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Robotic-assisted laparoscopic surgery
represents the latest technological

advancement in the approach to 
minimally invasive surgery. Its first
application in 2000 marked a new age in
the management of patients with localised
urological malignancy.1 Its use has spread
further afield than urology and has now
been adopted by a range of specialties,
including gynaecology and paediatric,
general and cardiothoracic surgery. 

Since 2007 the number of robotic-assisted
procedures that are performed worldwide
has nearly tripled, from 80000 to 205000.
Intuitive Surgical is the leading manufacturer
of the da Vinci robotic surgical system.
Between 2007 and 2009 the number of da
Vinci systems installed in US hospitals grew
by approximately 75 per cent, from almost
800 to around 1400, and the number
installed in other countries doubled, from
200 to nearly 400.2 The demand for robotic
surgical system technology is increasing year
on year (Figures 1 and 2).

PROS AND CONS OF ROBOTIC SURGERY
Supporters of robotic technology boast 
the benefits of reduced hospital stay3

and reduction in blood transfusion
requirements,4 thereby yielding economic
benefits in the long term. From a patient
perspective, less postoperative pain and a
more favourable cosmetic appearance have
led to its widespread public acceptance.

Robotic surgical technology is
here to stay and evolve

The authors outline the evidence that robotic-assisted laparoscopic surgery has equivalent
or better outcomes compared with laparoscopic or open surgery. With reduced hospital
stay, faster recovery, reduction in blood product use and equivalent quality-of-life measures
to laparoscopic techniques, this modern age of surgical technology is here to stay. 
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Figure 1. da Vinci surgical systems installed in Europe, 1999–2010
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News headlines quoting claims such as ‘a
robot saved my life’ have been brandished
in the press. 

It is important to consider that robotic
surgery is still a laparoscopic procedure. 
A surgeon works on a ‘master console’ 
to navigate his way through the 
anatomy and delegates instructions 
to a patient-side manipulator (‘slave
manipulator’) consisting of a high-
definition three-dimensional camera
(whereas laparoscopic surgery is capable 
of using only two-dimensional monitors)
and graspers inside the patient’s abdomen.
Therefore a sound knowledge of pathology,
anatomy, operative techniques as well as
the non-technical skills of surgery, 
namely decision-making, leadership 
and team-working, are still fundamental.
This master–slave manipulator allows
surgeons to perform more precise surgical
procedures than those available in
conventional endoscopic surgery. 

Critics of the technique will explain that
the cost does not justify its widespread
application given the lack of high-level
long-term evidence for its superiority over
conventional approaches. Furthermore,
there are other issues such as training
systems for future surgeons, coverage 
by medical insurance, downsizing and
navigation systems. 

One of the most fundamental principles 
of surgery is removed using this new
approach, that of haptic feedback.
Traditionally, a surgeon could call upon 
the tactile sensation gained from the tip 
of the instrument transferred to his hands
to make decisions on the procedure and
how to proceed. In robotic surgery, the
operating surgeon gets no tactile feedback
from the robotic arms. 

COST-EFFECTIVENESS
The economics of technological innovation
are complicated. There are many factors 
to consider when assessing the cost-
effectiveness of a new intervention: the 

cost of the technology itself, the equipment
required to run the technology, training of
theatre staff, length of stay in hospital,
follow-up and cost of complications
associated with the new procedure, such as
blood product requirements, incontinence
and erectile dysfunction.

In terms of the procedure itself, costing
models suggest that robotic-assisted
prostatectomy, for example, is volume
dependent. Based on analysis in US centres
and pricing protocols, it has been calculated
that robotic-assisted prostatectomy could
achieve cost equivalence with open radical
prostatectomy at a surgical volume of 
10 cases per week. If case volumes increased
to 14 cases weekly, robotic prostatectomy
would become cheaper than the traditional
open approach in some practice settings, in
which length of stay is 1.5 days.5,6

Similar conclusions were drawn when the
economics of robotic cystectomy were
compared to open cystectomy. In spite of
higher costs of materials, robotic cystectomy

can be more cost-efficient than the open
approach as a treatment for bladder cancer
at high-volume tertiary referral centres.7

Figure 3 shows cumulative totals from the
seven studies that have compared costs
between the three approaches. 

EFFECTIVENESS AND QUALITY OF LIFE
It is important that we do not get carried
away with the excitement of technological
advances and forget what is truly
important when carrying out these
procedures. From an oncological
perspective, biochemical recurrence and
positive surgical margins are the most
important outcome measures. The rate 
of positive margins and biochemical
recurrence associated with robotic-assisted
surgery in urological practice has been
shown to be equivalent to laparoscopic
and open techniques.14,15

The second most important factor to
consider is quality of life. From a urological
perspective, the main complications post-
prostatectomy are erectile dysfunction and
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urinary incontinence (~40 and ~6 per cent,
respectively, after either laparoscopic or
robotic procedures). The nerves that
control erection run lateral to the prostate,
while the internal sphincter is also close to
the prostate gland. These two structures
are susceptible to injury no matter which
approach is used. 

Incontinence and erectile dysfunction have a
large impact on the healthcare system, with
erectile dysfunction currently costing the
NHS in the region of £44 million per
annum.16 With equivalent results shown in
smaller trials and case series comparing
robotic and open procedures, results from
large randomised control studies are awaited. 

Many surgeons have tried a variety of
different techniques, which involve a 
range of complicated pelvic anatomical
dissections to try and improve the return
to sexual function early post-surgery.
Fascial preservation, extent of cautery use,
and a variety of nerve-sparing techniques
have been tested, with variable results.17–19

Preoperative sexual activity and the ability
to preserve neurovascular bundles is likely
to be the best predictor of postoperative
function and not necessarily the surgical
approach used.20,21

The use of robotic-assisted surgery still
requires a multidisciplinary approach 
to the management of patients with
localised malignancy. Input from surgeons,
oncologists, radiologists, radiographers,
specialist continence and erectile dysfunction
nurses, physiotherapists, occupational
therapists and dietitians is imperative in 
the management of such patients. This
technological advancement has, however,
meant that many of these specialist services
can be provided in the community, freeing up
beds in acute hospitals. 

LEARNING CURVES 
Learning curves refer to the number of
procedures performed before a surgeon
has mastered a task. Mastery is achieved
once certain parameters are met, including

operating time, blood loss, complication
rate, conversion rate to open, tumour-free
margins and recurrence rates. The number
of procedures required to achieve such
competence varies greatly from surgeon to
surgeon and from specialty to specialty.
Previous laparoscopic experience is a great
advantage, whereas experience playing
video games has shown no benefit.22

For benign gynaecological work, the learning
curve is 50 cases;23 for urology procedures, it
has been postulated that 70 cases are required
to achieve an expert level of proficiency
pertaining to radical prostatectomy24 and 
30 cases to achieve an acceptable level of
proficiency for cystectomies.25 Interestingly,
the learning curve for robotic-assisted
cystectomy appears to be shorter than that
for the traditional laparoscopic approach.25,26

Colorectal surgeons can expect to achieve
proficiency after 15–25 cases.27 The remaining
specialties that have embraced robotic surgery
have yet to publish their learning curve data. 

TRAINING 
With the rapid expansion of robotic-
assisted laparoscopic surgery in the past
five years, there is a growing need for a
more structured approach to the training
of current and future surgeons. In the UK,

implementation of the European Working
Time Directive and an increase in
medicolegal cases are having a negative
impact on surgical training as a whole, 
and this is likely to have implications for
robotic surgical training. Surgical training
committees, trainers and trainees are
looking to novel approaches to combat this
new challenge to surgical training. 

The traditional learning through experience
and ‘on-table’ mentoring is reducing and
simulation is becoming an adjunct to
training in the real environment. Robotic
simulation training has emerged as a
potential solution to aid prospective robotic
surgeons. This ranges from simple plastic
models and box simulators, to state-of-
the-art virtual-reality three-dimensional
simulation packages. Introducing the concept
of robotic surgery via a simulator allows
surgeons to develop their skills and pass their
basic learning curve, hence avoiding the
medicolegal aspects of surgical training. 

The UK does not have a structured robotic
training programme and this perhaps
relates to the fact that most robotic
operating systems are limited to large
tertiary referral centres, although this is
rapidly changing. Consequently, training
programmes must be flexible and fluent
with the dynamic environment. Proposed
training programmes would include
knowledge-based didactic lectures, time
spent in a skills lab on a robotic device
coupled with cadaveric and virtual-reality
training. Virtual-reality simulators are
currently under validation, with a number
of different products available on the
market; no one system has been shown to
reduce the learning curve faster and safer
than the others. 

It is not just the training of surgeons that
one must consider within a robotic
operating theatre; the operating room
nurses, anaesthesiology nurses and the
anaesthetist also play an important role in
robotic surgery and should be well trained
before starting a robotic programme. 
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of open, robotic and laparoscopic surgery
(US$).4,5,8–12 Procedural cost is compensated
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No matter from which angle you look at
robotic surgery, cost will inevitably be
questioned, especially in the current
economic climate. It is unclear how much 
it costs to train a robotic surgeon. Most
studies focus on the cost of the devices
alone, which are in the region of $1800000,
with the additional 10 per cent per year of
fixed-service costs and instrument costs 
(± $700–1000 per case). More finances are
required to support the intake of robotics.
More funding is needed for countries 
that function on a state-run healthcare 
system such as the UK. Most of the 
robot devices in the UK are currently
purchased by charities and funded by
external organisations with the backing of
senior clinicians. This is in contrast to the
USA, where private funding is available to
invest in the utilisation and research of
such technologies. 

THE FUTURE
It is clear that robotic-assisted laparoscopic
surgery is here to stay and evolve. The
surgical world is embracing this new
technology, and its uptake and
development has been staggering, with
more than half of all prostatectomies in
the USA being conducted using this new
surgical system. In the UK, 5000 men
undergo radical prostatectomy each year,
approximately 50 per cent are operated
upon using the open technique, 25 per
cent using laparoscopic surgery and 25 per
cent using robotic techniques.28 This
proportion is likely to rise in 2012 given the
22 per cent increase in robotic device
purchases in 2011 alone and the increase in
detection of low-grade localised prostate
cancer through widespread use of
prostate-specific antigen testing.29

The biggest challenges in the future to
policy makers, surgical training boards 
and trusts relate to start-up costs, 
and the effect on postgraduate surgical
training. The market is dominated by the 
da Vinci surgical system from Intuitive
Surgical, Inc. In the coming years we can
expect to see the consoles becoming

smaller and more practical to manage, 
and added competition from other
companies, which may help to drive 
prices down. Integrated robotic surgical
training programmes are likely to be
implemented to train the next generation
of robotic surgeons.

Many randomised control trials are
currently in the recruitment phase. 
Lopera is a feasibility study randomising
patients to laparoscopic, open or robot-
assisted prostatectomy as a treatment 
for organ-confined prostate cancer. 
In the BOLERO study (Bladder Cancer: 
Open versus Laparoscopic or Robotic
Cystectomy), patients with muscle-invasive
bladder cancer are randomised to open
versus minimal-access cystectomy. 
Results of these feasibility studies 
are eagerly anticipated. Initial results 
from the CORAL study (Randomised
Controlled Trial of Open, Robotic, and
Laparoscopic Radical Cystectomy) 
are encouraging, with robotic and
laparoscopically performed procedures
showing significant benefits in terms 
of hospital stay and morbidity.30

In conclusion, the benefits of robotic-
assisted laparoscopic surgery are clear:
with reduced hospital stay, faster recovery,
reduction in blood product use and
equivalent quality-of-life measures to
laparoscopic techniques, this modern age
of surgical technology is here to stay. 
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