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To family, friends, and the
science of robotics



Foreword

Computer-enhanced (robotic) surgery is an accepted part of
the treatment of various surgical diseases. Since its inception
at the turn of this century—S8 years ago—robotic-assisted
laparoscopic prostatectomy has become the predominant
form of surgical treatment for clinically localized prostate
cancer in the United States. While robotic-assisted prosta-
tectomy is the first procedure to be performed in great
numbers, it is projected that other procedures such as
laparoscopic hysterectomy will begin to be performed more
commonly with robotic assistance. In fact, most surgical
disciplines are beginning to adopt robotic assistance for some
of their procedures. Advanced removal and reconstructive
procedures are regularly performed in general surgery, head
and neck surgery, gynecologic surgery, pediatric surgery,
and cardiovascular surgery. The robotic platform that is
commonly used (da Vinci™ from Intuitive Surgical) has
evolved over the past decade with development of the 4th
arm, the tile pro feature, smaller instrumentation and newer
instrumentation for specific procedures. It is anticipated that
further developments will make this platform and future
platforms even easier and more effective to use. Cost remains
an extremely important issue for practitioners, hospitals,
health plans, and governments as they consider adoption of
computer-assisted surgery. This continues to be a barrier to
wider adoption of the technology. It is hoped that costs for
this equipment will decline as the technology develops and
new manufacturers begin to produce robotic platforms, but
so far this has not happened.

Professor Dasgupta was among the first in the UK to em-
brace the use of computer-enhanced (robotic) surgery and his
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viil Foreword

textbook is a timely addition to the field of robotic-assisted
urologic surgery. This field has rapidly passed through a
period of procedure development and the techniques (with
variations) that are presented within the book are now well
developed. The chapters cover the most-common procedures
in urology that are being performed with contributions by a
variety of international experts. In addition, it addresses the
important issues of economics and the basic science and tech-
nology of robotics.

Surgery is evolving toward less invasive approaches to
most procedures and what we have learned through the
development of laparoscopic approaches and now computer
enhancement should allow for even more minimal access.
Multiple instruments will be placed through a single access
site and natural orifices will be used as ports of entry. Sim-
ulation will allow surgeons to practice the operation before
doing it on the patient. Each of these should allow us to do
less harm to our patients while we are trying to help them.
These are exciting times to be a surgeon.

James O. Peabody MD FACS
and Mani Menon MD FACS
Vattikuti Urology Institute
Henry Ford Health System
Detroit, MI USA
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Chapter 1
Robotic Technology

Oussama Elhage and Nicholas Hegarty

Any sufficiently advanced technology is indistinguishable
from magic
Arthur C Clarke

Abstract: Robotic surgery is an evolving and exciting field.
We discuss the history of robotics in general and its intro-
duction into medicine. Specific details of robotics in urology
then follow with an introduction to the available systems. The
chapter then concentrates on the da Vinci system which is
currently the unchallenged master-slave platform. Compar-
isons between first and second generations of the da Vinci
robot are made and improvements such as the 3DHD vision
and Tile Pro are highlighted. Finally, there is a brief overview
of telerobotics and telemedicine and a glimpse into the future
of nanorobotics.

Keywords: Surgery, Technology, Robotic, Zeus, da Vinci

1.1. Introduction

Robotics in medicine in general and specifically in surgery
is becoming an integral part of modern medical practice.
All current indices suggest that this involvement will only
increase. Here we briefly look at the history of robotics
in surgery, discuss the various aspects of current sys-
tems, and explore other applications including telerobotics,

P. Dasgupta (ed.), Robotic Urological Surgery in Clinical Practice, 1
DOI: 10.1007/978-1-84800-243-2_1,
© Springer-Verlag London Limited 2008



2 O. Elhage and N. Hegarty

telementoring, and virtual reality. We will finally provide a
glimpse into the future of robotics in surgery.

1.2. Overview of Robotic Systems
Development

1.2.1. History of Robotic Technology

Humans have used machines to facilitate the performance of
difficult or mundane tasks from as early as 4000 B.C. Robots,
on the other hand, were designed initially for entertainment.
In the 4th century B.C. Archytas constructed the pigeon;
the wings of this wooden bird were steam-driven allowing
it to fly a distance of 200 m. Al-Jazari described automatic
water-powered devices in the 11th century. One of these
devices was a boat with musicians on board. Water-powered
siphon mechanisms brought about arm movements playing
flute, tambourine and harp, with the whistling of the flute
being produced by water emptying through a tube (Donald
1974). Leonardo da Vinci was intrigued by mechanics and
automation, developing a number of mannequins including a
mechanical knight, bird, and lion. The lion was able to walk,
stand up on its hind legs and present a bouquet of lilies to
the king of France (Rosheim 2006). The “steam-man” was a
design of the industrial age. It was a steam powered machine
in the shape of a walking man which could pull a cart. Its torso
formed the boiler and its bowler hat formed the chimney. It
was first demonstrated in 1868 in New Jersey. This design
inspired a series of stories published at the time in Beadle’s
Dime Novels about a man seeking adventures in the Wild
West accompanied by a steam man (Nocks 2007).

Functional robotics, however, is a product of the twentieth
and twenty-first centuries. The earlier models were designed
to replicate human upper limb movements. In 1954 Devol
developed a robotic arm which had an electronic feedback
controller. Arm movements were programmable and driven
by hydraulics. It was named Universal Automation which
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was later shortened to Unimation. The ability of the arm
to slow its movement when approaching fixed objects was
a major advance compared to previous models as well as
the ability to perform multiple sequential tasks. Practical
application was soon found in the assembly lines of General
Motors plants, where it was used to handle hot metal for die-
casting components of cars (Fig. 1.1). Extension of its role
in industry beyond this however, took almost two decades.
Further improvement came from Scheinman who designed
the Stanford Arm at Stanford University. Compared to pre-
vious designs this model was lighter; the arm had a greater
range of movement, was electrically rather than hydraulically
powered, and it was able to perform more complex tasks.
The commercially produced model was called: Programmable
Universal Manipulation Arm (PUMA). This was the first
truly flexible industrial robot and very soon became the

(@ -
Armed for duty. A Unimate robot—really, just an arm—
picks up and puts down parts in a General Electric factory.

FIGURE 1.1. Unimate, the first industrial robot, in a production line
(Courtesy of: Robot Hall of Fame, Carnegie Mellon University).
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industry standard. The ability to faithfully reproduce precise
movements generated tremendous enthusiasm towards
robotics in industry.

Mobility and broader functionality have been attributes of
many of the more recently developed robots. Mobility (Cart,
Genghis, Shadow Biped) with the ability to climb stairs and
carry loads (Honda’s Asimo), play music (Partner), provide
companionship (Wakamaru, Nuvo), or provide pet simula-
tion (Aibo, iCybie) are some of the functions performed by
modern purpose-built robots. Others have been designed to
collect specimens from outer space (Sojourner in the Mars
Pathfinder mission), help assemble the international space
station (SSRMS), and search for and rescue survivors at
Ground Zero (Nocks 2007). Healthcare has also provided
ample opportunity for the design and application of robotics.

1.3. Robots in Medical Fields

Medical and surgical robots still reflect the Czech origin of
the name “robota” (forced labor) (Capek 1920). They can be
divided into two large groups:

Robots in contact with patients: Assistive robots are
designed to help those with restricted mobility or the elderly.
Automatic guided wheelchairs consist of electric wheelchairs
fitted with a processor and sensors and are designed to obey
various commands to navigate indoors or outdoors (e.g.,
Wheelesley, SmartChair). Nursebot is designed to help the
elderly: it reminds patients to take medicine, and can provide
a consultation with a doctor through telepresence (Yanco
1998; Rao et al. 2002; Pineau et al. 2003). The RP-6 robot
(InTouch Health, Santa Barbara, California) replaces the
doctor at the bed side visit. The doctor is able to communi-
cate with the patients through a wireless internet connection
(Ellison et al. 2004). Rehabilitative robots help neurologi-
cally disabled patients to retrain the affected limb (Locomat)
(Colombo et al. 2000). Surgical robots also fall into this cate-
gory and are described later.
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Other types of medical robots: These robots are used in
the healthcare environment but not in direct contact with
patients. They include transport robots and laboratory robots.
Mobile robots carry specimens to the lab, some are designed
to follow a predetermined route (lines on the floor) and
some are able to navigate independently (Lob 1990; Prasad
1995). There are a wide variety of laboratory robots. Pipet-
ting Station is an early design and is used in liquid handling
and sampling. Cylindrical robots are designed to perform
more complex tasks such as blood or HLA typing (Felder
et al. 1990). Subsequently articulating robots were developed,
being particularly useful in initial sorting and processing
of samples. Sasaki from Japan integrated transport mobile
robots with automated workstations realizing the concept of
total laboratory automation. The human interface with the
laboratory was only at final verification of results. He found
that this system required one tenth the number of labora-
tory technicians previously used to serve a 600-bed hospi-
tal (Sasaki et al. 1998). Another development is near-patient
unmanned remote laboratories which were developed at the
University of Virginia (Boyd 2002) and can provide auto-
mated blood processing capabilities in an ambulatory setting.
This concept is becoming more feasible as the size of labora-
tory equipment decreases, and new generations of handheld
devices have begun to appear. The pharmaceutical industry
has been quick to embrace robotics as its cost-effectiveness
has become recognized in research and production labo-
ratories. It has been found to be particularly useful in
screening new molecules for the development of novel
treatments.

1.4. Surgical Robots

The relative fixity of the cranium and skeleton were exploited
to provide a platform for planning and execution of surgi-
cal procedures using early surgical robots in the fields of
orthopaedics and neurosurgery. The Robodoc [Integrated
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Surgical Systems Inc. (ISS), Davis, California] system was
developed in the 1980s to perform hip replacements. It
used the Orthodoc computer system for preoperative plan-
ning based on computed tomography (CT) imaging. Dur-
ing the operation itself the robotic arm equipped with a
milling device was able to shape the desired cavity in the
femur autonomously, though the process could be termi-
nated by the surgeon in case of emergency (Bargar et al.
1998). The Caspar system was subsequently introduced using
a similar approach. Both systems have, however, since been
discontinued. An advance on these has been the Acrobot
(The Acrobot Company, London, UK) which again uses
preoperative radiographic imaging (X-ray and CT recon-
structed images) to plan in relation to fixed operative site
reference points. The software then plans the position of the
prosthesis and cutting angles of the bones defining the pro-
posed operative space. The robotic arms are subsequently
manipulated by the surgeon to cut the preplanned planes
within the restricted space employing the concept of “active
constraint” (Jakopec et al. 2001). Though operatively pre-
cise, the extensive preoperative planning remains time con-
suming, limiting the appeal of this device. In neurosurgery
the Unimation Puma 200 was introduced for brain biopsy
and subsequently for a number of other procedures in the
1990s. A preoperative CT scan was used as a frame of ref-
erence. The coordinates of the lesion were programmed into
the robot computer which then calculated the possible tra-
jectories to the target area (biopsy or resection). The sur-
geon chose the optimum approach and executed the task
using the robotic arm. NeuroMate™ (ISS, Davis, Califor-
nia) was another system developed in the same period and
was used for stereotactic functional brain procedures. The
early frame model was updated to a frameless one (Li et al.
2002). It was quite similar to Robodoc with both relying on
image-guided preoperative planning. A later model of Min-
erva was able to provide CT guidance in real time so neuro-
surgical tools could be seen on images and alterations could
be made in a dynamic fashion (Glauser et al. 1995). But
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this meant the patient has to be in the CT suite which was
not practical. Other newer systems have been developed, the
Pathfinder™ (Prosurgix, UK) (Eljamel 2007) with improved
accuracy, and Cyberknife (Accuray, California) which was
developed to deliver radiation therapy to malignant brain
lesions and subsequently other malignancies using image
guidance (Adler et al. 1999). The Cyberknife consists of two
components: a targeting system and a mechanism to deliver
high-dose radiation. The targeting system combines the pre-
operative CT images with real-time intraoperative X-ray, and
uses image-to-image correlation techniques to calculate and
compensate automatically for target movements, realigning
the beam to maintain a high level of accuracy (Chang et al.
2003). Cyberknife has the benefit of being less invasive than
open surgical approaches, can target otherwise inaccessible
lesions and do this with an accuracy to rival the most skilled
of surgeons.

1.4.1. Robots in Urology

1.4.1.1. Various Designs

In urology, as in neurosurgery, the first robot to be used was a
modified Unimation Puma 200. In the late 1980s a team from
London led by Wickham combined the Puma model with a
modified resectoscope and called it the Probot (Davies et al.
1989); they used it to perform transurethral resection of the
prostate (TURP). It had a U-shaped frame to which the robot
was attached with four axes of movement (in—out, rotation,
tilt, and extension-retraction of the cutting element of the
endoscope). The design allowed the endoscope to resect the
prostate in a cone shape and restrict any movement beyond
it. The endoscope had a liquidizer and an aspirator. Preopera-
tive imaging was initially done by means of a transrectal ultra-
sound scan to determine the prostatic volume, but later used
real-time transurethral scans (Harris et al. 1997). Though
capable of autonomous resection of the prostate, completion
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of resection and hemostasis were still required to be per-
formed by the surgeon with a manually operated endoscope.
This limited the appeal of this system and its further develop-
ment. Others have developed similar systems using lasers for
prostate resection (Ho et al. 2001), but these too have failed
to be adopted by urologists.

The next development was in prostate biopsies and renal
access robots. A group from Milan used the SR 8438 Sankyo
Scara “pick and place” robot to perform prostatic biop-
sies. They used transrectal ultrasound imaging for preop-
erative planning (Rovetta and Sala 1995). Further projects
in robotic percutaneous needle access were developed. At
Johns Hopkins, Baltimore, the Urobotics group developed
the AcuBot. It consists of the PAKY-RCM (percutaneous
access to the kidney-remote center of motion) and bridge
mount and positioning platform designed for image-guided
(fluoroscopy, CT) needle access. The PAKY-RCM compo-
nent can be controlled by the surgeon using a joystick to
manipulate the end-effector (needle) to a desired position.
The arm is first passively fixed in position at the point of
skin entry. Then by mimicking the surgical technique of align-
ing the needle entry point and needle target (renal calyx),
the robotic system orientates the needle and registers the
trajectory. The surgeon then moves the C-arm to the lat-
eral view and by using a joystick is able to insert the nee-
dle to the desired depth (Stoianovici et al. 2003) (Fig. 1.2).
This system can be used for needle biopsies, cryotherapy, and
radiofrequency ablation. In a new project the same group
has developed a magnetic resonance imaging (MRI) com-
patible robot called MrBot designed for brachytherapy seed
implantations. The robot consists of two main elements: the
controller unit (the computer and motion-control elements),
and the MRI-compatible element which is made of ceramics,
plastic and rubber materials, and operated by a specifically
designed pneumatic motor. Initial in-vitro testing showed
accurate seed placements (Muntener et al. 20006).

In the 1990s the Automated Endoscopic System for
Optimum Positioning (AESOP) 1000 (Computer Motions,
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FIGURE 1.2. AcuBot surgical system with CT image guidance
(Courtesy of: Dan Stoianovici).

Berkeley, California) was introduced to control laparoscopic
instruments (camera and retractor). It consisted of a robotic
arm controlled by a pedal. AESOP 2000 had voice control
that responded to 23 commands. The current version is the
AESOP 3000 and AESOP HR allows the surgeon to con-
trol it in addition to other devices in the operating room.
AESOP provides steadier images than a human assistant,
and allows solo surgery (Kavoussi et al. 1995; Kasalicky
et al. 2002). A similar camera control system, the EndoAssist
(Armstrong Healthcare, High Wycombe, UK), uses infrared
technology.

1.4.1.2. Master—Slave Systems

Although some of the previously mentioned devices are
master-slave robotic systems, where the robot is not
autonomous and is manipulated by the surgeon, more
advanced systems have since been developed. The Zeus
(Computer Motions, California, subsequently Intuitive Sur-
gical, Sunnyvale, California) combined the AESOP with two
robotic manipulator arms attached separately by the patient
side. The surgeon sat at the master console remote from
the operating table. 3D vision was possible with polarizing
glasses. The Zeus System was used in the first transatlantic
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da Vinci® Surgical System in a Urology Procedure Setting

NW

EndoWrist *
Instruments are
designed with
seven degrees
of freedom and
mimic the
dexterity of the
human hand
and wrist.

Image Processing
Equipment

Patient-Side Cart

Assistant

Foot pedals
repositions
an image

Surgeon uses open-surgery
hand movements which are
S, precisely replicated in the

1 operative field by the
EndoWrist * Instruments.

InSite" Vision
provides true to life
3-D images of the
operative field.

Surgeon at
Operative Conscle

FIGURE 1.3. da Vinci master-slave system components (Courtesy
of: Intuitive Surgical).

cholecystectomy in 2001 (Marescaux et al. 2001). Currently,
the unchallenged master-slave system is the da Vinci'™,
developed by Intuitive Surgical, Sunnyvale, California.

The da Vinci™ system has three components (Fig. 1.3):

1. Surgeon’s console.
2. Patient side cart.
3. Vision system.
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Surgeon’s console: This is a large unit where the surgeon
sits remote from the patient. The unit contains the main
computer, the hand controls which are operated by thumb
and index fingers, a control panel and foot pedals for cautery,
camera control, and clutching. The control panel provides the
main system switch, emergency stop button, and other basic
controls. The surgeon sits putting his head in the view ports
and resting his forearms on the handle bar to use the hand
controls. Intuitive movements at the handles are translated
to the instruments at the patient’s side. Motion scaling is pos-
sible with three options 1:1, 1:3, and 1:5. The most commonly
used scaling in urology is 1:3 which means for every 3cm
movement of the surgeon’s hand at the console there is trans-
lation of 1cm movement at the operation site. 1:5 is com-
monly used in pediatric surgery. Vision is provided in 3D
from two cameras with x10 magnification. The surgeon feels
immersed in the operating field.

Patient side cart: This is the heaviest of the three. It con-
sists of a central pole to which the robotic arms are mounted.
The arms are first passively controlled and attached to tro-
cars by the surgical assistants, this maneuver is called dock-
ing. The arm rotates around a fixed pivotal point marked
on the cannula. One port is for the endoscope which has a
light source and two high-resolution cameras (Fig. 1.4), the
endoscope operates either at 0° or 30°. Two or three other
ports are used for the specialized robotic instruments. These
EndoWrist instruments have maneuverability comparable to
that of a human wrist.

Vision system: This comprises two camera-control units
which provide the 3D vision at the surgical console and a
monitor which provides a 2D display for the assistants. A
sound system is used for the surgeon to communicate with the
assistants and vice versa. Other equipment includes a video
recording device, a gas insufflator, and a light source.

The master console is connected to the surgical cart via a
set of cables. The imaging stack is connected to the console
via composite video and audio connector cables. The console
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FIGURE 1.4. da Vinci endoscope with two cameras which provide
the 3D vision at surgical console (Courtesy of: Intuitive Surgical).

has a battery that allows the system to keep functioning in
case of a sudden loss of power.

The da Vinci™ system’s popularity is multifactorial. This
is a robotic system which allows the surgeon full control of the
operative field mimicking conventional laparoscopy. It has
the advantage of “intuition” where the instruments move in
the same direction as the surgeon’s hand, unlike laparoscopy
where the surgeon has to adapt to the fulcrum effect at the
abdominal wall where movement of the handle is translated
to movement in the opposite direction at the effector site.
The robotic instruments allow, in addition to motion scaling,
steady, smooth, and precise movements eliminating the nat-
ural tremor of the human hand. The disadvantage is lack of
tactile feedback which is compensated for by the 3D mag-
nified display of the operative field at the surgical console.
The EndoWrist technology is the most important feature of
this system. It has enhanced maneuverability especially when
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performing complex tasks such as suturing or accessing deep-
seated operating sites like the pelvis.

Intuitive Surgical has introduced two upgrades to its orig-
inal design which remains essentially unchanged. The first
upgrade added a 4th arm to the surgical cart and the sec-
ond, the S-HD, brought a smaller surgical cart with improved
vision and additional features which are summarized in
Table 1.1.

All the above features make da Vinci™ an impres-
sive piece of technology; however its monopoly of the
master-slave robotic industry has relative disadvantages,
mainly the purchasing and running costs. Some of the
advantages and disadvantages are summarized in Table 1.2.
Open surgery retains complete tactile feedback whereas
laparoscopy retains some, and laparoscopic surgeons learn
to adapt as part of the laparoscopic skills. Robotic surgeons
learn to rely completely on their visual clues, but the lack
of the haptics remains one of the major drawbacks. It is,
however, possible to measure the manipulation forces of an
instrument handling soft tissue. A piezoelectric tactile sensor

TABLE 1.1. Comparison of different da Vinci systems

Standard da Vinci da Vinci S HD
da Vinci 4th arm

Patient side Standard Standard Motorized, smaller
cart

Arms 3 4 4

Vision 3D 3D 3D HD

Adaptors Multiple Multiple Integrated with drapes

use use for multiple use

Instruments 8 mm 8 mm 8mm or 5 mm

Additional - - Touch screen scope
features configuration

- - Patient info multi-input
display
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TABLE 1.2. Advantages and disadvantages of the da Vinci robotic
surgical systems (Adapted from: Murphy et al. 2006)

Three-dimensional visualization
Enhanced degrees-of-freedom
No fulcrum effect
Advantages Motion scaling
Elimination of tremor
Reduced fatigue
Ergonomic position
Expensive capital and running cost
Disadvantages No tactile feedback
Reduced trainee experience
Lengthy setup time

has been developed that can be mounted on a surgical grasper
(Dargahi et al. 2000). Other researchers used fiber-optic sen-
sors which convey different light signals in response to var-
ious degrees of applied mechanical pressure. The signals
are decoded in an opto-electronic converter. This method is
MRI-compatible and has been integrated into a NeuroArm
(Sutherland et al. 2003). A different approach is to attempt
to test the characteristics of an organ with a tumor, which
has a different “feel” to normal tissue with a static (Wellman
and Howe 1997) or dynamic indentation probe (Noonan et al.
2007).

1.5. Virtual Reality, Telerobotics,
and Telementoring

The ability of the surgeon to operate from a distance is an
appealing one to various disciplines. It could be useful where
specialist surgical expertise is unavailable, for example in
rural areas, on board combat ships, and in space stations. In
the 1980s a team from the National Aeronautics and Space
Administration (NASA) working on Virtual Reality (VR)
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systems collaborated with Philip Green from the Stanford
Research Institute (SRI) to develop the telepresence con-
cept which is the basis for telerobotics (Satava 2002). The two
main applications are:

e Telementoring.
e Telerobotic surgery.

Telementoring is guidance from a distance via visual and
audio display devices. In surgery, the level of interaction
varies between simple verbal guidance to control of
laparoscopic instruments (telescope, retractors) via a robotic
arm. An early experiment was reported from Johns Hopkins
Hospital, Baltimore in 1996 where an experienced surgeon
mentored another from 300 meters away during 23 cases.
The mentor had control over an AESOP arm from a nearby
operating room (Moore et al. 1996). The operative time was
similar for simple procedures but longer for complex ones
which included laparoscopic heminephrectomy and bladder
augmentation. Soon after, aboard a US battleship in the
Pacific Ocean, five inguinal hernia repairs were telementored
from Maryland using the ship-to-shore satellite communica-
tion system (Cubano et al. 1999). A team from Yale Univer-
sity used a telephone modem with low bandwidth connection
(12kbps) to mentor operations in Ecuador (Rosser et al.
1999). The group from Johns Hopkins Hospital further devel-
oped their international telementoring program with several
countries. This involved remote control of the AESOP and
the PAKY-RCM robotic arms using high-speed telephone
lines (Lee et al. 2000; Bove et al. 2003; Rodrigues et al.
2003).

Telerobotic surgery is when a surgeon operates from a
distance using a robot. Rovetta et al. from Milan reported
the first telerobotic procedure in 1995. Using their Sankyo
SCA system which was mentioned earlier they performed
a prostate biopsy; however, this was not developed further.
The United States (US) Army took particular interest in
the concept and developed a vehicle which has robotic arms
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manipulated by a distant surgeon. The wounded soldier
would be put in the vehicle and the distant surgeon would
perform just enough surgery to stop the hemorrhage prior
to immediate transport to a more advanced surgical facility
(Satava 2002). The first full telerobotic operation was per-
formed by Prof. Marescaux in 2001. The surgeon in New York
performed a robot-assisted laparoscopic cholecystectomy on
a patient in France using the Zeus system (Marescaux
et al. 2001). The connection was established via a Asyn-
chronous Transfer Mode (ATM) network with a 10 Mb/s
bandwidth for all data traffic with a time delay of 155 ms.
A randomized controlled trial compared manual with robotic
and transatlantic telerobotic percutaneous needle access into
a kidney model. The transatlantic connection was between
Guy’s and Johns Hopkins Hospital via four Integrated Ser-
vice Digital Network (ISDN) lines (Challacombe et al.
2003). The robotic-assisted insertions were slower, but more
accurate and required fewer attempts compared to manual
insertions.

The advancement in telecommunications is readily
reflected in telemedicine. The availability of high-bandwidth
connections allows reasonable quality of visual display and
less time delay between the surgeon and operative site. The
human mind can compensate for a time delay of up to 700 ms
(Fabrizio et al. 2000). Despite its advantages, telerobotics
remains expensive and has complicated ethical and medico-
legal implications.

1.6. The Future

Current robotic technology is still developing and various
concepts are being researched. Nanotechnology is emerging
and expected to play an important role in diagnostics and
minimally invasive treatment (Cavalcanti and Freitas 2005).
The challenge is to manufacture nanodevices of carbon nan-
otubules and nanocrystals. Another challenge is data pro-
cessing and storage. Nanodevices can be designed to deliver
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cancer drugs at cellular levels (Kawasaki and Player 2005).
It is expected that future robotic devices will be smaller,
cheaper, and more ergonomic. Eye-tracking to improve sur-
gical vision and image-guided robotic surgery are just around
the corner.
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Chapter 2

The Basic Science of Robotic
Surgery

Ben Challacombe and Dan Stoianovici

Abstract: This chapter aims to cover the basic science of
robotic surgery focusing on all the devices currently in clin-
ical use. We hope to give the potential and practicing robotic
surgeon an understanding of the scientific basis behind the
machines themselves and provide a concise framework of the
practical nuances.

Keywords: Degrees of freedom, Remote centre of motion,
Ergonomics

2.1. Introduction

The definition of the term robot would state that they are
“mechanical devices that sometimes resemble human beings
and are capable of performing a variety of complex human
tasks on command, or by being programmed in advance.”
Robots as we know them today were developed after the Sec-
ond World War due to the increased demand for automation
in automobile production and worked on a few basic princi-
ples. However, the requirements of the surgical robots we use
today, which are designed to be precise, accurate, and safe
have little in common with these industrial robots which were
characterized by their fast, strong, and repeatable actions. We

P. Dasgupta (ed.), Robotic Urological Surgery in Clinical Practice, 21
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look at some of the science behind the robotic devices them-
selves from an easy-to-use and clinical perspective.

2.2. Robotic Systems and Terminology

The robots used in surgery should ideally be part of a
computer-integrated surgery system. The robot is just one
element of a larger system designed to assist a surgeon in
performing a surgical procedure (Cepolina et al. 2005).

Medical robots may be classified in many different ways:
by manipulator design (e.g., kinematics, actuation, degrees-
of-freedom) (Taylor and Stoianovici 2003); by their level
of autonomy (e.g., preprogrammed, image-guided, teleoper-
ated, synergetic); by the targeted anatomy/technique (e.g.,
cardiac, intravascular, percutaneous, laparoscopic, microsur-
gical); by the intended operating environment (e.g., operating
room, imaging scanner, hospital floor); or by context of their
role in computer-integrated surgery systems (surgical plan-
ner, surgical assistants).

Surgical robots are required to work within properly struc-
tured constraints to ensure patient safety; however, the work-
ing environment cannot always be predicted and potentially
dangerous situations can quickly develop. Thus, any changes
in the robot’s environment need to be swiftly recognized
and the crisis response and safe recovery autonomously ini-
tiated, with this information displayed to the surgeon, along
with possible options for subsequent safe continued use. The
proper setting of autonomous limitations is a subtle question,
and adjustment to an individual surgeon’s requirements or
complete overriding must be possible.

From these general features, robotic surgery is seen to be
a technology-driven development in two particular areas:

e Information infrastructure: data acquisition, handling,
vaulting, transmission, validation, processing, etc. These
are continuously expanding options supported by the
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ICT (Information and Communications Technology), and
effective new computer tools ceaselessly appear to sup-
port remote supervision and control. Telemedicine is a
fully acknowledged technology, while remote surgery has
already displayed some noteworthy accomplishments.

e Execution effectors: specialized tools and fixtures are the
most challenging research subjects, which are continu-
ously evolving to adapt to more precise and demanding
performance.

In the future, surgeons will continue to use standard-
sized tools, but the inner-body interface will continue to

Link

R End Eﬂector/

FIGURE 2.1. Basic design of a robotic arm showing poten-
tial movements/degrees-of-freedom about each joint (Courtesy of:
URobotics Dept, Johns Hopkins University).
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move towards micro and nanosurgery (Ebbesen and Jensen
2006) as soon as effective new technologies are commercially
available.

With this in mind, an effective robotic surgical system
should permit:

e Tactile feedback, to appreciate the compliance of human
tissue;

e Kinesthetic restitution, to govern the grasping/handling
forces;

e Three-dimensional (3D) vision to enable precise hand-eye
co-ordination;

e Six degrees-of-freedom (DoF) (e.g., Fig. 2.1) to enable full
dexterity for surgical procedures.

2.3. Robotic Movements

These need to be integrated into technical frames, built
on: (1) end-effectors path/mobility redundancy; (2) intelli-
gence for autonomous management; (3) operational relia-
bility and intrinsic safety; and (4) in-process diagnostics and
self-recovery.

Each joint within such a system must be capable of multi-
planer movement to allow the robot to move with an accept-
able number of DoF. A pin joint has one rotational DoF, a
slider joint one translational DoF, and a ball and socket joint,
three rotational DoF. Thus, any complex movement can be
decompressed into its elementary motions. A robot’s DoF
equals the total number of joint DoF. These movements can
be either

e Active: Conveys motion capabilities of the end-effector.
e Passive: Conveys prepositioning capabilities.

The number of active DoF also signifies the number of
motors involved. Any DoF <6 will result in some restricted
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maneuverability whilst a DoF >6 may lead to redundant or
occasionally enhanced movements.

2.4. Remote Center of Motion (RCM)

The RCM is a key concept in surgical robotics. It consists of
a fulcrum point that is located distal to the mechanism itself,
typically at the skin entry point/laparoscopic port site in per-
cutaneous devices. This allows the RCM to precisely orien-
tate a surgical instrument/needle in space while maintaining
the needle tip at the skin entry point (or another specified
location) without placing unwanted traction or pressure on
this point. Initially the RCM concept was developed in percu-
taneous robots such as the PAKY-RCM (Fig. 2.2). This robot
consisted of a seven DOF lockable manipulator, or passive
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(Idof-T) Control Box

Custom Side Rail -

FIGURE 2.2. PAKY-RCM (Courtesy of: URobotics Laboratory,
Johns Hopkins University).
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FIGURE 2.3. Laparoscopic RCM device. This has four external DoF
(three rotational and one translational).

arm, connected to a three DOF active arm. The arm houses
a radiolucent needle driver and is mounted using a side rail
onto the operating table. Current examples of RCM robots
include the da Vinci™, Zeus™, Aesop™, and Acubot®
devices. A laparoscopic RCM device is shown in Fig. 2.3.

2.5. Surgical Computer-Aided
Design/Computer-Aided Manufacturing
Systems (CAD/CAM)

CAD/CAM systems transform preoperative images and other
clinical information into models of individual patients. These
models can be used to preplan intervention and test a
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variety of potential clinical scenarios. Intraoperatively, these
data can be registered to the actual patient and used as an
image overlay display to assist in the accurate execution of a
planned intervention. The CAD/CAM systems can be incor-
porated with mechanical robotic devices to perform an actual
intervention. Data from the model, as well as real-time patient
data, are integrated and used to guide a needle, instrument,
or probe into a desired target. Their purpose is to act as
a trajectory-enforcement device, correctly aligning the end-
effectors based on ultrasonography, fluoroscopy, CT, or MRI.
These systems can perform a task defined by the treating physi-
cian with great accuracy. By integrating preoperative planning
and intraoperative decision-making, the potential exists for
improved outcomes with minimal errors. Orthopedics and neu-
rosurgery were the first fields to use these surgical CAD/CAM
systems because their procedures involved well-defined, fixed
anatomic landmarks that could be easily imaged.

In neurosurgery stereotactic frames were developed using
the fixed landmarks of the rigid cranium. Neurosurgical stereo-
tactic procedures with the robot (NeuroMate, Integrated
Surgical Systems, Davis, California) (Benabid et al. 1992) posi-
tioning the needle guides in predefined targets and hip replace-
ment surgeries with the robot (Robodoc, Integrated Surgical
Systems) milling a cavity to exactly fit the implant are examples
of CAD/CAM surgical systems (Paul et al. 1992).

It has been more challenging to develop similar systems
in soft-tissue specialties. The first such autonomous system
in clinical use in urology was the Probot in 1989 (Davies
et al. 1989, 1991). This was a joint venture between Guy’s
Hospital and the Mechanical Engineering Department Impe-
rial College, London and the device was built to perform
transurethral resection of the prostate (TURP). The rela-
tively fixed position of the prostate and the repetitive motions
involved in a TURP made this an attractive candidate for
robotic CAD/CAM assistance. The mechanical system used a
standard resectoscope mounted on a stereotactic frame. The
system used video and ultrasound information and the sur-
geon predefined the desired resection area according to the
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FIGURE 2.4. The Wickham TUR frame (Courtesy of: J Wickham
and S Nathan).

ultrasound images. The robot then resected as instructed and
did so in an efficient manner. Drawbacks such as the inaccu-
racy of transrectal ultrasonography in determining prostate
dimensions, as well as the need for manual chip removal and
hemostasis, prevented further adoption into clinical practice.
An example of a TUR frame is given in Fig. 2.4.

2.6. Percutaneous Renal Access

Percutaneous access to the renal collecting system for
nephrolithotomy has also been a focus of attention for
CAD/CAM systems. Dan Stoianovici from Johns Hopkins
University designed, built, and clinically trialed the RCM
(Fig. 2.5) and percutaneous access to the kidney (PAKY)
devices (Su et al. 2002). The system is able to perform fully
automated needle placements in soft tissues. As discussed
the RCM is a general-purpose module for robotic procedures
whilst the PAKY is a needle driver module. The robot is
compact (171 x 69 x 52mm box) and weighs only 1.6kg
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FIGURE 2.5. The RCM robot (Courtesy of: URobotics Laboratory,
Johns Hopkins University).

facilitating its placement within an imaging device. It consists
of a fulcrum point that is located distal to the mechanism
itself, typically at the skin entry point. This allows the RCM
to precisely orientate a needle in space while maintaining the
needle tip at the skin entry point (Varkarakis et al. 2005).

In contrast to the earlier LARS robot (Cadeddu et al.
1997) the RCM (e.g., Fig. 2.6) employs a chain transmission
rather than a parallel linkage. This permits unrestricted rota-
tions about the RCM point, uniform rigidity of the mecha-
nism, and eliminates singular points. The needle is initially
placed into the PAKY such that its tip is located at the
remote center of motion. To confirm the position the PAKY
is equipped with a visible laser diode whose ray intersects the
needle at the RCM point. The robot permits two motorized
DoF about the RCM point.

The fulcrum point is located distal to the mechanism itself;
the needle can translate and rotate while preserving the posi-
tion of its insertion point. Overall, the system has ten DoF:
seven passive DoF are used to orient and position the arm
that sustains the RCM. The RCM has two active rotational
DoF for positioning the needle inside the patient; PAKY has
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FIGURE 2.6. Operative set up during a clinical trial of robotic per-
cutaneous access.

one active DoF for driving the needle. In comparison with
traditional techniques, the robot is able to reduce tremor,
minimize radiation exposure, and increase accuracy; the error
is circa. 1 mm. The needle, an inexpensive sterile disposable
part, is radiolucent to allow real time-control, and an electri-
cal bioimpedance sensor provides the needle-force feedback
(Hernandez et al. 2001). If being used for PCNL, the urolo-
gist selects the target calyx and provides this information to
the robot, which then performs the task of placing the needle
in the predefined point. Johns Hopkins developed a system
with these features using an active robot and biplanar fluo-
roscopy. In a manner similar to extracorporeal lithotripsy, the
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surgeon selected the target calyx on two images and the robot
inserted the needle into the desired location (Stoianovici et al.
2003). However, it also revealed several problems related
to the respiratory mobility and deformability of the kidney,
which were considered responsible for the 50% success rate
on first attempt. Guy’s Hospital, London, and Johns Hop-
kins University have collaborated and conducted a random-
ized controlled trial of locally and transatlantic robotically
assisted percutaneous needle insertions, showing the PAKY-
RCM robot to be more accurate than the human hand but
slightly slower. The time and accuracy of robotic teleopera-
tions are similar to those of locally aided robotic interventions
(Challacombe et al. 2005).

2.7. Telesurgery

Telesurgery is performed between a primary operating the-
atre and a remotely located control room. Both sites should
be connected with high bandwidth communication lines over
which audiovisual (teleconferencing) and motion data (robot
control) will be transmitted. The remote control room should
be equipped with the following: (a) a high-resolution video
monitor allowing for simultaneous presentation of both exter-
nal and internal operating video images from the primary
operating site; (b) a multidirectional microphone and speaker
to allow communication between the remote and primary
surgeons; (c) a robotic control console, haptic interface, or
even a control pad to allow the remote surgeon to control
the remotely located robotic device (e.g., AESOP, electro-
cautery); and (d) a telestrator video sketchpad, which may
be very instrumental for the remote surgeon to illustrate
the operative plan to the local team. Similarly, the persons
in the primary operating suite should be able to see and lis-
ten to the remote instructor with the help of similar audiovi-
sual media (video, microphone, and speaker). An additional
external camera coupled with a motor to pan and tilt when
controlled from the remote site will transmit images of what
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is happening in the distant operating room. Finally, the
purposely built robotic device should be located near the
patient in the operating suite and remotely controlled from
the distant control room. Delays in the transmission of infor-
mation must be less than 300ms (Janetschek et al. 1998)
otherwise remote task performance will be significantly hin-
dered. For transport of the high number of audio, video, and
medical images required during telesurgery, dedicated asyn-
chronous transfer mode (ATM) lines are considered the most
reliable and safe. Communication delays are dependent on
the distance between the sites, but previous experience (Lee
et al. 1998, 2000) (delays of only up to 155 ms) and speed cal-
culations have shown that these delays are acceptable when
performing earth-to-earth connections.

Telementoring in urology has been pioneered by the Bal-
timore group who have telementored several procedures in
Austria, Singapore, Italy, Germany including laparoscopic
adrenalectomy, radical nephrectomy, varicocelectomy, renal
cyst ablation, and PCNL (Bauer et al. 2001; Bove et al. 2003).
Telerobotic control was achieved via ISDN lines. Internet
connections are generally currently favored and are cheaper.
The fastest but most expensive telelinks use satellite connec-
tions. The concept of having a surgeon in one country per-
forming an operation in another via a computer-assisted link
became reality in 2001 when a laparoscopic cholecystectomy
was performed on a patient in Strasbourg by a surgeon in New
York using the Zeus telerobotic system (Lindbergh Opera-
tion) (Marescaux et al. 2001). French telecom provided high-
speed ATM lines for this landmark procedure. As illustrated
in other telesurgical trials time delay can significantly affect
surgical performance; however if the lag time is <700 ms the
surgeon is able to learn to compensate (Fabrizio et al. 2000).

The PAKY-RCM arm has also been used as the first step in
transcontinental (e.g., Fig. 2.7) PCNL between two countries
albeit in only a few patients (Bauer et al. 2001; Rodrigues
et al. 2003). It has been adapted for use in percutaneous
biopsies with CT guidance. For targeting purposes CT
guidance has the advantage of using potentially automated
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FIGURE 2.7. STAR TRAK~ Systematic Trans Atlantic Random-
ized Tele Robotic Access to the Kidney. The inset shows telerobotic
PCNL being performed over high-speed lines with real time robotic,
voice, image, and fluoroscopic control.

guidance and thus reduces the level of expertise required
to successfully and repeatedly perform percutaneous access.
Initial clinical trials on 16 patients were successful for all
interventional procedures including ten percutaneous core
biopsies, a nephrostomy tube placement and a neoblad-
der access (Solomon et al. 2002). Needle readjustment was
required in four cases that required a second pass. This sys-
tem has now been integrated with CT scanning and used in
clinical trials.

2.8. Multi-Imager Compatible Actuation
Principles in Surgical Robotics

It is felt that today’s robots have not achieved their full
potential. One way forward is to integrate them with real-
time image guidance which is a concept that is currently
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being developed. However, imager compatibility raises sig-
nificant engineering challenges for robotic systems. Although
the majority of robotic components may be redesigned with
MRI-compatible materials, the electromagnetic motors most
commonly used in robotic actuation are incompatible. The
Hopkins URobotics group has described two new types of
pneumatic/hydraulic motors that may enable the develop-
ment of better performance image-guided robots (Stoianovici
et al. 2007a).

MrBot is the first robot for fully-automated image-guided
access of the prostate gland (Fig. 2.8). The robot is cus-
tomized for transperineal needle insertion and designed to be
compatible with all known types of medical-imaging equip-
ment. This includes uncompromised compatibility with mag-
netic resonance imagers (MRI) of the highest field strength,
size accessibility within closed-bore tunnel-shaped scanners,
and clinical intervention safety. The robot is designed to
accommodate various end-effectors for different percuta-
neous interventions such as biopsy, serum injections, or

FIGURE 2.8. Mr Bot (Courtesy of: D Stoianovici, URobotics).
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brachytherapy. For MRI compatibility the robot is exclu-
sively constructed from nonmagnetic and dielectric materials
such as plastics, ceramics, and rubbers and is electricity free.
The system utilizes a new type of motor specifically designed
for this application, the pneumatic stepper motor (PneuStep).
These uniquely provide easily controllable precise and safe
pneumatic actuation. Fiber-optical encoding is used for feed-
back, so that all electric components are distally located out-
side the imager’s room (Stoianovici et al. 2007b).

2.9. Ergonomics

The arrival of complex master—slave robotic systems in the
operating theatre may help resolve some of the ergonomic
obstacles facing minimally invasive surgeons. These include
eye-strain and the large movements outside the patient which
cause arm and neck pain among laparoscopic surgeons. In
addition the pistol-type handles force the hands into extreme
positions of flexion and ulnar deviation at the wrist which
require more muscle contractions to perform a task com-
pared with in-line handle or open techniques (Elhage et al.
2007). The cumulative effect of the problems listed above is
to increase overall fatigue and stress and restrict the number
of MIS procedures that can be performed by one surgeon in
a given operative session.

The da Vinci S™ system (Intuitive Surgical, Sunnyvale,
California) is the most-advanced “robotic” system currently
available. Having the surgeon seated at a console remote
from the patient provides a much more ergonomic posture
than that of the traditional patient-side surgeon. The fin-
gertip controls allow “intuitive” rather than “fulcrum”-type
control over the laparoscopic instruments, thereby reducing
fatigue in the upper extremity and neck. The restoration of
seven DoF compared with the four DoF of conventional
laparoscopy seems to offer considerable benefits for com-
plex laparoscopic tasks (Talamini et al. 2002). This should
also decrease the excessive wrist strain during laparoscopy.
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3D-stereoscopic vision can also provide advantages over the
2D-monoscopic vision of conventional laparoscopic systems
(Jourdan et al. 2004). One mechanism of reducing sur-
geon fatigue in laparoscopic prostatectomy is to employ the
AESOP robot as a camera holder and this is now standard
practice in many units.

2.10. AESOP

The Automated Endoscopic System for Optimal Position-
ing (AESOP, Computer Motion, California) is a robotic arm
designed to hold and manipulate a laparoscope. It is one of
a number of auxiliary surgical-support systems, which work
side-by-side with the surgeon and perform such functions as
endoscope holding or retraction. The AESOP is affixed to the
operating table, has six degrees-of-freedom, two of which are
passive (meaning they are positioned by hand), and can be
controlled with hand, foot, or voice control interface. This
device is optimally voice controlled and the surgeon has a
preprogrammed voice card that allows the machine to under-
stand and respond to his or her commands. Laparoscopic
images are steadier, with fewer camera changes and inadver-
tent instrument collisions than an inexperienced human assis-
tant (Kavoussi et al. 1995).

2.11. The da Vinci™ Robot

Because of the intellectual property rights of Intuitive Surgi-
cal there is relatively little known about the intricate workings
of the world’s most popular and prevalent robotic system,
the da Vinci™ robot (Figs. 2.9-2.11). However, the funda-
mental building block of surgical robotics is the robotic arm
itself due to its unique position as the end-effector of robotic
systems and in the da Vinci system this again follows basic
robotic principles (Moran 2007). Amazingly, Leonardo da
Vinci himself designed the first sophisticated robotic arm in
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FIGURE 2.9. The da Vinci™ cable drive system.

FIGURE 2.10. The da Vinci™ finger manipulators.
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FIGURE 2.11. The da Vinci™ surgical arm (a RCM).

1495 with four degrees-of-freedom and an analogue on-board
controller supplying power and programmability (Rosheim
2000). General Motors introduced the first robotic arm in
1962, the Unimate robot, invented by George Devol and mar-
keted by Joseph Engelberger (Devol et al. 1961).

The system uses 3-D imaging to immerse the surgeon in
a three-dimensional video operating field with 6-10x mag-
nification. The modern da Vinci robot has a series of joints
with the most robust (the shoulder) placed centrally by the
central tower and the most delicate end-effectors (fingers or
instruments) placed peripherally. Each joint has a set degree
of freedom and a defined range of movement. The arm itself is
an RCM system (see earlier) with a fixed range of movements
about a skin entry point.

The shoulder joint bears the highest load but also has a
large range of movement, with three DoF. The elbow pro-
vides extension, retraction, reach around, and angular reori-
entation of the wrist and hand. The wrist is the most vital
joint and allows the end-effectors (instruments) to be pre-
cisely manipulated in three-dimensional space. It is this joint
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which is truly the most indispensible constituent within the da
Vinci system. However, like the human wrist, if articulated
45° off center, its ability to roll degenerates, resulting in joint
locking. The hand is represented by the instruments them-
selves which are the end-effectors. Many feel that the lack
of tactile feedback is compensated for by the excellent 3D
optics.

2.12. Endowrist®)

The Endowrist® is vital to the increased maneuverability
possible with the da Vinci robotic system. The surgeon’s
forefinger and thumb motions are intuitively translated
into movements of the robotic arms. Standard manual
laparoscopy (Fig. 2.12) has five DoF (four external and one
internal, i.e., grasping, cutting) whilst the addition of the
Endowrist® (Fig. 2.13) permits an increase in DoF from five
to seven (four external and three internal).

=

Instrument

FIGURE 2.12. Four laparoscopic DoF (Courtesy of: Depart-
ment of Mechanical Engineering, Katholieke Universiteit Leuven.
http://www.mech.kuleuven.be/robotics/ras/).
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FIGURE 2.13. da Vinci Endowrist with three additional DoF.

2.13. The Future of Surgical Robotic Science

The da Vinci robot is unlikely to represent the ultimate
robotic surgical system and it should be seen as the current
most highly sophisticated master—slave system on a stepwise
progression of robotic development. The devices themselves
will become smaller, lighter, and integrated into telesur-
gical systems. This will allow the seamless integration of
patient data and imaging into the robotic console permitting
real-time intraoperative visualization of pathology and other
tissues. This augmented reality surgery combining laparo-
scopic images with virtual 3D images will help identify and
avoid injury to key structures. Instruments will continue to
decrease in size to true needlescopic (2mm) end-effectors
and a haptic feedback system is likely to arrive within five
years.

Other areas of development include the snake-like or
serpentine robots which are now being targeted toward
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the field of natural orifice surgery. Known as NOTES™
(Natural Orifice Transluminal Endoscopic Surgery), these
robots have multiple degrees-of-freedom, do not fail if
one joint locks/blocks, and can be used transgastrically
(Hochbergerand Lamade 2005). They open the door for
external woundless/scarless surgery and procedures includ-
ing cholecystectomies, appendicectomies, and tubal ligations
have already occurred. A sound grasp of the basic robotic sci-
ence behind the machines may prove vital to further surgical
developments in this exciting field.
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Chapter 3

Robotic Prostatectomy
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Abstract: In the USA, approximately 77,000 radical prosta-
tectomies are performed yearly for the treatment of prostate
cancer. Although a number of alternative treatment options
are available for organ-confined prostate cancer, retropu-
bic radical prostatectomy (RRP) remains the gold standard
demonstrating a reduction in disease-specific mortality for
affected patients.

However, the procedure has inherent morbidity associated
with it. Therefore, less invasive surgical techniques have been
sought; one such alternative is robotic-assisted laparoscopic
radical prostatectomy (RALP). In recent years RALP has
become a forerunner in treatment options, yielding compa-
rable medium-term perioperative and functional outcomes.

Robotic-assisted prostatectomy has allowed urologists to
enter the realm of minimally invasive surgery by incorporat-
ing open-surgery movements to a laparoscopic environment.
Current RALP data from several series yield perioperative
and functional outcomes comparable to the gold standard.
However, long-term data is needed in order to establish its
true efficacy.

Using MEDLINE we performed a search for publications
on perioperative and functional outcomes related to RALP.
We present a review of the available literature.
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3.1. Introduction

Cancer of the prostate remains the most common malignancy
of the male genitourinary tract. It accounts for nearly 33% of
all newly diagnosed cancers in men (Meng et al. 2003). For
patients with organ-confined disease a number of treatment
alternatives are available. However, RRP remains the gold
standard for long-term cure (Myers 2001).

Since its first description in 1905 by H. H. Young this
procedure has been associated with significant intraopera-
tive and perioperative morbidity (Young 2002). The tech-
nique was revised by Patrick Walsh in the 1980s with an
increasing knowledge about the basis of surgical anatomy
and has become a refined procedure with acceptable can-
cer control rates and improved functional outcomes (Reiner
and Walsh 1979; Walsh and Lepor 1987). However, it is
challenging due to the small confines of the pelvis and its
association with higher surgical morbidity caused by the
large abdominal incision, postoperative pain, the need for
strong narcotic analgesia, and the prolonged recovery period
as was reported in a patient complications survey (30%
incontinence, 60% erectile dysfunction, and 20% secondary
surgical treatments for urethral strictures) (Fowler et al.
1993).

In the minimally invasive surgery era new approaches were
being sought after in order to minimize patient morbidity
while improving both functional and oncologic outcomes.
One viable option was the laparoscopic technique.

The concept of a laparoscopic approach for the treatment
of prostate cancer is not new. In the early 1990 s Schuessler
et al. (Schuessler et al. 1991) described the laparoscopic pelvic
lymph node dissection technique. Later, in 1992, Kavoussi
and Clayman joined this group to describe their first suc-
cessful laparoscopic radical prostatectomy (LRP) (Schuessler
et al. 1997). Early results were less than promising, with pro-
longed operative times and no major advantages over con-
ventional surgery (Salomon et al. 2004).
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However, the procedure was revived in the late 1990s as
European surgeons reevaluated LRP and reported feasibil-
ity with results comparable to the open surgical approach
(Guillonneau and Vallancien 2000; Rassweiler et al. 2001a;
Turk et al. 2001; Eden et al. 2002; Salomon et al. 2002;
Rassweiler et al. 2003a). While the technique has become
more refined over a 15-year period, it has still failed to
become a part of mainstream urology mainly because of its
limitations: steep learning curve (minimum of 50-100 cases)
and long mean operative times, making it unrealistic for most
surgeons. When compared to the open approach, the first
series of patients demonstrated no benefit regarding tumor
removal, length of hospital stay (LOS), convalescence, con-
tinence, potency, or cosmesis (Guillonneau et al. 1999) but
since then multiple groups have reported their experiences
with outcomes comparable to the former (Guillonneau et al.
2002; Rassweiler et al. 2003b; Trabulsi et al. 2003; Rassweiler
et al. 2004).

While the concept of a minimally invasive approach to
prostatectomy was attractive, LRP provided certain techni-
cal challenges that limited its feasibility, growth and overall
rate of adoption. These limitations included two-dimensional
vision, counterintuitive motion of the surgeon and non-
wristed instrumentation in the confines of the pelvis. It
was believed that advances in surgical technology would
be necessary to catapult laparoscopy into mainstream urol-
ogy for prostatectomy. Robotic-assisted surgery has such a
potential.

The first robotic prostatectomy was performed in 2000 by
Binder in Germany (Binder and Kramer 2001). Subsequently,
the procedure has undergone significant innovation and
improvement. Menon, Guillonneau, and Vallancien refined
the technique at Henry Ford Hospital later in that same
year (Pasticier et al. 2001) and its growth has been expo-
nential since then. We present a review of the cur-
rent state of robotic-assisted laparoscopic prostatectomy
(RALP).
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3.2. Technique

RALP can be performed via a transperitoneal or preperi-
toneal technique. The transperitoneal approach is performed
by using either a Veress needle or Hasson technique to access
the peritoneal cavity. The abdomen is insufflated using CO,
at 15 mmHg and trocars placed under direct vision, as shown
in Fig. 3.1. The patient is then placed in a lithotomy, steep
Trendelenburg position and the robot docked (Fig. 3.2).

The procedure is begun using the zero degree binocular
lens and the following instruments: monopolar scissors (right
arm), PK dissecting forceps (left arm) (Gyrus Group, PLC),
and the prograsp (4th arm).

The anterior peritoneum is incised (bladder takedown) to
enter the retropubic space of Retzius. The endopelvic fascia
is then opened bilaterally and the ani levator fibers peeled off
the prostate. Ligation and placement of a suspension stitch
with Monocryl 1 on a CT1 needle then follows to stabilize the
periurethral complex and aid in early recovery of continence
(Fig. 3.3).

Next step in the procedure is the dissection of the blad-
der neck. This is accomplished by changing the scope to
a 30 down angle to improve visualization. Determining the

@ Cameraport (12mm)
o da Vinci ports (8mm)
® Assistant port (12mm)
o  Assistant port (5mm)

X Umbilicus

FIGURE 3.1. Port placement.
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FIGURE 3.2. Lithotomy and steep Trendelenburg position.

FIGURE 3.3. Ligation and placement of the suspension stitch from
the dorsal venous complex to the pubic tubercle. The endopelvic fas-
cia has been opened clearly visualizing the fibers of the levator ani.
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boundaries of the prostate and bladder neck can be challeng-
ing. A general rule to accomplish this is locating the area
where the bladder fat reaches the prostate (no fat on the ante-
rior surface of the prostate). Careful dissection in a down-
ward direction is undertaken until reaching the urethra and
catheter. The posterior aspect of the bladder neck is initi-
ated by first retracting the Foley catheter (upward with the
4th arm) and dissecting following the bladder fibers at the
precise junction until reaching the vas deferens and semi-
nal vesicles which are transected and dissected, respectively.
Denonvillier’s fascia is then incised and the posterior rec-
tal plane developed completely leaving the prostate attached
only by the pedicles and urethra.

Following the dissection of the posterior plane is the
preservation of the neurovascular bundles (NVB) and liga-
tion of the prostate pedicle. These are often a hybrid of vari-
ous techniques depending on the approach given: antegrade,
retrograde, or a combination of the two. Regarding the use of
energy during this step, dissection can be athermal or thermal
(monopolar, bipolar, harmonics). Another variable factor is
the approach to the fascial layers surrounding the prostate
at the site of the neurovascular bundle. The approach can
be extrafascial, interfascial, intrafascial, or high intrafascial
depending on the tumor burden and location.

At our institution, our approach is athermal with an early
retrograde release of the NVB that allows precise delineation
of the path of the NVB and its relation to the prostate pedicle
during ligation of the latter with hemostatic clips reducing the
possibility of inadvertent injury during this step (Fig. 3.4).

The apical dissection is then performed using cold scis-
sors to divide the dorsal venous complex (DVC) and urethra.
The vesicourethral anastomosis is performed using a modi-
fied van Velthoven technique. A single continuous running
suture using two 20-cm 3-0 Monocryl sutures (RB1 needle)
of different colors are tied together with ten knots. The pos-
terior anastomosis is performed with one arm of the suture
beginning at the 5-o’clock position running clockwise to the
10-o’clock position. The anterior anastomosis is completed
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FIGURE 3.4. The path of the neurovascular bundle (NVB) clearly
delineated decreasing the possibility of inadvertent injury during lig-
ation of the prostate pedicle with hemostatic clips.

with the second arm of the suture starting in the 5-o’clock
position and proceeding in a counterclockwise fashion. Both
sutures are tied in the 10-o’clock position on the urethral
stump. A Foley catheter is left in place for 4-7 days.

3.3. Outcomes
3.3.1. Operative Time (OR)

A direct comparison between operative times of various
series is somewhat difficult due to variations in reporting
operative times including setup and/or pelvic lymph node dis-
section. The mean operative time for reported robotic series
ranges from 141-540min (Abbou et al. 2001; Binder and
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Kramer 2001; Pasticier et al. 2001; Rassweiler et al. 2001;
Menon et al. 2002a,b; Ahlering et al. 2003; Bentas et al.
2003; Menon and Tewari 2003; Menon et al. 2003; Wolfram
et al. 2003; Ahlering et al. 2004; Patel et al. 2005). In our
experience, operative time declined from a mean of 202 min
for our first 50 cases to141 min for the last 50 in a series of
200 cases (Patel et al. 2005). Analysis of our current data of
1500 consecutive cases shows that OR times have been fur-
ther reduced to less than 90 min (Palmer et al. 2007). This
is also confirmed by Ahlering et al. who reported similar
experience-related reduction with a mean of 184 min for their
last ten cases compared to an overall of 207 min (Ahlering
et al. 2004).

3.3.2. Estimated Blood Loss (EBL)
and Transfusion Rate

Traditionally RRP has been associated with higher EBL
and transfusion rates. In a comparative study, Menon et al.
reported a significantly higher rate of transfusion after RRP
(67%) compared to RALP (0%) (Menon et al. 2005a,b).
Although diminished blood loss has been the hallmark
of laparoscopic prostatectomy, other RALP series have
reported mean EBL ranging from 75-900 ml with most being
less than 200 ml (Menon and Tewari 2003) and a transfusion
rate ranging from 0-16.6% (Abbou et al. 2001; Binder and
Kramer 2001; Pasticier et al. 2001; Rassweiler et al. 2001;
Menon et al. 2002a,b; Ahlering et al. 2003; Bentas et al. 2003;
Menon and Tewari 2003; Menon et al. 2003; Wolfram et al.
2003; Ahlering et al. 2004; Patel et al. 2005).

Several studies have demonstrated that pneumoperi-
toneum exerts a tamponade effect that aids in diminishing
blood loss from venous sinuses. With increasing experience
large RALP series like the Vattikuti Institute’s and The Ohio
State University’s report transfusion rates ranging from 0 to
0.4%, respectively (Menon et al. 2007; Palmer et al. 2007).
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3.3.3. Length of Hospital Stay

Length of hospital stay is an important component of con-
valescence after surgery and is often considered a measure
of patient well-being. A shorter LOS indicates subjectively
a lower degree of morbidity and a faster recovery varying
and depending upon the type of surgery, clinical pathway,
surgeon practice patterns, and cultural differences. The usual
LOS after RRP varies between 1 and 3days (Kundu et al.
2004). In a single surgeon comparative study, Ahlering et al.
reported shorter LOS in patients after RALP compared to
RRP (25.9h vs. 52.8h) (Ahlering et al. 2004). Similar find-
ings were reported by Tewari et al. with a mean LOS of
1.2 days for the RALP group versus 3.5days for the RRP
group (Tewari et al. 2003). Our current data of 1500 consec-
utive cases demonstrates a mean LOS of 1.1 days with 97%
of the patients being discharged on postoperative day one
(Palmer et al. 2007).

3.3.4. Postoperative Pain

As with most minimally invasive procedures, RALP is per-
formed through several small incisions and is associated with
minimal postoperative pain. In the few published studies,
there are conflicting reports on reduction in postoperative
pain with RALP. Menon et al. report that there was a statisti-
cally significant difference in visual analog pain score on post-
operative day 1 with RALP having a mean score of 3 (1-7)
compared to RRP with a mean score of 7 (4-10) (Menon et al.
2007). Webster et al., reported no statistical difference in pain
on day of surgery using the Likert pain scale with RALP hav-
ing a mean score of 2.52 compared to 2.88 in the RRP group
(Webster et al. 2005).

3.3.5. Continence

Earlier series of RRP defined incontinence based on patient-
reported surveys being as high as 50% (Fowler et al. 1993).
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Walsh et al. (Walsh et al. 2000) reported continence (no
pad usage in past 4 weeks) to be 54% at 3months, 80% at
6 months, 93% at 12 months, and 93% at 18 months. The pad
free rate after RRP after 3months of follow-up has been
reported to be between 50-76% (Walsh et al. 2000; Lepor
et al. 2001; Ahlering et al. 2004).

It has been proposed that RALP can potentially improve
continence rates or earlier return of continence by better visu-
alization and preservation of the urethral sphincter and its
length. Magnified visualization grants a better and improved
preservation of the urethral sphincter allowing the surgeon
precise delineation between this structure and the prostatic
apex (Smith 2004).

Menon et al. reported a 95.2% continence rate after
12 months following lateral prostatic fascia-sparing RALP in
2652 patients. They also noted that 33% of patients had a
>3-point improvement in the IPSS. Continence was defined
as “no pads or a single pad for security purposes only and
failure to leak urine on provocative maneuvers.” At the time
of catheter removal 25% of patients were pad free (Menon
et al. 2007).

Our initial series of 200 patients was evaluated 2 years
ago and we reported continence rates of 47, 82, 89, 92, and
98% at 1, 3, 6,9, and 12 months, respectively. It was demon-
strated that 27% of patients were continent immediately after
catheter removal. Continence was defined as “no pads” and
the data was collected by an independent third party (Patel
et al. 2005).

Ahlering et al. reported on their first 45 RALP cases and
subsequently on case numbers 46-105. Sixty-three percent
and 81% of patients in their first 45 cases were pad free at 1
and 3 months, respectively. An additional 25% and 14% used
a security pad at 1 and 3 months and in the following 60 cases,
76% were pad free at 3 months (Ahlering et al. 2003). Ques-
tionnaires were either patient-reported or administered by a
nonclinical research associate. In their first 72 RALP cases,
Carlsson et al. report that 90% of patients were pad free at 3—
6 months postoperatively. Information was gathered by self-
administered patient questionnaires (Carlsson et al. 2006).
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Analysis of our current series of 1500 cases shows a conti-
nence rate of 27,92, 97, and 97.8% immediately after catheter
removal, and at 3, 6, and 12months, respectively (Palmer
et al. 2007). However, in an effort to improve early conti-
nence rate we have made several modifications to our tech-
nique. The incorporation of a retropubic suspension stitch
after ligating the dorsal venous complex we believe stabilizes
the periurethral complex and aids in the early recovery of
continence. This stitch is passed from right to left between
the urethra and DVC, through the periosteum on the pubic
bone in a figure-of-eight and then tied (Fig. 3.5). Forty per-
cent of patients who underwent this modification recovered
continence in less than 1 month and 92.8, 97.9, and 97.9% at
3, 6, and 12 months, respectively, demonstrating a statistically
significant benefit at 3 months (p = 0.013). No complications
were reported.

Rocco F et al. published data regarding early recovery of
continence after RRP by reconstructing the posterior aspect
of the rhabdosphincter (Rocco et al. 2007a,b). The technique
provides posterior support for the sphincteric mechanism and
prevents caudal retraction of the urethra. Continence was
defined as the use of no pads or one diaper per day. The early
continence rate was 62.4% using this definition. The authors
compared the results to a historical group of 50 patients who
underwent radical prostatectomy without reconstruction of
the rhabdosphincter. The continence rates were significantly
better during the first 3 months for the reconstruction group.
However, there was little difference following one year. This
technique was also applied to LRP by Rocco et al. (Rocco
et al. 2007a,b). He performed a prospective trial in which
31 patients had reconstruction while 31 patients had stan-
dard laparoscopic prostatectomy. Continence was defined as
no pads or the use of one diaper per day. Three days fol-
lowing catheter removal 74.2% of patients in the reconstruc-
tion group were continent compared to 25.8% of patients in
the standard group. There was a statistically significant better
continence rate immediately and 1 month postoperatively.

We have recently incorporated the technique during
RALP. Our complete “early continence” rate (defined by use
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FIGURE 3.5. Retropubic suspension stitch: a Vision after the
endopelvic fascia has been opened and DVC ligated; b CT1 needle
held at a 90° angle passed from right to left between the urethra and
DVG,; e stitch placed through the periosteum on the retropubis; d, e
Second pass through DVC and periosteum; f final stitch tied.

of no pads) of 58% at 1week is encouraging. If the defini-
tion of continent is broadened to that of Rocco et al. (0 or
1 pad per day) the rate is 72%. We felt there was a learning
curve of approximately 20 cases to perform this modification
optimally. During this time we learnt precise identification of
the target anatomy and the technical refinements to both the
reconstruction and the following urethrovesical anastomosis.
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Correct anatomic placement of the distal sutures was the most
challenging aspect.

3.3.6. Potency

Theoretically, de novo erectile dysfunction after radical
prostatectomy occurs by injury of the neurovascular bundles:
thermal or traction, direct incision, or incorporation of the
NVBs into hemostatic sutures and/or clips. Several studies
have demonstrated that younger age, preoperative potency,
comorbidities, and nerve-sparing techniques are key factors
affecting the recovery of erectile function (Catalona et al.
1999).

Menon et al. at the Vattikuti Institute in Detroit,
recently described and reported potency results for their
technique of lateral prostatic fascia-sparing (Veil of
Aphrodite) RALP (Menon et al. 2005a,b). These men
were evaluated with a self-administered SHIM questionnaire
preoperatively and at 12 months postoperatively. Recovery
of normal erections was defined as a SHIM score >21.
Intercourse was defined by an answer of >2 (sometimes
or more often) on question 2 (“when you had erections
from sexual stimulation, how often were your erections hard
enough for penetration?”). Using these criteria, 70 and 100%
of men with a preoperative SHIM score >21 reported normal
erections and intercourse at 12 and 48 months, respectively.
Fifty percent of them attained normal SHIM score without
medication.

Chien et al. reported early sexual outcomes using a clipless
nerve-sparing RALP technique. Sexual outcomes were eval-
uated with the use of a self-reported validated questionnaire
preoperatively and at 1, 3, 6, and 12 months postoperatively.
While 80 patients underwent RALP during this study period,
35 patients were excluded from final analysis due to either
follow-up <3 months, open conversion, or incomplete ques-
tionnaires. It was found that after 1 month postoperatively the
patient’s sexual function scores had returned to 47% of their
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preoperative scores. This increased to 54, 66, and 69% at 3, 6,
and 12 months postoperatively. Also reported was a subjec-
tive sexual potency, defined as “the ability to penetrate and
complete intercourse with or without the use of oral PDE-5
inhibitors.” Using this definition, 50% (ten men) of patients
undergoing bilateral nerve sparing RALP were potent and
44% (eight men) of patients undergoing unilateral bilateral
nerve sparing RALP were potent (at 6 months follow-up)
(Chien et al. 2005).

After a 9-month follow-up of their first 45 RALPs,
Ahlering et al. reported that one out of three patients
who were preoperatively potent had satisfactory postoper-
ative sexual function with sildenafil (Ahlering et al. 2003).
Using a cautery-free neurovascular bundle dissection, they
also reported early potency outcomes. A comparison was
made between patients undergoing unilateral or bilateral
nerve preservation (23/45) and 36 “controls” (standard bipo-
lar cautery dissection). Erectile function was assessed through
self-administered questionnaires and defined as erections
sufficient for vaginal penetration with or without PDE-5
inhibitors. After 3 months of follow-up, 43% of men in the
cautery-free group were potent compared with 8.3% of the
control group. While longer follow-up for the cautery-free
group is awaited, the authors commented that at 16 months
follow-up 60% of the control group were potent (Ahlering
et al. 2005).

At our institution the approach to prostatectomy is ante-
grade in the standard manner. However, we have modified
our nerve-sparing technique in order to provide the least
trauma to the neurovascular bundle. Our approach to the
nerve sparing is athermal with early retrograde release of the
NVB, interfascial or intrafascial depending upon tumor bur-
den and location (Fig. 3.6).

Between March 2006 and December 2006, 332 patients
with localized prostate cancer underwent nerve-sparing
RALP by the modified technique (Palmer et al. 2007).
A bilateral nerve-sparing procedure was performed in 201
(60.5%) patients, unilateral nerve sparing in 60 (18.2%)
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FIGURE 3.6. Neurovascular bundle (NVB) preservation. a A first
incision is made in the mid-lateral aspect of the prostatic fascia; b
Dissection plane is encountered with minimal bleeding from small
tributary vessels; ¢ Ligation of the prostate pedicle with hemostatic
clips; d NVB has been completely dissected and prostate pedicle
clipped and transected; e Bilateral NVB preservation after removal
of the prostate specimen.
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and non-nerve sparing in 71 (21.3%) patients. Out of these
patients, 167 patients with preoperative SHIM score >17,
who underwent a unilateral or bilateral nerve-sparing pro-
cedure and had at least 3months of postoperative follow-
up, were included in the review. Out of 167 patients, 134
(80%) patients were potent with or without use of PDE 5
inhibitors. Fifteen (9%) patients were potent immediately
after catheter removal, 46 (27.5%) were potent at 1-month
follow-up, 115 (68.8%) were potent at 3-months follow-up,
133 (79.6%) were potent at 6-months follow-up, and 134
(80%) were potent after 12 months of follow-up.

In their first 100 RALP, Mikhail et al. report obtaining
68% and 79% of potency in patients who underwent uni-
lateral or bilateral nerve preservation, respectively, after a
12-month follow-up excluding those with preoperative impo-
tence, sural nerve grafting, or those with nonsparing proce-
dures (Mikhail et al. 2006).

Some authors have conducted single institute compar-
isons between RALP and either RRP or LRP. Tewari et al.
reported a prospective comparison between 100 RRPs and
200 RALPs demonstrating a more rapid return of erections
with RALP (50% at a mean follow-up of 180 days vs. 50% at
a mean of 440 days after RRP) as well as a quicker return to
intercourse with RALP (50% at 340 days vs. 50% at 700 days
for RRP). While this study has many strong points, the
authors do acknowledge that one team performed the RALPs
while eight different surgeons performed the RRPs (Tewari
et al. 2003). Joseph et al. retrospectively compared 50 LRPs
and 50 RALPs. While their data was immature 22% of the
LRP patients reported erections compared to 40% in the
RALP group (Joseph et al. 2005).

3.3.7. Oncologic Outcomes
The reported positive margin rates (PMR) after RALP

series range from 0-36%. When stratified by stage,
PMRs following RALP range from 0-17% for T2a,
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0-33% for T2b, 0-82% for T3a, 20-50% for T3b, and 33-67%
for T4 (Guillonneau et al. 2002). Although no statistical sig-
nificance was demonstrated, Ahlering et al. reported a trend
toward a higher rate of PMRs in the RRP group (20%) com-
pared to the RALP group (16.7%) (Ahlering et al. 2004).

In our first series of 200 patients the PMR for T2, T3a, T3b,
and T4 tumors was 5.7, 29, 20, and 33%, respectively (Patel
et al. 2005). As our technique was refined and after the cur-
rent 1500 consecutive cases we have seen a reduction in our
PMRs: 4% for pT2, 34% for T3, and 40% for pathologic stage
T4. The distribution of positive surgical margins was: apex
(23%), bladder neck (14.5%), posterolateral (36.7%), and
multifocal (26%). When analyzing the rate of positive mar-
gins based on final pathologic prostate volume, we found that
in patients with prostate volumes of less than 50 g, 50-99 g,
and greater than or equal to 100 g, positive margin rates were
14.3, 9.4, and 5.9%, respectively.

For RALP to be accepted as a satisfactory alternative
to the current gold standard, oncologic outcomes must be
proven to be uncompromised.

3.3.8. Safety

Experience has shown that patients often seem concerned
about the safety of using the robot. We conducted a multi-
institutional study in which experienced surgeons reported
failures of the da Vinci™ surgical system. Data collected
comprised a total case volume of 6426 and median surgeon
experience of 460 cases (325-1500). Critical failures of the
system that led to canceling ten cases and conversion to one
laparoscopic and nine open procedures occurred in 20 cases
(0.3%; range 0-1.1%) and recoverable failures occurred in
124 cases (2.2%). The most common sites of system mal-
function were the optical system and surgical arms. Although
technical problems can occur, this study demonstrates
that robotic equipment malfunction is extremely rare in
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institutions that perform high volumes of RALPs (Lavery
et al. 2007).

There are currently over 600 robotic systems in the United
States and over 30,000 robotic procedures have been per-
formed (personal communication with Intuitive Surgical, Inc.
VRP). Twenty-five percent of all prostatectomies were per-
formed robotically in 2005 and it is estimated that about 60%
will be performed this way in 2007.

Our review represents a comprehensive analysis of our
data and of that of other series available in the surgical lit-
erature. Perioperative and functional outcomes provided by
larger series for robotic radical prostatectomy are encourag-
ing. In addition, there appears to be a trend toward earlier
return of function in those undergoing robotic surgery. While
this is encouraging we acknowledge that the data is short term
and longer follow-up is needed in these patients. As tech-
niques continue to evolve and an increasing number of larger
series are published, we anticipate that the results of robotic
radical prostatectomy will continue to improve.

3.4. Conclusions

Robotic-assisted laparoscopic radical prostatectomy is a pro-
cedure in evolution. Our review of the literature suggests that
it is associated with shorter OR time, decreased blood loss
and transfusion rate, shorter LOS, less pain and promising
continence, potency and oncologic outcomes when compared
to contemporary RRP and LRP series. Although robotics is
still in its infancy and there are no long-term follow-up stud-
ies, many international series have demonstrated that there
appears to be an earlier return of continence and recovery
of potency in patients undergoing this type of surgery. More
information will be available as series continue to mature.
With continued refinement of the operative technique we will
see further improvement in outcomes.
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Chapter 4

Comparison of Robotic
Laparoscopic and Open
Radical Prostatectomy

Evangelos Liatsikos, Panagiotis Kallidonis, Jens-Uwe
Stolzenburg, Roger Kirby, and Christopher Anderson

Abstract: Over the years radical prostatectomy has evolved
from open to laparoscopic to robotic-assisted. This chapter
provides a critical review and comparison of all three tech-
niques. Non-randomised outcomes appear to support lower
positive margin rates and better erectile function with robotic
surgery. These results, however, are as much dependent on
surgical expertise as on technological advances.

Keywords: Radical prostatectomy, Retropubic,
Laparoscopic, Robotic, Margins, Continence, Potency

4.1. Introduction

Prostate cancer is the most common malignant disease and
the second leading cause of cancer death (Dijkman and
Debruyne 1996; Parker et al. 1996). The introduction of
the anatomic basis of nerve-sparing open retropubic radical
prostatectomy (RRP) by Walsh and Donker in 1982 rendered
the surgical treatment of localized prostate cancer effective
and acceptable (Walsh and Donker 1982). Through the years,
the experience gained contributed to the modification and
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refinement of the initial technique. Nevertheless, the main
principles remained the same (Walsh et al. 1983; Catalona
1985; Walsh 1998; Kirby et al. 2006).

The first laparoscopic radical prostatectomy (LRP) using
a transperitoneal approach was performed by Schuessler
et al. in 1992 with disappointing results in terms of oper-
ative time (Schuessler et al. 1992). The experience gained
with the new technique forced the latter group to conclude
in 1997 that LRP did not offer any advantage in compar-
ison with the RRP (Schuessler et al. 1997). Raboy et al.
introduced the extraperitoneal approach for LRP and Gaston
et al. also initiated performing LRP in the same year (1997)
(Raboy et al. 1997). However, the first promising experi-
ence with LRP was reported by Guillonneau et al. in 1998
and triggered worldwide interest in minimal invasive surgery
(Guillonneau et al. 1999; Guillonneau and Vallancien 2000).
Several European centers followed the steps of the above
pioneers (Jacob et al. 2000; Bollens et al. 2001; Rassweiler
et al. 2001b; Stolzenburg et al. 2002). In course of time, tech-
nical improvements refined and standardized LRP resulting
in diminished morbidity (Rassweiler et al. 2003; Stolzenburg
et al. 2003; Salomon et al. 2004).

In the USA, the urologic community confronted LRP with
skepticism. The acceptance of the technique by the American
centers was very limited (Raboy et al. 1997; Gill and Zippe
2001). The cooperation of the pioneering team of Guilloneau
and Vallancien with Menon contributed to the expansion of
LRP in the USA (Menon et al. 2002).

Laparoscopic digital imaging provides advantages in visu-
alization of the operative field such as magnification and
illumination. Nevertheless, important disadvantages exist.
Excellent hand-to-eye coordination is necessary in order for
the surgeon to overcome the paradoxical movement of the
instruments, tactile feedback is very limited, the images are
two dimensional, and the surgeon should adapt to the new
anatomic perspectives. As a result, LRP is accompanied by a
long learning curve, requiring more than 40 procedures to be
mastered under a well-organized training program (Blanna
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et al. 2007; Stolzenburg et al. 2006a). The above facts led to
the idea of the application of robots in an effort to improve
the precision and accuracy of the anatomic dissection.

Binder and Kramer performed the first robotic-assisted
laparoscopic radical prostatectomy (RALP) in 2000 (Binder
and Kramer 2001). Successful RALP was also performed
by Pesticier et al. in the Vattikuti Institute soon after
(Pasticier et al. 2001). The technique was further devel-
oped in the following years by the same group (Menon
et al. 2002). The introduction of the da Vinci™ robotic
surgical system® (Intuitive Surgical, Inc., Sunnyvale,
California) allowed nonlaparoscopic surgeons to perform a
laparoscopic prostatectomy (Smith 2004). When a RALP
is performed by an experienced open surgeon, the learning
curve appears to be accelerated. Similar results have been
reported by both academic (Menon et al. 2003a) and
community settings (Patel et al. 2005). Robotic assistance
enabled both laparoscopically experienced and naive
surgeons to accomplish a RALP in comparable time with
LRP within 10 to 20 cases (Menon et al. 2003b; Ahlering
et al. 2004b; Patel et al. 2005). The above facts contributed to
the acceptance of the RALP in the USA and led the urologic
interest towards minimally invasive prostatectomy.

The robotic system provides a combination of the excel-
lent visualization capabilities of digital laparoscopes with
the additional advantage of three-dimensional imaging and
the Endowrist™ technology which is responsible for the
increased freedom of movement of the instruments. In fact,
the rigidity of the instrument shaft and the fixed position of
the trocar (Fig. 4.1) on the abdominal wall limit the freedom
of movement to four in the case of LRP. The Endowrist™
provides articulated instruments which allow six degrees-of-
freedom (Matsunaga et al. 2006). Tremor control and motion
scaling is also an advantage of the system by allowing the
surgeon to customize the function of the robotic system. On
the contrary, a major disadvantage remains the complete
absence of tactile feedback (Matsunaga et al. 2006).
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4.2. Technical Aspects

Retropubic radical prostatectomy is based on the initial tech-
nique proposed by Walsh and Donker with minor modifi-
cation varying from center to center and two nerve-sparing
techniques, the antegrade and retrograde approach (Goad
and Scardino 1994; Montorsi et al. 2005; Graefen 2006; Barre
2007).

On the other hand, during LRP or RALP techniques the
removal of the prostate gland can be performed in an ascend-
ing (from the apex to the base) or descending fashion (from
base to apex). An issue of technical debate is the approach
to use to perform the operation. Some centers favor the
transperitoneal approach (e.g, Institut Mutualist Montsouris,
France; Klinikum Heilbronn, Germany; Vattikuti Institute,
USA; University of California at Irvine, USA), other uro-
logic groups prefer the extraperitoneal access (Erasme Hos-
pital, Belgium; Leipzig University, Germany). It should be
noted that most of the large series of RALP reported, have
been performed according to the intraperitoneal descending
method described by the Montsouris Group with modifica-
tions (Tewari et al. 2002; Perer et al. 2004). Experience with
the extraperitoneal approach is currently limited (Antiphon
et al. 2003; Dakwar et al. 2003; Gettman et al. 2003).

The extraperitoneal descending technique is considered
to have a shorter learning curve which is presented by
shorter operative time (Bollens et al. 2005; Poulakis et al.
2005; Rassweiler et al. 2006b). The main advantages of
the approach are the lower risk of bleeding due to con-
trol of the lateral prostatic pedicles (Fig. 4.2) in an early
stage of the descending procedure and the absence of the
initial retrovesical dissection of the seminal vesicles in the
extraperitoneal versus transperitoneal descending technique.
The elimination of the latter step is responsible for 50 min
reduction of the operative time as reported by Hoznek
et al. (Hoznek et al. 2001). The balloon dissection of the
space of Retzius also reduces operative time. Neverthe-
less, all other steps of the prostatectomy procedure are
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FIGURE 4.2. Prostatic pedicle dissection for extraperitoneal
approach. During dissection of left prostatic pedicle, the assistant
retracts the partially mobilized prostate to the right side (A), and
vice versa. The prostatic pedicle and small vessels are clipped and
divided between Endoclips (B). Care has to be taken to avoid inad-
vertent injury to the neurovascular bundle. It is advisable to proceed
with the clipping and cutting in small steps (inlay). p = prostate.

performed independent of the approach used and it would
be expected that the operative time in experienced hands
is similar (Rassweiler et al. 2006a). Management of patient
characteristics and technical problems may be more favor-
able with one approach than the other. For instance, a his-
tory of extensive pelvic surgery or redundant sigmoid colon
represents a difficult case for the transperitoneal ascending
technique in order to expose the pouch of Douglas. Like-
wise, the early division of the dorsal vein complex with the
ascending technique is probably more difficult in the case of
patients with large prostates (Rassweiler et al. 2006a). Com-
parable results between extraperitoneal and transperitoneal
approaches have been reported, but there is no consensus
among the investigators on the ideal approach (Catalona and
Smith 1998; Han et al. 2001; Salomon et al. 2002; Menon et al.
2003a; Roumeguere et al. 2003; Cathelineau et al. 2004b).
Hoznek et al. and Ruiz et al. propose that the extraperitoneal
approach is more favorable due to the reduced bowel injury,
ileus, and peritonitis (Hoznek et al. 2003; Ruiz et al. 2004). On
the other hand, Erdogru et al. and Cathelineau et al. report
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that no significant differences between the two techniques
exist and the whole issue is a “false debate” (Cathelineau
et al. 2004a; Endogru et al. 2004). The literature data are sum-
marized in Table 4.1

Certain advantages characterize each of the procedures.
The transperitoneal access is related to larger space of the
operative field, less tension on the vesicourethral anasto-
mosis, and minimal risk to lymphocele formation, especially
in the case of extended pelvic lymph node dissection. The
extraperitoneal approach avoids any contact with the bowel,
thus time-consuming lysis of adhesions is avoided and the
risk of bowel injury is diminished. Moreover, urine extrava-
sation tends to be less problematic in case of extraperitoneal
approach due to the fact that the extravasated urine is not
within the peritoneal cavity. An extraperitoneal approach in
patients with gross obesity has the advantage of shorter dis-
tance between trocar insertion site and operative field. Con-
sidering the above, the parallel approach of both techniques
in centers of expertise in LRP has been proposed by Rass-
weiler et al. (2006a).

Despite the different techniques performed, the main goal
of radical prostatectomy remains the excision of cancer with
the least morbidity and the maximum potential for a full
recovery of continence and potency, important functional fac-
tors for the quality of life (QoL) of the operated patients.
Every technique is evaluated under the light of the above
requirements (Rassweiler et al. 2006a).

4.3. Perioperative Results
4.3.1. Operative Time

One of the main points of criticism against LRP and RALP
is the longer operative time accompanying both procedures
compared to open surgery (Omar and Townell 2004). All
comparative studies between LRP and RRP reveal longer
operative time for the former technique. The operative time
ranges were 180-330 min for LRP and 105-197 min for RRP.
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The reports comparing LRP and RRP perioperative data
are summarized in Table 4.2. Frede et al. (2005) observed
a decrease of operative time from 332 min to 196 min when
comparing the first cases with the last 50 cases, thus it could be
proposed that the operative time is related to the experience
of the surgeon performing the operation, a fact that is also
observed during laparoscopic training schemes (Stolzenburg
et al. 2006a). Nevertheless, the introduction of the extraperi-
toneal approach was accompanied by a decrease of operative
time resulting in the reproduction of operative time similar
to those of RRP (Stolzenburg et al. 2003; Anghel et al. 2005;
Poulakis et al. 2005). Mean operative time for RALP as pre-
sented by El-Hakim and Tewari after the summary of the
existing data on RALP was 222 min (El-Hakim and Tewari
2004). The experience of Patel et al. gained from a series
of 200 consecutive patients in a community setting revealed
mean operative time of 141.2 min (Patel et al. 2005). Menon
et al. reported a mean operative time of 160 min accompanied
by excellent continence and potency outcome. Similar results
have not been reproduced by any other group (Rassweiler
et al. 2001a; Bentas et al. 2003; Wolfram et al. 2003; Cathelin-
eau et al. 2004b).

4.3.2. Complications and Morbidity

LRP is accompanied by lower blood loss in comparison with
RRP (Table 4.3). All comparative studies concur with the
latter observation with the exception of one. The average
estimated blood loss ranged between 189 ml and 1100 ml for
LRP, while RRP blood loss was 550-1550 ml. Blood trans-
fusion rate was also lower in the case of LRP (Rassweiler
et al. 2006a). The Montsouris group reported a mean blood
loss of 380 ml and an allogeneic transfusion in 4.9% of cases
while there was no autologous blood transfusion for the 550
patients operated with LRP (Guillonneau et al. 2002a). Eden
et al. reported an estimated blood loss rate of 313 ml and allo-
geneic transfusion rate of 3% (Eden et al. 2002). The highest
blood loss was observed in the Rassweiler et al. series with
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TABLE 4.3. Summary of complication data between RRP and LRP
(Rassweiler et al. 2003, 2006a)

Complication RRP LRP

Transfusion rate 0.3-1.4 0.3-8.9
Rectal lesion 0.2-2.3 1.5-2.5
Ureter lesion 0.3-0.5 0-0.3
Dehiscent anastomosis 0.2-0.4 0-0.2
Lymphocele 1.7-2.9 0-2.2
Disturbed wound healing 0.9-3.4 0.2-0.7
Thromboembolic incidents 0.6-1.9 0.6-1.5

an average volume of 430 ml and a transfusion rate of 30%
for the first 219 cases. The respective figures for the last cases
were 800 ml and 9.6% (Rassweiler et al. 2003). It should be
noted that the authors attributed the high blood loss to the
ascending technique during which the dorsal vascular com-
plex dissection and ligation as well as the transaction of the
urethra are performed early. On the contrary, both steps are
performed last in the retrograde approach (Guillonneau et al.
1999). According to El-Hakim and Tewari’s summary of the
existing data on RALP, the average estimated blood loss was
231 ml and the blood transfusion rate 0.3% (El-Hakim and
Tewari 2004). Patel et al. reported that estimated blood loss in
their series was 75 ml and no transfusion was required (Patel
et al. 2005).

A lower incidence of complications with LRP in compar-
ison to RRP has been demonstrated by Frede et al. and
Rassweiler et al. (Rassweiler et al. 2004, 2006b; Frede et al.
2005). Complications like bleeding, urine extravasation,
wound healing, and thromboembolic incidents are summa-
rized in Table 4.3. A comparison of the data presented in
two large series with an identical number of patients (n =
1243) confirmed the lower complication rate of LRP over RRP
(Table 4.4). After the performance of 567 consecutive LRPs
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TABLE 4.4. Comparison of the incidence of different complications
after open and laparoscopic radical prostatectomy in large series

Complication RRP (1243 LRP (1243 patients)
patients)
University of Heilbronn Clinic,
Hamburg, Rassweiler et al.
Augustin et al. 2006a (%)
2002 (%)

Major Complications 10.7 12.3
—Intraoperative 6.6 8.9
—Transfusion rate 6.1 7.7
—Rectal lesion 0.2 1.2
—Ureter lesion 0.3 -
—Postoperative 4.1 3.6
—Cardiovascular 0.6 0.1
—~Thromboembolic 1.3 0.3
—Infections 0.5 -

—Lymphocele 0.6 -
—Renal 0.2 0.9

Minor Complications 15.8 3.4
—Nervous System 1.1 0.3
—Thromboembolic 0.3 0.1
—Gastrointestinal 0.4 0.2
—Pulmonary system 0.6 0.1
—Renal 0.6 0.2
—Lymphocele 2.3 -

—Urine retention 1.7 1

—~Wound dehiscence 14 0.1

—Prolonged lymph 1.3 0.3
drainage

—Pelvic hematoma 0.7 0.5

—Cardiovascular 1.1 =
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at Montsouris over a period of 3 years, the total complication
rate was 17%, with 4% and 14.6 % of major and minor compli-
cations, respectively. Major complications requiring reinter-
vention were bowel and rectal injury in 1% of the cases, hem-
orrhage in 1%, and ureteral injuries in 0.3% of cases (Geary
et al. 1995). Gonzalgo et al. designed a grading system for
the detailed report of frequency and severity of complica-
tions following LRP (Gonzalgo et al. 2005). In a population
of 246 patients undergoing LRP, 34 morbidities were observed
(13.8%). Most of the incidents were self-limiting (94.1%) and
categorized as grade Il and III according to the system applied.
Only 5.9% (n = 2) were grade IV which represents potential
life-threatening events requiring intensive care unit manage-
ment. Grade V complications (death) did not occur. Conver-
sion and reintervention rates were less than 1%. EI-Hakim and
Tewari revealed a minor complication rate of 4.55% in RALP
including urinary tract infection, anastomotic leaks, ileus, and
port site bleeding. Major complications took place in 3.75%
including deep vein thrombosis, pulmonary emboli, obturator
nerve injury, anastomotic disruption, delayed bleeding, and
wound dehiscence (El-Hakim and Tewari 2004). Patel et al.
in a community setting reported a 2% complication rate with
two cases of rectal injuries, a case of hematoma, and a bladder
neck contracture (Patel et al. 2005).

Probably, the most severe complication of radical prosta-
tectomy is rectal injury. The incidence ranges between 1 and
2% of LRP and occurs often during the apical dissection dur-
ing a wide excision of the prostate. It is important to recognize
any rectal injury intraoperatively because adequate repair
solves the problem without consequences. An overseen rectal
injury can result in fistulae and peritonitis, making temporary
colostomy essential (Rassweiler et al. 2001c, 2003).

4.3.3. Conversion to Open Surgery

In a multi-institutional study reporting 1228 cases, Sulser et al.
reported low conversion rates in all major series reflecting the
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careful introduction of LRP (Sulser et al. 2001). The experi-
ence gained is helpful in overcoming challenging situations
like managing cases following previous laparoscopic hernio-
plasty (Endogru et al. 2005). Furthermore, technical reasons
such as adhesions, difficulty with the urethrovesical anasto-
mosis, and malfunctioning of instruments as well as risk of
positive surgical margins due to uncertain tumor anatomy
are the causes of open conversion rather than intraoperative
complications (bleeding, visceral injury) (Rassweiler et al.
2006b). Bhayani et al. reported a 1.9% conversion rate in a
multi-institutional series and noted prior pelvic surgery and
morbid obesity as contributing factors (Bhayani et al. 2004).
In RALP series, the conversion rate is about 1% (El-Hakim
and Tewari 2004), while the experience gained by a large
community series showed no requirement for open conver-
sion (Patel et al. 2005).

4.4. Comparison of Oncologic Results
4.4.1. Surgical Margin

Radical prostatectomy aims at the complete surgical removal
of the entire prostate, its surrounding fascia, and the seminal
vesicles. Pelvic lymphadenectomy accompanies the prosta-
tectomy procedure when indicated (Scardino 2005). The
presence of cancer at the inked margin of resection on
the prostatectomy specimen is defined as a positive surgi-
cal margin (PSM) (Wieder and Soloway 1998). The positive
predictive value of frozen section analysis for positive sur-
gical margins is high. However, the sensitivity is too limited
considering the fact that a routine frozen section analysis of
the suspicious sites is unable to reduce PSM rates signifi-
cantly (Tsuboi et al. 2005). The prognostic value of a PSM is
reflected by a higher risk of biochemical recurrence, local and
systemic progression (Catalona and Smith 1998; Cathelineau
et al. 2004b). Factors influencing PSMs include the preoper-
ative serum PSA (prostate-specific antigen) level, Gleason
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grade, clinical stage, the surgeon and surgical technique as
well as patient selection (Ruiz et al. 2004; Brown et al. 2005).

Reports on pathologic and oncologic results are presented
in Table 4.5. The Montsouris group reported the experience
gained with the first 1000 LRP cases achieving an overall
PSM rate of 19.2%. The respective rates for pT2, pT3 disease
were 15.5 and 31% (Guillonneau et al. 2003). The experience
of the Heilbronn group with 500 cases reported an overall
PSM rate of 19%, 7.4% for pT2, and 31.8% for pT3 disease
(Rassweiler et al. 2005b). The Charite group after performing
1000 LRPs observed PSM rates of 14.8 and 54.4% for pT2 and
pT3 tumors, respectively (Lein et al. 2006). The University
of Leipzig reported PSMs in 9.8% of the pT2 tumor speci-
mens and 34.4% of the pT3 in a series of 1300 consecutive
extraperitoneal endoscopic radical prostatectomies (Stolzen-
burg et al. 2007). The above results reflect the experience of
high-volume centers including the first cases when the LRP
technique was under development and the surgeons inexperi-
enced in the new procedure.

Large series of patients who underwent RALP are few and
limited to certain centers. Moreover, the presented data on
the RALP often differ from the standards of preceding series
of LRP. The Vattikuti Institute reported the results on 2652
cases of RALP achieving an overall PSM of 13% (Menon
et al. 2007). Columbus University observed PSM rates of
9.9% for pT2 and 32.7% for pT3 tumors after 325 procedures
(Joseph et al. 2006). Ahlering et al. reported average PSM
rates of 5.2% for pT2 and 37.6% for pT3 tumors (Ahlering
et al. 2006). Patel et al. (2006) in a study of 500 RALP cases
reported an overall PSM rate of 9.4%. The PSM rates were
2% for T2a, 4% for T2b, 2.5% for T2c, 23% for T3a, 46% for
T3b, and 53% for T4. Organ-confined tumor specimens were
detected to have PSMs in 2.5% of the cases and nonorgan
confined specimens 31 %.

An interesting issue was the high incidence of PSM rates
during the initial cases with both LRP and RALP (Rass-
weiler et al. 2001b; Ahlering et al. 2004a; Atug et al. 2006).
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Nevertheless, the accumulation of surgical experience con-
tributed to the decrease of surgical margin rates for both
techniques (Ahlering et al. 2006; Atug et al. 2006; Menon
et al. 2007). The latter phenomenon was also observed during
the development of the open radical prostatectomy. Overall,
a PSM rate of 10% seems to be highly acceptable. More-
over, no definitive advantage for one surgical approach over
the other in terms of PSM rates was noted when the exist-
ing data on different methods and surgical experience were
compared (Table 4.5). Surgical experience seems to be the
most important factor for the PSM rates as was noted in the
German Laparoscopic Working Group after the evaluation of
5824 cases. The technique performed was not related to the
pathologic outcome of the procedure (Galli et al. 2006). An
effort to overcome the long learning curve and to improve
oncologic and functional results through the establishment
of mentoring programs is reflected in the numerous articles
published (Patel et al. 2005; Ahlering et al. 2006; Joseph et al.
2006; Rassweiler et al. 2006b; Touijer et al. 2006; Menon et al.
2007; Stolzenburg et al. 2007).

4.4.2. PSA Recurrence

PSA recurrence is a marker used to evaluate cancer con-
trol. Definition of PSA values related to tumor progression
is variable between the authors and the PSA value represent-
ing tumor recurrence ranges from 0.1 to 0.4 ng/ml (Wieder
and Soloway 1998; Guilloneau 2006; Stolzenburg et al. 2007).
Short-term PSA recurrence data accompanying the LRP
and RALP techniques are similar to those reported in the
RRP literature. However, long-term cancer control data are
unavailable.

Biochemical recurrence free rates in LRP series after
3-years follow-up were noted to be 90.5% as reported by
Guilloneau et al. (PSA level <0.1 ng/ml). The respective fig-
ures for pT2a, pT2b, pT3a, and pT3b were 91.8, 88, 77, and
44%, respectively. In the case of nodal metastases, the disease
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free rate as represented by the biochemical recurrence of
PSA was 50% (Guillonneau et al. 2003). Rassweiller et al.
observed an overall freedom from biochemical progression
rate of 83% at 3 years and 73.1% at 5 years (two PSA values
>0.2 ng/ml) (Rassweiler et al. 2005b).

Long-term oncologic results are not available for patients
that underwent RALP. Short-term data are similar to those
of RRP and LRP (Table 4.5). In general, the oncologic out-
come of the recently developed techniques seems to be simi-
lar. Nevertheless, long-term follow-up data are necessary in
order for the scientific community to be convinced for the
above issue.

In general, surgical margin remains as an independent
predictor of biochemical recurrence in a multivariate set-
ting. Nevertheless, the predictive value is low. PSMs do not
necessarily represent the existence of cancer in the oper-
ated site and moreover do not drive the prognosis alone. In
fact, early organ-confined tumors have excellent prognosis
regardless of PSM status. On the contrary, advanced can-
cers such as seminal vesicle involvement have bad prognosis
regardless of the surgical margin status. Margin status is inde-
pendently related to the outcome when taken into account
with Gleason grade, capsular penetration, and seminal vesicle
involvement. An independent association with margin status
does not exist in cases of total or high-grade cancer volumes
(Graefen 2006).

4.5. Comparison of Functional Results

The lack of uniformity in defining, assessing, and report-
ing functional results following radical prostate excision is
responsible for the inability to compare existing series objec-
tively. Differences in the definition of parameters, methodol-
ogy of data collection and evaluation time leads to confusion
in data interpretation and generally in disparity between the
reported results.
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4.5.1. Continence

Guilloneau et al. and Stolzenburg et al. used the validated
International Continence Society questionnaire for the data
collection and interpretation of continence in their LRP series.
The report of Guilloneau et al. in 2002 on a series of 550 patients
with 12-months follow-up revealed that 82.3% of the patients
were padfree, 12% needed one pad aday,and 5.9% had urinary
incontinence requiring more than two pads a day (Guillonneau
et al. 2002a). Stolzenburg et al. in a series of 1300 extraperi-
toneal LRPs after 12-months follow-up observed 91.9% to be
padfree,6.9% needing one pad aday,and 1.2% requiring more
than two pads a day (Stolzenburg et al. 2007). Table 4.6 shows
the existing literature on continence results after the perfor-
mance of RRP, LRP, and RALP.

Stanford et al. investigated the recovery of continence in
1291 patients after 24-month follow-up in the Prostate Cancer
Outcomes Study (PCOS). Total urinary control was reported
in 31% of the patients while 60.5% were pad free and 14.3%
considered their urinary incontinence to be a moderate to
big problem (Stanford et al. 2000). It is obvious that patient
questionnaires reveal far worse results than the surgeons’
database (Begg et al. 2002; Bianco et al. 2005). RALP series
introducing continence terms like “social dryness” and “secu-
rity liner” represent an obstacle in the effort to compare
results (Menon et al. 2007). Some authors propose that both
laparoscopic and robotic laparoscopic approaches as methods
to perform radical prostatectomy are probably not responsi-
ble for any differences in continence rates. Nevertheless, sur-
gical experience along with technical refinements may lead
to better continence results (Eastham et al. 1996). Technical
modifications such as bladder neck or puboprostatic as well as
intrapelvic branch of the pudendal nerve preservation, recon-
struction of the rectourethralis muscle or structures of the
rectourethral fascia are still under question. The issue of early
continence has been raised, but remains in doubt due to the
bias of the total continence reported (Table 4.7) (Rassweiler
et al. 2004; Takenaka et al. 2006).
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In other words, the available data on continence after
RRP, LRP, and RALP are difficult to compare and all suffer
from the same bias. Considering the complexity of the issue
investigated, it is at least expected that the urologic commu-
nity establishes a unified methodology and terminology for
the field (Guilloneau 2006).

4.5.2. Erectile Function

Preservation of the erectile function after the performance
of a radical prostatectomy is based on the precise and ade-
quate separation of the cavernous nerves in the neurovascu-
lar bundle (Fig. 4.3) from the prostate (Walsh and Donker

FIGURE 4.3. Intrafascial preservation of the neurovascular bundles
for extraperitoneal approach. Schematic depiction of cross section
through prostate to give anatomic relations of prostate, endopelvic
fascia, periprostatic fascia, Denonvilliers’ fascia, and neurovascular
bundles (A). Dissection plane for intrafascial nerve sparing is shown
in blue (arrows). The “shining” surface of the prostatic capsule is
clearly seen laterally (B) as well as posteriorly (C). The peripro-
static fascia and the neurovascular bundle can be separated from
the prostatic capsula by blunt dissection in most cases. p = prostate,
la = levator ani muscle, nvb = neurovascular bundles, sp = Santorini
plexus, pc = prostatic capsule, ef = endopelvic fascia, pf = peripro-
static fascia, dv = Denonvilliers’ fascia, r = rectum.
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1982). The understanding of the anatomic course of the above
nerves is important in the effort to preserve potency. Princi-
ples of the anatomic dissection are independent of the surgi-
cal approach. Nerve-sparing techniques were developed after
the understanding of the anatomic structures (Kaul et al.
2005; Graefen et al. 2006; Kirby et al. 2006; Stolzenburg et al.
2006b; Takenaka et al. 2006, 2007; Tewari et al. 2006). The
existing techniques preserve the neurovascular bundles dur-
ing the excision. However, the introduction of the intrafas-
cial and “veil of Aphrodite” technical modifications aim to
preserve more neural tissue and to improve the functional
outcome. The contribution of the recent refinements to
potency preservation remains questionable (Rassweiler
2006). The role of laparoscopic magnification or precision of
surgical instruments for the performance of a more accurate
and less traumatic dissection of the neurovascular bundles
and consequently the achievement of better potency results
remains unclear. Unfortunately, the comparison of the erec-
tile function results is also difficult due to the absence of uni-
formity in the methods used for collection and interpretation
of data (Salomon et al. 2004; Rozet et al. 2006).

Differences in the terms defining potency, such as the abil-
ity to achieve spontaneous erections or the successful per-
formance of intercourse, are responsible for the difficulty in
comparing existing studies. Moreover, the population size,
patient characteristics, and multiple factors affecting potency
(e.g., medical comorbidities, available sexual partner) as
well as the use of additional therapies (PDE-5 inhibitors or
vasoactive injections) influence the potency rates of the stud-
ies and contribute to the above problem (Briganti and Mon-
torsi 2006). It should be noted that the short-term potency
rates are not representative of the final result, thus the recov-
ery to sexual function after a nerve-sparing radical prostate-
ctomy requires up to 48 months and the current data should
be discussed with care (Rabbani et al. 2004).

Numerous studies on the field of erectile function after
radical prostatectomy have been performed and are pre-
sented in Table 4.8 (Guillonneau et al. 2002a; Su et al. 2004;
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Menon et al. 2007). As a general advice avoidance of hemo-
static energy sources (e.g., electrocautery) and the perfor-
mance of meticulous interfascial dissection with preservation
of the cavernous nerves are recommended. The aforemen-
tioned technical refinements play a critical role in the optimal
postoperative recovery of erectile function (Ong et al. 2004;
Su et al. 2004; Rassweiler et al. 2006b).

4.6. Quality of Life

Quality of life after RRP has been well investigated but
remains poorly documented (Hara et al. 2003; Link et al.
2005; Rassweiler et al. 2005a; Soderdahl et al. 2005).
Soderdahl et al. (2005) observed that 70.7 versus 71% of
the patients who underwent LRP and RRP, respectively,
returned to baseline urinary function 12 months after the
operation. The respective figures for return to baseline
erectile function were 42.9 and 39%. The same group
also reported no significant difference between non- or
nerve-sparing (unilateral or bilateral) neurovascular bundle
preservation. Link et al. revealed an average recovery rate to
baseline urinary and sexual function of 67 and 64%,
respectively (Link et al. 2005). QoL improved in 7.8%
and remained stable in 37.4% of the first 500 patients who
underwent LRP by the Heilbronn group (Hara et al. 2003).
Salomon et al. introduced a score to analyze the global
results of radical prostatectomy (Salomon et al. 2003). The
absence of biochemical progression (0-4), incontinence
(0-2), and impotence (0-1) were taken into consideration.
The score one year after radical prostatectomy was 7 for
20% of the patients, 6 for 35.1% of them. These data
were based on PSA below 0.2ng/ml in 85%, continence
in 65.8%, and erections in 32.7% of the patients. The
application of the Salomon score by Rassweiler et al
in 217 patients who underwent LRP revealed similar
figures (score 7 = 22.1%, score 6 = 47.9%). The latter group
proposed the extension of the Salomon scoring system to
include postoperative complications and a realistic baseline
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for each patient depending on individual tumor stage, age,
and postoperative erectile function (Rassweiler et al. 2005a).

4.7. Economic Considerations

Equipment expenses and longer operative time are respon-
sible for the higher operating room cost of minimally inva-
sive prostatectomy in comparison to RRP (Lotan et al. 2004;
Link et al. 2005). Robotic-assisted surgery is clearly the most
expensive approach. The latest equipment costs approxi-
mately 1.5 million Euros and the yearly maintenance is about
150,000 Euros. The multiple use but disposable robotic instru-
ments cost 600-1000 Euros per case. Lotan et al. estimated
a lower cost of $487 and $1726 for RRP in comparison with
LRP and RALP, respectively (Lotan et al. 2004). Menon et al.
proposed in 2005 that an institution must perform at least 75
cases per year with an average operative time of 3 hours per
case in order for the application of the robotic system to be
cost effective (Menon et al. 2003b).

Link et al. estimated the factors influencing the overall
costs. The most important was the length of hospital stay
and the second most important the consumable items such
as laparoscopic equipment and trocars (Link et al. 2005).
Cost equivalence has already been reached between LRP
and RRP due to the use of reusable items (Rozet et al.
2006; Menon et al. 2007). The operative time for LRP has
been reduced to 2.5hours similar to the duration of open
surgery (Poulakis et al. 2005; Stolzenburg et al. 2007). The
increased cost of the minimally invasive procedures is off-
set by the shorter hospital stay in comparison to the open
approach (Patel et al. 2005; Burgess et al. 2006; Menon et al.
2007).

4.8. Conclusions

Considering the above results on oncologic and functional
outcome as well as the lower morbidity of LRP and RALP,
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it seems certain that the urologic interest will move gradually
towards the minimally invasive techniques. Surgeons favor-
ing the above methods are awaiting the long-term results in
order to overcome the criticisms on the oncologic potential
of the techniques. Robotic surgery is probably the way of the
future due to the combination of the excellent characteris-
tics of laparoscopy and the ability to perform with precision,
accuracy, and increased dexterity. The superior visualization
is also an advantage. The major obstacle to be overcome
remains the high cost.
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Chapter 5
Robotic-Assisted Radical
Cystectomy

P. Dasgupta, P. Rimington, A.K. Hemal, and M.S. Khan

Abstract: Robotic-assisted radical cystectomy (RARC) is an
evolving procedure which combines the minimally invasive
benefits of laparoscopy and the enhanced dexterity and vision
of robotics. Over 150 of these have been performed world-
wide in selected centers. Although the blood loss, hospital
stay, and recovery are shorter than open surgery, operative
times are longer. In nonrandomized comparisons, the compli-
cations appear to be lower than open and laparoscopic radi-
cal cystectomy. Actuarial and recurrence-free survivals at 3.5
years are 95 and 90%, respectively. A single port site recur-
rence has been reported.

Keywords: Robotics, Cystectomy, Urinary diversion,
Oncologic outcome

5.1. Introduction

Although randomized controlled trials are lacking, radical
cystectomy/anterior exenteration is currently regarded as the
gold standard for managing invasive bladder cancer,extensive
uncontrollable superficial cancer and refractory carcinoma in
situ (CIS). At specialized centers the 5-year recurrence free
survival for muscle invasive disease is 56-73% (Madersbacher
et al. 2003). Herr et al. have proposed optimum standards for
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this procedure. These include 10% positive surgical margins
overall and 15% in patients with T3 & T4 tumors. The median
number of lymph nodes retrieved should be 10-14 (Herr et al.
2004). Although open radical cystectomy (ORC) has become
safer in expert hands, it remains a formidable procedure with
a complication rate of around 30-50%. Excessive bowel han-
dling, fluid loss, and opiates can lead to prolonged ileus. In
spite of improvements in surgical techniques blood loss dur-
ing ORC is often significant. The hospital stay is consequently
quite prolonged with 18-21 days quoted as the UK average
(Nuttall et al. 2005).

Urologists experienced in advanced laparoscopy have
reported promising results of laparoscopic radical cystectomy
(LRC) in the hope of reducing patient morbidity. Within our
own group LRC is performed by a team consisting of two
experienced urologists to reduce surgical fatigue (Rimington
and Dasgupta 2004). The procedure is sometimes difficult
due to reduced maneuverability of laparoscopic instruments
in the pelvis. The complication rate of LRC can be high
even in expert hands. The overall complications during hos-
pital stay and after discharge have been up to 46 and 19%,
respectively (Haber and Gill 2007). Another large LRC series
of 84 patients showed that the complication rate can be
reduced to 18% which is better than reported in most series
of ORC (Cathelineau et al. 2005). The da Vinci™ system
(Intuitive Surgical, California) has the potential to over-
come some of the technical difficulties of LRC. We pub-
lished the first UK experience with this system (Dasgupta
et al. 2005) and now review the oncologic and functional
outcomes of robotic-assisted radical cystectomy (RARC). At
the time of writing >150 procedures have been performed
worldwide.

5.2. Surgical Technique

The Guy’s technique is derived from ORC and LRC and
has evolved over 4 years (Raychaudhuri et al. 2006). Patients
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FIGURE 5.1 Position of patient during robotic cystectomy.

FIGURE 5.2 Schematic diagram of port positioning.
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are given clear fluids orally, an enema the day before their
operation and overnight intravenous normal saline to prevent
dehydration. This is part of an enhanced recovery program
derived from colorectal surgery where formal bowel prepa-
ration is deliberately avoided. Intravenous cefuroxime and
metronidazole and subcutaneous low molecular weight hep-
arin are administered perioperatively. Patients above 60 are
digitalized as recommended by urologists experienced in
open cystectomy, to prevent atrial fibrillation (Stein and Skin-
ner 2004). They are placed in the extended lithotomy posi-
tion with a 45° Trendelenburg tilt (Fig. 5.1). A disposable
sigmoidoscope is introduced per rectum in male and a methy-
lene blue-soaked swab per vaginam in female patients. After
sterile catheterization, a six-port transperitoneal approach is
used as previously described (Hemal et al. 2004) (Fig. 5.2).
The ports are usually placed in a fan-shaped configuration
(Fig. 5.3). The procedure involves three surgeons—one at the
console and one on each side of the patient. A fourth robotic
arm can be used in place of the left side assistant.

FIGURE 5.3 Port positioning.
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FIGURE 5.4 Posterior dissection.

5.2.1. Posterior Dissection

The ureters are mobilized in the pelvis while keeping
adequate tissue around them so as not to compromise their
vascularity. The distal ends are clipped and cut and sent
for frozen section analysis. An inverted U-shaped incision is
made in the peritoneum of the cul-de-sac (Pouch of Dou-
glas) (Fig. 5.4). The posterior layer of Denonvillier’s fascia
is then incised in the midline and the plane between the rec-
tum and the prostate developed. In patients wishing to pre-
serve potency, diathermy is avoided at the tips of the seminal
vesicles to avoid injury to the pelvic plexus. In females, the
ovarian vessels are controlled with Hem-o-lok clips (Weck
Closure Systems, NC, USA) and divided. The plane between
the rectum and uterus is developed and the uterine arteries
controlled with Hem-o-loks.

5.2.2. Lateral Dissection

Dissection is continued medial to the external iliac veins to
carefully preserve the obturator nerves and expose the lateral
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FIGURE 5.5B Control of lateral pedicles of the bladder with staples.
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FIGURE 5.5C Control of lateral pedicles of the bladder with har-
monic scalpel.

pelvic wall. This delineates the lateral pedicles to the bladder
(and uterus in females). We initially used Hem-o-lok clips for
control of the lateral pedicles but subsequently switched to
an Endopath™ ATWa4S5 linear stapler (Ethicon Endosurgery,
Livingston, UK). This was prompted by our perception that
blood loss was somewhat higher with clips. Currently, an
ACE Harmonic™ scalpel (Ethicon Endosurgery, Livingston,
UK) seems to be the most efficient (Fig. 5.5a—c) for this pur-
pose. It is also more cost-effective ~£300 for harmonic as
opposed to £1200 for staplers since multiple firings of car-
tridges are required.

5.2.3. Anterior Dissection

The bladder is filled with 200ml of formol-saline for easy
identification and dropped by an inverted U incision to
include the urachus. The endopelvic fascia is opened and the
dorsal vein controlled by a stitch. Nerve sparing is performed
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in potent patients. The dorsal vein complex and urethra are
cut and a clip placed on the specimen side of the urethra to
prevent any spillage. The distal urethral margin is sent for
frozen section. In females the urethra is dissected fully to
the external meatus. The posterior vaginal fornix is opened.
The previously placed methylene blue swab becomes visible
indicating that the correct plane had been entered. The lat-
eral vaginal walls are transected. The cystectomy specimens
are placed in a 15-mm EndoCatch II™ bag (Tyco Health-
care, Hampshire, UK) for later retrieval. Leakage of carbon
dioxide from the vagina is reduced by a water-proof dressing
applied externally. The vagina is then closed longitudinally by
continuous intracorporeal suturing.

5.2.4. Lymphadenectomy, Transposition
of Left Ureter

Using robotic bipolar forceps and scissors, careful bilateral
lymphadenectomy is performed. The limits of the dissection
are the genitofemoral nerve laterally, the bifurcation of the
common iliac artery proximally and the node of Cloquet dis-
tally. Care is taken to preserve the obturator nerve. The da
Vinci™ S-HD gives better quadrantic access and it is possi-
ble to extend the lymph node dissection to the aortic bifurca-
tion with this new system. The lymph nodal packs are placed
in separately marked laparoscopic sacks. An Endoloop™
(Ethicon Endo-surgery, Livingston, UK) is applied on the
distal end of the left ureter which is then transposed under
the sigmoid mesocolon to the left by pulling the Endoloop
through. The distal ends of the ureters are held together
with a laparoscopic grasper introduced through the left-sided
5-mm assistant port.

5.2.5. Urinary Diversion

It is easier and quicker to perform urinary diversions extra-
corporeally although complete robotic-assisted intracorpo-
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real diversion has been reported. For ileal conduits a 15-cm
segment of ileum about 15-cm proximal to the ileo-cecal junc-
tion is held in laparoscopic graspers introduced through the
most lateral right-sided 10-mm port. The robot is undocked.
The previously bagged bladder and lymph nodal specimens
are extracted through a 5-7-cm incision (Fig. 5.6). In thin
patients this is an appendix muscle-splitting incision made
by extending a lateral port while in overweight patients
(BMI >30kg/m?) a subumbilical midline incision is pre-
ferred for easier left ureteric access. The graspers holding
the ureters and ileal segment are brought to the surface
through this incision. The ileal loop is isolated on its mesen-
tery, bowel continuity restored with staplers and the mesen-
teric window closed. Ureteroileal anastomosis is performed
over 8F feeding tubes by a Wallace I technique. The dis-
tal end of the conduit is fashioned as a stoma at a pre-
viously marked site on the abdominal wall. A sump drain
is introduced into the conduit to prevent any anastomotic
pressure and leak from subsequent stomal edema. Studer

FIGURE 5.6 Specimen extraction in laparoscopic sack.



122 P. Dasgupta et al.

FIGURE 5.8 Postoperative wounds.
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pouches are created through lower midline incisions and
anastomosed to the urethral stump by six robotically placed
3-0Monocryl sutures (Fig. 5.7). Alternatively, a continuous
3-0Monocryl anastomosis can be performed as in radical
prostatectomy, after redocking the robot. A 20 F drain is
placed in the pelvis. The port sites and wounds are closed with
absorbable sutures (Fig. 5.8). A liter of icodextrin (Adept,
ML Pharmaceuticals,Warrington, UK) is instilled into the
abdomen and drained after an hour to reduce the risk of
bowel adhesions.

5.3. Postoperative Care

All patients are electively managed in an overnight recov-
ery or high dependency unit immediately after the opera-
tion. The naso-gastric tube is removed and oral liquids started
as tolerated. Early mobilization and chest physiotherapy are
encouraged. Most patients are discharged with their pelvic
drains and ureteric catheters in situ which are removed at
3 weeks. Patients are seen again at 6 weeks, have an abdom-
inal ultrasound at 3 months, CT scans at 6 months and then
at 6-monthly intervals. At these visits they also undergo clin-
ical examination and assessment of serum hemoglobin, elec-
trolytes, creatinine, chloride, and bicarbonate.

5.4. Outcomes of RARC

RARC and urinary diversion was initially reported in 2003
(Menon et al. 2003). Similar to LRC, it involved a six-
port transperitoneal approach. The procedure was per-
formed in three stages: initially pelvic lymphadenectomy
and cystoprostatectomy, secondly extracorporeal formation
of a neobladder, and thirdly intracorporeal urethroneovesi-
cal anastomosis following redocking of the robot. The oper-
ative times ranged from 260-308 min depending on whether
an ileal conduit or orthotopic neobladder was formed. Blood
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loss was <150mls and surgical margins were clear in all
cases. One patient had N1 disease. Long-term oncologic
or functional results were not reported although a port-
site metastasis was subsequently mentioned (El-Tabey and
Shoma 2005). Around the same time Beeken et al. described
robotic cystectomy and intracorporeal Hautmann orthotopic
neobladder with an operating time of 8.5 hours and a blood
loss of 200ml (Beecken et al. 2003), whilst Balaji et al.
successfully performed robotic-assisted totally intracorporeal
laparoscopic ileal conduit urinary diversion in three patients
(Balaji et al. 2004) with operative time of 630-830 min and
a hospital stay of 5-10days. The longest operative time was
in one patient who underwent concomitant RARC. Menon’s
group subsequently refined the robotic technique for women
with preservation of the uterus and vagina (Menon et al.
2004). Other authors have excluded patients with prior
extensive abdominal surgery, pelvic irradiation, neoadjuvant
chemotherapy, and extravesical mass on CT from RARC
(Miller and Theodorescu 2005), making a selection bias quite
likely. Guru et al. reported their early results on 20 RARC
with average age of 70 and BMI of 26 kg/m?. The mean oper-
ative duration was 442 min, blood loss 555ml, and hospital
stay of 10days. The procedure was unsuccessful in a patient
with fixed pelvic mass and another needed conversion to
open surgery as the patient could not tolerate the Trendelen-
burg position. There were three bowel obstructions, one of
whom died of sepsis and one readmission with pyelonephri-
tis. Thus, the overall complication rate was 20%. One patient
had positive vaginal margins and 9 of 26 lymph nodes were
positive (Guru et al. 2007). In 30 patients at Guy’s the oper-
ative time was between 5.5-8 hours depending on whether an
ileal conduit or Studer pouch was created, estimated blood
loss 200 ml, and hospital stay either 1 week for the conduits
or 2 weeks for the pouches. One patient needed blood trans-
fusion due to bleeding from an inferior epigastric artery and
one patient with a large urethral adenocarcinoma needed
a colostomy for rectal injury. Delayed functional complica-
tions occurred in three patients. One patient with a Studer
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pouch developed a neovesico-urethral stricture which needed
urethral dilatation. Another developed a left upper ureteric
stricture at 6 months. This was assumed to be malignant and
hence treated with nephroureterectomy. The final pathology
was that of a benign inflammatory stricture. A third patient
needed repair of an incisional hernia at 12 months. Serum
creatinine levels were maintained in all patients. Three of
four previously potent male patients who underwent nerve
sparing were potent with Tadalafil.

The operation has also been performed in patients with-
out cancer. Two men, 41 and 38 years old, with complete
post-traumatic C7-C8 quadriplegia underwent total intracor-
poreal cystoprostatectomy and ileal conduit urinary diver-
sion with robotic assistance. The procedures were completed
without open conversion. The total surgical time was 9.25
and 6.75hours, respectively. There were no intraoperative
complications. In the postoperative period, both patients
had complications (pulmonary and urinary infections) that
were treated medically. The postoperative hospital stay was
13 days (Hubert et al. 2006).

5.5. Comparison of ORC and RARC

Rhee et al. compared 23 ORC to seven RARC and found
that although blood loss was lower for RARC, four of seven
patients (57%) needed transfusion. The operative duration
was 638 min for RARC vs. 507 min for ORC and hospital stay
11 and 13 days, respectively (Rhee et al. 2006). In another
study of 37 patients, 24 (64.9%) had ORC and 13 (29.7%)
were treated with RARC. RARC resulted in significantly
lower blood loss, hospital stay, and longer operating time
compared with ORC. Four (16.7%) perioperative complica-
tions occurred in the open group compared with two (15.4%)
in the robotic group (Galich et al. 2006). Pruthi and Wallen
compared 20 men undergoing RARC and extracorporeal uri-
nary diversion to 24 matched men who underwent ORC.
Mean operative time for RARC was 6.1 hours as opposed to
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3.8 hours for ORC. Mean blood loss was significantly less for
RARC. On surgical pathology 14 RARC cases were pT2 or
less, four were pT3, and two were N+. There were no positive
surgical margins. A mean of 19lymph nodes was removed.
Mean time to flatus and bowel movement was significantly
shorter than in men undergoing ORC. There were six post-
operative complications (30%) in five patients (Pruthi and
Wallen 2007). Likewise, Wang et al. compared 20 ORC and
33 RARC patients and found similar complication rates (24 %
open, 21 % robotic). The open cohort had more patients with
extravesical disease (57 vs. 28 %) and nodal metastasis (34 vs.
19%), although this may be a reflection of small sample size.
There were three patients in the open group and two in the
robotic with positive margins. The median number of lymph
nodes removed was similar between groups (Wang et al.
2008).

5.6. Comparison of ORC, LRC, and RARC

Thirty age-matched patients (ten in each group) had ORC,
LRC, or RARC and ileal conduit diversion by three surgeons
(Table 5.1). RARC and LRC took longer than ORC but were
associated with less blood loss and quicker recovery. Hospital
stay was shortest for RARC, which also had the lowest com-
plication rate (Elhage et al. 2007a).

5.7. Oncologic Outcomes

For RARC to stand the test of time, the oncologic outcomes
have to be equivalent to ORC and LRC. In their series
of 1054 patients undergoing ORC, Stein et al. reported
recurrence-free survival at 5 and 10 years of 68 and 66%,
respectively (Stein et al. 2001). The recurrence-free survival
appears to be worse for patients with stage >pT2NO (Mader-
sbacher et al. 2003). On the basis of their results in ten LRC
patients, five of whom died, Simonato et al. reported poorer
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oncologic outcomes with LRC compared to ORC (Simonato
et al. 2005). In a recent study of 37 patients undergoing LRC,
followed-up for up to 5 years, Haber and Gill reported actu-
arial overall and recurrence-free survival of 63 and 92%,
respectively. However, only eight patients had completed 5
years of follow-up and oncologic data was not available in
seven patients. Assuming that all these seven patients had
died from metastatic disease, the recalculated 5-year overall
and cancer-specific survival were 58 and 68%, respectively.
The outcomes were poorer in those with concomitant CIS,
extraorgan disease, and nodal metastasis. Patients having
extended laparoscopic lymph node dissection had slightly bet-
ter cancer specific survival compared to those having a limited
template lymphadenectomy, although not reaching statisti-
cal significance (Haber and Gill 2007). With strict adherence
to oncologic principles during RARC to prevent spillage of
cancer cells, we reported 100% overall and recurrence-free
survival at 2 years (Dasgupta et al. 2007). At a maximum
follow-up of 3.5 years, the actuarial overall and recurrence-
free survival, were 95 and 90%, respectively. A median of
16 (6-28) lymph nodes were removed. In our patient group,
10% had lymph nodal disease, 10% incidental prostate can-
cer, and 10% prostatic urethral CIS. There were no positive
margins, no local pelvic recurrences, and no port-site metas-
tasis. Lymph node metastasis, higher grade and concomitant
CIS were predictors of poor medium-term outcome.

5.8. Quality of Life and Patient Satisfaction

Using quality of life questionnaires Guru et al. found time to
normal activity to be 4 weeks, time to driving 6 weeks, and
time to strenuous activity 10 weeks (Guru et al. 2007). Using
the SF-8 validated questionnaire we found no change in phys-
ical quality of life scores at 6 weeks after RARC but signifi-
cantly better mental scores (Fig. 5.9). Patient satisfaction was
high (median 30 out of a maximum of 32 on a validated client
satisfaction-8 survey; range 27-32). We found that 93% of



5 Robotic-Assisted Radical Cystectomy 129

88 2 & 8 8

38-

PCS-8 pre PCS-8 MCS-8 MCS-8
post pre post

FIGURE 5.9 Assessment of physical and mental quality of life after
robotic cystectomy.

FIGURE 5.10 Assessment of surgical fatigue by motion analysis in a
gait laboratory (Courtesy of: Adam Shortland).
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patients read and understood the patient information leaflet
provided and 60% elected to watch a robotic patient informa-
tion video. This had been screened by the British Broadcast-
ing Corporation (BBC) after appropriate patient consent.

5.9. Ergonomics

One of the advantages of RARC over ORC and LRC may
be reduced surgical fatigue during a long procedure (Elhage
et al. 2007b). This has been studied using motion analysis and
EMG recordings in a gait lab (Fig. 5.10).

5.10. Conclusions

The medium-term surgical, oncologic, and functional out-
comes of RARC are encouraging. A randomized controlled
trial of ORC, LRC, and RARC is planned and will include
detailed health economic modeling.
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Chapter 6
Robotic-Assisted
Laparoscopic Pyeloplasty

Declan G. Murphy, Jamie Kearsley, and Anthony J. Costello

Abstract: Robotic-assisted laparoscopic pyeloplasty (RALP)
is an elegant, minimally invasive reconstructive procedure to
treat UPJ obstruction. The technique is discussed here in
detail. Some selected patients can be discharged within 18
hours. Some series over five years report success rates of
between 95 and 100%. The benefits over laparoscopic pyelo-
plasty are arguable and need to carefully be measured against
the increased cost. Perhaps the main advantages are the ease
of ureteric spatulation and suturing due to the EndoWrist
instruments.

Keywords: Robotic assisted pyeloplasty, UPJ obstruction,
Horseshoe kidney

6.1. Introduction

Ureteropelvic junction (UPJ) obstruction is characterized by
obstruction to the flow of urine from the renal pelvis to the
upper ureter. Hydronephrosis develops as a consequence and
progressive renal impairment may ensue if left uncorrected.
Primary UPJ obstruction is a congenital condition and is asso-
ciated with an aberrant crossing vessel to the lower pole
in up to 65% of cases (Sampaio 2000). Patients are often
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diagnosed incidentally by ultrasound imaging, though loin
pain, hematuria, or urinary tract infection may also be pre-
senting symptoms.

Intravenous urography or isotope diuretic renography are
used to confirm the presence of UPJ obstruction. Combin-
ing these modalities allows the degree of hydronephrosis, the
presence of a high ureteric insertion, the differential function,
and the presence of calculi to be ascertained. Contrast CT
scanning is useful for detecting aberrant lower pole vessels
(see Fig. 6.1).

FIGURE 6.1. Contrast-enhanced CT scanning is useful to demon-
strate the presence of crossing vessels to the lower pole, a common
finding in adult UPJ obstruction.



6 Robotic-Assisted Laparoscopic Pyeloplasty 135

Progressive loss of renal function or the development of
complications such as calculi, are imperative indications for
intervention, as is ongoing loin pain.

6.1.1. Management of UPJ Obstruction

A number of minimally invasive techniques have been
employed for the management of UPJ obstruction. How-
ever, techniques such as antegrade endopyelotomy, retro-
grade endopyelotomy, and endoscopic balloon dilatation
have proved less effective (56-77% success rate) than open
pyeloplasty (>90%), which has remained the preferred treat-
ment after many years of experience (Baldwin et al. 2003;
O’Reilly et al. 2001; Minervini et al. 2006). In recent years,
laparoscopic pyeloplasty has replaced open pyeloplasty in
centers where advanced laparoscopic skills are available.

6.1.2. Laparoscopic Pyeloplasty

Laparoscopic pyeloplasty was reported by Schuessler in 1993
(Schuessler et al. 1993). The success rates mirror those of
open surgery with 90-95% improvement in clinical and radio-
logic parameters (Inagaki et al. 2005; Moon et al. 2006). How-
ever, dismembered pyeloplasty via the laparoscopic approach
remains a challenging procedure for those without consider-
able laparoscopic experience. Intracorporeal suturing skills
are required for reconstruction of the UPJ following resec-
tion of the adynamic ureteric segment and reduction of the
distended renal pelvis. Even in large series from experienced
centers, operating times have remained high, usually due to
prolonged anastomotic times (Jarrett et al. 2002). Though
no level I or level II evidence exists to justify the superior-
ity of the laparoscopic over the open approach, it appears
likely that the benefits to patients of the minimally invasive
approach are substantial and that this approach is preferred
where available.
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6.2. Robotic Technology

The arrival of robotic technology to assist in the performance
of complex laparoscopic procedures has had a considerable
impact on urologic practice over the past 10years. Robotic-
assisted laparoscopic pyeloplasty (RALP) was first performed
in a porcine model using the Zeus™ telerobotic system (Com-
puter Motion, California) (Sung et al. 1999). The Zeus™ was a
first-generation “master—slave” system which isno longer com-
mercially available. A group of ten pigs were randomized to
either conventional laparoscopic pyeloplasty or RALP using
the Zeus™ system. This pilot study concluded that RALP was
feasible though no particular advantages were observed with
the robotic-assisted approach. Though other reports of RALP
using the Zeus™ system have been published (Luke et al. 2004;
Lorincz et al. 2005), the surgical robotics market is now dom-
inated by the da Vinci™ surgical system (Intuitive Surgical,
California) and the remainder of this chapter relates to the use
of this system for RALP.

6.2.1. Advantages and Disadvantages
of Robotic Technology

The da Vinci™ surgical system offers a number of technical
advances which might be useful in the performance of laparo-
scopic pyeloplasty. These include:

e Improved depth perception with 3D vision.

e Up to 10x magnification.

e Motion scaling—this allows greater precision when carry-
ing out fine movements.

e Improved degrees-of-freedom using EndoWrist™
technology—this reduces the difficulty associated with
complex laparoscopic suturing.

e Articulating EndoWrist™ scissors—this functions as a
Potts-type scissors, allowing easy spatulation of the dis-
membered ureter.
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The combined benefit of these features is to reduce the dif-
ficulty associated with certain steps of laparoscopic dismem-
bered pyeloplasty.

However, the current generation of robotic technology has
a number of disadvantages, including:

e Lack of haptic feedback.

e Bulky robotic arms which may lead to clashing during
laparoscopic renal surgery.

e Expensive.

6.3. Technique of RALP

Under general anesthesia and following the administration of
prophylactic antibiotics, the patient is placed in the lithotomy
position. A cystoscopy is performed and a double-J ureteric
stent is placed following a retrograde ureteropyelogram. A
urethral catheter is left in the bladder. The patient is then repo-
sitioned in a 60° lateral decubitus position with the operating
table flexed to its maximum extent (Fig. 6.2). A kidney rest is
not routinely used. Care is taken to protect all pressure points.

A four-port transperitoneal approach is used (Fig. 6.3).
Pneumoperitoneum is established using a Hasson port in the
mid-clavicular line, lateral to the umbilicus. Insufflation pres-
sureisset at 12 mmHg. Two further 8-mm da Vinci™ ports are
placed in the iliac fossa and in the hypochondrium, triangulat-
ing with the camera port. Though the 12-mm assistant port is
often placed laterally during conventional laparoscopic pyelo-
plasty, the presence of the robotic cart means that this port is
more user-friendly when placed in the upper midline (Fig. 6.4)

The 30° down-angle lens is most useful at this stage of
the procedure, though the 0° lens may be used later when
suturing. The colon is mobilized and the ureter and lower
pole of kidney identified. Our preferred instruments at this
stage of the procedure are EndoWrist™ bipolar graspers on
the left and EndoWrist™ monopolar scissors on the right.
The assistant uses a Johannes fenestrated grasper. The UPJ is
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FIGURE 6.2. Patient position for right robotic-assisted laparoscopic
pyeloplasty.

fully mobilized and any crossing vessels noted and preserved
(Fig. 6.5). The ureter is divided below the UPJ and the renal
pelvis is transected and reduced. The adynamic segment is
removed. Spatulation of the ureter on its posterior-lateral
aspect is accomplished without much difficulty using the
angulation on the EndoWrist™ scissors.

We prefer to complete the anterior wall of the anastomosis
first rather than the posterior wall. The UPJ is reconstructed
(anterior to any crossing vessels) using EndoWrist™ large
needle holders as follows.

e A 15-cm 3-0 Vicryl™ stay suture is placed between the
apex of the spatulated ureter and the dependent part of
the renal pelvis.

e A 20-cm 3-0 Vicryl™ suture is used to complete a running
anastomosis along the anterior wall of the reconstructed
UP]J. This suture is locked when it reaches the upper limit
of the anterior ureteropelvic anastomosis.
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FIGURE 6.3. Port configuration for robotic-assisted left laparoscopic
pyeloplasty. A mirror-image configuration is used for right-sided pro-
cedures.

e A further 20-cm 3-0 suture is used to close the pyelotomy
above the ureteropelvic anastomosis. This running suture
is started at the superior aspect of the opened renal pelvis
and is secured to the suture which has been locked at the
upper end of the anterior anastomotic suture.

e The double-J stent is now replaced in the renal pelvis.

e The posterior edge of the ureteropelvic anastomosis is now
closed with a further 3-0 Vicryl™ running suture.

The final appearance demonstrates the reconstructed UPJ
anterior to the crossing vessels (Fig. 6.6). A nonsuction tube
drain is placed through the lateral 8-mm port and the wounds
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FIGURE 6.4. da Vinci™ cart docked for right robotic-assisted laparo-
scopic pyeloplasty.

FIGURE 6.5. Aberrant vessels crossing anterior to the left UPJ.
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FIGURE 6.6. Appearance post-robotic-assisted laparoscopic left
pyeloplasty. The UPJ has been transposed anterior to the crossing
vessels.

are closed. Patients are usually discharged within 24 hours
and the urethral catheter and drain removed within 3-5 days
in the out-patient setting. The double-J stent is removed
6 weeks postoperatively.

6.4. Results of RALP

By the end of 2007, over 200 cases of RALP had been pub-
lished in the world literature. Some of these series are sum-
marized in Table 6.1.

Gettmann et al. reported their first experience in 2002
following RALP in nine patients (Gettman et al. 2002a).
Using a four-port transperitoneal dismembered technique,
they reported a mean operating time of 139 (80-215) min,
with a mean anastomotic time of 62.4 (40-115) min. One
patient required subsequent open surgery to repair a defect
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in the renal pelvis. A 100% success rate was reported but with
very limited follow-up (mean of 4.7 months).

Bentas et al. reported their early experience of 11 cases
of RALP in 2003 (Bentas et al. 2003). A transperitoneal dis-
membered technique was used in all cases. They reported a
mean operative time of 197 (110-310) min with no intraoper-
ative complications, minimal blood loss, and a 100% success
rate at 1 year. It is noteworthy that these authors had no pre-
vious experience of laparoscopic pyeloplasty.

We published our own experience of 15 RALP when
reporting our overall experience with robotic-assisted laparo-
scopic renal surgery (Murphy et al. 2008). This group included
six pediatric and nine adult patients. The mean operative
time was 187 (115-240) min with a mean suturing time of
47 (27-65) min. We noted in particular that the suturing
time reduced considerably over the most recent five cases,
averaging less than 30 min. One patient was lost to follow-
up but the remaining 14 patients had excellent clinical and
radiologic outcomes at a mean follow-up of 9 (1-19) months.
Our series also featured three patients who were discharged
within 18 hours of RALP, highlighting the minimally invasive
nature of this procedure.

Patel et al. reported the outcomes of 50 dismembered
RALP (Patel 2005). The operative time averaged 122
(60-330) min with a mean anastomotic time of only 20
(10-100) min. There were no reported complications. At a
mean follow-up of 11.7 (1-28) months all 50 patients were
doing well clinically and radiologically.

The largest reported series at this time is that of Schwent-
ner et al. (Schwentner et al. 2007). This group updated
the results of Gettmann (Gettman et al. 2002a) and others
(Peschel et al. 2004) who had reported the early RALP results
from Innsbruck. With a mean follow-up of 39.1(3-73) months,
they reported their series of 92 patients who had undergone
dismembered RALP over a 5-year period. Crossing vessels
were noted in 45 patients. The mean operating time was 108
(72-215) min though this had reduced considerably as their
experience developed. The last 12 cases had a mean operating



144 D.G. Murphy et al.

time of 89 (72-112) min. The overall mean anastomotic time
was 24.8 (10-115) min. An antegrade approach was used to
place the double-J stent intraoperatively in 87 patients. Mal-
position of the stent led to ureteroscopy in three patients.
Three other patients required early operative reintervention.
This included two patients who hemorrhaged into the collect-
ing system, one of which required percutaneous nephrostomy
and stent exchange and one of which required redo-open
pyeloplasty at 3 months. The third patient had a urine leak
and required open exploration to close a large defect in the
renal pelvis. The overall success rate was 96.7%.

6.4.1. Conventional vs. Robotic-Assisted
Laparoscopic Pyeloplasty

Conflicting conclusions are drawn from two studies which
have sought to compare RALP with standard laparoscopic
pyeloplasty. In a nonrandomized comparison, Gettman’s
group reported shorter operative and anastomotic times with
RALP compared to pure laparoscopic pyeloplasty (Gettman
et al. 2002b). The total operative and suturing times were
140 and 70 min compared to 235 and 120 min for robotic and
laparoscopic pyeloplasty, respectively. However, Kavoussi’s
group have reported longer operating times and significantly
higher costs associated with the robotic approach in a small
comparative trial (n = 20) (Link et al. 2006). Operative costs
were 2.7-times higher in the robotic group (1.7-times if the
capital costs were excluded). There are no randomized tri-
als to compare the conventional and robotic-assisted laparo-
scopic approaches.

6.4.2. RALP in Special Situations

Two of the more challenging situations when considering
pyeloplasty are the presence of a horseshoe kidney, and
previous failed treatment of UPJ obstruction (secondary
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UPJ obstruction). RALP has been reported for both situa-
tions. Chammas et al. reported their RALP experience with
three horseshoe kidneys using the da Vinci™ surgical system
(Chammas et al. 2006). A transperitoneal 4-port approach
was used. The isthmus was not divided. The mean operat-
ing time was 148 (125-170) min with minimal blood loss. The
only reported complication was an episode of pyelonephritis
which responded well to antibiotics. With a mean follow-up
of 21 (13-29) months, all three patients had good clinical and
radiologic outcomes.

The series from Innsbruck includes two patients with
horseshoe kidneys (Schwentner et al. 2007). The isthmus was
divided in both cases using monopolar cautery, sutures, and
a bolster as necessary. The lower pole on each side was
nephropexed to the psoas to ensure a straight reconstructed
UPJ with no kinking. Both patients had an uneventful recov-
ery with good outcomes.

Our own experience at Guy’s includes dismembered
pyeloplasties for two horseshoe kidneys. The isthmus was
not divided in either case. Operative time averaged 170 min
with no significant complications. Both patients had satisfac-
tory outcomes. There is frequently complex vascular anatomy
in these cases, often with branches from the common iliac
artery. We adjust our port positions to have the camera port
at the umbilicus and the remaining ports placed more caudal
than described above.

Secondary UPJ obstruction presents a challenging situ-
ation. Schwentner’s large series of 92 patients includes 12
who had previous intervention for UPJ obstruction (Schwent-
ner et al. 2007). Of these, three had undergone previ-
ous nondismembered pyeloplasty and nine had undergone
endopyelotomy. One of these 12 patients required early open
reoperation to close a defect in the renal pelvis and subse-
quently made a good recovery with no long-term sequelae.
The remaining 11 patients underwent uncomplicated RALP
with a good outcome.

Patel’s series of 50 patients included five who had under-
gone previous intervention for UPJ obstruction (Patel 2005).
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Of these, three had undergone pyeloplasty and two had
undergone endopyelotomy. No complications were reported
for this sub-group and they form part of a series with a 100%
overall success rate.

6.5. Conclusions

It is apparent that the da Vinci™ surgical system is
a useful tool for laparoscopic dismembered pyeloplasty.
The additional degrees-of-freedom are not only useful for
the reconstructive aspect of this procedure, but also for the
mobilization of the renal pelvis especially when crossing ves-
sels are present. The additional angulation provided by the
robotic instruments facilitates prompt progression through-
out the dissection. The benefits of wristed instruments for
laparoscopic suturing are well recognized and are particularly
useful when complex reconstruction is required such as in dis-
membered pyeloplasty.

The available data suggests that RALP is feasible and
safe, and produces clinical outcomes comparable to those of
laparoscopic and open pyeloplasty. There is clearly a health
economic issue regarding the funding of this expensive tech-
nology, but the likely reduction in learning curve for sur-
geons, and in recuperation time for patients, may help offset
the investment. Further developments in the field of surgi-
cal robotics will hopefully lead to more affordable, less bulky
equipment with the addition of haptic feedback to mimic tac-
tile sensation.
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Chapter 7
Robotic Pediatric Urology

Igbal S. Shergill, Manit Arya, and Imran Mushtaq

Abstract: With the widespread uptake of robotic surgery in
the field of adult urology, attention has recently shifted to
applying this technology to conditions in the pediatric popula-
tion. The requirement for minimally invasive treatments and
the reconstructive nature of pediatric urologic surgery makes
robotic technology very appealing in this specialty. This chap-
ter describes the current uses and recent advances of robotics
in pediatric urology.

Keywords: Paediatric, Pyeloplasty, Heminephrectomy,
Ureteric reimplantation

7.1. Introduction

There is no doubt that the use of robotic technology in pedi-
atric urology is very much in its infancy. Although many of
the same principles from the adult population can be applied,
several technical details vary in the pediatric population. The
benefits of using the robot, such as greater ability to perform
precise suturing, enhanced stereoscopic visualization offer-
ing true depth-of-field vision (Fig. 7.1), with improvements
in difficult dissection, and increased dexterity, must clearly
outweigh the inherent disadvantages, which include increased
cost, lack of tactile feedback, and the current lack of pedi-
atric sized ports and instruments. Although many of the same
principles from the adult population can be applied, the main
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FIGURE 7.1. Retrocaval ureter on the right of the photograph
clearly shown to be traversing behind the inferior vena cava.

technical difference in the pediatric population is the place-
ment of the ports, which is a cornerstone in robotic surgery in
children. The limited retroperitoneal space of infants means
that the depth of insertion of the ports and instruments has
to be kept to a minimum, otherwise the extracorporeal move-
ment of the instrument arms increases, resulting in collisions
between the arms (this is partly overcome by more extensive
use of the wrist movements). On the basis of the above fac-
tors, one would naturally assume that the surgical manage-
ment of both upper and lower tract pathologies would benefit
from the use of the robot. In particular, it would be expected
that reconstructive surgery would particularly benefit. The
uptake of robotic surgery in pediatric urology has been slow
and limited to major centers only. The current uses and rele-
vant clinical studies are reviewed.

7.2. Pyeloplasty

Open pyeloplasty in children is traditionally performed
through the retroperitoneal approach as this has several
potential advantages with regard to urine leakage and
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avoidance of injury to intra-abdominal organs. On the
basis of these principles and the original concept of
retroperitoneal laparoscopic pyeloplasty in children (Yeung
et al. 2001), Olsen et al. published the first report on robotic-
assisted retroperitoneoscopic pyeloplasty (Olsen and Jor-
gensen 2004). In this study on 13 children, 15 pyeloplasties
were performed using the da Vinci™ surgical system. The
procedures were completed in all cases, with a median oper-
ative time of 173 min (range 76 to 215) and there were no
perioperative complications. Median postoperative hospital
stay was 2 days (range 1 to 3) and only two patients had post-
operative complications, which were related to the double-J
stent (one patient had displacement of the stent with its lower
end in the distal ureter, and the other patient was rehospital-
ized with occlusion of the stent). In their follow-up period,
all patients had a satisfactory outcome. Interestingly, they
concluded that robotic-assisted retroperitoneal pyeloplasty in
children was feasible with shorter operative time and sim-
ilar complications as in standard retroperitoneoscopic pro-
cedures. Since that initial report, no further publications on
retroperitoneal access with the robotic system have been pub-
lished until the same group reported their 5-year experience
(Olsen et al. 2007). In this study, a total of 65 children (median
age 7.9years, range 1.7 to 17.1) underwent 67 pyeloplasties
over a four-year period. Median operative time was 143 min
(range 93 to 300) and complications occurred in 12 of the 67
procedures. The complications were urinary tract infection,
transient hematuria, displaced ureteric catheter, and the need
for postoperative temporary nephrostomy. One case was con-
verted to open surgery due to lack of space and limitations
in the movement of the camera arm. Longer-term complica-
tions included repeat surgery due to a kinking ureter, an over-
looked aberrant vessel, and decreasing differential function
on renography necessitating balloon dilatation. In the other
55 procedures follow-up was uneventful. They concluded that
robotic-assisted retroperitoneoscopic pyeloplasty gave more
direct access to the ureteropelvic junction, allowed shorter
operative times with results and complication rates compa-
rable to transperitoneal robotic-assisted pyeloplasty, as well
as laparoscopic and open pyeloplasty in children.
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The transperitoneal approach in children has recently been
compared to open pyeloplasty in two series (Lee et al. 2006;
Yee et al. 2006). Lee et al. (2006) compared 33 age-matched
children undergoing open and robotic-assisted laparoscopic
pyeloplasty for safety, efficacy, operative time, blood loss,
in-hospital narcotic use, and length of stay. Robotic pyelo-
plasty was deemed safe and efficacious with advantages of
decreased hospital stay, decreased narcotic use, and opera-
tive times approaching those of open surgery. In the other
study, Yee et al. (2006) compared the initial results of the
da Vinci™ robotic-assisted laparoscopic pyeloplasty versus
open Anderson-Hynes pyeloplasty in eight children matched
by age group [mean age was 11.5years (range 6.4 to 16.5) in
the robotic-assisted group and 9.8 years (range 6.0 to 15.6) in
the open group]. They found that although robotic-assisted
laparoscopic pyeloplasty appeared to decrease the length
of hospitalization and use of pain medication, it was asso-
ciated with a longer mean operative time (363 min in the
robotic-assisted group versus 248 min in the open group).
Most recently, Kutikov et al. (2006) reported on their expe-
rience of robotic-assisted pyeloplasty, with a mean operative
duration of 122.8 min in infants (mean age 5.6 months). In this
small series of nine patients, seven were reported to have res-
olution or improvement in hydronephrosis and two had no
evidence of obstruction on follow-up diuretic renography.

It appears that initial studies have shown that robotic-
assisted pyeloplasty is technically feasible and safe, with
operative times now approaching that of the standard open
procedure and suturing in dismembered pyeloplasty with the
robot being straightforward. Whether this translates into any
significant overall advantage as compared with the current
standard of care is debatable, and the costs of obtaining and
maintaining the robot also need to be taken into consid-
eration. Additional clinical experience is required to deter-
mine the long-term efficacy of robotic pyeloplasty, and as
robotic technology improves, it is anticipated that this method
of repair may become the minimally invasive treatment of
choice.
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7.3. Heminephrectomy

Duplex anomalies and the complications associated with
them are commonly seen in pediatric urologic practice. The
role of the robot in the management of heminephrectomy
(partial nephrectomy) seems to be appealing, theoretically
allowing careful dissection and reconstruction during surgery,
however, published clinical experience has been rather lim-
ited. One of the first reports was by Pedraza et al. (2004b)
who performed bilateral robotic-assisted laparoscopic hem-
inephroureterectomy, in a 4-year-old girl. They used the da
Vinci™ robot to dissect the renal hilum and upper pole ves-
sels, and isolate the upper pole segment. The upper pole seg-
ment was then excised using a Harmonic scalpel and an argon
beam coagulator was used to fulgurate the base of the upper
pole segment. The patient was then repositioned and a simi-
lar procedure was performed on the right side. They reported
no intraoperative or postoperative complications, an overall
surgical time of 7hours and 20 min and an estimated blood
loss of only 15 ml. The patient required only simple analgesia
postoperatively and two doses of supplemental narcotic anal-
gesia. She was discharged home on the second postoperative
day and returned to full activity in 2 weeks. Subsequently,
Olsen et al. (2005) investigated the feasibility of performing
robotic-assisted upper pole heminephrectomy in 14 girls using
the retroperitoneal approach with the da Vinci™ system. The
upper pole was removed by diathermy or ultrasonic scissors
(which did not have the option of wrist movement of the nor-
mal robotic instruments). Their median operative time was
176 min (range 120-360 min) and in two cases, open operation
had to be performed due to lack of progress and bleeding.
They concluded that although there were several advantages
in using the robot in the retroperitoneum, further develop-
ment of the instruments was required before the resection
of a nonfunctioning upper pole could be firmly included in
the spectrum of indications. Current evidence suggests that
robotic-assisted heminephrectomy may be of clinical benefit,
but certain refinements, especially with instrumentation, have
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to be made before its use can be fully assessed for this pur-
pose. Quite clearly long-term results and comparisons with
open and laparoscopic techniques are awaited.

7.4. Pelvic Surgery

Minimally invasive laparoscopic and robotic procedures have
been shown to have significant advantages in pelvic surgery
in adults as compared to the open approach. The excellent
visualization and three-dimensional movements potentially
allow the ability to perform delicate manipulations behind the
bladder with control and confidence. Almost a decade ago,
descriptions of laparoscopic antireflux surgery were reported,
but never achieved popularity predominantly due to the diffi-
culty in dissection and suturing. The advantages of the robot
have now allowed the reintroduction of pelvic surgery in chil-
dren including careful suturing of the bladder, urethra, and
ureters.

Olsen et al. (2003) reported the success of the transvesi-
cal robotic-assisted approach for transtrigonal Cohen ureteric
reimplantation in an animal model. More recently, both
extra- and intravesical robotic-assisted approaches for antire-
flux surgery in children have been reported (Peters and Woo
2005). This is only possible with appropriate instruments,
which allow the pediatric urologist the maneuverability dur-
ing the development of the submucosal tunnel and the sutur-
ing of the vesicoureteral anastomosis. The robotic-assisted
Lich-Gregoir procedure has been documented (Peters 2004),
although the authors have not definitively recommended this
technique in routine practice. This is because reflux was per-
sistent in two out of 17 patients, suggesting that robotic
surgery may not provide an adequate tunnel. In comparison,
the success rate of open extravesical ureteroplasty is gener-
ally considered to be nearly 100%. Additionally, in using a
robotic technique in very young children with small bladder
capacities, there are worries regarding adequate closure of
the bladder because the current working instruments of the
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da Vinci™ system are 8mm and the camera port is 12 mm.
However, the introduction of the smaller 5-mm instruments
should prove to be more advantageous and efficacious.

7.5. Other Procedures

It is only inevitable, that a wider range of surgical procedures
will be performed with the aid of the robot in the pediatric
urologic population, based on improved surgical technique,
confidence, experience, and creativity. Technically complex
procedures such as Mitrofanoff channel (Pedraza et al. 2004a)
and the surgical management of retrocaval ureter (Gundeti
et al. 2006) have been successfully performed with the aid of
the robot (Fig. 7.2). More recently, Lee et al. have demon-
strated the feasibility of robotic-assisted pyelolithotomy in
complex stone cases (Lee et al. 2007). As is well known,
patients with cystinuria require multiple surgical procedures
throughout their lifetime, and hence the least invasive, safest,

FIGURE 7.2. Dismembered retrocaval ureter being precisely
sutured robotically anterior to the inferior vena cava.
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and most efficient approach should be used to render them
stone-free. Lee et al. (2007) retrospectively reviewed their
experience with robotic pyelolithotomy in five patients, with
a mean age at surgery of 16.6 years, and mean follow-up of
15.4 months. They found this procedure to be safe and effi-
cacious. Mean operative time was 315.4 (normal text) min
(range 165.0 to 462.0), and mean estimated blood loss was
19.0ml (0.0 to 50.0). Mean hospital stay was 3.8 days (range
2.3 to 5.7), and mean narcotic usage was 2.1 mg/kg mor-
phine (1.5 to 3.5). Of the four cases completed robotically
three were rendered stone-free and one had a residual 6-mm
lower pole stone. One patient with a cystine staghorn calculus
required conversion to an open procedure because of inabil-
ity to remove the stone.

7.6. Conclusions

Robotic technology in pediatric urologic surgery is currently
in its infancy. Overall, the early results with robotic-assisted
laparoscopy are encouraging and there appears to be a
rapidly growing body of evidence to support that this type
of surgery is technically possible, safe, and efficacious. The
reconstructive nature of pediatric urology lends itself to the
advantages of robotic technology. In particular, pyeloplasty,
heminephrectomy, lower tract ureteric reimplantation, and
antireflux surgery may be best served with this technology.
Building on the experience gained in the adult population,
various procedures may be adapted to suit the pediatric
patient. Further evidence, in the form of prospective trials
should be encouraged and supported to meet this end.

References

Gundeti MS, Duffy P, Mushtaq I (2006) Robotic-assisted laparo-
scopic correction of pediatric retrocaval ureter. J Laparoendosc
Adv Surg Tech A 16(4):422-424



7 Robotic Pediatric Urology 157

Kutikov A, Nguyen M, Guzzo T, Canter D, Casale P (2006)
Robot assisted pyeloplasty in the infant-lessons learned. J Urol
176(5):2237-2239

Lee RS, Retik AB, Borer JG, Peters CA (2006) Pediatric robot
assisted laparoscopic dismembered pyeloplasty: comparison with
a cohort of open surgery. J Urol 175:683

Lee RS, Passerotti CC, Estrada CR, Borer JG, Peters CA (2007)
Early Results of Robot Assisted Laparoscopic Lithotomy in
Adolescents. J Urol 177:2306-2310

Olsen LH, Deding D, Yeung CK, Jorgensen TM (2003) Computer
assisted laparoscopic pneumovesical ureter reimplantation a.m.
Cohen: initial experience in a pig model. APMIS Suppl 109:23-25

Olsen LH, Jorgensen TM (2004) Computer assisted pyeloplasty in
children: the retroperitoneal approach. J Urol 171:2629

Olsen LH, Jgrgensen TM (2005) Robotically assisted retroperito-
neoscopic heminephrectomy in children: initial clinical results.
J Pediatr Urol 1:101e4

Olsen L, Rawashdeh Y, Jorgensen T (2007) Pediatric robot assisted
retroperitoneoscopic pyeloplasty: a 5-year experience. J Urol
178(5):2137-2141

Pedraza R, Weiser A, Franco I (2004a) Laparoscopic appendicovesi-
costomy (Mitrofanoff procedure) in a child using the da Vinci
robotic system. Urol 171(4):1652-1653

Pedraza R, Palmer L, Moss V, Franco 1 (2004b) Bilateral
robotic assisted laparoscopic hemi-nephroureterectomy. J Urol
171:2394-2395

Peters CA (2004) Robotically assisted surgery in pediatric urology.
Urol Clin North Am 31:743e52

Peters CA, Woo R (2005) Intravesical robotically assisted bilateral
ureteral reimplantation. J Endourol 19:618-622

Yee DS, Shanberg AM, Duel BP, Rodriguez E, Eichel L, Rajpoot D
(2006) Initial comparison of robotic-assisted laparoscopic versus
open pyeloplasty in children. Urology 67:599

Yeung CK, Tam YH, Sihoe JD, Lee KH, Liu KW (2001) Retroperi-
toneoscopic dismembered pyeloplasty for pelvi-ureteric junction
obstruction in infants and children. BJU Int 87:509



Chapter 8
Robotic
Gynecology/Urogynecology

Kankipati Shanti Raju, Andreas John Papadopoulos,
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Abstract: Robotic hysterectomy is the commonest gynaeco-
logical procedure and has the potential of becoming as impor-
tant as robotic radical prostatectomy. Myomectomy is another
important application of robotic surgery. In pelvic reconstruc-
tion, robotics has a particular role in sacro-colpopexy and
vesico-vaginal fistula repair where non-randomised results are
as good as open and laparoscopic surgery. A few cases of
robotic colposuspension have been reported.

Keywords: robotics, hysterectomy, myomectomy,
sacro-colpopexy, colposuspension

8.1. Introduction

There has been an increasing demand for minimally invasive
surgery in all surgical disciplines. Gynecology and urogyne-
cology are no exceptions. Laparoscopic surgery has served
as a very useful diagnostic and therapeutic tool in the man-
agement of a broad spectrum of gynecologic conditions. It
is claimed that almost all types of gynecologic procedures
can be performed through a laparoscope (Nezhat et al.
2000). Universal application of laparoscopy in these surgical
specialties has however, been hampered by a number of
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limitations of standard laparoscopic technology. These
include a long learning curve, two-dimensional visualization,
and counter-intuitive motion due to the fulcrum effect offer-
ing the surgeon only four degrees-of-freedom of movement.
The restricted movement of instruments within the abdomen
and pelvis poses significant difficulty during operations in this
confined space. Moreover laparoscopy is not ergonomically
friendly and difficulties are compounded by hand tremors
(Styolopoulos and Rattner 2003).

Robotic technology represents a technological advance in
the evolution of minimally invasive surgery. Current robotic
surgical systems have resulted in a paradigm shift in the
minimally invasive approach to complex surgical procedures.
In addition to movements of the robotic instruments being
intuitive, it also provides the surgeon with seven degrees-of-
freedom, 540° of wristing, motion scaling, tremor elimination,
and ease of suturing with both hands in the restricted area of
the pelvis. The surgeon is comfortably seated at a console,
remote from the patient and benefits from the 3-D stereo-
scopic vision with 10x magnification; this makes surgery more
ergonomic and precise. Robotic-assisted surgery is gaining
ever increasing popularity as its inherent advantages allow
the surgeons to overcome obstacles encountered in conven-
tional laparoscopic procedures. Whereas urologists have been
at the forefront of grasping this cutting-edge technology to
perform complex pelvic surgical procedures, their gynecology
and urogynecology colleagues have been relatively slow in
embracing this. However, this trend seems to be changing.

This chapter will examine the recent experience of robotic-
assisted technology in the field of gynecologic and urogyne-
cologic surgery and discuss its possible future applications to
this field.

8.2. Robotic Gynecologic Surgery

Over the past 5 years robotic-assisted surgery has been eval-
uated to various degrees in gynecology. In 1999 Falcone
et al. described tubal anastomosis using robotic-assisted
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techniques. In 2002 Diaz-Arrastia et al. used computer-
enhanced robotic surgery to perform laparoscopic hysterec-
tomy in 11 patients. In 2004 Advincula et al. reported laparo-
scopic myomectomy with robotic assistance in 31 patients.
Table 8.1 illustrates the gynecologic surgical procedures per-
formed by robotic-assisted surgery.

8.3. Theatre Setup

In robotic-assisted gynecologic surgery patients are placed
in a dorsal lithotomy position using stirrups as for conven-
tional laparoscopic procedures. Bowel preparation is used
according to the surgeon’s preference with a view to decom-
press the distal bowel for improved pelvic visualization
(Advincula 2006). The bladder is emptied at the start of
the procedure or a catheter left in situ. Depending on the
procedure being performed a uterine manipulator may be
used with or without a Koch colpotomy ring and vaginal
pneumo-occluder balloon (Cooper Surgical, Trumbull, CT).
Four trocars are usually placed (see Fig. 8.1); a 12-mm tran-
sumbilical, two low lateral 5-mm ports, and an accessory
10-mm port. Investigators have recommended starting the
surgery with a standard laparoscope and then switching to
robotic-assisted surgery but it is likely that with more expe-
rience this two-stage approach could be abandoned (Nezhat
et al. 2006). The lateral 5-mm ports are exchanged for 8-mm
robotic ports when the robot is to be used. These 8-mm ports
are mounted onto the two operating arms of the da Vinci'™
system. The patient is placed in a steep Trendelenburg posi-
tion once all the desired ports are in place. The surgical cart
is then positioned in the middle next to the patient’s legs
or between the legs depending on the procedure to be per-
formed and the robot is docked. Each port is thus attached to
a robotic arm with the exception of the accessory ports. The
surgical assistant at the bedside exchanges the EndoWrist
instruments and deals with the accessory port. Nezhat et al.
(2006) have reported a mean assembly time of 18.9 min, the
time to switch from laparoscope to robot (moving the robot,
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FIGURE 8.1 Port placement (3—4 armed system) for gynecologic
procedures. /) 12-mm transumbilical port, 2) two lower lateral
8-mm ports, 3) 5-15 mm accessory to right and/or left and lateral to
umbilicus

changing the 5 to 8-mm ports, changing camera, and surgi-
cal instrument allowing the surgeon to operate from the con-
sole). The mean disassembly time was reported as 2.1 min to
switch from robot to laparoscopy to close the sites (moving
the robot, changing camera, and surgical instruments to allow
the surgeon to finish).

8.4. Hysterectomy

Hysterectomy has been the main surgical procedure per-
formed by gynecologists throughout the latter part of
the last century. This procedure has undergone significant
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evolutionary changes as a result of the advent of minimally
invasive surgical techniques. This evolution is marked by
transformation from abdominal and vaginal hysterectomy,
through the laparoscopic-assisted vaginal approach (Raju and
Auld 1994), to laparoscopic subtotal and finally total laparo-
scopic hysterectomy. The use of the robotic platform allows
the principles of open surgery to be followed. The vascular
pedicles can be secured with prior dissection using sutures or
radiofrequency current. The American Association of Gyne-
cologic Laparoscopists (AAGL), have classified laparoscopic
hysterectomy into different types as depicted in Table 8.2.

TABLE 8.2 Classification system for laparoscopic hysterectomy
from Olive et al. (2000)

Type 0 Laparoscopic-directed preparation for vaginal
hysterectomy
Type 1 Dissection up to but excluding uterine arteries

IA Dissection up to but excluding uterine arteries
IB IA with anterior structures
IC IA with posterior culdotomy
ID IA with anterior structures and posterior culdotomy
Type 11 Type I with occlusion and division of uterine arteries
(unilateral/bilateral)
ITA Type I with occlusion + division of uterine arteries
IIB-IID as above
Type 111 Type II with part of cardinal-uterosacral ligament
complex only (unilateral/bilateral)
IITA Type II with part of cardinal-uterosacral ligament
complex only
IIIB-IIID as above
Type IV~ Type II with complete cardinal-uterosacral ligament
complex only (unilateral/bilateral)
IVA Type II with complete cardinal-uterosacral
ligament complex only
IVB-IVD as above
IVE Laparoscopically directed removal of entire uterus
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In the series reported by Diaz-Arrastia et al. (2002) the
hysterectomy performed was AAGL-type IIB. The proce-
dure was performed as a laparoscopic-assisted vaginal hys-
terectomy with the cardinal and uterosacral ligaments being
secured vaginally. Eleven patients underwent surgery with
an operating time between 270 and 600 min. One patient
required open conversion and the average hospital stay was
2 days. In contrast Beste et al. (2005) performed AAGL-type
IVE hysterectomy using the da Vinci system in 11 patients.
The entire procedure in type-IVE hysterectomy is performed
laparoscopically including removal of the uterus with cervix
and vaginal vault closure. The operating time was short rang-
ing from 148 to 277 min.

Reynolds and Advincula (2006) performed both IVE hys-
terectomy and LSH III (laparoscopic supra-cervical hysterec-
tomy) in 16 patients with no open conversion. Operating time
varied from 170 to 432 min, with a hospital stay of 1.5 days.
Fiorentino et al. (2006) reported 18 patients who under-
went type-IVE hysterectomy, two requiring open conversion
because of poor visualization.

The largest series of total laparoscopic hysterectomy
(IVE) was published by Kho et al. (2007). Their series of
91 patients also included hysterectomies with and without
appendicectomy and lysis of adhesions. They noted that oper-
ative time reduced with experience. A single intraoperative
complication was a small bowel tear which was repaired using
robotic assistance in a patient with extensive adhesions.

Some authors have reported that presence of adhesions
is not a contraindication to robotic operations. It is possible
to divide the adhesions and this is quoted as an additional
advantage of robotic assistance (Advincula and Reynolds
2005; Reynolds and Advincula 2006). Clearly, a direct com-
parison with laparoscopic total hysterectomy needs to be
made in a clinical trial setting.
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8.5. Reproductive Surgery
8.5.1. Myomectomy

Current management of leiomyomata must take into con-
sideration the future fertility requirements of the patient
(Kenney and Papadopoulos 2001). The most frequent option
for women who wish to retain fertility is myomectomy either
transabdominal or transvaginal hysteroscopic resection. Sev-
eral studies including two prospective trials have demon-
strated that laparoscopic management reduces operative
morbidity and time to recovery (Mais et al. 1996; Seracchioli
et al. 2000). However, the open transabdominal excision is
still the most commonly practiced procedure for sub-serous
and intramural fibroids. This is possibly a reflection of the
advanced surgical skills required for enucleation and mul-
tilayer closure of the defect. In addition the risk of uter-
ine rupture during subsequent pregnancy and higher risk of
recurrence (Doridot et al. 2001) may impede the use of mini-
mally invasive techniques to treat these conditions.

Senapati and Advincula (2007) have reported myomec-
tomy using the da Vinci system and described how they over-
came the complexities of the procedure encountered during
conventional laparoscopy. MRI (magnetic resonance imag-
ing) staging is recommended prior to surgery to exclude ade-
nomyosis and also to determine the exact location and size of
the myomas, to allow precision in hysterotomy incision. Vaso-
pressin is used intraoperatively to reduce bleeding into the
operating field. Usually the uterine incision for the myomec-
tomy with conventional laparoscopic surgery is made trans-
versely as this aids closure with rigid instruments. In open
myomectomy incision can be made in any position usually
longitudinally and this is also possible with the robotic sys-
tem. The fibroid is removed with a tissue morcellator as with
conventional laparoscopy. It has been noted in conventional
laparoscopic fibroid removal that the combination of a pneu-
moperitoneum, vasopressin, and ability to see magnified dis-
section planes allows reduced blood loss compared to open
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myomectomy. These advantages are also seen with difficult
fibroid removal using robotic-assisted surgery.

The largest published series of myomectomy consists of 35
cases from Advincula et al. (2004). The mean diameter was
7.9 £3.5cm (95% CI 6.6-9.1), for a mean myoma count of 1.6
(range 1-5). No blood transfusions were required for a mean
blood loss of 169 4+ 198.7ml (95% CI 99.1-238.4). The aver-
age length of surgery was 230.8 &= 83 min (95% CI 201.6-260),
and the median length of stay was 1 day although others have
stated that the procedure can be performed on an outpatient
basis (Advincula and Song 2007). In this series from Advin-
cula et al. (2004) three cases required open conversion; in
two cases lack of haptic (tactile) feedback made leiomyoma
enucleation difficult whereas in the third case vasopressin-
induced cardiogenic shock necessitated conversion. It was
noted that robotic assistance improved maneuverability with
the instrumentation improving dissection from a variety of
angles. The seated surgeon can repair the hysterotomy in a
multi-layer fashion using the robot assistance similar to the
open procedure.

8.5.2. Tubal Anastomosis

A few papers have been published using the modern
robotic platforms for microsurgery involving tubal anasto-
mosis (Degueldre et al. 2000, Cadiere et al. 2001). These
authors describe an average operating time of 50 min per tube
which was not significantly different from open microsurgery
(Degueldre et al. 2000). However, the lack of haptic or tactile
feedback was noted as a major disadvantage.

8.5.3. Ovarian Transposition
Ovarian transposition is often required in premenopausal

women requiring pelvic radiotherapy for malignant condi-
tions in order to conserve ovarian function. This procedure
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involves the repositioning of the ovaries outside the pelvis
into the abdomen. This procedure can be performed laparo-
scopically and has been the subject of numerous publications
(Bisharah and Tulandi 2003). In 2003 Molpus et al. (2003)
described a case using robotic-assisted techniques in a patient
with stage-IB1 cervical squamous cancer prior to radiother-
apy. Preserved ovarian function was noted following radio-
therapy treatment with normal levels of follicle stimulating
and luteinizing hormone.

8.6. Endometriosis

Minimally invasive techniques have been extensively utilized
in the diagnosis, and treatment of endometriosis. However,
reports of the use of robotic-assisted surgery to treat this con-
dition are limited but do demonstrate the feasibility of this
technique (Jenkins 2004; Nezhat et al. 2006).

8.7. Oncology

Laparoscopy has been used in gynecologic oncology surgery
for staging and treatment of early-stage endometrial cancer
(Barakat 2005; Yu et al. 2005; Janda et al. 2006; Willis et al.
2006; Kalogiannidis et al. 2007; Nezhat et al. 2007). The radi-
cal gynecologic procedures also lend themselves to robotic-
assisted surgical techniques. These procedures are usually
performed through large debilitating wounds with significant
morbidity. Hence this patient population would benefit most
from this technology.

Marchal et al. (2005) published their series of gyneco-
logic oncology consisting of 12 cases (seven cervical and five
endometrial cancers). The mean lymph-node harvest was
11 (range 4-21). At a mean follow-up of 10 months (range
4-21) no recurrences were noted. Reynolds et al. (2005) con-
ducted a smaller study of seven patients consisting of four



170 K.S. Raju et al.

endometrial, two ovarian, and one fallopian tube cancer. The
median lymph node harvest was 15 (range 4-29).

Guru et al. (2007) have reported anterior exenteration in
urologic surgery for bladder cancer. This is not directly com-
parable to anterior exenteration in gynecologic oncology as
this procedure is performed for cervical or endometrial can-
cer recurrence following radiotherapy treatment. However,
the seven cases presented do illustrate the feasibility of this
surgery. In these cases the uterus was dissected and mobi-
lized first, then the vascular pedicles were secured (superior
vesicle, and the branches of the anterior internal iliac branch)
followed by vaginal dissection. The bladder was mobilized
and urethra dissected and the specimen removed through the
introitus. The uterus was then removed; and the vagina recon-
structed. Urinary diversion or reconstruction were performed
extracorporeally through a midline incision. To anastomose
the neobladder to the urethra, the neobladder was placed in
the pelvis, the abdominal wound closed, and anastomosis per-
formed with robotic assistance.

8.8. Pelvic Reconstructive Surgery
8.8.1. Sacrocolpopexy

It is estimated that almost one in nine women undergo hys-
terectomy in their life time (Marchionni et al. 1999). Of
these 10% develop vaginal vault prolapse requiring surgical
repair. Depending upon the individual’s age, lifestyle, and
comorbidities repair is performed through the transvaginal or
transabdominal route. Of the two approaches, transabdom-
inal sacrocolpopexy using synthetic meshes has yielded the
most durable success rates and hence is the preferred choice
of repair in relatively young patients who are in good gen-
eral health. As long-term success rates of transvaginal repair
are consistently inferior to transabdominal repair, transvagi-
nal repair is reserved for patients who are not fit for major
surgery (Benson et al. 1996). Laparoscopic sacrocolpopexy



8 Robotic Gynecology/Urogynecology 171

has failed to gain widespread acceptance because of the
technical limitation of the technique and advanced expertise
required to execute the procedure. However, robotic technol-
ogy with its unique features is offering a suitable alternative.
The largest series of sacrocolpopexy performed using robotic-
assisted surgical techniques was recently published (Elliott
et al. 2006). Thirty patients with posthysterectomy vault pro-
lapse had robotic-assisted laparoscopic sacrocolpopexy at the
Mayo Clinic. Ten patients also underwent a concurrent anti-
incontinence procedure to treat urinary incontinence. Mean
operating time was 3.1 hours (range 1.5-4.75hours), with a
mean hospital stay of one day. Twenty one had minimum
follow-up of 12 months. One patient developed a recurrent
grade-3 rectocele, another vault prolapse and two vaginal
extrusions of the mesh. One patient developed recurrent vagi-
nal vault prolapse at 24 months. Patients reported a high level
of satisfaction. These investigators noted that the learning
curve was an obvious limitation but technical difficulties asso-
ciated with the procedure are reduced with the use of the
robotic system.

Daneshgari et al. (2007) reported feasibility and short-term
outcome of 15 cases of robotic abdominal sacrocolpopexy
and sacrouteropexy for advanced pelvic organ prolapse, con-
cluding that the technique is safe and its outcomes com-
pare favorably with open or laparoscopic abdominal sacro-
colpopexy. Patients were placed in low lithotomy position.
They performed the procedure through five or six ports. The
camera port (12mm) was placed lateral to the umbilicus.
Robotic ports were inserted at the midpoint of a line drawn
between umbilicus and 2 cm above the anterior superior iliac
spine on each side. A 12-mm port was placed lateral to the
right robotic port and either one or two 5-mm ports were
placed 2 cm above the anterior superior iliac spine. The robot
was then docked. Intracorporeal dissection was performed
and the mesh placed and sutured to the vaginal apex ante-
riorly and to the sacral promontory posteriorly. This was
followed by closure of the peritoneum over the mesh. Of
the 15 patients who agreed to have the procedure 12had a
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successful procedure, whilst three required conversion to a
different approach for various adverse intraoperative factors.
Seven patients had concurrent placement of transobturator
tape and one had a Burch colposuspension. The mean hospi-
tal stay was 2.4 days (range 1-7 days). All patients had good
objective outcomes at 6 months follow-up, although func-
tional outcomes were not assessed.

8.8.2. Vesicovaginal Fistula Repair

The first case of robotic-assisted vesicovaginal fistula repair
was published by Melamud et al. in 2005. Sundaram et al.
(2006) reported the technique of vesicovaginal repair and the
results of such repairs in five patients. The proposed sequence
of steps was similar to the open transabdominal repair of the
fistula including excision of the fistula, closure of the blad-
der, and vagina and omental interposition. The mean operat-
ing time was 233 min (range 150-333 min) with an estimated
blood loss of 70 ml and mean length of hospital stay of 5 days
(range 4-7 days). All reported cases were completely dry at 6
months follow-up (100% cure rate).

8.9. Robotic Colposuspension

Surgery for stress urinary continence is still evolving. New
concepts about pathophysiology of stress urinary inconti-
nence have led to the introduction of mid-urethral tapes.
These tapes have made surgical procedures simple and
minimally invasive. Short- and medium-term outcomes are
comparable to the accepted gold standard operation of open
colposuspension (Ward et al. 2002).

Laparoscopy has been employed to offset the disadvan-
tages of open colposuspension but the reported success rates
have been variable (Moehrer et al. 2000). To perform a
successful laparoscopic colposuspension the surgeon should
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ideally be ambidextrous with intracorporeal suturing—a skill
not easy to master.

Robotic colposuspension offers an alternative to open and
laparoscopic colposuspension. It is minimally invasive and
the procedure emulates the open operation in all techni-
cal respects. Only two cases (Khan et al. 2007) of robotic
colposuspension have been reported with one-year follow-
up. One procedure was complicated by right ureteric kink-
ing which required laparoscopic removal of the suspending
sutures. This procedure though feasible is best performed as
an adjunct in patients requiring other intrapelvic procedures
who may suffer from genuine stress incontinence.

It is unlikely that robotic colposuspension will become the
standard of care because of the high capital and disposable costs
of the da Vinci™ system. However, itis hoped that robotics will
become cheaper over time making the procedure cost-efficient.
In addition if the robotic system is already in place, cost of the
disposables is largely offset by the well-known advantages of
minimal invasive surgery like shorter hospital stay, reduced
morbidity, and early return to the work. Thus, subject to the
availability of the machine, robotic colposuspension may be
regarded as an effective surgical treatment for patients requir-
ing antistress incontinence surgery.

Patients are placed in a 45° Trendelenburg position and
strapped to the operating table. The arms are kept by the
patient’s sides and gelfoam pads used throughout to pro-
tect pressure points. The legs are placed in stirrups to allow
cystoscopy and vaginal access, with the hips being flexed.
Criss-cross (X) strapping over gel pads is applied to the chest
with care being taken to prevent any difficulty with respi-
ratory excursions and prevent neuromuscular complications
from undue compression at pressure points. Port positions are
depicted in the diagram (Fig. 8.1).

Through an infraumbilical incision the extraperitoneal
space is developed using balloon dissection. The robotic
stereoscopic camera is introduced through a port placed
through the same incision. Two 8-mm robotic ports are placed
just lateral to the rectus abdominis along the line joining the
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anterior superior iliac spine to the umbilicus about 5 cm below
the level of the umbilicus, on either side. A 10-mm assistant
port is inserted about 5cm above and medial to the right
anterior superior iliac spine for suction and introduction of
sutures. In obese patients it may be necessary to shift the ports
downwards by a couple of cm to allow ease of pelvic access.
In these cases measuring port sites in relation to the symph-
ysis pubis as a fixed point rather than the umbilicus may be
more useful. The da Vinci™ system is then attached to the
patient and docked. Robotic instruments are used to clear the
space of Retzius of fat and expose the paravaginal tissues, lat-
eral margins of the bladder, and Cooper’s ligaments. Three
sutures of ‘0’Ethibond are placed between the paravaginal
tissues at the bladder neck and the Cooper’s ligament on each
side using square to slip knot technique. The tension on the
sutures is adjusted by the assistant lifting the ipsilateral lateral
fornix with a Hegar dilator inserted vaginally. A drain is left
in situ to avoid any retroperitoneal collection and removed
the next morning.

As in open surgery it is important to check cystoscopically
to make sure that the sutures have not transgressed the blad-
der. Ureteric compression from kinking or even accidental
ligation is possible albeit rare as the ureters are not visible
during the procedure. Careful delineation of the lateral mar-
gins of the bladder may reduce this risk. Placement of sutures
on the ileo-pectineal Cooper’s ligament can be technically
challenging and we suggest holding the needle nearer the tip
to ease this part of the procedure.

The average operating time was 145 min, docking time
6 min. The operating time was somewhat longer probably as
this was a new procedure. Average blood loss was 15 ml. Post-
operatively each patient required a total of 15mg of mor-
phine. Both patients were able to void postoperatively with
minimal residual volumes. Total hospital stay was 2 days for
one patient and 7 days for the other. The prolonged stay in
the second patient was due to postoperative right ureteric
obstruction caused by kinking of the right ureter by the most
lateral suture. The suture had not gone through the ureter
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and was not visible in the bladder, which had been checked
cystoscopically. It had caused ureteric kinking most likely due
to increased pull and tension on it while it was being tied. This
was recognized and managed by subsequent laparoscopic
suture division through the existing port sites. At follow-up
of 6 and 12 months both patients were continent.

8.10. Robotic vs. Laparoscopic Gynecology

Robotics in gynecology has several advantages over conven-
tional laparoscopy (Table 8.3). Tissue handling and suturing
have been noted to be much easier because of the unique
instrument design. Greater degrees-of-freedom of movement
and three-dimensional viewing contribute to a less-steep
learning curve compared to conventional laparoscopy.

The da Vinci™ robot is still in the second generation of
its production, and as it was designed specifically for cardiac
surgery the engineers did not consider the requirements of
abdominal surgery. The instrumentation is limited and the
robotic arms bulky and not attached to the operating room
table. Large excursions of the arms can lead to collision. The
strong robotic arms lack tensile feedback. Thus, use of the
telerobot in the standard operating rooms is cumbersome and
frustrating. An additional drawback in relation to gynecologic
surgery is the lack of vaginal access. Equipment cost is an
issue with sums totalling 1.4 million dollars, annual mainte-
nance and instrument usage also adding to this. In addition,
the extra theatre time and training of personnel needs to be
assessed.

8.11. Conclusions

The landscape of robotic surgery has changed dramatically
and modified our view of the role of the robot in surgical prac-
tice over the last 5 years. The current technology has amal-
gamated the enhancements in computer-aided 3-D imaging,
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engineering feats such as the endoscopic manipulator and
laparoscopic technology. This has transformed the status of
robotic surgery from that of an experimental procedure to
possible routine practice in many surgical disciplines includ-
ing gynecology. As a majority of gynecologists have expe-
rience of conventional laparoscopy the potential to transfer
those skills to robotics is clearly present and the benefit to
patients potentially enormous.

Obvious shortcomings of the current robotic systems
include high cost, bulkiness of the apparatus, and lack of tactile
feedback but it is expected that future developments will focus
on refining haptic feedback, system miniaturization, improved
augmented reality and telesurgical capabilities. Any gyneco-
logic procedure suitable for laparoscopicsurgery should in the-
ory be amenable to robotic-assisted surgery if the facilities and
expertise are available. However, only through prospective tri-
als comparing robotics to standard laparoscopic surgery can
this new technology be fully evaluated.

References

Advincula AP, Song A, Burke W, Reynolds RK (2004) Preliminary
experience with robot-assisted laparoscopic myomectomy. J Am
Assoc Gynecol Laparosc 11 (4):511-518

Advincula AP, Reynolds RK (2005) The use of robot-assisted
laparoscopic hysterectomy in the patient with a scarred or oblit-
erated anterior culdesac. J Soc Laparoendosc Surg 9:287-291

Advincula AP (2006) Surgical techniques: robot-assisted laparo-
scopic hysterectomy with the da Vinci surgical system. Int J Med
Robotics Comput Assist Surg 2:305-311

Advincula AP, Song A (2007) The role of robotic surgery in gyne-
cology 2007. Curr Opin Obstet Gynecol 19:331-336

Barakat RR (2005) Laparoscopic assisted staging for endometrial
cancer. Int J Gynecol Cancer 15 (2):407

Benson JT, Lucente V, McLellan E (1996) Vaginal versus abdominal
reconstructive surgery for the treatment of pelvic support defects:
a prospective randomised study with long-term evaluation. Am J
Obstet Gynecol 175:418



178 K.S. Raju et al.

Beste TM, Nelson KH, Daucher JA (2005) Total laparoscopic hys-
terectomy utilizing a robotic surgical system. J Soc Laparoendosc
Surg 9:13-15

Bisharah M, Tulandi T (2003) Laparoscopic preservation of ovar-
ian function: an underused procedure. Am J Obstet Gynecol
188:367-370

Cadiere GB, Himpens J, Germay O, Izizaw R, Degueldre M,
Vandromme J, Capelluto E, Bruyns J (2001) Feasibility of robotic
laparoscopic surgery: 146 cases. World J Surg 25:1467-1477

Daneshgari F, Kefer CJ, Moore C, Kaouk J (2007) Robotic abdom-
inal sacro-colpopexy/sacrouteropexy repair of advanced female
pelvic organ prolapse (POP): utilizing POP-quantification based
staging and outcomes. BJU Int 100:875-879

Degueldre M, Vandromme J, Huong PT, Cadiere GB (2000) Robot-
ically assisted laparoscopic microsurgical tubal reanastamosis: a
feasibility study. Fertil Steril 74:1020-1023

Diaz-Arrastia C, Jurnalov C, Gomez G, Townsend C Jr. (2002)
Laparoscopic hysterectomy using a computer-enhanced surgical
robot. Surg Endosc 16:1271-1273

Doridot V, Dubuisson JB, Chapron C, Fauconnier A, Babaki-
Fard K et al. (2001) Recurrence of leiomyomata after
laparoscopic myomectomy. J Am Assoc Gynecol Laparosc 8:
495-500

Elliott DS, Krambeck AE, Chow GK (2006) Long term results of
robot-assisted laparoscopic sacrocolpopexy for the treatment of
high grade vaginal vault prolapse. J Urol 176:655-659

Falcone T, Goldberg J, Garcia-Ruitz A, Margossian H, Stevens L
(1999) Full robotic assistance for laparoscopic tubal anastamosis:
a case report. J Laroendosc Adv Surg Tech A 9:107-113

Fiorentino RP, Zepeda M, Goldstein BH et al. (2006) Pilot study
assessing robot laparoscopic hysterectomy and patient outcomes.
J Minim Invasive Gynecol 13:60-63

Guru KA, Nogueira M, Piacente P, Nyquist J, Mohler JL, Kim HL
(2007) Robot-assisted anterior exenteration: technique and ini-
tial series. J Endourol 21 (6):633-639

Janda M, Gebski V, Forder P, Jackson D, Williams G, Obermair A
LACE Trial Committee (2006) Total laparoscopic versus open
surgery for stage 1 endometrial cancer: the LACE randomized
controlled trial. Contemp Clin Trials 27 (4):353-363

Jenkins TR (2004) Laparoscopic supracervical hysterectomy. Am J
Obstet Gynecol 191 (6):1875-1884



8 Robotic Gynecology/Urogynecology 179

Kalogiannidis I, Lambrechts S, Amant F, Neven P, Van Gorp T,
Vergote I (2007) Laparoscopy-assisted vaginal hysterectomy
compared with abdominal hysterectomy in clinical stage I
endometrial cancer: safety, recurrence, and long-term outcome.
Am J Obstet Gynecol 196 (3):248.e1-8

Kenney A, Papadopoulos AJ (2001) Uterine Fibroids. Curr Obstet
Gynaecol 11 (5):285-295

Khan MS, Challacombe BJ, Rose K, Dasgupta P (2007) Robotic
colposuspension: two case reports. J Endourol 21 (9):
1077-1079

Kho RM, Hilger WS, Hentz JG, Magtibay PM, Magrina JF (2007)
Robotic hysterectomy: technique and initial outcomes. Am J
Obstet Gynecol 197: 113e1-113e4

Mais V, Ajossa S, Guerriero S, Mascia M, Solla E, Melis GB (1996)
Laparoscopic versus abdominal myomectomy: prospective ran-
domised trial to evaluate benefits in early outcome. Am J Obstet
Gynecol 174:654-658

Marchionni M, Bracco GL, Checcucci V, Carabaneanu A,
Coccia EM, Mecacci F et al. (1999) True incidence of vaginal
vault prolapse. Thirteen years of experience. J Reprod Med
44:679

Marchal F, Rauch P, Vandromme J, Laurent I, Lobontiu A, Ahcel
B, Verhaeghe JL, Meistelman C, Degueldre M, Villemot JP,
Guillemin F (2005) Telerobotic-assisted laparoscopic hysterec-
tomy for benign and oncologic pathologies: initial clinical experi-
ence with 30 patients. Surg Endosc 19:826-831

Melamud O, Elehel L, Turbow et al. (2005) Laparoscopic vesico-
vaginal fistula repair with robotic reconstruction. Urology 65:
163-166

Moehrer B et al. (2000) Laparoscopic colpo-suspension for urinary
incontinence in women. The Cochrane Database of Systemic
Reviews Issue 3. Art No:CD00239

Molpus KL, Wedegren JS, Carlson MA (2003) Robotically assisted
endoscopic ovarian transposition. J Soc Laparoendosc Surg 7:
59-62

Nezhat C, Siegler A, Nezhat F, Nezhat C, Siedman D, Luciano
A (2000) Operative Gynecologic Laparoscopy; Principles and
Techniques, 2nd Ed. McGraw Hill, New York

Nezhat C, Saberi NS, Shahmohamady B, Nezhat F (2006) Robotic-
assisted Laparoscopy: in gynecological surgery. J Soc Laparoen-
dosc Surg 10:317-320



180 K.S. Raju et al.

Nezhat F, Prasad Hayes M, Peiretti M, Rahaman J (2007) Laparo-
scopic radical parametrectomy and partial vaginectomy for recur-
rent endometrial cancer. Gynecol Oncol 104 (2):494-496

Olive DL, Parker WH, Cooper JM, Levine RL (2000) The Ameri-
can association of gynaecologic laparoscopists classification sys-
tem for laparoscopic hysterectomy. Classification committee of
the American association of gynaecologic laparoscopists. J Am
Assoc Gynecol Laparosc 7:9-15

Raju KS, Auld BJ (1994) A randomised prospective study of laparo-
scopic vaginal hysterectomy versus abdominal hysterectomy each
with bilateral salpingo-oophorectomy. Br J Obstet Gynaecol 101
(12):1068-1071

Reynolds RK, Burke WM, Advincula AP (2005) Preliminary expe-
rience with robot-assisted laparoscopic staging of gynaecologic
malignancies. J Soc Laparoendosc Surg 9(2):149-158

Reynolds RK, Advincula AP (2006) Robot-assisted laparoscopic
hysterectomy: technique and initial experience. Am J Surg
191:555-560

Senapati S, Advincula AP (2007) Surgical techniques: robot-assisted
laparoscopic myomectomy with the da Vinci surgical system. J
Robot Surg 1:69-74

Seracchioli R, Rossi S, Govoni F, Rossi E, Venturoli S, Bulletti C,
Flamigni C (2000) Fertility and obstetric outcome after laparo-
scopic myomectomy of large myomata: a randomised comparison
with abdominal myomectomy. Hum Reprod 15:2663-2668

Sundaram BM, Kalidasan G, Hemal AK (2006) Robotic repair
of vesicovaginal fistula: a case series of 5 patients. Urology 65
(5):970-973

Styolopoulos N, Rattner D (2003) Robotics and ergonomics. Surg
Clin North Am 83:1321-1337

Yu CK, Cutner A, Mould T, Olaitian A (2005) Total laparoscopic
hysterectomy as a primary surgical treatment for endometrial
cancer in morbidly obese women. Br J Obstet Gynecol 112
(1):115-117

Ward KL et al. on behalf of the UK TVT Trial Group (2002)
Prospective multi-centre randomized controlled trial of tension-
free vaginal tape and colpo-suspension as primary treatment for
stress urinary incontinence. Br Med J 325:67-70

Willis SF, Barton D, Ind TE (2006) Laparoscopic hysterectomy with
or without pelvic lymphadenectomy or sampling in a high-risk
series of patients with endometrial cancer. Int Semin Surg Oncol
13 (3):28



Chapter 9

Anesthesia
and Robotic-Assisted Surgery

Lisa Blake, Marcin Sicinski, and Sanjay Gulati

Abstract: Robotic surgery presents unique anesthetic
challenges. The bulkiness of the equipment combined with
steep Trendelenburg position and pneumoperitoneum
demands close attention to detail to avoid complications.
Careful patient positioning, attention to intubation and
ventilation and awareness of a rise in intracranial pressure
are crucial to success. Enhanced patient recovery programs
can shorten the post-operative stay.

Keywords: Anesthesia, Trendelenburg, positive end
expiratory pressure, pneumoperitoneum, enhanced recovery

9.1. Introduction

Urology remains at the forefront of minimally invasive
surgery. In no other specialty has the arrival of robotic tech-
nology in particular, been greeted with such enthusiasm. The
da Vinci™ surgical system (Intuitive Surgical, Sunnyvale,
California) is the principal surgical robot in current use. The
technical features of this robot are described elsewhere in
this book. Robotic-assisted laparoscopic radical prostatec-
tomy (RALP) using the da Vinci™ system is the most com-
monly performed robotic procedure worldwide, and during
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2007 accounted for about 60% of radical prostatectomies in
the USA.

The increasing use of this technology raises particular
issues for anesthesia requirements during robotic-assisted
surgery. Apart from the physiologic changes associated with
prolonged pneumoperitoneum and certain patient positions,
the bulky nature of this technology restricts access to the
patient and prevents adjustments to patient position once the
robot has been docked. This chapter reviews these challenges
from an anesthetic perspective.

9.2. Robotic-Assisted Laparoscopic Urology

Urologists now routinely use a laparoscopic approach for the
following procedures:

Simple and radical nephrectomy.
Nephroureterectomy.
Pyeloplasty.

Radical prostatectomy.

Pelvic lymph-node dissection.

In specialized units radical cystectomy and urinary diver-
sion are also undertaken laparoscopically. The surgical
approach may be extra- or transperitoneal for many of these
procedures. An extraperitoneal approach may limit compli-
cations related to pneumoperitoneum such as shoulder-tip
pain and decreased venous return. However, the majority of
robotic-assisted laparoscopic procedures are performed by a
transperitoneal approach, so for the purposes of discussion
we will presume this approach for the following chapter.

9.3. Physiology of Laparoscopic Surgery

Many of the procedures listed above involve anesthesia times
of 3 hours or more. Therefore, the consequences of prolonged
pneumoperitoneum and certain patient positions need to be
considered and planned for (Gerges et al. 2006). As in other
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types of laparoscopic surgery, carbon dioxide (COy) is used for
insufflation. For urologic procedures, the intraabdominal pres-
sure is maintained at 12-15 mmHg. The potential physiologic
changes associated with CO, pneumoperitoneum include:

Decreased functional residual capacity.
Decreased compliance.
Ventilation/perfusion mismatch.
Increased shunting due to atelectasis.
Hypercapnia due to CO; absorption.
Increased pulmonary vascular resistance.
Elevated arterial pressures.

Decreased cardiac output.

Though some of the changes listed above may have a neg-
ligible effect on the induction and maintenance of safe anes-
thesia in a healthy patient, additional factors may be present
which may exacerbate such changes. For laparoscopic radical
prostatectomy and laparoscopic radical cystectomy, a steep
Trendelenburg position is usually required (see Fig. 9.1).
This, combined with the pneumoperitoneum, can lead to a

FIGURE 9.1. A steep Trendelenburg position is usually required
for RALP.



184 L. Blake et al.

fall in cardiac output of 10-30% (Joris 2005). This is sec-
ondary to decreased venous return from caval compression
and dependent venous pooling. Surgeons occasionally ask for
the pneumoperitoneum to be raised to decrease troublesome
venous oozing. The maximum setting allowed on most laparo-
scopic insufflators is 20 mmHg. The anesthetic team should
be informed of such changes in pneumoperitoneum and the
intraabdominal pressure should be returned to the standard
setting as soon as feasible to avoid decreased venous return.

Prolonged pneumoperitoneum may restrict respiratory
excursion due to cephalad displacement of the diaphragm.
This may lead to decreased arterial oxygenation and atelecta-
sis. A study from Scandinavia examined whether the addition
of positive end expiratory pressure (PEEP) could improve
arterial oxygenation during robotic-assisted laparoscopic rad-
ical prostatectomy, compared to standard mechanical ventila-
tion (Meininger et al. 2005). In a group of 20 men undergoing
RALP, ten were randomized to receive standard mechanical
ventilation, while ten received 5-cm H,O in addition. The
addition of PEEP resulted in increased arterial oxygenation
during prolonged pneumoperitoneum.

Patient selection also has an impact on the likelihood of
physiologic sequelae during laparoscopic procedures. By defi-
nition, men being considered for radical prostatectomy are less
than 70 years of age with reasonable performance status. The
same cannot be said of those undergoing radical cystectomy
who are often older with smoking-related risk factors. Obesity,
defined as those with body massindex (BMI) >30 kg/m?, is also
becoming an issue for many patient populations in the West-
ern World, including those undergoing roboticsurgery. Airway
management and patient positioning are more challenging in
this group, who have a higher surgical and anesthetic complica-
tion rate compared to those with BMI <30 kg/m? (Passannante
and Rock 2005). Meininger et al. studied a group of 15 obese
men undergoing RALP and compared their anesthetic man-
agement to a similar group of 15 nonobese men (Meininger
et al. 2006). The obese patients had significantly lower arterial
oxygenation during pneumoperitoneum though no long-term
consequences were noted.
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Specific complications related to the intraperitoneal insuf-
flation of carbon dioxide include (Pathan and Gulati 2007):

Subcutaneous emphysema.
Pneumothorax.
Endobronchial intubation.
Gas embolism.

Of these, subcutaneous emphysema is a not uncommon
and not serious consequence of CO; diffusing into the soft
tissues outside the abdominal cavity. Pneumothorax may
be caused by surgical perforation of the diaphragm during
laparoscopic renal surgery. However, this is rare in robotic-
assisted surgery as the large majority of procedures involve
pelvic organs. Spontaneous rupture of bullae in patients with
pre-existing obstructive pulmonary disease is a rare cause of
pneumothorax in laparoscopic urology. Endobronchial intu-
bation may occur as a result of cephalad movement of the
diaphragm once pneumoperitoneum is established, especially
in those patients with a steep Trendelenburg position. We
have noted an unusual variation of this situation with obstruc-
tion of the endotracheal (ET) tube due to pneumoperi-
toneum by abutting against the trachea itself.

Gas embolism is a very rare but potentially catastrophic
complication of CO, insufflation. Simple diffusion of CO;
into the vascular system is not sufficient to cause the sud-
den cardiorespiratory deterioration seen with gas embolism.
Rather, a large amount of gas must be infused under high
pressure directly into a large vessel, a quite unlikely event
with modern laparoscopic techniques.

9.4. Specific Issues with Robotic-Assisted
Surgery

The arrival of the da Vinci™ surgical system has introduced
new challenges to the anesthetic team in the urology theatre.
The technology is discussed in detail elsewhere in this book.
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Briefly, the da Vinci™ system is composed of three compo-
nents:

1. Surgeon’s console: The surgeon controls the robot from
a console placed away from the operating table. The sur-
geon’s thumb and forefinger control the movements of the
robotic arms.

2. Patient-side cart: the robotic “arms” are mounted on
this 600kg cart, one of which holds the high-resolution
3D endoscope. The arms are bolted or “docked” to the
patient, greatly restricting patient repositioning.

3. Image-processing/insufflation stack: the stack contains the
camera-control units for the 3-D imaging system, image-
recording devices, a laparoscopic insufflator, and a moni-
tor allowing 2D vision for the assistants.

In addition to the specific physiologic issues of laparo-
scopic surgery discussed above, the presence of a some-
what bulky and immovable object, bolted to the unconscious
patient, poses some new challenges (see Fig. 9.2).

Firstly, the robotic cart presents a formidable obstacle
between the anesthetic team and the patient. This is less so
for pelvic surgery when the cart is positioned between the
patient’s legs, but for renal surgery it may be parked close
to the head end of the table. The anesthetic machine and
ancillary equipment may have to be relocated. The cart is
“docked” to the patient using three or four specialized ports
preventing repositioning of the patient. In an emergency situ-
ation it may take a little time to undock the robot and remove
it from the patient-side. This engagement between the patient
and robotic cart also may lead to potential injury caused by
inadvertent patient movement.

Secondly, the cart itself should not be in contact with the
patient save for its docked position to the robotic ports. How-
ever, it is in close proximity to the patient’s legs during pelvic
surgery and care must be taken to ensure it is not in con-
tact at these points. There is no haptic feedback through the
robotic arms and inadvertent pressure injury could occur at
these points.
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FIGURE 9.2. Robot docked in position during RALP. The patient’s
head is towards the right of the picture, concealed under drapes.
Note the steep Trendelenburg position.

Thirdly, the principal surgeon is located away from the
patient-side—a quite new concept in laparoscopic surgery.
Clear lines of communication must exist between the con-
sole and patient-side surgeons to compensate for this layout.
An intercom system is integrated into the da Vinci™ system
which helps in this regard.

Despite these challenges, the system appears to function in
a safe and efficacious manner. Costello et al. evaluated their
early experience with the da Vinci™ from an anesthetic per-
spective (Costello and Webb 2006). Their series of 40 patients
underwent RALP using the da Vinci™ system. Epidural
anesthesia was used in 26 of these patients, who were noted to
have less opiate analgesia requirements on the postoperative
period. No specific complications related to the laparoscopic
or robotic technique were noted. The overall hospital stay
for the group was 4.2 days, compared with 8.2 days for open
radical prostatectomy patients in their region. We no longer
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employ epidural analgesia as part of the anesthetic technique
at our institution.

The world’s largest robotic surgery center has also
reported its experience of RALP from an anesthetic perspec-
tive. Danic et al. reviewed their first 1500 cases and reported
no deaths and very few complications (Danic et al. 2007). The
most common surgical complication was ileus which occurred
in 1.7% of patients and usually settled with conservative man-
agement. The reoperation rate for their series was 0.6%.
Blood transfusion was required in 1% of patients. Interest-
ingly, the most commonly reported anesthetic-related compli-
cation was corneal abrasion which occurred in 3% of patients
despite the use of eye tape. Three patients (0.2%) developed
pulmonary emboli requiring anticoagulation. Of note, there
were no reports of nerve injuries related to positioning, or of
cardiorespiratory complications related to the pneumoperi-
toneum.

However, some case reports are emerging of complications
attributed to robotic-assisted laparoscopic surgery. Phong
et al. report two specific problems they encountered dur-
ing da Vinci'™-assisted surgery (Phong and Koh 2007). The
first case required emergency reintubation following robotic-
assisted laparoscopic radical prostatectomy due to laryn-
geal edema. This was attributed to decreased venous return
and prolonged Trendelenburg positioning. The second case
was mild brachial plexus neuropraxia which resolved sponta-
neously. This was clearly related to the shoulder brace used to
maintain the patient on the table while in the extreme Tren-
delenburg position.

9.5. Anesthetic Technique

Safe provision of anesthesia for robotic urology requires a
well-planned multidisciplinary approach.

Preoperative assessment will necessarily concentrate on
the cardiovascular and respiratory systems and any renal
dysfunction should also be noted. Outpatient preassessment
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screening allows time for preoperative investigations and
planning. Patients presenting for urologic procedures often
suffer significant and multiple comorbidities and may
require further investigations before formulating an appro-
priate anesthetic plan. Evaluation of functional status by
cardiopulmonary exercise testing can be particularly useful
in informing decisions on borderline patients. A number of
special considerations apply when assessing an obese patient
(BMI >30kg/m?), particularly in terms of higher risk of car-
diovascular and respiratory comorbidities. The combination
of steep Trendelenburg position and pneumoperitoneum may
lead to potential problems in maintaining adequate ventila-
tion and avoiding barotrauma.

The choice of anesthetic technique used for urologic
robotic surgery must take in to account several important fac-
tors associated with this type of surgery.

9.5.1. Airway and Ventilation

Patient position, length of surgery, and pneumoperitoneum
makes endotracheal intubation mandatory. Pulmonary com-
pliance is reduced and higher ventilation pressures are
required to maintain adequate tidal volume. In addition,
absorption of carbon dioxide used to produce the pneu-
moperitoneum may lead to hypercapnia. Permissive hyper-
capnia is not recommended as there will be an additive effect
with the Trendelenburg position on intracranial pressure.
Pressure control ventilation and manipulation of I:E time
ratios should allow for adequate ventilation without excessive
risk of barotrauma, except in those with severe pre-existing
respiratory disease.

9.5.2. Cardiovascular Stability and Fluid
Management

Cardiac output is generally reduced, and the effect on arte-
rial pressure can be variable. In addition, intravenous fluids
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should be restricted to minimize facial and possibly cerebral
edema. Reduction of urine output is also beneficial to allow
a better surgical field prior to completion of the urethrovesi-
cal anastomosis. Vigorous fluid infusion is then commenced,
to optimize cardiac output, following completion of the
anastomosis.

9.5.3. Intracranial Pressure

There are some concerns regarding raised intracranial pres-
sure during surgery due to the position of the patient
and reduction in venous return secondary to raised intra-
abdominal pressure. In addition, if cerebral autoregulation
is impaired from hypercapnia and operative times are pro-
longed, then this may become clinically relevant. In our early
experience, when operative times were longer, we did see
instances of confusion in the early postoperative period, and a
short period of elective postoperative ventilation can be con-
sidered in difficult cases.

On one occasion, we have seen some evidence of raised
intracranial pressure on Entropy monitoring. The use of
Entropy as an intracranial pressure monitor is not estab-
lished. The patient recovered with no sequelae in this instance
following a short period of elective ventilation (Hornero et al.
2006).

9.5.4. Analgesia

Because of the minimally invasive approach of robotic
surgery, the use of epidurals for pain management is not
generally recommended. We have good experience at this
institution with the use of caudal epidurals for postoperative
analgesia for RALP. Intrathecal diamorphine is a useful tech-
nique for pyeloplasty and nephrectomy.

Epidurals are useful in the management of patients
undergoing cystectomy and ileal conduit formation. The
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sympathetic blockade also reduces the incidence of postop-
erative ileus.

9.5.5. Monitoring

Routine basic monitoring, including temperature is adequate
for most patients undergoing the majority of robotic-assisted
procedures. One 14-16G cannula should provide adequate
1.v. access.

Invasive monitoring should be reserved for patients with
significant comorbidities and should certainly be considered
in patients undergoing cystectomy. We do not routinely
employ central venous monitoring for robotic-assisted cystec-
tomies, although we do then use oesophageal Doppler car-
diac output measurement. It may also be beneficial to initially
use invasive monitoring techniques in institutions introduc-
ing robotic programs, where prolonged operative times are
expected.

9.6. Enhanced Recovery after Surgery

When patients are assessed for surgery, there is usually an
intervening period of some weeks prior to surgery. This may
allow some lifestyle interventions, where motivated patients
may undertake appropriate physical activity, modify diet,
decrease alcohol intake, and attempt smoking cessation, if
relevant.

We have also introduced some of the principles of
enhanced recovery after surgery, which are now established
in both open and laparoscopic colorectal surgery. Psycho-
logic preparation for early discharge starts at the preoperative
visit (Fearon et al. 2005; Kehlet and Wilmore 2002).

Preoperative fasting is minimized, and bowel prepa-
ration and postoperative nasogastric drainage are not
employed. Regional anesthesia is used as appropriate, high
inspired oxygen concentrations are used intraoperatively
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and early postoperative feeding and mobilization are
encouraged.

9.7. Conclusions

The advent of robotic-assisted laparoscopic surgery has pro-
vided some interesting challenges for the anesthetist. These
relate primarily to the patient positioning, prolonged pneu-
moperitoneum, and the actual robotic equipment itself.

A coordinated team approach to this surgery has allowed
this form of surgery to be successfully introduced at our
institution with excellent patient acceptance and satisfac-
tion. Modifying the perioperative management to account for
these challenges allows patients to be discharged early follow-
ing surgery and aids early recovery.
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Chapter 10

Health Economics of Robotic
Surgery

Qing Wang, David Armstrong, and Alistair McGuire

Abstract: This chapter is focused on the economic evalua-
tion of robotic surgery. Economic evaluation in healthcare
programmes is defined as the “comparative analysis of alter-
native courses of action in terms of both their costs and
consequences” (Drummond et al. 1997), and it aims to
“ensure that benefits gained outweigh benefits forgone”
[William (1986) in Drummond et al. (1997)].

In recent years, economic evaluation of healthcare pro-
grammes has increased in popularity to the point where it has
become an indispensible part of any healthcare-related stud-
ies. The most widespread application of this subject is in the
pharmaceutical industry, i.e., pharmaeconomics. The reasons
of its increased application may be due to the recognition of
the conflict between the limited health resources and unlim-
ited health service demand. Economic evaluation can help
in health service decision making, in health policy making,
and in regulation of the healthcare market, where asymmetric
information is abundant and free market access is prohibited.

This chapter considers the importance of the economic
evaluation of robotic surgery and reviews the current state-
of-art in this area. When new technologies involve substan-
tial investment, economic evaluation can be used to establish
a rational resource allocation system within a limited bud-
get. Finally, this chapter concludes by making suggestions for
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future developments in the economic evaluation of robotic
surgery.

Keywords: Economics, Evaluation, Decision modeling

10.1. The Importance of Economic Evaluation
of Robotic Surgery

Increasing costs and demand for healthcare interventions,
combined with limited resources and an imperfect market
mechanism for resource allocation, has led to an increased
interest in the economic evaluation of healthcare pro-
grammes. Economic evaluation in healthcare is the “compar-
ative analysis of alternative courses of action in terms of both
their costs and consequences” (Drummond et al. 1997).

As an alternative tool to the market mechanism (where
the price of any good or service is the equilibrium point at
which supply and demand are balanced), health economic
evaluation has been developed to facilitate optimal resource
allocation in those areas, such as healthcare, in which supply
and demand do not operate in an unimpeded way (McGuire
2006).

Health economic evaluation studies are thriving world-
wide, and gradually have become a mandatory component
of any healthcare-related studies. In Sweden, for exam-
ple, the Pharmaceutical Benefits Board, established in 2002,
has required pharmaceutical manufacturers to submit health
economic evaluations as part of their applications for reim-
bursement. In Australia, Canada, and the US, a similar
requirement has been placed on pharmaceutical companies
(Commonwealth of Australia 1995; FDA 1997; Anis and
Gagnon 2000). The UK National Institute for Clinical Excel-
lence (NICE) has adopted guidelines for the formal economic
modeling in technology appraisals (NICE 2004).

However, despite these efforts and requirements, eco-
nomic evaluation in surgery is still rare, and it is even less
common in robotic surgery (Krahn 1999; Tooher and Pham
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2004). Whilst the basic components of economic evaluation
might be the same for every discipline, robotic surgery has
features which require special consideration.

Robotic surgery is one of the most advanced techniques
in minimal invasive surgery (MIS), and it is deemed by some
surgeons as the future of surgery. Its clinical importance has
been elaborated by professionals in previous chapters; and
in this chapter, using the management of prostate surgery as
an example, the importance, the challenges, and the devel-
opment of economic evaluation of robotic surgery is demon-
strated.

New medical technology such as robotic surgery involves
substantial investment, and thus has significant implications
on allocation of financial resources to healthcare. Currently,
robotic surgery is more expensive to obtain, to maintain, and
to perform, compared to the conventional alternatives. The
additional cost arises from the development of the newer
functions and more advanced facilities, such as 3D visualiza-
tion and six degrees-of-freedom of robotic arms.

The next step in an economic evaluation would be to take
the benefits of the new technology, convert these into a com-
mon currency, and compare these with the known costs of
the technology. This step is the most difficult as the evidence
for proclaimed “advantages” brought by these techniques is
insufficient or biased. Further, the opportunity cost of new
technologies, that is the alternative care that could be pro-
vided in its place with the resources it commands, has seldom
been explored.

It has been reported that the cost of purchasing a da
Vinci™ Robot system was $1.2 million, and the annual main-
tenance fee was $100,000 (Lotan et al. 2004). Therefore, it
is important to conduct economic evaluation to establish a
rational resource allocation system given the limited finan-
cial resources available for healthcare. Table 10.1. compares
the current costs of open, laparoscopic, and robotic prostate-
ctomy surgery in the United States at 2004 prices.

Establishment of cost relies on appropriate definition of
episode length and in particular definition of the appropriate
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postoperative follow-up period. Information of readmission
rates may be particularly difficult to observe in new technolo-
gies. The appropriate time frame for the analysis may also
be dictated by the costs if the investment costs are associated
with particular equipment. The capital costs must be appor-
tioned over the appropriate lifetime of the equipment. Thus,
the investment costs may determine the time frame of the anal-
ysis. In particular some form of estimate must be made of the
timeframe over which capital costs will depreciate.

All economic evaluation requires evidence on clinical
effectiveness. With surgery the establishment of such benefit
is problematic. Generally, randomized clinical trials are diffi-
cult to perform as choice of comparator populations may be
problematic, with most trials in surgery relying on head-to-
head comparison of two interventions. Length of follow-up
is a common issue, as is the fact that surgery may involve
complex multifactorial intervention. Furthermore, the learn-
ing curve associated with new techniques means that the tim-
ing and location of such trials is important.

Not surprisingly the main benefits of robotic surgery, in
terms of its clinical effectiveness, have yet to be established.
Although some recent evidence has shown the promising
future of robotic surgery, the evidence of its long-term effi-
cacy is still incomplete (Tewari et al. 2006; Ficarra et al. 2007,
Caceres et al. 2007). A systematic review (Tooher and Pham
2004) compared the efficacy and safety aspects of robotic
surgery with those of open and conventional laparoscopic
surgery, the results of which are shown in Table 10.2.

Because of the lack of evidence of the clinical advantage
of robotic surgery, in combination with the substantial invest-
ment relating to purchasing, maintenance, and training, the
NHS and major public hospitals are cautious in adopting this
technology. In contrast with the US private healthcare mar-
ket, the UK only has six public hospital centers that can sup-
ply the da Vinci™ robotic surgery service to patients. Since
the NHS standard tariff only covers the cost of open surgery,
which is roughly one third of the cost of robotic surgery, Pri-
mary Care Trusts are reluctant to assign extra funding for
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robotic surgery, and flag it as a low policy priority, in compari-
son to the application of laparoscopic surgery (Berkshire PCT
2007). It is obvious that economic evidence for the superiority
of the robotic surgery needs to be explored urgently if it is to
assume widespread adoption.

In essence, economic evaluation needs to define compara-
tors; in our example, the comparators are open and conven-
tional laparoscopic surgery. Cost and effectiveness should be
calculated in an incremental way; and when clinical trial data
is not available, or the long-term follow up is not applicable,
economic models are required to simulate the situation and
help in predicting the further development.

10.2. The Current State of Play of Economic
Evaluation in Robotic Surgery

The three main features of economic evaluation studies on
robotic surgery that have been carried out to date is that they
are few in number, poor in quality, and biased in assessment
endpoints.

10.2.1. Few Economic Studies in Robotic
Surgery

There are few economic studies of surgery per se (Abrams
and Wein 2000; Brazier and Johnson 2001), let alone in dif-
ferent surgical techniques, such as robotic surgery. A rapid
search using the keyword “robot” in the National Health Ser-
vice Economic Evaluation Database (NHS EED) produced
15 studies, of which only four can be classified as economic
evaluation studies as shown in Table 10.3..

None of the above studies were conducted in the UK, and
none of them were related to radical prostatectomy. The com-
mon features of these studies include:
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TABLE 10.3. Economic evaluation studies of robotic surgery

Author Year Title Country
Nakadi IE 2006  Evaluation of da Vinci Belgium
et al. Nissen fundoplication,
clinical results, and cost
minimization
Morino M 2006  Randomized clinical trial of Italy
et al. robotic-assisted versus
laparoscopic Nissen
fundoplication
Heemskerk J 2005  First results after Netherlands
et al. introduction of the

four-armed da Vinci
Surgical System in fully
robotic laparoscopic

cholecystectomy
Delaney CP 2003  Comparison of robotically ~ USA
et al. performed and

traditional laparoscopic
colorectal surgery

e They were only cost-consequences studies and did not con-
sider summarized effect measures such as quality of life;
They were based on a small and insufficient sample size;
They did not incorporate blind design;

There was a lack of sample size calculation;

And they did not include sensitivity analysis.

The quality of the above four studies is detailed in the next
section.

A literature search in other databases with key terms such
as “robot,” “surgery,” and “da Vinci™” generated several
reviews (including protocols) and clinical trials of robotic
surgery (Table 10.4.).

s
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The common conclusion from these reviews and clinical
trials was that there is no significant difference in the patients’
health outcome. What is clearly needed is more definitive evi-
dence for the benefits (or lack of them) of robotic surgery par-
ticularly through well-designed randomized controlled trials
(RCT). One of the biggest problems in conducting a RCT is
to recruit and randomize a sufficient number of patients to
either the control group or the experimental group. This is
discussed further in Section 10.2.4. Also, trial-based “piggy-
back” economic evaluation is needed together with a longer-
term follow-up and a measure of patients’ quality of life.
Again, there is a lack of UK-based studies in these areas.

10.2.2. Poor Quality of Economic Studies

As mentioned above, to date, the quality of the current
economic studies has been poor. Most studies are cost-
consequences studies, which means there is no summary
measure and comparison of cost and effectiveness. Instead,
studies conducted to date have presented cost and results in
itemized tables (Pizzi and Lofland 2006) as summarized in
Table 10.5..

10.2.3. Fallacies in the Assessment
of Robotic Surgery

e “Clinical Outcome ONLY” Fallacy

When one evaluates the efficacy of robotic surgery, one
needs to first look at the reasons for the development of
the robotic surgery. Robotic surgery was initially developed
to solve the problem of reduced dexterity and impaired
visual control: two inherited shortcomings of the conven-
tional laparoscopic surgery. Therefore, one needs to mea-
sure if robotic surgery, in comparison with conventional open
and laparoscopic techniques, has increased dexterity and
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improved visual control. By solving the problems of reduced
dexterity and impaired visual control, the accuracy of the
operation is “expected” to increase, the surgeon’s learning
curve reduced, and the fatigue of the surgeon lessened. In
addition, more complicated procedures, that would not be
ordinarily be performed by the conventional laparoscopic
surgery, could be performed. The assessment should first
address if these aims are achieved, through measuring out-
comes that are directly related to these aims.

How does one measure increased dexterity and improved
visual control? The technical teams who design these devices
are best placed to achieve these aims, but only the surgeons
who perform both procedures are able to tell the difference
in practice. One direct measure of increased dexterity and
visual control is to compare surgeons’ learning and operation
experiences. Ideally, the comparison should be performed
among two groups of surgeons who have similar baseline
characteristics, e.g., gender, age, education and training back-
ground, etc.

Take prostatectomy as an example: surgeons are to be
divided into two groups. One group learns conventional
laparoscopic prostatectomy, and another learns robotic-
assisted prostatectomy. The aim is to detect differences in the
surgeon’s learning curves, fatigue and stress levels among sur-
geons, operation time, patients’ blood loss, and length of hos-
pital stay; patients’ postsurgery potency and continence rate
can also be linked to the accuracy in operation.

It is true that the ultimate goal of these technical advances
is to improve patients’ clinical outcomes, and to economize
health resources, otherwise there is no justification of the
increased cost of the robotic surgery. However, at the early
stage of the assessment of new technologies, the measure of
“clinical advantages” needs to focus on the outcomes that
have the strongest causal link with the improved technical
designs of robotic surgery.

Many clinical outcomes depend on factors other than the
advancement of surgical techniques, for example, the post-
surgery pain level, measured by the amount of analgesia used,
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is mainly influenced by surgeons’ preferences. These factors
will be overlooked if there are no RCTs to rule out potential
bias in the assessment. Increased dexterity and visual control
would presumably help surgeons to improve their ability in
maneuvering during the operation, for example, by increasing
the accuracy and the speed of incisions and sutures. In this
way, the trauma caused by less accurate and less rapid con-
ventional techniques would be minimized, which should con-
tribute to a quicker recovery and fewer postoperative compli-
cations for patients.

In summary, at least four endpoints from the patients’ per-
spective need to be highlighted: blood loss, operation time,
length of hospital stay, and postoperative continence and
potency rate.

The economic values of the above-mentioned endpoints
include costing blood loss, operation time, length of hospital
stay, and pre/postoperative patients’ Quality Adjusted
Life Years (QALY) (measured by, for example, EQ-5D).
Furthermore, the improved surgeon’s experience can be
evaluated through measuring the surgeon’s fatigue and stress
levels.

e “Learning Curve for ALL” Fallacy

Among the few studies that examine the learning curve of
roboticsurgery, none has taken into account the previous expe-
rience and other characteristics of the surgeons under study.
For example, for a surgeon who has performed open surgeries
for many years, the learning curve of robotic surgery would
be very different from that of a novice surgeon who has only
performed a few open surgeries, and would also be different
from a surgeon who is experienced in laparoscopic surgery.

As noted in the section of outcome measures below, it
would be most appropriate to compare “surgeons alike,” and
to train surgeons from the beginning for this new technique.
However, this would be difficult from a practical perspective
as most surgeons have acquired certain skills before they take
up robotic surgery. Therefore, it is important to recognize
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that combining surgeons of different “characteristics” will
disguise the true learning and operating time required by
the surgeons. Nevertheless, it is still likely that surgeons are
grouped according to their varied past experience, and this
may contribute to the knowledge of the association between
surgeons’ characteristics and the learning curve. Once this
is explored, different specialized and focused training pro-
grammes could be designed and employed for different sub-
groups to achieve the optimal training effect. In summary,
there is no single “learning curve” for all surgeons; and the
learning curve is a parameter of the surgeons’ characteristics.
The economic implication of this “learning curve” measure is
vital since the cost attached to the different training time and
programmes could be substantial.

10.2.4. The Challenges of Economic
Evaluation in Robotic Surgery

It was noted above that there are certain difficulties in
collecting evidence in this area, a number of specific issues
are now discussed. The conventional practice of economic
evaluation of health interventions is to analyze “piggy-back”
economic data directly obtained from well-conducted clinical
trials. However, first of all, randomized controlled clinical
trials are seldom carried out in this area, partly due to
the difficulty of recruiting and randomizing patients up to
a sufficient sample size to detect significant difference in
health outcomes brought by different surgical techniques;
secondly, long-term data on the cost and effectiveness of the
new techniques is not available; and thirdly, there is a lack
of consistency on the outcome measures, for example, the
threshold measure for the positive margin could vary.

e Sample Size, the Recruitment and Randomization of
Patients
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Given the likely small or even insignificant differences in
patients’ clinical outcomes brought by robotic and conven-
tional surgical techniques, the problem in relation to the sam-
ple size and study power calculation has been well recognized,
as mentioned in Section 10.2.1. This is because one requires
a relatively large sample to show the significant difference in
certain clinical outcomes, for example, mortality rate.

e Long-Term Follow-Up Data

Since robotic surgery technology has been in place for only
a few years, long-term follow-up data are not available. In
addition, in the long run, with improvement in techniques,
updated software and more ergonomic design, the impact
on patients in the postoperative follow-up period is likely to
change.

e Different Standards of Outcome Measure Thresholds

Different thresholds in outcome measures are prevalent in
studies conducted to date, with the thresholds varying most
significantly by the settings the study was conducted in. For
example, the benign surgical positive margin, an important
oncologic outcome, can be linked and sectioned according to
different protocols which may lead to different positive mar-
gin results. Postsurgery continence can be defined as 0-1 pad
(safety pad) or “No pad”; potency can be measured by sexual
intercourse, return to baseline, or IIEF >21. The length of
stay could also be biased if surgeons are keen to get patients
out of the hospital to show the advantages of robotic surgery.

If these comparative thresholds are not standardized, the
outcome measure could be seriously biased, rendering the
economic evaluation invalid.

In summary, there are significant shortcomings in the eco-
nomic evaluations of robotic surgery that have been con-
ducted to date which reflect lack of good quality clinical
and patient response data for the effect of the technology.
Future economic evaluations in this area should rely more
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on economic modeling, which would help decision makers
understand the trade-offs between alternative options differ-
ent uncertainty levels.

Economic modeling of surgery techniques recognizes that
it is easier to define and measure costs than to measure effec-
tiveness. The cost items usually consist of the cost of the
robotic device and associated facilities, operation staff time,
etc. The effectiveness is usually measured by the health out-
come attributable to the surgery, e.g., efficacy and safety
results.

In the following section, relevant issues are clarified with
the aim to address the challenges in economic evaluation. The
radical prostatectomy is used as an example to demonstrate
the different economic evaluation methods and to populate a
decision model.

10.3. Further Suggestions and Decision
Modeling in Economic Evaluation
of Robotic Surgery

Acknowledging the shortcomings of economic evaluations of
robotic surgery that have been performed to date, it is time
to map the future development in this area, following a brief
review of economic evaluation disciplines.

10.3.1. Evaluation Question and Subjects

The evaluation question, as noted in this chapter, is the
comparison of costs and effectiveness of different surgical
technologies: open, conventional laparoscopic, and robotic
surgery. The effectiveness measure can include both patients’
clinical endpoints and surgeons’ experience outcomes. Ideally
the evaluation subjects should embrace both patients and sur-
geons, but the preliminary model only considers the patients’
outcome.
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10.3.2. Assessment Measures

The assessment instruments and measures are used to quan-
tify the clinical and economic endpoints. For example, the
EQ-5D can be used to measure the effectiveness in terms
of patients’ experience and satisfaction; the International
Index of Erectile Function (IIEF) is a measure of postsurgery
potency. Standards need to be set for these measures.

10.3.3. Economic Evaluation Designs

Conventionally, there are four main types of economic evalu-
ations: cost-minimization (CMA), cost-effectiveness (CEA),
cost-utility (CUA), and cost-benefit analysis (CBA). Some
text books add one more type: “cost-consequences” analysis
(CCA). CMA can be viewed as a special type of CCA since
both do not have a summarized comparison between costs
and consequences, i.e., in CCA, costs and consequences are
separately presented, if the consequences of interest are sim-
ilar, then CMA is applied to compare the costs.

CEA is one of the most popular analytical methods used in
clinical trials owing to its simplicity in the definition of costs
and effectiveness. However, a limitation of CEA is also inher-
ent in this simplicity in that it can only compare the same type
of consequences, e.g., the blood pressure. When it comes to
decision-making about interventions that bring about differ-
ent types of clinical outcomes, a more comprehensive mea-
sure of endpoints, such as Quality Adjusted Life Years, is
required. QALY is essentially a generic measure of a person’s
health utility, and can be compared among different inter-
ventions in CUA. A further step in health policy decision-
making is to assign monetary value to the health and utility
gain, this introduces an important decision threshold measure
in CBA: the Net Monetary Benefit (NMB), using the combi-
nation of NMB and with Willingness to Pay (WTP), decision
makers can easily choose between alternatives from an eco-
nomic perspective and can also clearly justify the trade-offs.
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Nevertheless, there are arguments about QALY as a measure
of utility, and the rationale of attaching monetary values to
utility (Kahneman 2005), although there are few alternatives
available to replace such a measure at this time.

Another interesting discussion around the economic eval-
uation techniques centers on the use of Frequentist or
Bayesian statistical analysis. Put simply, the major differ-
ence between these two techniques is that the Frequentist
approach conducts analysis in a “laboratory” way, which puts
unrealistic “context-free” assumptions at the baseline; whilst
the Bayesian approach does not assume a “vacuum” envi-
ronment, and tends to gather subjective probabilities in “real
situations.” The Bayesian approach is closely linked to the
decision analytical modeling and expected utility theory
(Spiegelhalter et al. 2003).

As for the current economic evaluation of robotic surgery,
since it is highly unlikely to recruit and randomize patients
into open surgery or robotic groups, “piggy-back” economic
evaluation within a randomized clinical trial is not the ideal
option (as discussed in section 10.2.4). In addition, trial-based
economic evaluation has certain limitations, for example, the
clinical data collection sometimes does not satisfy the eco-
nomic data requirements, as noted by Claxton et al. (2002).
Economic modeling therefore seems to offer an opportunity
to gather systematically the most available information in
multilevel simulation, by taking into account the uncertainty
through advanced sensitivity analysis, and to eventually sup-
ply reliable predictions of the range of true values.

10.3.4. Economic Modeling in Decision
Making—Robotic-Assisted Radical
Prostatectomy

This section prepares a simple example of economic mod-
eling and decision analysis of radical prostatectomy: open,
laparoscopic, and robotic surgery. Since data of many clinical



10 Health Economics of Robotic Surgery 215

and economic endpoints is still insufficient to be statistically
reliable (and is possibly inaccurate), a number of assump-
tions are made based on the information obtained from dis-
cussions with experts. These assumptions are clearly subject
to challenge and debate from different information sources.
Notwithstanding this, the economic model can help in build-
ing a preliminary structure of current economic evaluation,
and may contribute to the framework in the development of
economic evaluation of robotic surgery.

As stated by Drummond et al. (2005), the decision ana-
lytical modeling has five important objectives: (1) to supply
a structure that reflects the treatment impact on the individ-
ual’s prognoses, (2) to bring together relevant evidence, (3) to
translate the evidence into estimates of the cost and effects of
the alternative comparators, (4) to assess the various types
of uncertainty in the evaluation, and (5) to identify future
research priorities.

The model building process follows a suggested checklist
for assessing quality in decision analytic models by Philips
et al. (2004). The analysis is conducted in TreeAge ProSuite
version 2007.

10.3.4.1. Decision Problem

The objective of the evaluation is to compare the cost-
effectiveness of the three surgical techniques in prostatec-
tomy: open, laparoscopic, and robotic-assisted.

10.3.4.2. Evaluation Perspective

The perspective of the model, i.e., the relevant costs and
consequences, is the societal perspective since it is the most
comprehensive perspective of health resource allocation.
The societal perspective involves the cost and consequences
related to the healthcare provider, patients, and society.

10.3.4.3. Model Structure

The model structure is shown in Fig. 10.1.
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FIGURE 10.1.Prostatectomy surgery technologies decision tree.

10.3.4.4. Structure Assumptions

Considering the specific characteristics in relation to the
prostatectomy surgery technology (see the discussion in
Section 10.2), the clinical endpoints included in the effect
branches are: blood loss, length of hospital stay (LOS), time
before removal of catheter, time before return back to nor-
mal activity after removal of catheter, 3-month postsurgery
continence rate, and 6-month postsurgery potency rate.

10.3.4.5. Comparators

The comparators are the robotic-assisted radical prostatec-
tomy, the open radical prostatectomy, and the conventional
laparoscopic radical prostatectomy.

10.3.4.6. Model Type

A simplified “decision tree” of the probabilistic cost-
effectiveness model is constructed; the structure of the model
is presented in 10.3.4.3. Ideally, in order to present the proba-
bility of postsurgery recurrence of cancer and long-term treat-
ment effect and quality of life, a Markov model needs to
be fitted in a more comprehensive decision tree. However,
a Markov model is not constructed in this chapter since (1)
the information about the long-term treatment effect of the
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surgical procedures is not yet available, and (2) the long-
term difference in the recurrence rates under different surgi-
cal technologies is presumed not to be significantly different
(Lepor 2006). Nevertheless, if and when such data becomes
available, the Markov model could certainly be introduced
into the economic model.

10.3.4.7. Time Frame

Consistent with the above justification of model type, the time
horizon is limited to 12-months postsurgery. This implies that
the duration of the treatment effect is followed up to one year,
whilst the duration of the treatment is the average operation
time, e.g., 200 minutes.

10.3.4.8. Disease Pathways

The “disease pathways” is a series of chance nodes that
characterize the effects of the alternative strategies, as
shown in the model structure (Fig. 10.1) through a series
of branches representing particular events, which includes
“Minimal Trauma and Quick Recovery,” “Moderate Trauma
and Medium Recovery,” and “Severe Trauma and Slow
Recovery.”

The selection of the different clinical endpoints to be com-
bined in three main effect pathways is consistent with the
rationale in Section 10.2. Since there is limited literature on
the threshold of clinical endpoints (Ficarra et al. 2007), the
selection of the endpoint thresholds is rather arbitrary and is
as follows:

e Minimal Trauma and Quick Recovery:

Blood loss <150 ml

Length of stay (LOS) <1 day

Removal of catheter (RC) <3 days;

Back to normal activity <5 days after RC;
3-month postsurgery continence rate >90%
6-month postsurgery potency rate >70%
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e Moderate Trauma and Medium Recovery:

150 ml < Blood loss <300 ml

1day < Length of stay <4 days

3days < Removal of catheter <6 days;

5days < Back to normal activity <7 days after RC;
3-month post 70% < surgery continence rate <90%
50% < 6-month postsurgery potency rate <70%

e Severe Trauma and Slow Recovery:

300 ml < Blood loss <500 ml

4 day < Length of stay <7 days

6 days < Removal of catheter <9 days;

7 days < Back to normal activity <10 days after RC;
3-month post 40% < surgery continence rate <70%
30% <6-month postsurgery potency rate <50%

As shown in the model structure, probabilities of each clin-
ical pathway for each surgical technology are set at:

e Open: Minimal Trauma and Quick Recovery—1%; Mod-
erate Trauma and Medium Recovery—15%; Severe
Trauma and Slow Recovery—_84%.

e Laparoscopic: Minimal Trauma and Quick Recovery—
10%; Moderate Trauma and Medium Recovery—60%;
Severe Trauma and Slow Recovery—30%.

e Robotic: Minimal Trauma and Quick Recovery—_80%;
Moderate Trauma and Medium Recovery—15%; Severe
Trauma and Slow Recovery—5%.

10.3.4.9. Data: Identification, Modeling, and
Incorporation

Most data, at this stage, is derived from the current literature
and expert opinions. The data source is rather limited. More
validated data is required.
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10.3.5. Costs

Item cost is not calculated; instead, the summary of cost for
each clinical pathway is estimated, based on limited evidence
(Mouraviev et al. 2007). Since the model is built with the
society perspective, the cost integrates patients’ cost and soci-
etal resource cost, as well as direct cost items relevant to the
different surgical technology, such as purchase and mainte-
nance of facilities, operation, hospital stay, medication, post-
surgery services, etc. The summary of the cost, as presented in
Fig. 10.1, is as follows:

e Open: Minimal Trauma and Quick Recovery—£1000;
Moderate Trauma and Medium Recovery—£2500; Severe
Trauma and Slow Recovery—£4000

e Laparoscopic: Minimal Trauma and Quick Recovery—
£3000; Moderate Trauma and Medium Recovery—£4500;
Severe Trauma and Slow Recovery—£6000

e Robotic: Minimal Trauma and Quick Recovery—#£4000;
Moderate Trauma and Medium Recovery—£5500; Severe
Trauma and Slow Recovery—£7000

10.3.5.1. Effects and Quality of Life Measures

QALY is assumed to vary depending on different clini-
cal pathways: for Minimal Trauma and Quick Recovery,
QALY is 8.2; for Moderate Trauma and Medium Recovery,
QALY is 5.6; for Severe Trauma and Slow Recovery, QALY
is 2.3.

10.3.5.2. Uncertainty and Sensitivity Analysis

There are four major types of uncertainty in the analysis in
relation to (1) analytical methods and steps (methodological),
(2) model structure (structural), (3) sampling process and
sample characteristics (heterogeneity), and (4) variables and
data (parameter). In our hypothetical sample, we presume
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that the heterogeneity is not present as the baseline character-
istics of the patients are assumed to be similar. The sensitivity
analyses of methodological and structural uncertainty require
alternative models, which are not available in the current sce-
nario, but deserve further exploration through development
of different models. Therefore, only the sensitivity analysis of
parameter uncertainty is carried out by varying the Willing-
ness to Pay value.

10.3.5.3. Internal and External Consistency

This is a process of checking the internal accuracy of math-
ematical logic and the external representativeness of the
results in different settings. Both are beyond the scope of this
section where only simple modeling structure is introduced.
Nevertheless, the consistency assessment is a required com-
ponent in formal economic modeling papers and the decision-
making process.

10.3.5.4. Summary of the Results of Modeling
e Cost-Effectiveness Analysis (Table 10.6. and Fig. 10.2)

ICER =IC/IE

(ICER: Incremental Cost-Effectiveness Ratio; IC: Incre-
mental Cost; IE: Incremental Effectiveness)

Noted from Table 10.6 and Fig. 10.2. is that “laparoscopic
prostatectomy” and “open prostatectomy” are dominated by
“robotic prostatectomy.” Therefore, robotic prostatectomy is
the dominant strategy, i.e., more effective and less costly.

e Net Monetary Benefit and Willingness to Pay

NMB = ExWTP—C

(E: Effectiveness; C: cost)

The WTP is set at £30 K; the NMB of different technolo-
gies is shown in Table 10.7. It appears that Robotic Prosta-
tectomy has the highest NMB at the WTP = £30 K/QALY
level.
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Cost-Effectiveness Analysis
At Prostatectomy Surgery

£4900.0

* * Open Prostatectomy
£4700.0 4 Laparoscopic Prostatectomy
1 A Robotic Assisted Prostatectomy
£4500.0
- |
o £4 J
S £4300.0 1
£4100.0+
£3900.04
£3700.0

e
2.80 QALY 4.80 QALY 6.80 QALY
Effectiveness

FIGURE 10.2.Cost-effectiveness analysis of surgical technologies.

TABLE 10.7. NMB at WTP = 30 K/QALY

Strategy NMB
Open 70K
Laparoscopic 140K
Robotic 220K

e Simple sensitivity analysis with the different WTP thresh-
olds.

Robotic prostatectomy has the highest NMB value at dif-
ferent WTP thresholds (Fig. 10.3.).

e Monte Carlo simulation for sensitivity analysis.

Monte Carlo simulation (Table 10.8.) is a popular method
in Probabilistic Sensitivity Analysis (PSA). PSA is devel-
oped to overcome the drawbacks of simple sensitivity anal-
ysis (Drummond et al. 2005). In Monte Carlo simulation,
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Sensitivity Analysis on
Willingness-to-pay

£230K
£210K
E}?gi_ 4 Robotic Assisted Prostatectomy
£150K
£130K-
£110K

£90K -

£70K 4
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£30K 5

~—T1 * 1 v 1 * 17
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4 Laparoscopic Prostatectomy

Net Monetary Benefit (e*wtp-c)

Willingness-to-pay

FIGURE 10.3.Sensitivity analysis of NMB at WTP thresholds:
£10K-£30K/QALY.

many sets (e.g., 1000 sets in TreeAge) of expected costs and
effects are run randomly to reflect the combined parameter
uncertainty in the model. The following shows several results
in the simulation.

The incremental cost-effectiveness (ICE) (Fig. 10.4.) of
two strategies can be plotted in the ICE scatterplot. The
sharp ellipse-shaped area shows the range of the incremen-
tal cost and effectiveness of two comparators: comparing to
the laparoscopic prostatectomy, the interval of incremental
cost of robotic prostatectomy is between —£2000 and £1000,
whilst the incremental effectiveness is between 0 QALY and
6 QALY.

The relative concentration of the points in the scatter-
plot can be detected visually from the 3-D mountain graph
(Fig. 10.5.). The concentration level supplies supplementary
information of the ICE, the higher the concentration, the
stronger the evidence.

The top vertical light-blue area denotes that the points in
the ICE scatterplot are highly concentrated; this means the
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ICE Scatterplot of
Robotic Assisted Prostatectomy vs. Laparoscopic Prostatectomy
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-£1000.0
-£1500.0

£20000+———F—7—+——+T7—>
00yrs 20yrs 40yrs  60yrs

Incremental Cost

Incremental Effectiveness

FIGURE 10.4.ICE scatterplot of robotic prostatectomy versus
laparoscopic prostatectomy at WTP = £30 K.

Mountain Graph

ol

FIGURE 10.5.Mountain graph of ICE scatterplot at WTP = £30 K.
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Acceptability Curve
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FIGURE 10.6.Cost-effectiveness acceptability curves.

dominance of robotic surgery over laparoscopic surgery is
strongly supported.

e Acceptability curve.

The acceptability curve is a visual aid for decision ana-
lytical modeling. Information about the probability of Cost
Effectiveness (CE) of comparators at different WTP lev-
els can be viewed in a straightforward manner. Figure 10.6.
demonstrates that robotic prostatectomy has the highest
probability of being cost-effective at any WTP level between
£10K and £30K.

10.4. Conclusions

In this chapter, the importance of the economic evalua-
tion of robotic surgery is highlighted. Adoption of robotic
surgery requires significant investment in technology and, to
date, there has been no clear demonstration of its superior
effectiveness relative to alternative techniques. Economic
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evaluation can be used to understand the link between cost
and effectiveness and therefore can be useful in making
evidence-based health policy decisions.

The current state-of-art in the economic evaluations of
robotic surgery is reviewed in the second section. To date
there have been very few economic studies, and most of them
are low in quality. The efficacy studies are also subject to
bias under uncontrolled trial design. The “insignificant” clin-
ical results generated from these studies introduced further
discussion of the “fallacies” in the assessment, and major
obstacles in robust economic evaluation, namely, the prob-
lems associated with patient sample recruitment and random-
ization, the short follow-up period, and the nonstandardized
thresholds in measuring some clinical endpoints.

Decision analytical modeling, currently, seems a more
practical and promising method in answering the above chal-
lenges. In the third section, a probabilistic cost-effectiveness
economic model is built using a simplified decision tree. The
aim of building this model is not to detect the actual cost-
effectiveness of the robotic surgery; instead, it serves as an
example and supplies a framework of the process of model
building, under the guidance of a standard protocol, based
on which more comprehensive and advanced models can be
constructed.

In this case, the clinical pathways and basic assumptions
in the model are not strictly restricted to current knowledge;
this also explains the unanimous results indicating the domi-
nant cost-effectiveness of robotic surgery, compared to open
and laparoscopic surgery. Caution has to be noted again:
this model is a simulation of the model-building process, and
is not ready to be used as a formal example of valid eco-
nomic evaluation; hence the “simulated” results are highly
unrealistic.

Further development of more advanced models should
include the best-available evidence on clinical pathways and
probabilities, the long-term health outcomes of patients, and
the possibility and the rate of declining costs of the technol-
ogy owing to economies of scale, etc.
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The hypothetical decision modeling, populated with ideal-
ized data, has an important predicative value through using
the “roll-back” function. It can be used to help predict, if a
certain level of economic dominance needs to be achieved,
what the cost and effectiveness should be. While the eco-
nomic evaluation of robotic surgery may be difficult at the
time being it can be used to identify the sort of level of benefit
that the technology will have to achieve if it is to be judged
cost effective.
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