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Background: The value of robotics in general surgery may be for advanced min-
imally invasive procedures. Unlike other specialties, formal fellowship training oppor-
tunities for robotic general surgery are few. As a result, most surgeons currently
develop robotic skills in practice. Our goal was to determine whether robotic chole-
cystectomy is a safe and effective bridge to advanced robotics in general surgery.

Methods: Before performing advanced robotic procedures, 2 surgeons completed the
Intuitive Surgical da Vinci training course and agreed to work together on all proced-
ures. Clinical surgery began with da Vinci cholecystectomy with a plan to begin
advanced procedures after at least 10 cholecystectomies. We performed a retrospect-
ive review of our pilot series of robotic cholecystectomies and compared them with
contemporaneous laparoscopic controls. The primary outcome was safety, and the
secondary outcome was learning curve.

Results: There were 16 procedures in the robotics arm and 20 in the laparoscopic
arm. Two complications (da Vinci port-site hernia, transient elevation of liver
enzymes) occurred in the robotic arm, whereas only 1 laparoscopic patient (slow to
awaken from anesthetic) experienced a complication. None was significant. The mean
time required to perform robotic cholecystectomy was significantly longer than
laparoscopic surgery (91 v. 41 min, p < 0.001). The mean time to clear the operating
room was significantly longer for robotic procedures (14 v. 11 min, p = 0.015). We ob-
served a trend showing longer mean anesthesia time for robotic procedures (23 v.
15 min). Regarding learning curve, the mean operative time needed for the first
3 robotic procedures was longer than for the last 3 (101 v. 80 min); however, this dif-
ference was not significant. Since this experience, the team has confidently gone on to
perform robotic biliary, pancreatic, gastresophageal, intestinal and colorectal opera-
tons.

Conclusion: Robotic cholecystectomy can be performed reliably; however, owing to
the significant increase in operating room resources, it cannot be justified for routine
use. Our experience, however, demonstrates that robotic cholecystectomy is one
means by which general surgeons may gain confidence in performing advanced
robotic procedures.

Contexte : En chirurgie générale, la robotique peut étre valable pour des interven-
tions avancées a effraction minimale. Contrairement a d’autres spécialités, les possibil-
ités de stage (fellowship) structuré en chirurgie générale robotique sont rares. Cest
pourquoi la plupart des chirurgiens acquiérent actuellement leurs techniques de robo-
tique dans la pratique. Nous voulions déterminer si la pratique de la cholécystectomie
assistée par robotique peut mener efficacement et en toute sécurité a la robotique
avancée en chirurgie générale.

Méthodes : Avant de pratiquer des interventions avancées assistées par robotique,
2 chirurgiens ont terminé le cours de formation da Vinci en chirurgie intuitive et ont
accepté de travailler ensemble pour toutes leurs interventions. La chirurgie clinique a
commencé par la cholécystectomie da Vinci; on prévoyait commencer a pratiquer des
interventions avancées apres avoir réalisé au moins 10 cholécystectomies. Nous avons
procédé a une étude rétrospective de notre série pilote de cholécystectomies assistées
par robotique et nous les avons comparées a des interventions témoins pratiquées 2 la
méme époque en laparoscopie. La sécurité constitue le premier résultat et la courbe
d’apprentissage, le deuxieme.

Résultats : Le volet robotique comportait 16 interventions et le volet laparo-
scopique, 20. Il y a eu 2 complications (hernie de l'orifice da Vinci, élévation transi-
toire des enzymes hépatiques) dans le volet robotique tandis qu’un seul patient qui a
subi une laparoscopie (a pris du temps a se réveiller de ’anesthésie) a eu une
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complication. Aucune complication n’a été significative. Il a fallu en moyenne
beaucoup plus de temps pour pratiquer la cholécystectomie assistée par robotique
qu’il en a fallu pour pratiquer la laparoscopie (91 c. 41 min, p < 0,001). Il a fallu en
moyenne beaucoup plus de temps pour libérer la salle d’opération a la suite des cas
assistés par robotique (14 c. 11 min, p = 0,015). Nous avons aussi observé que
I'anesthésie tend a étre plus longue en moyenne dans le cas des interventions assistées
par robotique (23 c¢. 15 min). En ce qui concerne la courbe d’apprentissage, il a fallu
en moyenne plus de temps opératoire pour pratiquer les 3 premiéres interventions
assistées par robotique que les 3 derniéres (101 c. 80 min), mais cette différence n’était
pas significative. Depuis cette expérience, I’équipe a pratiqué avec confiance des inter-
ventions biliaires, pancréatiques, gastro-cesophagiques, intestinales et colorectales
assistées par robotique.

Conclusion : I est possible de pratiquer en toute confiance la cholécystectomie
assistée par robotique, mais étant donné 'augmentation importante des ressources
utilisées en salle d’opération, on ne peut la justifier pour utilisation de routine. Notre
expérience démontre toutefois que la cholécystectomie assistée par robotique est un
moyen pour les chirurgiens généraux d’acquérir de la confiance dans 'exécution d’in-
terventions avancées assistées par robotique.

RESEARCH

pecialties like urology and cardiac surgery have seen

an explosion in the use of da Vinci robotics to aug-

ment minimally invasive approaches. The likely
rationale for this is the added dexterity provided by Intu-
itive Surgical’s Endowrist technology, which improves ease
in performing complex tasks such as suturing. Unlike other
specialties, there are few, but growing, fellowship opportu-
nities for general surgeons in advanced robotics. Despite
this, the rapid proliferation of surgical robotics has led to
several reports of successful general surgical operations
completed with robot assistance.”” Owing to the shortage
of formal training opportunities, general surgeons are
forced to incorporate the use of advanced robotics into
their existing practices.

In general surgery, advanced robotics will likely find its
place in the most complex laparoscopic procedures where
the enhanced dexterity and superior visualization will
extend the feasibility of the minimally invasive approach,
particularly in patients requiring advanced suturing and
precise tissue dissection. If that is the case, how then can
surgeons initiate robotics into their practices? We hypoth-
esized that robot-assisted laparoscopic cholecystectomy
would be a safe and effective bridge to advanced robotics in
general surgery.

Laparoscopic cholecystectomy is a prime operation with
which to begin robot applications for several reasons. First,
gallstone disease is the most common of all abdominal dis-
eases for which patients are admitted to hospital in devel-
oped countries, making it the most commonly performed
laparoscopic procedure.” Moreover, it is an operation with
a very standardized approach to prevent complications.
This standardized approach has an added advantage of
having aspects that may be more broadly applied to other
more complex minimally invasive operations. For example,
the dissection of the Calot triangle is analogous to dissec-
tion and isolation of vasculature, the cystic duct and artery
can be tied instead of using clips, and removal of the gall-
bladder from the gallbladder fossa requires avascular dis-

section and the appreciation of tissue planes. Therefore,
robotic cholecystectomy may allow general surgeons to
acquire clinical da Vinci experience in a familiar setting.

MEeTHODS

"To begin robotic operations, 2 general surgeons (C.M.S.,
W.D.) enrolled in the Intuitive Surgical da Vinci training
course. Both surgeons had advanced laparoscopic surgical
skills prior to robotic training. Both surgeons agreed to
work together on all robot-assisted procedures. It was
agreed that the primary surgeon could move on to more
advanced operations only after performing a minimum of
10 da Vinci-assisted laparoscopic cholecystectomies.

We included all patients referred to the outpatient gen-
eral surgery clinic for consideration for elective cholecys-
tectomy as potential candidates for a da Vinci-assisted
approach. We deemed patients unsuitable if they had con-
traindications to laparoscopic cholecystectomy, if they
could not provide their own consent and if they had a his-
tory of extensive upper abdominal surgery. Not all patients
clearing even these criteria were offered the da Vinci
approach, as the ultimate choice for inclusion was left to
the surgeons’ discretion.

If patients had reasonable indication for cholecystec-
tomy, we obtained consent for a novel da Vinci-assisted
approach for their surgeries. We informed patients of the
innovative nature of this approach and the surgeons’ ex-
perience using this technology. No proven benefit to per-
forming the surgery with this technology was offered. We
explained that we were using this familiar operation as a
means to evaluate and improve skills with the da Vinci sur-
gical system with the intent of moving on to more ad-
vanced procedures.

The primary outcome of this retrospective series was
safety as indicated by complications, transition to lapa-
roscopy and conversion to open surgery. The secondary
outcome was learning curve, as indicated by duration of
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surgery. We compared these outcomes in a nonrandom-
ized fashion with a cohort of contemporaneous laparo-
scopic cholecystectomy controls.

Robotic procedure

We prepared patients in both groups in the same way:
with parenteral cefazolin but no antithrombosis prophy-
laxis unless indicated by age or comorbidity. Patients
received general anesthesia. Using open first trocar entry,
we inserted a balloon-tip 12-mm trocar at the umbilicus.
We obtained a pneumoperitoneum of 14 mm Hg. Then
we inserted 2 8-mm da Vinci trocars under direct visual-
ization in the right lower and left upper quadrants to tri-
angulate the gallbladder, and we placed a 5-mm accessory
port in the right upper quadrant. We then docked
da Vinci by bringing it over the patients’ right shoulders'
(Fig. 1). Using an accessory port in the right upper quad-
rant for cephalad traction of the fundus of the gallbladder,
dissection of the Calot triangle commenced such that we
obtained the critical view. Once the critical view was
obtained, we then tied off the cystic duct and artery using
0-silk ties proximally and distally. They were then divided,
and we resected the gallbladder from the gallbladder fossa
using cautery. We placed the specimen in an Endocatch
bag and removed it through the umbilical port. We then
closed the port sites and skin.

Statistical analysis

We anticipated that event rates of the primary outcome of
safety would be low, so we descriptively compared this
outcome with complications in the control arm of patients
receiving contemporaneous laparoscopic surgery. We

Robot

Anesthesia

Surgeon

Fig. 1. Arrangement of the operating room for da Vinci
cholecystectomy.
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compared the mean duration of surgery in both groups
using the Student ¢ test. To further evaluate the presence
of a learning curve with robotic cholecystectomy, we com-
pared the mean duration of surgery for the first 3 patients
in the robotic arm with that of the last 3 patients in the
robotic arm using the Student ¢ test.

REsuLTs

A total of 16 patients underwent robotic cholecystectomy.
These patients were compared with 20 controls who
received contemporaneous laparoscopic cholecystectomy
(Table 1). Indications for surgery were most commonly
biliary colic and chronic cholecystitis (Table 2). Regarding
the primary outcome of safety, there were no serious com-
plications in either group. Two patients in the robotic
group experienced complications: 1 experienced an inci-
sional hernia at an 8-mm port site requiring elective
repair, 1 had a retained biliary stone that passed with no
further treatment. There were no transitions to lapa-
roscopy, nor were there any conversions to open surgery.
The only complication in the laparoscopic group was that
1 patient required hospital admission for slow awakening
from anesthetic.

Figure 2 summarizes our key findings. The amount of
surgical time required for robotic procedures, including
docking, was significantly greater than that in laparoscopic
procedures (91 v. 48 min, p < 0.001). Similarly, the time
needed to clear the operating room after the completion of
the procedure was significantly longer in the robotic group

Table 1. Comparison of laparoscopic and robotic surgery

patients

Type of surgery

Characteristic LLaparoscopic Robotic
No. of patients 20 16
Mean age, yr 53.7 48.9
Proportion female, no. (%) 14 (70) 9 (56)
Comorbidities, no. 3 obese 1 smoker

3 chronic lung disease 1 coronary artery disease

1 asthma 1 diabetes

2 coronary artery disease

1 stroke

3 smokers

2 diabetes
Previous abdominal 2 1
surgery, no.

Table 2. Indications for surgery

Type of surgery, no.
Diagnosis Laparoscopic Robotic
Biliary colic 12 9
Chronic cholecystitis 4 5
Biliary dyskinesia 2 —
Previous choledocholithiasis 2 2




(14 v. 11 min, p = 0.015). Anesthesia time was also longer
in the robotic group (23 v. 15 min), though this was not a
significant finding.

Regarding learning curve, the first 3 robotic procedures
took longer to perform than the last 3 (101 v. 80 min),
though this finding was not statistically significant. Fig-
ure 3 demonstrates the total duration of surgery for all of
the patients in the robotic arm. There are 3 distinct peaks
and troughs in the learning curve that correspond to the
surgeons increasing the presumed level of difficulty of the
procedures as they became more accustomed to the robotic
approach.

It was not possible to track preoperative operating room
set-up time as the robotic procedures were the first of the
day at our institution. A group of dedicated nurses came
early the day of surgery to set-up the operating room for
da Vinci. Alternatively, the robot and the room were pre-
pared the preceding night.

Discussion

The primary outcome of our series was safety, as indicated
by complications. The overall rate of all complications as
well as retained stones in our series is in keeping with his-
toric controls in the literature.® After experiencing an
8-mm port-site hernia, we started routinely suturing closed
the fascia at 8-mm ports in all patients. There are other
published reports of 8-mm port-site hernias;’ as such, it
should be broadly recommended that any port greater
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Fig. 2. Robotic cholecystectomy takes more time.
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Fig. 3. Learning curve for robotic cholecystectomy.
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than 5 mm in diameter should be formally sutured closed.

Although robotic procedures took substantially more
time than laparoscopic ones in our experience, our total
duration of surgery is in keeping with that in other centres
implementing da Vinci (Table 3). As our surgical and nurs-
ing teams become more accustomed to da Vinci, we see a
trend toward decreased duration of surgery. Our results
show that the work times for surgeons, anesthesiologists
and nurses are longer for robotic procedures. This suggests
that the entire operating room team experiences a learning
curve with the robot. The anesthesiologist no longer has
access to the patient’s head during da Vinci operations
owing to the bulk of the robot; perhaps that influences the
time it takes to prepare the patient for surgery. Likewise,
despite a formal training program through Intuitive Sur-
gical, the nurses are not necessarily familiar with all robotic
instruments. Similarly, the size of the robot limits the work
space in the operating theatre, making the work of the cir-
culating staff more challenging. These challenges should
be overcome with experience; however, in the short-term,
we cannot justify all patients being offered robotic chole-
cystectomy owing to the need to move patients through
the system in a timely manner.

There are only a handful of centres that have a diverse
and varied experience with advanced robotics. As we have,
these centres all began with routine procedures like chole-
cystectomy and fundoplication before advancing to more
complex ones such as pancreaticoduodenectomy or liver
resection.’”” It would appear that the opportunity to learn
robotics on a routine, everyday procedure that mimics
more complex ones is unique to general surgery.

Our experience raises other potential research ques-
tions. What is an appropriate number of procedures to
perform before moving on to more advanced operations?
Does experience with robotic cholecystectomy actually
result in better performance of more advanced operations?
More research should be dedicated to answering these
questions.

Table 3. Mean duration of surgery in published series of

da Vinci cholecystectomy

Study No. of patients Mean duration of surgery, min
Present study 16 91
Vidovszky et al." 48 77
Heemskerk et al.” 12 150
Giulianotti et al.' 66 85
Perez et al.” 20 152
Ruurda et al.” 35 97*
Kim et al.” 10 57
Talamini et al.” 8 167
Hashizume et al.” 6 118
Cadiére et al."” 48 70
Chitwood et al.” 20 62
Hanisch et al.” 5 95
*Indicated time is the sum of the median set-up and median surgical times.
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To our knowledge, ours is the first reported series of
da Vinci-assisted gallbladder surgery in the Canadian health
care environment. We have demonstrated that robotic
cholecystectomy can be performed safely. Although chole-
cystectomy appears to be a safe, standardized procedure on
which to begin robotic surgery, the advantages of robotics
will likely be realized with the most complicated abdominal
operations. As a result of our experience, we have gone on to
confidently perform more advanced robotic procedures,
including common bile duct exploration,” antireflux sur-
gery, gastroesophageal surgery, pancreatic surgery, colorec-
tal operations and a hand-sewn intestinal anastomosis.

The advantages of the da Vinci system are the dexterity
of the Endowrist, allowing complex minimally invasive tasks
as well as 3-dimensional visualization of the surgical field.
We found that both of these advantages far outweighed the
absence of tactile feedback. The improved visualization and
dexterity made the dissection of the Calot triangle facile;
however, we cannot conclude that the robot was more ef-
fective than standard laparoscopic instruments at this time.
Subjectively, we did not find that da Vinci facilitates dissec-
tion of an inflamed gallbladder any better than laparoscopy,
mainly because the complete absence of haptics seems to
override the gains in dexterity and visualization.

There are other limitations to the robotic system other
than the absence of tactile feedback. From a staffing per-
spective, robotic surgery requires the presence of a second
experienced surgeon at the bedside to exchange the
robotic instruments, retract for exposure and assist with
the procedure.

Even though robotic cholecystectomy can be performed
reliably and is a useful tool for skill acquisition, it cannot be
justified for routine use owing to the increase in operating
room resources.

CONCLUSION

Our experience demonstrates that robotic cholecystec-
tomy can be performed reliably. However, owing to the
significant increase in operating room resources, it cannot
be justified for routine use. Robotic cholecystectomy does
provide the opportunity to develop familiarity with a wide
set of procedure components that are ultimately applicable
to more advanced procedures. As such, it is one means by
which general surgeons may gain confidence in advanced
robotics.
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