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ABSTRACT

Purpose: As the number of gastric cancer survivors is increasing and their quality of life

after surgery is being emphasized, single-port surgery is emerging as an alternative to
conventional gastrectomy. A novel multi-degree-of-freedom (DOF) articulating device, the
ArtiSential® device (LivsMed, Seongnam, Korea), was designed to allow more intuitive and
meticulous control for surgeons facing ergonomic difficulties with conventional tools. In this
study, we evaluated the feasibility of this new device during single-port laparoscopic distal
gastrectomy (SP-LDG) for early gastric cancer (EGC) patients.

Materials and Methods: Consecutive patients diagnosed with EGC who underwent SP-LDG
with ArtiSential® (LivsMed) graspers between April 2018 and August 2020 were enrolled

in the study. The clinical outcomes were compared with those of a control group, in which
prebent graspers (Olympus Medical Systems Corp) were used for the same procedures.
Results: Seventeen patients were enrolled in the ArtiSential® group. There was no significant
difference in operative time (205.4+6.0 vs. 218.1+9.9 minutes, P= 0.270) or the quality of
surgery, in terms of the number of retrieved lymph nodes (49.5+3.5 vs. 45.9+4.0, P=0.473),
length of hospital stay (15.4+2.0 vs. 12.4+1.3 days, P=0.588), and postoperative complications
(40.0% vs. 41.2%, P=0.595), between the ArtiSential® group and the control group.
Conclusions: The new multi-DOF articulating grasper is feasible and can be used as an
alternative for prebent graspers during SP-LDG.

Keywords: Single-port surgery; Gastrectomy; Articulating device; Gastric cancer

INTRODUCTION

The proportion of patients with early gastric cancer (EGC) has increased in Korea owing

to advances in diagnostic tools and screening programs [1-3]. For EGC patients who are

not eligible for endoscopic resection, laparoscopic surgery is widely performed and is
recommended over open surgery according to the Korean Practice Guidelines for Gastric
Cancer 2018 [4]. More recently, surgeons have started performing reduced-port laparoscopic
surgery to treat gastric cancer, with several publications demonstrating the feasibility of
reduced-port laparoscopic gastrectomy [5-9].
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Curative surgery for gastric cancer involves gastrectomy with adequate lymphadenectomy.
This rule also applies to reduced-port laparoscopic gastrectomy. However, surgeons face
ergonomic difficulties in maintaining counter-traction and triangulation using conventional
straight instruments when performing reduced-port surgery, especially during single-port
surgery. In our institution, we have been using prebent instruments (Olympus Medical
Systems Corp., Tokyo, Japan) (Fig. 1A) to achieve sufficient lymphadenectomy during
single-port laparoscopic surgery for gastric cancer (Fig. 2) [10,11]. The prebent instruments
(Olympus Medical Systems Corp.) were structured to minimize the limitations in ergonomics
by providing a wider range of motion intracorporeally, with less interference and collision of
instruments extra-corporeally [1113]. Nonetheless, prebent instruments (Olympus Medical
Systems Corp.) have their own drawbacks in terms of their complexity of maneuvers and their
weaker grasping capability [14].

Several flexible instruments with articulation have been introduced to overcome the
restrictions of maneuverability. We have recently adopted a new device with multi-degree-of-
freedom (DOF) articulation, the ArtiSential® device (LivsMed, Seongnam, Korea) (Fig. 1B),
to replace prebent graspers (Olympus Medical Systems Corp.) for performing single-port
laparoscopic gastrectomy.

In this study, we compared the surgical outcomes of patients who underwent single-port
laparoscopic distal gastrectomy (SP-LDG) for EGC using either prebent graspers or a new
multi-DOF articulating instrument to evaluate the feasibility of the new device.

Fig. 1. Comparison of the prebent (Olympus Medical Systems Corp.) instrument to the multi-DOF articulating device.
(A) The shapes of the prebent (Olympus Medical Systems Corp.) instrument (left) and its tip (right). (B) The
shapes of the articulating device (left) and its end-effector part (right).

DOF = degree-of-freedom.
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Fig. 2. Laparoscopic view of the prebent (Olympus Medical Systems Corp.) forceps in performing lymphadenectomy
during single-port laparoscopic distal gastrectomy.

(A) Lymphadenectomy in the supra-duodenal area. (B) Lymphadenectomy for lymph node No. 8a.

(C) Lymphadenectomy for lymph node No. 7 (LGA). (D) Lymphadenectomy for lymph node No. 1.

LGA = left gastric artery.

MATERIALS AND METHODS

Study design and participants

This was a retrospective cohort study performed in a single institution. We reviewed the
electronic medical charts of consecutive patients diagnosed with EGC who underwent SP-LDG
using ArtiSential® (LivsMed) graspers between April 2018 and August 2020. The following
patients were considered eligible: 1) those who were treated with SP-LDG with D1+ or D2
dissection for histologically proven gastric adenocarcinoma with a curative intent, 2) those
between 20 and 80 years of age, 3) those with clinical stage IA (cTINOMO) disease based on the
findings of esophagogastroduodenoscopy and abdominal computed tomography, and 4) those
with an American Society of Anesthesiology (ASA) score of I, II, or III.

Written informed consent was obtained from all participants for all the procedures
associated with the study. The study was approved by the Institutional Review Board of the
Korea University Medical Center Ansan Hospital (registration number: 2020AS0093).

Surgical procedures

All surgical procedures were performed by a single surgeon (C.M.L.) who has had experience
with 50 or more single-port laparoscopic gastrectomies for gastric cancer. In the operating
room, the patient was placed on a bed with both legs abducted under general anesthesia. The
bed was adjusted to create a reverse Trendelenburg position for the patient. The operator stood
between the legs of the patient. The scopist was positioned on the right side of the patient.

https://doi.org/10.5230/jgc.2021.21.e2 40
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A commercial four-lumen single-port trocar (Gloveport®; Nelis, Bucheon, Korea) was
inserted through a transumbilical incision using Hasson's method [15]. The Gloveport®
trocar system consists of a self-retractor that covers a 25-mm incision and four channels (one
12-mm channel and three 5-mm channels). A flexible scope was inserted through a channel
of this umbilical port after a pneumoperitoneum was created using carbon dioxide at a
pressure of 15 mmHg. After flexible scope insertion, two instruments were inserted through
the other channels of the single-port trocar.

The falciform ligament and the left lobe of the liver were raised toward the cephalad direction
by combined suture retraction [16]. Lymphadenectomy for curative distal gastrectomy was
accomplished based on the criteria of the Japanese Gastric Cancer Treatment Guidelines 2014
(ver. 4) [17]. Hamonic Ace 7 (Ethicon Endo-Surgery Inc., Cincinnati, OH, USA) was used

to facilitate D1+ or D2 lymphadenectomy in all patients. An ArtiSential® (LivsMed) grasper
was used at the beginning of the dissection of the suprapyloric nodes to overcome the poor
ergonomics of SP-LDG (Fig. 3A). Fig. 3B-D show the laparoscopic view of lymphadenectomy
at lymph node stations 8a, 7, and 1, respectively.

After the completion of lymphadenectomy, Billroth I or IT anastomosis was performed for the
recovery of gastrointestinal continuity. All gastrointestinal resections and anastomoses were
performed with an ECHELON FLEX™ Powered ENDOPATH® Stapler (Ethicon Endo-Surgery
Inc., Cincinnati, OH, USA).

Fig. 3. Laparoscopic view of the multi-DOF articulating device in lymphadenectomy during single-port laparoscopic
distal gastrectomy.

(A) Lymphadenectomy in the supra-duodenal area. (B) Lymphadenectomy in lymph node No. 8a.

(C) Lymphadenectomy in lymph node No. 7 (LGA). (D) Lymphadenectomy in lymph node No. 1. The end-effector
part of the device is manipulated at various angles and in various shapes to provide a better operative field
during lymph node dissection, avoiding intracorporeal collision or crossing of the devices.

DOF = degree-of-freedom; LGA = left gastric artery.
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Data collection

To evaluate patient characteristics, we collected data on sex, age at operation, preoperative
body mass index (BMI), history of preoperative endoscopic submucosal dissection, and
ASA score. Clinical outcomes included total operative time, lymph node dissection (LND)
time, reconstruction method, combined operation, instrument used for LND, postoperative
hospital stay, postoperative days to the initiation of a soft diet, postoperative complications,
postoperative days to detection of complications, recurrence status, and survival. Pathologic
outcomes included tumor location, TNM staging based on the American Joint Committee
on Cancer (AJCC) Staging Manual 8th edition [18], differentiation, status of lymphovascular
invasion, and number of retrieved and metastatic lymph nodes.

Tumor location was classified into 3 groups (upper, middle, and lower third) according to
the Japanese classification of gastric carcinoma [19]. The operation time was measured from
the initiation of the incision to the completion of wound closure. The time spent for LND
was measured from the beginning of the dissection of the suprapyloric nodes to complete
dissection of the right paracardial nodes using ArtiSential® graspers (LivsMed), as described
in the “Surgical Procedures” section. Early and late complications were divided at 30
postoperative days and were categorized according to the Clavien-Dindo classification (CDC)
[20]. Morbidity was defined as any complication classified as CDC grade III-1V.

Comparison of clinicopathologic outcomes

To investigate the feasibility of using ArtiSential® graspers (LivsMed) in single-port surgery,
we compared the clinical outcomes of patients who underwent SP-LDG using ArtiSential®
(ArtiSential® group) with those of a control group, the “prebent” group. The prebent group
consisted of patients who underwent SP-LDG for EGC during the same period from April
2018 to August 2020 but did not agree with the use of ArtiSential® graspers for LND; prebent
forceps (Olympus Medical Systems Corp.) were used instead. As a supplementary analysis,
the clinicopathologic outcomes were compared between the study group and control group.

Statistical analysis

Statistical analyses were performed using SPSS version 25.0 (SPSS, Inc., Chicago, IL, USA).
To compare the baseline characteristics and operative outcomes of patients who underwent
SP-LDG depending on the instrument used for LND, the Pearson's y* test or Fisher's

exact test and independent t-tests or Mann-Whitney U tests were used for categorical and
continuous variables, respectively. The mean values are presented with the standard errors
(xstandard error) throughout the text.

Statistical significance was set at P<0.05. The learning curve for SP-LDG using the
ArtiSential® (LivsMed) grasper was assessed using the “Changepoint” package in R software
(version 3.4.2; R Core Team 2017; R Foundation for Statistical Computing, Vienna, Austria)
[21]. The At Most One Change method was applied to the analysis.

RESULTS

A total of 17 patients were included in the study based on the inclusion criteria. The
demographic data of the patients are summarized in Supplementary Table 1. The baseline
characteristics were compared between the ArtiSential® group and the prebent group,

as described in Table 1. The prebent group was a homogenous cohort with respect to the
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Table 1. Comparison of baseline characteristics between the ArtiSential® and prebent groups

Variables Type of instrument P-value
Prebent* (n=25) ArtiSential®" (n=17)
Age at operation (yr) 60.9+2.5 55.4+2.8 0.191
Sex 0.253
Male 17 (68.0) 9 (52.9)
Female 8 (32.0) 8 (47.1)
BMI (kg/m?) 91.6+0.4 22.8+0.8 0.299
History of abdominal surgery 3(12.0) 2 (11.8) 0.683
History of ESD 6 (24.0) 4 (23.5) 0.634
ASA score 0.215
1 1(4.0) 1(5.9)
2 15 (60.0) 14 (82.4)
3 9 (36.0) 2 (11.8)
Follow-up period (mon) 8.1+1.1 7.1+1.4 0.493

Data are expressed as number (%) or meanszstandard errors.

BMI = body mass index; ESD = endoscopic submucosal dissection; ASA = American Society of Anesthesiologists.
*Patients who underwent single-port laparoscopic distal gastrectomy (SP-LDG) using a prebent grasper (Olympus
Medical Systems Corp., Tokyo, Japan) during lymphadenectomy; TPatients who underwent SP-LDG with the
ArtiSential® grasper (LivsMed, Seongnam, Korea) during lymphadenectomy.

ArtiSential® group. The detailed clinicopathologic outcomes of the enrolled patients are
described in Supplementary Table 1, and the postoperative complications in the ArtiSential®
group were analyzed according to the CDC. Early complications included two cases of
intraabdominal abscess, one of which required percutaneous drainage (CDC grade IIIa) and
one that involved the use of antibiotics (CDC grade II). There was a case of unidentified fever
and leukocytosis (CDC grade II) on the 4th postoperative day; the patient was treated using
antibiotics. There were other minor early complications (CDC grade I). Late complications
included one case of internal hernia that resolved without intervention. There was no
recurrence or mortality during the mean follow-up period of 7.1 months.

Table 2 summarizes the clinicopathologic and postoperative outcomes of the patients in the
ArtiSential® and Prebent groups. In all cases, D1+ or more extensive LND was performed.

In our institution, Billroth II reconstruction is the preferred type of anastomosis after
laparoscopic distal gastrectomy and was performed for 82.4% and 92.0% of patients in the
ArtiSential® and prebent groups, respectively. The total numbers of retrieved lymph nodes
were 45.9 and 49.5 in the corresponding groups, respectively. There was no significant
difference in the total operative time (218.1+9.9 vs. 205.4+6.0 minutes, P=0.270) or time
spent for LND (60.65.5 vs. 52.7+1.8, P=0.473) between the two groups. In addition, the
groups exhibited similar rates of early (35.3% vs. 36.0%, P=0.613) and late complications
(5.9% vs. 4.0%, P=0.652), and there was no significant difference in morbidity rate (5.9% vs.
16.0%, P=0.315).

With regard to the learning curve for use of the ArtiSential® (LivsMed) grasper in performing
LND, according to the learning curve constructed using the “Changepoint” package, the
operator reached proficiency in the 5th case (Fig. 4A). The mean LND time before and after
proficiency differed with statistical significance (90.4+5.4 vs. 48.2+3.3 minutes; P<0.001).
The learning curve for the use of prebent forceps (Olympus Medical Systems Corp.) (Fig. 4B)
demonstrated no statistically significant change.
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Table 2. Comparison of clinicopathologic outcomes between the ArtiSential® and prebent groups

Variables Type of instrument P-value
Prebent* (n=25) ArtiSential®" (n=17)
Tumor location 0.565
Upper 0 1(5.9)
Middle 6 (24.0) 4 (23.5)
Lower 19 (76.0) 12 (70.6)
Histology 0.208
Well to moderately differentiated 12 (48.0) 12 (70.6)
Poorly differentiated or SRC 13 (52.0) 5(29.4)
Extent of LND 0.683
D+ 22 (88.0) 15 (88.2)
D2 3(12.0) 2 (11.8)
Type of reconstruction 0.317
Billroth II 23 (92.0) 14 (82.4)
Billroth I (delta-shaped anastomosis) 2 (8.0) 3(17.6)
Combined operation 4 (16.0) 3(17.6) 0.603
Operation time (min) 205.4+6.0 218.1+9.9 0.270
LND time (min) 52.7+1.8 60.6+5.5 0.473
Pathologic T stage 0.546
Ta 14 (56.0) 8 (47.1)
Tib 10 (40.0) 9 (52.9)
T4a 1(4.0) 0
No. of retrieved lymph nodes 49.5+3.5 45.9+4.0 0.555
No. of metastatic lymph nodes 0.1+0.1 0.8+0.5 0.140
Pathologic N stage 0.185
NO 923 (92.0) 13 (76.5)
N1 2 (8.0) 2 (11.8)
N2 0 2 (11.8)
Lymphovascular invasion 6 (24.0) 4 (23.5) 0.634
Hospital stay (days) 15.4+2.0 12.4+1.3 0.588
Soft diet initiation (days) 4.7+0.3 5.0+0.4 0.343
Adjuvant chemotherapy 1(4.0) 3(17.6) 0.173
Complication 10 (40.0) 7 (41.2) 0.595
Early complication 9 (36.0) 6(35.3) 0.613
Intraabdominal abscess 6 (24.0) 2 (11.8) 0.282
Paralytic ileus 1(4.0) 1(5.9) 0.652
Miscellaneous 2 (8.0) 3(17.6) 0.317
Late complication 1(4.0) 1(5.9) 0.652
Mechanical ileus 1(4.0) 1(5.9) 0.652
Morbidity (CDC grade I11-1V) 4 (16.0) 1(5.9) 0.315

Data are expressed as number (%) or meanszstandard errors.

SRC = signet ring cell carcinoma; LND = lymph node dissection; CDC = Clavien-Dindo classification.

*Patients who underwent single-port laparoscopic distal gastrectomy (SP-LDG) using prebent graspers (Olympus
Medical Systems Corp., Tokyo, Japan) during lymphadenectomy; TPatients who underwent SP-LDG with
ArtiSential® (LivsMed, Seongnam, Korea) graspers during lymphadenectomy.

DISCUSSION

In this era of minimally invasive surgery, laparoscopic gastrectomy is now the standard
treatment for EGC. Moreover, reduced-port surgery is an increasingly important
consideration, especially in Korea and Japan [9,11,22,23]. However, it is uncertain if there is a
gain in return for the extra effort and operative time involved in the procedure [24]. Technical
difficulty is one of the biggest concerns in SP-LDG. Single-incision laparoscopic surgery ports
allow for additional instrument arms in addition to a laparoscope. However, through this
port, conventional straight laparoscopic instruments are aligned along the same axis as the
laparoscope. This leads to frequent collisions and intracorporeal crossing of the instruments,
referred to as “sword fighting,” which hampers free manipulation during the operation [25].
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Fig. 4. The learning curve for the use of the ArtiSential” (LivsMed) and prebent forceps (Olympus Medical Systems Corp.) in performing lymph node dissection
during single-port laparoscopic distal gastrectomy. The time spent for LND was plotted according to the number of cases. The red lines represent the mean LND
time before and after the operator's proficiency.

(A) The learning curve for the ArtiSential® (LivsMed) was complete in the 5th case. (B) The LND time using the prebent forceps (Olympus Medical Systems Corp.)
demonstrated stability in all cases.

LND = lymph node dissection.

To overcome such limitations, novel instruments to supplement the range of movement have
been introduced. Prebent instruments (Olympus Medical Systems Corp.) were designed to
enable angulation inside the abdomen to obtain a better operative field. However, because
of the bent shape of the instrument, the entire shaft of the instruments is off-screen during
most of the procedure, impeding intuitive control, especially for novice surgeons [13].
Meanwhile, articulating devices with increased freedom in movement are being developed,
and the ArtiSential® device (LivsMed) is the first multi-DOF articulating laparoscopic device
with a 360° angle of motion [26].

In this study, we compared the operative outcomes of SP-LDG using ArtiSential® (LivsMed)
graspers to those of the control group, involving the use of a prebent grasper (Olympus
Medical Systems Corp.), to identify the feasibility of the ArtiSential® (LivsMed) grasper as a
tool for traction during LND. The results demonstrated no significant difference between the
ArtiSential® and prebent groups in terms of LND time and postoperative clinical outcomes.
Considering that the ArtiSential® (LivsMed) forceps required a learning curve of five cases,
this significant result endorses the feasibility of the device.

There were several limitations to the instrument that we encountered during the operations.
First, the “control part” of the ArtiSential® (LivsMed) grasper has a rather cumbersome
appearance. The large arch of the control part causes constant clashing with the camera and
other instruments during SP-LDG, and extended use of the instrument can increase surgeon
fatigue and have a negative effect on dexterity (Fig. 5). However, ArtiSential® (LivsMed)
graspers were not originally developed for single-port laparoscopic surgery but for adapting
multi-DOF movements to conventional laparoscopic surgery. The bulky arch is a driving force
rather than a troublesome feature for articulation. Even though the collision issue can be
overcome with experience, it is suggested that the control part of the ArtiSential® (LivsMed)
graspers be reformed to reduce technical barriers to SP-LDG. Inspired by trials that applied
this articulating device in SP-LDG, the manufacturer claims that a future version of the
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Arch of the control part

Fig. 5. An example of collision between the instruments due to the control part of the ArtiSential® (LivsMed)
grasper. The large arch of the control part collided with the ultrasonic energy device (inside the yellow circle).

ArtiSential® (LivsMed) graspers will have an improved shape to facilitate its use in single-port
laparoscopic surgery.

Another drawback is that surgeons are more likely to experience physical stress from the
heavier instrument compared to the conventional instruments [27]. Surgeons must bear the
weight on their wrists to achieve the multi-DOF action of the “end-effector” part. This issue
adversely affects the introduction of ArtiSential® (LivsMed) instruments in SP-LDG, in which
operator spasticity could result in lethal accidents.

Lastly, the unfamiliar maneuvering mechanism of the instrument limits its widespread use.
Most novice surgeons find it difficult to articulate the end-effector to move in the intended
direction due to the unconventional operating system that is embedded in ArtiSential®
(LivsMed) graspers that allows it to achieve multi-DOF motions without an external energy
source. The difference in operating mechanisms might also be an issue for some surgeons
due to less tactile feedback from the device compared to conventional instruments, which
is a critical issue in the field of laparoscopic surgery. Our results demonstrate that a learning
curve is required to adapt to the new multi-DOF instrument for performing LND. However,
the learning phase is not as long as the general transition period from open to laparoscopic
surgery or from laparoscopic to robotic surgery [28-31].

In conclusion, ArtiSential® (LivsMed) graspers are a feasible alternative to prebent graspers
(Olympus Medical Systems Corp.) as a traction device during SP-LDG for EGC patients.
Further investigation is required to determine whether “multi-DOF articulation” facilitates
intuitive control for surgeons during single-port surgery.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1
Demographics and clinicopathologic outcomes of the patients who underwent single-port
laparoscopic gastrectomy using the ArtiSential® grasper (LivsMed)

Click here to view
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