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Abstract

Background Laparoendoscopic single-site (LESS) surgery
has been established for various procedures. Shortcomings
of LESS surgery include loss of triangulation, instrument
collisions, and poor ergonomics, making advanced laparo-
scopic tasks especially challenging. We compared a LESS
system with a robotic single-site surgery platform in per-
formance of a suturing and knot-tying task under clinically
simulated conditions.

Methods Each of five volunteer minimally invasive surgeons
was tasked with suturing a 5 cm longitudinal enterotomy in
porcine small intestine with square knots at either end, using a
laparoendoscopic or da Vinci robotic single-site surgery plat-
form, within a 20 min time limit. A saline leak test was then
performed. Each surgeon performed the task twice using each
system. The time to completion of the task and presence of a leak
were noted. Fisher’s exact test was used to compare the overall
completion rate within the defined time limit, and a Wilcoxon
rank test was used to compare the specific times to complete the
task. A p value of <0.05 was considered significant.
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Results  All surgeons were able to complete the task on
the first try within 20 min using the robot system; 60 % of
surgeons were able to complete it after two attempts using
the LESS surgery system. Time to completion using the
robot system was significantly shorter than the time using
the standard LESS system (p < 0.0001). There were no
leaks after closure with the robot system; the leak rate
following the standard LESS system was 90 %.
Conclusions Surgeons demonstrated significantly better
suturing and knot-tying capabilities using the robot single-
site system compared to a standard LESS system. The
robotic system has the potential to expand single-site sur-
gery to more complex tasks.

Keywords da Vinci - Laparoscopy - LESS - Robot -
Single-site surgery - Suturing

Standard multiport laparoscopic surgery is commonly
performed in general surgery. The number of laparoscopic
operations has increased over the past few decades and is
considered the standard of care for certain procedures [1].
The hallmark of laparoscopic surgical procedures is the
concept of triangulation, which requires multiple instru-
ments to approach the center of the surgical field from
several points separated by space. This allows for a better
spatial understanding of a 3D field viewed on a 2D mon-
itor, effective tissue retraction and countertraction, and an
improved ergonomic working environment. Fundamental
to performance of surgical procedures is suturing and knot
tying, which requires specific skill to be performed lapa-
roscopically. Laparoscopic multisite suturing and knot
tying are considered to be advanced skills that have wid-
ened the use of minimally invasive surgery [2]. Thus,
complex surgical operations can be routinely performed
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using laparoscopic techniques. However, attaining profi-
ciency in these skills often requires a structured teaching
curriculum and multiple repetitions [3].

Laparoendoscopic single-site (LESS) surgery, was
introduced in the 1990s but gained momentum as an
advanced surgical technique and laparoscopic surgical
approach only a decade later [4]. Since then, LESS surgery
has been established for cholecystectomy, appendectomy,
and nephrectomy, among other procedures. The proposed
benefits of LESS surgery include decreased postoperative
pain, faster recovery time, fewer wound complications, and
improved cosmesis [4]. However, the standard multiport
laparoscopy and LESS surgery have not been compared in
a large trial. Meanwhile, single-site surgery is associated
with several technical problems that are inherent to the
technique itself. Loss of triangulation, collisions of the
instruments, collisions of the instruments with the laparo-
scope and camera head, lack of maneuverability, and lack
of proper exposure are all considered shortcomings of
LESS surgery, making advanced laparoscopic tasks cum-
bersome [5].

As already noted, laparoscopic suturing and knot tying
are considered advanced skills with a steep learning curve.
Although the multisite approach to laparoscopic surgery is
the gold standard, increasingly complex operations are
attempted with a minimal port approach. Suturing and
intracorporeal knot tying with single port systems poses
significant difficulty, often requiring conversion to tradi-
tional multiport laparoscopy or even open surgery. In fact,
while suturing with extracorporeal knot tying is described,
few reports describe the learning curve of intracorporeal
knot tying using LESS surgical techniques [6, 7].

A specialized robotic platform for single-site surgery
was developed in an attempt to overcome the technical
difficulties inherent to LESS surgery and to improve
operator ergonomics [8, 9]. It has therefore been suggested
that the robotic single-site platform would make more
complex laparoscopic tasks easier than using more con-
ventional single-incision laparoscopic surgical techniques.
In this study, we used a surgical task using suturing and
knot tying to compare the laparoendoscopic to the robotic
single-site platforms.

Materials and methods

This study employed five minimally invasive surgeons
from three separate institutions. Each had previous training
in LESS and varying experience with performing single-
site surgery in their practice. Similarly, each of the sur-
geons received the minimal formal training for use of the
da Vinci (Intuitive Surgical, Inc., Sunnyvale, CA) robot
multiport system (which also includes a box-trainer skills

lab). Most had performed at least one robotic multiport
operation; none had performed a purely single-site robotic
operation in their practice.

Each surgeon was required to perform a predetermined
suturing task using a common LESS surgery platform, and
compared to the same task performed using the robotic
single-site platform. The task was performed in a standard
box trainer on explanted porcine small intestine containing
a longitudinal 5 cm incision.

Each of the five participants was allowed a maximum of
20 min to complete a running suture closure of the longi-
tudinal enterotomy, with intracorporeal knot tying at each
end of the running suture. A saline leak test was then
performed to check the integrity of the closure and the
successful completion of the task. This was done with
injection of 60 ml of saline under constant pressure with a
standard syringe.

Each participant was required to complete the suturing
task twice using a standard LESS surgical platform, and
twice using the robotic single-site platform. They were
randomly assigned to which task they attempted first to
minimize the transfer of learning from one task to the
other. In addition, a specified amount of elapsed rest time
was required between tasks. Successful completion of the
task within the allotted time, as signified by the results of
the saline leak test, was recorded as the primary outcome.

The LESS platform comprised a SILS port (Covidien,
Norwalk, CT), 5 mm cannulae, and an Olympus EndoEye
5 mm articulating laparoscope (Olympus America, Center
Valley, PA). Participants were allowed to choose any
combination of common commercially available manual
rigid or articulating needle drivers or graspers.

The robotic platform included the curved cannulae, an
8.5 mm camera cannula, and 8.5 mm 30° scope. Each
participant was allowed to choose any combination of
robotic single-site platform needle driver or Maryland
dissector to complete the task. A study observer and a study
supervisor oversaw the administration of each test session,
and each participant was blinded to the performance of the
other four participants.

Fisher’s exact test was used to compare overall com-
pletion rate of the suturing task within the defined time
limit between the two single-site surgical methods. Leak
rates were similarly compared. A Wilcoxon rank test was
used to compare the times to complete the suturing tasks. A
p value of <0.05 was considered significant.

Results
Of the five minimally invasive surgeons who participated

in the study, four were men and one was a woman, with
ages ranging from 38 to 56 years, and having 4 to 18 years
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Table 1 Participant surgeon

characteristics Characteristic Value
No. of surgeons 5
Age, years, average (range) 48 (38-56)
Sex, M:F 4:1
Minimally invasive surgical experience, years, average (range) 10 (4-18)
No. purely laparoendoscopic single-site operations previously performed, average (range) 42 (0-125)
No. of multiport robotic operations previously performed, average (range) 49 (1-150)
No. of purely single-site robotic operations previously performed, average 0

Table 2 Time to completion of suturing and knot-tying task using

Table 3 Leak rate after enterotomy closure using each single—site

each single-site system system
Surgeon no.  LESS Robot Trial no. LESS leak Robot leak
Attempt 1 Attempt 2 Attempt 1 Attempt 2 1 Yes No
1 ZOIOO//a 20/00//a 1 3/ 12" 1 8/5 1” 2 Yes No
2 20/00113 17/39// 15/06// 12/46// 3 Yes No
3 20100//a 19/45// 12/48// 16/46// 4 Yes No
4 20/00"2 20000" 20000 20000 5 Yes No
5 18/11" 1520/ 14'03" 12/31" 6 Yes No
7 Yes No
LESS laparoendoscopic single-site surgical platform, robot robotic da 3 Yes No
Vinci single-site platform )
* Did not complete the task 9 Yes No
10 No No
Total leak rate 90 % 0 %

of posttraining minimally invasive surgical experience
(Table 1). On average, each had previously performed 42
LESS surgical procedures and 49 multiport robotic opera-
tions. All had been previously introduced to the robotic
single-site platform at the Intuitive Surgical, Inc., training
laboratory (Sunnyvale, CA), but none had personal expe-
rience with purely single-site robotic surgery in clinical
practice.

In the first attempt using the LESS approach, only one
surgeon of five (20 %) was able to complete enterotomy
suture closure before the 20-min time limit. The number
improved to 3-5 (60 %) successful surgeons in the second
attempt (Table 2). The average amount of time required to
complete the task, among those who were able to do it in
<20 min, was 17 min, 34 s. In comparison, all participants
completed the same task using the robotic system. In the
first attempt, the task was completed with an average time
of 15 min, 2 s, and an average time of 16 min, 11 s, in the
second attempt. The time to completion using the robotic
single-site system was significantly shorter than the time
required using the standard LESS system (p < 0.0001).
When surgeons were stratified on the basis of the level of
prior experience with multiport robotic surgery, there was
no difference in the ability to complete the tasks between
novice, intermediate, and expert surgeons. All surgeons
expressed subjectively more fatigue after using the LESS
system compared to the robot.

@ Springer

LESS laparoendoscopic single-site surgical platform, robot robotic da
Vinci single-site platform

All enterotomy suture closures were tested for leak,
whether or not all steps were completely done, as a clini-
cally meaningful measure of a truly completed task. Using
the LESS surgery system, 9 of 10 total attempts to close the
enterotomy resulted in leaks, with a total leak rate of 90 %
(Table 3). Using the robotic single-site system, none of the
enterotomy closures resulted in a saline leak in either the
first or second attempt (leak rate of 0 %).

Discussion

Initially described as an evolution of the laparoscopic
cholecystectomy, LESS surgery has now been performed
in general, urologic, and gynecologic surgery. Single-site
laparoscopic general surgery has been performed in all
quadrants of the abdomen, involving the gastrointestinal
tract, hernia repair, and solid organ resections, seeking to
demonstrate feasibility and an improvement on multisite
laparoscopic surgery [10, 11]. Studies have shown the
procedures to be safe and without increased morbidity, and
the main arguments supporting the single-site approach
have been improved cosmesis and decreased postoperative
pain compared to multiport laparoscopic surgery [12—14].
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Published articles over the past decade suggest that more
than 4,500 single-site laparoscopic operations were per-
formed, reflecting a progressively increasing interest and
development of surgical techniques [15]. Cholecystectomy
and appendectomy together comprise more than 60 % of
the cases reported. Adoption of single-site laparoscopic
techniques, however, has not been universal as a result of
concerns about postoperative pain and wound complica-
tions, but also as a result of intraoperative technical con-
cerns and a steep learning curve.

Despite the fact that proficient minimally invasive sur-
geons are typically the ones to adopt LESS surgery, there is
still a steep learning curve. Although it varies with the
procedure performed, it nonetheless commonly requires
dozens of repetitions to attain proficiency [16—18]. The loss
of triangulation, collisions of the instruments and laparo-
scope, and difficulty with tissue exposure often lead to
awkward positioning and ergonomics [19]. In addition, with
all of the instruments and camera working from a single
fulcrum at the umbilicus, attempts to avoid clashing extra-
corporeally result in a sensation of working in mirror image,
intracorporeally. This can be disorienting to the surgeon,
and development of new technology, including flexible
instruments and laparoscopes, has attempted to decrease
this effect. Flexible instruments and those designed to curve
are meant to compensate for the loss of triangulation.
Despite this, however, complex laparoscopic tasks, such as
suturing and knot tying, remain difficult and cumbersome.

There is new evidence that for basic laparoscopic cases,
such as cholecystectomy, the robotic single-site system
may allow the surgeon to more quickly overcome the
typical single-site learning curve [20]. The robot removes
the collisions from the procedure, as the machine takes
over the movement of the instruments and camera. The
flexible instruments and curved cannulae provide a con-
sistent and predictable angle of approach to the operative
target relative to the camera and reconstitutes triangulation.
In addition, it is suggested that by swapping the instrument
controls between the right and left hands at the console, the
sensation of operating in mirror image is eliminated.

In this study, we chose to evaluate the ability of skilled
surgeons to suture and tie knots, which are complex tasks
fundamental to surgery, yet that are avoided in most LESS
surgical procedures as a result of their technical difficulty.
The difficulty of these tasks was redemonstrated in this study
using common LESS surgical equipment. In this early
experience with the robotic single-site system, we also found
that the common difficulty experienced in single-site surgery
can be overcome in a short time and with few repetitions
using the robotic platform. Suturing and knot tying were
accomplished by all study participants on the very first
attempt, with high precision. An important note is that the
robotic single-site surgery platform instruments are not

“wristed” like regular robotic instruments. Thus, the ease of
use of the robotic single-site platform was a function of the
improved ergonomics, geometry, and visualization, not the
wristed instruments.

Setup time for each of the systems (e.g., robotic docking,
placement of the port) was not included in the time mea-
surements in this study. The setup for the robot is often
considered time-consuming, in which the docking of the
robot itself has a learning curve. Including setup time in this
study is confounding, and although it is relevant to an actual
operation, is less relevant in this study, which focuses on the
ability of two techniques to perform a specific task.

A significant limitation of this study is the small number
of participants. Although multisite approaches remain the
gold standard for laparoscopic surgery, there is continued
interest in single-site techniques. Here we compare two
different single-site platforms in the ability of skilled sur-
geons to complete a predefined task using each platform.
The number of surgeons was small, but nonetheless, the
differences that were identified between the two techniques
were immediately apparent and statistically significant.
The introduction of new technology into surgical practice
has become a frequent occurrence in clinical practice, and
its adoption often precedes published data. As in this study,
it is important to scrutinize new technologies and share
significant data. To further compare the learning curves for
performing complex laparoscopic tasks, future studies will
need to be designed comparing robotic to LESS surgery
with a larger cohort and using in vivo models.

Conclusion

Suturing and knot-tying tasks were performed with sig-
nificantly greater ease and higher precision using the
robotic single-site platform than the LESS platform. This
system may expand the utility and implementation of sin-
gle-site surgery in general practice. Further studies are
needed to test single-site platforms in other surgical tasks
and in vivo models.
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