount importance 
when performing any surgical intervention, but it is particu-
larly important when performing minimally invasive surgery. 
When positioning a patient, important variables to be consid-
ered should include body habitus, laterality, operating table 
capabilities (i.e., kidney rest) robotic system being used, 
room setup, the need for gastric and bladder emptying during 
the procedure, pressure point padding, prevention of 
position- associated nerve injury, and the potential intraoper-
ative need for position modification such as Trendelenburg, 
reverse Trendelenburg, and “airplane.”

Prior to incision, insertion of an orogastric/nasogastric 
tube for gastric emptying as well as a Foley catheter for blad-
der emptying minimize the risk of stomach and bladder per-
foration during access. The size of the Foley catheter varies 
according to the age of the patient, with the infant typically 
using an 8 French catheter, whereas in older prepubertal, a 
10 French is most commonly used. In the adolescent popula-
tion, a 12–14 French is preferred. If the renal surgery is 
uneventful, the orogastric or nasogastric tube can be discon-
tinued at the end the procedure, while the Foley catheter 
typically is kept overnight for accurate fluid management 
and to allow for overnight bedrest. Prophylactic antibiotics is 
typically preferred for upper urinary tract surgery, and cur-
rently other’s preference is a first-generation cephalosporin 
such as intravenous cefazolin at 25 milligrams/kilogram 
prior to incision.

Specific to renal robotic surgery, we position the patient 
in modified lateral decubitus, 30–45°, with the affected side 
facing upward. Some surgeons utilize the kidney rest and 
flex the table similarly to the position utilized for an open 
surgical repair approach for renal surgery; however, for lapa-
roscopic transabdominal surgery, these may not be neces-

sary. The patient should be at the edge of the bed so that the 
abdomen protrudes, thereby facilitating mobility of the 
robotic instruments. An axillary roll is placed in its size var-
ies according to age. The lower leg nearest to the operating 
table is flexed at the level of the knee in 90 degrees while the 
other leg is straight, both separated by adequate padding 
using a pillow or foam depending on the age. The arm near-
est to the operating table is placed in an armrest; axillary roll 
is placed. The contralateral upper limb can either rest in the 
patient’s flank with attention for it not to impinge in the sur-
gical field, or alternatively he can be secured in a “hugging 
position” with the use of an elevated arm rest. All pressure 
points are carefully padded, and the patient is secured to the 
operating table in multiple points (lower extremities, pelvis, 
thorax, and head) utilizing 3-inch heavy tape (i.e., silk tape) 
over surgical towels to avoid direct adhesion to the skin or by 
Velcro straps. The bed is “test tilted” replicating the expected 
intraoperative maneuvers (Trendelenburg, “airplane”) to 
assure the patient is secure.

4  Trocar Site for Robotic Renal Surgery

Historically, in the first three generations of the da Vinci 
robotic surgical system, the da Vinci, da Vinci S and in da 
Vinci Si, trocar triangulation and distance played important 
roles. Those systems offered 5 mm and 8 mm trocars, with 
the 5 mm trocars having a very limited arsenal of surgical 
instruments. Furthermore, although the 5  mm instruments 
were narrower, they required significantly more intra- 
abdominal space to maneuver given their intrinsic articula-
tion and lack of endo-wrist action. In the latest model, the Da 
Vinci Xi system, the 5 mm trocars have disappeared and only 
8 mm trocars/instruments exist, and trocar triangulation is no 
longer required as it has been replaced by a linear trocar con-
figuration. This linear configuration has enabled multi- 
quadrant surgical procedures be performed without the need 
for undocking. Also, the Xi’s patient side-cart’s capabilities 
have dramatically improved, now allowing for easier dock-
ing, extended instrument reach, and guided targeting. 
Although the manufacture’s recommended minimal distance 
between trocars is 8 cm, a distance that is often not available 
for those of us performing pediatric surgery, especially in 
infants. Distances of 4.5 cm above are often sufficient.

It is also worth mentioning alternate trocar placement 
sites. In an attempt to maximally conceal the trocar incisions, 
Gargollo et al. elegantly described the hidden incision endo-
scopic surgery (HIdES) technique where all trocars are 
located at the level of the Pfannenstiel incision without a vis-
ible abdominal scar [2]. This technique has occasionally 
been used by then authors successfully for upper urinary 
tract surgery.
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5  Robotic Instruments Helpful 
in Robotic Renal Surgery

There is a constellation of available surgical instruments and 
ultimately its selection boils down to surgeon preference. We 
won’t expand into all available instruments but would like to 
mention a few of our preferred instruments for pediatric 
robotic renal surgery. The Debakey forceps offer excellent 
grasping force for the initial dissection. If thermal energy is 
required, the Maryland bipolar forceps are an excellent alter-
native. We often use the curved monopolar scissors as part of 
the arsenal. For fine dissection, the bipolar fine tissue grasp-
ers offer and excellent alternative while minimizing tissue 
damage. The black diamond forceps are another alternative 
but have higher crushing pressure and lack thermal energy. 
For suturing, the large suture-cut needle driver is an excellent 
option and reduces the surgical time as the surgeon can cut 
its own sutures without the need of instrument exchange. For 
vascular control, the “vessel sealer” offers excellent hemo-
stasis and so does the harmonic scalpel. The clip appliers in 
different sizes can be useful particularly for small- to 
medium-sized vessels.

6  Robotic Pyeloplasty

Ureteropelvic junction obstruction (UPJO) is one of the 
most common forms of hydronephrosis in pediatric patients. 
UPJO can present at any age depending on the underlying 
etiology, whether due to an intrinsic malformation (typi-
cally presenting perinatally) or an extrinsic compression on 
the UPJ (typically symptomatic older patients) or a combi-
nation thereof [3]. In the Unites States, owing to the wide-
spread use of screening fetal ultrasonography (US), 
congenital hydronephrosis is estimated to occur in 1–5% of 
pregnancies, of which UPJO accounts for 10–30% [4, 5]. 
UPJO is slightly more common on boys than girls and 
occurs on the left side 67% of the time and may be bilateral 
in up to 10% of cases [6].

A significant decrease in flow of urine from the renal pelvis 
into the proximal ureter due to a UPJO will cause hydrone-
phrosis which can lead to pain and/or kidney damage. 
Diagnosis is often made using a combination of US and, given 
the increased radiation, less preferred computed tomography 
(CT) and, confirmed with diuretic renography, most com-
monly in the form of a nuclear medicine technetium- 99  m 
mercaptoacetyltriglycerine (99mTc-MAG3) renal scan [7]. In 
recent years, the use of magnetic resonance urography (MRU) 
has largely replaced the use of MAG3 renal scans in our prac-
tice. Using the free software developed by the Children’s 
Hospital of Philadelphia [8], MRU achieves excellent diag-
nostic accuracy by providing differential renal function and 

drainage time while also providing far superior images than 
the MAG3 scan. Surgical intervention is recommended if 
there is a significant difference in renal function (<40% of the 
affected side), bilateral severe or solitary kidney UPJO, cyclic 
pain with or without vomiting, worsening obstruction, pres-
ence of concomitant nephrolithiasis, or recurrent urinary tract 
infections despite antibiotic prophylaxis [9].

Historically, UPJO was surgically corrected by an open 
dismembered pyeloplasty which remains the gold standard. 
However, as the benefits of minimally invasive surgery in the 
pediatric population have become apparent, there has been a 
shift toward a laparoscopic approach since the first laparo-
scopic pyeloplasty (LPP) was performed in 1995 [9]. 
Unfortunately, owing to the delicate suturing required in a 
relatively confined space for pediatric pyeloplasty, LP had a 
steep learning curve. Robotic assistance during laparoscopic 
surgery overcomes some of these challenges because of the 
robotic system’s features which include three-dimensional 
vision, tremor cancellation, and seven degrees of instrument 
movement which mimics surgeon hand movements during 
open surgery [10]. The combination of these features makes 
robotic-assisted laparoscopic surgery ideal for pediatric 
patients given the limited working space. In fact, given the 
familiarity of the LPP to pediatric urologists, the first pediat-
ric robotic surgery was indeed a robotic pyeloplasty (RPP) in 
2002, and it is currently the most commonly performed 
robotic procedure in the pediatric population [9].

6.1  Procedure

After the induction of general endotracheal anesthesia, the 
procedure typically begins with the patient in the modified 
lateral decubitus position. Two authors (PG and PC) rarely 
perform cystoscopy and retrograde pyelogram since it rarely 
changes the surgical plan when well-performed preoperative 
radiological studies are available. If cystoscopy is to be per-
formed, the patient will start in a dorsal lithotomy position in 
order to perform a retrograde pyelogram (RGP) of the 
affected side to delineate the anatomy. Performing a RGP 
prior to RPP may help identify a complicating factor such as 
a ureteral polyp, nephrolithiasis, or a long stenosed ureteral 
segment that can help with operative planning during the 
procedure. In some practices (MC and DN), a retrograde ure-
teral stent (with or without a string) is placed after the 
RGP. Alternatively, a double J ureteral stent can be placed in 
an antegrade fashion during the reconstruction of the UPJ or 
a nephrostomy/nephroureteral tube can be placed as well 
either prior to the procedure or concurrently. There have also 
been recent reports of a “drainless” RPP, in which a ureteral 
stent is omitted from the procedure without any significant 
short-term complications [11]. Both PC and PG do not rou-
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tinely place stents if the RPP is uneventful. If a stent is to be 
placed, we prefer the antegrade approach where the JJ stent 
is placed through a small 14G Angiocath inserted transab-
dominally by the bedside assistant. Our current indications 
for JJ stent placement include children under 6 months of 
age; massive reduction of the renal pelvis; abnormal anat-
omy such as malrotated kidney with a posteriorly deviated 
UPJO; tension of the anastomosis, typically secondary to 
significant loss of ureteral length secondary to fibroepithelial 
polyps; and solitary kidney.

A Foley catheter is typically left in place during the proce-
dure and overnight. If a retrograde stent has been placed intra-
operatively, some authors (MC) prefer to occlude the urethral 
catheter during the procedure as bladder distention helps to 
maintain renal pelvis distention. The catheter is open to drain-
age once the anatomy has been adequately identified.

In transperitoneal RPP (our preference), robotic ports are 
placed as described above. A retroperitoneoscopic technique 
has also been described in the pediatric population with com-
parable outcomes [12]. Unfortunately, although the UPJ can 
be rapidly identified using a retroperitoneal approach, 
decreased space of the operative field has limited its uptake, 
and as such, a transperitoneal approach is performed most 
commonly. Prior to docking the robotic patient cart, the 
operating table rotated toward the contralateral side to aide in 
order to displace the peritoneal contents away from the UPJ.

Robotic dissection begins by accessing the retroperito-
neum. The white line of Toldt is incised in order to reflect the 
colon medially, and the proximal ureter or renal pelvis is 
identified. Alternatively, a trans-mesenteric incision can be 
made when the renal pelvis is easily identified through the 
mesentery (Fig.  1). After identifying the ureter, UPJ, and 
renal pelvis in the retroperitoneum, the proximal ureter is 
mobilized toward the UPJ with judicious use of electrocau-
tery. Often, the gonadal vessels are identified overlying the 
ureter and may require medial reflection after a window is 
created between the vessels and the ureter, in order to avoid 
injury. As the UPJ is approached, a lower pole crossing renal 

vessel may be identified as a cause an extrinsic compression 
UPJO. If a crossing vessel is identified, we begin dissection 
and mobilization of the renal pelvis before addressing the 
ureter and UPJ underneath the artery.

Once adequate dissection of the ureter and renal pelvis is 
achieved, a transabdominal traction stitch through the renal 
pelvis is often utilized to aide in the UPJ reconstruction. In 
our practice MC), a 4–0 polypropylene (Prolene) suture on a 
straight Keith needle is passed through the skin percutane-
ously into the abdomen just superior to the renal pelvis by 
the bedside assistant. The stitch is then placed in the renal 
pelvis and passed back out through the abdominal wall and 
clamped at the skin level at the desired level of traction 
(Fig.  2). Alternatively, using a manually straightened SH 
needle has been described [13].

The Anderson-Hynes dismembered pyeloplasty is the 
most used reconstructive robotic technique due to its versa-
tility and ability to be utilized for many different UPJ con-
figurations [14]. The UPJ is transected, followed by wide 
spatulation of the renal pelvis and proximal ureter in order to 

Fig. 1 Transmesenteric approach for a left robotic pyeloplasty. The 
mesentery is incised revealing the renal pelvis underneath

Fig. 2 Placement of a percutaneous stitch to be used for traction on the 
renal pelvis
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facilitate a wide anastomosis of healthy ureter. After transec-
tion, if a stenotic UPJ segment is identified, this can be 
removed; however, this can preferentially be done after the 
anastomosis is completed as it can be used as a handle to aide 
with suturing. When a crossing vessel is present, the renal 
pelvis and proximal ureter should be brought anterior to the 
vessels. The proximal ureter is typically spatulated laterally 
to maintain the medial blood supply. A running or inter-
rupted fine absorbable suture on a tapered needle is used for 
the anastomosis, beginning at the most dependent portion of 
the renal pelvis to the spatulated ureter. We use two 5–0 or 
6–0, depending on patient size, poliglecaprone (Monocryl) 
(MC) suture on an RB1 needle 12-14 cm in length. PG pre-
fers to use 5–0 PDS in an RB1 needle. We begin by placing 
and tying both sutures at 6 o’clock in the most dependent 
portion of the anastomosis and then run each individually, 
typically beginning with the lateral edge, followed by the 
medial edge (Fig.  3). Any stenotic or poorly vascularized 
proximal ureter is removed, and any remaining renal pelvis 
defects are closed primarily. Additionally, renal pelvis reduc-
tion can also be performed. At the conclusion of the proce-
dure, a surgical drain is typically not necessary; however, if 
desired, a perirenal Penrose drain can be used, sutured to the 
skin at one of the dependent port sites or through the lateral 
abdominal wall near the repair. Suction drains (Jackson- 
Pratt) around the anastomosis are discouraged.

If a ureteral stent is desired and not already in place, an 
antegrade ureteral stent can be placed after one of the edges 
has been closed, usually passed in over a wire through the 
superior abdominal port or through the previously described 
14 gauge angiocath. After the wire is removed, similarly to 
an already indwelling ureteral stent, the proximal curl can be 
placed with the robotic arm into the renal pelvis before com-
pleting the anastomosis. Another technique is passing the 

ureteral stent through a large angiocatheter placed percuta-
neously through the abdominal wall in the direction of the 
ureter [13] (Fig. 4). Visualizing urine reflux through the ure-
teral stent confirms the distal end of the stent is in the proper 

Fig. 3 Anastomosis for dismembered robotic Anderson-Hynes robotic 
pyeloplasty, a second stitch is placed next to this stitch for the other 
edge

Fig. 4 Percutaneous placement of ureteral stent through large-bore 
angiocatheter
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position, but if the bladder is empty from foley catheter 
drainage, this may not occur.

Although used less commonly, non-dismembered pyelo-
plasty techniques have also been described using on a lapa-
roscopic platform. For intrinsic UPJ deficits, a Foley YV for 
a flap pyeloplasty (PC preference) can be used for longer 
segments or even in the presence of a crossing vessel if a 
modified Hellstrom technique is also used [13, 15]. 
Laparoscopic Fenger plasty has also been described for short 
stenotic segments, in which a pelviotomy is created and a 
Heineke-Mikulicz closure is performed [16].

Postoperatively patients typically are admitted overnight 
for observation with a Foley catheter in place which is 
removed on postoperative day one. If renal function allows, 
the patients are managed on the floor with standing intrave-
nous acetaminophen and Toradol without the use of narcot-
ics. If the child is able to ambulate, tolerate diet, and void 
without difficulty, they are discharged on postoperative day 
one, with plans for follow-up and stent removal in 4–8 weeks. 
Typically, a baseline renal ultrasound is obtained 4–6 weeks 
after stent removal and repeated at 6 months and a year post-
operatively. Success rates range between 94 and 100% with 
a recent long-term follow-up reporting an 8-year failure-free 
rate of 91.5% [9, 13, 17].

6.2  Complex RPP

Enhanced three-dimensional visualization and instruments 
able to make fine wrist movements makes the robotic plat-
form ideal for treating complex UPJO, such as concurrent 
renal stones, ureteral polyps, or revision pyeloplasty. If 
pyelolithotomy is required, the renal pelvis should be opened 
in order to accommodate the robotic instruments, and the 
stones can be gently manipulated out renal pelvis and placed 
in a specimen bag. Alternatively, a flexible ureteroscope can 
be introduced through a trocar and placed into the renal pel-
vis with the robotic arm, and a basket can be used to remove 
any visualized ureteral stones (Fig. 5). Ureteral polyps can 
be removed in a similar fashion. If a ureteral polyp is 
observed after transection of the UPJ, the segment of the ure-
ter containing the polyp can be removed or the polyp can be 
removed from its stalk and sent for histological analysis.

Revision or redo pyeloplasty can be especially challenging 
due to fibrosis around the UPJ and/or long stenotic ureteral seg-
ments that require repair. For long ureteral segments, wide spat-
ulation with renal pelvis and ureteral mobilization with or 
without concomitant nephropexy may be required. For seg-
ments that are not amenable to dismembered or non- 
dismembered approaches, buccal mucosal onlay grafting or 
appendiceal substitution (on the right side) may be required [18, 
19]. Ureterocalicostomy, especially with a concurrent lower 
pole caliectasis, is another option after failed pyeloplasty.

7  Robotic Ureterocalicostomy

Ureterocalicostomy is a potential option in patients with ure-
teropelvic junction (UPJ) obstruction and significant lower 
pole caliectasis. It is often reserved for patients with a failed 
pyeloplasty with a minimal pelvis or for patients with an 
exaggerated intrarenal pelvis. Initially described by Neuwrit 
in 1932, ureterocalicostomy involves excision of the hydro-
nephrotic lower renal pole parenchyma and anastomosis of 
the dismembered ureter directly to the lower pole calyx pro-
viding urinary drainage [20] (Fig. 6).

Robotic surgery has become mainstream for various abla-
tive and reconstructive renal applications in the pediatric 

Fig. 5 Pyelolithotomy with stone basket extraction

Fig. 6 Representative CT scan showing a completely exaggerated 
intrarenal collecting system
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population. Various purely laparoscopic and robotic pyelo-
plasty techniques have been described, including non- 
dismembered Fenger plasty, dismembered Anderson-Hynes 
plasty, and flap pyeloplasty [14, 21–23]. The robotic and 
laparoscopic ureterocalicostomy techniques have been 
described in the adult population [24, 25]. Robotic uretero-
calicostomy was first described in children with 9 patients 
between the ages of 3 to 15 years (mean age 6.5 years) who 
underwent transperitoneal robotic ureterocalicostomies for 
an ureteropelvic junction obstruction [26]. Of the nine, six 
had recurrent UPJO after a primary pyeloplasty. The remain-
ing 3 had an exaggerated intrarenal collecting system with 
minimal or no appreciable renal pelvis for reconstruction.

A transperitoneal approach is implemented as previously 
described in the literature [27, 28]. The colon is reflected in all 
cases exposing the massively dilated kidney (Fig. 7). The ureter 
is transected and ligated with absorbable sutures at the level of 
the renal pelvis or crossing vessels if the pelvis was not readily 
accessible. The ureter is spatulated prior to trans- section (Fig. 8). 
The most dependent lower pole calyx is amputated with a hot 

shears (Fig.  9). The posterior anastomosis can be performed 
with absorbable (5–0 polyglycolic acid) sutures in running fash-
ion (Fig. 10). A 4.8 French double- pigtail ureteral stent is placed 
in an antegrade fashion via a 14 gauge angiocath over a guide-
wire (Fig.  11). The anterior anastomosis is performed in an 
interrupted manner allowing visualization and approximation of 
the renal collecting system to the ureteral mucosa without plac-
ing tension on the renal parenchyma (Fig. 12).

Pediatric robotic urology continues to evolve. Patients in 
need of extirpative or reconstructive urological procedures 
can benefit from the advantages of minimally invasive tech-

Fig. 7 Colonic mobilization was utilized to allow complete exposure 
of the kidney and access to the hilum

Fig. 8 Ureteral spatulation prior to full transaction helps prevent dis-
orientation and spiraling of the ureter

Fig. 9 Lower pole inferior calyx amputation

Fig. 11 Stent placement

Fig. 10 The posterior anastomosis
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Fig. 12 The anterior anastomosis

Fig. 13 Identification of both ureters

niques. In addition to adrenalectomy and simple or radical 
nephrectomy, dismembered and flap pyeloplasty, uretero-
neocystostomy, nephroureterectomy, partial nephrectomy, 
and ureteroureterostomy, bladder augmentation and cathe-
terizable channels are being performed robotically in chil-
dren [23]. Treatment of symptomatic intrarenal or recurrent 
ureteropelvic junction obstruction has been traditionally per-
formed via open surgery through a flank incision or transab-
dominally, necessitating an extended hospital stay and 
convalescence. Today minimally invasive laparoscopic and 
robotic treatments have emerged at the forefront with some 
centers offering these approaches preferentially as first line 
therapy in select patients [14, 21–23, 26].

Persistent symptomatic, significant ureteropelvic junction 
obstruction in which surgical repair has failed represents a 
unique and difficult clinical situation. Excellent results have 
been reported for laparoscopic dismembered pyeloplasty 
after failed endopyelotomy in adults, but this data is lacking 
in children [29]. The essential steps of robotic ureterocali-
costomy technique are based on the open procedure and do 
not differ from that practice. Therefore, a generous amount 
of lower pole renal parenchyma overlying the most inferior, 
dependent dilated calix is routinely excised. One can gain 
control of the renal hilum, but it is not critical as long as it is 
circumferentially mobilized and visualized. A tension-free 
ureterocaliceal anastomosis is formed by ureteral mobiliza-
tion and spatulation. Recurrent obstruction is the most com-
monly reported complications of ureterocalicostomy [30]. 
Recurrent obstruction might occur secondary to scarring at 
the ureterocalicostomy site due to a segment of ischemic 
renal parenchyma or ureter. This complication can be 
 minimized by generous excision of the renal parenchyma at 
the anastomotic site and a tension-free anastomosis [20].

8  Heminephroureterectomy

Duplex renal collecting systems are a relatively common 
congenital anomaly. The superior renal moiety is most fre-
quently associated with obstruction, usually from an ectopic 

ureter or ureterocele, and the inferior renal moiety with vesi-
coureteral reflux. Both renal units can be affected with resul-
tant loss of function. Nonfunctioning moieties of a duplicated 
system can be treated by superior or inferior moiety partial 
nephrectomy [31]. This procedure was first described laparo-
scopically in 1993 by Jordan and Winslow [32] and has been 
reported with increasing frequency since then [33–40]. 
Laparoscopically heminephroureterectomy was described to 
be performed transperitoneally or retroperitoneally in a simi-
lar manner to nephrectomy. Later, robotic-assisted laparo-
scopic (RAL) approaches have been described, most 
commonly using the transperitoneal approach [41–44].

9  Transperitoneal Approach: Surgical 
Technique

Surgical positioning and technique can be performed in a 
manner similar to the nephrectomy. If both ureters are simi-
lar in caliber, patients underwent cystoscopy with retrograde 
ureteropyelography of the duplex system and, in some cases, 
followed by placement of a 4 Fr open-ended ureteral catheter 
into the functioning moiety (for intraoperative identification 
of the normal ureter), secured to a Foley catheter. Patients 
were then repositioned in the 45 degrees modified flank posi-
tion. Three 8  mm robotic trocars are placed, most of the 
times in the midline, and an additional 5 mm laparoscopic 
trocar can be used for assistance if necessary, with peritoneal 
insufflation to 10–12  mmHg. After docking the robot, the 
ipsilateral colon was reflected medially, and both ureters of 
the duplicated system were identified medial to the lower 
pole of the kidney (Fig. 13). The ureter of the functioning 
moiety was identifiable by the previously placed ureteral 
catheter. The nonfunctioning moiety ureter was dissected 
cephalad toward its hilum (Fig. 14). In cases of a nonfunc-
tioning superior moiety, care was taken not to injure the 
 inferior moiety vasculature as it crossed anterior to the supe-
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Fig. 14 Dissection continue below the obstructed upper pole ureter

Fig. 15 Transection of upper pole ureter

rior moiety ureter. The dilated nonfunctioning ureter is then 
divided proximally (Fig. 15), allowing decompression of the 
dilated nonfunctioning renal moiety. In cases of a nonfunc-
tioning superior moiety, the divided proximal superior moi-
ety ureter is passed beneath the inferior moiety vasculature 
(Fig. 16). The hilum of the affected renal pole is dissected, 
only with selective vascular dissection of the nonfunctional 
moiety. The vasculature of the nonfunctioning moiety is 
ligated (Fig. 17) using either clips or silk ligature. In cases of 
severely atrophic vasculature, vessels can be simply divided 
by monopolar or harmonic dissector (Ethicon, Somerville, 
NJ, US). During lower pole HN, the lower pole ureter was 
identified and dissected free from the upper pole ureter and 

investing Gerota’s fascia. We identified the blood vessels to 
both moieties before ligation and separation of the lower 
pole. In either the case of a nonfunctioning superior or infe-
rior moiety, the proximal ureter is used for retraction and 
mobilization of the affected moiety. The demarcation 
between the functioning and nonfunctioning moieties is then 
visualized (Fig.  18) and divided using the robotic vessel 
sealer or the laparoscopic harmonic electrocautery device 
(Fig. 19). The distal ureteric stump is traced down as far as is 
necessary in the pelvis, taking great care to isolate and pre-
serve the normal ureter. The ureter is ligated prior to transec-
tion when there is associated VUR. Specimens were brought 
out through the umbilical port.

Robot-assisted laparoscopic heminephrectomy with ure-
terectomy is a proven treatment of nonfunctioning duplex 
kidney units in children and infants. The versatility of the 
articulating instrument and tridimensional vision of the 
robotic system help in the dissection of the affected moiety 
hilum and parenchyma.

10  Robotic Platform for Nephrolithiasis

Over the last several decades, minimally invasive techniques 
for the treatment of nephrolithiasis has widely replaced open 
stone surgery [45]. In children, most kidney and ureteral 
stones are treated similarly to adults, making use of extracor-
poreal shockwave lithotripsy (ESWL) or endoscopic man-
agement either by ureteroscopy (URS) or percutaneous 
Nephrolithotomy (PCNL). For this reason, nephrolithiasis is 
an uncommon indication for robotic surgery; however, in the 
pediatric population, endoscopic stone management can be 
challenging due to anatomic size limitations, making laparo-
scopic or robotic-assisted approaches suitable alternatives in 
certain patients. Given the decreased morbidity compared to 
open stone surgery, laparoscopic surgery in stone disease has 
increased over the last few decades [46]. The achievable 
learning curve to become proficient in robotic surgery as 
well as the advantages previously discussed make it a desir-
able option for challenging stone management, especially 
when stone disease coincides with a congenital condition 
that requires reconstruction, such as a UPJO or a calyceal 
diverticulum [47].

Prior to robotic surgery for nephro- or ureterolithiasis a 
sterile urine culture is imperative. Broad-spectrum antibiot-
ics should be administered preoperatively given the poten-
tial for urine spillage during the procedure. For obstructive 
stones, a ureteral stent may have been placed prior to the 
procedure, and if not, depending on surgeon preference, a 
retrograde or antegrade stent can be placed at the time of 
surgery. The patient should be positioned in a modified 
flank position with the ports placed to triangulate the 
stone’s  location within the upper urinary tract. For renal 
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Fig. 16 The divided proximal superior moiety ureter is passed beneath the inferior moiety vasculature

Fig. 17 The vasculature of the nonfunctioning moiety is identified and 
ligated

Fig. 18 Identification and demarcation between the functioning and 
nonfunctioning moieties

pelvis stones, a pelviotomy should be made away from the 
UPJ, and for ureteral stones, a ureterotomy should be cre-
ated longitudinally in close proximity to the stone. There 
are different techniques that can be utilized to remove the 
stone. If the stone(s) is easily visualized and can be manip-
ulated by the robotic instruments, a grasping forceps can be 
used to remove the stone(s). The retrieved stones can be 
placed within a laparoscopic specimen or homemade bag 
even a cut finger from a sterile glove has been described 
[48]. If the stone cannot easily be removed with the robotic 
instruments, a flexible ureteroscope with or without a ure-
teral access sheath can be inserted through an existing 
robotic trocar and directed into the renal pelvis or ureter. A 
laser lithotripsy or a basket stone extraction (Fig.  5) can 
then be performed through the ureteroscope. After the 
stone(s) have been removed, the ureter or renal pelvis can 
be closed with a fine absorbable suture in a running or 
interrupted fashion, similarly to as described earlier in the 
chapter. A suction or passive drain is not typically left in 
place unless there is concern for contaminated urine 
intraabdominal spillage [47].

Large renal stones >2 cm as well as partial or complete 
staghorn calculi can present a particular challenge in the 
pediatric population, usually requiring a PCNL. For stones 
not amenable or have failed PCNL/ESWL, robotic surgery 
may be a viable option, especially since it has been associ-
ated with less blood loss and postop analgesia requirements 
compared to PCNL in adults [49, 50]. For large stones, 
patient selection is crucial, as complete staghorn calculi will 
be more challenging with the robotic platform compared 
with partial staghorn stones [51]. For complete staghorn 
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Fig. 19 Resection of affected moiety with adequate vascularization of the normal renal unit

stones, an robotic anatrophic nephrolithotomy has been 
described and could be considered as a last resort given its 
morbidity; however, this should be reserved for the most 
experienced robotic surgeons [52].

Robotic surgery for stone disease is most applicable 
when there is a concomitant condition that is amenable to 
reconstruction such as a UPJO or calyceal diverticulum. As 
described earlier, renal pelvic stones secondary to a UPJO 
can be removed robotically after dividing the UPJ and 
before the ureteropelvic reconstruction. Calculi within a 
calyceal diverticulum, laparoscopic, or robotic approach is 
considered first-line treatment for stones >3 cm within an 
anterior diverticulum by some authors [53]. Prior to robotic 
calyceal diverticulectomy, cystoscopic insertion of an 
open-ended ureteral (Pollack) catheter may be placed in 
order to instill retrograde dye for infundibular identifica-
tion. The patient is then positioned in the modified flank 
position and the retroperitoneum is accessed as previously 
described. Gerota’s fascia is incised and the diverticulum 
located. The nonfunctional renal parenchyma overlying the 
diverticulum is incised and resected and the stone is 
removed. Any functional parenchyma is fulgurated and the 
infundibulum is sewn closed with a water-tight absorbable 
suture. For large cavities, an omental patch can be placed 
within the cavity.

Although there is a paucity of data about robotic surgery 
for nephrolithiasis in the pediatric population, the versatility 
of the robotic platform and ease of accessing and recon-
structing the upper urinary tract, with an attainable learning 
curve, makes it an exciting technology for challenging stone 
management in children.
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Robotic Reconstructive Surgery 
of Ureter in the Pediatric Population

Alaa El-Ghoneimi, Ana Bujons, Amrita Mohanty, 
and Mohan S Gundeti

1  Part I: Robot-Assisted Laparoscopic 
Ureteral Reimplantation: “LUAA” 
Gundeti Technique, Description, 
and Outcomes

Within pediatric urology, utilization of the minimally inva-
sive robotic-assisted laparoscopic (RAL) approach has 
increased over time due to its many technical and clinical 
benefits and is now regularly performed at centers across the 
world. Despite the rise in popularity of RAL, there is little 
standardization of its technique in ensuring best outcomes 
for patients. Gundeti et al. described the LUAA technique in 
an effort to optimize results for robot-assisted laparoscopic 
extravesical ureteral reimplantation (RALUR-EV). In this 
chapter, we aim to share technical details of the “LUAA” 
technique, which emphasizes the length of detrusor tunnel 
(L), utilization of U stitch at the UVJ (ureterovesical junc-
tion) (U) for advancement, placement of the ureteral apical 
stay stitch (A) at the summit of the tunnel, and inclusion of 
ureteral adventitia in detrusorrhaphy (A). A full video 
describing the LUAA Gundeti technique can be found in the 
electronic supplementary material of the text (Video 1).

1.1  Indications

Indications for surgery include VUR (vesicoureteral reflux) 
grades 3–5 with breakthrough urinary tract infections, non- 
resolution beyond age five, increasing severity of reflux, and 
deteriorating renal function. Surgery is performed after the 
toilet training period, preferably after two years.

1.2  Preoperative Preparation

Preoperative assessment involved obtaining a complete med-
ical and surgical history and identifying any comorbidities. 
Emphasis should be placed on investigating patient’s previ-
ous abdominal or pelvic surgical history, underlying disease 
processes, additional ureteral pathologies, and bladder bowel 
dysfunction (BBD), which may further complicate surgery.

In preparation for surgery, preoperative imaging should 
be obtained to evaluate the current renal status of the patient 
and factors that may impede the operation. Preoperative 
evaluation of VUR includes VCUG (voiding cystourethro-
gram), ultrasound scan (USS), and dimercaptosuccinic acid 
(DMSA) scan to detect any evidence of renal scaring. 
Optimization of BBD should be obtained prior to surgery. 
Any indicated cystoscopy should be performed before the 
docking of the robot though it is not routinely performed or 
required.

1.3  Technical Description

 1. Following written informed consent and administration 
of general anesthesia, patient is placed in semi-lithotomy 
position with legs separated and arms tucked to the 
sides.

 2. A urethral catheter is placed in the sterile field and the 
patient is painted and draped.
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 3. An open Hassan technique is used for transperitoneal 
placement of an 8/12-mm umbilical port for the camera, 
along with two 5/8-mm robotic trocars placed on the 
midclavicular line supraumbilically and a 5-mm  assistant 
port on the left side placed equally between the umbili-
cus and midclavicular ports (Fig. 1).

 4. The robot is docked between the legs while the patient’s 
head is lowered to about 5 degrees (Trendelenburg). 
Often, this can be performed with XI side dock.

 5. An 8-mm precise bipolar is used in the left hand along 
with a monopolar scissor in the right hand for dissection. 
Additional needle drivers are used for suturing. We pre-
fer not to use 5-mm pediatric instruments in a narrow 
space like the pelvis, as these instruments lack 
articulation.

 6. Upon entering the pelvis, the urinary bladder must be 
localized and the ureter identified as it transverses over 
the iliac vessels at the pelvic brim. Peritoneum covering 
the ureter is incised. The ureter is then mobilized to the 
vas deferens or uterine artery, maintaining an adequate 
layer of its adventitia in an effort to preserve its vascu-
larity. Umbilical tape is brought around the ureter to 
loop it, ensuring atraumatic handling of the ureter 
(Fig. 2a, b).

 7. A peritoneal window is created distal to the vas deferens 
or uterine artery, advancing the ureter below. Dissection 
near the ureterovesical junction (UVJ) continues close to 

5-mm
Assistant Port

5-mm
Robotic

Port

12-mm
Camero

Port

Fig. 1 Positioning and placement of ports for patient (adapted from 
Gundeti et al., European Urology [1])

a b

Fig. 2 Female (a) and male (b) ureteral dissection (adapted from Gundeti et al., European Urology [1])
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Nerve Fiber Location

Nerve Fiber Location

Vas Deference

Uterine Artery

Fig. 3 Nerve localization dorsomedially of the distal ureter (adapted from Dangle et al., Journal of Pediatric Urology [2])

Fig. 4 (L)ength of detrusor tunnel, (U) stitch, and (A)pical alignment 
(adapted from Gundeti et al., European Urology [1])

Fig. 5 Suturing of detrusor tunnel with adventitial incorporation of the 
ureter (A) (adapted from Gundeti et al., European Urology [1])

the ureter, with careful attention to preserving the neu-
rovascular bundle situated dorsomedially (Fig.  3). 
Often, there is a need to take the uterine artery for 
proper mobilization, and diligent care should be dem-
onstrated for this.

 8. A 60 ml of sterile saline is introduced into the bladder to 
facilitate the detrusorotomy while a transabdominal stay 
stitch with 2′0 Vicryl is used to hitch the bladder.

 9. A detrusorotomy of 4–5  cm Length is recommended, 
regardless of preoperative VUR grade or age of patient. 
It is of utmost importance to perform a detrusorotomy 
that aligns with the UVJ to prevent angulation.

 10. Carefully ensuring that the UVJ and detrusorotomy are 
in a straight line, a Y dissection is completed at the UVJ 
in an effort to preserve the vascularity and neurovascular 
bundle. Careful effort should be taken to minimize the 
use of diathermy in this area.

 11. Detrusoraphy starts firstly with the U stitch (advance-
ment stitch), which is placed at the distal end of the 
detrusorotomy, advancing the ureter by taking the detru-
sor at the 5 o’clock position and subsequently adding 
ureteral adventitia at the 6 o’clock position and detrusor 
at the 7 o’clock position (Fig. 4). This is executed using 
the 4′0 PDS and tied carefully.

 12. The further detrusorraphy is performed with a running 
stitch of 4′0 PDS that incorporates the Adventitia of the 
ureter in every alternate stitch (Fig. 5).

 13. Apical stay stitch (5–0 PDS) is placed at the apex of the 
detrusor tunnel through the ureteral adventitia and detru-
sor following completion of the detrusorraphy to both 
keep the alignment of the ureter inside the tunnel and 
prevent slippage.

 14. Careful attention should be provided to ensure that the 
neotunnel is not too tight. To confirm it is not too tight, 
one prong of the needle holder can be placed in the tun-
nel apex at the completion of the detrusorraphy. 
Completion is shown in Fig. 6.

Robotic Reconstructive Surgery of Ureter in the Pediatric Population
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Fig. 6 Completed detrusorraphy (adapted from Gundeti et  al., 
European Urology [1])

 15. Following completion of the detrusorraphy, the bladder 
is emptied, the hitch suture is removed, the needle and 
instrument count is performed, and the robot is undocked.

 16. Finally, the port site fascial layer is closed under vision 
at the end of the procedure, including the 5-mm assistant 
port. This is performed in an effort to prevent omental 
hernias as these are common among our pediatric popu-
lation due to a smaller diameter of the bowel.

 17. Post-surgery, patients with unilateral reimplantation are 
observed in the hospital for one night while patients with 
bilateral reimplantation are observed for two nights. 
Prior to formal discharge, the catheter is removed, and a 
bladder scan is performed to ensure adequate bladder 
emptying. Appropriate instructions are given for timed 
voiding and bowel function. Prophylaxis is continued 
until VCUG is performed.

1.4  Outcomes

The first follow-up is at one month with USS, and VCUG is 
completed at four months postoperatively, with success 
defined as absence of VUR. Gundeti et al. [1] observed con-
siderable improvements in outcomes from RALUR-EV over 
time. They reported that this current technique, with usage of 
a standardized 5-cm detrusor tunnel length, demonstrates a 
RALUR-EV success rate of 87% (range of 72–97%) for 
pediatric patients with predominately high-grade VUR. There 
were no ureteral complications at median follow-up of 
30 months. Furthermore, Boysen et al. [3] in their  multicenter 
study found that with usage of this technique, among 260 
patients undergoing RALUR-EV, radiographic resolution 
was seen in 87.9% of patients. There was an overall compli-
cation rate of 9.6% with no grade 4 or 5 complications. 
Around 3.9% of patients studied had transient urinary reten-

tion following bilateral reimplantation. More recently, in 
prospective analysis of 143 patients, Boysen et al. [4] found 
an overall radiographic success rate of 93.8%. Additionally, 
pediatric patients with grades 3–5 VUR had a success rate of 
94.1%. Ureteral complications requiring intervention were 
rare and occurred with the same incidence found in a large 
open series (2.5%). Transient urinary retention occurred in 
no patients who underwent unilateral reimplantation and in 
7.1% of patients who underwent bilateral reimplantation.

1.5  Conclusion

With the increasing popularity of robotic technology within 
the field of pediatric urology, it is critical that there is stan-
dardization of techniques to ensure the best possible out-
comes for patients. Research indicates considerable 
improvements in outcomes from usage of the LUAA tech-
nique. The outlined technique and its studied outcomes pro-
vided in this chapter will hopefully assist surgeons in 
performing the RALUR-EV procedure. Definitive conclu-
sions cannot be made surrounding the success rate of this 
technique because of its variance with surgeon experience 
and complexity of patient anatomy and disease processes. 
Regardless, we hope to facilitate an overall improvement in 
success rates by sharing a standard technique to serve as a 
guide in improving outcomes.

2  Part II: Robot-Assisted 
Ureteroureterostomy in Pediatric 
Patients

Ureteral duplication anomalies have been widely reported in 
the pediatric literature. The ureter of the upper moiety is fre-
quently associated with ectopic insertion, which can result in 
incontinence, obstruction, or vesicoureteral reflux (VUR). 
Various methods for the management of ureteral duplication 
anomalies have been proposed. In cases with adequate upper 
pole function, preservation of this moiety is preferred. Ureteral 
reimplantation, ureteropyelostomy, and ureteroureterostomy 
have all been described as reconstructive alternatives [5–8].

Ureteroureterostomy is a commonly employed strategy 
for the management of a duplicated ureteral system, and this 
approach minimizes the risk to a healthy ureter as might be 
seen in a common sheath ureteral reimplantation. End-to- 
side ureteroureterostomy can be performed proximally or 
distally depending on surgeon preference [9]. We use a distal 
approach, eliminating the risk of hilar vessel injury [10].

Ureteroureterostomy was first described by Foley in 1928 
[11]. In 1952, Kuss performed this operation on an ectopic 
ureter, and it became a widely used procedure for the treat-
ment of these congenital malformations [12].

A. El-Ghoneimi et al.
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In the last ten years, expert laparoscopists have shown 
that performance of this complex reconstruction in a mini-
mally invasive fashion is feasible and offers certain advan-
tages. Moreover, it has been reported that suturing and tissue 
handling in a limited space can be performed more easily 
with a robot compared with conventional laparoscopy.

2.1  Preoperative Assessment

Children must have a negative culture before surgery, and we 
usually administer a dose of cefazolin chemoprophylaxis 
before the intervention.

2.2  Patient Positioning

The patient is first placed in a lithotomy position to perform 
a cystoscopy for the placement of a double J catheter in the 
ureter of the ipsilateral lower pole. This allows intraoperative 
identification of the lower hemisystem ureter. Only if ure-
teroureterostomy is performed for VUR will the double J 
catheter be placed in the upper pole. After the cystoscopy has 
been performed, a Foley catheter is placed, and the patient is 
placed in a modified flank position with the side of surgical 
interest facing upward. It is very important that all pressure 
points are carefully padded. The ipsilateral arm is secured at 
the patient’s side, which helps prevent robotic arm injuries to 
the child.

2.3  Port Placement

For the Xi, the camera and working ports are identical, allow-
ing placement of the camera through any port. Robotic work-
ing ports are then placed under direct vision. For the Si, 8- and 
5-mm robotic ports and instruments are available. However, 
limitations of the 5-mm instrumentation include lack of 
bipolar electrocautery and restriction of monopolar cautery 
to the hook instrument. Furthermore, the wristed motion of 
the 5-mm instruments is more proximal than that of the 
8-mm instruments, which may limit surgeon motion in situ-
ations where intracorporeal space is limited. For these rea-
sons, the use of the 8-mm instruments is to be preferred: this 
allows for a greater selection of instrumentation, including 
monopolar and bipolar cautery for a variety of instruments 
and fine needle drivers.

In children, we prefer to perform intraperitoneal access 
using the Hasson technique. We place the trocars as follows: 
Port placement begins with an umbilical incision and place-
ment of an 8-mm robotic camera trocar. Then, two 8-mm 
robotic ports and a 5-mm laparoscopic assistant port are 
placed below the line of a Pfannenstiel incision (Fig. 7).

Another possible option for trocar placement is as fol-
lows: Port placement begins with an umbilical incision and 
placement of an 8-mm robotic camera trocar. Then, two 
8-mm working ports are placed under direct vision above 
and below the midline, lateral to the ipsilateral rectus muscle 
at the level of the anterior superior iliac spine and subcostal 
margin. Following placement of the three robotic ports, a 
laparoscopic 5-mm trocar can be placed for the assistant 
(Fig. 8).

We usually place the assistant port to help with suction-
ing, passing sutures, or holding tissues. Sometimes, in chil-
dren, it is not possible to separate the trocars by 7–8 cm, and 
they have to be much closer.

2.4  Approach

The ureter of the upper pole is mobilized; it is usually much 
more dilated than that of the lower pole and can be easily 
identified in most cases. In addition, the lower pole has a 
double J catheter (Fig. 9). Once the ureters have been identi-
fied at the pelvic edge, they are approached below the pelvic 
brim, and the trocar positions are shifted. The ureter is then 
dissected from the lower hemisystem (Fig. 10), in the area 

8mm Ports

Robotic surgeon
ports

Camera

Surgical
assistant

Fig. 7 Preferred option for trocar placement: An 8-mm robotic camera 
trocar is placed in the umbilicus. Two 8-mm working ports and a 5-mm 
assistant port are placed below the Pfannenstiel incision
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8mm Ports

Robotic surgeon
ports

Camera

Surgical
assistant

Fig. 8 Alternative option for trocar placement: An 8-mm robotic cam-
era trocar is placed in the umbilicus. Two 8-mm working ports are 
placed under direct vision above and below the midline. An assistant 
port can be placed

Fig. 9 The dilated upper ureter (A) and the lower ureter (B) are 
identified

Fig. 10 The upper ureter is dissected and transected

Fig. 11 The upper ureter is dissected and transected

where the anastomosis will be performed, to minimize any 
damage to the ureter (Fig. 11). The anastomosis is done at 
the level of the distal ureter, where it crosses the iliac 
vessels.

This is followed by a cross section of the ureter of the 
upper pole (in cases of ectopic ureteral insertion or uretero-

cele) or of the ureter of the lower pole if the operation is 
performed for VUR. The ureterotomy is made as long as the 
width of the donor ureter using Potts scissors. Although there 
may be disparity in size between the two ureters, we have 
found that this does not influence our results.

An end-to-side anastomosis is then performed. In our 
center, we prefer to perform a running suture with 6–0 poly-
glactin, completing first the posterior edge and then the ante-
rior edge of the anastomosis (Figs. 12 and 13).

After the anastomosis has been completed, the distal ure-
teral stump is resected, taking care to avoid injury to the nor-
mal ureter as well as to the Müllerian and Wolffian structures. 
Removal of the distal ectopic ureteral stump is important 
because this may be a reservoir for infection even if it does 
not reflux (Fig. 14).

The robot is undocked and the ports are removed under 
vision. The fascia of all ports is closed to prevent herniation. 
We do not routinely place a drain. The skin can be closed 
with a 5/0 monofilar absorbable synthetic subcuticular stitch. 
The Foley catheter is removed the day after the surgery, and 
the ureteral catheter is removed four weeks later.
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2.5  Follow-Up

We usually perform renovesical ultrasound one month after 
removal of the double J catheter and again three months later 
if there have been any changes. Later, we do an annual con-
trol with ultrasound.

2.6  Postoperative Complications 
and Outcomes

Intraoperative complications are those that can occur in 
robotic or laparoscopic intraperitoneal surgery. The postop-
erative complications due to ureteroureterostomy include 
urinary leakage from the anastomosis, which has been 
observed in up to 14% of open surgery cases [13], urinary 
tract infections, paralytic ileus, stenosis, persistence of 
hydronephrosis, and stump VUR [14]. The possible compli-
cation of “yo-yo” reflux R has not been observed in the cases 
published in the literature. There are no large series of com-
plications in the literature on robotic ureteroureterostomy.

Passerotti et al. published the first series of three robotic 
cases with proximal ureteral strictures in nonduplicated sys-
tems in 2008 [15]. Leavitt et al. published the first five cases 
of children undergoing ipsilateral robotic ureteroureteros-
tomy for ureteral duplication with a distal approach and with 
UTI (urinary tract infection) as a complication [16]. Lee 
et al. [17] reported the advantages of a robotic platform in 25 
pediatric patients compared with 19 patients who underwent 
open surgery. They showed comparable operative time, esti-
mated blood loss, and complication rate, but the robotic 
group had slightly shorter hospitalization and higher rates of 
improved hydronephrosis or drainage in initial follow-up 
imaging. In a series of 24 patients, Ellison and Lendvay 
observed similar results to the aforementioned authors, 
including comparable operative times and length of stay. 
Median follow-up was 16 months. Two patients had postop-
erative UTI, and one patient required a revision open 
 ureteroureterostomy due to a recurrent stricture ~1 year fol-
lowing the initial procedure.

2.7  Conclusion

Robotic ureteroureterostomy is a safe and effective proce-
dure with outcomes comparable to the traditional open 
approach. Several reports have demonstrated positive short- 
term results. However, follow-up times are limited. More 
prospective studies are required to establish the long-term 
efficacy of this procedure.

Fig. 12 End-to-side anastomosis with a running 6–0 polyglactin suture

Fig. 13 End-to-side anastomosis with a running 6–0 polyglactin suture

Fig. 14 Removal of the distal ureter stump
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3  Part III: Robot-Assisted Ureteral 
Mitrofanoff Procedure, Description, 
and Outcomes

3.1  Introduction

The continent cystostomy technique was first described by 
Mitrofanoff in 1980 [18]. It consists of fashioning a catheter-
izable channel with a flap-valve continence mechanism,

in order to be both continent to promote storage and 
accessible to allow low-pressure emptying. The conduit for 
catheterization is the appendix in the majority of cases. The 
use of ureter as an alternative to appendix was published 
since 1984 by Monfort et al. [19], and its efficiency has been 
demonstrated by many publications with long-standing com-
parable results to the appendix [20–25].

Minimal invasive approach is commonly used for 
Mitrofanoff procedure either by standard laparoscopic or 
robotic assisted [1, 26]. The robotic-assisted approach for 
extravesical reimplantation has been proven and its effi-
ciency and is written in details in this chapter. If the ipsilat-
eral nonfunctioning kidney has a high-grade reflux, an 
efficient reimplantation procedure must be proceeded to 
avoid the major complication of incontinent channel. The 
robotic approach for such challenging cases, combining 
nephrectomy and reimplantation of the ureter to be used as 
CIC (clean intermittent catheterization) channel, seems to us 
as an efficient and alternative to open surgery.

3.2  Indications

Indications for Mitrofanoff procedures are in patients who 
have significant bladder dysfunction associated with an 
intact urethral sensation or having already had bladder neck 
or urethral surgery.

The specific indication for using the ureter as continent 
catheterization channel is the case of nonfunctioning kidney 
without the need for bladder augmentation.

3.3  Preoperative Preparation

Preoperative assessment involved obtaining a complete med-
ical and surgical history and identifying any comorbidities.

Before the Mitrofanoff procedure is considered, urody-
namic evaluation is done for each patient to study bladder 
compliance, detrusor activity, and bladder capacity.

This evaluation is mandatory to confirm the indication of 
isolated Mitrofanoff procedure without bladder augmentation.

The child and his family are seen by the pediatric urology 
nurse and psychologist. Determining the placement of the 

skin stoma (iliac or umbilical) is an important step and 
should be understood by the child and his/her family. 
Training with models is of extreme importance to be sure 
that the child and his family are capable of doing CIC; this 
preoperative information and training are mandatory to avoid 
postoperative difficulties to catheterize.

No preoperative intestinal preparation is needed.
Any indicated cystoscopy should be performed before the 

docking of the robot though it is not routinely performed or 
required.

3.4  Technical Description

 18. Following written informed consent and administration 
of general anesthesia, patient is placed in dorsal position 
and arms tucked to the sides.

 19. A urethral catheter is placed in the sterile field and the 
patient is painted and draped.

 20. Skin stoma flap is designed.
 21. An open technique is used for transperitoneal place-

ment of an 8-mm port for the camera (30°), midway 
between the umbilicus and xiphoid processes on the 
midline if the umbilicus is chosen for stoma site; other-
wise, the first access incision is done through the umbi-
licus for the camera. Our preference is not to use the 
stoma site for any trocar insertion to reduce an exces-
sive trauma to the skin.

 22. Three 8-mm robotic trocars are placed on an oblique line 
opposite to the nephrectomy site; this configuration is 
designed to be able to do the nephrectomy and the reim-
plantation of the ureter without re-docking the robot (Da 
Vinci Xi). An extra laparoscopic 5-mm trocar is inserted 
for assistant 5-mm instruments and connected to 
AirSeal°. All trocars are inserted under laparoscopic 
control (Fig. 15).

 23. The robot is docked on the left side of the table (the side 
of the nephrectomy).

 24. An 8-mm precise bipolar is used in the left hand along 
with a monopolar scissor in the right hand for dissection. 
Additional needle drivers are used for suturing. A hold-
ing forceps is used on the fourth arm for exposure.

 25. The first step is abdominal exploration to identify the 
bladder, the appendix for eventual future use, and any 
intra-abdominal adhesions are freed (in multi-operated 
children).

 26. Nephrectomy is done according to standard robotic 
technique; on the described case, the left colon is 
reflected. The renal pedicle is identified and fully dis-
sected. The ureter is transected just below the UPJ 
(uteropelvic junction), and care is taken not to devascu-
larize the ureter. The renal vessels are ligated and sec-
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Fig. 15 Trocars position for both nephrectomy and extravesical ure-
teral reimplantation and creation of skin stoma for CIC. A 14- year-old 
boy, multi-operated of ureters and bladder. 1) Camera robotic port, 30°, 
8 mm. 2) 2,3,4: robotic 8-mm trocars. 3) 5, accessory 5-mm AirSeal 
trocar. 4) 6, Y skin flap incision to anastomose with spatulated reim-
planted ureter

Fig. 16 Detrusotomy, with careful dissection of the terminal ureter, 
especially in redo cases to keep the ureter viable with its adventitia

Fig. 17 The distal ureter is positioned in the detrusotomy extramuco-
sal tunnel before starting the detrusorraphy

tioned, using either robotic vessel seal or endocorporeal 
ligature or clips according to the surgeon’s preference 
and the size of the vessels.

 27. Reimplantation: The table is tilted in Trendelenburg, 
18°, and rotated for 5°. Filling of the bladder will help in 
identifying it.

 28. Steps for an extravesical reimplantation are the same as 
the technique described in the chapter of extravesical 
reimplantation with the following specific points related 
to the use of the ureter as CIC channel:

 (a) Most of these children are already operated on their 
bladders and had failed ureterovesical reimplanta-
tion with dilated ureters. Care must be taken in lim-
iting the dissection to the detrusotomy especially at 
the area of the terminal ureter (Fig. 16).

 (b) There is no need to put any loop as the ureter is 
totally free and its upper end is handled directly by 
a traction suture (Fig. 17).

 (c) The bladder is hanged by sutures to the abdominal 
wall for exposure.

 (d) The detrusorraphy over the ureter can be as tight as 
possible to avoid any stoma incontinence secondary 
to residual reflux, ureteral tapering to be avoided. 
Detrusorraphy is done by interrupted Vicryl 4–0 
sutures, to be able to replace any suture if there is 
difficulty during the catheterization at the end of 
procedure.

 (e) The free end of the ureter is brought through the 
inguinal incision by an extraperitoneal pathway to 
keep the bladder and the ureter in extraperitoneal 
space (Fig. 18).

 (f) At the end of detrusorraphy and the exteriorization 
of the ureter, it is crucial to full the bladder and to try 
the same catheter as that will be used for CIC. The 
ureter must be as short as possible to avoid any kink-
ing. If any difficulty is encountered, the detrusorra-
phy or the length of the ureter must be revisited. 
Care was taken to ensure absence of twisting.

 (g) Following completion of the detrusorraphy, the 
bladder is emptied, the hitch suture is removed, and 
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Fig. 18 A forceps is introduced by the skin stoma and remains in the 
extraperitoneal space. The free end of the ureter (U) is delivered in this 
space anterior to the vas (V)

Fig. 19 The pelvic peritoneum is sutured to keep the ureter (arrow) in 
the extraperitoneal space

Fig. 20 The ureter is delivered through an inguinal incision, extraperi-
toneal approach. The “V” skin flap is sutured to the spatulated ureter

the peritoneum is closed to keep the bladder and the 
ureter in extravesical space (Fig.  19). Needle and 
instrument count is performed, and the robot is 
undocked.

 (h) The ureter is sutured to the skin flap (Fig. 20), and 
an indwelling catheter is left in the ureteral stoma, 
without a balloon.

 (i) Finally, the port site fascial layer is closed under 
vision at the end of the procedure, including the 
5-mm assistant port. A local anesthesia is injected in 
each trocar incision.

 (j) Post-surgery, patients are allowed for free diet and 
mobilized as soon as possible. They are discharged 
according to their medical underlying status and 
their pain management.

 (k) The patient will be back on the outpatient clinic for 
catheter removal at day 10, and the first CIC will be 
done at the outpatient clinic.

3.5  Outcomes

There are many publications describing the ureteral 
Mitrofanoff, all of them were done by open surgery. Van 
Savage et al. [21] have reported 12 cases; the ureteral conduit 
was catheterizable in 84% of patients compared to 94% for 
the appendix, and continence was achieved in 97%. Mor 
et al. [22] have reported a large series of 22 cases, 3 had ste-
nosis and 5 had incontinent stoma, and only 1 needed 
replacement by the appendix. Pain at the bladder neck was 
reported in one patient. The largest series was reported by 
Radojicic et  al. [23], 35 children had catheterizable reim-
planted ureters, 3 needed stoma revision for stenosis, and 3 
had incontinent stoma. Landa Juárez et al. [25] had reported 
laparoscopic ureteral Mitrofanoff associated with uretero-
cystoplasty in four children with excellent results for all of 
them.

Our experience with standard minimal invasive isolated 
ureteral Mitrofanoff is limited to eight cases. Six of them had 
retroperitoneoscopic nephrectomy associated with open 
extravesical and ureteral Mitrofanoff. The last two cases 
were done entirely by minimal invasive for high-grade 
refluxing ureter, one umbilical and the other one iliac 
(robotic). Our preliminary results, even limited to a few 
number of cases, are encouraging as none of our patients 
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needed revision for stenosis or leak from the ureteral stoma 
after a mean follow-up of 23 months.

3.6  Conclusion

Robotic-assisted ureteral Mitrofanoff, in our limited experi-
ence, allowed us to combine nephrectomy and extravesical 
reimplantation in a single setting without the need of re- 
docking the robot in a multi-operated 14-year-old child. This 
minimal invasive procedure was efficient and can be applied 
in complex case with high-grade reflux. It is of specific inter-
est in patients who are waiting for renal transplantation, and 
minimal invasive surgery would allow reduction of abdomi-
nal wall scaring.

The outlined simple technique and its favorable outcome 
provided in this chapter will hopefully assist surgeons in per-
forming the robotic-assisted ureteral Mitrofanoff in very 
selected indications.
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Robotic Vaginoplasty, Urinary, 
and Bowel Continent Procedures 
(Bladder Neck Reconstruction 
and Continent Catheterizable Channels)

Tanya W. Kristof, Clark E. Judge, Tony Da Lomba, 
and Mohan S Gundeti

Abbreviations

APV appendicovesicostomy
AUS artificial urinary sphincter
BMG Buccal mucosal grafts
CAID complete androgen insensitivity syndrome
CCC continent catheterizable channel
CIC clean intermittent catheterization
DVT deep vein thrombosis
MACE Malone antegrade colonic enema
MRKH Mayer-Rokitansky-Küster-Hauser
OT operative time
PDS polydioxanone
TAP transverse abdominis plane
UO ureteral orifice
VP ventriculoperitoneal
YDL Young-Dees-Leadbetter

1  Vaginoplasty

1.1  Patient Selection

Possible candidates for vaginoplasty include children born 
with Mayer-Rokitansky-Küster-Hauser syndrome (also 
known as congenital vaginal agenesis or Mullerian aplasia), 
complete androgen insensitivity syndrome (CAIS), and cloa-
cal exstrophy or who are trans-female. These patients typi-
cally present in adolescence. For patients with MRKH 
syndrome, first-line treatment has historically been vaginal 
dilation, although in some European countries, the first-line 
treatment is surgery with graft or local flaps, followed by 

vaginal dilation [1]. Buccal mucosal grafts (BMG) are a via-
ble option as well and are preferred by some surgeons [2]. In 
either case, vaginoplasty using a segment of bowel is histori-
cally only offered after a patient has failed first-line options. 
While vaginal reconstruction utilizing bowel has historically 
been performed open, a few case reports have described the 
robotic approach using sigmoid [3, 4] and ileum [5]. The 
robotic approach appears to be safe and effective for sur-
geons comfortable with robotics and bowel surgery.

Typically, the use of the sigmoid colon versus ileum for 
the neovagina is determined by which segment of bowel will 
reach into the pelvis while minimizing tension, although sur-
geon preference and comfort play a large factor as well. 
Using the sigmoid colon has the benefit of less mucus pro-
duction (although it can still be bothersome), a more caudal 
location, and a more durable mucosa. Ileum has the advan-
tage of a lower risk of diversion colitis [1]. Here, we describe 
our technique for robotic vaginoplasty with ileum in a patient 
with MRKH syndrome after previous failed dilatation and 
BMG vaginoplasty.

1.2  Preoperative Preparation

A complete history and physical should be done for every 
patient, noting especially prior abdominal and perineal sur-
gery, as well as previous bowel surgery and overall body 
habitus. If a patient is undergoing the procedure as part of 
gender-affirming surgery, then the surgeon should be com-
municating with the patient’s multidisciplinary team of phy-
sicians to ensure everyone is on the same page. Patients are 
not typically given a mechanical or oral antibiotic bowel 
preparation.

1.3  Positioning and Port Placement

The patient is positioned in the low lithotomy position with a 
Trendelenburg of 10–15 degrees and arms tucked at the side 
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with palms up to prevent ulnar nerve injury. Foam padding 
should be used on all pressure areas and on the face to pre-
vent injury. A 12 mm blunt tip balloon trocar is used for the 
camera port. We use the Hassan technique for this initial 
port, placed just superior to the umbilicus to ensure a mini-
mum 10–12 cm pubo-umbilical distance is maintained. If the 
distance is adequate, then umbilicus itself can be used for 
primary port. The left port is placed 4–8  cm lateral to the 
umbilicus, and the right arm is placed 5–10 cm lateral to the 
umbilicus, depending on the size of the patient and working 
space available. If there is enough working space, an addi-
tional third arm lateral to the right arm is beneficial for trac-
tion and countertraction. A 5 mm assistant port is placed in 
the left upper quadrant, which is equidistant from the camera 
and left working port (Fig. 1).

1.4  Surgical Steps

Perioperative antibiotics are administered within 1 h of inci-
sion to all patients. The patient is draped and a Foley catheter 
is placed in the sterile field. Local anesthetic injection into the 
port sites or a transverse abdominis plane (TAP) block should 
be used prior to incision of port sites. The camera port is then 
placed via the open Hassan technique. Pneumoperitoneum is 
established to 12 mmHg with a low flow rate (~2 L/min). A 
diagnostic peritoneoscopy is performed to assess for scar tis-
sue and any other abnormalities. The remaining robotic arm 

ports and assistant ports are then placed under direct visualiza-
tion. Initially, a fenestrated bipolar arm is used in the left arm 
and robotic scissors in the right arm.

Attention is then turned to identification of the bowel seg-
ment that will become the neovagina. Using a marked piece 
of umbilical tape, a 10–15 cm segment of the terminal ileum 
is isolated. It is important that this is at least 15–20 cm proxi-
mal to the ileocecal valve and has good vascular pedicles. 
The ileal segment, however, also be able to reach down to the 
pelvis without too much tension. Once identified, a percuta-
neous stay suture is used to tack up the ileal segment on 
either end of the segment to be divided. Using the coagula-
tion feature on the scissors, the ileum is divided at the proxi-
mal and distal ends. The corresponding mesentery is also 
divided. At this point, the robotic arms are replaced with 
needle driving robotic arms. Then, using a 4–0 PDS suture, 
the ileum is re-anastomosed in a single running layer, in an 
end-to-end fashion. The mesentery defect is also closed in a 
single running 4–0 PDS suture, making sure the future ileal 
neovagina is inferior to the re-anastomosed ileum. The ileal 
neovagina can also be harvested using an endo-GIA stapler if 
the surgeon is more comfortable with this modality.

Next, the abdominal end of the ileal neovagina is closed 
in a single running layer using 4–0 PDS suture. This step is 
not necessary if harvesting with the GIA stapler. The abdom-
inal end of the ileal neovagina is then tacked to the posterior 
peritoneum to prevent prolapse. The neovagina should be 
temporarily brought down to its final pelvic location to 
ensure there is no mesenteric twisting. The fenestrated bipo-
lar and robotic scissors are reinserted as the left and right 
arms, respectively. Attention is then turned to the perito-
neum. A horizontal incision is created just posterior to the 
bladder using coagulation on the robotic scissors. Carefully 
paying attention to the rectum to prevent injury, the space 
between the rectum and bladder is then dissected. We retract 
the bladder anteriorly with a percutaneous stay suture. If 
there is significant scaring in this area due to a previous pro-
cedure, it can also be accessed with a Pfannenstiel incision 
and dissected in an open fashion.

Then the anastomosis is completed by dissecting from the 
vagina up to the robotic dissection area. The vaginal end of 
the ileal neovagina is elongated down to the posterior bladder 
dissection site (Fig. 2) and sutured to the labia minora by the 
hand from below to create the introital opening. We prefer 
4–0 PDS suture for this step. In patients with previous graft or 
flaps, the vaginal end of the ileal neovagina is sutured to the 
previous graft from below (in our case, the existing BMG).

One of the robotic arm port sites can be used as a drain 
site. We place a 15fr Blake drain in the left arm port. The 
ports are all removed under direct visualization, and the fas-
cia is closed using a 2–0 Vicryl stitch. The camera port is the 
last to be closed. The skin is then closed with subcutaneous 
and subcuticular suture and surgical glue. We do not leave a 
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Fig. 1 Port placement for robotic vaginoplasty [5]
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Fig. 2 Robotic view of assessing length of the ileal neovagina to 
ensure it reaches pelvic floor without mesenteric kinking or excess ten-
sion [5]

Table 1 Vaginoplasty brief surgical steps

•  Low lithotomy with 10–15° Trendelenburg, arms tucked palms up
•  Foley placed in sterile field
•  Camera port supraumbilical, working aims 4–8 cm lateral, 5 mm 

assistant port in LUQ
•  Fenestrated bipolar left arm, robotic scissors right arm
•  Identify 10–15 cm segment of terminal ileum for 

neovagina—15 cm from ileocecal valve
•  Divide ileum us well us corresponding mesentery
•  Replace both arms with needle drivers
•  Re-anastomose ileum
•  Close abdominal end of ileal neovagina as well us mesenteric 

defect
•  Replace fenestrated bipolar and robotic scissors
•  Horizontal incision posterior to bladder and dissect down to 

vaginal opening
•  Pull ileal neovagina down to vaginal opening and suture from below
•  Remove ports under direct visualization, close fascia, leave a blake 

drain
•  Pack neovagina with burrier ointment coated gauze

mold in the neovagina but do pack the area lightly with 
 barrier ointment-coated gauze. A summary of the surgical 
steps is available in the following table (Table 1).

1.5  Postoperative Care

The Foley is maintained for 3–5 days postoperatively. The 
drain is removed prior to discharge so long as the output is 
less than 100  cc per day. Triple antibiotics are given for 
24–48 h post-op. The vaginal pack is removed after 48–72 h. 
Routine postoperative care after robotic surgery applies to 
this pediatric population, including early diet advancement, 
limiting of narcotics, and early ambulation. After 4–6 weeks, 
an exam under anesthesia is performed to ensure proper 
healing and to assess appropriate graduated dilator size. 
Then graduated dilators are used to maintain introital open-
ing patency for those not sexually active. Postoperative care 

should consist of occupational therapists, social workers, 
and a care coordinator to support the patient and caregivers.

1.6  Outcomes and Complications

Literature regarding the outcomes of vaginoplasty is hetero-
geneous, with many studies describing the procedure in the 
transgender and cloaca patient populations, in addition to 
those with MKRH syndrome and CAIS.  For patients with 
MKRH syndrome or CAIS, open intestinal vaginoplasty has 
historically had good results with modest complication rates.

Lima et  al. reported a series of 47 patients with mixed 
MKRH syndrome, CAIS, adrenogenital syndrome, and 
penile agenesis. Forty-six of the patients had vaginoplasty 
with sigmoid colon and one with ileum. All patients reported 
satisfactory aesthetics, but there was a significant complica-
tion profile. One patient had sigmoid flap necrosis, 8 (17%) 
patients had introital stenosis, 4 (8%) patients had neovagina 
prolapse, and 2 (4%) patients developed bowel obstructions. 
In total, 30% of patients required reoperation. Duration of 
follow-up was for a mean of 34 months (4–72 months) [6]. 
Karateke et al. published a series of 29 patients (27 sigmoid, 
2 ileum) with MKRH syndrome with similarly high satisfac-
tion rates, but a lower complication rate. One patient had a 
rectal injury intraoperatively, one patient with an ileal neova-
gina had bowel necrosis requiring an ileostomy, and two 
patients had wound infections. Notably, 52% (15/29) of 
patients had introital stenosis, but all of them resolved with 
finger dilation and none required reoperation [7]. For com-
parison, in the transgender population, the incidence of rec-
tal injury ranges from 0.4 to 4.5% and introital stenosis from 
2 to 12%, although this is thought to be directly correlated to 
cessation of manual dilation [8]. There are no comparable 
outcomes from robotic-assisted vaginoplasty to compare 
these to as there are only single case reports.

2  Continent Catheterizable Channels

Robotic-assisted laparoscopic approach for complex pediat-
ric urologic cases such as continent catheterizable channels 
(CCCs) is increasingly being studied and improved. CCCs 
are utilized for the treatment of bladder and bowel dysfunc-
tion. Bladder dysfunction is most commonly secondary to 
neuropathic bladder from etiologies such as myelodyspla-
sias, sacral agenesis, tethered cord, bladder exstrophy, prune 
belly syndrome, and trauma. Patients with a neuropathic 
bladder can have an array of medical consequences such as 
renal function deterioration and social consequences such as 
urinary incontinence. Additionally, if patients or their care-
giver are not able to easily and adequately empty the bladder, 
the patients are at risk of urinary tract infections and bladder 
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stones. Patients often utilize medical management first with 
or without clean intermittent catheterization (CIC). While 
CIC is an option for social continence in patients with incom-
plete emptying with or without an augmented bladder, using 
a CCC can be more comfortable for the patients than urethral 
catheterization and can decrease the rate of false passages 
and urethral strictures.

One type of CCC is the appendicovesicostomy (APV), 
first described by Mitrofanoff in 1980, which utilizes the 
appendix through a detrusor tunnel for a non-refluxing and 
convenient way to empty the bladder [9]. The model CCC 
is short and straight with a good blood supply, and the 
appendix is an ideal length and width for catheterization. 
The appendix has minimal function in digestion and elimi-
nation, making bowel recovery easy with a low risk of met-
abolic side effects. The first laparoscopic APV was 
described in 1993 and involved laparoscopic mobilization 
of the colon to reach the appendix followed by open anas-
tomosis of the appendix to the bladder via a lower abdomen 
incision [10]. Hsu and Pedraza were among the first to 
complete the APV with a robotic-assisted laparoscopic pro-
cedure in 2004 [11, 12].

When no appendix is available or suitable for an APV, a 
tubularized 2 cm segment of ileum can be reconfigured into 
a Yang-Monti channel. This channel is a smaller caliber, lon-
ger intestinal tube adequate for catheterization. First 
described by Yang in 1993 and Monti in 1997, the Yang- 
Monti CCC is more technically challenging than APV but 
can provide additional length compared to the appendix [13, 
14]. This was later modified by Casale et al. to create even 
more length, where a 3.5 cm segment of the ileum is partially 
transected to form a Z-shaped plate that is then re- tubularized 
to create a “spiral Monti” [15]. Two side-by-side Yang-Monti 
channels anastomosed together are called a “double Monti.”

Similar to bladder incontinence, fecal incontinence nega-
tively impacts pediatric quality of life. Underlying diseases 
that may cause negative fecal effects include anorectal mal-
formations, Hirschsprung’s disease, spina bifida, spinal 
injuries, cerebral palsy, and neuropathic disorders that are 
similar to those that cause neurogenic bladder. While initial 
dietary management and timed evacuation with a mix of 
stool softeners, laxatives, and/or bulking agents are used, 
many patients will require enemas for adequate colonic 
evacuation. Rectal administration of laxatives and enemas 
can be uncomfortable for the patients, requires increased 
caregiver demand, and can affect patient’s independence 
long term. The Malone antegrade colonic enema (MACE) is 
a catheterizable channel that gives an alternative way to 
administer enemas to patients with neurogenic bowel. First 
introduced in 1990, a MACE provides a non-refluxing intes-
tinal conduit for antegrade enema administration through 
the cecum [16, 17]. Although originally described by 
Malone to transect and reverse the appendix, most perform 

an orthotopic appendicovesicostomy, taking care to pre-
serve the native appendiceal blood supply. Some of the first 
robotic MACE surgeries were reported by Lendvay et  al. 
[18] and Thakre et al. [19].

Stoma site selection for any CCC depends on patient 
characteristics such as length of channel created, body habi-
tus, and patient preference, as well as surgeon preference and 
experience. The stoma can be hidden in the umbilicus, which 
has the advantage of easy accessibility above the pant line as 
well as the minimal adipose tissue. However, there may be a 
longer intra-abdominal course with umbilical stomas. The 
stoma can also be located in the right lower quadrant which 
may have a shorter intraperitoneal course but is less hidden.

Additional CCCs have been described, including the use 
of ureter and bladder. However, these channels have a high 
rate of complication such as stricture or stenosis and a high 
rate of reoperation. These procedures are less common and 
will not be described in this chapter.

Goals of catheterizable channels for bladder management 
include urine drainage, renal protection, continence, and cos-
mesis. These channels are more convenient and socially 
acceptable for many patients, and it has been shown to 
increase patient compliance with a CIC regimen. A channel 
that can easily accommodate a 12–14F catheter is ideal. 
Goals of CCC for bowel management include predictability 
in timing of passing bowels, reducing constipation, indepen-
dence with bowel regiments, and/or reducing fecal inconti-
nent episodes. The use of robotic surgery for the creation of 
CCC prioritizes patient outcomes such as length of stay and 
faster bowel recovery. However, the use of robotics in the 
pediatric population must accommodate smaller working 
spaces and a high learning curve. Here, we describe our tech-
niques for common robotic-assisted laparoscopic continent 
catheterizable channels in the pediatric population.

3  Anatomy of the Ileocecal 
and Appendiceal Region

The ileocecal valve lies at the junction of the ileum and the 
cecum, where insertion of the ileum forms a right angle to 
the cecum approximately 2  cm above the insertion of the 
appendix and just medial to the mesocolic tenia (Fig. 3). The 
terminal ileum intussuscepts 2–3 cm into the cecal lumen as 
a papilla, pushing the apex of the valve and the appendix to 
the left. The valve itself is two-layered, formed by continua-
tion of the circular and longitudinal muscle of the cecal wall. 
This forms a papilla that is supplemented by complex veins 
and serves as a pressure equalizing valve to prevent reflux of 
cecal contents back into the ileum.

The vermiform appendix varies in length but is approxi-
mately 9 cm and is attached to the cecum 2 cm below the 
ileocecal junction. It is held by a triangular mesoappendix to 
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Ileocolic Artery
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Fig. 3 Anatomy of the 
appendix and surrounding 
structure

the terminal part of the ileal mesentery. The appendix has 
four layers—mucous, submucous, muscular, and serous.

The ileocolic artery, a branch off the superior mesenteric 
artery, gives rise to the ascending colic artery, ileal artery, 
appendicular artery, and anterior and posterior cecal arteries 
and provides the bloody supply to the ileocecal and appendi-
ceal regions. The appendicular artery may alternatively come 
from the cecal artery. The base of the appendix may be sup-
plied by the anterior or cecal arteries as well. The ascending 
colic artery supplies the first part of the ascending colon.

4  Appendicovesicostomy

4.1  Patient Selection

Patient selection is critical for any CCC. An APV is used for 
bladder emptying when this cannot consistently be done via 
the native urethra. Patients must have a healthy appendix of 
reasonable length. The patient or a reliable caregiver must be 
able to perform catheterizations with adequate dexterity and 
consistency. Patients with a progressive neurologic condition 
should be counseled that long-term catheterization strategies 
may be adjusted pending their clinical course and upper 
motor dexterity. Specific to the robotic approach, multiple 
abdominal surgeries, ventriculoperitoneal (VP) shunt, and 
severe kyphoscoliosis may increase the likelihood of conver-
sion to an open procedure due to extensive adhesions and 
difficulty achieving adequate pneumoperitoneum. Patients 
and their caregivers should be extensively counseled on the 
indications, operative expectations, and postoperative course 
prior to embarking on this procedure. Depending on the 

patient’s bladder urodynamic findings, this procedure may 
be done in conjunction with an enterocystoplasty and/or 
bladder neck reconstruction for those with diminished blad-
der capacity and poor bladder compliance and/or bother-
some urinary leakage.

4.2  Preoperative Preparation

A complete history and physical should be done for every 
patient, noting especially prior bowel surgery, prior abdomi-
nal surgery, and body habitus. A stoma site should be pre- 
marked accounting for patient’s dexterity, body habitus, and 
abdominal folds. The umbilicus is often chosen due to rela-
tive absence of the adipose tissue and for overall aesthetic 
appearance. Patients are not typically given a mechanical or 
oral antibiotic bowel preparation. A preoperative urine cul-
ture is obtained, as it is important to treat any concomitant 
urinary tract infection prior to surgery. There is no role for 
radiologic studies for identification of the appendix.

4.3  Positioning and Port Placement

The patient is placed in low dorsal lithotomy position with a 
Trendelenburg of 10–15 degrees and arms tucked at the side. 
Foam padding should be used on all pressure areas and on 
the face to prevent injury. The patient is draped and a Foley 
catheter should be placed in the sterile field. Local anesthetic 
into the port sites or a TAP block should be used prior to inci-
sion of port sites. Ports include a 12 mm blunt tip balloon 
trocar for the camera port. We prefer utilization of the Hassan 
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technique for this initial port placement in the infraumbilical 
midline. We recommend maintaining a minimum of 
10–12  cm pubo-umbilical distance. A supraumbilical port 
site may be used if extra length is needed to facilitate access 
to both the appendix and bladder and is recommended for 
patients undergoing a simultaneous enterocystoplasty. Two 
8 mm robotic arm ports for the robotic arms are placed at the 
level of the umbilicus in the mid-clavicular line bilaterally. 
The left port is placed 8 cm lateral to the umbilicus, and the 
right arm is placed 9–10 cm lateral to the umbilicus. An addi-
tional 8 cm robotic fourth arm is placed 7–8 cm lateral to the 
right arm port near the right iliac fossa in children taller than 
1.5 m. Based on abdominal space, a fourth arm is used for 
traction/countertraction. A 5 mm assistant port is placed in 
the left upper quadrant, which is equidistant from the camera 
and left working port. An optional 5 mm port may be placed 
in the right lower quadrant if needed, and this can be used as 
the stoma site if applicable. A fenestrated bipolar arm is used 
in the left arm and monopolar scissors in the right arm.

4.4  Surgical Steps

Perioperative antibiotics are administered within 1 h of inci-
sion to all patients, generally cefazolin, gentamicin, and met-
ronidazole. Vancomycin is used instead of cefazolin if a VP 
shunt is present. The Foley is placed. The 12 mm trocar is 
placed with an open Hassan technique. Pneumoperitoneum 
is established to 12 mmHg. A diagnostic peritoneoscopy is 
performed to identify the location and length of the appendix 
and its associated mesentery. In patients with a history of 
previous abdominal surgery or with a history of a VP shunt, 
pure laparoscopy may be useful for adequate adhesiolysis 
and peritoneoscopy prior to robot docking. The appendix 

should be 5–6 cm in length and able to accommodate a 10F 
catheter at minimum. The surgeon should be prepared to 
alter the surgical plan based on the appearance and accessi-
bility of the appendix in accordance with the patient’s anat-
omy. If a VP shunt is present, this can be placed in an 
endopouch retrieval bag to avoid contamination with bowel 
contents. The remaining robotic arms should be placed as 
described above if diagnostic peritoneoscopy shows an ade-
quate appendix. If a Yang-Monti channel is indicated instead, 
the surgeon should alter the surgical approach as needed.

After diagnostic peritoneoscopy, the appendix is mobi-
lized at the appendicular/cecal junction, keeping in mind its 
mesenteric blood supply. If the mesentery is too superior to 
reach the stoma site either at the umbilicus or right lower 
quadrant, mobilization of the ascending colon along the line 
of Toldt may be necessary (Fig. 4a). A stay suture is placed 
at the tip of the appendix to facilitate handling of the appen-
dix while avoiding crush injury to the tissue. A premeasured 
umbilical tape or suture is used to intracorporeally measure 
the appendix. The appendix is then transected sharply using 
endoscissors (Fig. 4b). It can be helpful to make a window 
between the mesentery and cecum to preserve adequate mes-
enteric blood supply to the appendix. The addition of a cecal 
flap may reduce the risk of stomal stenosis and provide addi-
tional channel length. A cecal flap should be utilized for an 
appendix <4 cm to lengthen the appendix. The colonic defect 
is closed in one seromuscular layer using 4–0 or 5–0 PDS. Of 
note, if a concurrent MACE (described below) is indicated 
and the appendix is sufficiently long (10–12  cm), use the 
proximal 2–4 cm of the appendix for the ACE channel and 
the remaining distal appendix and its mesentery for the 
APV.  If the appendix is short and a concurrent MACE is 
indicated, it is appropriate to use the appendix for the APV, 
and to perform a cecal flap tubularization for the MACE. If 

a b

Fig. 4 (a) Mobilization of the appendix [20]. (b). Isolation of the appendix [20]
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splitting the appendix between a MACE and APV, maintain 
vasculature for the APV as the proximal appendiceal stump 
can often be sustained via the colonic blood supply.

If no additional procedures are to be performed, the ante-
rior aspect of the bladder is chosen for the anastomotic site 
with an extravesical approach (Fig. 4). This is technically 
easier than the posterior wall of the bladder and shortens the 
required length of the appendix. Utilization of a Keith nee-
dle to retract and the bladder dome can be helpful for visu-
alization. The bladder is distended with 60–200  mL of 
sterile saline via the Foley catheter, with volumes depending 
on the patient’s bladder capacity. A detrusorotomy is per-
formed with electrocautery, taking care not to violate the 
bladder mucosa (Fig. 5). A 4 cm detrusorotomy is recom-
mended for adequate anti-refluxing continence outcomes 
[17, 21, 22]. As the bladder physiologically fills, the intralu-
minal pressure in the channel along the 4  cm tunneling 
increases and compresses the channel, resulting in a lack of 
flow and a continence mechanism. The detrusorotomy is 
done in the midline bladder wall in a craniocaudal orienta-
tion if an umbilical stoma is to be performed. If a right lower 
quadrant stoma is desired, this may be carried out on the 
right posterolateral wall of the bladder in an oblique 
orientation.

The distal 1 cm tip of the appendix should be transected 
and spatulated using Potts scissors to produce an adequate 
lumen in preparation for the anastomosis to the bladder 
(Fig. 6). The first anastomotic suture is placed at the caudal 
apex of the detrusorotomy and then through the spatulated 
apical end of the distal tip of the appendix with 5–0 PDS 
(polydioxanone) suture. We recommend the use of black dia-
mond robotic needle drivers as these allow facile manipula-
tion of small needles and suture material. The bladder 
mucosa can then be incised 1 cm in length. The crotch of the 
spatulation is then anchored to the cranial end of the 1 cm 
defect in the bladder mucosa, opposite the apical stitch. An 
8F feeding tube is placed through the appendix and into the 
bladder, and the appendicovesical anastomosis is completed 

with 4–0 PDS suture using an interrupted suture technique. 
The feeding tube can be sutured in place with absorbable 
suture to prevent migration. The appendix is then placed in 
the previously incised 4 cm trough, and the detrusor is imbri-
cated over it with running 4–0 PDS suture. The APV is now 
ready to be brought to the skin surface for maturation (Fig. 7).

If performing a simultaneous bladder augmentation 
enterocystoplasty, a posterior wall with intravesical approach 
may be used. A cystotomy is performed on the posterior 
aspect of the bladder wall using electrocautery. The ureteral 
orifices are noted to avoid injury during tunneling. A stay 
stitch is then placed on the posterior wall of the bladder to 
ease manipulation. Electrocautery is used to make a small 
hiatus in the posterior bladder wall where the appendix will 
penetrate the bladder wall. A 4 cm submucosal tunnel is then 
made through which the appendix will be placed (Fig.  8). 
This may be especially difficult in a thick-walled bladder 
seen in many neurogenic bladder patients. A larger mucosal 
opening may be made to ease the dissection, which is later 
closed after the appendix is placed in the tunnel. Once tun-
neling is complete, the appendix is brought through the blad-
der wall and into the submucosal tunnel (Fig. 9). A 5–0 PDS 
suture is used to anchor the distal appendix and close the 

Left
Ureter

4-5 cm

Urethra

Detrusor

Right
Ureter

Fig. 5 Transection and spatulation of the appendix

Appendix

Appendicular Artery

Fig. 6 Detrusor tunnel creation for the appendicovesicostomy anterior 
approach

Left Ureter

Appendicular
Artery and
Mesentery

Right Ureter

Fig. 7 Appendiceal anastomosis and detrusor imbrication for appendi-
covesicostomy anterior approach
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Fig. 8 Detrusor tunnel creation on the posterior wall of the bladder for 
appendicovesicostomy posterior approach [20]

Fig. 9 Tunneling of the appendix through the detrusor muscle for 
implantation [20]

Left Ureter Right Ureter

Ureteral Orifices

Fig. 10 Appendiceal intravesical anastomosis and detrusor imbrica-
tion for appendicovesicostomy posterior approach

bladder mucosa. The distal appendix is then spatulated to 
open the lumen, and the crotch of the spatulation is anchored 
to the opposite end. An 8F feeding tube is then placed 
through the appendix and into the bladder, and the appendi-
covesical anastomosis is completed with 4–0 PDS suture 
using an interrupted suture technique (Fig. 10). The feeding 
tube can be sutured in place with absorbable suture to ensure 
it stays in place. Once the anastomosis is complete, the defect 
in the bladder mucosa should be closed. The serosa of the 
appendix can be incorporated in this closure to prevent 
migration of the channel. The completed tunnel is again 
measured using the pre-marked umbilical tape. Once the 
augmentation enterocystoplasty is performed, the APV is 
ready to be brought to the skin surface.

If a Foley catheter is not used, a suprapubic catheter 
should be placed using Seldinger technique. If a concomitant 
augmentation is performed, dual catheter use is recom-
mended. The proximal end of the appendix, with or without 
a cecal cuff, is brought through the umbilical port site or the 
right lower quadrant site using the respective port sites, tak-
ing care to ensure a straight trajectory from the bladder to 
skin. Appendix fixation to the abdominal wall is not neces-
sary as no posterior support to the channel is needed. Stoma 
creation is done by spatulating the appendix and performing 
a cutaneous anastomosis via a V-, VQ-, or VQZ-flap. The 
remaining skin is approximated with interrupted 5–0 PDS 
sutures, and an 8F feeding tube is placed and secured to the 
stitch with the previous suture.

If an endopouch was used to hold the VP shunt, this 
should be removed. The ports are all removed and the fascia 
closed using a 2–0 Vicryl stitch under direct vision. The cam-
era port is the last to be closed. The skin is then closed with 
subcutaneous and subcuticular suture and surgical glue. A 
summary of the surgical steps is available in the following 
table (Table 2).

4.5  Postoperative Care

The 8F feeding tube and Foley or suprapubic catheter are 
kept for continuous drainage for four weeks. The feeding 
tube is then removed with the catheter left in as a safety valve 
for one week as the patient and/or caregivers learn clean 
intermittent catheterization. Antibiotics are given for 24–48 h 
postoperatively. Routine postoperative care after robotic sur-
gery applies to this pediatric population, including early diet 
advancement, limiting of narcotics, and early ambulation. 
Postoperative care should consist of occupational therapists, 
social workers, and a care coordinator to support the patient 
and caregivers. Subcutaneous heparin is utilized in patients 
at high risk for deep vein thrombosis (DVT), such as high 
BMI or immobility.
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Table 2 Appendicovesicostomy (APV) brief surgical steps

•  Low lithotomy with 10–15° Trendelenburg, arms tucked palms up
•  Camera port supraumbilical, working arms 8 cm lateral, 4th arm 

7–8 cm lateral to right arm near iliac fossa, 5 mm assistant port in 
RUQ

•  Appendicular identification and mobilization. Taken with a cecal 
cuff if needed. Length should be 5–6 cm

•  Cecal defect closure with 4- or 5–0 PDS suture
•  Bladder detrusor anterior tunnel creation (if no augmentation 

enterocystoplasty)
•  Fill bladder with 60–200 cc saline depending on bladder capacity
•  Using elcctrocautery, incise detrusor to expose bladder mucosa, at 

least 4 cm (for continence)
•  Spatulate the distal appendix and incise the bladder mucosa 1 cm
•  Complete appendicovesical anastomosis with 4–0 PDS interrupted 

sutures over an 8F feeding tube
•  Place appendix in previously incised 4 cm trough and imbricate 

detrusor muscle over it with 4–0 PDS suture
•  Bladder detrusor posterior tunnel creation (if concurrent 

augmentation entcrocystoplasty)
•  Using electrocautery, a cystotomy is performed on posterior wall 

of the bladder
•  Identify bilateral ureteral orifices
•  Using electrocautcry, make a small hiatus for the appendicovesical 

anastomosis
•  Create a 4 cm submucosal tunnel and place appendix in the tunnel
•  Spatulate and suture distal appendix to bladder mucosa with 4–0 

PDS interrupted sutures over an 8F feeding tube
•  Close the bladder mucosal defect
•  Bring proximal appendix to umbilical or RLQ port sites
•  Stoma maturation: create stoma by spatulating appendix and 

perform cutaneous flap anastomosis
•  Secure 8F feeding tube with a stitch
•  Remove ports, close fascia with 2–0 vicryl under direct vision and 

perform skin closure.

4.6  Outcomes and Complications

Data and outcomes of robotic-assisted laparoscopic APV are 
limited to retrospective series and single-center studies with-
out case-controlled or randomized trials. Early outcomes 
support the safety and efficacy of this procedure with results 
comparable to the open approach. The robotic approach 
results in decreased days to return to diet compared to the 
open approach (4 vs 6  days) and a 50% reduction in the 
length of hospital stay (6.8 vs 13 days). While there is a lon-
ger operative time (OT) for the robotic approach overall, if 
no bladder augment is necessary and an extravesical anasto-
mosis may be performed, the OT is similar [20].

Continence rates are comparable to the open approach, 
ranging from 91 to 95% continence compared to the quoted 
91–98% continence with the open approach [20, 23–27]. 
Patients with postoperative urinary incontinence may have 
had a shorter tunneling length or have elevated bladder pres-
sures. If a patient has elevated bladder pressures, manage-
ment with anticholinergic medications, intravesical Botox 
therapy, or consideration of an augmented enteroplasty is 

warranted. For those with a short tunnel length, injection 
with dextranomer/hyaluronic acid (Deflux) often success-
fully achieves social continence for these patients.

Other important functional outcomes and complications 
for Mitrofanoff appendicovesicostomy include stomal steno-
sis, stomal prolapse, channel stricture, and false passage for-
mation. Difficulty with catheterization can be due to stomal 
stenosis, channel redundancy, or awkward angulation of the 
channel. If stomal stenosis begins to occur and the patient or 
caregiver stops catheterizing, there is a risk of complete oblit-
eration of the channel. Maintaining an open bladder neck 
allows for a safety valve in case of high bladder pressures or 
inability to catheterize. There is a 17–40% overall complica-
tion rate with a 5–28% surgical revision rate for Mitrofanoff 
appendicovesicostomy [28–30]. Stomal stenosis occurs in 
5–10% of patients utilizing the robotic approach, which 
includes suprafascial and subfascial stenosis. Retrospective 
data indicates that there is no difference in complication rates 
between the open and robotic approaches [31].

5  Yang-Monti

5.1  Patient Selection

A Yang-Monti ileovesicostomy is used for the same indica-
tions as an APV but for patients who lack an appendix or the 
appendix cannot be used. For example, if the appendix length 
is too short even with a cecal flap or if the patient’s body 
habitus is quite large, a Yang-Monti can provide the neces-
sary additional length. The ileum is a preferred channel 
material due to its redundant physiologic nature and low 
complication rates. Like any CCC, a candidate for the Yang- 
Monti must have adequate dexterity for self-catheterization 
or have a reliable caregiver to do so. Patients and their care-
givers should be extensively counseled on the indications, 
operative expectations, and postoperative course prior to 
embarking on this procedure. If a simultaneous bladder aug-
mentation enterocystoplasty is performed, the Yang-Monti 
can be constructed from adjacent bowel for a single bowel 
anastomosis.

5.2  Preoperative Preparation

A complete history and physical should be done for every 
patient, noting prior bowel surgery, prior abdominal surgery, 
history of abdominal radiation, history of inflammatory 
bowel disease, and body habitus. A stoma site should be pre- 
marked accounting for patient’s dexterity, body habitus, and 
abdominal folds. The umbilicus is often chosen due to rela-
tive absence of the adipose tissue and for cosmesis. Patients 
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are not typically given a mechanical or oral antibiotic bowel 
preparation. A preoperative urine culture is obtained, as it is 
important to treat any concomitant urinary tract infection 
prior to surgery.

5.3  Positioning and Port Placement

The patient is placed in low dorsal lithotomy position with a 
Trendelenburg of 10–15 degrees and arms tucked at the side. 
Foam padding should be used on all pressure areas and on the 
face to prevent injury. The patient is draped and a Foley cath-
eter should be placed in the sterile field. Local anesthetic into 
the port sites or a transverse abdominis plane (TAP) block 
should be used prior to incision of port sites. Ports include a 
12  mm blunt tip balloon trocar for the camera port in the 
supraumbilical position. Two 8 mm robotic arm ports for the 
robotic arms are placed at the level of the umbilicus in the 
mid-clavicular line bilaterally. The left port is placed 8  cm 
lateral to the umbilicus, and the right arm is placed 9–10 cm 
lateral to the umbilicus. A 5 mm assistant port is placed in the 
left upper quadrant, which is equidistant from the camera and 
left working port. An additional 8 cm robotic fourth arm is 
placed 7–8 cm lateral to the right arm port in children taller 
than 1.5 m. Alternatively, an optional 5 mm working port may 
be placed in the right lower quadrant, and this can be used as 
the stoma site if applicable. A fenestrated bipolar arm is used 
in the left arm and monopolar scissors in the right arm.

5.4  Surgical Steps

Perioperative antibiotics are administered within 1 h of inci-
sion to all patients, generally cefazolin, gentamicin, and met-
ronidazole. Vancomycin may be used instead of cefazolin if 
a VP shunt is present. Of note, if a VP shunt is present, this 
can be placed in an endopouch retrieval bag to avoid con-
tamination with bowel contents. The Foley is placed. The 
12  mm trocar is placed with an open Hassan technique. 
Pneumoperitoneum is established to 12 mmHg. The remain-
ing robotic arms should be placed as described above.

A 2–3 cm segment of bowel, usually the ileum, is isolated 
on its mesentery. This segment should be at minimum 
15–20 cm proximal to the ileocecal junction. A 2.0–2.5 cm 
segment of bowel will usually result in a tube of 6–7 cm in 
length when tubularized transversely (Fig. 11a). Using elec-
trocautery, transect the segment of the ileum. Maintain ade-
quate enteric blood supply by identifying and preserving the 
vascular arcades supplying the bowel segment. If a simultane-
ous augmentation enterocystoplasty or neobladder creation is 
to be performed, the Yang-Monti segment should be harvested 
from an adjacent section of the bowel in order to eliminate the 
need for an additional bowel anastomosis (Fig. 11).

The bowel is then opened longitudinally along its anti- 
mesenteric border with electrocautery scissors (Fig.  11b). 
Stay sutures may be placed on either end to facilitate easier 
handling and suturing. It is then re-tubularized transversely 
in two layers with absorbable suture (Fig. 11c). We recom-
mend using running suture technique for the center of the 
channel and interrupted sutures on each end so that adjust-
ments to channel length can be made without compromising 
the integrity of the closure.

The ileovesical anastomosis, stoma location and matura-
tion, and skin closure are the same as the robotic APV proce-
dure described earlier in this chapter (Fig. 11d). The use of a 
14F Foley catheter in the new channel and either a urethral 
Foley or a suprapubic catheter is used. If an endopouch was 
used to hold the VP shunt, this should be removed. The ports 
are all removed and the fascia closed using a 2–0 Vicryl 
stitch under direct vision. The camera port is the last to be 
closed. The skin is then closed with subcutaneous and subcu-
ticular suture and surgical glue.

5.5  Double Monti

If a longer channel than 6–7 cm is required, a double Monti 
may be performed. This involves two consecutive Monti 
segments as described above sutured together to form a 
10–12 cm channel. The bowel segments should be incised 
near the mesentery to create a short side and a long side 
relative to the mesentery. The short sides can then be 
sutured together so that the mesenteric blood supply to the 
channel is in the middle of the channel, providing adequate 
length and maneuverability for the bladder and skin 
anastomoses.

5.6  Spiral Monti

An alternative to the double Monti is the spiral Monti. This 
uses a 3.5–4 cm segment of bowel isolated on its mesen-
tery in the customary fashion (Fig. 12a). The segment is 
transversely divided in half for 80% of its circumference 
generally in the middle of the bowel segment, preserving 
the strip of bowel over the mesentery (Fig. 12b–c). There 
are then two “halves” of the bowel segment. The first seg-
ment is incised longitudinally near the mesentery on one 
side. The second segment is incised longitudinally near 
the mesentery on the opposite side (Fig.  12d–e). After 
unfolding the bowel, the middle corners along the mesen-
tery are sutured together in the middle of the new spiral 
Monti tube (Fig. 12f–g). The resulting strips of bowel are 
sutured as previously described (Fig.  12h). A summary 
of the surgical steps is available in the following table 
(Table 3).
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a b

c d

Fig. 11 Isolation and retubularization of a segment of the ileum. 
Shown with concomitant ileocystoplasty. (a). A 2.5–3 cm segment of 
bowel is isolated on a vascular pedicle adjacent to the segment of bowel 
being utilized for ileocystoplasty. (b). The Monti tube is opened longi-
tudinally on the anti-mesenteric border. (c). The distal ends of the tube 

are sutured to create a longer channel with the mesentery in the middle. 
Complete this over a catheter. (d). Anastomose the Monti channel to the 
bladder with a minimum of 4 cm of the detrusor muscle imbricated over 
as an antirefluxing mechanism

5.7  Postoperative Care

The 14F catheter in the ileovesicostomy channel and the ure-
thral Foley or suprapubic catheter are kept for continuous 
drainage for four weeks. The 14F catheter is then removed 
from the ileovesicostomy with the urethral Foley or suprapu-
bic catheter left in as a safety valve for one week as the 
patient and/or caregivers learn clean intermittent catheteriza-
tion. Antibiotics are given for 24–48  h postoperatively. 
Routine postoperative care after robotic surgery applies to 
this pediatric population, including early diet advancement, 
limiting of narcotics, and early ambulation. Postoperative 
care should consist of occupational therapists, social work-
ers, and a care coordinator to support the patient and caregiv-

ers. Subcutaneous heparin is utilized in patients at high risk 
for DVT, such as high BMI or immobility.

5.8  Outcomes and Complications

Similar to APV, the Yang-Monti ileovesicostomy is safe and 
effective in both the open and robotic approaches [20]. 
Continence rates are similar to APV at around 95%. The advan-
tages of robotic surgery of faster return to diet and decreased 
hospital length of stay are applicable to the Monti procedure as 
well. Unlike the APV, there is a bowel  anastomosis, typically in 
the ileum, which has an increased risk of bowel leak and com-
plication rates compared to the use of the appendix [32].
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f g h

Fig. 12 Spiral Monti 
creation. (a). Utilize a 
3.5–4 cm segment of bowel, 
usually the ileum, on its 
vascular pedicle. (b, c). 
Divide the segment in half 
transversely along 80% of its 
circumference, keeping the 
mesentery intact. (d, e). 
Divide opposite sides of each 
hemi-segment longitudinally 
along the edge of the 
mesentery. (f, g). Unfold the 
new spiral Monti tube and 
suture the middle corners 
along the mesentery together. 
(h). Roll the new spiral Monti 
over a catheter and suture 
longitudinally
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Table 3 Yang-Monti brief surgical steps

•  Low lithotomy with 10–15° Trendelenburg, arms tucked palms up
•  Camera port supraumbilical, working arms 8 cm lateral, 4th arm 

7–8 cm lateral to right arm near iliac fossa, 5 mm assistant port in 
RUQ

•  2–3 cm segment of ileum 15–20 cm proximal from ileocecal valve 
is isolated on its mesentery

•  Use electrocautery’ to open the bowel longitudinally along its 
anti-mesenteric border

•  Retubularize transversely in two layers to create a 6–7 cm tube
•  Bladder detrusor anterior tunnel creation (if no augmentation 

enterocystoplasty)
•  Fill bladder with 60–200 cc saline depending on bladder capacity’
•  Using electrocautery, incise detrusor to expose bladder mucosa at 

least 4 cm (for continence)
•  Spatulate the distal Monti and incise the bladder mucosa 1 cm
•  Complete anastomosis with 4–0 PDS interrupted sutures over an 

8F feeding tube
•  Place Monti channel in previously incised 4 cm trough and 

imbricate detrusor muscle over it with 4–0 PDS suture
•  Bladder detrusor posterior tunnel creation (if concurrent 

augmentation enterocystoplasty)
•  Using electrocautery, a cystotomy is performed on posterior wall 

of the bladder
•  Identify bilateral ureteral orifices
•  Using electrocautery, make a small hiatus for the anastomosis
•  Create a 4 cm submucosal tunnel and place Monti channel in the 

tunnel
•  Spatulate and suture distal Monti channel to bladder mucosa with 

4–0 PDS interrupted sutures over an 8F feeding tube
•  Close the bladder mucosal defect
•  Bring proximal Monti channel to umbilical or RLQ port sites
•  Stoma maturation. Create stoma by spatulating the distal Monti 

channel and perform cutaneous flap anastomosis
•  Secure 8F feeding tube with a stitch
•  Remove ports, close fascia with 2–0 vicryl under direct vision and 

perform skin closure

Stomal stenosis rates are approximately 5–10%, which is 
similar to the APV [30, 33]. Diverticular pouch formation is 
more common in a Monti channel due to the generally 
increased length of the channel resulting in channel redun-
dancy. There is a higher rate of diverticular pouch formation 
in the double Monti, resulting in difficulty with catheteriza-
tion [34]. Overall revision rates are two times higher for a 
Monti than APV and four times higher for a spiral Monti, 
although Szymanski et  al. reported similar revision rates. 
This discrepancy may be attributable to the higher subfas-
cial revisions with Monti channels compared to APV but not 
in suprafascial revision. Subfascial complication rates, spe-
cifically, are highest for spiral Monti with an umbilical 
stoma at 32%, compared to 15% for conventional Monti 
channels [35]. Thus, when feasible, a single Yang-Monti 
configuration is preferred. Risk factors for complications 
requiring revision include age, weight, type of channel, and 
stoma location.

6  Malone Antegrade Colonic Enema

6.1  Patient Selection

Patients considered for a MACE should have intractable con-
stipation who have failed multiple bowel evacuation regi-
mens. The patient or a reliable caregiver must be able to 
perform catheterizations and antegrade enema delivery with 
adequate dexterity and consistency. Patients and their care-
givers should be extensively counseled on the indications, 
operative expectations, and postoperative course prior to 
embarking on this procedure. Multiple abdominal surgeries 
resulting in intra-abdominal adhesions and severe kyphosco-
liosis may increase the likelihood of conversion to an open 
procedure.

6.2  Preoperative Preparation

A complete history and physical should be done for every 
patient, noting especially prior bowel surgery, prior abdomi-
nal surgery, and body habitus. Patients are not typically given 
a mechanical or oral antibiotic bowel preparation as this does 
not improve outcomes.

6.3  Positioning and Port Placement

The patient is placed in the supine position with arms tucked 
at the sides. Foam padding should be used on all pressure 
areas and on the face to prevent injury. The patient is draped 
in sterile fashion. Local anesthetic into the port sites or a 
TAP block should be used prior to incision of port sites. Ports 
include a 12 mm blunt tip balloon trocar for the camera port 
in the infraumbilical midline. Two 8 mm robotic arm ports 
are placed in the midline in the sub-xyphoid and suprapubic 
positions. A fourth arm is placed in the right lower quadrant, 
which will be the site of the stoma. A fenestrated bipolar arm 
is used in the left arm and monopolar scissors in the right 
arm.

6.4  Surgical Steps

Perioperative antibiotics are administered within 1 h of inci-
sion to all patients, generally cefazolin, gentamicin, and met-
ronidazole. Vancomycin may be used instead of cefazolin if 
a VP shunt is present. A Foley is placed. The 12 mm trocar is 
placed with an open Hassan technique. Pneumoperitoneum 
is established to 12 mmHg. If a VP shunt is present, it can be 
placed in an endopouch retrieval bag to avoid contamination 
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with bowel contents. The remaining robotic arms should be 
placed as described above.

If utilizing an appendix for the MACE, the appendix is 
mobilized at the appendicular/cecal junction, keeping in 
mind that mobilization of the ascending colon along the line 
of Toldt may be necessary in order for the distal appendix to 
reach the skin. A stay suture may be placed at the tip of the 
appendix to facilitate handling of the appendix while avoid-
ing crush injury to the tissue. A mesenteric window is made 
at the proximal end of the appendix, taking care not to com-
promise the blood flow to the appendix. While imbrication of 
the appendix is debated, we do not perform this, and our 
experience and data indicate that this step is not essential to 
prevent leak [36]. The appendix is then grasped using the 
stay suture and delivered through the laparoscopic port in the 
right lower quadrant or umbilicus for stoma maturation. For 
patients with a simultaneous APV or Yang-Monti, the right 
lower quadrant is the preferred location. The cecum is 
secured to the abdominal wall with absorbable monofilament 
suture. The stoma is matured via spatulation on the anti- 
mesenteric border and is sewn with 5–0 PDS monofilament 
absorbable suture. A 10F catheter is secured to stoma to be 
left in place for three weeks.

6.5  Split APV and ACE

For patients undergoing a simultaneous APV and ACE cre-
ation, the appendix may be used and split between the two 
procedures in those who have an appendix long enough. This 
is generally at 10–12 cm appendix. A minimum of 4 cm is 
necessary for the APV, with preference for 5–6  cm. The 
proximal 2–4 cm is then utilized for the ACE channel. The 
appendiceal artery and its arcades are prioritized for the dis-
tal appendix used for the APV as the proximal appendiceal 
stump can be sustained via collateral blood flow from the 
cecal blood supply. Once each appendiceal segment is iso-
lated, each procedure proceeds as previously described.

6.6  Cecal Flap ACE

If no appendix is available due to history of appendectomy or 
concomitant APV with a short appendix, a cecal tube can be 
made for the ACE channel [37]. Incise the proximal cecum in 
a U-shape to form a cecal flap. The cecal flap should be 4 cm 
in length and 3  cm in width. Reapproximate the proximal 
cecum until a 10–12F hole remains adjacent to the cecal flap. 
Tubularize the flap around a 10F feeding tube. A 4–0 or 5–0 
monofilament absorbable suture can be used. A stay suture 
can be used on the cecum in order to decrease manipulation 
of the cecal flap with robotic instruments. Once the tubular-
ized cecal flap is formed, deliver the distal end through the 

laparoscopic port in the right lower quadrant or umbilicus for 
stoma maturation. The cecum is secured to the abdominal 
wall. The stoma is matured with 5–0 PDS monofilament 
absorbable suture. A 10F catheter is secured to stoma to be 
left in place for three weeks.

Stoma maturation and skin closure are the same as the 
robotic APV procedure described earlier in this chapter. If an 
endopouch was used to hold the VP shunt, this should be 
removed. The ports are all removed and the fascia closed 
using a 2–0 Vicryl stitch under direct vision. The camera port 
is the last to be closed. The skin is then closed with subcuta-
neous and subcuticular suture and surgical glue. A summary 
of the surgical steps is available in the following table 
(Table 4).

6.7  Postoperative Care

The 10F catheter is kept for three weeks. After removal, 
catheterization is taught to the patient and/or caregiver. 
Antegrade enemas are started once daily and increased there-
after as needed. Antibiotics are given for 24–48 h postopera-
tively. Routine postoperative care after robotic surgery 
applies to this pediatric population, including early diet 
advancement, limiting of narcotics, and early ambulation. 
Postoperative care should consist of occupational therapists, 
social workers, and a care coordinator to support the patient 
and caregivers. Subcutaneous heparin is utilized in patients 
at high risk for DVT, such as high BMI or immobility.

6.8  Outcomes and Complications

MACEs are commonly used to help achieve fecal conti-
nence. They are used in over 27% of adolescents with spina 
bifida and have success ranges ranging from 59 to 97% [38]. 
There is an approximately 81–91% continence rate with 

Table 4 Malone antegrade colonic enema (MACE) brief surgical steps

•  Low lithotomy with 10–15° Trendelenburg, arms tucked palms up
•  Camera port supraumbilical, working arms in the midline in the 

sub-xyphoid and suprapubic positions, 4th arm in RLQ
•  If utilizing the appendix, mobilize the appendix until it can reach 

the previously marked stoma site. Imbrication of the appendix is 
optional

•  If no appendix is available, create a cecal flap by incising a 
4 × 3 cm U-chape in the proximal cecum and tubularizing this 
around a 10F feeding tube with 4- or 5–0 PDS

•  Secure the cecum to the abdominal wall
•  Bring appendix or cecum to desired stoma location
•  Stoma maturation via spatulation on the antimesentenc border and 

perform cutaneous flap anastomosis
•  A 10F catheter is secured to the stoma for 3 weeks
•  Remove ports, close fascia with 2–0 vicryl under direct vision and 

perform skin closure
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MACE and a 90% improvement in patient-reported quality 
of life [20, 39, 40]. Complications include stomal stenosis 
(16–30%), continued fecal incontinence or fecal leaking 
(6–11%), difficult catheterization (4%), wound infection 
(3%), pain with enema administration (3%), and granulation 
tissue formation (<1%). MACE stomal stenosis tends to 
occur earlier than in other CCCs [26]. About 40% of patients 
with complications will require surgical revision. Decisional 
regret has been investigated, and 53% of patients and/or their 
parents have some form of regret, most of which was mild 
and owing to persistent fecal incontinence. Robotic and pure 
laparoscopic MACE surgeries are reported with excellent 
outcomes [20, 41–43].

7  Bladder Neck Reconstruction

7.1  Patient Selection

Possible candidates for bladder neck reconstruction are chil-
dren with incompetent urethral sphincters and bothersome 
urinary leakage despite exhaustion of conservative measures. 
Whether or not a patient has adequate bladder capacity and 
compliance to maintain normal pressures determines whether 
or not they need a concomitant bladder augmentation. 
Etiologies include exstrophy, cloacal abnormalities, and neu-
rogenic bladder secondary to spinal cord injury/neural tube 
defects. Patients typically undergo urodynamic study while 
on anticholinergic medication prior to surgery to determine 
if augmentation is necessary.

Other options to a bladder neck reconstruction include 
bulking agents injected at the bladder neck, artificial urinary 
sphincters (AUS), a bladder neck sling, bladder neck flap 
procedures, and closure of the bladder neck. Here, we 
describe our robotic bladder neck reconstruction technique, 
which is a modification of the Young-Dees-Leadbetter 
(YDL) technique.

7.2  Preoperative Preparation

A complete history, physical, and video urodynamic study 
should be done for every patient, especially noting prior sur-
gery to the bladder or previous continence procedures. 
Patients are not typically given a mechanical or oral antibi-
otic bowel preparation. A preoperative urine culture is 
obtained, as it is important to treat any concomitant urinary 
tract infection prior to surgery.

7.3  Positioning and Port Placement

The patient is positioned in the low lithotomy position with a 
Trendelenburg of 10–15 degrees and arms tucked at the side 

with palms up to prevent ulnar nerve injury. Foam padding 
should be used on all pressure areas and on the face to pre-
vent injury. An 8 mm (12 mm for Si robots) blunt tip balloon 
trocar is used for the camera port. We prefer the Hassan tech-
nique for this initial port, placed just superior to the umbili-
cus to ensure a minimum 10–12 cm pubo-umbilical distance 
is maintained. The left port is placed 8  cm lateral to the 
umbilicus, and the right arm is placed 9  cm lateral to the 
umbilicus. If the patient’s size will not permit this, a distance 
of 4–5  cm between the camera and robotic arm ports is 
acceptable. An additional 8 cm robotic fourth arm is placed 
7–8 cm lateral to the right arm port near the right iliac fossa 
in children taller than 1.5  m undergoing a concomitant 
CCC. A 5 mm assistant port (12 mm for cases with augmen-
tation cystoplasty) is placed in the left upper quadrant, which 
is equidistant from the camera and left working port. An 
optional 5 mm port, or a third working arm, may be placed in 
the right lower quadrant if needed, and this can be used as the 
stoma site if applicable.

7.4  Surgical Steps

Perioperative antibiotics are administered within 1 h of inci-
sion to all patients, generally cefazolin. More broad antibiot-
ics may be used if a VP shunt is present. Of note, if a VP 
shunt is present, this can be placed in an endopouch retrieval 
bag to avoid contamination with bowel contents (if undertak-
ing simultaneous bowel surgery). First, the patient is draped 
and cystoscopy is performed. Using a pediatric cystoscope 
(size based on patient’s age), bilateral ureteral stents are 
placed to later identify the ureteral orifices (UOs) during the 
procedure. Afterward, the patient is re-draped, and a 6fr 
Foley catheter is placed in the sterile field (larger Foleys are 
acceptable for bigger children). Local anesthetic into the port 
sites or a TAP block should be used prior to incision of port 
sites. The camera port is then placed via the open Hassan 
technique. Pneumoperitoneum is established to 12 mmHg. A 
diagnostic peritoneoscopy is performed to assess for scar tis-
sue and any other abnormalities. The remaining robotic arm 
and assistant ports are then placed under direct visualization. 
Initially, a fenestrated bipolar arm is used in the left arm and 
robotic scissors in the right arm.

The bladder is then filled with 80 cc of saline. A vertical 
cystotomy is performed along the anterior portion of the 
bladder using the robotic scissors. A percutaneous stay suture 
is then placed on each lateral aspect of the cystotomy. Next, 
a “V”-shaped segment of the bladder mucosa is resected just 
below each ureteral orifice to create a long strip that will 
become the newly tubularized urethra. The mucosa excision 
is extended anteriorly to the level of the verumontanum, 
roughly 3  cm from the ureteral orifices (Figs.  13 and 14). 
Then, the arms are switched out for needle drivers. The 
mucosal layer of the newly tabularized urethra is sutured 
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Right ureteral orifice
with double “J” stent

Verumontanum

Left ureteral orifice
with double “J” stent

Excision of the
bladder mucosa layer
above the
verumontanum

Fig. 13 Excision of the 
bladder neck mucosa [44]

Fig. 14 Robotic view of bladder neck mucosa excision [44] Outer Muscle Layer
4-0 PDS

Inner Mucosal Layer
4-0 PDS

Closure in Two Layers

Fig. 15 Bladder neck closure over catheter [44]

with 4–0 PDS sutures in a running fashion from the veru-
montanum back toward the newly created bladder neck over 
the 6-French Foley catheter. The outer muscular layer is also 
closed with a 4–0 PDS suture in a continuous fashion, also 
starting from the verumontanum. The newly reconstructed 
bladder neck should be 3 cm in length (Figs. 15 and 16).

This procedure is nearly always accompanied by a uri-
nary catheterizable channel (+/− bladder augmentation), 
often using the appendix. Once all other portions of the pro-
cedure are completed, the cystotomy (if it remains) is closed 
in a single layer using 3–0 Vicryl. A summary of the surgical 
steps is available in the following table (Table 5).

7.5  Postoperative Care

Duration of the Foley catheter is largely dependent on 
whether or not a concomitant catheterizable channel and 
SPT were placed. Often the Foley can be removed on POD1, 
and bladder drainage is maintained via the SPT or channel 
for at least four weeks (at which point CIC via a catheteriz-

able channel can be initiated). The drain is removed prior to 
discharge so long as the output is less than 100 cc per day. 
Triple antibiotics are given for 24–48  h post-op. Routine 
postoperative care after robotic surgery applies to this pedi-
atric population, including early diet advancement, limiting 
of narcotics, and early ambulation. Postoperative care should 
consist of occupational therapists, social workers, and a care 
coordinator to support the patient and caregivers.

7.6  Outcomes and Complications

True success rates of bladder neck repair operations are hard 
to find given that most studies are case series or retrospective 
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reviews and that there are various confounders, including 
differing primary diagnoses and concurrent procedures such 
as fascial slings, augmentation cystoplasty, and/or APV/
Monti. Given those caveats, in the larger series, open bladder 
neck repair continence rates have historically been reported 
as 44–79% [45]. In the larger series, robotic repair conti-
nence rates range from 58 to 85% after the initial procedure 
[45]. Continence rates are even higher if a secondary or reop-
eration is included in the analysis.

Operative time tends to be longer for robotic bladder neck 
procedures, although again this is confounded by concurrent 
procedures. Robotic procedure time has been shown to 
decrease as the surgeon climbs the initial learning curve. 
Grimsby et al. retrospectively reported a mean OR time of 
4.6 h for open bladder neck reconstruction versus 8.1 h for 
robotic reconstruction, although, again, OR times decreased 
with more experience in the robotic cohort [46]. None of 
those patients underwent augmentation cystoplasty. The lit-
erature for robotic bladder neck reconstruction shows OR 
times varying from 5.8 to 8.2 h [45].

Decreased blood loss, length of stay, improved cosme-
sis, and decreased postoperative bowel adhesions are 
thought to be reasons the robotic approach could be supe-
rior, although robust data on this is currently lacking. 
Gundeti et  al. did report on 88 patients who underwent 
robotic APV (with bladder neck reconstruction in 39% and 
augmentation cystoplasty in 17%). They showed a 90-day 
complication rate of 30% with a mean estimated blood loss 
of 54 mL and a mean length of stay of 5.2 days [28]. The 
four patient case series by Bagrodia et al. had a mean esti-
mated blood loss of 117.8 mL and mean length of stay of 
3.6  days for patients undergoing robotic APV, LM BNR 
with BNS [47]. These numbers are in line with the open 
approach with a lower estimated blood loss. Full conti-
nence rates, complication profiles, and OR times are shown 
in the table (Tables 6 and 7).

Fig. 16 Robotic view of bladder neck closure over catheter [44]

Table 5 Bladder neck reconstruction brief surgical steps

•  Low lithotomy with 10–15° Trendelenburg, arms tucked palms up
•  Cystoscopy to place bilateral ureteral stents for UO identification, 

foley then placed in sterile field
•  Camera port supraumhilical, working arms 4–8 cm lateral, 5 mm 

assistant port in RUQ
•  Additional robotic 4th arm 7–8 cm lateral to right arm if 

undergoing CCC
•  Optional assistant port in in LUQ for augmentation cystoplasty
•  Fenestrated bipolar right arm, robotic scissors left arm
•  Fill bladder with 80 cc saline → vertical cystotomy along anterior 

aspect
•  Percutaneous stay sutures on each lateral aspect of the cystotomy
•  “V” shaped segment of bladder mucosa resected below each UO
•  Extend excision anteriorly to level of verumontanum (3 cm from 

UOs)
•  Needle drivers in fur each arm
•  Mucosal closure of newly tubularized urethra with 4–0 PDS over 

foley, running from verumontanum back to bladder neck
•  Muscle layer closure of urethra with 4–0 PDS. New length should 

be 3 cm in length
•  Bladder augment/Catheterizable channel portion of the case
•  Cystotomy closure in single layer using 3–0 vicryl
•  Remote ports under direct visualization, close fascia, leave a blake 

drain

Table 6 Outcomes and complications of robotic bladder neck reconstruction

Citation Surgical approach Continence rate Complications OR time
Gargollo [48] RAL APV, LM (Leadbetter/Mitchell) BNR, BNS (n = 38) 82% 11% conversion to open

11% new VUR
5% bladder stones
21-month follow-up

5.8 h

Gargollo et al. [49] RAL LM BNR w CCC, BNS (n = 25) NR 16% conversion to open
4% ileus

9 h

Bagrodia and Gargollo [47] RAL APV, LM BRN, BNS (n = 4) 100% 25% conversion to open
50% de novo VUR

7.75 h

Grimsby et al. [31] RAL APV, some with concurrent BNR (n = 39) NR 10% conversion to open
26% acute complications

NR

Grimsby et al. [46] RAL BNR, BNS w CCC (n = 19) 58% 16% acute complications 8.1 h
Gundeti et al. [28] RAL APV, 24% with concurrent BNR (n = 88) 85% 11% ileus 7.1 h
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Table 7 Outcomes and complications of open bladder neck 
reconstruction

Article
Surgical 
approach

Continence 
rate Complications

OR 
time

Cole [50] Open YDL 
BNR (n = 14)

79% NR NR

Grimsby 
et al. [31]

Open APV, 
some with 
concurrent 
BNR (n = 28)

NR 29% acute 
complications

NR

Grimsby 
et al. [46]

Open BNR, 
BNS w CCC 
(n = 26)

44% 12% acute 
complications

4.6 h

Jawaheer 
and 
Rangecroft 
[51]

Open Pippi 
Salle, some 
with cystoplasty 
and APV 
(n = 18)

61% 39% required 
reoperation

NR
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Robotic Surgery to Approach Bladder 
Disorders in Pediatric Patients

Dana A. Weiss, Arun K. Srinivasan, and Aseem R. Shukla

1  Introduction

Following a long tradition of urology being an early adaptor 
of minimally invasive surgery (MIS), pediatric urologists 
also have been widely accepting new techniques to provide 
minimally invasive surgical options for children. As such, the 
robotic platform has been used in pediatric urology for well 
over a decade and has become nearly standard of care for 
some procedures, such as pyeloplasty. It also is widely used 
in ureteral reimplantation, although there remains some con-
troversy for that procedure. Due to its more widespread 
usage, overall experience has increased, and experienced 
robotic surgeons are now performing more complex proce-
dures on the bladder, including creating catheterizable chan-
nels, providing minimally invasive options for ileocystoplasty, 
and offering options for bladder neck reconstruction.

In general, the benefits of MIS include decreased pain, 
decreased length of stay in the hospital, and improved cos-
mesis, trading a single long incision for several smaller inci-
sions. However, the benefits have had to be balanced with the 
drawbacks of long learning curves, higher cost, and increased 
operative times. These factors are often only temporary. All 
surgical intervention has a learning curve—it just depends 
on when that learning curve happens (in training or in prac-
tice). Long operative times have been listed as critiques for 
robotic reconstructive surgeries; however, like all things, 
experience improves time. The first laparoscopic nephrecto-
mies took a long time. The first robotic prostatectomies took 
a long time. Similarly, the first robotic augmentations took a 
long time, but with perseverance and gaining expertise, all of 
these times decrease and the end result is a comparable if not 
optimal approach. The first open augmentations that a sur-
geon does in his/her practice also take longer than his/her 
mentors, but time is not the goal.

Another potential benefit of robotic surgery as compared 
to the traditional open approach is that there may be a 

decreased risk of adhesions. This was demonstrated in a por-
cine model, showing both decreased number of adhesions 
and increased density and complexity of the adhesions in the 
open augmentation group [1].

2  Bladder Diverticula

The first report of robot-assisted laparoscopic bladder diver-
ticula excision was in 2009 [2]. The robotic platform offered 
the ease of intracorporal suturing over the previously 
described laparoscopic approach and thus combined the ben-
efits of MIS with a focally directed excision of a bladder 
diverticula. We have found that robot-assisted laparoscopic 
approach allows excellent repair both as a stand-alone proce-
dure and repair of paraureteric/periureteral diverticulum as 
part of anti-reflux procedure. We start the procedure with a 
cystoscopy to determine the relationship of the diverticulum 
to the ureteral orifices and, if close, place a stent in that ure-
ter. Then, we proceed to surgically dissect the diverticulum 
with robot assistance. Filling the bladder intermittently helps 
identify the diverticulum (Fig. 1). One has to be careful to 
protect the ureters and the vas during the dissection. Once 
the stand-alone diverticulum is identified, it is dissected free 
from surrounding structures down to its neck. The diverticu-
lum is then incised open and divided at the level of the neck. 
At the level of the neck, the bladder is then closed in two 
layers.

In the setting of the paraureteral or periureteral diverticu-
lum, one can repair the diverticulum as part of ureteral reim-
plantation surgery. Once the ureter and diverticulum are 
dissected free as one entity, the detrussor tunnels are made as 
is normal for an extravesical ureteral reimplantation 
approach. Then, the diverticulum along with the ureter is 
reduced inside the bladder and anchored in place with an 
anchoring suture at the 12’o clock position. The rest of the 
detrusorraphy is completed in a routine fashion tunneling the 
ureter inside the detrusor tunnel. An alternative approach D. A. Weiss (*) · A. K. Srinivasan · A. R. Shukla 
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a b

Fig. 1 (a) Bladder diverticulum from the inside bladder. (b) Diverticulum (blue star) filled and easily seen outside the bladder (B)

would be to perform a dismembered ureteral reimplant after 
excision of the diverticulum.

A series of 14 patients was presented in 2012, demon-
strating an average hospital length of stay of 24.4 hours with 
the Foley catheter being removed the following day, and 
there were no short- or long-term complications [3]. 
Postoperative VCUGs (voiding cystourethrograms) demon-
strated no evidence of the persistent diverticula. In this 
series, the ureters were protected with temporary indwelling 
ureteral catheters. This series was followed a year later by a 
case report of a diverticulectomy along with ureteral reim-
plantation for a paraureteral diverticulum [4]. In this case, 
the shared common wall of the inside of the diverticulum 
and the anterior ureter was left intact, and once the diver-
ticulum was excised, the ureter was placed into a detrusor 
tunnel much like a standard extravesical reimplantation. 
This procedure has also been demonstrated in a recent video 
that is available [5].

3  Appendicovesicostomy/Continent 
Catheterizable Channels

Following on the heels of experience with robot-assisted 
laparoscopic ureteral reimplantation, as well as the longtime 
experience with laparoscopic appendectomies, a logical pro-
gression was the creation of appendicovesicostomy (APV) 
catheterizable channels via a robot-assisted approach. The 
completely laparoscopic appendicovesicostomy was first 
reported in 2004 [6].

Some concerns about the robotic approach to the APV is 
the risk of leakage from the stoma. In addition, the location 

of insertion of the channel into the bladder is controversial. 
Historically, a posterior insertion was thought to be better for 
clearance of the mucous and to prevent stones. However, 
technically, implantation anteriorly is easier, and it decreases 
the length of the appendix needed to reach the abdominal 
wall, thus enabling a longer tunnel which aids in the conti-
nence mechanism of the channel. There are no data to defini-
tively advocate for one approach or the other. In a series of 
open channels in patients with bladder exstrophy, anterior 
channels had increased risk of infections and an increase, but 
not significantly, in stone formation [7]. This series however 
excluded patients with spina bifida due to decreased mobility 
and overall increase in risk of stone formation. In three 
robotic series, one in which both anterior and posterior 
implantations were constructed [8] and two in which only 
anterior implantation of the appendix was used, bladder 
stones were not reported in any children, so the comparison 
could not be made [9, 10].

The technique for RALM (robot-assisted laparoscopic 
Mitrofanoff) has been previously well described [11]. In 
summary, the appendix is first mobilized (Fig.  2). This is 
often easier done with a straight laparoscopic technique in 
order to enable a high dissection of the cecum if needed in 
order to gain length or to access a retrocecal appendix. The 
goal is to mobilize the cecum and right colon, if needed, in 
order that the appendix can easily reach from the bladder to 
the abdominal wall. After mobilizing the appendix, a cecal 
flap can be used as well in order to elongate the channel. 
Ideally, the appendix will be 5–6 cm in length at least and 
accommodate a 10–12F catheter. Once the appendix is mobi-
lized and the appendiceal mesentery mobilized partly, a 
purse string suture is placed at the base of the appendix, and 
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a b

Fig. 2 (a) Appendix mobilization. (b) Split of the appendix. With per-
mission, from Galansky L, Andolfi C, Adamic B, and Gundeti 
MS. Continent Cutaneous Catheterizable Channels in Pediatric Patients: 

A Decade of Experience with Open and Robotic Approaches in a Single 
Center. European Urology 2021; 79: 866–78. https://doi.org/10.1016/j.
eururo.2020.08.013

it is separated from the cecum. The cecal opening is then 
oversewn. Alternatively, a laparoscopic stapler device can be 
utilized to divide the appendix. The appendiceal mesentery is 
further mobilized to gain length on the channel, and then the 
distal 1 cm is excised to open the lumen. In settings where 
the appendix is unavailable or inadequate, a Monti can be 
created (Fig. 3).

If an isolated APV is being created, the appendix is most 
often inserted into the anterior bladder wall, as this is an eas-
ier procedure than the posterior wall and has shorter distance 
to the abdominal wall for a short appendix. However, as 
mentioned above, this point is controversial.

Next, the bladder is distended, and a detrusorotomy is 
performed akin to that made during an extravesical reim-
plantation, with the goal of an approximately 4 cm tunnel. 
The tunnel can be created in the midline if going to the umbi-
licus or toward the right lateral posterior wall if the stoma 
will be in the right lower quadrant (RLQ). The appendix is 
spatulated, and a stitch (Fig. 4) is placed into the caudal most 
end of detrusorotomy and then through the distal apex of the 
spatulated appendix. The bladder mucosa is opened about 
1 cm, and an 8F feeding tube is inserted through the appen-
dix and into the bladder, to better delineate the bladder and 
appendix mucosa for the anastomosis. The anastomosis is 
then completed circumferentially, and the appendix is placed 
in the detrusor trough, which is closed over the top of it. At 
the proximal/cranial end, a stay suture is placed into the 
appendix and into tunnel to prevent slippage. Once this is 
completed, then the proximal, cecal end is brought through 
the umbilical port side or RLQ site, and the stoma is created 
(Fig. 5). Often a suprapubic tube will be placed as a safety 
drainage in case the tube does not drain well. Postoperatively, 
usually the catheter is kept in place for four weeks, and then 

it is removed and CIC (clean intermittent catheterization) is 
initiated.

The main criteria of comparison to the open approach 
have been incontinence, stomal stenosis, stomal prolapse, 
stricture of the channel, and creation of false passages. In a 
report of 18 patients with mean follow-up of 24.2 months 
after RALMA (robotic-assisted Mitrofanoff appendicovesi-
costomy), the overall stomal continence was 94.4%, and the 
patient with incontinence for a year was then treated with 
Deflux [9]. In this series, there were three stoma complica-
tions (two in stenosis, one in parastomal hernia). An updated 
report of the experience with open and robotic catheterizable 
channels, bladder neck surgery, and augmentations was pre-
sented recently. Fifty-one APVs were made (19 open, 32 
robotic), 34 augmentations (16 open, 18 robotic), and 18 
bladder necks (12 open, 6 robotic). The robotic approach had 
a quicker return to regular diet (4 vs. 6 days, p = 0.0092) and 
a nearly 50% reduction in LOS (length of stay) (6.8 vs. 13 d, 
p  =  0.0081). No difference in rate of complications was 
found between open and robotic approaches (42.9 vs. 
38.2%). Moreover, stomal continence rates were equal in 
both the open and robotic approaches, 91.4 vs. 91.2%, 
respectively [12].

4  Bladder Augmentation

Bladder augmentation has a long history for use in patients 
with high pressure and small capacity bladder storage, in 
order to increase capacity, improve compliance, and ulti-
mately protect against renal deterioration. As with any major 
reconstruction like this, patient selection is the most impor-
tant part of the surgical planning, because especially in chil-
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a b

c d

Fig. 3 (a) Creation of Monti starts with isolation of a 2 cm section of 
bowel. (b) Isolated bowel segment opened close to the mesenteric inser-
tion on one side—not at the antimesenteric border. (c) With the fourth 

arm holding the feeding tube in place, the detubularized bowel segment 
is rolled to a tube. (d) The finished Monti channel

dren, the decision must be made with a child and family 
willing and able to perform the update that is required to 
prevent serious complications.

The advancement of robot-assisted reconstructive sur-
gery in adults has naturally translated to the pediatric 
population. The first completely intracorporeal robotic-
assisted laparoscopic augmentation ileocystoplasty and 
Mitrofanoff appendicovesicostomy (RALIMA) was 
reported in 2008 [13].

The largest series to date has come from Gundeti et al. in 
Chicago. The surgical technique has been described by the 
Chicago group and is described briefly below.

Perioperative preparation includes antibiotics (cefazolin, 
gentamicin, and metronidazole, with the addition of vanco-
mycin if VP shunt is present). At the time, no mechanical or 
oral bowel prep is utilized other than the patient’s routine 
bowel prep in the setting of the neurogenic bowel and blad-
der; however, the use of bowel preparations has gone through 
many iterations and continues to be reassessed.

The patient is positioned in low lithotomy, with the arms 
tucked. Cystoscopy is performed and bilateral double J stents 
are placed for ureteric identification. We do consider pre-
emptive bladder Botox injection particularly in children with 
poor bladder compliance. A Foley catheter is placed on the 
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Fig. 4 Appendix spatulation. With permission, from Galansky L, 
Andolfi C, Adamic B, and Gundeti MS.  Continent Cutaneous 
Catheterizable Channels in Pediatric Patients: A Decade of Experience 
with Open and Robotic Approaches in a Single Center. European 
Urology 2021; 79: 866–78. https://doi.org/10.1016/j.eururo.2020.08.013

Fig. 5 Stoma maturation. With permission, from Galansky L, Andolfi 
C, Adamic B, and Gundeti MS.  Continent Cutaneous Catheterizable 
Channels in Pediatric Patients: A Decade of Experience with Open and 
Robotic Approaches in a Single Center. European Urology 2021; 79: 
866–78. https://doi.org/10.1016/j.eururo.2020.08.013

field. Next, ports are placed, including a 12 mm camera port, 
two 8  mm robotic ports, 10  mm assistant port in LUQ, 
and + − 5 mm port in RLQ to aid, and then can be a site of 
stoma if needed. The end of the ventriculoperitoneal shunt 
tubing can be placed in an Endopouch retrieval bag to pre-
vent contamination.

The surgery is very similar to the open approach. A 20 cm 
segment of the ileum identified 15–20  cm away from the 
ileocecal junction is identified. A premeasured silk suture 

can be used to do this, and then stay sutures are placed on the 
two ends of the segment. The mesentery is then pulled down 
to the pelvis to make sure it reaches, and then windows are 
created and the mesentery and bowel are divided. In their 
report, the bowel-to-bowel anastomosis is performed in an 
end-to-end manner, but this can also be done with a stapler 
introduced through the assistant port.

If a catheterizable channel with appendix is planned, the 
appendix with a cecal cuff is then taken, as described previ-
ously. The appendix is then implanted into the posterior 
bladder wall before laying on the ileal patch.

The bladder is opened coronally from side to side, bivalv-
ing the bladder with an additional incision of the posterior 
plate in the midline ensuring safety of the vas deferens. The 
ileal segment is then incised on the antimesenteric border. 
The posterior ends of the segment are anastomosed to each 
edge of the cystotomy, and then the posterior edge is attached 
to the bladder with a running suture. The same is done on the 
anterior side.

When a catheterizable channel is performed along with 
bladder augmentation, it is better done in our opinion 
before the augment is done on the open bladder plate. We 
typically choose the right lateral half of the posterior blad-
der plate to perform an intravesical approach to create a 
submucosal tunnel for the appendix and perform the 
anastomosis.

An update of outcomes was presented in 2015, of 15 
patients who underwent successful robotic-assisted laparo-
scopic ileocystoplasty (RALI), in comparison to 13 who 
underwent open procedure. Median operative time was defi-
nitely longer in RALI (623 vs. 287 min), but median length 
of stay was shorter (6 vs. 8 days), but there was no differ-
ence in narcotic use. Overall, there was no difference in sur-
gical outcomes such as bladder capacity and complication 
rates [14].

5  Bladder Neck Surgery

5.1  AUS (Artificial Urinary Sphincter)

AUS has gone through an evolution, with an early interest in 
the surgery that could still allow for bladder emptying with-
out catheterization, to a period of explantations for erosion 
and malfunctioning devices. While the overall success rates 
have been in the 70% range, beginning with an early report 
of 107 children with an overall success of 77%, the compli-
cations are steep. In this same series, the mean life of the 
sphincter was only 56 months, 19% were explanted, and at 
least one revision was required in 59% [15]. More recent 
success rates remained the same, approximately 70% suc-
cess, with over 50% complication rate [16]. The first reported 
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robotic insertion was by Moscardi et al. in 2017 in a six-year- 
old girl, but this report only had a three-month follow-up 
[17]. The robotic approach to placement is unlikely to change 
the overall efficacy and durability of the device and proce-
dure, but further data will be needed to fully assess that. 
While not for every patient, for the properly selected patient, 
some families and some physicians find the product 
favorable.

5.2  Bladder Neck Sling

Similar to the AUS, the use of bladder neck slings in the neu-
rogenic bladder population has showed only modest success 
and has the ability to lead to detrusor and subsequently renal 
deterioration. In a long-term follow-up of bladder neck 
 procedures, only 15/43 (35%) were dry within one year [18]. 
As in all situations, the robotic platform is a tool to achieve 
the same surgical procedure, so the robotic approach to blad-
der neck slings is not expected to yield different results; how-
ever, it may make the placement easier and more approachable. 
Moreover, when a sling is done in conjunction with other pro-

cedures such as a BNR (bladder neck reconstruction) and 
APV, then the results will never truly be known.

5.3  Bladder Neck Reconstruction

The challenge with bladder neck reconstruction is that there 
is no one perfect technique. This then translates to the robotic 
approach, which attempts to recapitulate the open approach—
and so the technique varies based on surgeon experience. 
Open BNR series have a range of continence from 50 to 79% 
in a single series of various approaches (Young-Dees- 
Leadbetter with or without sling, Pippi Salle, or Kropp’s pro-
cedures) [19], so this has to be taken into account when 
assessing the robotic approach. The way we approach blad-
der neck repairs robotically is a variation of Pippi Salle’s 
anterior bladder tube [20]. Ureteral stents are placed cysto-
scopically prior to starting. Dissection is done in the anterior 
aspect of the bladder down to the puboprostatic ligaments in 
the male and endopelvic fascia in females. A 2 cm wide 4 cm 
long anterior bladder wall section is demuscularized leaving 
just the mucosal layer (Fig. 6). This strip of mucosa is then 

a b

c d

Fig. 6 (a) The bladder is taken down below the pubic symphysis to 
expose the bladder neck. (b) A ruler is introduced in order to measure 
the length of segment that will be rolled into a tube. (c) The anterior 

bladder wall is marked with cautery to delineate section of the bladder 
that will be opened for tubularization (d) Flap of the anterior bladder 
wall is a raised BNR with external dissection
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a b

c d

Fig. 7 (a) Bladder flap is opened and double J ureteral stents are visu-
alized inside (b) Posterior bladder wall mucosal incision marked on 
monitor—this will be made in the midline between the ureteral orifices 

and half way around the bladder neck. (c) Bladder flap raised with the 
mucosa ready to be tubularized over 8F feeding tube. (d) Appearance of 
anterior bladder tube once buried into the posterior bladder wall mucosa

divided from the bladder in an inverted U shape and rolled 
into a tube over a feeding tube. This tube is then placed in a 
submucosal tunnel in the posterior wall of the bladder in 
between the ureteral orifices (Fig. 7).

A series comparing open and robotic BNR demonstrated 
longer operative time but no difference in length of stay, com-
plications, or continence outcomes between approaches [21]. 
Some groups have combined a bladder sling with a BNR pro-
cedure; however, the utility of this is not known as the reported 
success of 82% in this cohort of 38 patients [22, 23] is consis-
tent with an 85.2% continence in a cohort of 55 patients who 
underwent robotic APV, with 21 of them undergoing concom-
itant BNR, 17 urethral sling, and 15 augmentation [24].

5.4  Bladder Neck Closure

Bladder neck closure is the most aggressive of bladder outlet 
surgeries, yet it is the most successful and can be used as a 
secondary option after other options have failed. We do this 
with robot assistance using an anterior bladder approach and 
dividing the urethra from the bladder at the level of the blad-
der neck. At this level, the dorsal venous complex can be 
frequently spared. Key concepts of this procedure are to 
mobilize the bladder well away from the urethra, to perform 
a multilayered closure of both the urethra and bladder with 
inversion of the edges of the closure, and to place a barrier 
layer between the closed edges, like the rectal muscle flap 
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based on the inferior epigastric artery or Alloderm. All these 
maneuvers are to prevent fistula formation that would lead to 
recurrent incontinence.

6  Summary

The robot-assisted laparoscopic approach is an excellent tool 
to perform complex bladder reconstruction. We truly believe 
that with continued evolution of instrumentation and tech-
nique, this will be a predominant way to perform complex 
bladder reconstruction in children.
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Miscellaneous Procedures (Prostatic 
Utricle/UG Sinus/Oncological/Renal 
Transplantation Applications)

Rohan Batra, Arvind Ganpule, Sheila Mallenahalli, 
and Pankaj P. Dangle

1  Background

Pelvic surgeries have evolved considerably in recent years—
not only in technique but in outcomes as well. The traditional 
open procedures have since started to be replaced by robotic 
or laparoscopic approaches due to their considerable bene-
fits. Open techniques are invasive and technically challeng-
ing due to the complex anatomy of the pelvic area. The 
potential risk involves damage to the pelvic plexus nerves, 
urethra, and external sphincter due to the close proximity of 
these structures [1]. This in turn could lead to complications 
with fertility and poor bladder control [2]. Open techniques 
do allow for greater visualization of the area but can be asso-
ciated with greater complications due to the necessity of 
separating the bladder walls [3].

The robotic approach allows for three-dimensional mag-
nification which provides a greater field of vision and more 
accurate visualization of the operative cavity [4, 5]. Its min-
imally invasive techniques, access to more complex anat-
omy, ability for great precision, and faster healing times 
have brought it to the forefront [6]. Robotic approaches 
were also shown to have lower rates of acute kidney injury 
(AKI) as compared to open procedures [7]. Furthermore, 
robotic techniques also provide the ability to eliminate 
user’s tremors, allowing for more precise instrument han-
dling [8]. Laparoscopic procedures have also been shown 
to not only reduce hospital stay but also to provide greater 

cosmetic satisfaction to patients and their families [3]. 
Furthermore, this technique allowed for a lower blood loss 
than other methods [9].

2  Prostatic Utricle

One use of robotic pelvic surgery includes prostatic utricle 
(PU) cyst excisions. PUs are lesions that appear as midline 
diverticula between the bladder and the rectum, usually con-
necting to the prostatic urethra [2]. PUs also often character-
istically have a tubular shape [9]. They are quite uncommon, 
presenting in up to 4% of newborns and 5% of urologic 
patients [2, 10]. Around 11–14% of PUs are associated with 
hypospadias, with a larger frequency in perineal hypospadias 
specifically [2]. They are thought to primarily arise from the 
failed regression of the Mullerian ducts in male prostatic ure-
thra [11]. Their cranial section is derived from the Mullerian 
ducts while their caudal sections are derived from the uro-
genital sinus (UGS) and Wolffian ducts [1]. Due to their 
complex embryological origins, PUs often present in asso-
ciation with proximal hypospadias, cryptorchidism, renal 
agenesis, and disorders of sexual development [12, 13].

Due to the mixed urogenital sinus origin of the PU cyst, it 
can be lined with many different cell types such as transi-
tional, cuboid, and squamous epithelium arising from the 
urogenital sinus, Wolffian ducts, and Mullerian ducts, respec-
tively [10]. This lends this area to a predilection of metapla-
sia and thus dysplasia. Therefore, an oncologic risk exists for 
PUs and must be considered when managing surgically.

Although most PU cases present silently, upward of 29% 
can become symptomatic secondary to urine retention within 
the cyst [3]. This can cause recurrent urinary tract infections 
(UTI), pseudo-incontinence, and dysuria among other symp-
toms caused by mass effect on surrounding organs [1, 14]. A 
significant amount of large PUs, up to 12%, can be associ-
ated with decreased fertility rates. Once symptomatic, the 
next step in care is obtaining radiologic imaging studies to 
confirm the presences of the PU cyst. This can be done via 
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ultrasound for an initial assessment or a T2 MRI (magnetic 
resonance imaging) for a more detailed view [2]. Once visu-
alized by a voiding cystourethrogram, PUs can then be 
graded into different categories. Grade 0 is present only in 
the verumontanum, Grade 1 is below the bladder neck, Grade 
2 is over the bladder neck, and Grade 3 is distal to the exter-
nal sphincter [1, 10]. Higher PU grades are almost exclu-
sively seen in the setting of severe hypospadias [1]. If the 
cyst is not fully filled at time of imaging, however, it can be 
missed and remain undetected. Following confirmation of 
the anatomic anomaly, surgical options can then be 
considered.

2.1  Surgical Approach

Due to the complex anatomy that a PU presents, it remains 
precedent for symptomatic PUs only to undergo surgical 
management [2]. Conservative symptomatic management is 
also available, such as transrectal ultrasound-guided aspira-
tion or antimicrobial treatment; however, these may fail to 
resolve the underlying pathology [10]. Many surgical 
approaches have been attempted such as transperitoneal, 
sagittal, rectum retraction and perineal techniques [12]. 
However, the two primary surgical corrections for PUs are 
open transvesical excisions (OTE) and laparoscopic exci-
sions. The OTE procedure begins with a ureteroscope being 
placed into the prostatic utricle, after which the ureters are 
dissected and the bladder is incised through the trigone. This 
allows for the utricle to be secured and trace its connection to 
the urethra. The utricle is then excised. A urethral stent tube 
is placed to create and close the stump [3]. This procedure 
has much more morbidity due to the nature of dissection 
involved.

For robot-assisted laparoscopic techniques, the patient is 
first placed into lithotomy position. Cystoscopy is then done 
using a guide wire to catheterize the prostatic utricle itself, 
traditionally using a Foley catheter with 1.5 mL balloon. An 
umbilical camera port is placed using the open Hassan tech-
nique, after which two more ports are placed on either side of 
the midclavicular line. Another assistant port just under the 
costal margin is placed on the left side. The robot is then 
docked after which a 300 down lens is inserted. The perito-
neum is then incised and dissected behind the bladder into 
the Denonvilliers fascia between the anterior bladder and 
posterior rectum. In order to retract the bladder, a holding 
stitch is placed percutaneously through the bladder. The vas 
deferens, the prostatic utricle, and the seminal vesicles are 
then identified with continued dissection via the previously 
inserted Foley catheter. The cyst is incised anteriorly with a 
300 up lens, opening the cyst cavity. The anterior wall is 
excised while the posterior wall was kept intact and approxi-

mated with 5–0 PDS suture. The posterior wall is kept intact 
when the anatomy does not preclude the complete excision 
due to the vas deferens or seminal vesicles being closely 
associated. If this is not the case, then the excision can be 
performed. Utmost precaution must be taken as the excision 
is performed close to the urethra to prevent the urethral stric-
ture. A cystoscopy is then performed again to place another 
Foley catheter over a guide wire into the bladder. The ports 
were then closed to complete the procedure [15].

3  Oncology

In addition to surgical approaches for prostatic utricle repair, 
robotic surgery approaches can be used to excise malignant 
growths. The Society of Paediatric Oncology (SIOP) pub-
lished a list of indications for laparoscopic nephrectomies 
including unilateral lesions, lesions that are small and central 
with clear negative margins, and the ability to sample lymph 
nodes [8]. For example, Wilms’ tumor is the most common 
pediatric renal cancer, and unilateral lesions can be resected 
via laparoscopic methods. The precision and technical skill 
that accompany robotic techniques are especially imperative 
for Wilms’ tumors because of the risk of intraoperatively 
seeding the other kidney [16]. Nephron-sparing surgeries 
(NSS) are preferred due to the ability of patients to retain 
some kidney function postoperatively rather than a full 
nephrectomy. Partial nephrectomies have also long been per-
formed in the setting of pediatric renal cell carcinomas 
(RCC). This procedure is done due to the lack of medical 
therapies available to treat RCC [17]. For many pediatric 
RCC cases, surrounding lymph nodes are also removed to 
appropriately stage the disease.

Retroperitoneal lymph node dissection (RPLND) is a pro-
cedure that can also be used as a treatment for certain types 
of non-seminomatous germ cell tumors (NSGCT). Robotic 
techniques are ideal for this operation because they can be 
performed with a single dock. A supine position and trans-
peritoneal approach are traditionally used to create a flap 
from the posterior peritoneum of the cecum and ligament of 
Treitz [18]. The robotic laparoscopic approach again pro-
vides greater dexterity of instruments in such a sensitive 
space as well as more satisfactory cosmetic outcomes [19]. 
However, these procedures are better done in collaboration 
with an adult urologist and are described further in later 
chapters.

It is also imperative that negative margins are obtained to 
ensure all of the tumors have been resected. Laparoscopic 
cases showed no difference in the ability to obtain negative 
margins versus open cases, and this is often done with the 
help of intraoperative ultrasound [7]. One other consider-
ation for robotic partial nephrectomies is the decision of 
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which vessels to clamp during surgery. Open techniques do 
indeed have better rates of clampless procedures as com-
pared to robotic cases [7].

The same principles apply to cystic nephromas, a type of 
benign renal cysts. As it is a benign lesion, a more  conservative 
approach is traditionally taken to treatment—hence the pref-
erence for laparoscopic techniques versus open techniques. 
The details are not discussed here as they are described in the 
adult section of this book. We suggest that as these proce-
dures are uncommon, it may be beneficial to work with an 
adult urologist who is familiar with such cases on routine 
basis.

4  Urogenital Sinus

Urogenital sinuses (UGS) occur when the urethra and vagina 
fail to separate during development [20]. Surgical correction 
of UGS usually involves a clitoroplasy, labiaplasty, and vagi-
noplasty [21]. These procedures are very technically involved 
and complex due to the many anatomic structures needing to 
be manipulated. Robotic instruments are particularly useful 
when retracting the vagina and visualizing the fistula con-
nection [22]. Vaginoplasty with bowel segments can be per-
formed easily using the robotic approach [23]. The details 
have been described in this chapter.

5  Pediatric Renal Transplant

Robotic platform in the pediatric urology population was 
first described in 2002 for a pyeloplasty for an ureteropelvic 
junction obstruction. Renal transplantation is a standard of 
care in the adult as well as the pediatric populations in 
patients with end-stage renal disease (ESRD) [24]. In the last 
few years, outcomes of pediatric transplantation have 
improved due to improved immunosuppressive therapy, 
expanded living kidney donor transplantation programs and 
better pretransplant preparation of the recipient, and 
improved surgical techniques in kidney retrieval. Currently, 
the survival rates at one, five, and ten years posttransplant are 
98, 95, and 91%, respectively [25]. Robot-assisted laparo-
scopic surgery has changed the scope of minimally invasive 
surgery. But the adaptation of robotic platform in children 
has been challenging [26]. This is due to the need for addi-
tional skill sets and specialized instrumentation required for 
the procedure.

The first adult robot-assisted kidney transplantation 
(RAKT) was performed by Giulianotti et al. [27] in 2010. In 
2014, Menon et  al. [28] standardized the transperitoneal 
approach with regional hypothermia maintenance during the 
rewarming time, albeit this was described in adults. In the 

following years, RAKT has become an increasingly com-
mon procedure in select high-volume centers. This can be 
attributed to promising results which have indicated RAKT 
to be a safe, feasible, and reproducible procedure [29, 30].

However, children are not “small adults” and results of 
adults cannot be plainly extrapolated to the pediatric popula-
tion. Till date, RAKT experience remains limited in the pedi-
atric population. The first full case report on pediatric 
(eight-year-old child) RAKT was published in 2019 by 
Decaestecker and team at the Ghent University Hospital, 
Belgium. It demonstrated that RAKT in children is techni-
cally feasible and safe and resulted in excellent graft 
function.

Bansal et al. released a comparative analysis of outcomes 
and long-term follow-up of pediatric RAKT with an open 
kidney transplantation counterpart [31]. Twenty-five 
patients were included in the study, 21 of whom underwent 
open renal transplantation and 4 underwent RAKT. A sig-
nificantly higher rewarming ischemia time was noted in the 
RAKT group [31] but that may be attributable to the initial 
phase of the learning curve for the procedure, a phenome-
non which was similarly observed in the initial phases of 
adult RAKT [29]. Perioperative analgesic requirements 
were significantly higher among the open renal transplanta-
tion groups as compared to the RAKT group. RAKT com-
plications included transplant renal artery stenosis and 
subcapsular hematoma, but it was not exclusive to 
RAKT. Despite the limitations of this study, it demonstrated 
that pediatric RAKT is a feasible and safe procedure that 
results in excellent graft function [31].

In addition, Modi et al. [32] described a group of five chil-
dren undergoing RAKT in 2013. All except one kidney were 
harvested from living donors. In two children, concomitant 
seminal vesicle cyst excision and nephrectomy were carried 
out. One child experienced spontaneous graft rupture on the 
third postoperative day requiring emergency exploration. 
Patel et  al. [33] have compared outcomes of open versus 
robot-assisted pediatric renal transplant at a single center, 
involving 60 and 22 patients undergoing RAKT and OKT, 
respectively. Endpoints of their trial were feasibility of 
RAKT and creatinine value at 30 days posttransplantation. 
Both ureteric reimplantation time and intraoperative blood 
loss were significantly decreased in the RAKT group. In the 
RAKT group (n = 60), five patients had slow graft function, 
and seven patients lost graft during follow-up. Two patients 
had acute antibody-mediated rejection, four had chronic 
rejection, and one had de novo collapsing glomerulopathy 
with BKV nephropathy. Five patients from the RAKT group 
deceased during follow-up. In the OKT group (n = 20), two 
patients had slow graft function, two lost graft, and two 
deceased during follow-up. There was no significant 
observed difference in graft survival or overall survival [33]. 
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Both Modi et  al. and Patel et  al. [32, 33] concluded that 
RAKT is feasible and safe.A pediatric robot-assisted kidney 
transplantation program is ongoing at Ghent, Belgium. Since 
the first pediatric RAKT case in 2018 [34], they have oper-
ated on an additional two children with good results. A pedi-
atric robot-assisted kidney transplantation program is also 
ongoing at the Muljibhai Patel Urological Hospital, India, 
since 2014. Two children, one with 16 years and one with 18 
years of age, have been operated with good results [35].

6  Challenges in Pediatric Transplant

There are a number of challenges in pediatric patients includ-
ing increased abdominal pressure, hypothermia, increased 
carbon dioxide absorption, and the physiologic effects of 
Trendelenburg position. These may impair cardiovascular 
function and ventilation, induce cerebral vasodilatation, and 
negatively affect urine output [36]. Intra-abdominal pres-
sures lower than 10 mmHg do not appear to induce any sig-
nificant clinical hemodynamic effects, and pressures up to 12 
mmHg seem to be well tolerated [37].

The decreased workspace in pediatric abdominal surger-
ies makes trocar placement a critical procedural component 
as it can lead to desufflation, bleeding risk, and organ dam-
age. Poorly positioned trocars may generate a gas leak, pro-
voking rapid desufflation and further decreasing the small 
workspace [38]. Pediatric abdominal cavities typically con-
tain adjacent organs in proximity to each other, increasing 
the risk for damage to surrounding organs during surgical 
procedures. Trocar positioning is also important for maximi-
zation of robot dexterity within the already restricted pediat-
ric abdominal cavity. The recommended 8  cm gap for 
collision avoidance between the robot arms in adult cases is 
often difficult in children due to workspace limitations. Also, 
there is no standardized trocar placement in robotic pediatric 
procedures due to variations in weight and height. Da Vinci 
Xi and X facilitate the docking procedure with easy connec-
tion of instruments and the increased movement ability of 

the patient cart. Additionally, while most robotic adult proce-
dures involve four robot arms, the limited workspace in pedi-
atric patients commonly only allows usage of three out of 
four robot arms (camera port and two robotic ports) [39, 40].

There are differences in both the aesthetic and functional 
outcomes of RAKT as compared to open renal transplant 
[31, 41, 42]. RAKT can give superior aesthetic outcomes, 
which are especially desired for young children [31]. 
Surgeons should discuss differences in clinical outcomes 
with the patient’s parents, in addition to the resultant scarring 
of different approach modalities.

To date, an 8 kg cutoff value is the lowest weight allowed 
for consideration of robot-assisted minimally invasive sur-
gery in children. For RAKT specifically, eight years of age is 
considered to be the minimum threshold, as most trans-
planted kidneys are adult-sized kidneys which are then trans-
planted into a smaller child [43].

In order to start a pediatric RAKT program, a team of 
surgeons experienced both in robotic-assisted surgery and 
kidney transplantation surgery, along with the full support of 
a pediatric nephrology and anesthesiology team, is recom-
mended. A high level of robotic experience is recommended 
before initiating a RAKT program [44].

7  Specific Considerations

Contrary to the adult RAKT procedure, in pediatric RAKT, 
the graft renal vessels are anastomosed to the common iliac 
vessels instead of the external iliac vessels, in order to match 
the vessel size of the donor (adult-sized renal vessels) and 
recipient (pediatric-sized iliac vessels). We use a modified 
hypothermia jacket to keep the graft cool during the anasto-
mosis (Figs. 1 and 2) [31]. It should be noted that according 
to the literature, renal blood flow and function are reduced in 
the presence of pneumoperitoneum, potentially leading to 
graft impairment [45]. But the potential damage to the graft 
as a result of pneumoperitoneum is not yet fully known, and 
a correlation between operative time (and thus exposure to 

Layers Ureter Vessels

Ice

Fig. 1 Modified Hypothermia graft jacket
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Fig. 2 Venous and arterial anastomosis (end to side)

pneumoperitoneum) and graft function in adult RAKT has 
not yet been identified [29]. We prefer a stable low pneumo-
peritoneum pressure of 8 mmHg for RAKT as of the moment 
of reperfusion to mitigate any potential adverse influence of 
higher pneumoperitoneum pressures [46, 47].

8  Conclusion

It is technically feasible to perform robotic or laparoscopic 
operations in the pediatric population for a variety of uro-
logic pathologies including pediatric utricle, urogenital 
sinus, and malignancy resection. These minimally invasive 
procedures allow for greater precision of operating instru-
ments, shorter hospital stays, shorter healing times, and 
greater cosmetic satisfaction. Thus, robotic techniques are 
often preferred over open techniques when performing pel-
vic surgery in children.

Although data on RAKT in children is less, it is a safe and 
feasible procedure and results in excellent graft function. It 
should only be performed by a RAKT team experienced in 
both robot-assisted laparoscopic surgery and transplantation 
surgery, fully supported by a team of pediatric nephrologists 
and anesthesiologists.
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Robotic-Assisted Video Endoscopic 
Inguinal Lymphadenectomy (R-VEIL) 
Technique and Outcomes for Penile 
Cancer

Marcos Tobias-Machado, Victor Enrique Corona-Montes, 
Marcio Covas Moschovas, Rene Javier Sotelo, 
and On behalf of Penile Cancer Collaborative Coalition

Abbreviations

PeC penile cancer
ESMIL endoscopic subcutaneous modified inguinal 

lymphadenectomy
VEIL video endoscopic inguinal lymphadenectomy
R-VEIL robotic video endoscopic inguinal lymphade-

nectomy
RA-VEIL robotic-assisted video endoscopic inguinal 

lymphadenectomy
RAIL robotic-assisted inguinal lymphadenectomy
L-VEIL lateral video endoscopic inguinal lymphade-

nectomy
H-VEIL hypogastric video endoscopic inguinal lymph-

adenectomy
ILND inguinal lymph node dissection

1  General Aspects of Penile Cancer 
(PeC)

Penile cancer is a rare neoplasm in developed countries, with 
an estimated of less than 1% of cancers in the United States, 
approximately 2,100 new cases, and 400 deaths annually [1, 2]. 
According to the Global Cancer Observatory, the estimated 
number of incident cases is 34,475, with mortality of 15,138 
patients of all ages [1]. However, in less developed areas of the 
world, such as Africa, Asia, and South America, it accounts for 
up to 10–20% of all malignancies in men and is considered a 
disease of older men, with an abrupt increase in incidence in 
the sixth decade (mean ages between 55 and 58 years old). This 
tumor is unusual in younger patients (<40 years old), although 
cases have been reported [3].

Multiple factors are associated with a risk of developing 
PeC, including genital warts (OR 7.6), penile tears (OR 
5.2), chronic penile rash (OR 3.2), penile injuries (OR 
3.5), phimosis (seven times higher risk), human papillo-
mavirus (DNA identified in 50%), human immunodefi-
ciency virus (4–8 times higher risk), tobacco exposure 
(three times more likely), and lichen sclerosis (balanitis 
xerotica obliterans) [4].

Robotic-assisted video endoscopic inguinal lymphade-
nectomy (R-VEIL), aside from its high cost, is a feasible 
technique when carried out in specialized centers because it 
provides reduced morbidity, adequate oncological results, 
blood loss, and hospital stay [5]. This technique has been 
adapted to minimally invasive surgery and, in comparison to 
the open inguinal lymphadenectomy, is preferred because of 
the high incidence of morbidity that stands at 50–90% in the 
open approach [6].
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2  Inguinal Dissemination of Penile 
Cancer

Penile cancer usually disseminates to the inguinal lymph 
nodes, but only 1–2% of the patients will present distant 
metastases. In addition, approximately 20% of patients with 
clinically non-palpable inguinal nodes harbor occult metas-
tases. The first draining lymph node group is found in the 
superficial and deep inguinal region (superomedial zone); 
the second lymph node group spread is in the ipsilateral pel-
vic area and retroperitoneum (para-caval/para-aortic lymph 
nodes) [7].

Patients included in the low-risk penile cancer group (Tis, 
Ta, T1G1, No LVI) have less than 16% metastatic rate to the 
lymph nodes, intermediate risk (T1G2) 17–50%, and high 
risk (T1G3, >T2, LVI) 68–73% metastatic rate [8].

Radical resection of inguinal metastases of PeC is the 
standard of treatment, and the most significant single predic-
tor of survival in penile squamous cell carcinoma is the inci-
dence and extent of lymph node involvement [3, 8]. The 
objective of the lymph node resection is to provide accurate 
pathology staging. If PeC is detected in the nodes, the natural 
history and pattern of metastasis change. Men found to have 
a single node involved (N1) had a 100% three-year disease- 
specific survival. The presence between one and three 
involved nodes predicts a five-year overall survival (OS) of 
75.6%. From four to five nodes, the OS decreases to 8.4%, 
and more than five positive nodes is associated with 0% of 
survival rates in five years [8].

There is no controversy regarding oncological results 
offered by conventional radical inguinal lymphadenectomy. 
The dilemma lies in the high morbidity rate of this proce-
dure, which is usually between 50% and 90% of overall 
complications with 10% of severe complications.

3  Inguinal Lymphadenectomy 
Indications in Penile Cancer

The treatment of regional lymph nodes is crucial and prog-
nostic of patient survival. In these cases, radical lymphade-
nectomy is the treatment of choice, and a cure in disease 
confined to regional nodes can be achieved with this proce-
dure. Regarding surgical morbidity, IL has selective indica-
tions considering the different risk groups [9, 10].

3.1  Patients with Clinically Normal Inguinal 
Lymph Nodes (cN0)

The micrometastatic disease occurs in up to 25% of the 
patients, and invasive lymph node staging is necessary. The 

indication for inguinal lymphadenectomy is intermediate 
(T1b, Grade 1 or 2) and high-risk tumors (T1b, Grade 3 or 4; 
any T2 or greater), which are considered to have elevated 
risks for lymphatic spread. The superficial inguinal lymph-
adenectomy is an option and will be completed (radical) if 
one pathological lymph node is found without extranodal 
extension. If the extranodal extension is present in more than 
two lymph nodes, inguinal and pelvic lymphadenectomy 
should be considered.

3.2  Patients with Palpable Unilateral or 
Bilateral Inguinal Nodes (cN1/cN2)

Metastatic disease is highly likely, and lymph node surgery 
is necessary (radical inguinal lymphadenectomy). 
Treatment should not be delayed in these patients because 
metastatic spread continues. If a high-risk primary lesion 
was identified, a complete inguinal lymphadenectomy and 
contralateral superficial lymphadenectomy should be per-
formed. If ≥ 2 cm inguinal nodes are positive or ≥ 1 cm 
inguinal node is positive with extra nodal extension, an 
ipsilateral pelvic lymph node dissection should be 
performed.

3.3  Patients with Bulky Inguinal Nodes

In this scenario, the patients require multimodal treatment 
with chemotherapy protocols associated with surgery. 
Radical inguinal lymphadenectomy will be indicated after 
having a positive metastatic (fine needle aspiration) disease 
in unilateral mobile ≥ 4 cm lymph node. If ≥ 2 cm nodes are 
positive or have an extranodal extension, a pelvic lymphad-
enectomy should be performed and adjuvant chemotherapy 
considered. In cases that the lymph node is ≥4 cm and fixed, 
or mobile bilateral, neoadjuvant chemotherapy should be 
administrated after the fine needle aspiration positive find-
ing, followed by inguinal and pelvic lymphadenectomy if an 
adequate response to chemotherapy is documented. For 
patients with nodes smaller than 3 cm (not palpable or pal-
pable), either VEIL or R-VEIL is a suitable indication. For 
patients with bulk inguinal disease, open surgery is the gold 
standard.

3.4  Other Indications Beyond Penile Cancer

Vulvar cancer, anal cancer, melanoma, and other skin neo-
plasms have also been described as an indication of IL.  In 
these situations, R-VEIL was reported with safety and 
efficacy.

M. Tobias-Machado et al.
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4  Development of Minimally Invasive 
Inguinal Lymph Node Dissection 
(ILND)

Inguinal lymphadenectomy has been adapted to minimally 
invasive surgery to reduce the traditional open surgery mor-
bidity. In 2002, Ian M. Thompson and Jay T. Bishop con-
ceived the idea of an endoscopic and subcutaneous approach 
for inguinal lymph node dissection applying laparoscopic 
techniques. The endoscopic subcutaneous modified inguinal 
lymphadenectomy (ESMIL) procedure was described in a 
cadaveric model, identifying anatomical structures and over-
all feasibility [11].

In 2006, Tobias-Machado et al. reported the first success-
ful VEIL experience in humans. In 2007, the same group 
published the landmark study comparing VEIL x open (one 
side for each technique) in ten patients showing reduced 
complications (20% vs. 70%), shorter hospitalization times, 
favorable cosmesis, and adequate short-term oncological 
outcomes. In the same year, Sotelo and colleagues published 
their initial experience with the same results [6, 12, 13].

Currently, the best evidence is a meta-analysis of 10 com-
parative studies with 290 procedures showing clear benefits 
for VEIL, especially regarding skin events, lymphedema, 
and severe complications. The robotic surgery application is 
recent in the literature and will need continued prospective 
evaluation compared to the standard laparoscopic endo-
scopic procedures.

This chapter describes the surgical technique for robotic- 
assisted video endoscopic inguinal lymphadenectomy 
(R-VEIL) in penile cancer, which has been modified since 
the origin of “the robotic era.”

5  Endoscopic Anatomy of Femoral 
Triangle Region

Video endoscopic inguinal surgery has been described as a 
viable option in patients with low-volume inguinal disease. 
The most routinely utilized technique is retrograde, initiating 
at the vertex of the femoral triangle distally and progressing 
toward the inguinal ligament proximally. To perform this 
surgery with good results, it is essential to know and under-
stand all aspects of endoscopic anatomy [12, 13].

The first significant anatomical landmarks to identify 
include the skin limits, Camper’s fascia, and Scarpa’s fascia. 
After this identification, a small incision is performed, and 
digital maneuvers will create the space for the trocar place-
ment. In sequence, CO2 gas insufflation and blunt optic dis-
section allow proper skin separation from the lymphatic and 
vascular elements located beneath it. The lateral limit of the 
femoral triangle is the sartorius muscle, the medial limit is 
the adductor longus muscle, and the superior limit is the 
inguinal ligament (IL) (Fig. 1).

Both fascias are externally palpable and easily identified. 
Crossing the medial limit, the saphena magna and the great 
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Fig. 1 FT, femoral triangle; IL, inguinal ligament; FA, femoral artery; SEV, superior epigastric vein; SEPV, superior epigastric posterior vein; 
SCIV, superior circumflex inferior vein; LCV, lateral cutaneous vein; SV, saphenous vein; MCV, medial cutaneous vein
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saphenous vein are identified. In most patients with non- 
palpable lymph nodes, it is possible to spare the saphenous 
vein. Dissection under the Scarpa’s fascia preserving subcu-
taneous adipose tissue, minimizing energy dissipation, is 
essential to prevent areas of skin devascularization. With 
progressive dissection, some lymph nodes are identified and 
separated from the skin to be included in the surgical speci-
men (Fig. 2).

Proximal dissection will lead to the fossa ovalis, also 
referred to as the saphenous hiatus, and identification of the 
accessory saphenous vein and other saphena tributaries. In 
normal conditions, seven tributaries drain to the femoral vein 
in the fossa oval (Fig. 1, schematic, and Fig. 3, endoscopic).

Externally, the junction between the saphenous and femo-
ral is located approximately two fingerbreadths lateral and 

two fingerbreadths inferior to the pubic tubercle. The saphe-
nous vein passes anteriorly through the fossa ovalis and 
elapses to the superficial inguinal region.

The fascia lata separates the inguinal lymph nodes into 
superficial and deep groups. The superficial inguinal lymph 
nodes are situated in the deep membranous layer of the 
superficial fascia of the thigh (Camper’s fascia), approxi-
mately composed of 4 up to 25 nodes. The superficial ingui-
nal nodes have been divided into the following five 
anatomical groups by Daseler [7, 14] (Fig. 3):

 1. Superomedial nodes (I) around the superficial external 
pudendal and superficial epigastric veins

 2. Superolateral nodes (II) around the superficial circumflex 
vein

Fig. 2 Retrograde dissection from the femoral triangle vertex until the inguinal ligament preserving fat under the skin but removing all lymph 
nodes inside the template

Fig. 3 Endoscopic view of tributaries of the saphena cross
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 3. Infero-lateral nodes (III) around the lateral femoral cuta-
neous and superficial circumflex veins

 4. Inferomedial nodes (IV) around the greater saphenous 
vein

 5. Central nodes (V) around the saphenofemoral junction

Most nodes are located above the fascia lata, specifically 
medial to the saphenous-femoral junction, and can be identi-
fied by their brown or green coloration. One must be careful 
to include all areolar tissues between the skin, inguinal cord, 
and saphenous vein. Preoperative ultrasound guidance and 
palpation may be helpful to mark the skin above the most 
prominent nodes.

Under the fascia lata, the structures that will be found in 
the femoral triangle are (from lateral to medial) the femoral 
nerve, femoral artery, femoral vein, and deep inguinal lymph 
nodes. The last three are inside the femoral sheath [7]. 
Sectioning the fascia lata over the pulse of the femoral artery 
is needed to access the deep node compartment where the 
deep inguinal nodes lie (Fig. 4). This includes all nodal and 
areolar tissues medial to the femoral vein and lateral to the 
adductor longus muscle. This resection is continued until 
Cloquet’s node is identified (a more proximal node located 
inside the femoral channel). After this resection has been 
completed, the most critical structures of the femoral triangle 
have been identified.

The standard or full template of the inguinal lymph node 
dissection includes, according to Daseler, the superficial dis-
section and the deep inguinal nodes from the femoral trian-
gle, limiting the dissection lateral to the femoral artery, 
which eliminates the risk of injury to the femoral nerve. This 
template incorporates the ligation of the saphenous vein as it 
emerges from the femoral vein [14].

In comparison, the modified template includes the super-
ficial dissection of the 1, a portion of 2 and 5 lymph node 
groups. The inferior group nodes are not dissected; the deep 
dissection remains the same. The modified template was 
described to reduce the complication rate, which can also be 
accomplished by the minimally invasive approach. After 
total nodal resection, all anatomical landmarks can be identi-
fied (Fig. 5).

Fig. 4 The fascia lata is opened exactly in the area that covers the fem-
oral artery to gain access to deep lymph nodes

Fig. 5 Important structures preserved after resection of inguinal lymph nodes
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6  Preoperative Patient Management

As previously described, for palpable disease, 30–50% of 
those nodes are secondary to associated inflammatory condi-
tions. In general, we use four weeks of antibiotic therapy 
after penectomy and intraoperative prophylactic antibiotics 
to reduce postoperative inguinal infection. The most utilized 
broad-spectrum antibiotic is ampicillin with aminoglycoside 
or ciprofloxacin. The ideal time between penectomy and IL 
is six weeks.

As penile cancer patients generally have a high risk for 
thrombosis, we advocate routine low-molecular-weight hep-
arin, starting the evening before surgery and continuing 
while the patient is in bed. Early ambulation is highly recom-
mended as well. Heparin use may increase the risk of wound 
hematoma and serous wound drainage due to continued 
extravasation of the lymph.

In patients with a recent history of DVT (deep vein throm-
bosis) or pulmonary embolism (PE), a therapeutic dose of 
low-molecular-weight heparin followed by oral anticoagu-
lants should be recommended.

7  R-VEIL Surgical Steps

7.1  Patient Positioning

The patient is placed on a low lithotomy position to allow 
bilateral groin dissection without repositioning the robot. 
The assistant stands lateral to the right leg for a right-sided 
dissection and between the legs for the left side. A Foley 
catheter is inserted in a sterile fashion after the inguinal and 
groin areas have been prepared and draped. Bony and soft 
tissue landmarks are marked on the skin surface, creating an 

inverted triangle in which the base is a line connecting the 
anterior superior iliac spine to the pubic tubercle along the 
course of the inguinal ligament. The lateral boundary is the 
sartorius muscle angling toward the apex. The medial limit is 
the adductor longus muscle, again extending toward the 
apex. These marks aid in correct trocar placement as well as 
in delineating the extent of dissection.

Positioning the robot is challenging during this surgery. 
At the beginning of our experience, we placed the robot on 
the right side of the table, considering it was an SI system, 
with not repositioning, just re-docking of the instruments. In 
the first step, we prepared the operating field, placing the 
patient in dorsal decubitus with the abduction of both legs, 
which are also dressed from the beginning to avoid time loss, 
so the entire operative field is ready. In sequence, a medial 
incision (3 cm) is performed in the femoral triangle, inside 
the sartorius muscle joint with the adductor longus.

A white subcutaneous layer is identified, which corre-
sponds to the Scarpa’s fascia. Sweeping finger dissection is 
used to dissect the potential space beneath the Scarpa’s fas-
cia to develop the skin flaps at the apex of the triangle in both 
directions and allow additional ports to be placed. We follow 
a digital dissection in the direction of the inguinal ligament. 
This blunt finger dissection is joined by movements to the 
left and right sides of the thigh and toward the upper limit as 
possible. The previous dissection is realized for the superfi-
cial plane of the lymphs (Fig. 6).

7.2  Trocar Placement and Docking

Once the space is created, we perform three additional inci-
sions, and two robotic 8 mm ports are placed in triangulation 
with finger-guided techniques laterally and medially. One 

Fig. 6 Initial skin incision under the Scarpa’s fascia distal for vertex of femoral triangle and finger dissection to create working space
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a b

Fig. 7 Trocar placement and initial working space creation. Note that 
the skin is marked for femoral triangle limits and palpable or ultrasound 
located nodes to prevent that some node is not removed. Digital and 

optical dissections are done to create the space. Transillumination helps 
the surgeon to maintain dissection limits

additional 5–12 mm port between the scope and medial 
robotic port is an option for assistant aspiration, clipping, or 
stapling. A subcutaneous workspace is extended with the 
scope by sweeping the fat using the lens. This step aims to 
create a superficial subcutaneous flap under the Scarpa’s 
fascia.

This description is done simultaneously, so both legs are 
ready for the robot docking. The da Vinci X or Xi provides 
smaller incisions and camera changing to another port, giv-
ing a faster and better position in the middle of the abducted 
legs of the patient. In all da Vinci systems, we use 0-degree 
lens, and once the ports are installed, the C02 insufflation is 
maintained at 10 mmHg (Fig. 7).

The robot is located at 45 degrees contralateral to the first 
procedure (right side) and ipsilateral to the patients in the 
second procedure (left side). The assistant is located lateral 
to the knees (Fig. 8).

7.3  Anterior, Posterior, and Lateral 
Dissection

Once the docking is completed, the 0-degree lens scope is 
placed, and all instruments are inserted under visualization. 
Several instruments can be used, including the bipolar 
Maryland, or forceps, in the left robotic arm and monopolar 
scissors in the right arm to dissect the membranous and lym-
phatic tissue deep to the Camper’s fascia. Every effort is 
made to develop the anterior working space of the inguinal 
ligament, which is usually identified at the end of this dissec-

tion as a transverse structure with white fibers, marking the 
superior limit of the dissection.

A modern option is to utilize a robotic vessel sealer for 
dissecting and seal vessels up to 8 mm. Following the ana-
tomical references of the femoral triangle, the packet of 
superficial nodes is located over the fascia lata (Fig.  9). 
Another suggestion for identifying and delineating the lymph 
nodes is fluorescence use. We usually inject 5–10 ml at the 
beginning of the procedure, at the peritumoral area, and min-
imally invasive resection can aid in removing suspicious 
nodes (Fig. 10).

With blunt dissection, the nodal tissue can be rolled 
inward on both sides. This maneuver is continued inferiorly 
and, on both sides, to define the inferior apex of the nodal 
packet. The saphenous vein is identified as it crosses the 
internal border of the dissection near the apex of the femoral 
triangle and, following the vein, leads the surgeon to the 
saphenous arch until its junction with the superficial femoral 
vein at the fossa ovalis. The dissection continues superiorly, 
where the packet is dissected away from the fascia lata with 
a combination of sharp and blunt dissection.

Typically, the nondominant hand lifts the packet, and the 
monopolar scissors in the dominant hand advance the dissec-
tion. After the fossa ovalis is encountered, the packet is dis-
sected away at its superolateral and superomedial limits, 
narrowing it and pulling it away from the inguinal ligament. At 
this point, the superficial and deep plane of dissection joins and 
separates the package from the inguinal ligament. With the 
nodal packet circumferentially dissected except for its attach-
ments to the saphenous arch, venous tributaries are clipped.
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Fig. 8 Position of assistant and comparative docking for Si and Xi

Characteristic pulsations of the femoral artery serve as a 
nearby landmark. If possible, the packet will be released 
from the saphenous vein. If not, the vein can be ligated in the 
saphenous arch with Hem-o-lok clips. We must always 
attempt to preserve the saphenous vein whenever possible to 
reduce the risk of postoperative lymphedema.

When performing deep node dissection, we transected the 
fascia lata with each trocar staying laterally to the adductor 
longus and sartorius muscles to work below the fascia. The 
C02 insufflation creates a working space, so we follow the 

middle of the muscles to find the femoral nerve and vessels 
before removing the femoral nodes. Inferomedial dissection 
around the femoral vein enables resection of the deep ingui-
nal nodes. This should be continued to the level of the femo-
ral canal until the pectineus muscle is seen to ensure complete 
nodal retrieval. Afterward, we pull the trocars (without re- 
docking) to stay at the superficial space (Fig. 11).

In sequence, we lift and follow the superficial packet 
until the inguinal ligament, lateral to the saphenous vein, 
going higher to the saphenofemoral junction, accomplishing 
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Fig. 9 Dissection of superficial package of nodes

Fig. 10 Superficial nodal package observed with and without fluorescence. Note that nodes and lymphatic channels are more difficult to observe 
with normal vision

Fig. 11 Dissection of deep inguinal nodes. A: opening fascia lata over femoral artery pulsation. B: Dissection of deep inguinal space, femoral 
vessel, and deep nodes at femoral channel

the superficial node’s template. The saphenofemoral junc-
tion control can be performed by using metallic or 10 mm 
Hem- o- lok clips. The packet is placed in a bag and removed 

by the camera’s initial incision or main port. In the end, a 
drain is placed in each leg through the 5  mm incision 
trocar.

8  Other Techniques

There are two technical variations described to perform 
VEIL.  The first one is the lateral leg access (L-VEIL) 
described in only one comparative study that shows no clear 
advantages over the standard technique [15]. The other vari-
ation reported was the hypogastric subcutaneous approach 
(H-VEIL). In this technique, the advantages regard using 
fewer trocars to perform bilateral VEIL and the same trocars 
to operate pelvic nodes in the same procedure, if necessary. 
The disadvantage is that a simultaneous inguinal approach 
is not possible, and the area of skin dissection is more 
extended [16].
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9  Postoperative Care After Inguinal 
Lymphadenectomy

These patients present with high drainage of lymph fluid and 
should be recommended for hydration. Despite saturated fat 
restrictions, there are no other dietetic restrictions. We also 
recommend early or immediate ambulation after ILND.

The wound should be made as airtight as possible, suction 
drains can be used routinely, and applying pressure by heavy 
dressings on the thin flaps should be avoided due to higher 
chances of skin ischemia. Efforts to minimize lower extrem-
ity lymphedema include early ambulation and the use of 
elastic stockings and sequential compression devices. The 
patients are advised to wear individually fitted elastic socks 
for at least six months after surgery.

Lymphorrhea and seroma can be prevented by postopera-
tive suction drainage and that the drains should be removed 
when the 24-hour output becomes less than 50 mL, usually 
between 3 and 15 days postoperatively. Prophylactic antibi-
otics should be continued for one week after surgery or until 
all drains have been removed. Colonization and spread of 
bacteria along these drains may increase the risk of infection 
if the drains stay in place for an extended period.

10  Our Data and Literature Analysis

Between 2015 and 2020, we performed 18 cases (36 limbs) of 
robotic inguinal lymph node dissection; the median age was 56 
years old. All patients had a penile squamous cell carcinoma 
diagnosis confirmed by biopsy and partial or total penectomy. 
The TNM for the patients was T3N0M0G1-3. The mean opera-
tive time was 120 minutes. The mean blood loss was 40 ml. 
None of the patients were converted to an open approach.

The total mean number of dissected lymph nodes was 
nine for each limb. The presence of metastatic disease was 
33%. Mean hospital stay was two days. The mean duration 
of the drainage was seven days, with rare cases prolonged to 
three weeks. The most frequent complication was lympho-
cele treated without hospitalization (Table 1). Finally, Fig. 12 
illustrates some key points of a right-sided R-VEIL.

11  Discussion

The robotic surgery approach to inguinal lymphadenectomy 
is recent in the literature. Compared to open procedures, 
minimally invasive surgery provides fewer complications, 
especially skin necrosis, without compromising oncologic 
control, which paves the way to utilize new technological 
advances as robotic-assisted video endoscopic inguinal 
lymphadenectomy (R-VEIL). The robotic technology allows 
for three-dimensional operative view, tremor filtering, and 
articulated instruments, improving visibility; identifying 
anatomical landmarks, dexterity, and ergonomics; and over-
coming the VEIL limitations.

In this scenario, Josephson and associates were the first to 
describe the feasibility of a nonsimultaneous bilateral RAIL 
using the da Vinci S robotic system. In this case report, the 
authors presented a 37-year-old patient with penile squa-
mous cell carcinoma, staged T3cN2. They removed ten 
lymph nodes in a full operative time of 120 minutes without 
complications [17].

In 2013, Matin et al. reported, in a prospective study, the 
oncologic efficacy of R-VEIL to stage the disease adequately, 
with an independent surgeon assessment by a direct visual 
evaluation of the dissection field through a small inguinal 
incision. They performed ten patients with penile squamous 
cell carcinoma. The median age was 62 years old, the stage 
was between T1 and T3, and a preclinical node stage was 
cN0–cN1. The author also reported a very similar level of 
node dissection with a mean of nine per limb, mean blood 
loss of 100 ml, and few complications [18]. Afterward, 
Sotelo’s group performed the robotic-assisted VEIL in a 
64-year-old patient with T3 stage and cN0. The author 
reported 33 nodes dissected in 360 minutes of operative 
time. This patient was described with postoperative lympho-
cele in the follow-up [19].

A few years later, Ahlawat et  al. described different 
techniques of simultaneous bilateral RAIL without moving 
the robotic system across the operating room, with ade-
quate reproducibility. The authors reported patients with a 
median age of 56 years old, T stage between T2 and T3 
with nodes staging between clinical N0 and N2. Mean of 18 
nodes were retrieved on the left and 14 on the right limbs. 
The operative time was 453 minutes with a blood loss of 
147 ml, and one postoperative lymphocele was described. 
This technique allows bilateral staging in the same surgical 
time [20].

Russell and colleagues also described in 2017 the mini-
mally invasive approach for robotic VEIL. The author com-
pared the complications between R-VEIL and VEIL 
techniques (10% vs. 40%), although the group of VEIL 
patients was smaller. They performed 14 patients, mean age 
of 72 (62–76), clinical nodal stage from N0 to N2, and T1–
T3. The mean number of dissected nodes was eight, and the 
operative time was 136.8 minutes. In this study, the most 

Table 1 Intra- and postoperative outcomes. SCC squamous cell 
carcinoma

No of Patients 18 (36 legs)
Age of patient (years) (40–74) 56
Histological type Penile SCC
Mean operative time (min) (80–230) 120
Mean blood loss (ml) (15–85) 40
Conversion to open N (0)
Nr of dissected lymph nodes
Positive nodes

6–15 (9)
6/18 (33%)

Mean hospital stay (in days) 1–4 (2)
Main duration of drainage (in days) 3–21 (7)
Overall postoperative complications (%) 25%

M. Tobias-Machado et al.



853

a cb

d fe

Fig. 12 (a) Dissection above the fascia lata searching for the inguinal 
ligament (the fascia above the sartorius muscle is opened). (b) 
Superficial lymphatics clipping at the fossa ovalis (clips applied over 
the femoral vessels). (c) Superficial lymph node dissection next to the 
sartorius limits after clipping the superficial lymphatics. (d) Exposure 

of the anatomical triangle floor with well-defined limits and lymph 
node template bagged. (e) External oblique muscle fascia and spermatic 
cord insertion. (f) Superficial lymph node dissection (medial to the 
saphena cross)

common complications were lymphocele, wound infection, 
and flap necrosis, similar to other authors [21].

Corona-Montes et al. described the first robotic-assisted 
inguinal lymph node dissection done in Mexico in 2015. The 
study reported a 73-year-old patient with penile squamous 
cell carcinoma (T3N0M0G1) and previous radical penec-
tomy (four weeks) who underwent bilateral RAIL with the 
da Vinci Si preserving both saphenous veins. Afterward, this 
group published a series of 12 patients with penile squamous 
cell carcinoma. In addition, the same authors published a 
study with Machado et al. reporting 18 patients (36 limbs) 
who underwent REIL. The mean age was 56 years old, the 
operative time was 120 minutes (80–230), and the blood loss 
was 40 ml, with no conversions to open surgery. The node 
dissection resulted in 6/18 positive disease, and the mean 
hospitalization was two days (1–4). The time of drain place-
ment was 7 days (ranging from 3 to 21). The most frequent 
complication was lymphocele [1, 5].

Sign et  al. compared the outcomes of robotic and open 
inguinal approaches in one of the most recent series of 
R-VEIL in the literature. Fifty-one patients underwent 
R-VEIL, the median age was 58 years old, and 34 patients 
had clinical N0, 10 N1, and 7 N2. The pathological stage was 
pT2 in 51 % of the cases. Thirty-one patients had pathologi-
cal pN0 31, 13 had pN1, 5 had pN2, and 2 had pN3 [22] 

(Table 2). The study reports a similar incidence of lympho-
cele, fewer lymphedemas, higher rates of skin preservation 
due to smaller incisions, and less traumatic tissue manipula-
tion provided by the minimally invasive procedure. The 
three-dimensional view and the use of clips will theoretically 
be a reason to avoid lymphoceles and lymphedemas due to 
the proper closure of lymphatic vessels.

Most groups who have performed the robotic approach to 
inguinal lymph node dissection experienced a longer opera-
tive time, close to the times of VEIL, even with the faster 
installation of the endoscopic procedure. In addition, most 
publications were performed by groups with previous expe-
rience with VEIL. However, robotic experience allows effi-
ciency by creating the space after robotic docking to avoid 
clashing and diminishing operating times.

Moreover, Hu et al. compared ten studies of VEIL tech-
nique, showing some advantages such as lower intraopera-
tive blood loss, shorter hospital stay, a shorter period of drain 
use, and reduced percentage of wound infection, skin necro-
sis, and lymphedema [23].

Finally, despite the perioperative advantages of VEIL and 
R-VEIL over the open lymphadenectomy, the main discus-
sion regards the oncological results compared with the open 
approach. In this scenario, better-designed studies with long- 
term follow-up are still awaited. The current data supports 
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Table 2 Literature reports of R-VEIL

Author Year

Case 
report/
case 
series

Number 
of patients 
(no. of 
limbs)

Age (mean 
years)

Penile cancer 
(histologic)

T 
stage

Pre- 
LND 
cN 
stage

Lymph 
nodes 
dissected 
(n) – mean

Operative 
time 
(minutes)

Blood 
loss 
(mL) Complications

Josephson 
et al.

2009 Case 
report

1 (2) 37 SCC♦ T3 cN2 10/9* 120/130* 100/50* None

Matin 
et al.

2013 Case 
series

10 (20) 62 (58–69) SCC♦ T1–
T3

cN0–
cN1

Left, 9; 
right, 9

180–240 100 
(mean)

Cellulitis (1/10), 
wound breakdown 
(1/10), skin 
necrosis (1/10)

Sotelo 
et al.

2013 Case 
report

1 (2) 64 SCC♦ T3 cN0 33 360 100 
(10–200)

Lymphocele

Ahlawat 
et al.

2016 Case 
series

3 (6) 56 SCC♦ T2–
T3

cN1–
cN2

Left, 18; 
right, 14

453 147 
(mean)

Lymphocele (1/3)

Russel 
et al.

2017 Case 
series

14 (27) 72 (62–76) SCC♦ T1–
T3

cN0–
cN2

8 136.8 50 
(15–50)

(3/14) Lymphocele, 
wound infection, 
flap necrosis

Corona- 
Montes 
et al.

2018 Case 
series

12 (24) 58 SCC♦ T2–
T3

cN1–
cN2

12 110 59 
(mean)

Lymphocele (2/12)

Singh 
et al.

2018 Case 
series

51 (102) 58 (50–68) SCC♦ T1–
T3

cN0–
cN2

12 75/per limb 75 
(65–80)

Edge necrosis, flap 
necrosis (2%), 
lymphocele (23%)

*R-VEIL performed in two separate procedures (one OR time per limb)
♦Squamous cell carcinoma of the penis

that robotic-assisted inguinal lymphadenectomy reduces 
morbidity with good oncological outcomes, less blood loss, 
and hospitalization time [24–27]. Aside from its high cost, it 
is a feasible technique when carried out in specialized 
centers.

12  Conclusions

Radical resection of penile cancer inguinal metastases is the 
standard treatment and the most significant single predictor 
of survival in penile squamous cell carcinoma. Open ingui-
nal lymphadenectomy has shown increased morbidity and 
complication rates due to flap skin necrosis, more extended 
hospitalization, and infections. On the other hand, recent 
studies reported that patients who underwent robotic-assisted 
video endoscopic inguinal lymphadenectomy had fewer 
morbidity rates and debatable oncological outcomes. 
However, this technique is recent and needs better-designed 
studies to demonstrate its utility, even with the robotic sur-
gery benefits described in the literature.

High costs, technology availability, and the learning 
curve to approach the femoral triangle and anatomical varia-
tions could be considered limitations of R-VEIL implemen-
tation. Further technological advances, refinements, and 
modifications in the minimally invasive lymph node dissec-
tion technique can reduce morbidity and complications 
while improving the quality of life of patients with penile 
cancer.
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Robotic Surgery Applications in Female 
Pelvic Floor Reconstruction

Dmitry Y. Pushkar, Hugo H. Davila,  
and Marcos A. Young Rodriguez

1  Introduction

Roughly 11% of females will have a surgical treatment for 
pelvic organ prolapse (POP) or urinary incontinence by the 
age of 80 [1]. Hysterectomy resulted in an 11.6% increase in 
the incidence of vaginal vault prolapse [2]. According to 
experts, one in nine women will undergo a hysterectomy. 
Hysterectomy leads to a median time to pelvic prolapse of 
15.8 years (from 0.4 to 48.4 years) [3].

Although surgical repair of POP can be accomplished in a 
variety of ways, including transvaginal repair and placement 
of graft material via a vaginal approach, abdominal sacrocol-
popexy has been considered the gold standard technique for 
repairing apical prolapse, with durable success rates ranging 
from 78 to 100% [4]. Suspension of the vaginal vault is an 
essential aspect of pelvic organ prolapse and surgical repair. 
Proper apical suspension protects the anterior and posterior 
vaginal walls from transabdominal forces that would other-
wise push these tissues toward the introitus. Prolapse of the 
uterus or the vaginal vault occurs as a result of a weakened 
uterosacral-cardinal ligament that supports the vaginal apex. 
The traditional abdominal sacrocolpopexy includes a dissec-
tion of the vesicovaginal septum and the rectovaginal sep-
tum. The last may be carried to the levator muscle followed 
by securing the mesh at the anterior and posterior vaginal 
walls and the anterior longitudinal ligament of the sacrum.

After all, due to the invasiveness of the open approach, it 
has been replaced by laparoscopic sacrocolpopexy. The 
weaknesses of the laparoscopic approach are a longer operat-
ing time and the requirement for advanced laparoscopic 
skills. The da Vinci robotic system has enabled surgeons to 

overcome obstacles associated with laparoscopies, such as 
presacral and rectovaginal space dissection and a steep learn-
ing curve for laparoscopic suturing and knot-tying skills. 
Additionally, robotics has a three-dimensional vision sys-
tem; wristed instrumentation, tremor filtering, and dexterity 
are all advantages of surgery. The first sacrocolpopexy per-
formed with the assistance of a robot (RASC) was described 
by Di Marco in 2004 [5].

Robotic technology enables the pelvic surgeon to perform 
fine instrumentation for deep pelvic dissection while focus-
ing on safety and efficiency. The advantage of wristed instru-
mentation is that it facilitates the transition from open to 
laparoscopic surgery by enhancing magnification, finer 
instrumentation, and facile suturing. The da Vinci camera’s 
design, which enables three-dimensional visualization via 
two independent and parallel cameras, is a significant advan-
tage over conventional two-dimensional laparoscopy. 
Additionally, the ergonomics of an adjustable seated console 
benefit the surgeon by reducing fatigue and enabling more 
precise maneuvers. Because the robotic technology mimics 
the surgeon’s maneuvers in the console, it is more intuitive 
than standard laparoscopy. Knot tying is analogous to open 
surgery in that it enables the use of advanced reconstructive 
techniques. The addition of a fourth robotic arm enhances 
surgeon’s efficiency even further, as it eliminates the need 
for the side surgeon to perform various steps during a typical 
POP repair.

The high cost of the robotic system and instruments and 
the associated maintenance are the main limitations of 
robotic procedures. It necessitates additional operating room 
time, which increases the cost of this surgical approach. 
Patient positioning requires collaboration with the anesthesi-
ology team, which can add time to the setup process. 
Robotic-assisted POP surgery necessitates a steep 
Trendelenburg position, which may be detrimental in certain 
patients, including those with significant obesity, pulmonary 
disease, or gastroesophageal reflux, due to the increased risk 
of morbidity, increased airway pressures, and aspiration 
pneumonia. Standard laparoscopic sacrocolpopexy and open 
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abdominal sacrocolpopexy do not require the same degree of 
Trendelenburg positioning and may be a better option for 
patients with the aforementioned comorbidities or significant 
retinal disease.

2  Etiology

The etiologies of the defects of the anatomic support of pel-
vic viscera include a combination of direct injury to the pel-
vic floor musculature, denervation of these muscles, and 
defects in the endopelvic fascia supportive ligaments. 
Childbirth and trauma could damage nerves, fascia, and pel-
vic floor musculature [6–8]. Some genetic disorders and 
variations of skeletal structure affect pelvic floor ligaments 
and muscles [9, 10]. Exacerbation of these defects can occur 
by menopausal estrogen deficiency, ageing, obesity, condi-
tions increasing abdominal pressure (chronic cough, consti-
pation), and heavy lifting. These risk factors may contribute 
to the deterioration of previously affected pelvic floor sup-
porting mechanism. Together, the final result will be a pelvic 
floor dysfunction with distinct prolapse grades and variable 
symptoms and signs.

Most of the literature regarding risk factors for POP 
include age, parity and vaginal delivery, increased intrab-
dominal pressure (constipation, chronic pulmonary disease, 
obesity), occupational hazards, prior pelvic surgery, genetic 
syndromes, and variations in axial and pelvic skeletal struc-
ture [11]. Vaginal birth is the main etiological factor for POP 
[12–14]. There are data that link genetic syndromes of abnor-
malities of collagen to pelvic organ prolapse [15]. Variations 
in axial and pelvic skeletal structure can be associated with 
increased risks of POP. These include increasing degrees of 
thoracic kyphosis, a decrease in lumbar lordosis and in verti-
cal orientation of the pelvic inlet, and an increase in the 
transverse diameter of the pelvic inlet [16, 17].

3  Epidemiology

POP prevalence in published studies usually underestimates 
the true prevalence of anatomic disease. Women typically do 
not seek medical care for prolapse until symptoms develop, 
and physicians generally do not offer surgical treatment until 
symptoms become bothersome; therefore, the number of 
women with POP who are managed without hospitalization 
and surgery and the number of women with POP who never 
seek medical care are unknown. Incidence and prevalence 
estimates based only on surgical procedure rates almost cer-
tainly underestimate the magnitude of POP [18]. Brubaker 
et al. report that the prevalence of prolapse to the level of the 
hymen varies from 2% to 48% [19]. Nygaard in 2008 
describe 23.7% (95% CI, 21.2%–26.2%) of women had 

symptoms of at least one pelvic floor disorder. Of these, 
15.7% (95% CI, 13.2%–18.2%) experienced urinary inconti-
nence, 9.0% (95% CI, 7.3%–10.7%) experienced fecal 
incontinence, and 2.9% (95% CI, 2.1%–3.7%) experienced 
symptomatic pelvic organ prolapse [20]. Wu et al., in 2014, 
in a national survey, reported that 25.0% (95% CI 23.6, 26.3) 
of American women had one or more pelvic floor disorder. 
Urinary incontinence was the most common disorder 
reported, with a combined prevalence of 17.1% (95% CI 
15.8, 18.4). The combined population-based prevalence was 
9.4% (95% CI 8.6, 10.2) for fecal incontinence and 2.9% 
(95% CI 2.5, 3.4) for prolapse [21].

Virtually, all studies examining prolapse or surgery for 
prolapse show an increased prevalence with aging [22]. 
Diverse publications from all over the world recognize age 
as an important risk factor. In the United States, increased 
age by decade was associated with higher prevalence rates 
for all pelvic floor disorders. The proportion of women with 
one or more pelvic floor disorder dramatically increased 
from 6.3% (95% CI 5.0, 7.8) in women aged 20–29 to 31.6% 
(95% CI 28.3, 35.1) for women aged 50–59 years to 52.7% 
(95% CI 48.1, 57.2) for women 80 and older (+) [21, 22]. A 
population-based study from Jokhio et  al. recognizes the 
relationship of POP with age and other risk factors in devel-
oping countries [23, 24]. This decrease in pelvic floor muscle 
strength was a significant independent determinant of the 
risk of POP, supporting an association between pelvic neuro-
muscular dysfunction, age, and prolapse [25].

Vaginal delivery is an important risk factor for POP [26]. 
In the prolapse epidemiology study, from Mant et al., parity 
was the strongest risk factor for the development of POP 
with an adjusted relative risk of 10.85 (4.65–33.81) [27]. In 
a Swedish study, Samuelson et al. found statistically signifi-
cant associations of increasing parity and maximum birth 
weight with the development of POP [28].

Conditions increasing intrabdominal pressure, such as 
chronic pulmonary disease and constipation, are associated 
with POP.  One case control study examined this and 
reported significantly more pulmonary diseases (such as 
asthma) in women < 45 years of age who developed pro-
lapse (14%) compared to controls (2.4%) [29]. Evidence 
linking constipation to POP relates to data linking POP to 
pelvic floor denervation and neuropathy. While vaginal 
childbirth has been implicated as a major inciting event for 
pelvic neuropathy and prolapse, chronic constipation with 
repeated prolonged defecatory straining efforts has been 
shown to contribute to progressive neuropathy and dys-
function [30].

Obesity is another condition that is associated with chron-
ically increased abdominal pressure [31]. Wu et al, adjusted 
for age in decades, race, education, poverty status, and other 
reproductive factors (parity, type of delivery), reported that 
the odds of having one or more pelvic floor disorder increased 
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with being overweight (OR 1.3, 95% CI 1.1, 1.6) or obese 
(OR 1.6, 95% CI 1.3, 2.0) when compared to normal weight 
women in all models (+).

Occupational physical stress has been examined as a con-
tributing factor for POP. A study using the Danish National 
Registry of Hospitalized Patients included over 28,000 
 assistant nurses (who are traditionally exposed to repetitive 
heavy lifting) aged 20–69, and they published that the odds 
ratio for the nurses compared to controls was 1.6 (1.3–1.9) 
for POP surgery and 1.6 (1.2–2.2) for disc surgery, suggest-
ing that heavy lifting may contribute to POP [32].

Mant et al. reported that the POP surgical incidence rates 
were higher for women who had undergone a prior hysterec-
tomy for reasons other than prolapse (29 per 10,000) and 
highest for women who had undergone hysterectomy for 
prolapse (158 per 10,000) [22]. Swift also demonstrated a 
significant association of POP with a prior history of hyster-
ectomy or prolapse surgery [19].

4  Pelvic Organ Prolapse Classification

Pelvic organ prolapse has traditionally been classified by the 
degree of anatomical deformity, depending on the site of the 
defect and the presumed pelvic viscera that are involved. The 
large number of different grading systems that have been 
used is reflective of the difficulty in designing an objective, 
reproducible system of grading prolapses. Interobserver and 
intraobserver variability is often important and may lead to 
confusion.

We use the Pelvic Organ Prolapse Quantification (POP- 
Q) system. POP-Q system refers to an objective, site-specific 
system for describing, quantifying, and staging pelvic sup-
port in women [33]. The POP-Q system is approved by the 
International Continence Society (ICS), the American 
Urogynecologic Society (AUGS), and the Society of 
Gynecologic Surgeons for the description of female pelvic 
organ prolapse.

5  Pelvic Organ Prolapse Quantification 
(POP-Q)

 1. Fixed point of reference. The hymen is the fixed point of 
reference used throughout the POP-Q system of quantita-
tive prolapse description.

 2. Defined points. The anatomic position of the six defined 
points (two on the anterior vaginal wall, two in the supe-
rior vagina, and two on the posterior vaginal wall) for 
measurement should be centimeters (cm) above or proxi-
mal to the hymen (negative number) or centimeters below 
or distal to the hymen (positive number) with the plane of 
the hymen being defined as zero (0). For example, a cer-

vix that protruded 3 cm distal to the hymen would be + 
3  cm. All points are measured on maximal straining 
(except total vaginal length).

 3. Anterior vaginal wall:
 (a) Point Aa is a point located in the midline of the ante-

rior vaginal wall three (3) cm proximal to the external 
urethral meatus. By definition, the range of position 
of Point Aa relative to the hymen is −3–+3 cm.

 (b) Point Ba is a point that represents the most distal (i.e., 
most dependent) position of any part of the upper 
anterior vaginal wall from the vaginal cuff or anterior 
vaginal fornix to Point Aa. By definition, Point Ba is 
at −3 cm in the absence of prolapse and would have 
a positive value equal to the position of the cuff 
(Point C) in women with total uterine prolapse or 
post-hysterectomy vaginal eversion (Fig. 1).

 4. Superior vagina. These points represent the most proxi-
mal locations of the normally positioned lower reproduc-
tive tract. The two superior sites are as follows:

 (c) Point C is a point that represents either the most dis-
tal (i.e., most dependent) edge of the cervix or the 
leading edge of the vaginal cuff (hysterectomy scar) 
after total hysterectomy.

 (d) Point D is a point that represents the location of the 
posterior fornix in a woman who still has a cervix. It 
is included as a point of measurement to differentiate 
suspensory failure of the uterosacral-cardinal liga-
ment “complex” from cervical elongation. When the 
location of Point C is significantly more positive than 
the location of Point D, this is indicative of cervical 
elongation which may be symmetrical or eccentric. 
Point D is omitted in the absence of the cervix.
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Fig. 1 Pelvic organ prolapse quantification points
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 5. Posterior vaginal wall:
 (e) Point Ap is a point located in the midline of the pos-

terior vaginal wall three (3) cm proximal to the 
hymen. By definition, the range of position of Point 
Ap relative to the hymen is – 3–+3 cm.

 (f) Point Bp is a point that represents the most distal (i.e., 
most dependent) position of any part of the upper 
posterior vaginal wall from the vaginal cuff or poste-
rior vaginal fornix to Point Ap. By definition, Point 
Bp is at −3 cm in the absence of prolapse and would 
have a positive value equal to the position of the cuff 
in a woman with total post-hysterectomy vaginal 
eversion.

 6. Other landmarks and measurements:
 (g) The genital hiatus (GH) is measured from the middle 

of the external urethral meatus to the posterior mar-
gin of the hymen.

 (h) The total vaginal length (TVL) is the length of the 
vagina (cm) from the posterior fornix to the hymen 
when Point C or D is reduced to its full normal 
position.

 (i) The perineal body (PB) is measured from the poste-
rior margin of the hymen to the mid-anal opening.

The position of Points Aa, Ba, Ap, Bp, C, and (if appli-
cable) D with reference to the hymen should be measured 
(cm) and recorded. Once all the measurements are taken, the 
patients are assigned to the corresponding stage [34].

6  Stages of POP-Q System 
Measurement

Stage 0 No prolapse is demonstrated.
Stage 1 The most distal portion of the prolapse is more than 1 cm 

above the level of the hymen.
Stage 2 The most distal portion of the prolapse is 1 cm or less 

proximal or distal to the hymenal plane.
Stage 3 The most distal portion of the prolapse protrudes more 

than 1 cm below the hymen but no farther than 2 cm less 
than the total vaginal length (e.g., not all of the vagina has 
prolapsed).

Stage 4 Vaginal eversion is essentially complete.

7  Patient Evaluation

Pelvic organ prolapse (POP) is thus, primarily, a definition of 
anatomical change. POP is the descent of one or more of the 
anterior vaginal wall, the posterior vaginal wall, the uterus 
(cervix), or the apex of the vagina (vaginal vault or cuff scar 
after hysterectomy). This chapter will focus only on apical 
POP (uterus or vaginal vault), which is the most common 
prolapse.

8  Symptom Evaluation

POP symptoms are a departure from normal sensation, struc-
ture, or function, experienced by the woman in reference to 
the position of her pelvic organs. Symptoms are generally 
worse in situations when gravity might make the prolapse 
worse (e.g., after long periods of standing or exercise), and 
symptoms may be more noticeable at times of abdominal 
straining, for example, defecation. In our practice, the indi-
cation for robotic surgery is POP equal or greater than stage 
2, life expectancy more than ten years, as well as associated 
symptoms based on the Pelvic Floor Distress Inventory-20 
(PFDI-20). The PFDI-20 is comprised of three sections: (1) 
the Pelvic Organ Prolapse Distress Inventory-6 (POPDI-6) 
(range 0–300), (2) Urinary Distress Inventory-6 (UDI-6) 
(range 0–300), and (3) Colorectal-Anal Distress Inventory 8 
(CRADI-8) (range 0–400). Subscales of the PFDI higher 
scores indicate worse symptoms (Table 1).

We use a frequency volume chart/bladder diary and num-
ber of pads in all patients before and after robotic surgery. 
The follow-up is at 2, 4, and 12 weeks, 6 and 12 months, and 
yearly after the first year. Our patients avoid any heavy lift-
ing (> 4lbs), exercise (running, cycling, yoga, etc.), and 
intercourse for four weeks. All patient continues stool softer 
for six weeks.

8.1  Pelvic Exam and Signs of Pelvic Organ 
Prolapse

All examinations for POP should be performed with the 
woman’s bladder empty (and if possible, an empty rectum). 
An increasing bladder volume has been shown to restrict the 
degree of descent of the prolapse [35]. The choice of the 
woman’s position during examination, for example, left lat-
eral, supine, and standing, or lithotomy is that which can best 
demonstrate POP in that patient and which the woman can 
confirm as the maximal extent she has perceived, for exam-
ple, by the use of a mirror or digital palpation. The degree of 
prolapse may be worse after a lengthy time in the upright 
position.

During pelvic exam, the anterior vaginal wall (anterior 
compartment) prolapse, most commonly, might represent 
bladder prolapse. Higher-stage anterior vaginal wall pro-
lapse will generally involve descent of the uterus or vaginal 
vault (apical compartment). The most common presentation 
of POP is apical and anterior compartment POP. Posterior 
vaginal wall (posterior compartment) prolapse, commonly, 
would represent rectal protrusion into the vagina (rectocele). 
Higher-stage posterior vaginal wall prolapse after prior hys-
terectomy will generally involve some vaginal vault (cuff 
scar) descent and possible enterocele formation. Enterocele 
formation can also occur in the presence of an intact uterus.
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Table 1 Pelvic Floor Disability Index (PFDI-20)

Instructions: Please answer all of the questions in the following survey. These questions will ask you if you have certain bowel, bladder, or 
pelvic symptoms and, if you do, how much they bother you. Answer these by circling the appropriate number. While answering these 
questions, please consider your symptoms over the last 3 months. The PFDI-20 has 20 items and 3 scales of your symptoms. All items use the 
following format with a response scale from 0 to 4.
Symptom scale: 0 = not present

1 = not at all
2 = somewhat
3 = moderately
4 = quite a bit

Pelvic Organ Prolapse Distress Inventory 6 (POPDI-6)
Do You… No Yes
1. Usually experience pressure in the lower abdomen? 0 1 2 3 4
2. Usually experience heaviness or dullness in the pelvic area? 0 1 2 3 4
3. Usually have a bulge or something falling out that you can see or feel in your vaginal area? 0 1 2 3 4
4. Ever have to push on the vagina or around the rectum to have or complete a bowel movement? 0 1 2 3 4
5. Usually experience a feeling of incomplete bladder emptying? 0 1 2 3 4
6. Ever have to push up on a bulge in the vaginal area with your fingers to start or complete urination? 0 1 2 3 4

Colorectal-Anal Distress Inventory 8 (CRAD-8) Do You… No Yes
7. Feel you need to strain too hard to have a bowel movement? 0 1 2 3 4
8. Feel you have not completely emptied your bowels at the end of a bowel movement? 0 1 2 3 4
9. Usually lose stool beyond your control if your stool is well formed? 0 1 2 3 4
10. Usually lose stool beyond your control if your stool is loose? 0 1 2 3 4
11. Usually lose gas from the rectum beyond your control? 0 1 2 3 4
12. Usually have pain when you pass your stool? 0 1 2 3 4
13. Experience a strong sense of urgency and have to rush to the bathroom to have a bowel movement? 0 1 2 3 4
14. Does part of your bowel ever pass through the rectum and bulge outside during or after a bowel movement? 0 1 2 3 4

Urinary Distress Inventory 6 (UDI-6) Do You… No Yes
15. Usually experience frequent urination? 0 1 2 3 4
16.  Usually experience urine leakage associated with a feeling of urgency, that is, a strong sensation of needing to go 

to the bathroom?
0 1 2 3 4

17. Usually experience urine leakage related to coughing, sneezing or laughing? 0 1 2 3 4
18. Usually experience small amounts of urine leakage (that is, drops)? 0 1 2 3 4
19. Usually experience difficulty emptying your bladder? 0 1 2 3 4
20. Usually experience pain or discomfort in the lower abdomen or genital region? 0 1 2 3 4

Scoring the PFDI-20
Scale Scores: Obtain the mean value of all of the answered items within the corresponding scale (possible value 0 to 4) and then multiply by 25 to 
obtain the scale score (range 0 to 100). Missing items are dealt with by using the mean from answered items only
PFSI-20 Summary Score: Add the scores from the 3 scales together to obtain the summary score (range 0 to 300)

8.2  Supplementary Techniques During 
Pelvic Exam

The following are additional techniques during pelvic exam:

 (a) Digital rectal-vaginal examination [36]: While the 
patient is straining and the prolapse is maximally devel-
oped. The aim is to try to differentiate between a high 
rectocele and an enterocele.

 (b) Q-tip (urethral) testing [36]: Measurement of urethral axial 
mobility at rest and straining to assess degree of mobility.

 (c) Evaluation of levator defects/trauma (3): Per-vaginal 
palpation for levator injury/defect/“avulsion” and evalu-
ation of tenderness during palpation.

 (d) Urinary incontinence signs (1 IUGA): urinary inconti-
nence, stress (urinary) incontinence, and stress inconti-
nence on prolapse reduction (occult stress 
incontinence).

 (e) Vaginal/vulvar examination, vaginal atrophy, and ure-
thral inspection/palpation (urethral mucosal prolapse, 
urethral caruncle, urethral diverticulum).

 (f) Vaginal examination, bimanual pelvic examination, and 
perineal examination (perineal elevation, perineal 
descent).

 (g) Rectal examination (anal sphincter tone and strength, 
anal sphincter tear, fecal impaction present/absent, 
other rectal lesions, anal lesions, other perianal 
lesions).

Robotic Surgery Applications in Female Pelvic Floor Reconstruction



862

9  Additional Diagnostic Test

Urodynamics should be performed preoperatively, especially 
in case of overactive bladder symptoms, prior incontinence 
surgery, prior prolapse surgery, or disordered bladder empty-
ing. The assessment of urethral function should be consid-
ered in the urodynamic investigation of stress urinary 
incontinence. In patients with pelvic prolapse, urodynamic 
investigations should be performed during prolapse reposi-
tion. We perform a pessary trial (two weeks) before robotic 
surgery to evaluate for occult stress incontinence. An 
 alternative approach is to reduce the POP during urodynamic 
study to evaluate for stress urinary incontinence (SUI). We 
combined mid-urethral sling with robotic surgery when we 
documented SUI before surgery.

Anal manometry: The most common indications are fecal 
incontinence, distal constipation, and preoperative evalua-
tion before sphincteroplasty or surgical rectocele repair. 
Patients complaining of fecal incontinence (FI) can be 
defined as the recurrent uncontrolled passage of fecal mate-
rial for at least one-month duration in an individual with a 
developmental age of at least four years [37, 38]. Prevalence 
ranges from 7% to 15% in community-dwelling women and 
18% to 33% in hospitals. Most patients are reluctant to men-
tion this condition to a healthcare provider, so it should be 
actively questioned by the treating physician and is presum-
ably significantly underestimated. We observed that a con-
siderable percentage of patients with FI had clinical 
arguments for constipation, which could provoke incomplete 
rectal evacuation, fecal retention, and overflow incontinence. 
More than 80% of FI patients showed pelvic floor dyssyner-
gia on anorectal manometry irrespective of the presence of 
constipation. The presence of a sphincter defect on anorectal 
ultrasound (US) (during pelvic floor ultrasound) was associ-
ated with more severe FI, manifesting as a higher Wexner 
score.

After open sacrocolpopexy, 13% women were classified 
as moderately severely FI.  A self-reported obstetrical anal 
sphincter injury was associated with higher incontinence 
scores regardless of prolapse surgery. The Cleveland Clinic 
Incontinence Score was significantly higher in those women 
having had an obstetrical anal sphincter injury compared to 
those without. Therefore, obstetrical anal sphincter injury, 
and not sacrocolpopexy, is associated with fecal inconti-
nence, and this needs to be documented before robotic sur-
gery in patients with FI.

Cystoscopy is indicated in the evaluation of patients with 
voiding symptoms (storage or obstructive), gross or micro-
scopic hematuria, evaluation of urologic fistulas, evaluation 
of urethral or bladder diverticula, and previous prolapses or 
anti-incontinence surgery.

10  Pelvic Floor Imaging

Pelvic floor ultrasound may assist the clinical assessment of 
POP or intercurrent pelvic floor diagnoses. The use of any of 
the different imaging modalities is, however, entirely optional 
such as ultrasound imaging two-dimensional or three- 
dimensional modalities: (a) transabdominal, (b) perineal, (c) 
transvaginal, and (d) transabdominal ultrasounds. Ultrasound 
evaluation may provide excellent information about bladder 
neck descent and mobility. The position of the bladder neck 
is at rest and on Valsalva. This is particularly important in 
patients with previous mid-urethral sling, periurethral bulk-
ing agents, and recurrent stress urinary incontinence and pro-
vides information about position of meshes, tapes, or 
implants. Other relevant indications for pelvic floor ultra-
sound are any suspicious of bladder abnormalities (tumor, 
foreign body) and urethral abnormality (diverticulum). 
Ultrasound measurement of bladder and detrusor wall thick-
ness (DWT) is a potential noninvasive clinical tool for 
assessing the lower urinary tract. Post-void DWT is higher in 
women with overactive bladder and detrusor overactivity 
[39, 40].

Endovaginal or perineal three-dimensional ultrasound 
imaging: This allows to evaluate the levator ani muscles. The 
presence of levator ani trauma has been postulated to be asso-
ciated with an increased risk of pelvic organ prolapse recur-
rence [41, 42]. This can be evaluated using a tomographic 
ultrasound imaging assessment of the levator ani muscles and 
three-dimensional ultrasound imaging of ballooning of the 
genital hiatus. The presence of ballooning of the genital hia-
tus (one-fourth excessive distensibility of the levator hiatus) 
on Valsalva maneuver has also been associated with the sever-
ity of urogenital prolapse. An area of more than 25  cm2, 
30 cm2, 35 cm2, and 40 cm2 has been defined as mild, moder-
ate, marked, and severe ballooning, respectively.

Magnetic resonance imaging (MRI) of the pelvic floor: 
MRI allows the detection of ligamentous and muscular pel-
vic floor structures in fine detail. Although it does not use 
ionizing radiation, it is a high-cost technique. Static MRI 
relies on static sequences and high spatial resolution images, 
to delineate the passive and active elements of the pelvic 
organ support system. Most commonly, images are acquired 
in axial, sagittal, and coronal planes. MRI has been proposed 
to be a useful method for diagnosing and staging POP. Several 
lines and levels of reference have been described in the lit-
erature. Other applications of MRI are the assessment of the 
levator ani muscles’ morphology (size, thickness, volume) 
and detection of injuries/defects/“avulsion”. We use imaging 
test either MRI or endovaginal US in selected patients, espe-
cially with history of previous pelvic floor surgery and recur-
rence POP.
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Computed tomography (CT) of the pelvic floor is not rou-
tinely recommended for imaging the pelvic floor mainly due 
to irradiation and poor soft tissue contrast. However, multi-
planar spiral CT may offer an accurate visualization of the 
pelvic floor soft and bony structures by reconstruction of 
axial images using 1-mm-thick slices without gaps, thus 
increasing the diagnostic accuracy of pelvic floor anatomical 
disorders (i.e., levator ani muscle trauma).

11  Robotic-Assisted Laparoscopic 
Surgeries for the Correction 
of Apical POP

In the Women’s Health Initiative study, investigators found a 
41% prevalence of pelvic organ prolapses (POP) during stan-
dard physical examination in postmenopausal women older 
than 60 years who had not had a hysterectomy [43]. 
Therefore, POP are common complains, and approximately 
300,000 surgeries are performed annually to correct them in 
the United States, at a cost of more than $1 billion [44]. 
Sacrocolpopexy is considered the best approach, and robotic 
sacrocolpopexy (RS) has been adopted by many pelvic sur-
geons to minimize surgical morbidity and quicken patient 
recovery [45]. Sacrocolpopexy has been shown to have one 
of the highest long-term anatomic success rates (78–100%) 
among procedures for POP repair with minimal complica-
tions [46, 47]. However, after the FDA (Federal Drug 
Administration) prohibit the uses of vaginal mesh for the 
correction of POP, now many patients request “no-mesh sur-
gery” even when long-term outcomes are better with mesh 
surgery.

12  Robotic-Assisted Single-Site 
Uterosacral Ligament Suspension

12.1  No-Mesh Technique

Since the initial report of single-port nephrectomy in 2007, 
urologists and gynecologists have successfully performed 
various procedures with laparoscopic single-site surgery 
(LESS) [48]. Further advancements in technology, such as 
new robotic single-site platforms and instrumentation, have 
broader application of this surgical technique. This 
approach enables surgeons to operate through a small inci-
sion in the patient’s umbilicus, placing 3–4 instruments 
through this incision. This could be an alternative to mesh 
surgery, especially after the Federal Drug Administration 
(FDA) prohibit the uses of vaginal mesh in the repair of 
pelvic organ prolapses, and many patients present to our 
clinic with “mesh phobia” and demand a no-mesh surgical 
approach.

One of the most important publications evaluating no- 
mesh techniques was the Operations and Pelvic Muscle 
Training in the Management of Apical Support Loss 
(OPTIMAL) trial which was a 2 × 2 factorial trial comparing 
five-year outcomes in women undergoing vaginal apical pro-
lapse repair without mesh [38]. This publication evaluated 
the two most common transvaginal procedures for apical 
POP, sacrospinous ligament fixation (SSLF) and uterosacral 
ligament vaginal vault suspension (ULS). By year five, the 
estimated surgical failure rate was 61% in the ULS group 
and 70% in the SSLF group. Compared with outcomes at 
two years, rates of surgical failure increased during the fol-
low- up period, although prolapse symptom scores remained 
improved at five years. This data showed that no-mesh trans-
vaginal approach may not be a good long-term surgical 
repair for POP.

Our group decided to merge the minimally invasive sur-
gery advantages associated with robotic-assisted single-site 
(RASS) approach and the outcomes associated with ULS 
[49]. In this retrospective trial, RASS-ULS has similar oper-
ative times to laparo-endoscopic single-site (LESS) ULS and 
no differences in postoperative pain, at 6-month or at 
12-month follow-up when compared with the LESS 
approach, although robotic surgical systems may accelerate 
the learning curve in single-site surgery. Anatomic support 
was 92% successful at 12 months in the LESS-ULS [49]. In 
a recent unpublished analysis of these patients at a two-year 
follow-up, we found a good anatomic support in 80% of the 
LESS-ULS vs. 95% RASS-ULS. We believe that this differ-
ence is related to the 5 ± 1 plications we did on the uterosac-
ral ligaments, because RASS approach is easier to manipulate 
sutures in the tissue as compared to the LESS.

We demonstrated this finding in one of our previous pub-
lications; we evaluated the visibility and the extent of the 
cardinal/uterosacral ligaments during minimally invasive 
surgery (laparoscopic or robotic surgery) [50, 51]. Robotic 
technology has some advantages over vaginal and open 
abdominal surgery due to the high resolution of cameras, 
three-dimensional vision, and ten times magnification avail-
able during surgery and robotic instruments’ dexterity. In 
this study, we measure the length of the uterosacral liga-
ments (UL) in their caudal-cranial extent which was 3.5 ± 
0.5 cm (right side) and 2.58 ± 0.3 cm (left side). Measurements 
were performed on the same way for the cardinal ligaments, 
resulting in 5.1 ± 0.3 cm (both sides). The only significant 
difference was observed when comparing the right vs. left 
UL. This anatomic difference translates to 5 ± 1 plications on 
the right UL vs. 2 ± 1 on the left UL. In our anatomic evalu-
ation, the right UL was significantly longer as compared to 
the left, and this allowed us to take three additional stitches 
on the right UTSL vs. left UTSL during robotic-assisted 
ULS. We believe that the main benefit of taking multiple pli-
cations on the UL during robotic surgery vs. vaginal approach 
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may translate in better long-term support (95% good ana-
tomic support at two years, unpublished data).

However, given the substantial added costs of robotic 
assistance, it is important for physicians, medical training 
programs, and health systems to consider the implications of 
widespread adoption of robotic technology and the relative 
use when compared with the conventional laparoscopy or 
vaginal surgery. With the new robotic single-site platforms, 
future investigations are warranted to discern the best 
 applications for this technology in benign gynecologic and 
urologic surgeries.

13  Robotic-Assisted Laparoscopic Apical 
Suspension (RALAS-4) and RALAS 
Spiral

13.1  No-Mesh Technique

During sacrocolpopexy, identification of the presacral liga-
ment can be difficult, particularly in obese patients. This area 
is surrounded by critical structures, such as the right ureter, 
where injuries happen in 1.0% of the procedures (0.8%–
1.9%) [19]. The middle sacral vessels, the left iliac vein, and 
the caval bifurcation are also nearby the area where the mesh 
needs to be placed. Bleeding management can be particu-
larly difficult in this area, and accidental lesions of these ves-
sels can result in blood loss, which is described in 4.4% of 
the procedures (0.18%–16.9%) [51]. Awareness of these 
challenges may discourage the use of sacrocolpopexy, there-
fore, limiting the access of women with advanced apical pro-
lapse to the most effective surgical strategy available. In 
addition, many patients demand no-mesh approach due to 
complications related to vaginal mesh. Our group continue 
exploring additional techniques without mesh and provide 
the best apical support; we described a surgical technique of 
robotic-assisted laparoscopic apical suspension (RALAS) 
using nonabsorbable sutures and described a new four-point 
technique (RALAS-4). In this technique, we used V-Loc 3-0, 
CV-23 (Covidien) sutures (absorbable) on the right and left 
UL, and these were reinforced with Gore-Tex 2-0, CV-2 
(nonabsorbable, Gore Medical); these are the first two-point 
suspensions as we described previously. This was followed 
by the two-point anterior vaginal supports with Gore-Tex, 
Hem-o-lock (TeleFlex), and LAPRA-TY (Ethicon) for a 
total four-point apical support (Fig. 1). The two apical sup-
port sutures are taken from the vagina to the transversalis 
fascia and the level of the obliterated umbilical artery on the 
anterior abdominal wall (right/left) [53].

We believe this four-point support is more anatomical, 
due to the uterosacral ligaments and cardinal ligaments pro-
vided with four-point support at the apex. We incorporated 
an additional step (spiral technique) to our RALAS approach; 

we are exploring a supplementary anchoring point around 
the aponeurosis of the abdominal muscle, which may pro-
vide better long-term support [53]. These two sutures were 
taken from the vagina to the transversalis fascia (we changed 
the robotic camera for 30° up), 4 cm above the pubic bone 
and 4 cm lateral to the midline on the right and left. Now 
with the new spiral technique, we secured these sutures 
through the rectus abdominal muscle inside-outside-inside 
using a Carter-Thomason (cooper surgery) laparoscopic port 
closure system (Fig.  2). However, using these no-mesh 
approaches in our patients, we have seen an anatomic suc-
cess of 88% at 12 months [44] and 80% at 24 months (unpub-
lished data). It was due to these high recurrence rates that we 
decided to develop the spiral technique, to provide better 
long-term support. We found 95% good anatomic support at 
12 months (unpublished data). During the initial three 
months, we have 30% of patients complaining urinary fre-
quency and urgency, treated with medication and discontin-
ued after three months. We believed this may be related to 
the anterior anchoring sutures and proximity with the 
bladder.

In our opinion, RALAS-4 spiral may represent an alterna-
tive to robotic or laparoscopic sacrocolpopexy. We are con-
tinuously collecting data for the evaluation of the long-term 
operative outcomes of this technique compared to our robotic 
sacrocolpopexy or sacrohysteropexy (Fig. 3).

14  New Technologies and Applications

Intraoperative ultrasound (IOUS) in pelvic and reconstruc-
tive surgery provides interactive and timely information 
during surgical procedures. Because the transducer is in 
direct contact with the organ being examined, high-resolu-
tion images can be obtained that are not degraded by air, 
bone, or overlying soft tissues. The role of intraoperative is 
in its infancy with anecdotal experience and literature 
involving predominantly case reports. Our group published 
a novel application of IOUS using three different probes, 
three- dimensional endovaginal US (EVUS), perineal pelvic 
floor US (pPFUS), and intra-abdominal laparoscopic US 
(ILUS), during robotic sacrocervicopexy [55]. IOUS imag-
ing is particularly useful as this modality allows assessment 
of sacral promontory, right ureter, middle sacral artery/vein, 
pubocervical fascia (PF), rectovaginal septum (RVS), and 
tensioning of the mesh to the sacral promontory. Our tech-
nique of IOUS during robotic sacrocolpopexy appears to be 
feasible and safe. We found that the operative room time is 
longer with the IOUS approach but the sacral promontory 
was faster. When we did the pubocervical fascia plication, 
we accomplished better anterior compartment support at six 
months. We recently published our finding about IOUS and 
hypoechoic-hyperechoic defects (HHD) measuring a mean 
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Fig. 2 Images during robotic-assisted laparoscopic apical suspension, 
four points (RALAS-4) after hysterectomy. (a) Right and left UTSL 
suspensions with V-loc and Gore-Tex (two-point suspension), white 
arrows; (b) demonstrates the right anterior vagina suture (Gore-Tex); 
(c) suture from the vagina to the anterior abdominal wall; (d) to keep 

the tension, we uses Hem-o-lock (TeleFlex), white arrow; (e) we used 
LAPRA-TY (Ethicon), white arrow, to hold the Hem-o-lock; (f) Right 
and left anterior vaginal suspensions (two-point suspension), white 
arrows; the locations of the bladder (B) and vagina (V) are shown

of 2.7  cm on three-dimensional EVUS evaluation of the 
anterior compartment which are associated with severe 
POP-Q of stage 3, supporting our theory that pubocervical 
fascia (PF) defects may present as HHD during EVUS. HHD 
seems to correlate with the number of PF plications during 
robotic surgery and a decreased length of the anterior vagi-
nal mesh used during surgery. Therefore, EVUS may be an 
additional useful diagnostic test in the evaluation of patients 
with apical and anterior POP preoperatively and intraopera-
tively [56].

Augmented reality (AR) has been used for several years to 
train medical students on surgeries such as blood clot removal 
or penis implant surgery. However, moving from training to 
regular use in surgery is taking a bit longer to be adopted. AR 
is a novel technology used in partial nephrectomy that has the 
potential to increase the technical feasibility, accuracy, and 
safety of conventional intraoperative imaging. AR headset, 
visual data are directly projected to the operator’s retina and 
overlaid onto the surgical field, thereby removing the require-
ment to shift attention to a remote display. Integrating CT 
scan or MRI information into the patient’s surgical field, AR 
is being integrated to robotic surgery, and reconstructive pel-
vic surgery is an excellent indication.

Integration of three-dimensional printing and AR have 
been done with kidney models. A three-dimensional printed 
kidney model was created using multicolor, allowing a trans-
parent kidney with coloring of the renal tumor, artery, vein, 
and ureter. The three-dimensional printed and AR models 

were used preoperatively and intraoperatively to assist in 
robotic partial nephrectomy. The application of three- 
dimensional printed and AR models is necessary in recon-
structive pelvic surgery.

15  Step-by-Step Sacrocolpopexy

15.1  Patient’s Positioning and Docking

Preoperative administration of antibiotics and sequential 
pneumatic devices is used to treat deep venous thrombosis. 
Following intubation, the patient is placed in the low lithot-
omy position, and straps are placed across the shoulders and 
chest in a crisscross pattern to secure the patient on the table. 
Arms are cushioned and tucked. A Foley catheter is placed 
after prepping and draping the abdomen, perineum, and 
vagina. Trocar placement is accomplished using a Veress 
needle or the Hassan technique, followed by insufflation to a 
12–15 mmHg CO2 pneumoperitoneum. The Da Vinci cam-
era is introduced and the surgeon performs a general inspec-
tion. Depending on the surgeon’s preference, a 0° or 30° 
down camera can be used. We prefer the 30° down scope 
because it allows for more detailed visualization of the sacral 
promontory in the presacral space.

The initial 12 mm camera port should be inserted no less 
than 15 cm and no more than 22 cm in the midline from the 
pubic symphysis. The patient is placed in a steep 
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Fig. 3 Images during robotic-assisted laparoscopic apical suspension, 
four-point (RALAS-4) spiral technique. (a) Posterior view, after com-
pleting the right UTSL suspension, left UTSL is sutured to the right. 
White arrows: left/right UTSL. (b) Anterior view, apical suspension. 
Black arrow: suture behind the peritoneum. White arrow: Hem-o-lock 

(TeleFlex) and LAPRA-TY (Ethicon) to keep suture tension. (c) 
Diagram of the spiral technique. Black arrow: medial obliterated umbil-
ical artery. Large black arrow: The direction of sutures through the rec-
tus abdominal muscle inside-outside-inside using a Carter-Thomason 
(cooper surgery) laparoscopic port closure system

Trendelenburg tilt before the placement of lateral trocars. 
With complete insufflation (not to exceed 15 mm Hg), mea-
surements are taken on the anterior abdomen to ensure 
proper placement of subsequent trocars and to avoid robotic 
arm collisions. Two lateral 8 mm ports are then positioned 
10 cm inferolateral to the camera port, parallel to the ipsilat-
eral anterior superior iliac spine (ports 1 and 2). A third 8 mm 
port is located 8–10 cm superolateral to port 2 (port 3), and a 
12 mm assistant port is located 8 cm lateral to port 1 (port 1). 
The robot has been docked, and the ports have been secured.

After docking the robot, monopolar shears are inserted 
into port number 4 (right lower quadrant). A bipolar 

grasper is inserted into port number 3 (left mid-clavicular). 
A Prograsp or Cadiere forceps is inserted into port number 
1 (left mid-clavicular), with the camera positioned in the 
supraumbilical port. The instruments in ports 1 and 3 are 
reversed for the left-handed surgeon. The Cadiere forceps 
are less traumatic when retracting the sigmoid mesentery, 
whereas the Prograsp forceps provide increased traction 
for manipulating the more robust pelvic structures. We rec-
ommend beginning with the Cadiere fenestrated forceps 
and switching to the Prograsp forceps only if the Cadiere 
is unable to retract tissues, such as the mesentery, 
adequately.
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16  Exposure of Promontory

The procedure routinely starts by exposing the sacral prom-
ontory. If the surgeon cannot accomplish this step safely and 
promptly, a conversion to an open approach should be con-
sidered. The small bowel must be retracted cephalad, and the 
sigmoid colon is mobilized out of the pelvis and retracted 
laterally (to the patient’s left) to visualize the sacral 
 promontory. Both the small bowel and colon are typically 
easily retracted unless they are immobilized by adhesions. In 
this case, lysis of adhesions may be necessary until they are 
sufficiently retracted out of the operative field. Typically, the 
sacral promontory is visualized well after the sigmoid colon 
is moved laterally. The third robotic arm can be used to 
retract the colon and maintain the promontory’s exposure. It 
should be kept out of the dissection field. After grasping the 
edge of the sigmoid, the third arm is moved to the left, paral-
lel to the rectus muscle of the abdomen. The third arm should 
not obstruct the camera view in this position. The sacral 
promontory, aortic bifurcation, right and left common iliac 
vessels, and right ureter are the prominent anatomical land-
marks for further dissection (Fig. 4). Alternatively, traction 
sutures (Vicryl, 2/0) can be placed through the sigmoid tenia 
in cases of a redundant sigmoid colon. Both ends of the 
strings are brought out of the abdominal cavity, through the 
skin from the left lower quadrant, where they are fixed with 
a small clamp. Adjusting the sigmoid colon’s traction 
requires repositioning it to the left upper quadrant to main-
tain adequate exposure for the sacral dissection. The continu-
ous suturing on the tenia can help gain sufficient traction and 
prevent tearing.

16.1  Anatomical Landmarks

The sacral promontory is a protrusion of the S1 vertebra’s 
upper anterior edge that serves as the pelvic cavity’s border. 
Numerous anatomical landmarks are located on the same 
level in this area. The common iliac arteries divide into exter-
nal and internal branches along with the promontory’s pro-
jection; the ureters cross the left external iliac artery and the 
right common iliac artery. Just above this level, roughly in 
the projection of the L4 vertebra, is a bifurcation of the 
abdominal aorta and inferior vena cava, which lies behind 
and slightly to the right (Fig. 4).

In most cases, the sacral promontory is clearly prominent, 
and peritoneal dissection should begin here. In addition, the 
pulsating right common iliac artery is an important anatomi-
cal feature that aids in locating the promontory. However, if 
anatomic difficulties are encountered as a result of the fatty 
tissue or anything else obstructing visualization, the aortic 
bifurcation should be identified first.

Another valuable landmark for sacrocolpopexy is the 
right ureter. The sacral promontory is located about 3  cm 
medial to the right ureter at the level of the pelvic brim on 
average. Therefore, measuring 30  mm medial to the right 
ureter along the pelvic brim should allow the surgeon to 
identify the most likely location of the sacral promontory.

16.2  Nerve-Sparing Promontory Dissection

A fenestrated bipolar forceps on the left robotic arm and 
electrocautery scissors on the right robotic arm are usually 
used. The dissection begins with an incision in the lifted 
peritoneum and proceeds carefully caudally, away from the 
aortic bifurcation and right ureter. This protects the middle 
sacral vessels and, more importantly, the left common iliac 

a

b

Fig. 4 (a, b) Identification of the promontory
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Fig. 5 (a) Nerve-sparing dissection of the sacral promontory; (b) right hypogastric plexus should be avoided. (c) Opening of the peritoneum on 
the level of promontory and anterior longitudinal ligament identification under the fatty areolar tissue

vein from injury. Next, dissection continues deeper until the 
longitudinal ligament is reached. At least two sutures should 
be placed in this dissection area. Along the way, if any 
apparent sacral vessels branch abnormally toward the 
patient’s right side, they should be coagulated to avoid nee-
dle injuries later on. The most critical aspect of the dissec-
tion is determining the location of common iliac vein traces 
(Fig. 5).

The anterior longitudinal ligament is surrounded by the 
parietal peritoneum with loose areolar tissue and the presa-
cral fascial layer. The hypogastric plexus and nerves pass 
through the presacral fascia. Therefore, it is critical to pre-
serve nerve bundles during dissection of the promontory. 
According to anatomical studies, the hypogastric nerve 
plexus is typically located to the left of the median line (75% 
of cases), but it is also found in the middle in about a quarter 
of cases. Based on this feature, the incision should be made 
laterally to the middle line on the right, on the projection of 

the right common ileal artery. The underlying presacral fas-
cia is separated from the hypogastric plexus, forming a 
1.5–2 cm diameter opening. Then, the peritoneal incision is 
extended, creating a J-shaped incision to the level of the right 
uterosacral ligament while avoiding and leaving the right 
hypogastric nerve laterally. While the hypogastric plexus 
remains outside the dissection zone, one should remember 
that the plexus is divided into two sections at the level of the 
S1 vertebra, which means that the right hypogastric nerve 
can be damaged on its way from the promontory to the right 
uterosacral ligament. It usually runs parallel to the right 
uterosacral ligament and the right ureter. The plexus contains 
sympathetic innervation responsible for contracting the anal 
and urethral sphincters and proprioception nerves of the 
bladder, rectum, and uterus. As a result, the surgeon should 
avoid excessive coagulation during dissection of the perito-
neum of the right side of the pelvis, opting instead for sharp 
and blunt separation.
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16.3  Tips and Tricks

Almost always, the adipose tissue forms a protective layer 
over the ligament. Although, in obese patients, the signifi-
cant adipose tissue covers the ligament. While the console 
surgeon becomes comfortable and familiar with the robotic 
approach, the side surgeon can assist by providing tactile 
feedback to ensure proper identification of the promon-
tory. Hemostasis must be meticulously maintained 
throughout this dissection, as presacral vessels can cause 
significant bleeding. If bleeding occurs, the fenestrated 
bipolar forceps are ideal for squeezing the area while the 
assistant inserts a suction device. Dissection of the sacrum 
is continued until the periosteum is exposed. After com-
pleting the sacral dissection, peritoneal incision between 
the right ureter and the sigmoid colon angle should be 
made and extended caudally to the vaginal apex area. In 
some instances, this point is reached via a tunneling 
approach. Sometimes, a laparoscopic suction irrigator can 
be inserted into the space, followed by hydro dissection to 
create the tunnel.

17  Dissection of the Peritoneum

The peritoneal incision begins at the sacral promontory and 
expands in the J-shaped manner toward the pelvis, right to 
the sigmoid, and toward the vagina. To avoid damage to the 
ureter, care must be taken to visualize the right ureter during 
this dissection and to maintain a sufficient distance from it 
when coagulating.

To facilitate subsequent peritoneal closure over the mesh, 
the peritoneal edges should be separated as widely as possi-
ble. This is especially critical when dissecting distally in the 
pelvis. Bringing the left edge of the peritoneal opening over 
the mesh can be challenging if the peritoneum is not well 
mobilized in this area (Fig. 6).

18  Vesicovaginal Dissection

Vesicovaginal area dissection is a crucial part of sacrocolpo-
pexy. The vesicovaginal space is exposed for dissection by 
superiorly retracting the bladder with the assistance of a 
robotic arm.

The use of a vaginal stenting device is essential to aiding 
dissection. A vaginal stent enables the assistant to manipu-
late the vagina for dissection and eventually aids in suture 
positioning. The vaginal probe is then advanced in a head-to- 
back direction. This identifies the approximate area of the 
tissue dissection plane (Fig. 7). Although an acute dissection 
in conjunction with electrocoagulation is typically required 
to initiate the dissection, once the tissue plane has been 
established, blunt dissection can be used.

When sacrocolpopexy is performed concurrently with 
hysterectomy, this tissue plane is already partially dissected. 
Moreover, when sacrocolpopexy is performed following 
prior hysterectomy, significant adhesions may exist, making 
detection of the tissue plane more problematic. The bladder 
frequently wholly covers the vaginal apex. When complex 
adhesions obscure the tissue plane, the bladder can be filled 
with fluid via a bladder catheter to identify the correct plane. 
Likewise, a cystoscope can be inserted into the bladder and 
the bladder outlined using transillumination. Any bladder 
damage that occurs during this dissection is easily repaired 
with absorbable sutures. In these cases, a bladder catheter 
should be retained postoperatively. The duration of catheter 
drainage and the need for a cystogram are determined by the 
surgeon and the repaired defect size.

18.1  Nerve-Sparing Anterior Dissection

When a significant cystocele is present, it is necessary to dis-
sect the vesicovaginal space as far distally as possible to 
allow for distal mesh placement. When the mesh is posi-

a cb

Fig. 6 (a, b) The opening of the peritoneum and posterior dissection; (c) – the levator ani muscle (LAM) and perineal body (PB) are identified
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Fig. 7. (a) A line for the anterior dissection; (b) dissection between the bladder and the anterior vaginal wall started

tioned distally, even large cystoceles might be fixed without 
requiring additional transvaginal repair. The vesicovaginal 
space could be dissected entirely, resulting in a triangular- 
shaped area with an apex at the dorsal end of the bladder 
trigone and lateral limits defined by the superficial layer of 
vesicouterine ligaments. The descending branch of the uter-
ine artery, the superficial vesical vein (an extension of the 
superficial uterine vein), and the cervicovesical vessels con-
tribute to their formation. Significantly, an anatomical study 
showed that the avascular, easily cleavable vesicovaginal 
space accounted for one-half of the total vaginal length [54]. 
According to Shiozawa et al., during this dissection, no nerve 
structures were identified, though bladder nerve branches 
from the inferior hypogastric plexus were identified in the 
deep portion of the vesicouterine ligament [55].

19  Rectovaginal Dissection

Lastly, the rectovaginal incision is completed, allowing the 
posterior vaginal wall to be formed in coherence with the 
peritoneal opening. The rectovaginal space is opened to 
identify the puborectal/pubococcygeal levator ani muscles 
on both sides and the peritoneal body in the middle. Similar 
to the vesicovaginal area, the rectovaginal space is dissected 
and extended distally. A distal placement of the posterior 

vaginal mesh can address posterior compartment defects and 
prevent the need for concurrent posterior colporrhaphy. 
Additional caution is required during posterior vaginal wall 
detachment from the rectum to avoid any rectal injuries. As a 
result, the use of a vaginal probe can be helpful during this 
step.

Almost always, the cranial end of the perineal body can 
be reached by caudal blunt dissection without any significant 
vessels or tissue to be cut. The rectal fascia is easily sepa-
rated from the pelvic parietal fascia that covers the puborec-
tal and pubococcygeal parts of the levator ani muscle at this 
level, lateral to the posterior vaginal wall. During dissec-
tions, one could face the middle rectal vessels and the rectal 
nervous branch of the inferior hypogastric plexus that ran 
close to the puborectal/pubococcygeal levator ani muscle 
immediately beneath the rectal fascia [56]. When the recto-
vaginal space is wholly dissected, it results in an inverted 
V-shaped area. The lateral limits were defined by uterosacral 
and rectovaginal ligaments. The base is formed by the cranial 
end of the perineal body in the middle, left, and right 
puborectal/pubococcygeal portions of the levator ani muscle, 
which hugs both sides of the lateral vaginal walls. An apex is 
at the point of convergence of the left and right uterosacral 
ligaments. There is an avascular, easily cleavable rectovagi-
nal area composing two-thirds of the total vaginal length in 
the craniocaudal direction [57].
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20  Mesh Fixation

A permanent, synthetic mesh is used in the initial description 
of robotic sacrocolpopexy. Commercially available products 
from polypropylene are explicitly designed for POP repair. 
These products are available in a prefabricated “Y” shape or 
a soft polypropylene mesh sheet that can be cut to the desired 
size and configuration. We employ this type of mesh and cut 
it into two different strips to allow for differential tensioning 
of the anterior and posterior compartments. The first strip for 
the anterior vaginal wall is rectangular (7.5 × 5 cm) with a 
curved edge for the bladder neck. The posterior mesh should 
be cut in Y-manner from the soft mesh of 10 × 15 cm. The 
narrow end of the mesh is sutured at the promontory and the 
wide part is fixed to the levator ani; at the lowest position, 
there should be a cutout for the rectum. To fit the mesh 
 properly, the surgeon constantly evaluates the total vaginal 
length preoperatively. Thus, the distance between the sacral 
promontory and the top point of adjusted prolapse will be the 
right length of the sacral part of the mesh. The width of the 
posterior mesh also should be anatomically based on the dis-
tance between levator ani muscles palpated vaginally, and its 
lower border should always be curved out to prevent any rec-
tal compression by the mesh in the future.

Suturing both mesh strips to the anterior and posterior 
vaginal walls is followed by suturing them to the anterior 
longitudinal ligament overlying the sacral promontory. The 
assistant grasps both strips of mesh and adjusts each strip to 
the desired tension in collaboration with the surgeon. 
Because cell ingrowth into mesh occurs within 7–14 days, 
one could make a case for using absorbable sutures when 
placing mesh; however, there is a dearth of data on the use of 

absorbable sutures. In our practice, we prefer Ethibond® 
suture because its texture enables good knot tying.

One strip of polypropylene mesh is placed as far distally 
as possible on the anterior vaginal wall and secured in place 
with a suture. The vaginal probe is helpful in positioning the 
vaginal vault during suture placement. Five additional 
sutures are placed to form three rows of two sutures. Sutures 
should not be placed too deeply, as this may result in ligature 
or mesh exposure in the vagina. Although most reports indi-
cate the use of six stitches, the actual number is likely to vary 
according to surgeon’s preference. We usually fix the mesh 
to the cervix whenever it is present, as this provides the 
strong tissue to anchor.

The posterior strip of the mesh is then inserted in the peri-
toneal cavity and fixed upward. Firstly, it is sutured to the 
middle portion of puborectal muscles with a single nonab-
sorbable interrupted suture from both sides (Figs. 8 and 9). 
Then, it is set to the perineal body in the midline, to uterosac-
ral ligaments laterally, and to the vaginal cuff/uterine cervix 
also using nonabsorbable sutures. A recent study of mesh 
deformation with the utilization of the finite element model 
of the female pelvic floor during abdominal sacrocolpopexy 
concluded that recommended distance between stitches of 
the posterior compartment should be about 3.5  cm and 
2.5 cm for the anterior mesh [58]. The anterior mesh is fixed 
to the anterior vaginal wall upward from the bladder’s tri-
gone by nonabsorbable polyester interrupted sutures. Then, 
posterior and anterior strips are fixed together. The longer 
edge of the posterior mesh is used for the fixation to the 
sacral promontory.

If a “Y” mesh is used and the vaginal walls are subjected 
to asymmetric tension, the mesh can be plicated with a poly-

a b

Fig. 8 (a) Mesh attachment to the perineal body and levator ani, (b) attachment to the perineal body and levator ani
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Fig. 9 (a) The posterior mesh is fixed to the levators and perineal body. (b) During fixation of the mesh to the uterosacral ligament, ureteral inju-
ries should be avoided

propylene suture to correct the asymmetry. The vaginal probe 
should be removed or retracted to the mid-vagina while ten-
sioning the mesh to prevent overcorrection of the prolapse. 
Unfortunately, there is no objective measure of mesh tension; 
however, the authors release tension if the mesh appears dis-
torted following removal of the vaginal stent.

Once the desired tension is established, the assistant 
secures the mesh near the promontory and reintroduces the 
vaginal probe to relieve tension on the mesh during suturing. 
To secure the mesh in place, two sutures are typically inserted 
into the anterior longitudinal ligament.

The surgeon can secure the mesh strips to the ligament 
by threading both sutures through the mesh and ligament 
and then tying them down or by threading one suture 
through the mesh and ligament and immediately tying it 
down before threading the second suture. The latter has the 
advantage that once the first suture is secured, the assistant 
is no longer required to hold the mesh close to the promon-
tory. The former has the advantage of exposing the liga-
ment completely while placing both sutures without 
interference from the mesh. Regardless of technique, the 
suture should be threaded through the mesh before being 
inserted into the ligament. This allows the suture to be 
immediately tied down if any bleeding occurs. Ideally, any 
presacral vessels in the area of the dissection should have 
been cauterized previously to minimize bleeding during 
mesh suturing.

Some authors recommended that sutures be placed hori-
zontally to maximize tensile strength and minimize the risk 
of suture pullout [58], but the authors do not hesitate to place 
sutures vertically when necessary to avoid vessel damage.

As we mentioned above, a surgeon should always keep in 
mind that the average thickness of the anterior longitudinal 
sacral ligament is no more than 2 mm. Sutures being placed 
too deep and entering the sacrum’s periosteum is a common 
occurrence during suture placement. Deep fixation can cause 
a higher risk of pain, osteomyelitis, and spondylodiscitis for-
mation during the postoperative period. That statement 
should also prevent using staples and tackers in that area 
because of deeper penetration of the ligament (5 mm) com-
pared to 2–3 mm using nonabsorbable sutures. Also, accord-
ing to some studies, tackers have lower biomechanical 
resistance than nonabsorbable sutures, and more than one 
staple is needed to avoid mesh snapping off [59].

Sutures adequately placed in the anterior longitudinal 
ligament have sufficient tensile strength to prevent suture 
pullout (Fig. 10).

21  Peritoneal Closure

Any excess mesh is excised after the mesh is secured to the 
anterior longitudinal ligament. Closure of the peritoneum 
prolongs the operation, but it may decrease the risk of bowel 
complications due to small bowel adhesion to the exposed 
mesh. It is accomplished with a running, locking Vicryl 
suture, beginning at the sacral promontory and progressing 
toward the vaginal cuff. The closure is tension-free as a result 
of the previous dissection. Additionally, any barbed suture 
can be used to close the peritoneum (Fig. 11).

Cystoscopy is required if there is any possibility of ureteral 
or bladder injury. To aid in the identification of ureteral efflux, 
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Fig. 10 (a) The mesh is fixed to the anterior longitudinal ligament of promontory; (b) the anterior mesh is fixed to the anterior longitudinal liga-
ment of promontory

a b

Fig. 11 (a, b) Mesh extraperitonization with absorbable barbed continuous suture

a preoperative oral dose of phenazopyridine or intraoperative 
intravenous administration, methylene blue, or sodium fluo-
rescein can be used. Additionally, cystoscopy will confirm that 
no suture was accidentally placed in the bladder.

Postoperative vaginal examination is performed to ensure 
adequate apical support, to check for exposed mesh or 
sutures, and to determine if additional transvaginal anterior 

or posterior colporrhaphy is required. Apical support almost 
always improves the anatomic appearance of anterior pro-
lapse, and concomitant anterior colporrhaphy is rarely 
needed. However, posterior defects frequently require con-
current repair, as sacrocolpopexy may not adequately address 
distal rectoceles. Therefore, on postoperative day one, the 
majority of patients are discharged home.
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22  Robotic Sacrohysteropexy

Robotic sacrohysteropexy is an excellent minimally invasive 
option for women who desire uterine-sparing repair. The first 
robotic arm is equipped with monopolar endoshears, the sec-
ond robotic arm is equipped with ProGrasp forceps or bipo-
lar graspers, and the third robotic arm is equipped with a 
robotic tenaculum. The first step is to locate the sacral prom-
ontory. This requires sufficient retraction of the sigmoid 
colon toward the left pelvic sidewall, which can be accom-
plished using a bowel grasper forceps in the third robotic 
arm. The peritoneum that covers the promontory is grasped 
and incised with monopolar endoshears, with particular 
attention paid to the right ureter as it crosses the right iliac 
vessels. The anterior longitudinal ligament can then be iden-
tified using blunt dissection in preparation for suture place-
ment. After fixation, the peritoneal incision can be extended 
caudally toward the posterior cervix and cul-de-sac to allow 
for extraperitonealization of the mesh. The side assistant is 
then asked to pass the mesh and sutures over the uterine side 
to begin mesh fixation. The polypropylene mesh is available 
in a Y-shape or as two longitudinal strips for anterior and 
posterior fixation.

Then, the robotic tenaculum is used to grasp the uterine 
fundus, and two openings in the broad ligament are prepared 
using monopolar or bipolar cautery. Each broad ligament is 
created with a 2–3 cm window to allow the mesh arms to 
pass anteriorly (Fig. 12).

The ventral deflection of the vaginal probe is used to dem-
onstrate the anterior limit of the vaginal vault and guide the 
bladder’s dissection from the vagina using a combination of 
monopolar and bipolar diathermy. The dissection is contin-
ued until the catheter balloon’s outline is discernible. The 
anterior mesh is now sutured to the vaginal vault at the apex 
and along with the lateral aspects with nonabsorbable 
sutures. The mesh’s two “tails” can be seen lying anterior to 
the uterus and fallopian tubes in this image. The anterior 
mesh’s two tails are drawn through the windows in the broad 
ligaments and joined to the posterior mesh.

We prefer Ethibond sutures for mesh fixation because they 
are monofilament and thus less likely to extrude vaginally. 
Suturing the mesh to the posterior cervix with a total of four 
sutures is followed by anterior passage of the Y arms through 
the broad ligaments (Fig. 13). The mesh is then attached ante-
riorly to the cervix alone or the cervix and anterior vaginal 
wall, depending on the severity of the cystocele. Finally, the 
mesh is secured against the sacral promontory while the con-
sole or side surgeon inspects the vagina to determine the 
degree of prolapse reduction. Adjustments to the mesh ten-
sioning can be made to eliminate prolapse. The mesh is then 
sutured sequentially to the sacral promontory using 3–4 
sutures. To ensure proper mesh tensioning, it is beneficial to 
have the side surgeon assist with the knot tying of the first 
suture. After trimming the mesh, the peritoneum is closed by a 
continuous suture placed anteriorly in the peritoneum overly-
ing the bladder and cervix to cover the mesh in that location.

a b

Fig. 12 (a) Anterior dissection during robotic hysterosacropexy is similar to sacrocolpopexy. (b) Openings in broad ligaments are cleated for the 
passage of the arms of anterior mesh
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Fig. 13 (a) Anterior mesh is fixated to the vaginal wall; (b) arms of anterior mesh is passed through broad ligaments. (c) Peritoneal closure after 
sacrohysteropexy
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Robot-Assisted Retroperitoneal Lymph 
Node Dissection (RPLND)

Ralph Grauer, Scott Eggener, and John P. Sfakianos

1  Introduction

Testicular cancer is a relatively rare disease, projected to 
affect 6.0 men per 100,000 in 2021 in the United States, but 
its incidence has trended up over the last 30 years [1, 2]. In 
addition, it is the most common solid malignancy in men 
aged 20–34 and will be diagnosed in an estimated 9400 men 
in 2021 in the United States alone [2]. Testicular germ cell 
tumors (GCT) comprise 95% of all neoplastic testis tumors 
and are divided into two subtypes: seminoma and nonsemi-
noma (NSGCT (nonseminomatous germ cell tumor)) [3]. 
Radical orchiectomy is the crux of diagnosis and therapy for 
any testicular mass suspected to be malignant. Both semi-
noma and nonseminoma subtypes have excellent oncological 
cure rates. Even NSGCT, the more aggressive subtype, has a 
five- year survival rate of over 80%–90% in the setting of 
advanced/metastatic disease [4].

For NSGCT, clinical staging is typically complete when 
pathologic information from the radical orchiectomy speci-
men is combined with radiologic and serologic studies, thus 
informing postoperative management. Following staging, 
high cure rates can be achieved with surveillance, platinum- 
based chemotherapy, retroperitoneal pelvic lymph node dis-
section (RPLND), and sometimes a combination of these 
therapies. RPLND is an important part of the post-radical 
orchiectomy clinical management in several settings.

2  Indications

In the United States, primary RPLND is most commonly 
performed in NSGCTs with normal serum tumor markers 
after orchiectomy for high-risk clinical stage (CS) I patients 

or in low-volume CS IIA/IIB patients [5]. In the former, 
RPLND serves to investigate occult metastases especially in 
the setting of lymphovascular invasion or > 50% embryonal 
carcinoma in the orchiectomy specimen. RPLND provides 
staging information and has therapeutic intent with high cure 
rates. Other clinical settings where RPLND is used include 
the presence of a > 1-cm retroperitoneal mass post-primary 
chemotherapy for NSGCT, salvage RPLND after induction 
and salvage chemotherapy, reoperative RPLND, and other 
less common clinical scenarios. There is emerging data that 
RPLND may have a role in the setting of low-volume meta-
static seminoma as an alternative to radiation or chemother-
apy, with 87% two-year recurrence-free survival, providing 
potential advantages compared to chemotherapy and radia-
tion [6]. Another clinical trial, PRIMETEST, supports pri-
mary RPLND as an option in stage IIA/IIB seminoma to 
reduce long-term toxicity and secondary malignancy caused 
by radiation therapy. They report 77% two-year recurrence- 
free survival, with four of five recurrences occurring out of 
field [7].

While there are many potential clinical indications for 
RPLND, and it is important for clinicians to understand other 
options, the technical aspects of RPLND are common across 
settings. After initial radical orchiectomy, the goal of the 
RPLND is both prognostic and therapeutic as it cures many 
patients and can inform surveillance regimens or subsequent 
treatment recommendations. The efficacy and safety of open 
RPLND are well established [8]. However, there is morbid-
ity associated with the open approach; most major complica-
tions relate to small bowel obstruction and atelectasis [9]. In 
an attempt to decrease the morbidity associated with the pro-
cedure, modified dissection templates and nerve-sparing 
techniques were developed to preserve antegrade ejaculation 
[10, 11]. Similarly, minimally invasive techniques such as 
laparoscopic (L-) and robot-assisted (RA-) RPLND have 
been increasingly performed over the past decade with the 
goal of minimizing morbidity while replicating the disease- 
free survival rates of open surgery.
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3  Laparoscopic and Robot-Assisted 
RPLND

Traditionally, RPLND has been performed through a large 
open transabdominal incision. Advancements in minimally 
invasive approaches over the past 30 years have made lapa-
roscopic and robot-assisted techniques a more attractive 
treatment option to patients and surgeons alike [12]. 
L-RPLND was introduced as a staging procedure in 1992 
and more recently (and appropriately) has been utilized for 
curative purposes in both pre- and post- chemotherapy treat-
ments. Compared to its open counterpart, L-RPLND has 
been suggested to be safe with decreased perioperative mor-
bidity—including decreased postoperative pain, hastening 
convalescence and return to normal bowel function, assuag-
ing incision cosmesis concerns, and improving postoperative 
quality of life scores [9, 10, 13–16]. However, concerns sur-
rounding lower lymph node yield, protracted learning curve, 
indiscriminate use of adjuvant chemotherapy, and unknown 
long-term oncologic outcomes exist.

RA-RPLND emerged in 2006 as a potential alternative to 
the laparoscopic approach with the advantage of a shorter 
learning curve, improved dexterity, visualization, and ergo-
nomics [11]. Ultimately, to prove true clinical equipoise to 
its open counterpart, RA-RPLND must reach benchmarked 
rates of infield and out-of-field recurrence as well as compli-
cation rates. Early studies on RA-RPLND have suggested 
equivalent surgical and oncologic effectiveness when com-
pared to the open approach, but direct comparisons are lim-
ited by study size, variable patient cohorts, and different 
follow-up lengths. Overall, studies report median length of 
stay from 1.5 to 2 days, operative time of 200–300 minutes, 
EBL of 100 mL, lymph node yields >20, and negligible risk 
for blood transfusions (Table  1) [12–16]. For comparison, 

open RPLND series have reported median length of stays of 
3–8  days, EBLs of 200  mL, and operative time of 150–
200  minutes with lymph node yield of 25–30 [17–19]. 
Postoperative complication rates for RA-RPLND compare 
favorably to a large series of open RPLND—with Clavien- 
Dindo (CD) minor (I–III) and major (III–IV) complications 
ranging from 8%–30% to 2%–5%, respectively [15, 16, 20]. 
A 2018 systematic review of the RA-RPLND has corrobo-
rated these data and supports equivalent perioperative out-
comes as compared to open surgery in addition to shorter 
hospital stays, lower EBL, and improved cosmesis [21].

Only three studies with over 40 patients have been pub-
lished on primary RA-RPLND, which offer the strongest 
(but still suboptimal) data about recurrence rates (Table 2) 
[15, 16, 20]. Pearce et al. examined outcomes of RA-RPLND 
in 47 patients across 4 centers with CS I-IIA NSGCT [20]. 
Median follow-up was 16 months, and the 2-year recurrence- 
free survival rate was 97%—with the single recurrence aris-
ing out of field. Compared to historical open RPLND data, 
there was better cosmetic results, less postoperative morbid-
ity and mortality, and fewer complications. Taylor et  al.’s 
multi-institutional retrospective study included 47 patients 
with CS I-IIA NSGCT [15]. They reported infield recurrence 
rate of 2% and out-of-field recurrence rate of 6% at a median 
follow-up of 15 months. Rocco et al. reported a two-center 
retrospective analysis of 58 patients with CS I–IIA NSGCT 
that underwent RA-RPLND with a median follow-up of 
47 months and a 2-year recurrence-free survival of 91%; all 
recurrences were out of field [16]. These reported rates of 
safety and oncologic compare favorably to open surgery, 
though no prospective randomized controlled trial or long- 
term data exists. In 2015, Harris et al. reported a comparative 
analysis of robotic and laparoscopic RPLND [22]. Both 
techniques had statistically similar operative times of 

Table 1 Perioperative and morbidity outcomes of primary RA-RPLND in the three largest published studies

Study
No. 
patients

Median OR 
time (min)

Conversions to 
open
n, (%)

Median EBL 
(mL)

Median length of 
stay (days)

Major complications (CD 
III–CD V)
n, (%)

Antegrade 
ejaculation
n, (%)

Pearce 
(2017)

47 235 1 (2) 50 1 2 (4) 47 (100)

Taylor 
(2020)

49 288 0 (0) 100 1 2 (4) 31 (74)

Rocco 
(2020)

58 319 1 (2) 100 2 1 (2) 44 (81)

Table 2 Oncologic outcomes of primary RA-RPLND in the three largest published studies

Study No. patients Median follow-up (months) Median node yield
pN+
n, (%)

Adjuvant chemotherapy
n, (%) Recurrence-free survival

Pearce (2017) 47 16 26 8 (17) 5 (11) 97%
Taylor (2020) 49 15 32 21 (43) 9 (18) 92%
Rocco (2020) 58 47 26 17 (29) 5 (9) 91%
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~4.5–5 hours, EBL of ~100 mL, median lymph node yield of 
20–30, and similar rates of complications [22]. The authors 
concluded that R-RPLND is comparable to L-RPLND but it 
is unclear whether R-RPLND offers any measurable benefits 
over standard laparoscopy, perhaps besides an easier learn-
ing curve.

The application of RA-RPLND in the post-chemother-
apy setting has also been studied and found in expert cen-
ters to be feasible and safe and have excellent recurrence-free 
survival rates [23–32]. Of the studies that included exclu-
sively post-chemotherapy patients, few had accrual of more 
than 10 patients [23–25, 30, 32]; they included 11, 12, 13, 
30, and 45 patients. A recent systematic analysis integrates 
data from these largest studies via a weighted mean 
approach [33]. Compared to the primary RPLND cohort, 
median EBL was greater, and hospital length of stay (LOS) 
was longer, reaching ~200 mL and 2–4 days. The rates of 
recurrence-free survival from these studies were 90% at 
median follow-up of 15 months, 100% in 23 months, 100% 
in 31  months, 100% in 4  months, and 98% at 2  years, 
respectively [30, 33]. The rates of antegrade ejaculation 
were 85%–90% [33]. Notably, the rate of major CD III–IV 
complications was 7% in this setting, similar to previously 
reported rates in laparoscopic (8%) and open (6%) surgery 
in the same clinical context [34]. Another review article 
that pooled many smaller studies reported a major compli-
cation rate of 14% [27].

In addition, RA-RPLND may represent a cost-equivalent 
option to open surgery with decreased hospital length of stay 
(LOS) [35]. Bhanvadia et  al. compared perioperative out-
comes and performed a cost analysis between the open and 
robot-assisted RPLND, pooling 319 and 44 cases, respec-
tively, from a national all-payer inpatient care database—the 
US Nationwide Inpatient Sample (NIS). They found that 
patients who underwent open surgery had more than twice 
the LOS compared to RA-RPLND [median (IQR): 1.5 (1–3) 
days vs. 4 (3–6) days, p < 0.01]. Overall hospitalization costs 
were equivalent between R-RPLND and O-RPLND [median 
(IQR): R-RPLND vs. O-RPLND; $15,681 ($12,735–
$21,596) vs. $16,718 ($11,799–$24,403), p  =  0.48] [35]. 
They also performed a multivariable linear regression model 
to predict total hospitalization cost: robot-assisted surgery 
incrementally contributed $4457 (p < 0.01, 95% CI ($1134–
$7779) and each day of hospitalization contributed $2431 
(p < 0.01, 95% CI ($1960–$2903); the need for blood trans-
fusion contributed $7721 (p < 0.01, 95% CI ($2673–$12,769) 
to overall cost; and other complications did not significantly 
affect cost [35]. Age, year, race, BMI, Charlson comorbidity 
index, median income, insurance status, hospital bed size, 
hospital teaching status, and discharge disposition did not 
affect total cost [35]. Their results suggest that the cost- 
equivalence/cost-saving is driven by the decreased LOS. For 
many patients undergoing RA-RPLND, discharge within 

24 hours is safe. This suggests that RA-RPLND is a cost- 
saving procedure as compared to open, ceteris paribus—all 
other things being equal.

4  Robot-Assisted RPLND Surgical 
Technique

Mechanical bowel preparation the day prior to surgery to 
decompress the bowel is routine, but optional. Historically, 
some surgeons advocated for a low-fat diet up to two weeks 
prior to the surgery, to avoid chylous ascites, though conclu-
sive data is not available. More contemporary approaches 
recommend a high-fat diet up to two weeks prior to surgery 
to allow for improved visualization of lymphatic channels, 
followed by a low-fat diet immediately postoperatively. 
Preoperative sperm banking should be encouraged if future 
fertility is desired.

Nerve-sparing techniques as well as unilateral modified 
templates for dissection exist for the preservation of ante-
grade ejaculation. Nerve sparing preserves the sympathetic 
fibers within a given template, whereas modified templates 
limit contralateral dissection in the region of nerves essential 
for ejaculatory function. Nerve sparing aims to preserve the 
sympathetic chain (autonomic preganglionic fibers that syn-
apse with sympathetic ganglia adjacent to the great vessels) 
and the postganglionic fibers emanating from the sympa-
thetic chain at each vertebral level (traveling anterior to the 
aorta and posterior to IVC) and coalescing to form the supe-
rior hypogastric plexus. A detailed understanding of the neu-
roanatomy is essential for any RPLND surgeon. Unilateral 
modified templates are an option for men with stage I 
NSGCT, without suspicious lymphadenopathy or suggestion 
of bilateral/widespread tumor dissemination. There are sev-
eral versions of modified templates, but they share common 
regions. The 2019 AUA guidelines recommend that right- 
sided modified templates (Fig.  1) include, at a minimum, 
right common iliac, paracaval, precaval, retrocaval, interaor-
tocaval, preaortic, and retro-aortic; the omission of para- 
aortic lymph nodes above the inferior mesenteric artery 
(IMA) is controversial [36]. The same guidelines suggest 
that left-sided modified templates (Fig. 2) include left com-
mon iliac, para-aortic, preaortic, and retro-aortic; the inclu-
sion of interaortocaval nodes above the IMA is debated [36]. 
If metastatic disease is suspected in any nodes, then a full 
bilateral template (Fig. 3) is performed.

During surgery, patients are most commonly placed either 
in a modified flank position or supine in Trendelenburg, 
based on surgeon’s preference. In the flank position, ports 
are placed in a similar fashion to robotic renal surgery, but 
often more medially and/or inferiorly; for unilateral modi-
fied templates, the camera port is placed superolateral to the 
umbilicus, and the two 8-mm robotic arm ports are placed 

Robot-Assisted Retroperitoneal Lymph Node Dissection (RPLND)



882

a cb

Fig. 1 (a, b, c) are representative variations of modified right template boundaries

a cb

Fig. 2 (a, b, c) are representative variations of modified left template boundaries

inferior and superior lateral to the umbilicus. The fourth arm 
has many potential locations. A 12-mm assistant port is 
placed below the umbilicus. A 5-mm trocar port can be 
placed for liver retraction during right-sided procedures 

(Fig.  4). In supine positioning, the camera port is placed 
3  cm inferolateral to the right of the umbilicus; the 8-mm 
robotic arm ports are placed bilaterally, near the level of the 
umbilicus; the fourth arm is placed outside of the robotic arm 
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that is contralateral to the operative side. A 12-mm assistant 
port can be placed contralateral to the fourth arm (Fig. 5). An 
additional supine technique has been described in which the 
trocars are placed similar to a robot-assisted prostatectomy 
but near the costal margin; the robot is docked cranially, and 
the dissection field is reversed [12]. In every technique, the 
use of a fourth arm is typical for improved retraction and 
visualization. However, to free up the use of the fourth arm, 
improved visualization can be achieved through the use of 
Keith needles to attach the cut edge of the posterior perito-
neum onto the anterior abdominal wall. With the latest 
robotic technology, a full bilateral dissection can be per-
formed without repositioning the patient or redocking the 
robot.

The surgical steps of the procedure are analogous to its 
open and laparoscopic counterparts. Briefly, a right-sided 
RA-RPLND begins with an incision along the white line of 
Toldt to medialize the colon, and then the second portion of 
the duodenum is kocherized and the IVC is identified. The 
gonadal vein and associated lymphatics are identified, mobi-
lized, and appropriately ligated inferiorly to the ipsilateral 
inguinal ring and the spermatic cord stump; all structures are 
removed. The nodal tissue within the aforementioned tem-
plate is completely excised. Careful attention to the sympa-
thetic chain fibers that intertwine with the lymphatic tissue is 
warranted—the “split-and-roll” technique should be used in 
an athermal manner. It is important to identify and safely 
divide lumbar vessels to access and remove all lymphatic tis-
sues lateral and posterior to the great vessels. A left-sided 
RA-RPLND is analogous to the right side, with the differ-

Fig. 3 Bilateral RPLND boundaries
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Fig. 4 The port placement locations for supine positioning are shown for both left and right RPLND
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Fig. 5 The port placement locations of the camera, left and right robotic arm, the fourth arm, and the assistant port are showing for both left and 
right RPLND

ence being the dissection template. In cases of suspected 
nodal involvement or if a patient is CS II preoperatively, then 
a bilateral template is adopted.

5  Conclusion

Robotic surgery aims to decrease perioperative morbidity 
while maintaining the oncologic results of open surgery. 
The role of RA-RPLND in the treatment of testicular can-
cer is evolving but—at experienced centers and in well-
selected patients who have been counseled regarding all 
options—has suggested effectiveness in reducing the 
learning curve, improving perioperative morbidity, and 
establishing comparable short-term oncologic outcome to 
open surgery, and potentially it is cost-effective. Further 
studies, especially randomized controlled trials, are needed 
to define the longer- term cancer-specific outcomes and 
further evaluate the perioperative morbidity differences 
between open and robot-assisted RPLND. A command of 
testicular cancer, management options, expertise with the 
specifics of a complex surgery, and understanding of the 
pros and cons of various templates and surgical approaches 
are essential to deliver high-quality care to these highly 
curable and typically young patients with testicular 
cancer.
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COVID-19 pandemic, 30, 177, 242
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robotic-assisted pyeloplasty, 531
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robot-assisted adrenalectomy, 557
Cystectomy, 11, 54
Cystic tumours, 473–474
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Cystotomy closure, 523

D
DARPA program, 6
da Vinci robotic system, 857
da Vinci single-port (SP) robotic system, 598, 709

extraperitoneal approach
access and docking, 272
outcomes, 273
postoperative care and follow-up, 273

instruments, 267
modifications and challenges

outcomes, 268–269
scope angles and working distances, 268
traction and capacity of dissection, 268
trocar placement differences, 267, 268

vs. multiport robots, 277
perineal approach

access and SP docking, 273, 274
apical and bladder neck dissection, 273
outcomes, 275
pelvic lymph node dissection, 273–274
posterior seminal vesicles, 273
postoperative care and follow-up, 275
vascular pedicle and nerve sparing, 273
vas deferens dissection, 273
vesicourethral anastomosis, 273–274

step-by-step technique
anastomosis, 271
anterior bladder neck dissection, 270
bladder dropping, 270
DVC control, 271
lymphadenectomy, 271
minimal apical dissection, 271
nerve sparing (posterior access and lateral dissection), 270–271
posterior bladder neck dissection, 270
posterior reconstruction, 271
postoperative care and follow-up, 271
seminal vesicles approach, 270
trocar placement (single port plus one), 270

transvesical approach
access and SP docking, 275
anterior dissection, 275
bladder neck, vas deferens, and seminal vesicles dissection, 275
lymph node dissection and vesicourethral anastomosis, 

275–277
outcomes, 277
postoperative care and follow-up, 277
vascular pedicle and nerve sparing, 275

da Vinci Si or X-system, 661, 739

da Vinci® Surgical System, 11, 687
da Vinci Xi cautery settings, 41
DaVinci Xi closed console, 13
da Vinci® X/Xi Surgical System, 377, 639, 784
DCE-MRI categories, 631
Deep learning (DL), 79
Deep venous thrombosis (DVT), 581
Degrees of freedom (DOF), 4
Dehydrated human amnion/chorion membrane (dHACM) allograft, 

212
Delphi consensus-approved metrics, 422
Denonvilliers’ fascia (DF), 157, 195, 280, 281, 640, 644, 836
Dilation vesico-urethral anastomotic stenosis, 393
3-dimensional (3D) vision, 11
Directed energy for diagnosis and therapy (DEDAT), 31
Direct vision internal urethrotomy

vesico-urethral anastomotic stenosis, 393–394
Dismembered pyeloplasty, 568
Distal continence mechanism, 147
Distal ureter, 539
Distal ureteral strictures, 543, 547, 548
Distal ureter dissection, 522, 523
Diuretic renography

robotic-assisted pyeloplasty, 531–532
Dorsal vein complex (DVC), 642
Double J catheter, 799
Double J stenting, 764
DVC control, 271
DWI/ADC categories, 631–632

E
Ectopic pelvic kidneys, 412
Edema of lower limbs

robot-assisted radical nephrectomy, 504
EERPE, see Endoscopic extraperitoneal radical prostatectomy 

(EERPE) technique
Electrocautery, 588
Electroporation of the prostate, 355
Emergency undocking, 55
Endobag®, 642
Endo Catch™ II, 700
Endo GIA™ stapler, 676, 709, 710
Endo GIA® vascular stapler, 692
Endoluminal surgery, 29
Endopelvic fascia, 157, 616
Endophytic tumours, 472–473
Endorectal wall advancement flap, 387, 388
Endoscopic coronary artery bypass grafting (E-CABG), 7
Endoscopic extraperitoneal radical prostatectomy (EERPE) technique, 

286
docking, 289
extraperitoneal space, 287–289
history of, 286–287
patient positioning, 287
trocar placement, 287–290

Endothelial NOS lines cavernosal sinusoids, 400
Endovaginal US (EVUS), 864
EndoWrist Stapler, 14
EndoWrist technology, 11, 517
End-stage renal disease (ESRD), 837
Enhanced recovery after surgery (ERAS), 55–58, 245, 456, 647, 

657–658, 681, 687
Enhanced recovery protocol (ERP), 673, 674
Enucleo-resection, 458
Epidurals, 58
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EPLND, see Extended pelvic lymphadenectomy
E-RARP, see Extraperitoneal robot-assisted radical prostatectomy
Erectile function (EF), 145, 283, 399
European Association of Urology (EAU), 628–629
Evidence-base medicine, 30
Extended pelvic lymphadenectomy (EPLND), 305–306, 647, 673

anatomical areas, 306, 307
current guideline recommendations, 305–306
functional outcomes, 311
intraoperative and perioperative outcomes, 311
vs. limited PLND, 305, 331, 343, 344
non-oncologic outcomes

baseline characteristics, 312–322
clinical results, 323–330

oncological outcomes
baseline characteristics, 332–339
biochemical recurrence, 331
cancer-specific and overall mortality, 343
clinical results, 340–342
distant metastasis, 343
potential benefits of, 344–345
randomized controlled trials, 343–344

positive node patients by dissection area, 307
positive nodes, 68Ga-PSMA PET, 308
salvage lymphadenectomy, 345–346
surgical technique, 308–310

Extended pelvic lymph node dissection, 244
External beam radiotherapy (EBRT), 354, 385
External sphincter sparing, 219
External striated urethral sphincter or rhabdosphincter, 148–150
Extracapsular extension, 373

definition and location of, 374
management of, 380–381
natural history of patients, 379–380
positive surgical margins and, 379–381
risk factors and prediction, 375–376

Extracorporeal approach to urinary diversion (ECUD), 716
Extracorporeal RARC, 717
Extracorporeal shockwave lithotripsy (ESWL), 791
Extracorporeal urinary diversion (ECUD), 723

advancements in, 706
catheterizable channel, 704–705
catheterizable limb formation, 704
cutaneous urinary diversion, 703
ileal conduit extracorporeal urinary diversion, 696
ileal conduit-specific complications, 699–700
ileal conduit stoma creation, 699
ileal harvest, 696–698
ileocolonic harvest, 703–704
indiana pouch-specific complications, 705
neobladder formation, 700–701
neovesical-urethral anastomosis, 702
orthotopic neobladder, 700
orthotopic neobladder-specific complications, 702–703
patient positioning, 696
perioperative considerations, 695–696
port placement, 696
postoperative care, 699, 702, 705
pouch formation, 704
robotic and laparoscopic preparation, 703
robotic preparation, 696, 700
suprapubic catheter placement, 704
ureteroenteric anastomoses, 704
ureteroileal anastomoses, 699, 702

Extrafascial dissection, 166
Extraperitoneal robot-assisted radical prostatectomy (E-RARP)

advantages, 295
concurrent inguinal hernia repair, 295–296
obese patients, 296
previous abdominal surgeries, 295

anatomically nerve-sparing radical prostatectomy, 286
disadvantages, 295

extended lymphadenectomy, 297
“non-standard” RARP, 297
prior bilateral inguinal hernia repair, 296
severe respiratory disease, 296

EERPE technique
docking, 289
extraperitoneal space, 287–289
history of, 286–287
patient positioning, 287
trocar placement, 287–290

intraoperative complications, 293–294
multi-port robotic system

access method, 289–292
with or without PLND, 292
post-operative care and follow-up, 292–293

oncologic and functional outcomes vs. laparoscopic and open 
procedures, 286

onset of laparoscopic prostatectomy, 286
perineal approach, 285
post-operative and late complications, 294–295
retropubic approach, 285
single-port (SP) robotic system, 293

access, 298–299
operative procedure, 299–300
post-operative care, 299–300
robotic “simple” prostatectomy, 300

Extraprostatic extension (EPE-RM) nomogram, 225, 226, 234–236
Ex vivo fluorescence confocal microscopy

RADICAL prostatectomy specimens, 367–368
Eye tracking system, 13

F
Fascia, 157–159
Female organ-sparing cystectomy, 682
Female pelvic bone, 615
Female pelvic floor reconstruction

correction of apical POP, 863
diagnostic test, 862
epidemiology, 858–859
etiology, 858
exposure of promontory, 867–869
IOUS approach, 864–865
mesh fixation, 871–872
no-mesh technique, 864
patient evaluation, 860
pelvic floor imaging, 862–863
pelvic organ prolapse, 859
peritoneal closure, 872–873
peritoneal incision, 869
POP-Q, 859–860
rectovaginal dissection, 870
robotic sacrohysteropexy, 874–875
sacrocolpopexy, 865–866
single-port nephrectomy, 863–864
symptom evaluation, 860–861
vesicovaginal area dissection, 869–870

Female urethra, 622
FireFly® technology, 432, 689
Flexible carbon dioxide laser fiber guided technique, 167

Index



891

Flickering image, 36
Fluid balance, 54
Fluorescence-supported lymphography, 244–245
Fluorescent confocal microscopy (FCM)

RADICAL prostatectomy specimens, 366–367
Foley catheter, 691, 692, 711, 786, 821, 822
Fundamentals of laparoscopic Surgery (FLS), 30
Fundamentals of robotic surgery (FRS), 30

G
Ganglioneuroma, 555
68Ga-PSMA

68Ga-PSMA-PET/CT, 135–136
physiologic biodistribution of, 132
prostate cancer

in localization and primary staging, 133–134
restaging of, 134–135

Gas embolism, 176
Gastrointestinal effects, 172
GelPOINT Mini System, 564, 573
Gerota’s fascia, 451, 457, 461
Giganti nomogram, 233
Global Evaluative Assessment of Robotic Skills (GEARS), 30
Graefen nomogram, 226–227
Graves’ classification, 414

H
Haemorrhage, 471
Hand-assist radical nephrectomy, 605
Hasson’s technique, 442, 519, 586–587, 639, 674, 865
Hazard ratio (HR), 379
HD visualization, 11
Health-related quality-of-life (HRQoL), 730
Heilbronn technique, 757
Heineke-Mikulicz fashion, 701
Heineke-Mikulicz technique, 589
Heminephroureterectomy, 790
Hem-o-lok®, 25, 478, 645, 690, 692
Hem-o-lok positioning, 42–43
Hemostasis, 458–459
Hemostatic agents, 478
Hepatic and renal dysfunction, 504
HERMES system, 7
Hidden incision endoscopic surgery (HIdES) technique, 784
High-intensity focused ultrasound (HIFU), 30, 355
High-risk prostate cancer (HRPC)

complications, 245
definition of, 241
extended pelvic lymph node dissection, 244
fluorescence-supported lymphography, 244–245
functional outcomes, 245
nerve sparing planning/algorithms, 243–244
oncological outcomes, 245
preoperative multiparametric MRI, 242–243
Retzius sparing, 244
robot-assisted radical prostatectomy, 243
sentinel node biopsy, 244–245
timing of surgery, 242
treatment options, 241–242

Hilar dissection, 457
Hilar tumours, 473
Hologram, robotic renal surgery, 595
HoloLens® device, 435
Hood technique, 212, 221

Hormone replacement therapy, 557
Horseshoe kidneys, 410, 412
Hounsfield units (HUs), 429
HRPC, see High-risk prostate cancer
Hugo RAS system, 14
Hugo robot, 599
Human pelvic anatomy, 613
Hutch diverticulum, 621
Hyperaccuracy 3D™ model AR-models, 595
Hyper-accuracy three-dimensional (HA3D™), 434
Hyperaldosteronism, 556
Hypothermia graft jacket, 838
Hypothermic NS robot-assisted laparoscopic prostatectomy, 167

I
Iatrogenic injury, 413
Iatrogenic splenectomy, 413
Iatrogenic urorectal fistulas, 755
Ileal conduit, 712
Ileal conduit stoma creation, 699
Ileal harvest, 696–698
Ileal-ileal anastomosis, 663, 665
Ileocecal and appendiceal region, 810–811
Ileocolonic harvest, 703–704
Ileovesical anastomosis, 816
Iliac artery plaque tracking, 514
Image-guided surgery

robotic renal surgery, 596–597
Indiana pouch, 712–713
Indocyanine, kidney tumors, 432–433
Indocyanine green (ICG), 167, 689

in pyeloplasty, 536
Inferior hypogastric plexus, 159, 615
Inferior mesenteric artery (IMA), 881
Inferior vesical artery, 618
Inguinal ligament, 614
Inguinal lymphadenectomy, 844, 845, 852
Instrument kinematic metrics, 85
Insufflation pressure effects

cardiovascular effects, 172
gastrointestinal effects, 172
intracranial pressure effects, 173
renal effects, 172
respiratory effects, 173

Interfascial dissection, 166
Intra-abdominal pressure (IAP), 771
Intracorporeal graft cooling systems, 514
Intracorporeal neobladder

ERP, 674
inclusion and exclusion criteria, 674
intracorporeal technique, 675–678
materials and methods, 673
neobladder technique, 675–678
operative setup, 674
orthotopic technique, 675–678
patient selection, 674
postoperative care, 678–679
preoperative preparation, 674
trocar configuration, 674

Intracorporeal RARC, 717
Intracorporeal reconstruction of an OBS (iOBS), 727
Intracorporeal urinary diversion (ICUD), 673, 695, 716, 723

“Marionette” technique, 688–691
port placement, 688
positioning, 688

Index



892

Intracorporeal urinary diversion (ICUD) (cont.)
postoperative management, 693–694
W neobladder technique, 691–693

Intracranial pressure effects, 173
Intraductal carcinoma (IDC), 369
Intrafascial dissection, 166
Intrafascial nerve-sparing technique, 287
Intraoperative explosions, 172
Intraoperative ultrasonography

ureteral strictures, reconstructive surgery for, 540
Intraoperative ultrasound (IOUS), 864–865

kidney tumors, 428–429
Intraurethral alprostadil, 401
Intravenous pyelography (IVP)

robotic-assisted pyeloplasty, 532
Intuitive Surgical Inc., 6, 8
Ischioprostatic ligaments, 150, 152
iSR’obot™ Mona Lisa, 14
IVC thrombectomy

Left RARN and, 494

J
Journal of Thoracic Cardiovascular Surgery, 7
Juxta-medullary nephron, 408

K
Keith needles, 883
Kidney

mobilization, 457, 522
reconstruction, 458–459
vascular system of, 409

Kidney surgery
single-port approach to

access, 564
dismembered pyeloplasty, 568
exposing renal pelvis and ureteropelvic  

junction, 567
floating technique, 564
multi-quadrant feature, 567
partial nephrectomy, 564, 566
patient selection, 564
port placement, 564
positioning, pfannenstiel incision, access and port  

placement, 567
proximal ureter, identification of, 569
single-port retroperitoneal robotic partial  

nephrectomy, 563–564
single-port robotic pyeloplasty, 567
surgical technique, 567

Kidney transplantation (KT), 422, 509
complex surgical scenarios

multiple vessels, 513
obese patient, 512–513

iliac artery plaque tracking, 514
intracorporeal graft cooling systems, 514
robot-assisted kidney autotransplantation, 515
robot-assisted kidney transplantation

bench table preparation, 510
living-donor kidney transplantation, 510
living-donor nephrectomy, 509–510
patient and trocar positioning, 511
transplant bed preparation, 511
ureteroneocystostomy, 512
vascular anastomosis, 511

Kidney tumors
computed tomography scan, 429–431
cystic masses, classification of, 431
magnetic resonance imaging, 431–432
near-infrared fluorescence guidance with indocyanine, 432–433
ultrasound, 427

contrast-enhanced ultrasound, 428
intraoperative ultrasound, 428–429

virtual reality and 3D models, 433
applications, 433–436
automatic overlapping, 437, 438
reconstruction, 433

L
Lancet Commission on Global Surgery, 74
Laparoendoscopic single-site surgery (LESS), 536
Laparoscopic bladder diverticulectomy (LBD), 738
Laparoscopic Doppler ultrasound probe, 167
Laparoscopic Fenger plasty, 788
Laparoscopic gamma probes, 16
Laparoscopic KT (LKT), 509
Laparoscopic pyeloplasty (LPP), 785
Laparoscopic radical nephrectomy (LRN), 483, 606
Laparoscopic radical prostatectomy (LRP), 199–209
Laparoscopic sacrocolpopexy, 857
Laparoscopic single-site surgery (LESS), 863
Laparoscopic surgery (LS), 3, 29, 771
Laparoscopic transperitoneal radical prostatectomy (LRPE), 286
Lapra-Ty, 478
Large prostates, 256–257
LASER probes, 17
Latzko procedure, 387, 388
Learning curves, 373, 658
Left RARN and IVC thrombectomy, 494
Length of stay (LOS), 718
Levita™ magnetic surgical system (LMSS), 15, 598
LEXION system, 178
LigaSure™ device, 644, 650, 674, 697
Living-donor kidney transplantation, 510
Living-donor nephrectomy, 422, 509–510
Loop of Henle, 408
Lower limb compartment syndrome (LLCS), 395
Lower urinary tract symptoms (LUTS), 93
Low-impact laparoscopy (LIL), 176
Low molecular weight heparin (LMWH), 58
LUAA Gundeti technique, 795
Lymphadenectomy, 197, 271, 487, 522, 554
Lymph node dissection (LND), 391, 483, 484, 711
Lymphocele, 391

clinical spectrum, 391
incidence and etiology, 391
potential preventative strategies, 391–392
treatment options, 392

Lymphorrhea, 852

M
Magnetic resonance imaging (MRI)

kidney tumors, 431–432
robot-assisted adrenalectomy, 555

Magnetic resonance imaging-guided biopsy
cost implications of, 110
MRI-TB, 108–109
multiparametric MRI (MP-MRI), 107
transperineal biopsy, 109–110
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Magnetic resonance urography (MRU)
robotic-assisted pyeloplasty, 531

Malecot catheter, 713
Male pelvis, 615–616
Male urethra, 622
Male urinary continence

anatomical mechanisms of, 218
Malone antegrade colonic enema (MACE), 810, 819–821
Martini nomogram, 236
Mayer-Rokitansky-Küster-Hauser syndrome, 807
Mayo adhesive probability (MAP), 463
McNeal’s anterior fibromuscular stroma, 158
Mean arterial pressure (MAP), 771
Mechanical bowel injuries, 588
Mechanical injuries, 578
MEDFAST, 5
Median lobe, 254–256
Medical Therapy of Prostate Symptoms (MTOPS) trial, 93
Medulla, 408, 478
Membranous urethra, 145–147
Memorial Sloan Kettering Cancer Center (MSKCC), 375
Menon precision prostatectomy, 26
Mesocolon, 534
Metanephros, 409
Metastases, robot-assisted adrenalectomy, 554
Metastasis-directed therapy, 345
Metastatic disease, 844
Meticulous apical dissection, 219
Metzenbaum scissors, 699
Microhematuria, 628
Mid-ureter, 539
Minimal access surgery, 10
Minimal apical dissection, 271
Minimal invasive approach, 802
Minimally invasive inguinal lymph node dissection (ILND), 845
Minimally invasive partial nephrectomy (MIPN), 464
Minimally invasive surgery (MIS), 472, 827

cardiovascular changes, 771–772
cerebral effect, 773
inflammation, 774
insufflation gas, 773–774
metabolic response, 774–775
renal effects, 772–773
respiratory effect, 772
trendelenburg position, 774

Minimally invasive surgical therapies (MIST), 93
Minimal margin resection, 458
Mitrofanoff appendicovesicostomy, 815
Mitrofanoff procedure

detrusorraphy, 803
extravesical reimplantation, 803
indications, 802
nephrectomy, 802–803
open technique, 802
outcomes, 804–805
reimplantation, 803
urethral catheter, 802

Mixed reality (MR), 434–435
Modified clipless antegrade, 167
Monopolar energy, 578, 588
Montsouris technique, 286
Motion scaling, 11
MPP clinical trial data, 27
Mullerian aplasia, 807
Mullerian ducts, 835
Multidetector CT (MDCT) angiography

arterial system, 414
Multiparametric magnetic resonance imaging (mpMRI), 242–243, 

375, 628
Multiple endocrine neoplasia type 2 (MEN 2), 554
Multiple prostate biopsies, 259–260
Multiple tumours, 474
Multiple-vessel grafts (MVGs), 513
Multiport robotic prostatectomy

access method, 289–292
patient positioning, 181–182
port placement

docking “between the legs, Si,” 184
prostatectomy set-up card, 183
“side docking” approach, 186–187
traditional docking “between the legs” with the DaVinci Xi, 

185
post-operative care and follow-up, 292–293

Multi-quadrant approach, 517
Muscle invasive bladder cancer (MIBC), 627, 647, 657
Myelolipoma, 555
Myopathy, 557

N
Narrow pelvis, 260–261
NASA SBIR, 7
National Comprehensive Cancer Network (NCCN), 629
National Institute for Health and Care Excellence (NICE), 629
Natural language processing, 80
Near-infrared fluorescence (NIRF) guidance, 470, 472

kidney tumors, 432–433
ureteral strictures, reconstructive surgery for, 540

Near-infrared light spectrum
robotic renal surgery, 596

Near-infrared spectroscopy (NIRS), 773
Neo-vascularization, 354
Nephrectomy, 9, 447
Nephrogenesis, 409
Nephrolithiasis, 791–793
Nephron-sparing renal reconstruction, 481
Nephron-sparing surgeries (NSS), 450, 606, 836
Nerve sparing (posterior access and lateral dissection), 270–271
Nerve-sparing (NS) dissection strategy, 225
Nerve-sparing methods, 619
Nerve sparing planning/algorithms, 243–244
Nerve-sparing radical cystectomy, 682
Nerve-sparing RARP

anatomical considerations, 165–166
degrees of, 166
neurovascular bundle preservation

anterograde NVB dissection, 166
flexible carbon dioxide laser fiber guided technique, 167
hypothermic NS robot-assisted laparoscopic prostatectomy, 167
laparoscopic Doppler ultrasound probe, 167
modified clipless antegrade, 167
potassium titanyl phosphate laser, 167
retrograde NVB dissection, 167
transrectal ultrasound (TRUS) guided NSRP, 167
veil of aphrodite, 167

potency outcomes, 168
technology applications

augmented reality, 168
biological membranes, 167
indocyanine green, 167
magnetic resonance imaging, 168
NeuroSAFE approach, 168
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Nerve sparing surgery, 160
Nerve-sparing techniques, 352
Neural control, 150
Neuroanatomy, 158–161
Neuropraxia, 54
NeuroSAFE approach, 17, 168, 212, 364
NeuroSAFE frozen section analysis, 365
NeuroSAFE prostatectomy open and robotic methods, 162
NeuroSAFE protocol, 377
NeuroSAFE robotic prostatectomy method, 163
Neurovascular bundle (NVB), 157–163, 219, 399, 644

anterograde NVB dissection, 166
flexible carbon dioxide laser fiber guided technique, 167
hypothermic NS robot-assisted laparoscopic prostatectomy, 167
laparoscopic Doppler ultrasound probe, 167
modified clipless antegrade, 167
potassium titanyl phosphate laser, 167
retrograde NVB dissection, 167
sparing, 162
transrectal ultrasound (TRUS) guided NSRP, 167
veil of aphrodite, 167

Nitric oxide synthase (NOS), 399
Node reporting and data system (Node-RADS), 628
No-mesh technique, 863
Nomograms

Graefen, 226–227
with MRI

Chen, 233–234
Giganti, 233
Martini, 236
Nyarangi-Dix, EPE-RM, 234–236
Soeterik online EPE predictive model, 237
Wibmer MRI-inclusive nomogram, 238

Ohori, 227
PRECE, 230–232
Satake, 228–229
Sayyid, 229–230
Steuber, 229
Tsuzuki, 227–228

Non-muscle-invasive BCa (NMIBC), 627
Non-oncologic outcomes

baseline characteristics, 312–322
clinical results, 323–330

Non-seminomatous germ cell tumors (NSGCT), 836
Non-transecting side-to-side ureteral reimplantation, 544

outcomes, 545
patient positioning and robotic trocar placement, 545
technique, 545

O
Obese patients, 251–253
Objective structured assessment of technical skills (OSATS), 30
Ohori’s nomogram, 227
Omental wrap, 546–547
Oncocytoma, 429, 555
Oncological outcomes

baseline characteristics, 332–339
biochemical recurrence, 331
cancer-specific and overall mortality, 343
clinical results, 340–342
distant metastasis, 343
potential benefits of, 344–345
randomized controlled trials, 343–344
Retzius-sparing robot-assisted radical prostatectomy, 282–283

Oncologic safety, 153

Oncology, 836–837
Onlay buccal mucosal graft ureteroplasty, 546
Onuf’s nucleus, 620
Open bladder neck reconstruction, 824
Open Hassan technique, 808
Open kidney transplantation (OKT), 509
Open radical cystectomy (ORC), 639, 647, 666, 673, 716
Open radical prostatectomy (ORP), 199–209, 373
Open salvage prostatectomy, 757
Open surgery, 29
Open transvesical excisions (OTE), 836
Operative time (OT), 47

circulator, 34
electrosurgical units, 33
first assistant, 34
gas tanks, 34
group apparatus, 34
room layout, 33
surgeon, 34
surgical scrub, 34
technological controls, 33
time and room availability, 33

Organ injury, 504
ORSI Consensus Meeting on European Robotic Training (OCERT), 423
Orthotopic bladder substitution (OBS), 727

P
Palmer’s point access, 587
Pansadoro stitch, 280
Papaverine, 400
Papilla, 408
Parasympathetic fibers, 619
Parenchyma, 575
Parietal and visceral fascia, 157
Partial nephrectomy (PN), 9, 407, 421, 455, 469, 571

color Doppler ultrasound, 457
early unclamping, 459
Hilar dissection, 457
kidney mobilization, 457
outcomes of, 459
patient positioning and trocar placement, 457
post-operative care, 459
preoperative imaging, 456
single-port approach, to kidney surgery, 564, 566
specimen extraction and port site closure, 459
surgical technique, 456

Partial nerve sparing radical prostatectomy
anatomic landmarks, 226
nomograms

Chen, 233–234
Giganti, 233
Graefen, 226–227
Martini, 236
Nyarangi-Dix, EPE-RM, 234–236
Ohori, 227
PRECE, 230–232
Satake, 228–229
Sayyid, 229–230
Soeterik online EPE predictive model, 237
Steuber, 229
Tsuzuki, 227–228
Wibmer MRI-inclusive nomogram, 238

Patient-controlled analgesia (PCA), 605
Patient positioning, 104–105

partial nephrectomy, 457
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Patient selection, 456
PDE-5 inhibitors, 25
Pediatric renal surgery

heminephroureterectomy, 790
nephrolithiasis, 791–793
patient positioning, 784
patient selection, 783–784
preoperative steps, 784
robotic instruments, 785
robotic pyeloplasty, 785–788
robotic ureterocalicostomy, 788–790
surgical positioning and technique, 790–791
trocar site for, 784

Pediatric renal transplant, 837–838
Pediatric transplant

challenges in, 838
Pediatric urologic patients

learning curve, 778–779
limited selection of instruments, 776–778
MIS (see Minimally invasive surgery)
small working spaces, 775–776

Pedicle dissection, 710
Pelvic floor, 621–622
Pelvic Floor Disability Index (PFDI-20), 861
Pelvic lymph node dissection (PLND)

radical prostatectomy with or without, 292
Pelvic organ prolapse (POP), 647, 857, 859, 860, 863
Pelvic organ prolapse quantification (POP-Q), 859–860
Pelvic plexus, 160
Pelvic stone

OR setting and patient positioning, 534
Pelvic surgery, 11
Pelvic-ureteric junction obstruction, 529
Pelvic vascularization, 618
Penile cancer (PeC)

femoral triangle region, endoscopic anatomy of, 845–847
hypogastric subcutaneous approach, 851
ILND, 845
inguinal dissemination of, 844
inguinal lymphadenectomy, 844, 852
lateral leg access, 851
multiple factors, 843
preoperative patient management, 848
right-sided R-VEIL, 852
R-VEIL surgical steps, 848–851

Penile rehabilitation, 400–401
Penile vibratory stimulation (PVS), 401
Percutaneous nephrolithotomy (PCNL), 791
Perineal approach

access and SP docking, 273, 274
apical and bladder neck dissection, 273
outcomes, 275
pelvic lymph node dissection, 273–274
posterior seminal vesicles, 273
postoperative care and follow-up, 275
vascular pedicle and nerve sparing, 273
vas deferens dissection, 273
vesicourethral anastomosis, 273–274

Periprostatic autonomic innervations, 158
Peritoneal interposition flap, 392
Peritonitis, 505
Periumbilical single-port robotic incision, 548, 549
Peroneal nerve injuries, 442
Pfannenstiel incision, 669, 682, 784
Pheochromocytoma, 554, 559

robot-assisted adrenalectomy, 556

Phophodiesterase type 5 inhibitors (PDE5-Is), 400
Pneumaturia, 385
Pneumonia, 505–506
Pneumoperitoneum, 52, 457, 578, 586, 808
Pneumoperitoneum insufflation (PI), 587
Pneumoperitoneum physiology

AIRSEAL® insufflation mechanism, 176–177
insufflation improvements, 177–178
reporting airseal use and outcomes, 177

CO2 absorption
acid–base effects, 173–174
hemodynamic and pulmonary influences, 174

hormone and immunologic considerations, 175
insufflation agents

carbon dioxide (CO2), 171
helium, 171–172
nitrous oxide, 172

insufflation pressure effects
cardiovascular effects, 172
gastrointestinal effects, 172
intracranial pressure effects, 173
renal effects, 172
respiratory effects, 173

with patient positioning, 174–175
Polyjet® technology, 593
Port placement, 94
Port-site hernias, 582
Positioning-related injuries, 442
Positive margins of resection (PSMs), 153
Positive surgical margin (PSM), 48, 364

and extracapsular extension, 379–381
Positive surgical margins (PSMs), 242, 373, 470
Posterior bladder neck, 194–195
Posterior bladder neck dissection, 270
Posterior neurovascular bundle preservation, 195
Posterior prostate dissection, 280
Posterior reconstruction and preservation, 219–220, 271
Posterior retroperitoneoscopic adrenalectomy (PRA), 74
Post-prostatectomy incontinence (PPI)

causes and frequency of, 217–218
surgical techniques and clinical outcomes

bladder neck preservation, 219
external sphincter sparing, 219
Hood technique, 221
meticulous apical dissection, 219
neurovascular bundle, 219
posterior reconstruction and preservation, 219–220
regenerative materials, 221
rehabilitative approaches, 221
urethral length, maximal preservation of, 220
urethrovesical anastomosis, 220
watertight urethrovesical anastomosis, 221

Potassium titanyl phosphate laser, 167
PRECE’s graphical interface, 232
PRECE’s prediction algorithm, 231
Preoperative preparation

patient positioning, 40
room setup, 39–40

Preservation of sphincteric/membranous urethra, 147–149
Primary hyperaldosteronism, 559
Proficiency-based progression (PBP), 30, 422
Programmable Universal Machine for Assembly (PUMA), 3
ProGrasp forceps, 41
Prophylactic antibiotics, 784
Prostanoids, 400
Prostate apical shape, 149–151
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Prostate cancer, 375
assessment and reporting, 123–125
biopsy technique, 104–107
bleeding, 110
bone scan in, 120
color-Doppler ultrasound, 118
computed tomography (CT), 119
contrast-enhanced ultrasound (CEUS), 118–119
detection, 129
digital rectal examination, 101
4K test, 102
free to total ratio, 101–102
high-resolution micro-ultrasound, 118
lymph nodes staging, 128
magnetic resonance imaging (MRI)

classification systems for, 122–123
in active surveillance, 126–127
Prostate Imaging-Reporting and Data System (PI-RADS), 

121–122
sequences on, 120–121
structure and function of, 122

magnetic resonance imaging-guided biopsy
cost implications of, 110
MRI-TB, 108–109
multiparametric MRI (MP-MRI), 107
transperineal biopsy, 109–110

metastasis staging, 128
multiparametric ultrasound (mpUS), 119
PET scan in

11C-and 18F-Choline-PET/CT, 130–131
18F-FDG PET/CT, 130
18F-Fluciclovine PET/CT, 131–132
68gallium prostate-specific membrane antigen  

PET/CT, 132
PSMA targeting agents, 132–136

post-biopsy infection, 110–111
post-operative urinary retention, 111
prostate cancer antigen 3, 102
prostate TRUS elastography, 119
prostrate-specific antigen, 101
treatment, 354–355
TRUS-guided prostate biopsy

antibiotic prophylaxis, 103–104
non-antibiotic strategies, 104
pre-operative preparation, 103
prostate biopsy and anticoagulation, 103

tumor staging, 127–128
Prostate dissection techniques

bladder detachment vs retzius sparing approach, 209–210
DCV control and sutures, 211
extra- vs. transperitoneal approach, 209
nerve-sparing approaches, 210
reconstructive techniques, 210

Prostate Imaging—Reporting and Data System (PI-RADS), 375
Prostate specific antigen (PSA), 373
Prostate-specific membrane antigen (PSMA), 353
Prostatic fascia, 157
Prostatic utricle (PU), 835–836
Proton beam therapy, 355
Proximal ureter, 539
Pseudo-incontinence, 835
Psoas hitch, 543
PubMed search, 199
Puboprostatic ligaments, 616, 642
Pulmonary embolism, 581
Pyeloplasty, 11, 532

buccal mucosal graft in, 537
indocyanine green in, 536

Pyelo-ureteral junction disease (PUJD), 422

Q
Quality of life (QOL), 718

R
Radical cystectomy, 9, 681
Radical nephrectomy, 487
Radical nephroureterectomy (RNU), 517

case selection and preparing for surgery, 517–518
complications, steps to avoid, 524
instrumentation and equipment, 518–519
outcomes, 524
patient positioning, 518
postoperative management, 524
surgical technique

abdominal access, 519
adrenal gland dissection and kidney mobilization, 522
bladder cuff excision, 522–523
bladder repair/cystotomy closure, 523
colon mobilization, 520
distal ureter and bladder cuff dissection, 522, 523
hilar dissection, 521
lymphadenectomy, 522
port placement and configuration, 519–520
renal hilum, dissection of ureter and identification, 521
specimen and closure, retrieval of, 523–524

template-based lymph node dissection, 525
Radical prostatectomy (RP), 11, 373, 385

approaches, 200
RADICAL prostatectomy specimens (RALP), 361

intraoperative margins assessment during, 364
NeuroSAFE approach, 364

NeuroSAFE frozen section analysis, 365
internal and external validation of, 365–366
processing of prostate specimen, 365

prostate and prostatic margins after FCM technique, handling and 
processing of, 368

RALP specimen reporting, 368–370
regular setting, handling and processing of, 361

digital vs. light microscopy examination, 363
inking surface, 362
partial or total embedding, 362–363
slicing prostate, 362
specimen transportation, 361
specimen weight and dimensions, 362
whole-mount vs. standard sections, use of, 363

specimen with confocal microscope, handling and processing of
confocal microscopy, 366–367
ex vivo fluorescence confocal microscopy, 367–368

Radiotherapy failure, 352
RALP, see Robotic-assisted laparoscopic radical prostatectomy
RAMIS, 29
Randomized controlled trials, 17
Randomized open vs. robotic cystectomy (RAZOR), 723
RARP, see Robot-assisted radical prostatectomy; Robotic-assisted 

radical prostatectomy
RAZOR trial, 647, 719
Reconstructive urology, 11
Rectal-balloon catheter, 752
Rectal injury

urologic robotic surgeries, intraoperative complications in, 588–589
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Rectal injury (RI), 385
Rectourethral fistula (RUF), 385

classification, 386
diagnosis and evaluation, 385–386
incidence and etiology, 385
management, 386–387

conservative management, 387
endorectal wall advancement flap, 387, 388
Latzko procedure, 387, 388
transabdominal, 390
transanorectal sphincter-splitting repair, 390
transperineal repair, 388–390
urinary diversion, 390

Rectovesical fistulas
early management of, 750
follow-up, 752–754
frequency origin, 750
management of, 754–755
operative technique, 751–752
patient preparation, 751
surgical management of, 751

Regenerative materials, 221
Rehabilitative approaches, 221
Reinforcement learning (RL), 80
Relocation pedal, 268
Remotely operated suction irrigation system (ROSI), 574
Remote telementoring, 74
Renal anatomical relationships

adrenal glands, 410
renal topology, 410
retroperitoneal space, 410
surgical impact, 412–413
variations, 410, 412

Renal artery clamping, 455
Renal capsule, 473
Renal cell carcinoma (RCC), 427
Renal effects, 172
Renal lymphatics, 417–418
Renal masses, 427
Renal organogenesis, 409–410
Renal papillae, 416
Renal pelvis

single-port approach, to kidney surgery, 567
Renal pyramids, 408
Renal surgery

difficulties with positioning, 441–442
docking and theatre layout, 446
port placement, 442

for retroperitoneal approach, 443–445
robotic platform, influence of, 442
transperitoneal approach, 442–443
for transperitoneal nephroureterectomy, 445–446

positioning-related complications, 442
retroperitoneal approach, variation for, 441
transperitoneal approach, standard position for, 441

Renal system
embryology, 409–410
renal anatomy, 407, 408
renal physiology, 408–409
surgical renal anatomy

arterial system, 413–415
renal anatomical relationships, 410–413
renal lymphatics, 417–418
renal papillae, calyces, and pelvis, 416
retroperitoneal lymphatics, 418
ureter, 416

venous system, 415–416
Renal transplant recipients, 263–264
Renal transposition, 464
Renal tumors, 16

excision, preparing for, 469–470
kidney mobilisation, 469
tumour resection, 470–472

cystic tumours, 473–474
endophytic tumours, 472–473
hilar tumours, 473
multiple tumours, 474

Renal vein anomalies, 415–416
Renorrhaphy techniques

robot-assisted partial nephrectomy, 477
outcomes, different suture techniques on, 479–480
surgical techniques for, 477–479
“sutureless” RAPN, feasibility of, 480–481

Respiratory effects, 173
Retrograde neurovascular preservation, 195–196
Retrograde NVB dissection, 167
Retrograde pyelogram (RGP), 785
Retroperitoneal approach

for renal surgery, 441
renal surgery for, 443–445

Retroperitoneal fibrosis (RPF), 541
Retroperitoneal lymphatics, 418
Retroperitoneal pelvic lymph node dissection (RPLND), 836

indications, 879
L-RPLND, 880–881
surgical technique, 881–884

Retroperitoneal RAPN (rRAPN), 463, 485
kidney preparation, 486–487
patient positioning and port placement, 485–486
radical nephrectomy, 487

Retroperitoneal robot-assisted partial nephrectomy (RP-RAPN), 571
Retroperitoneal robotic partial nephrectomy

port placement for, 450
access, 451
da Vinci Si port positioning, 451, 452
da Vinci Xi port positioning, 451, 452
docking, 452
positioning, 450–451

Retroperitoneal space, 410
Retzius space access, 194
Retzius sparing, 244
Retzius-sparing robot-assisted radical prostatectomy (RS-RARP), 152

Bocciardi approach, 283, 284
clinical background and technical rationale, 279
Niguarda experience

erectile function recovery, 283
intraoperative complications, 282
oncological outcomes, 282–283
postoperative complications, 282, 283
urinary continence recovery, 283

surgical technique
anterior prostate, 280–281
bladder neck dissection, 280–281
Pansadoro stitch, 280
patient positioning and port placement, 279–280
posterior prostate dissection, 280
prostate removal, 280–281
seminal vesicles approach, 280
suprapubic tube placement, 281–282
transabdominal stitches, 280, 281
vesico-urethral anastomosis, 281–282

Reusable laparoscopic tools, 13
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Reverse Trendelenburg, 784
Revision/redo pyeloplasty, 788
Revision robotic pyeloplasty, 783
REVO-I robot, 598
Rhabdomyolysis, 581
Right radical nephrectomy, 494
Right RARN

and IVC thrombectomy
extraction of thrombus, 493–494
inferior vena cava, left renal vein, and right renal  

vein, 490–491
patient position and port placement, 490
right radical nephrectomy, 494
at thrombus level, left renal vein, and part lumbar vein, 

491–493
Robinson catheter, 699, 700
Robot-assisted adrenalectomy, 553

indications for, 553
adrenal carcinoma, 553–554
benign tumors, 554–555
metastases, 554
pheochromocytoma, 554

intraoperative complications, 559
outcomes, 559–560
patients’ setup, 557
postoperative care, 559
postoperative complications, 559
preoperative imaging, 555

contrast-enhanced computed tomography, 555
magnetic resonance imaging, 555

preoperative setting, 556
Conn’s syndrome, 556–557
Cushing’s syndrome, 557
pheochromocytoma, 556

robot-assisted partial adrenalectomy, 560
robot-assisted radical adrenalectomy, 557

retroperitoneal approach, 558
transperitoneal approach, 557–558

vascular anatomy, 555–556
Robot-assisted cystectomy

anterior abdominal wall, 613–615
bowel, 624
external urethral sphincter, 623
female pelvic bone, 615
female urethra, 622
inguinal ligament, 614
lymph node dissection, 623–624
macroscopic anatomy, 613
male pelvis, 615–616
male urethra, 622
pelvic floor, 621–622
sphincter mechanisms, 622–623
ureter and periureteral space, 616–617
urinary bladder (see Urinary bladder)

Robot-assisted female cystectomy
anterior exenteration, 649–652
anterior exenteration outcomes, 653–657
ERAS, 657–658
evidence acquisition, 652
learning curves, 658
novel approaches, 658
outcomes, 657
patient positioning, 648
patient selection, 647–648
POP, 652
port placement, 648

Robot-assisted intracorporeal ileal conduit
bowel handling, 662–665
extraction ileal conduit, 669–670
FireFly technique, 662–665
instruments, 661
patient positioning, 661
staplers, 662
stoma formation, 669–670
trocar placement, 661–662
uretero-enteric anastomosis techniques, 666–669

Robot-assisted kidney autotransplantation (RAKAT), 515
Robot-assisted kidney transplantation (RAKT), 509, 513–514, 837

living-donor kidney transplantation, 510
living-donor nephrectomy, 509–510
surgical technique

bench table preparation, 510
living-donor nephrectomy, 510
patient and trocar positioning, 511
transplant bed preparation, 511
ureteroneocystostomy, 512
vascular anastomosis, 511

Robot-assisted laparoscopic prostatectomy (RALP), 373
Robot-assisted laparoscopic pyeloplasty (RALP), 775
Robot-assisted laparoscopic radical cystectomy (RARC)

characteristics and complication rates, 728
complications, 725–727
continence, 729
functional outcome, 723
iOBS, 727
oncological outcomes, 730–732
perioperative outcome, 723–725
quality of life, 723, 730
sexual function, 729
urinary continence rate, 728

Robot-assisted laparoscopic radical prostatectomy (RALRP), 399
penile rehabilitation after, 399–401

Robot-assisted laparoscopic ureteral reimplantation (RALUR), 778
detrusorotomy, 797
indications, 795
LUAA Gundeti technique, 795
open Hassan technique, 796
outcomes, 798
positioning and placement of ports, 796
preoperative assessment, 795
urethral catheter, 795

Robot-assisted level III IVC thrombectomy
patient position and trocar placement, 495, 496
preoperative preparation, 494–495
surgical strategy, 496–499

Robot-assisted level IV IVC thrombectomy, 500–502
Robot-assisted male cystectomy

nerve-sparing RARC, 644–645
non-nerve-sparing RARC, 640–643
patient positioning, 639
pelvic lymph node dissection, 640
trocar placement, 639–640

Robot-assisted partial nephrectomy (RAPN), 432, 477, 560, 571, 594
complete renal flipping, 463
Gerota’s opening, 461, 463
maneuvers, 464
renorrhaphy techniques, 477

outcomes, different suture techniques on, 479–480
surgical techniques for, 477–479
“sutureless” RAPN, feasibility of, 480–481

toxic fat, 462–463
ureter and lower pole, fourth arm to, 461
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Robot-assisted radical adrenalectomy, 557
retroperitoneal approach, 558
transperitoneal approach, 557–558

Robot-assisted radical cystectomy (RARC), 639, 647, 673, 687, 695
bias in complication rates, 716
ECUD vs. ICUD, 716–718
hospital LOS, 719
vs. ORC, 716
perioperative outcomes, 718–719
predictors of complications, 715–716

Robot-assisted radical nephrectomy (RARN)
adrenal/removal sparing, surgical plane for, 465, 466
avoid diaphragmatic injury, 466
coagulation dysfunction, 504
edema of lower limbs, 504
hepatic and renal dysfunction, 504
with IVC thrombectomy, 489

anesthesia and patient position, 490
contraindications, 489
indications, 489
patient preparation, 489, 490
right RARN and, 490–494

left RARN and IVC thrombectomy, 494
left-sided RCC with IVCT, RAC-IVCT for, 502
level II IVC thrombectomy, robotic-assisted cavectomy for, 502
mobilization, 464–465
organ injury, 504
peritonitis, 505
pneumonia, 505–506
robot-assisted level III IVC thrombectomy, 494–499
robot-assisted level IV IVC thrombectomy, 500–502
surgical site infection, 505
tumor thrombus detachment, 502
upper pole, difficult mobilization of, 465
vascular injury and bleeding, 502–504
and vena cava thrombus management

adrenalectomy, 484
complications and management, 489
contraindications, 484
imaging, 484–485
indications, 483
lymph node dissection, 484
postoperative management, 489
preoperative evaluation, 484
retroperitoneal RARN, 485–487
transperitoneal RARN, 487–488

Robot-assisted radical prostatectomy (RARP), 145, 243
with extended lymph node dissection, 242
historical perspective, 21–22
indications/contraindications, 22
managing postoperative complications after

lymphocele, 391–392
rectourethral fistula, 385–390
vesico-urethral anastomotic stenosis, 393–395
well leg compartment syndrome, 395–396

nerve-sparing approaches
antegrade vs. retrograde dissection, 24–25
athermal vs. thermal dissection, 25
future strategies, 26
menon precision prostatectomy, 26
puboprostatic ligament preservation/super veil technique, 25–26
standard nerve-sparing technique, 22–23
“veil of aphrodite” for, 23–24

Robot-assisted renal surgeries (RARS), 421
complications in

acute kidney injury, 581

hepatic, splenic and pancreatic lesions, 578
instrument malfunction and material issues, 580
patient positioning, 577
port-site hernias, 582
potential issues with pneumoperitoneum, 578
quality control, 582
rhabdomyolysis, 581
skin lesions, 582
steep Trendelenburg, 581
trocar placement and bowel lesion, 577–578
vascular injury and management, 578–580
vena cava thrombus surgery, considerations for, 580–581
venous thromboembolism complications, 581

proficiency-based progression training, 422–423
role of, 421–422
training curricula for, 422

curriculum’s clinical phase, 424
curriculum’s pre-clinical phase, 423–424

Robot-assisted surgery (RAS), 421
Robot-assisted ureteroureterostomy

approach, 799–801
ectopic ureter, 798
follow-up, 801
outcomes, 801
patient positioning, 799
port placement, 799
postoperative complications, 801
preoperative assessment, 799

Robot-assisted YV plasty (RAYV)
BNS, 737–738
etiology, 735
operative technique, 736–737
patient selection, 736
postoperative management, 737
preoperative preparation, 736
surgical technique, 736
treatment options, 735

Robotic-assisted laparoscopic apical suspension (RALAS-4), 864
Robotic-assisted laparoscopic (RAL) approaches, 790, 795
Robotic-assisted laparoscopic radical prostatectomy (RALP)

after previous benign prostatic hyperplasia surgery, 208
apical dissection with endopelvic fascia preservation, 211–212
AR system, 212
dHACM allograft, 212
high-risk PCa, 208
Hood technique, 212
NeuroSAFE approach, 212
oncological outcomes, 207–208
prostate dissection

bladder detachment vs. retzius sparing approach, 209–210
DCV control and sutures, 211
extra- vs. transperitoneal approach, 209
nerve-sparing approaches, 210
reconstructive techniques, 210

randomized controlled trials
vs. LRP, 200–202
vs. ORP, 200–202

salvage prostatectomy, 208–209
systematic reviews and meta-analysis, 200–207

Robotic-assisted pyeloplasty
definition and indications, 529–530
novelties and new technologies

pyeloplasty, buccal mucosal graft in, 537
pyeloplasty, indocyanine green in, 536
single-site robot-assisted pyeloplasty, 535–536

OR setting and patient positioning, 532
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Robotic-assisted pyeloplasty (cont.)
pelvic stone treatment, 534
port placement, 532–533
surgical procedure, 533
ureteral stenting, 533

preoperative evaluations, 530
computed tomography, 531
diuretic renography, 531–532
intravenous pyelography, 532
magnetic resonance urography, 531
preoperative nephrostomy, 532
preoperative stenting, 532
ultrasonography, 530–531

surgical outcomes, 534–535
comparative studies, 535
robotic system, role of, 535

Robotic-assisted radical prostatectomy (RARP), 150
Da Vinci Xi instruments setup, 193
postoperative routine, 197
preoperative routine, 193
surgical technique

anastomosis, 197
anterior bladder neck, 194
apical dissection and dvc control, 196
bladder neck and posterior reconstruction, 197
Denonvilliers’ Fascia, 195
lymphadenectomy, 197
patient positioning, 193
posterior bladder neck and seminal vesicle dissection, 194–195
posterior neurovascular bundle preservation, 195
retrograde neurovascular preservation, 195–196
Retzius space access and bladder takedown, 194
trocar placement, 194
urethra division, 196

technique variations, 197
Robotic-assisted salvage radical prostatectomy, 351

complications, 355–356
functional outcomes

continence and erectile function, 356
primary therapy, influence of, 356

history of, 351
indication for, 352
oncological outcomes, 356–357
preoperative considerations

patient advise, 353
patient selection, 353
preoperative assessment, 353–354
surgical techniques, 354

primary prostate cancer treatment, surgical technique, 354–355
salvage lymph node dissection, 353

Robotic-assisted video endoscopic inguinal lymphadenectomy 
(R-VEIL), 843

Robotic assisting techniques
catheter management, 43
exposure and countertraction, 41
hem-o-lok positioning, 42–43
needle presentation and extraction, 41
substitution of instruments, 41

Robotic bladder diverticulectomy (RBD), 738
Robotic Drop-In ultrasound transducer, 574
Robotic flexible ureterorenoscopy (FURS), 14
Robotic heminephrectomy, 783
Robotic intracorporeal neobladder

construction of orthotopic neobladder, 683–685
creation, 682–683
operative setup, 681–682

patient selection, 681
Robotic intracorporeal neobladder (RIN), 647, 653
Robotic kidney transplantation, 422
Robotic laparoendoscopic single site (R-LESS) pyeloplasty, 536
Robotic partial nephrectomy, 472, 606–608
Robotic pyeloplasty, 785–788
Robotic radical nephrectomy, 605–606
Robotic renal surgery, 447

intraoperative guidance
artificial intelligence, 597
image-guided surgery, 596–597
instruments, 597–598
intraoperative pathology, 597
three-dimensional augmented reality, 595
virtual reality surgical navigation, 595

port placement
objectives and rules for, 447
for retroperitoneal robotic partial nephrectomy, 450–452
for transperitoneal robotic partial nephrectomy, 448–450

preoperative planning
hologram, 595
three-dimensional models, 593–594

robotic platforms
da Vinci single-port robotic system, 598
new robotic platforms, 598–599

training and new technologies, 599–600
Robotic renal transplantation, 509

complex surgical scenarios
multiple vessels, 513
obese patient, 512–513

iliac artery plaque tracking, 514
intracorporeal graft cooling systems, 514
robot-assisted kidney autotransplantation, 515
robot-assisted kidney transplantation

bench table preparation, 510
living-donor kidney transplantation, 510
living-donor nephrectomy, 509–510
patient and trocar positioning, 511
transplant bed preparation, 511
ureteroneocystostomy, 512
vascular anastomosis, 511

Robotic retroperitoneal partial nephrectomy, 608
Robotic sacrohysteropexy, 874
Robotic simple prostatectomy (RSP), 738, 739

concomitant pelvic pathologies, 97
patient positioning and port placement, 95
preoperative patient selection, 94
prostate adenocarcinoma, 97–98
single-port platform approach, 98
surgical technique

extraperitoneal, 96–97
transperitoneal, 95–96
transvesical, 96

Robotic single-port kidney surgery, 571
access, 572–574

docking, 574
instruments and equipment, 574

limitations, 575
positioning, 572
surgical technique, 574–575

Robotic surgery
AESOP, 6–7
computer motion vs. intuitive surgical, 7–8
Defence Advanced Research Projects Agency, 5–6
intuitive surgical, 8–9
origins of modern robotics, 3–4
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Probot® System, 4
ROBODOC, 5
Stanford Research Institute (SRI), 5
timeline of developments in, 4
virtual and augmented reality

ablation procedures, 67
augmented reality, 65
bilateral posterior retroperitoneoscopic approach, 69
fluorescence image-guided surgery (FIGS), 67, 68
hybrid operating room, 65
hyperaccuracy three-dimensional (HA3D) reconstruction, 64
individual VR models, 63
patient-specific virtual models, 61
port placement for, 65
quantitative analysis, 61
quantitative FIGS, 69
surgical planning, 62
3D-printed models, 63
3D reconstruction, 61

ZEUS System, 7
Robotic surgical systems

aquablation, 14
Avatera, 13–14
connectivity, 17
da Vinci Surgical System, 11–13
global market for, 14
Hinotori, 14
image-guided surgery

fluorescent dyes, 16
gamma probes and sentinel lymph nodes, 16–17
intra-operative pathological processing, 17
USS Guidance, 16

magnetic retraction system, 15
precision and soft robotics, 17–18
Revo-I, 13
robotic staplers and sealers, 14–15
senhance, 13
surgical data science, 17
3-dimensional pre-operative planning, 15
Versius, 13
virtual and augmented reality and artificial intelligence, 15–16

Robotic ureterocalicostomy, 788–790
Rocco reconstruction, 702
Rocco’s repair, 676

S
Sacrocolpopexy, 865–866
Salvage lymphadenectomy (SLND), 345–346
Salvage lymph node dissection, 353
Salvage radiation therapy (sRT), 345
Salvage robot-assisted radical prostatectomy (sRARP), 351–353

complications, 355–356
functional outcomes

continence and erectile function, 356
primary therapy, influence of, 356

history of, 351
indication for, 352
oncological outcomes, 356–357
preoperative considerations

patient advise, 353
patient selection, 353
preoperative assessment, 353–354
surgical techniques, 354

primary prostate cancer treatment, surgical technique, 354–355
salvage lymph node dissection, 353

SARS-CoV-2 pandemic, 61
Satake’s nomogram, 228–229
Sayyid’s nomogram, 229–230
Schwannoma, 555
Segmentation, 433
Segmented thrombectomy, 500
Seldinger technique, 677
Selective clamping, 455, 457–458
Seminal vesicle dissection, 194–195
Seminal vesicle invasion, 370
Seminal vesicles approach, 270, 280
Senhance® robotic system, 598, 601
Sentinel lymph nodes, 16
Sentinel node biopsy, 244–245
Sequential compression devices (SCDs), 456
Simple prostatectomy, 257
Single-port approach, to kidney surgery

access, 564
dismembered pyeloplasty, 568
exposing renal pelvis and ureteropelvic junction, 567
floating technique, 564
multi-quadrant feature, 567
partial nephrectomy, 564, 566
patient selection, 564
port placement, 564
positioning, pfannenstiel incision, access and port placement, 567
proximal ureter, identification of, 569
single-port retroperitoneal robotic partial nephrectomy, 563–564

surgical technique, 564
single-port robotic pyeloplasty, 567
surgical technique, 567

Single-Port Orifice Robotic Technology (SPORT), 14
Single-port RARC

anterior dissection, 710–711
anterior urethral anastomosis, 711–712
ileal conduit, 712
Indiana pouch, 712–713
lymph node dissection, 711
patient positioning, 709
pedicle dissection, 710
port placement, 709
posterior bladder, 710
postoperative outcome, 713
robot docking, 709
specimen extraction, 711
ureteral dissection, 710

Single-port retroperitoneal robotic partial nephrectomy, 563–564
surgical technique, 564

Single-port (SP) robot-assisted radical prostatectomy
Da Vinci SP port placement, 185, 188
extraperitoneal access, 185, 188–192
intraperitoneal access, 185
patient positioning, 183–184

Single-port robotic pyeloplasty, 567
Single-port (SP) robotic system, 293, 548–550

access, 298–299
operative procedure, 299–300
post-operative care, 299–300
robotic “simple” prostatectomy, 300

Single-port system, 713
Single-port technology, 10
Single-site robot-assisted pyeloplasty, 535–536
Single-stage approach, 517
Skin lesions, robot-assisted renal surgery, 582
Sliding-clip renorrhaphy, 477
Small bowel’s mesentery, 683
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SmartClamp technology, 14
Society of American Gastrointestinal and Laparoscopic Surgeons 

(SAGES), 30
Soeterik online EPE predictive model, 237
Solid renal masses, 427
Spacemaker™, 564
Spleen injuries, urologic robotic surgeries, intraoperative 

complications in, 588
“Split-and-roll” technique, 883
Squamous cell carcinoma (SCC), 852
Standard laparoscopic sacrocolpopexy, 857
Standard nerve-sparing technique, 22–23
Steep Trendelenburg, 581
Stents, vesico-urethral anastomotic stenosis, 395
Steuber nomogram, 229
Stolzenburg’s methodology, 424
Stomal stenosis, 815
Superselective clamping, 455, 457–458
Superselective PN, 459
Super Veil approach, 21
Supervised learning, 79
Suprapubic catheter placement, 704
Supraumbilical incision, 44
Surgical Data Science, 17
Surgical field cleaning, 42
Surgical team, 36–37
Survival, continence, and potency (SCP), 218
Sutureless RAPN, feasibility of, 480–481
Sympathetic ganglia, 417–418
Sympathetic nerve fibers, 619
SynchroSeal™ system, 641
Systemic vascular resistance (SVR), 771

T
TachoSil, 481
Technical clinical skills, 29
Telementoring/teleproctoring, 72–73
Telesurgery

fifth-generation cellular networks (5G), 71
Lindbergh Operation, 70
space surgery, 72
telerobotic assistance, 70, 71

Testicular germ cell tumors (GCT), 879
Thermal damage, 588
Thermal injury, 354, 587
THINK Surgical Inc., 5
Three-dimensional (3D) augmented reality (AR) system, 212

robotic renal surgery, 595
Toxic fat (TF), 462–463
Traditionally included transperitoneal (TP-RAPN), 571
Transanorectal sphincter-splitting repair

rectourethral fistula, 390
Transforming growth factor β1 (TGF-β1), 400
Transitional cell carcinoma (TCC), 739
Transperineal repair, rectourethral fistula, 388–390
Transperitoneal approach, renal surgery, 441–443
Transperitoneal left RARN, 488
Transperitoneal nephroureterectomy

port placement for, 445–446
Transperitoneal RAPN (tRAPN), 463

patient positioning, 487
port placement, 487–488
robotic instruments, 488
transperitoneal left RARN, 488
transperitoneal right RARN, 488

Transperitoneal robot-assisted radical prostatectomy (T-RARP)
Transperitoneal robotic partial nephrectomy

port placement for
da Vinci Si port placement, 450
da Vinci X and Xi port placement, 449–450
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