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Abstract

Introduction The application of robotic assisted technology has created a
new era in surgery, by addressing some of the limitations of conventional open
and laparoscopic surgery. To optimize success the incorporation of robotics
into a surgical program must be performed with a structured approach. We
discuss the key factors for building a successful robotic surgery program.

Materials and Methods Prior to implementing a robotics program certain
essential elements must be examined. One must assess the overall goals
of the program, the initial applications of the technology and the time
line for success. In addition a financial analysis of the potential impact of
the technology must also be performed. Essential personnel should also be
identified in order to form a cohesive robotic surgery team. These preparatory
sets help coordinate the establishment of the program and help to prevent
unrealistic expectations; while generating the best environment for success.

Results Once the purchase of the robotic system has been approved a
robotic surgery team is created with certain essential components. This staff
includes: the surgeons, nursing staff, physician assistants, resident/fellows,
program coordinator, marketing and a financial analysis team. This team will
work together to achieve the common goals for the program.

Conclusion Robotic assisted surgery has grown tremendously over the last
half decade in certain surgical fields such as urology. The success of programs
has been variable and often related to the infrastructure of the program. The
key factors appear to be creation of a sound financial plan, early identification
of applicable specialties and a motivated surgical team. Copyright  2006
John Wiley & Sons, Ltd.

Introduction

The 1990s witnessed the laparoscopic revolution in which many operations
were adapted from the traditional open surgery to the minimally invasive
approach. Shorter hospital stays, reduced postoperative pain, lessened sur-
gical blood loss and better cosmetic outcomes made operations such as
laparoscopic cholecystectomy, nephrectomy and pyeloplasty the standards
of care (1). While initially there was a learning curve involved, favourable
results prompted surgeons to develop minimally invasive techniques for most
basic surgical procedures. While basic laparoscopy has become part of main-
stream surgery, many complex procedures have proved more difficult to
learn, due to the limitations of conventional laparoscopic instrumentation.
These limitations include poor ergonomics, two-dimensional (2D) viewing
screens, counter-intuitive motion and non-articulating instrumentation. The
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steep learning curve for more advanced laparoscopic
procedures, especially those involving reconstruction,
caused the growth of laparoscopy to reach a plateau. It
was believed that further development would only occur
through more advanced training or the innovation of new
technologies.

The new millennium has signalled the emergence of
robotic surgical technology, making further advances
in minimal access surgery possible. The application of
such technology in surgery has been different from
the traditional usage in industry, where autonomation
and repetition are pivotal. In surgery, the concept of
robotic-assisted surgery is more appropriate, since the
surgeon controls the robot in real time, guiding it
through the constantly changing operative environment.
The emergence of robotic and telepresence surgery have
effectively addressed some of the difficulties associated
with conventional laparoscopy. While initially limited to
a few surgical subspecialties, the utility of robotics is
now continually expanding (2,3). It is envisioned that
in the future, robotic technology will be used to assist
and enhance almost all types of surgery. However, prior
to this becoming mainstream, further refinement and
improvement is necessary. In the interim it has become
obvious that surgical programmes in both the private
and academic sectors must prepare themselves for the
incorporation of robotics. Thus, robotic surgery will not
only require specialized training to those already in
practice; but more importantly it will impact surgical
resident training.

As with any new surgical technology its adoption and
application must be performed with the most clinical
efficiency for the surgical team, and the least potential for
adverse effect to the patient. This requires a structured and
methodical plan for incorporation prior to the purchase
of the robot.

This article discusses the essential elements necessary to
establish the foundation and to prime the programme for
long-term success. The author has significant experience
in the initiation, growth and evolution of two successful
robotic surgery programmes. Of these, one was multi-
specialty, one centred in urology, one in an academic
setting and one in private practice. These experiences
provide a unique personal insight into what steps
are necessary to construct a successful robotic surgery
programme.

Currently in the USA there are over 300 established
robotic surgery programmes, with a total of almost 400
robots. While each of these programmes was initiated with
the expectation of success and growth, this was not always
the end result. Large and small institutions, academic
and private hospitals, primarily urology or cardiac
programmes, have each had variable and unpredictable
success. The reason for the lack of uniformity has not
always been evident or been linked to one particular
factor or characteristic. While it is not always possible
to determine which programmes and what characteristics
will translate into success, it has become evident that
there are ways to optimize the chances of success. In

many cases the reason for the lack of success has been the
lack of a comprehensive plan of action or the paucity of
motivated surgeons willing to, or capable of, incorporating
robotics into their practice. It is possible that these failures
could have been avoided with careful planning. The best
approach undoubtedly is to analyse the infrastructure of
the institution, the goals for the robotics programme and
the resources available.

Materials and methods

A structured plan of action

It is helpful to set up a leadership team to manage
and direct the initial foundation and growth of the
programme. The leaders of the programme must decide
on certain short- and long-term goals desirable for the
hospital system and on the necessary metrics to measure
progress. This can be achieved by the pre-emptive creation
of a structured plan for implementation, including an
analysis of the economics of the programme, along with
the evaluation of the organization’s own infrastructure.
There are certain questions that must be answered to
help assess how well prepared an institution is to begin a
programme and what changes need to occur:

1. What is the motivation for initiation of the programme?
Determining why a robotic surgery programme is
important to the institution and understanding the
vision for the future will likely help define the
programme and those that will be a part of it.
This helps decide upon the metrics to evaluate the
programme and upon the areas to concentrate the
initial effort. Possible reasons for initiation include:
providing state-of-the-art minimally invasive patient
care; competition with other hospitals for market
share; economic growth; or because of surgeon and
patient demands.

2. What are the initial and long-term financial commit-
ments and the expected returns on investments? The
adoption of robotic technology can place a financial
strain on any institution. It is important to under-
stand the huge financial commitment required to
establish and maintain a robotics programme. A thor-
ough understanding of the capital and ongoing costs,
third-party payer reimbursement and procedure vol-
umes will help prevent any potentially detrimental,
unrealistic expectations.

3. Which surgical services are most optimally suited for
the immediate incorporation of robotic technology,
and what is the plan for incorporation of others? The
hospital should also survey the physicians and staff as
to the potential utility and willingness to incorporate
robotics into their practice. An idea of which services
will be prioritized is also important. Initial selection
of services that have the most applicability and of
surgeons that are most apt to have success will increase
the likelihood of the programme starting well. Having
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surgeons who will champion the adoption of robotics
for a specific procedure at the institution is important.
While the systems were initially purchased for cardiac
use, the majority are now concentrated in the field
of urology. Other services, such as gynecology and
general surgery, have also had success in utilizing
robotics for complex procedures

4. What is the anticipated timeline for success and the
expected learning curve? It is essential to understand
that with any new technology there will be a period of
trial and error. The learning curve for robotics, while
considered less than that of conventional laparoscopy,
does exist and can provide a formidable challenge
to those that are not adequately prepared to handle
it. The learning curve also brings with it a timeline
for training, adoption and successful implementation.
Realistic credentialing criteria and uniform plans for
training must be put in place prior to the creation of a
programme to minimize adverse patient outcomes and
optimize surgical success.

5. What peer-reviewed data is available to validate the
efficacy of the procedures to be performed, and
what established benefits are there for the patient?
A thorough review of the literature and understanding
of procedure-specific patient outcomes will help to
provide realistic expectations, metrics for success and
an outline for the goals of the programme.

After these five questions are answered to the satisfaction
of the leadership committee and a determination is
made that the programme should be created, then these
essential elements should be put into place.

Essential components

Over the last decade successful robotic surgery pro-
grammes have advocated the importance of a team
approach. Robotic surgery is definitely best performed
with a team approach, as each vital component con-
tributes to the success of the programme and individual
patient outcomes. The essential components of the team
include personnel in the operating room and in the hos-
pital administration.

Preparation and implementation

The robot
While in other surgical programmes the choice of
instrumentation is often quite diverse, the choice for
robotic surgery at this point in time is clear. The da Vinci

robot produced by Intuitive Surgical (Sunnyvale, CA)
remains the only Food and Drug Administration (FDA)-
approved master–slave surgical system still in existence
able to provide the benefits necessary for the facile
performance of robotic surgery (Figure 1).

The robot is based on a master–slave relationship
concept, whereby the surgeon (the master) controls all the
movements of the robot (the slave) using surgical joysticks

Figure 1. The da Vinci robot

Figure 2. The actions of the robot are controlled via ‘surgical
masters’, joysticks that translate the surgeon’s motions to the
robotic instruments

from a remote console (Figure 2). The surgeon sees the
surgical field via an immersive environment consisting of
a viewing screen showing the three-dimensional (3D)
image from the binocular laparoscope (Figure 3). In
addition, the image is magnified ×10. The miniature
robotic instruments are less than 1 cm in size with
the ability to articulate with seven degrees of surgical
freedom (Figure 4). The system also provides motion
scaling and the elimination of tremors (4). Each of the
surgeon’s movements are translated to the robot and
performed in real time without any perceptible delay
or decay in function. These technical innovations allow
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Figure 3. The surgeon views the ×10 magnified 3D view via a
binocular viewing screen at the console

Figure 4. The robotic instruments have seven degrees of surgical
freedom

the surgeon to have better vision and more versatile
articulating instrumentation, translating into improved
surgical precision (Figure 5).

It appears that currently the robotic instrumentation
is ideally suited to procedures that require intricate
dissection and suturing in confined spaces, such as
prostatectomy and cardiac valve replacement and repair
(Figure 6). The robot has not yet been utilized extensively
in the fields of orthopaedics, neurosurgery or head
and neck; however, this will likely change as robotic
technology evolves and more applicable instrumentation
is introduced.

The surgeons
Typically robotic surgical teams are led by one or two
surgeons in each specialty who possess the experience

Figure 5. Excellent visualization of the surgical field

Figure 6. Articulating instrumentations facilitate suturing in
confined spaces, such as the pelvis

and technical expertise best suited for success in robotic
surgery. The majority of robotics teams are dual-surgeon
led, and consist of a combination of an open and a
laparoscopically-skilled surgeon working together. The
success or failure of a programme has been correlated
with the selection of the surgeon. Surgical champions are
essential because they provide the experience, expertise
and the willingness to tackle the learning curve.

It has been established that the addition of robotic
assistance has the potential to level the playing field
between laparoscopically-skilled and naive surgeons.
For the classically trained surgeon, the challenge of a
standard laparoscopic approach to prostatectomy is often
a daunting task. Difficulties with counter-intuitive motion,
2D vision and non-wristed instrumentation often made
the learning curve insurmountable. The application of
robotic technology to this task has definitely simplified
the transfer of surgeons’ open skills to the realm of
laparoscopy. This translates into a reduced learning curve
and therefore a likely reduction in patient morbidity.
Ahlering et al. (5,6) reported this ‘robotic revelation’ – the
use of a robotic interface to successfully transfer open
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surgical skills directly to the laparoscopic arena. We
have previously reported a learning curve for robotic
prostatectomy of approximately 20–25 cases (7). Other
experienced open surgeons have also enjoyed similar
successes (8).

The chance of a surgeon’s success can be optimized
by providing the appropriate training, support staff
and sufficient patient volumes. Basic robotic training
is provided by the company (Intuitive Surgical) for all
surgeons who will use the system and consists of a
2 day training on the utilization of the robot. Prior to
the first procedure, it is suggested that additional training
is necessary for credentialing. Case observation of three
cases performed by an expert is optimal, along with
study of procedure videos. In addition, the presence
of a qualified proctor for the first three cases helps to
decrease the learning curve and maximize the chance
for successful outcomes in the initial cases. These are
suggestions based upon the experiences of programmes
around the country; however, credentialing is hospital-
specific.

Initial patient selection is also important to the
overall learning curve. It is essential for surgeons to
exercise clinical judgement by selecting cases appropriate
for the learning curve. Patients with appropriate body
morphology, health status and with disease characteristics
can help to facilitate a successful outcome. The surgeon
should also prepare the team for the learning curve,
while always keeping the patients’ best interests at the
forefront. The surgeon should also consult with the
anaesthesiologist by explaining the proposed procedure,
the surgical nuances of robotic surgery and the expected
deviations from the traditional approaches. This will help
the anaesthesiologist to most adequately prepare the
patient for surgery.

The operating room nursing staff
The nursing staff in the operating room is essential to
the success or failure of any surgical procedure, especially
with robotics. Robotic surgery is a form of telepresence
technology where the surgeon operates at a distance from
the patient while looking into a 3D viewing screen in
a distant surgical console (Figure 7). The surgeon no
longer has the ability to directly observe the patient
or communicate with his/her assistants. The patient is
completely under the control of the bedside assistant
and nursing staff. This concept of remote surgery is
challenging for any surgical team and represents a vital
part of the learning curve. It is therefore essential for
the surgery staff to be top quality and to understand the
procedure fully. It is well established that a dedicated,
consistent, educated and competent team is more likely
to achieve efficiency and help to decrease the learning
curve.

It is recommended that, depending upon the expected
surgical volume, two and four teams of OR personnel
be trained. Each team should consist of an experienced
surgical technician and a circulator. They should be

Figure 7. The remote surgeon performs telerobotic surgery

experienced in the specific specialty and with the
procedure being performed for optimal understanding
of the anatomy and techniques. It is also helpful to have a
nursing supervisor oversee the robotic nursing staff, since
it is necessary to periodically train new staff or enforce
new concepts as the programme evolves.

The surgical physicians’ assistants
It is anticipated that surgical physicians’ assistants will
have an increasing impact upon the growth and adoption
of robotic surgery. The role of the physician’s assistant is
critical, as the remote-controlled nature of the procedure
makes the bedside assistant’s quality essential. While
initially a team of two or more surgeons will embark
upon the task, it is economically quite challenging to
have two surgeons occupied for each case after the initial
learning curve is surmounted. An appropriately trained
assistant has the potential to replicate or surpass the
technical assistance provided by an assistant surgeon due
to the replication of the same procedure. This individual
will remain constant, while residents, fellows and
surgical assistants may often change. This reproducibility
maintains the quality and provides the operating surgeon
the reassurance of consistent assistance and outcomes at
all times.

The physician’s assistant also plays a vital role in
academic medicine and resident education. The PA
is able to help instruct the residents on the bedside
procedure, and prepare them for future roles as a bedside
surgeon.

Surgical fellows and residents
With robotic surgery being a relatively new concept, the
majority of institutions that have a robotics programme
are still in the process of establishing their own
programmes and refining their skills. Therefore, the
education of fellows and residents with direct hands-
on experience has only recently become a reality. Robotic
training of residents does provide a challenge for the
supervising surgeon, due to use of a remote console
and lack of haptic feedback. While there are challenges
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in training, it is essential to address and provide an
adequate foundation of robotic experience for residents.
Any academic programme today must have a designated
programme and curriculum with a plan for graduating
residents to have at least basic robotic skills. An optimal
baseline experience would be with the set-up and docking
of the robot, assisting in surgery and console experience,
performing parts or all of the procedure in at least 20
cases.

Hospital administration and personnel
One of the key elements for success of any new surgery
programme is the concordance of vision and goals
between the surgery team and the hospital administration.
Understanding each other’s goals, needs and expectations
is necessary for developing the foundations of the
programme and harnessing the growth. In order for
any robotic surgery programme to achieve success, the
administration, support staff and operative team must all
be a part of the same team and work together towards
common goals. There are certain essential components to
the administrative staff.

Robotic programme coordinator
A programme coordinator provides a liaison between the
administration and operative staff, and is directly respon-
sible for the coordination of the overall growth of the
programme. The programme coordinator’s responsibili-
ties include coordination of website design, marketing,
patient education and evaluating the avenues of growth.
This individual allows the surgeons to concentrate on the
clinical effort and serves as the ‘go to’ person for basic
questions regarding the programme.

Marketing team

Marketing and website design are an essential part
of the success of any programme. Marketing also
provides an avenue for physicians to refer patients for
specialized robotic surgery. Prior to the purchase of
a robot and the establishment of the programme, a
well-balanced marketing team with dedicated financial
resources should be assigned. The team should consist
of experienced personnel who understand the nuances
of the local geographic area and the areas for potential
expansion.

The marketing plan should begin by performing an
analysis of the existing patient and referral base and
considering the most likely avenues for growth of the
programme. It is understood that in order for most
programmes to have significant growth in volume,
they will have to draw from outside their normal
referral patterns. Establishing such patterns is a task
for the marketing team. The timing of the marketing
is also essential, as it is less beneficial to market the
programme prior to the achievement of consistency and
proficiency of the surgical procedure. Once superior

outcomes from robotic surgery are achieved, patients will
gravitate towards this approach instead of conventional
surgery.

The website
The marketing strategy consists of access to an educa-
tional website, illustrating background information on the
disease process and the potential advantages provided by
the application of robotic technology. It is also essential to
provide references to published peer-reviewed data and
contact information for the patients.

Patient education brochures
Patient education brochures and information packets for
referring physicians are important in order to provide
information about robotic surgery, both for physician
reference and for patients to make informed decisions
about their options for care.

Media
The introduction of robotics into modern-day surgery
has also produced new levels of marketing. Some of the
marketing strategies and resources have come from the
manufacturer of the robotic system, while the majority has
came from hospitals and surgeons. It is not uncommon
these days to pick up a periodical, see a television
advertisement or drive by a billboard expounding the
expertise in robotic surgery that a hospital possesses.

The arrival of a ‘robot that performs surgery’ often
raises the interest level of the local media and presents an
opportunity for ‘getting the word out’. Media sources such
as TV, newspapers and other periodicals are important
sources of information for patients and physicians.

Establishment of a business plan

Prior to the purchase of a robotic system, each institution
must do its due diligence in establishing the economic
boundaries. A thorough market analysis of the economic
impact of such a programme on the institution must be
taken. The business plan should include an evaluation
of the direct costs for purchase of the robotic system,
associated instrumentation, costs of facility renovation
and of staff recruitment and re-training. A study of the
payer mix, procedure reimbursement, patient population,
competition and the anticipated growth in surgical
volume. It is well established that unrealistic economic
expectations and the lack of an accurate business
plan can lead to financial catastrophe, providing the
institution with little incentive to support or continue
the programme.

A four-armed da Vinci surgical system costs approx-
imately $1.3 million, with recurring costs of $100 000
yearly for maintenance. While this initial investment
appears substantial, it is not this that is the most concern-
ing for hospitals; the per case cost of disposable robotic
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instrumentation is often the key factor in the economics
of robotic surgery. The average cost per instrument per
case is about $200 multiplied by the number of instru-
ments used, typically three to five, bringing the total cost
to around $1000 per patient. Depending upon reimburse-
ment, this can be a significant financial burden to any
programme. In addition to these initial start-up costs,
the business plan must account for further growth of the
programme. This may require more personnel, operative
space and other such resources.

A structured economic plan for any robotics programme
must take into account both direct and indirect costs,
including cost of the robot and per case instrumentation,
cost associated with renovation of the facility for the
robotics programme, marketing and training of the staff,
and must anticipate ongoing costs such as recruitment of
physicians.

While it has been shown that the direct monetary
costs associated with robotic surgery are in generally
higher than those associated with the same procedure
for conventional, open and laparoscopic surgery, there
is at this time no increased reimbursement by third-
party payers. Neither surgeons nor hospitals receive any
direct financial benefit by performing the procedure
robotically, laparoscopically or as an open procedure.
The combination of the capital cost of the machine,
maintenance and the per case use adds up to a hefty
amount. This economic burden is transferred directly to
the hospital without the patient or surgeon being directly
affected by the increased costs.

The question is: if the economic plight of hospitals
purchasing the robotic system is challenging, then why
has there been such an exponential rise in the purchase
of robotic systems? There must be some inherent benefit
that has been recognized by the 300+ institutions that
have purchased the robot and the surgeons who have
been encouraged to use it.

Healthcare systems have purchased robotic systems for
the advancement of clinical care, marketing and indirect
economic benefits. The arrival of a robotic system often
signals to the community the image that the health system
is ‘cutting edge’ and capable of providing state-of-the-
art patient care. Patients will often gravitate to these
institutions in search of potential excellence in healthcare
management. Marketing also increases the profile of the
robotic systems and those adept at using it. It is difficult
to put a dollar value on the media coverage that also
often comes with the introduction of robotic technology
into a new community. Outside of marketing and image,
hospitals often also see an increase in patient volume
for the disease the robot is being used for, and often an
indirect growth in non-robot-related surgical procedures
or medical visits. Many institutions have seen their ‘market
share’ increase significantly after the establishment of
robotic programmes.

Hospitals often encourage multi-specialty usage in
order to get the most diverse increase in patient
volumes. A multi-specialty use is essential, since this
will increase the number of cases being performed. It

is also economically beneficial, as the costs of renovation,
staff training and capital expenditure for the robot are
dissipated across specialties. There is also economy for
marketing, as it is most cost-effective to market robotic
surgery at a hospital as a whole, rather than just one
individual or specialty.

Continual growth

The periodic self-evaluation of the robotic programme is
helpful and necessary to the overall health and growth of
the programme. Initially, a frequent periodic evaluation
every 3–6 months will help ascertain how the programme
is developing, understand the obstacles and present the
metrics determined previously for success.

The evaluation should consist of a repeated re-
evaluation of the infrastructure of the programme, the
economic impact and viability, the effective utilization or
possible need for more resources, and the evaluation of
the programmes themselves. If the programme is meeting
its goals, a possibility for expansion should be discussed.
They should consider potentially new applications for
robotics, consider training new surgeons and targeting
new markets for patient referral.

Patient outcomes must also be evaluated at this time
to ensure that there is no undue morbidity from the
new approach, and that the outcomes are showing the
appropriate trends. Comparison with the peer review
literature is helpful.

This periodic evaluation will help to identify any weak
areas and will ensure that the programme continues to
grow, maintains quality outcomes and stays on the cutting
edge.

Conclusions

Undoubtedly, robotic-assisted surgery has already made a
large impact into the way that many surgical procedures
are performed. It provides the ability for improved
vision and dexterity, potentially translating into improved
precision and outcomes.

As robotic technology continues to improve and further
applications are explored, we would anticipate that its
utilization will expand. In order for this to occur safely
and effectively, a comprehensive pre-emptive plan for
installation of the programme must be put into place.

Institutions in both the private and academic setting
must anticipate the challenges posed by the introduction
of new technologies and provide an optimal environment
for implementation of these programmes with maximal
efficiency.
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