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Abstract

Over the past few decades, robotic surgery has developed from a futuristic
dream to a real, widely used technology. Today, robotic platforms are used for
a range of procedures and have added a new facet to the development and
implementation of minimally invasive surgeries. The potential advantages are
enormous, but the current progress is impeded by high costs and limited
technology. However, recent advances in haptic feedback systems and
single-port surgical techniques demonstrate a clear role for robotics and are
likely to improve surgical outcomes. Although robotic surgeries have become
the gold standard for a number of procedures, the research in colorectal
surgery is not definitive and more work needs to be done to prove its safety and
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Introduction

Over the past few decades, the surgical field has undergone some
of the most revolutionary shifts in modern medicine. The inven-
tion and widespread acceptance of laparoscopic approaches across
all surgical disciplines were among the most significant advances
and they are now the gold standard for a range of procedures.
The incorporation of robotics into a minimally invasive surgery
platform is the newest advancement and has the potential to change
the medical field even more drastically with the minimization—and
possible elimination—of human error. However, further advance-
ment in this field has been limited by a plethora of challenges that
must be addressed, including high costs, difficult implementation,
and still somewhat limited technologies.

Despite significant evidence supporting its safety and efficacy,
colorectal surgery has been relatively slow to adapt to minimally
invasive surgical techniques. The COST (Clinical Outcomes of
Surgical Therapy) and COLOR (Colon Carcinoma Laparoscopic
or Open Resection) trials successfully demonstrated the non-
inferiority of laparoscopic approaches for colectomy, and later
trials also demonstrated superior cosmesis, lower conversion to
open rates, faster return of bowel function, and shorter hospital
stays'~. Although these benefits would seem to denote superior-
ity of a minimally invasive approach, the adoption of these tech-
niques has been slow, and since the publication of the COST trial
in 2004, only about 55% of colonic tumor resections are done
laparoscopically®. This resistance can be attributed to a variety of
obstacles, including inadequately trained surgeons, poor stand-
ardization of procedures, and an inability for the technology to
overcome anatomic restrictions, especially in rectal procedures
where narrow pelvises and obese abdomens are limiting factors’.
Although robotics offers probable advantages in a number of
laparoscopic procedures, including benign diseases like diverticu-
litis and inflammatory bowel disease, rectal procedures in which
enhanced maneuverability in the confined space of the pelvis is
needed are the most likely beneficiaries®.

Thus, traditional laparoscopic procedures are limited and a variety
of approaches have attempted to compensate for these restric-
tions. This article will address the potential advantages, as well as
shortcomings, of the development of robotic procedures and their
potential for improvement of both open and minimally invasive
colorectal surgeries.

Robotic technology

Robotic surgery has transformed and advanced as new technolo-
gies have made it possible to compensate for different aspects of
innate human error and expand our capabilities. Currently, the
da Vinci Robot by Intuitive Surgical (Sunnyvale, CA, USA) is the
most widely used model for robot-assisted laparoscopic procedures
since being approved by the US Food and Drug Administration
in 2000. The surgical system consists of a control module with a
high-definition, three-dimensional (3D) camera where the surgeon
sits and controls effector robotic arms in a “master-slave” setup’.
Each system has an endoscope and three to four effector arms that
attach EndoWrist devices, or interchangeable instruments that can
be manipulated with greater maneuverability than the human wrist.
While new systems are currently in development and will likely
result in both economic and technology competition, the da Vinci
remains the leader in robotic surgical technology.
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Since its approval for general abdominal procedures in 2000, the
da Vinci robotic system has been approved for an increasing
number of procedures'’. Although it has largely overtaken other
minimally invasive techniques for prostate resection'’, it has yet to
gain the same traction in general surgery. However, laparoscopic
surgeries are still uncommon for rectal procedures and conver-
sion rates to open surgeries are still high'”. The Society of Ameri-
can Gastrointestinal and Endoscopic Surgeons released its official
recommendation for the da Vinci, endorsing it as safe and effec-
tive for rectal procedures but citing its significant cost and lack
of proven superiority as reasons for limiting its use'. Going
forward, it will be important to address the limitations of
traditional minimally invasive surgery in rectal resections and
procedures and how robotics can be applied to address these
issues.

Advantages of robotics

Robotic surgery presents a spectrum of advantages over tradi-
tional laparoscopic techniques. Robotics allows the surgeon to see
3D images, obtain better angles with the increased degrees of
freedom provided by the EndoWrist, and control three different
instruments simultaneously. These advantages make it easier to
execute complex laparoscopic procedures like identifying impor-
tant neurovascular structures and intracorporeal suturing in a deep
and narrow pelvis'’. Additionally, the newer da Vinci systems are
able to filter tremor, effectively eliminating a major source of human
error'”, These technological improvements present new opportuni-
ties for surgeons to improve the way surgery is performed.

As with any new technology, there is a significant learning curve for
adapting to the new procedures and techniques. However, several
studies have demonstrated that this learning curve is no worse than
that of traditional laparoscopic surgery and that in surgeons already
trained in laparoscopic surgery this mastery can be achieved in
about 30 cases'®'”. One barrier to attaining this proficiency requires
that the surgeon have a large enough patient population to perform
this number of procedures, and this may not always be possible.
In addition, the time frame over which consecutive cases can be
performed has an effect. Therefore, performing 50 cases may be
feasible but over several years this decreases the impact of acquir-
ing the necessary skills to attempt to master the technique. Also,
the loss of tactile sensation can present large challenges in devel-
oping proficiency in minimally invasive techniques for surgeons
who were trained in traditional methods. Intuitive Surgical has been
attempting to compensate for these difficulties by developing surgi-
cal simulators and a dual console system that offer new methods
to train surgeons'®. Training and credentialing programs have been
set up by some institutions to standardize teaching robotics and
may be necessary to increase the number of residents and surgeons
who feel comfortable performing robotic techniques'>”. In any
case, the current evidence suggests that there is no overwhelming
barrier to learning robotic techniques above laparoscopy and that,
with the development of new technologies, it might be even easier
than traditional laparoscopic techniques”'.

These technological attributes speak to the potential of robotic
systems, but the real test of efficacy is their ability to improve
clinical outcomes. Results from a number of recent studies are
summarized in Table 1. Early studies were very promising, find-
ing lower conversion to open rates and faster return of bowel
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Table 1. Recent studies on robotic versus laparoscopic or open rectal cancer excision outcomes.

Reference Surgery Number of Conversion Positive Operative Complication
patients rate circumferential time, rate
resection margin minutes
Bianchi et /" Robot 25 0% 0% 240 16%
(2011) Lap 25 4% 4% 237 24%
D'Annibale et al5° Robot 50 0% 0% 270 10%
(2013) Lap 50 12% 12% 280 22%
Ghezzi et al.®® Robot 65 1.5% 0% 299 41.5%
(2014) Open 109 - 1.8% 207.5 41.3%
Yamaguchi et a/¢' Robot 203 0% 0% 232.9+720 89%
(2015) Lap 239 3.3% 1% 227.6 +62.6 34%
Kim et al.¢ Robot 33 6.1% 16.1% 441 45.6%
(2015) Lap 66 0% 6.7% 227 39.4%
Cho et al.®® Robot 278 0.4% 5% 3616 +91.9 259%
(2015) Lap 278 0.7% 4.7% 2724+ 838 23.7%
Allemann et a/®  Robot 20 5% 10% 291 40%
(2019) Lap 40 20% 25% 313 35%

function”. Studies of total mesorectal excision, the current
mainstay of treatment for low rectal cancers, found that robotic
surgeries had fewer genitourinary complications and lower rates
of positive circumferential margins, a measurement of pathological
success, and that other outcomes were equal to those of traditional
laparoscopic surgery”. However, the success of these early trials is
likely to be tempered by the new data from the ROLARR (Robotic
versus Laparoscopic Resection for Rectal Cancer) trial, the first
multicenter trial comparing robotic versus laparoscopic rectal
cancer excisions™. This study represented the work of 40 surgeons
from 10 countries and 29 hospitals randomly assigning 471 patients
with rectal cancer to laparoscopic versus a robotic approach.
Though not yet published, early data presented at an annual meet-
ing of the American Society of Colon and Rectal Surgeons fail to
prove superiority of robotics with regard to a number of variables,
including circumferential margin positivity, 30-day complication
rates, and mortality. There was some evidence of lower conver-
sion to open rates, usually an indicator of decreased complication
rates, and possible benefits in males and the obese. Some of these
results are supported by other studies, suggesting that male gender
and obesity may be strong indicators for robotic surgery moving
forward**°. The study design was constructed as a superiority trial
(for conversion), thus causing some controversy regarding the take-
home message depending on the point of view of the beholder. For
proponents, these data represented equivalent outcomes between
both approaches. How opponents—and, for that matter, payers and
patients—view these results remains to be determined.

Overall, there is evidence to promote the continued use of robot-
ics in colorectal surgery. The ease with which it is adapted and
expanded depends largely on the continued improvement of the
technology and the ability to overcome a number of barriers to the
use and acquisition of the equipment.

Disadvantages of robotics

Though promising, many of the benefits of robotic surgeries still
exist in its potential. If the barriers to the adoption and technical
advancements are not overcome, the entire field may never reach
its full capabilities. Higher costs, increased surgical time, loss
of tactile sensation, and the inability for researchers to prove its
superiority in a number of trials (especially across all institutions
and not just in the hands of experts) must all be addressed.

A major handicap for surgeons interested in learning to use a
surgical robot is the loss of tactile sensation that is of significant
importance in a number of procedures. The job of a surgeon who is
not able to feel the different tissues and tension becomes considera-
bly more difficult, and the risks of perforation and injury increase”’.
In addition, while “hand-sewn” techniques are more readily
performed with robotics over laparoscopy, the tissue tension on
the sutures needs to be gathered from visual cues. However, these
barriers also exist in traditional laparoscopic approaches and it
is possible that new robotic technology may be able to overcome
them.

One of the most noticeable obstacles is the overwhelming cost
associated with purchasing, maintaining, and operating the robotic
system. Currently, Intuitive Surgical has very little competition in
the robotic surgery field, allowing them to maintain high costs.
Even after a hospital purchases the extremely expensive system, it
is faced with higher per-surgery costs attributed to expensive instru-
mentation and disposables and longer operating times’. These
costs are ameliorated slightly by possible reductions in hospital
stay and lower conversion to open surgery”’. However, studies have
failed to prove that robotic surgery was cost-effective with regard to
short-term outcomes in rectal cancer excision”. As it stands, robotic
procedures are significantly more expensive, and these costs must

Page 30of 7



be either covered by the hospital or passed on to patients and insur-
ance companies’™’'. Ethically, it may be difficult for surgeons or
hospitals to justify performing these more costly procedures when
no definite advantage has been established.

Going hand-in-hand with increased costs, the longer operative
times could have a negative impact on the adoption of robotic
surgery. Studies have found that robotic surgery takes longer by
varying degrees, and this increased operative time only serves
to drive up costs*>*. This also means that surgeons can perform
fewer procedures and that, given the limited access to the tech-
nology, fewer surgeries can be performed robotically. Most
importantly, these longer operative times do not correlate with
improved outcomes, making robotic surgery even less desirable™.

Although the current barriers to robotic surgery are definitely sur-
mountable, more needs to be done to justify its use and improve
the technology. There is evidence that robotic colorectal procedures
offer reduced blood loss, shorter length of stay, and shorter return
of bowel function with similar complication rates when compared
with open surgeries”. However, for many procedures, no conclu-
sive evidence has been able to prove any superiority of robotic
surgery over laparoscopic approaches™’. Whereas some research-
ers have been able to demonstrate benefits for rectal cancer
excisions®, most research has not been able to replicate these
results’*. But this does not mean that the future of robotic surgery
is hopeless—the technology will continue to grow and develop and
the research outcomes will likely reflect these advances.

The future of robotic technology

Advances in robotic colorectal surgery are limited by the speed of
technological discovery and the willingness of surgeons to adapt to
these new devices and procedures. New robotic technologies could
become the future of surgery with cheaper systems and new devel-
opments such as haptic and tactile sensing technology, miniature
in vivo robots, and novel single-port laparoscopic approaches.

Moving forward, decreasing costs will be a major contributor to the
widespread adoption of robotic surgery. Hospitals that can increase
the number of robotic procedures performed can reduce per-case
costs, and this can be accomplished by increasing the number of
surgeons who perform robotics procedures and having a dedicated
nursing team (which can also improve operating time)*’. However,
these modifications will not reduce the costs of purchasing and
maintaining the robotic system. Since purchasing Computer
Motion in 2003, Intuitive Surgical has had a virtual monopoly on
the robotic surgery industry*'<*>. Now, companies like TransEnterix
(Morrisville, NC, USA), Titan Medical (Toronto, ON, Canada),
and Virtual Incision (Pleasanton, CA, USA) are developing new
systems and there is hope that this new competition will not only
drive down prices but also lead to new technological innovation®.
In addition, similar to the early stages of laparoscopy for colorec-
tal surgery, training well-versed surgeons (that is, senior surgeons
already trained in open surgery and laparoscopy) the nuances of
the robotic technique will have second- and third-tier effects that
ultimately may lead to improved outcomes and increased utiliza-
tion. Once more of these senior surgeons are performing more of
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their cases robotically and robotic use becomes a standard part of
the curriculum of most trainees, the robotic approach may simply
become another tool in the armamentarium of colorectal surgeons
and not a divisive issue.

Several of the new robotic systems have focused on improving exist-
ing systems and incorporating new technology. The Telelap Alf-X
by Sofar (Milan, Italy) was one of the first and most successtul of
this new generation and was recently purchased by TransEnterix.
The setup is similar to that of the da Vinci with a control unit and
patient sidecart with four maneuverable arms. Unlike the da Vinci,
this system has an eye-tracking camera that follows the surgeon’s
gaze and keeps the camera centered throughout the surgery™. It
also attempts to address the cost concerns of robotics by allowing
the arms to attach reusable endoscopic instruments with magnets®.
But, most significantly, this is the first system to incorporate hap-
tic feedback technology. As discussed, the inability for surgeons to
feel tissues and the pressure exerted on their instruments is a major
drawback in the da Vinci system. The Telelap Alf-X addresses
this problem by providing direct force feedback that allows the
surgeon to feel the instrument in their hands, sense the force
applied, and palpate the texture of the tissues’®". This is an enor-
mous advancement for robotic surgery and could significantly
improve the learning curve and the outcomes as surgeons are able
to perform much more delicate movements. Early research with
this system in gynecological surgeries has been very successful
and its adoption could help drive down upfront and per-procedure
costs*o*%,

Similarly, some systems have been trying to take advantage of the
improved maneuverability of robotics to optimize the technology
for single-port surgeries. Single-port approaches have the potential
to minimize complications and cosmetic concerns that are associ-
ated with traditional multi-port procedures®. Da Vinci developed a
Single-Site system that is compatible with their previous Si system
that allows access through the umbilicus for several abdominal pro-
cedures™. The system helps to prevent crowding and external colli-
sion of the instruments, which are curved and non-wristed to reach
the surgical site from the single port. The new SPORT system by
Titan Medical has not yet been released but is intended to present
a cheaper alternative to the da Vinci system and is optimized for
single-port access”'. This system—the Single Port Orifice Robotic
Technology—has a 3D camera and snake-like instrument maneu-
verability. Early studies have shown longer operating times but
low complication rates and improved cosmesis’>*. As the research
develops, single-port surgery could become one of the biggest
advantages of robotic surgeries.

Just as single-port surgeries are associated with fewer complica-
tions, natural orifice translumenal endoscopic surgeries (NOTES)
are even less invasive. There has been some success in using NOTES
for transanal excision of rectal masses, but no large-scale study
has yet been done to compare it with non-robotic approaches™.
Unfortunately, current robotic technology is not optimized for these
procedures and the instruments often are too large and have poor
visualization. One approach has been to develop miniature in vivo
robots that can be introduced to the body through natural orifices
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and perform unique tasks such as lighting, imaging, retraction, and
biopsy™. Currently, some of these devices are too large and still
require an incision, indicating a need for further miniaturization®.
These devices have been used successfully in porcine models and
could represent a novel approach to minimally invasive robotic
colorectal surgery.

Conclusions

The future of robotic surgeries is constantly evolving. The develop-
ment of these new technologies and potentially cheaper systems
opens the door to further research and new approaches. Every-
thing from nanobots to artificially intelligent robots has been pro-
posed and could be incorporated into future technology”’. New
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generations of surgeons will receive earlier and broader training in
these techniques and be more comfortable with their application.
However, the technology is still lacking and a number of obstacles
must be addressed before robotics can truly match the costs and
outcomes of earlier approaches.
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