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Abstract

The benefits and outcomes of robotic surgery are well established in the literature across multiple specialties. The increasing
need for and dissemination of this technology associated with high costs, demand adequate planning during its implementa-
tion. Therefore, after years of training several robotic surgeons and establishing multiple robotic programs worldwide, the
purpose of this article is to focus on the necessary elements in the initial phase of establishing a robotics program. We sum-
marized in our article crucial factors when implementing a robotic program. Therefore, we explained in detail the critical
aspects of the program design, implementation, marketing, research and outcomes, and ultimately improving efficiency. The
creation of a robotics planning committee composed of several hospital individuals contributes in different lines of work
such as cost evaluation, staff training, and OR modifications. A multidisciplinary approach and a robotic lead surgeon are
also recommended to guarantee surgical volume and satisfactory outcomes. Furthermore, market analysis should evaluate
the competition with other centres and potential surgical candidates in that area. Data collection should also be considered a
vital element of the program organization, which assures quality control and helps to diagnose any program deficiency. We
believe that the robotic program should be individualized according to the economy and reality of each centre. The success
and duration of a robotic surgery program depend on long-term results. Therefore, careful planning with a robotic committee
defining the types of procedures to be performed and appropriate multidisciplinary training to avoid surgery cancelations
are crucial factors in establishing a successful program.
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Introduction

It is currently debatable if the gold standard for radical
prostatectomy is the open or robotic approach; this is based
on the optimal results obtained with the robotic approach,
and the worldwide tendency to have a da Vinci technology
system. Today, the robotic surgical system has become a
common used tool with a rapidly expanding market for min-
imally invasive surgeries in major metropolitan hospitals.
In most parts of the world now, more institutions have the
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opportunity to offer their patients the latest technology as
well as laparoscopic surgery [1, 2].

Robotic surgery is a perfect example of how technology
has revolutionized the surgical field. Open surgery was ini-
tially followed by laparoscopy and now robotic assistance.
At the same time, changes have occurred in equipment,
instruments, and surgical/technical devices. Everything is
aimed at improving precision, accuracy, and results, short-
ening recovery time, decreasing blood loss, and ideally also
reducing costs [3].

Robotic surgery was partially developed in order to deal
with the anatomical challenges of operating in deep con-
fined spaces such as the pelvis. It allows better visualization
by three-dimensional (3-D) vision and 10 X magnification,
motion scaling, and tremor elimination. All these advances
have been oriented towards better perioperative, functional
and oncological results as well as improving the surgeon’s
learning curve [4].
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A successful robotic program is appealing to every hospi-
tal, however, there are many requirements needed to estab-
lish it as a self-sustainable program in the current healthcare
market [5]. A thorough initial design and implementation
leads to the execution of clinical services, which meet previ-
ously established goals. Once the execution phase is estab-
lished, the next step is to focus on maintenance and growth
to maximize the benefits of the program.

Purchasing technology alone is not enough. Develop-
ing and implementing a robotics program requires intense
training, marketing and most of all, the dedication and pas-
sion of surgical team members ready to take their surgical
experience to the next level. With a well-developed robotics
program, a hospital has the opportunity of great financial
success in addition to providing patients with cutting-edge
healthcare.

Overall, the business models are idiosyncratic, they
depend on each hospital and the possibilities of providing
equipment and qualified personnel; it also depends on each
country and its economy. Even robot prices may have slight
changes from region to region. That is why we give a general
but very useful organizational ideas which have helped us
at the AdventHealth Global Robotics Institute to form what
is today a successful program. The purpose of this article is
to focus on the different elements involved and necessary in
the initial phase of a robotics program rollout.

Program design
Business development plan—market analysis

Before starting the program, it is crucial to have a business
development plan with an evaluation of the expenses related
to the arrival of the robot and its operation. Therefore, this
should include the direct costs (cost of the robot) and also
the indirect costs (associated material, training of staff) [4].

Operating room (OR) modifications could be necessary
for the better functioning and support of the console and
other equipment. A key and necessary action is the recruit-
ment of a lead surgeon or his training to ensure the proper
and correct development of the program.

Careful planning with a creation of a robotics committee
is the first step to establish a successful robotic program. Ide-
ally, the committee should be composed of several hospital
individuals who can contribute in different lines of work: a
hospital administrator, an aneasthesiologist, a surgeon, and
a trained nurse [5]. The inclusion of a member of each group
to the robotics team from the beginning will increase the
probability of success and will provide a more fluid transi-
tion once the program starts.

Furthermore, a market analysis should evaluate two
aspects: health competition and the patient population [3].
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It is also mandatory to evaluate the development of other
hospitals’ robotic programs (in terms of robotic surgery,
their growth and influence on the population’s healthcare)
as these aspects are crucial to improve based on other cen-
tres’ experiences.

The second step is to estimate the patient population.
Robotics has the appeal to new patients for two main rea-
sons: the robotic program itself and the idea that they will be
treated in a technologically advanced centre. Consequently,
different studies have shown that the interest of patients in
robotic surgery is growing [6]. Satisfactory results have fed
the demand of the patients of robot-assisted surgery to cre-
ate a solid base for the implementation of this technology in
the operating room. The literature demonstrates that recent
trends indicate a continuous increase in demand for robotic
prostatectomy [7] in part due to widespread and persistent
marketing of robotic programs.

When starting the program, there are two possible situa-
tions that the hospital must consider in terms of staff. First,
it is necessary to know if there is any surgeon interested in
doing robotic training; the other option would be to recruit
and appoint a mature robotic surgeon as director of robotic
surgery at the institution.

Having an experienced physician in this field will provide
a solid foundation for the program and will be essential for
a satisfactory start. If this is the case, the institution ensures
a shorter growth curve compared to the case in which the
surgeon has to be trained [2].

Another key step to a successful robotic program is the
surgical volume, connected strictly to the learning curve
and to the quality of outcomes. According to the experience
of The Ohio State University, three to five cases per week,
during the initiation of the program, are necessary to obtain
continuity in the learning curve [8].

The number of cases necessary for a program to be sus-
tainable has already been calculated by institutions with suc-
cessful programs at the beginning of the robotic surgery era:
it should be three to five cases a week. This number guaran-
tees economic benefits and a growing demand linked to the
improvement of results. The OSU program went from 40
to 350 cases per year in 5 years by following this guideline
[9]. A multidisciplinary approach is also recommended in
order for the program to survive, this way the diversification
guarantees surgical volume and therefore, a higher prob-
ability of success.

It may also be wise to ensure that, in some centres, sur-
geons undergoing robotic training sign an agreement that
once trained, they are exclusively committed to the organiza-
tion that sought them to succeed.
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Finances—purchase of a robotic system and surgery
costs

The da Vinci robotic system has a significant cost associ-
ated with its purchase, ranging from 0.5 to 2.5 million USD,
depending upon the type of system acquired and the over-
head charges associated with the local agent (distributor).
Additionally, there is a per-instrument, per-case disposable
fee of approximately 700-3500 USD, and a maintenance
contract of 80,000—170,000 USD per year/per system [8].
The aforementioned values represent fixed costs. The vari-
able costs are those to be taken into account for the execution
of the surgery, such as disposable items or materials, medi-
cations, etc. Also, increasing the use of the robot will have
a direct impact on cost reduction because a higher number
of cases will increase income thus advancing the program,
reducing surgical time and improving results.

Other associated costs to be taken into account: the
marketing program, patient education and OR employee
training. It is also worth mentioning that other options to
reduce costs include the recruitment of new surgeons already
trained in robotic surgery.

Obtaining financing for a $2 million robot is challenging.
Finding at least one source that meets the institution’s needs
may be vital in the acquisition of a new platform [1].

Examples of funding sources include:

State and federal programs

Foundation grants

Donations

Government programs (i.e., economic stimulus package)
Grateful patient programs or memorials

Donations from employees and doctors (for example,
monthly deductions from paychecks)

e Loans.

Implementation
Operating room design

The operating room (OR) has to be designed with the nec-
essary modifications to accommodate the console, robot,
anaesthesia equipment, operating table, instruments and
auxiliary equipment while maintaining safe spaces for the
circulating staff (Fig. 1).

A sufficient stock of surgical instruments is imperative,
since they have a limited number of uses, and it would be
extremely inconvenient that any instrument should fail dur-
ing a procedure. There should also be extra lenses (scopes)
or any other spare part that might become necessary in case
of any equipment malfunction.

Fig. 1 Robotic operating room setup: designed to accommodate the
specific needs of the robot, OR team, and patient

It is also recommended to have a dedicated robotic OR.
This will avoid the timely and arduous task of transferring
the robot between rooms and it will also avoid damages that
may occur during transport. The proper setup is essential
to the development of an efficient and safe operating room
[2, 4].

Finally, it is also beneficial to have dedicated areas
reserved for education, where anybody involved in the
robotic program (trainees, fellows or visitors) may observe
both the performance of the team and the details of the
interventions.

The robotic team

Once the operating rooms have been adequately installed,
creating a functional and experienced robotic team is crucial
for the program’s success.

The lead surgeon

The designated person who represents protects and knows
all aspects of the program is vital and should collect per-
manent surgical data. Also, such person is in charge of the
management and education of patients, the public and other
surgeons in general [10].

The ideal situation is the recruitment of a lead surgeon
with an already finished learning curve, guaranteeing more
consistent results that can be achieved from the very begin-
ning of the program. The learning curve is measured by
the impact on the oncological and functional results (i.e.,
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patient’s quality of life). It is understandable that with
greater surgeon’s experience better results are likely to be
obtained and so, patient’s and surgical team’s satisfaction
are subsequently improved.

The lead surgeon has the task of performing surgery and
training/coordinating the team in the operating room. This
surgical proficiency and ability to communicate and create
a scientific network are essential skills to run the program.

Due to the mild differences in internal processes among
various institutions, there are currently no training manuals
for members of the robotic team. Each institution should
have its own guidelines (either to adopt or to develop them);
these are usually created according to the needs and details
that emerge during the first surgical cases [2].

The keys to training lead surgeons are based on improving
their knowledge of the da Vinci system with lab exercises
on cadavers and/or porcine models; the next steps are case
observations and video-based learning and if possible, it is
recommended to perform the first procedures with a proctor.

After a complete training, the appropriate selection of
patients is an essential element to commence with. The ideal
situation is to begin with less demanding cases. The sur-
geon needs to take into account factors such as the patient’s
comorbidities, prior surgeries, prostate size, cancer charac-
teristics, and preoperative sexual score [4].

The OR team (nursing staff—surgical assistant)

The team’s competence can improve or ruin the program.
The coordination among the team members during the pro-
cedure is essential to eliminate delays. Nurses are necessary
for correct instrument configuration/organization and also in
solving technical issues that may occur with the equipment
during the surgery. Moreover, well-trained nurses allow the
surgeon to maintain rhythm and concentration during the
procedure. Robotic surgery is unique in the sense that the
leading surgeon is not directly in the operating field. There-
fore, this is the reason that the first assistant and the nursing
staff are of utmost importance in these procedures [11].

The number of staff needed depends on the goals of the
program and its resources. It is important to remember that
the rest of the team does not have a tri-dimensional vision
as does the surgeon, so that certain movements might have
less precise, although they should be effective. In order to
improve OR efficiency, a minimum of two surgeons, one
nurse, and one anaesthesiologist are needed.

The tableside assistant plays an active role in the sur-
gery in terms of suction, irrigation, retraction, cutting, sup-
plying sutures, and the extraction of the final specimen. It
is crucial to have a tableside assistant with laparoscopic
skills to improve the efficiency and fluidity of movements.
In some high-volume and experienced institutions, highly
qualified nurses replace assistant surgeons with successful
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management thus reducing costs [3]. These individuals will
remain constant, while residents, fellows and surgical assis-
tants may often change. This reproducibility maintains the
quality and provides the operating surgeon with the reas-
surance of consistent assistance and outcomes at all times.

The whole team should know all the steps of the surgery
to achieve greater efficiency, better results, and shorter sur-
gery time. This is the cornerstone that makes the team more
consistent. The ideal scenario is that all members know the
surgical procedure, and also guarantee continuous education
for future team members.

OR team education All the personnel that will be involved
(nurses, surgical technologists, and anaesthesia care provid-
ers) are also sent to observe robotic surgery at an experi-
enced clinic, providing them the opportunity to observe and
get acquainted with the role they will perform. The next
phase consists of training with the robotic company repre-
sentative. This practice aims to educate the OR team on all
the electronic devices needed for robotic surgery and how
to:

e Connect the robotic system components

e C(Calibrate the robot for optimal use

e Troubleshoot technical problems that may arise during a
procedure [1].

The Madrid experience: the perspective from a public Euro-
pean hospital In our experience in a European Centre, we
also believe that to develop and run a successful robotic
surgical program, it is necessary to perform specific actions
avoiding cancellations with short turnovers, start surgeries
on time, provide enough instrumentation and supplies for
the workload, and the most important is having a dedicated
and motivated team.

The OR personnel is the cornerstone for any safe and effi-
cient robotic surgery. Since the beginning of our robotic pro-
gram, we trained and maintained our experienced staff over
the years. In our centre, we employ a primary surgeon, an
experienced first assistant (in our case, another robotic sur-
geon), a scrub nurse, a circulating nurse, a nursing assistant,
and one anesthesiologist. With our experience visiting and
creating different programs worldwide, we believe that this
OR staff configuration is very similar between most centres.

Furthermore, dedicated and trained staff are critical for
the successful development of a robotic OR. Of paramount
importance is the understanding of the procedure by the
team. During each step of the procedure, every single mem-
ber of the team plays a key role. Therefore, even if the centre
has a restricted financial condition, patient safety and effi-
ciency will be maximized with a devoted, well-trained, and
consistent team.
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Marketing

Numerous studies have shown the increasing interest that
patients have in robotic over open procedures [6]. The cru-
cial factors are the cutting-edge technology, satisfactory
results, and previous experience from patients (word of
mouth) and physician referral that boost the demand for
these procedures.

We advise an appropriate promotion campaign for
newly created robotics programs. Showing the benefits
of this technology associated with ease access are main
factors to attract patients to the institution. Some reports
show that a decrease in retropubic radical prostatectomies
(RRP) was noted in non-robotic hospitals after the imple-
mentation of a robotic surgery program in neighbouring
hospitals [12]. Collaboration among surgical specialties,
also on the marketing side, is a solution to cover the costs
of the advertisement.

Advertising and profiling articles from newspapers
and magazines should not create false expectations for
patients; in other words, all the information provided to
the public should be veracious and compatible with the
literature reports. Hospital and surgeon websites ought
to have information about robotic services provided with
suitable and useful links [13].

Furthermore, in order to expand the robotics program,
a website is a vital diffusion tool. However, it is recom-
mended only when satisfactory results and a solid team
have been obtained. Also, conferences should be organized
by the hospital and directed to patients, doctors, and the
public in general. Conferences should be held within the
hospital and in other locations to provide interaction with
the community [2].

Finally, social networks such as Facebook, Twitter, Ins-
tagram, and other social media platforms have emerged as
a powerful tool to keep surgeons connected to the general
population, which leads to potential patients. Therefore, it
is possible to convey to them informative messages about
health, prevention, and healthy habits, along with publica-
tions related to robotic surgery.

Research and outcomes

Data collection should be considered the key element of
the program structure, which assures quality control and
helps diagnose any program deficiencies [9]. The database
must evaluate different clinical parameters such as surgical
time, hospital stay, blood loss, postoperative pain, time to
return to normal activity, continence, erectile dysfunction,
surgical margins in cancer surgery among other variables.

Other additional parameters to assess quality is the degree
of consumer satisfaction, global economic costs and the
economic cost of each procedure.

Additionally, an internal review should be carried out
annually and the ways to improve the program should be
discussed among the robotic team and coordinators. It is
also advisable to present the experience to colleagues dur-
ing meetings and scientific events or to report it as peer-
reviewed papers to improve quality and to share knowledge
and findings. A complete collection of surgical videos is
mandatory for surgical audits or for the training of fellows
and residents [4].

Improving efficiency and quality

There is an urgent need in our health system to use resources
as efficiently as possible. Therefore, the operating rooms
(ORs) have an important impact on patient flow through the
hospital [14, 15].

The most important factor is efficiency which refers to
eliminating wasteful activities and focusing attention on pat-
terns and beneficial tasks. Increasing efficiency in the OR
allows for improvements in quality and success. Therefore,
OR efficiency should be defined as the time the room is in
use and not available to perform other surgical procedures
[16]. When defined in this way, OR efficiency includes three
different times points:

e Pre-surgery time.
e Surgery time.
e Turnover time.

Pre-surgery
Avoid cancellations

Case cancellation is a term that includes many different
entities. The largest study of OR cancellations performed
at over a hundred VHA (Veterans Health Administration)
facilities, described a cancellation rate of 12.4%. The can-
cellation reasons were assigned to six categories described
in Table 1 [17].

An integrated preoperative preparation system may sig-
nificantly decrease the “patients’ reasons” cancellation rate,
particularly the “same-day cancellation”, the most damaging
of all cancellations in terms of OR efficiency [18].

To avoid these situations, we follow some strategies:

1. Provide high-quality pre-op counselling, where patient
questions and concerns are answered in advance and in
a satisfactory way. The patient is also provided with a
“Preoperative Package” in which all details of the pro-
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Table 1 Classification system for cancellation reason used by VHA system

Patient reasons

Patient refused/ no consent, transportation issues, preoperative instructions not followed or patient

not instructed adequately, patient substance abuse, etc

Facility reasons

Work-up reasons
Staff not available
Staff not available

Anesthesia reasons
Surgeon reasons

Miscellaneous

Broken equipments or not available, no ICU beds or hospital beds, scheduling error, staff shortage

Abnormal test, change in medical status, anesthesia work-up needed, etc

cess are described, i.e. medical clearances, consents
signed, labs, radiology (MRI, CT Scans), nuclear medi-
cine (BS if needed), what medications to stop and when
to stop them and specifics on preparing for the day of
surgery.

2. Ensure that all the above-mentioned paperwork is com-
pleted at least with 4—-6 weeks before the procedure;

3. Revision of all paperwork by a qualified and dedicated
nurse and/or provider; If all information is in order, the
patient is then assigned a surgery date.

4. Our concierge will call the patient three days before the
surgery which serves two purposes: First, to address
last-minute doubts that the patient may have and second,
it reinforces the patient’s trust.

Following all these strategies, our group has been able
to reduce cancellation rates year by year. It is evident that
the effectiveness lies directly on the quality and guidance
of the team involved during the entire process, i.e., from
the first consultation all the way to the day of surgery, with
the goal of avoiding any confusion that may lead to delays
in the process or even the cancellation. During 2019, our
surgery cancellation rates were less than 1% (5 patients) with
approximately 1200 cases; the most common cause was pro-
longed coagulation times which speaks of the efficiency of
the process.

Start on time

It is essential to have the patient’s medical records and clear-
ance ready, along with any other necessary documents to
start the procedure on time [19]. In a well-functioning OR,
the cumulative delay should be less than 45 min per 8 h day.
Therefore, the OR manager should properly determine the
patient arrival time (not too early or late), as well as ensuring
that the OR staff is ready on time.

Our team has access to two operating rooms (Mon-
day—Friday), each one with a complete working surgical
team that worked staggered, meaning that while the first
case is under way, the second room is being prepared for
the following patient and OR itself to start the case once the
preceding has ended. This allows for an optimal use of OR
time. With this kind of structure, we manage to perform an
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average of 4-5 cases a day in each surgery room, thus car-
rying out 8 or 10 cases daily.

Surgery
Avoid prediction bias

This is the bias in case-duration estimates per eight hours of
OR time. Efficient ORs should have a bias in case-duration
estimates of less than 15 min per eight hours of OR time
[20]. An easy way to avoid this issue is to consider the anaes-
thesia time and turnover when planning the OR schedule.

Room requirements

The OR must be large enough to accommodate the da
Vinci Surgical System, anaesthesia equipment, back tables,
monitors, staff, and still have room for the circulator nurse
and other OR personnel to move freely around the OR with-
out risk of contaminating the field.

In our experience, having exclusive robotic rooms
enhances productivity, decreases turnover time and limits
potential damage to the robot in transport. Therefore, operat-
ing rooms were designed at our institution to accommodate
the specific needs of the surgical robot, OR team, and the
patient [2].

Equipment and supplies

The equipment needed in a robotic OR, beyond the equip-
ment already available in any other OR used for laparoscopic
cases, includes equipment obtained from the robot vendor:
reusable robotic accessories (e.g., scopes, light guide cables,
and trocars), limited-life reusable robot arm instruments
(e.g., grasper, needle drivers, scissors), and disposable
robotic supplies (e.g., drapes, cannula seals, insufflator and
other disposable robotic accessories). If the room gas is not
available, a spare CO, tank is recommended to switch to a
full tank when the first one empties without losing the pneu-
moperitoneum and time. Other necessary types of equipment
include scope warmer, suction device, irrigator and chairs
(Fig. 2).
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Fig.2 Table setup

It is also advisable to have enough instrumentation to
perform all scheduled cases plus one. This allows back-to-
back procedures without having to wait for the equipment
to be cleaned as well as, maintaining a working supply of
backup instruments that have been sterilized and are ready
to use [21].

The robotic team

Robotic surgery is labour-intensive in terms of OR person-
nel. The individuals necessary to run a successful operating
room may vary depending on the workload and resources.

The first assistant must be a fully trained laparoscopic
surgeon or physician/surgical assistant with as many robotic
surgeries to accomplish an experienced bedside assistant.
They must be highly trained personnel with adequate knowl-
edge of surgery to ensure timely and efficient cooperation.

Another key to running an efficient OR is the task to
overlap for the critical personnel of the room: surgeon, first
assistant, scrub nurse, circulating nurse, and anaesthesia.
During each step of the procedure, every single member of
the team plays a vital role [16].

Turnover

Long turnover times frustrate anaesthesiologists and sur-
geons, reduce professional satisfaction, and reduce surgical
workload if the surgeons have a choice of another hospital to
do their cases. It is for this reason that turnover time receives
much attention from OR managers.

A length of time between cases that is longer than a
defined interval (e.g., 1 h) should be considered a delay; in
turnover, a note should be filled to identify the reason for the
delay. Usually, the delay peak happens in the middle of the
workday because that is when most turnovers occur [22].

Fewer than 10% of prolonged turnovers should last
longer than 60 min in well-functioning ORs [20]. Man-
agers can aim to reduce prolonged turnovers by focusing
efforts on the times of the day in which the most prolonged
turnovers occur. Strategies based on rewards have shown
to be effective in reducing turnover times.

At the AdventHealth Global Robotics Institute we have
achieved an adequate/optimal patient turnover rate; cur-
rently the duration is between 10 and 14 min on average
per case. Having two operating rooms available with fully
trained personnel and complete equipment automatically
leads to a low squander of effective time.

Conclusion

Establishing a robotic program demands time and a great
deal of work. A robotic program, to be competent and
efficient, should have adequate infrastructure and must be
individualized according to each centre resource reality.
The high initial and operational costs can be offset by the
patient volume, which could be attained when performing
interdisciplinary work. Our goal should always focus on
avoiding surgery delays. Finally, it has to be understood
that the profit is unusual in the first year of the program
due to the high initial investment required to establish
the program. Hence, the main success and duration of a
robotic surgery program depend on long-term results.
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