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Single-incision laparoscopic cholecystectomy using
instrumental alignment in robotic single-site
cholecystectomy

Sung Yub Jeong, Jin Woo Lee, Sung Hoon Choi, Sung Won Kwon

Division of Hepatobiliary and Pancreas, Depariment of Surgery, CHA Bundang Medical Center, CHA University School of
Medicine, , Seongnam, Korea

Purpose: There is no standardized single-incision laparoscopic cholecystectomy (SILC) technique in contrast to robot
single-site cholecystectomy (RSSC). We tried to implement the array of instruments used in RSSC to SILC.

Methods: A series of 108 consecutive patients underwent SILC between September 2014 and July 2017 by 2 surgeons. The
indication was benign disease of the gallbladder. The perioperative outcomes were reviewed. We used the 4-channel Glove
port and conventional laparoscopic instruments.

Results: The study subjects consisted of 29 males and 79 females, and the mean age was 44.4 years (range, 16-70 years).
Mean body mass index was 24.1 kg/m”. The mean working time was 25.0 + 10.7 minutes and total operation time was 44.4
+ 12.4 minutes. There were 7 cases of conversion (additional 1 port in 4 patients, additional 2 ports in 2, and conventional
4 port technique in 1). Bile spillage from the gallbladder during the procedure occurred in 17 (15.7%). There were no post-
operative complications. Postoperative hospital stay was 2.0 + 0.6 days.

Conclusion: The alignment of the instruments in a RSSC was successfully implemented into a SILC, so that an equally

effective operation was possible.
[Ann Surg Treat Res 2018;94(6):291-297]
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INTRODUCTION

Minimization of surgical trauma is a major goal of minimally
invasive surgery. Single-incision surgery is often attempted for
the putative benefits that fewer surgical wounds will result
in faster recovery by reducing surgical stress and pain and
will lead to better cosmesis [1]. However, there is still a lack
of evidence on the advantages of single-incision laparoscopic
surgery [2]. A recent meta-analysis by Haueter et al. [3] found
that single-incision laparoscopic cholecystectomy (SILC) has
advantages in cosmesis, body image, and postoperative pain
compared with conventional laparoscopic cholecystectomy,

but the incidence of incisional hernia is high. Nonetheless,
single-incision laparoscopic surgery has continued to evolve in
response to surgeons' preferences and patient demands.

With single-incision laparoscopic surgery, surgeons face
new challenges, such as collisions between instruments, poor
ergonomics, and novel retraction techniques. Conventional
laparoscopic cholecystectomy is a 4-port technique. Numerous
methods and instruments have been introduced to implement
the 4-port technique in SILC [4-6]. The biggest hurdles are to
achieve triangulation between the instruments in the operative
field and appropriate retraction of the gallbladder. Various
single-port systems and laparoscopic instruments have been
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devised to overcome these challenges [7]. To date, however,
there is no consensus on a standardized SILC technique,
and different surgeons use different techniques, suggesting
that there are inherent limitations of SILC itself. Recently,
introduction of robotic single-site (Intuitive Surgical, Sunnyvale,
CA, USA) cholecystectomy (RSSC) has improved ergonomics and
triangulation among instruments, and provides a standardized
procedure [8]. But the high price of the robotic surgical system
remains prohibitive for many patients.

At our clinic, RSSC was introduced before SILC. During our
early experience of RSSC [9], we tried to implement the array of
instruments used in RSSC to SILC. Our SILC technique, which
involves an almost identical configuration of instruments as
in RSSC, has been successful. Here, we introduce our SILC
technique and its outcomes.

METHODS

Patients
A series of 108 consecutive patients underwent SILC bet-

ween September 2014 and July 2017 by 2 surgeons at Bundang
CHA Medical Center, CHA University School of Medicine,
Seongnam, Korea. The indication of SILC was benign disease
of the gallbladder, including symptomatic gallstones, benign
gallbladder polyp with little possibility of malignancy, chronic
cholecystitis including adenomyomatosis, and mild (grade I)
acute cholecystitis [10]. Patients with suspicious malignancy,
acute cholecystitis above moderate (grade I1), and age over 70
years were fundamentally not indicated. Patients with a history
of upper abdominal surgery were excluded. Patients requiring
multiorgan surgery were not contraindicated.

Study design

Data on the demographics and perioperative outcomes of
all patients were prospectively collected and analyzed retro-
spectively. We evaluated the successful establishment of the
4-instrument system, the conversion rate to an additional port
or the conventional laparoscopic technique, and postoperative
complications

Postoperative complications were graded on the basis of the
Dindo-Clavien-Strasberg classification [11,12].

This study was approved by the Institutional Review Board
and ethics committees of CHA Bundang Medical Center of
CHA University School of Medicine, Seongnam, Korea, and
was conducted according to the principles of the Declaration of
Helsinki (IRB No. 2018-05-023). A waiver of informed consent
was requested, and approval was obtained.

Surgical techniques
Installation of the Glove port

We used the Glove port (Nelis, Bucheon, Korea) with four
channels (Fig. 1). The channels were highly elastic, so devices
of various sizes, ranging from 3 to 15 mm, could be applied.
Installation methods were described in detail in the previous
paper [9,13]. The blue channel for the laparoscopic camera was
placed toward the gallbladder. The 2 channels for the working
instruments and the camera channel were arranged in a
triangle, and the remaining channel for gallbladder traction was
located on the left side of the patient (Fig, 1).

Alignment of the instruments
In RSSC, the instrumental arrangement consists of a retrac
tion grasper, a robotic camera, and 2 working instruments from

Fig. 1. Setting of the Glove port. The blue channel for the
laparoscopic camera was placed toward the gallbladder
(arrow). The 2 channels for the working instruments and the
camera channel were arranged in a triangle, and the remain-
ing channel for gallbladder traction was located on the left
side of the patient.

Fig. 2. Alignment of the instruments in robot single-site
cholecystectomy. The instrumental arrangement consists of
a retraction grasper, a robotic camera, and 2 working instru-
ments from the top. The left lower figure shows the instrument
sequence within skin incision. R, assistant retractor; C,
camera; w1 and 2, working instruments.



Sung Yub Jeong, et al: Single-incision laparoscopic cholecystectomy

the top in a single skin incision (Fig. 2) [9]. Such a configuration
of the instruments was equally applied to our SILC technique.
We used conventional linear laparoscopic instruments and
a 10 mm 30° laparoscope. The laparoscopic camera entered
through the blue channel, and the operative field was checked
for possibility of SILC. The laparoscopic grasper (retraction
grasper) was inserted for upward retraction of the gallbladder
through the lateral channel (channel 1) and was fixed to the
operative drape using a towel clip (Fig. 3). At this time, the
laparoscope was moved to the bottom of the grasper (Fig. 4).
The 2 working channels (channels 2 and 3) were located on the
left and right sides of the laparoscope (Fig. 3). First, another
laparoscopic grasper (working grasper) entered below the
laparoscope through channel 2 and held the infundibulum of
the gallbladder for lateral traction, widening Calot’s triangle.
Next, the laparoscopic hook coagulator entered between the
working grasper and the laparoscope through channel 3.
Thereby, the surgeon initiated lateral traction of the gallbladder
using the working grasper with the right hand, and the
anterior aspect of Calot's triangle was dissected using the
hook coagulator with the left hand (Fig. 3B). Here, in order to
dissect the posterior aspect of Calot's triangle, the 2 working
instruments that were crossed could be exchanged up and
down; it was not necessary for the surgeon to change hands
(Fig. 3C, D). In this way, when the gallbladder was detached
from the liver bed, it could be retracted freely from side to side
by simply changing the positions of the working instruments.
Once the gallbladder has been partially detached, the retraction
grasper was removed, and the remaining gallbladder was
dissected from the liver bed using only the working grasper.
This occurred because, as the instruments (including the
laparoscope) approached the gallbladder fundus, they collided

with each other. This problem could be solved by removing the
retraction grasper. After completing the cholecystectomy, the
specimen was retrieved through the wound protector directly,
removing the port cap without aid of a plastic bag.

Statistical methods
Categorical variables were expressed as frequency, and conti-

nuous variables were expressed as mean value * standard
deviation.

RESULTS

Demographics of patients
A total of 108 patients underwent SILC (Table 1). The study

subjects consisted of 29 males and 79 females, and the mean
age was 44.4 years (range, 1670 years). Mean body mass index
(BMI) was 24.1 kg/m’ (range, 17.8-34.3 kg/m?), and 12 patients
had high BMI over 30 kg/m”. All patients had an ASA score less
than 2. Symptomatic cholelithiasis was present in 75 patients,
chronic cholecystitis in 22, gallbladder polyp in 3, and grade I
acute cholecystitis in 8. Four patients underwent simultaneous
surgery, including 1 appendectomy, 2 ovarian cystectomies, and
1 inguinal hernioplasty.

Perioperative outcomes
The mean working time was 25.0 = 10.7 minutes and total

operation time was 44.4 = 12.4 minutes (Table 2). There
were 7 cases of conversion. Only 1 patient was converted to
conventional 4-port laparoscopic cholecystectomy. Two ports
of 2 mm and 5 mm were added in each of 2 patients. The
remaining 4 patients had one 5-mm port added. All conversion
cases were the result of severe inflammation, adhesion, and

Fig. 3. External view of alignment of the instruments. (A) The laparoscopic grasper was inserted for upward retraction of the
gallbladder through the lateral channel (channel (1) and was fixed to the operative drape using a towel clip (arrow). (B) The
two working channels (channels 2 and (3) were located on the left and right sides of the laparoscope. The traction of the
gallbladder was made with the right hand of the operator, and the main work was performed with the left hand. @), assistant's

hand; OR, operator's right hand; OL, operator's left hand.
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Fig. 4. Internal view of alignment of the intruments. (A) From top to bottom, retraction grasper, laparoscopic camera, coa-
gulator, and working grasper. The laparoscopic camera was introduced first. Laparoscopic retraction grasper (®) was inserted
for upward retraction of the gallbladder. At this time, the laparoscope was moved to the bottom of the grasper. Another lapar-
oscopic working grasper entered below the laparoscope and the laparoscopic hook coagulator entered between the working
grasper and the laparoscope. (B) Full exposure of the anterior Calot's triangle. (C) In order to dissect the posterior aspect of
Calot’s triangle, the 2 working instruments that were crossed could be exchanged up and down (arrows: direction of move-
ment). (D) Full exposure of the posterior Calot's triagle. OR, operator's right hand (working grasper); OL, operator's left hand

(laparoscopic coagulator).

difficult exposure of Calot's triangle. Four-instrument system
was successfully established in all patients who completed SILC
without conversion. Bile spillage from the gallbladder during
the procedure occurred in 17 patients (15.7%). There was no
drain tube insertion. There was no injury of intra-abdominal
organs during the procedure. Mean postoperative hospital stay
was 2.0 = 0.6 days. There were no postoperative complications,
readmission or mortality.

DISCUSSION

Although SILC has grown in popularity, it is not yet asso-
ciated with a standardized technique. Rather, most surgeons
use their own procedures, with different instruments and port
systems [4,5,14-18]. Without a standard technique, it is difficult
to select the best method when first trying SILC. Many studies
on SILC have described the different instruments, ports, and
traction methods, but there has been little explanation of
the alignment of the instruments within the narrow single-
incision; therefore, there is little description of the movement
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Table 1. Demographics of patients

Variable Value

Sex, male:female 29:79
Age (yr) 44.4 (16-70)
Body mass index (kg/m’) 24.1 (17.8-34.3)
ASA PS classification

| 100

1l 8
Diagnosis

Symptomatic cholelithiasis 75

Chronic cholecystitis 22

Gallbladder polyp 3

Acute cholecystitis 8
Simultaneous surgery 4

Values are presented as number or mean (range).
BMI, body mass index; ASA PS, American Society of Anesthe-
siologists physical status.

of the instruments. When we used SILC for the first time, we
found it very frustrating to try to arrange the instruments in
such a limited space. In contrast to SILC, robotic single-site
cholecystectomy provides relatively standardized technique,
which allows surgeons easy access during single-incision
cholecystectomy with short learning curve [19,20]. As we
performed RSSC, we were able to experience and understand
the proper configuration and dynamics of the instruments
in the single-port system. We then applied this instrument
array from the RSSC system to the SILC system to assess its
feasibility.

Shortly after single-incision laparoscopic surgery was intro-
duced, some doctors developed and used a home-made glove
port. This home-made glove port was commercialized by Dr.
Woo Jung Lee, Yonsei University, Seoul, Korea, under the name
Glove port (Nelis). Although there are now many single-port
systems, the Glove port is light and can accommodate various
laparoscopic instruments ranging in size from 5 to 15 mm.
Above all, the Glove port allows freedom to arrange instruments
within the port system. The Glove port also provides more
space for movement of the instruments compared to other port
systems. The Glove port can be adopted for use in RSSC [9,21].
We have used the Glove port for the docking process in RSSC.
In RSSC, from the top of the incision, an assistant laparoscopic
grasper for upward retraction of the gallbladder is inserted,
and the robotic camera is introduced underneath to push the
laparoscopic grasper up. Then, 1 of the 2 robotic instruments
lies across the other at the bottom of the incision (Fig. 2)
[9,22,23]. In the SILC system, the array of the instruments is
identical to that of RSSC. From the top, the retraction grasper,
camera, and 2 working instruments are arranged (Fig, 4A).

The biggest difference is that, unlike in SILC, RSSC has
improved ergonomics by left-right hand coordination by elec

Table 2. Comparison of perioperative outcomes (n = 108)

Variable Value
Working time” (min) 25.0+10.7
Total operation time (min) 44.4+12.4
Conversion 7 (6.5)
One additional port 43.7)
Two additional ports 2(1.9)
Conventional four port LC 1(0.9)
Open conversion 0 (0)
Establishment of 4-instrument system 101 (100)
in SILC (n=101)
Bile spillage from GB 17 (15.7)
Drain insertion 0 (0)
Postoperative hospital stay (day) 20+0.6
Postoperative complication (>grade II) 0 (0)
Readmission 0 (0)
Mortality 0 (0)

Values are presented as mean = standard deviation or number (%).
LC, laparoscopic cholecystectomy; GB, gallbladder.
“Skin incision to skin closure.

tronic reverse recognition. In contrast, in most SILC systems,
including our technique, the main instruments intersect each
other at a fulcrum of the umbilicus for proper triangulation.
Thus, the surgeon has to perform the main task with the left
hand. Some surgeons operate at the right side of the patient or
work by crossing one hand over the other in order to perform
the primary task with the right hand [24]. However, with the
exception of acute cholecystitis of grade II or more, most tasks
in cholecystectomy are relatively simple, and surgeons can
rapidly adapt even with the left hand. Previous reports on SILC
have found an average working time of 15 to 20 minutes and a
learning curve of 20 to 30 patients [6,25,26]. In our study, the
operation time showed similar results, with an average working
time of 25.0 minutes.

Another disadvantage of SILC is difficult exposure of the
posterior aspect of Calot's triangle [5]. With our technique,
we used conventional laparoscopic instruments and simply
changed the top and bottom of the 2 crossed instruments.
This made it possible to safely expose and dissect the poste-
rior aspect of Calot's triangle (Fig. 4). To prevent critical com-
plications such as biliary damage, surgeons must accurately
examine the major structures by exposing the critical view
forward and backward according to the tenets of the SAGES
Safe Cholecystectomy Taskforce [27]. Other studies have
reported postoperative complication rates of 4% to 7% [28,29],
with bile leakages reported to occur in around 1% of cases [1].
Fortunately, we did not experience any complications during
our study series. However, there were seven cases of conversion
to an additional port or multiport laparoscopic cholecystectomy
without open conversion because of the difficulty of exposure
of the critical view. These cases were most common when
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Calot's triangle was completely obscured by the protruding
lateral segment represented by the ‘beaver-tail liver' [22], and
safe operation was impossible. This suggested that the risk

factor of conversion was the exposure issue rather than the

technical issue.

free movement between the devices. This arrangement was
introduced into our SILC system, so that an equally effective
and safe operation was possible in well-selected patients.

CONFLICTS OF INTEREST

Although the recent introduction of RSSC has allowed sur-

geons to easily perform single-incision cholecystectomy [19], the
high cost makes the procedure inaccessible for many patients.

reported.

The alignment of the instruments in RSSC is optimal, enabling
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