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Purpose: Conventional straight-shaped laparoscopic surgical instruments have limitations that, unlike
robotic surgery, the wrist joint cannot be used. This study aimed to analyze the short-term safety and
feasibility of ArtiSential (Livsmed), a new articulating laparoscopic instrument, which obviates the
limitations of conventional laparoscopic surgery and allows the wrist joint to be used freely over 360° as in
robotic surgery.

Methods: The study included patients who underwent conventional laparoscopy or laparoscopy with the
ArtiSential instrument. Patients who underwent laparoscopic gastrectomy for primary gastric
adenocarcinoma in our institution were retrospectively reviewed. The groups were propensity score
matched in a 1:1 ratio. Primary endpoint was incidence of early postoperative complication (postoperative
30-day morbidity and mortality) and secondary endpoints were operative outcomes.

Results: A total of 327 patients (147 of the conventional group and 180 of the ArtiSential group) were
propensity score matched. After propensity score matching was performed, each group comprised of 122
patients. Both groups were comparable with regard to operation time, estimated blood loss, number of
retrieved lymph nodes, and length of hospital stay. The ArtiSential group had a faster time to a fluid diet
(2.6 = 1.3 days vs. 2.3 £ 0.6 days, p = 0.015). There was no statistically significant difference in early
postoperative complications between the two groups (the conventional group, 23.0%; the ArtiSential group,
26.2%; p = 0.656)

Conclusion: The current study showed that the use of ArtiSential is a safe and feasible option without
increasing operation time, length of hospital stay, and intraoperative bleeding.
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INTRODUCTION

The da Vinci robot, which has been actively used in recent years,
has the advantage of being able to utilize three-dimensional (3D)
images and wrist joints [1-4]. A surgeon using the robot can ac-
quire a sense of depth through a 3D image, which is helpful for
complex motions such as suturing anastomoses of the gastroin-
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testinal tract, based on simple motions such as grasping an item
[5]. Further, the ability to use the wrist joint over 360° during ro-
botic surgery allows the surgeon a wide angle of motion, so that
the accuracy of surgery is improved [6].

However, many studies have noted that patients have incurred
notably higher costs for the advantages offered by robots [7,8].
Although each country has a different health insurance system,
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patients undergoing da Vinci robotic surgery will usually have to
pay more than those undergoing laparoscopic surgery. Therefore,
new methods utilizing the advantages of robots in laparoscopic
surgery are emerging. The 3D cameras have already been used
in clinical settings, and this institution conducted a prospective
clinical trial to assess the benefits of these cameras [9].

Conventional straight-shaped laparoscopic surgical instru-
ments have limitations, as they cannot use wrist joints unlike
in robotic surgery. A new series of articulating laparoscopic in-
struments named ArtiSential (Livsmed, Seongnam, Korea) has
been developed, and it obviates the limitations of conventional
laparoscopic surgery and allows the wrist joint to be used freely
over 360° as in robotic surgery [10]. The device has been used in
the clinical setting since May 2018 after approval by the Ministry
of Food and Drug Safety of Korea and Health Insurance Review
and Assessment Service of Korea. Because its usage in the clini-
cal field is relatively new, there have only been few reports on
its clinical usefulness [11-13]. The purpose of this study was to
analyze the short-term safety and feasibility of ArtiSential in
laparoscopic gastrectomy.

MATERIALS AND METHODS

Patients who underwent laparoscopic gastrectomy for primary
gastric adenocarcinoma by a single surgeon from January 2017
to July 2019 at Seoul National University Bundang Hospital were
retrospectively reviewed. Patients with a previous history of
gastrectomy or those who underwent gastrectomy for palliative
purposes were excluded. Since the introduction of ArtiSential
in May 2018, the instrument has been used for all laparoscopic
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Fig. 1. Port placement for the conventional group and the ArtiSential
group. ArtiSential: Livsmed, Seongnam, Korea; EZ Access: Hakko, Tokyo,
Japan.
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gastrectomies in this institution. Patients were divided into two
groups (conventional laparoscopy group and ArtiSential group);
the conventional laparoscopic group was operated on from Janu-
ary 2017 to April 2018, and the ArtiSential group was operated
on from May 2018 to July 2019. Baseline characteristics of the two
groups were analyzed.

The primary endpoint was incidence of early postoperative
complication (postoperative day [POD] 30 morbidity and mortal-
ity). Clavien-Dindo (CD) classification was used to evaluate the
severity of postoperative complications [14]. Major complication
was defined as CD complication grade IIla or higher. Secondary
outcomes were operative outcomes such as operation time, esti-
mated blood loss (EBL), number of retrieved lymph nodes, length
of hospital stay, white blood cell count and C-reactive protein
level on POD 2, and decrease in hemoglobin after surgery. The
decrease in hemoglobin was defined as the preoperative hemo-
globin level minus the hemoglobin level at POD 2. These values
were obtained from electronic medical records.

In laparoscopic gastrectomy, a 3D flexible scope was mainly
used. After a transumbilical incision was made, ports were in-
serted. The number of ports varied depending on the operation.
Usually, a Lap-Protector (Hakko, Tokyo, Japan) was inserted
into the transumbilical wound and an EZ Access (Hakko, To-
kyo, Japan) was connected. If necessary, additional ports were
inserted into the right upper quadrant and left upper quadrant
(Fig. 1). The use or nonuse of the articulating device did not in-
fluence the position of the laparoscopic port. Distal gastrectomy,
proximal gastrectomy, pylorus-preserving gastrectomy, and total
gastrectomy were performed for gastric cancer surgery. For distal
gastrectomy, Billroth-I, Billroth-II, Roux-en-Y, or uncut Roux-
en-Y anastomosis was performed. For proximal gastrectomy,

Fig. 2. No. 12 lymph node dissection using the fenestrated forceps (Ar-
tiSential; Livsmed, Seongnam, Korea).
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Table 1. Baseline characteristics
All patients Propensity score matched patients
Characteristic
Conventional group ArtiSential group  pvalue  Conventional group ArtiSential group  p value
No. of patients 147 180 122 122
Age (yr) 61.1+121 64.9+12.0 0.006 62.4 +12.1 643 +11.4 0.214
Sex 0.165 0.405
Male 93 (63.3) 128 (71.1) 81 (66.4) 88 (72.1)
Female 54 (36.7) 52 (28.9) 41 (33.6) 34 (27.9)
Body mass index (kg/m’) 238+29 241 +36 0.392 239+29 243 +35 0.464
ASA PS classification <0.001 0.646
| 54 (36.7) 32(17.9) 33(27.0) 29 (23.9)
Il 82 (55.8) 119 (66.1) 78 (63.9) 78 (63.9)
I 11(7.5) 29 (16.1) 11(9.0) 15(12.3)
History of abdominal operations 0.508 0.857
No 125 (85.0) 147 (81.7) 105 (86.1) 103 (84.4)
Yes 22 (15.0) 33(18.3) 17 (13.9) 19 (15.6)
Type of gastrectomy 0.020 0.584
Distal 107 (72.8) 115(63.9) 85 (69.7) 94 (77.0)
Total 19(12.9) 33(18.3) 18 (14.8) 12(9.8)
Proximal 2(1.4) 14(7.8) 2(1.6) 2(1.6)
Pylorus-preserving 19(12.9) 18 (10.0) 17 (13.9) 14 (11.5)
Lymph node dissection 0.739 0.154
D1 7(4.9) 7(3.9 6 (4.9 3(2.9)
D1+ 54 (36.7) 57 (31.7) 48 (39.3) 38(31.1)
D2 81 (65.1) 110 (61.1) 63 (51.6) 79 (64.8)
D2+ 5(3.4) 6 (3.3 5(4.1) 2(1.6
Resection of other organs 0.982 0.848
No 128 (87.1) 158 (87.8) 106 (86.9) 107 (87.7)
Yes 19(12.9) 22 (12.2) 16 (13.1) 15(12.3)
Size (cm) 39+26 42+29 0.285 3.8+25 37+23 0.752
Resection margin (cm)
Proximal 4432 3426 0.006 43+3, 37+25 0.103
Distal 52+37 48+42 0.381 50+36 48+43 0.681
T stage 0.060 0.955
Tla 48 (32.7) 56 (31.1) 40 (32.8) 44 (36.1)
Tib 41 (27.9) 56 (31.1) 38(31.1) 39 (32.0)
T2 16 (10.9) 15(8.3) 12(9.8) 12(9.8)
T3 30 (20.4) 22 (12.2) 21(17.2) 16 (13.1)
T4a 8 (56.4) 26 (14.4) 8 (6.6) 7(6.7)
T4b 42.7) 5(2.8) 3(2.5) 4(3.3)
N stage 0.462 0.788
NO 93 (63.3) 114 (63.3) 76 (62.3) 83 (68.0)
N1 20 (13.6) 18 (10.0) 15(12.3) 13(10.7)
N2 13(8.9) 15(8.3) 13(10.7) 14 (11.5)
N3a 16 (10.9) 19 (10.6) 13(10.7) 9(7.4)
N3b 5(3.4) 14(7.8) 5(4.1) 3(2.5)
M stage 0.838 0.478
0 145 (98.6) 178 (98.9) 120 (98.4) 122 (100)
1 2(1.4) 2(1.1) 2 (1.6) 0(0)

Values are presented as number only, mean + standard deviation, or number (%).

ArtiSential: Livsmed, Seongnam, Korea. ASA PS, American Society of Anesthesiologists physical status.
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double tract reconstruction was mainly conducted [15], and in
some cases, esophagogastrostomy with Toupet fundoplication
or esophagogastrostomy with double flap reconstruction was
performed. Among the ArtiSential graspers, bipolar fenestrated
forceps were mostly used (Fig. 2). Supplementary Video 1 briefly
illustrates how ArtiSential graspers can be used during laparo-
scopic gastrectomy. Generally, patients were discharged after eat-
ing soft blended diet, and without fever or other complications.

Propensity score matching (PSM) was used for demographic
and clinicopathological variables to minimize bias that could
occur between the two groups and to compensate for the short-
comings of the retrospective study. PSM was performed in a 1:1
ratio using age, sex, American Society of Anesthesiologists (ASA)
classification [16], T stage, N stage, history of previous abdominal
surgery, whether additional organs were excised during surgery,
and type of gastrectomy as covariates. All statistical analyses
were performed using R version 3.5.3 (R Foundation for Statisti-
cal Computing, Vienna, Austria). A p value of <0.05 was deter-
mined to be statistically significant.

RESULTS

A total of 327 patients who underwent laparoscopic gastrectomy
by a single surgeon from January 2017 to July 2019 were enrolled.
Patients were divided into two groups; the conventional (n =

Table 2. Operative outcomes

Eunju Lee et al.

147) and ArtiSential (n = 180) laparoscopy groups. Before PSM,
there was a difference in baseline characteristics between the two
groups (Table 1).

After PSM was performed, each group comprised 122 patients.
The mean age was 62.4 + 12.1 years in the conventional group
and 64.3 + 114 years in the ArtiSential group (p = 0.214). Patient
characteristics such as sex, ASA score, type of operation, T stage,
and N stage showed no significant differences between both
groups after PSM (Table 1).

After PSM, the mean operation time was 163.6 + 694 minutes
in the conventional group and 165.2 + 55.0 minutes in the Ar-
tiSential group (p = 0.846). EBL was 46.7 + 103.6 mL in the con-
ventional group and 28.1 + 40.8 mL in the ArtiSential group (p =
0.066). The number of retrieved lymph nodes was 59.7 £ 21.7 in
the conventional group and 60.8 + 24.6 in the ArtiSential group
(p = 0.722). Patients had their first fluid diet an average of 2.6 +
1.3 days after surgery in the conventional group and 2.3 + 0.6 days
after surgery in the ArtiSential group (p = 0.015). The length of
hospital stay was 6.1 £ 3.2 days in the conventional group and 6.8 +
3.5 days in the ArtiSential group (p = 0.117). Hemoglobin levels
decreased by 1.2 £ 1.7 g/dL in the conventional group and by 1.3 £
1.2 g/dL in the ArtiSential group (p = 0.445) (Table 2).

Early postoperative complications occurred in 23.0% of pa-
tients in the conventional group and in 26.2% of patients in the
ArtiSential group; the difference was not statistically significant

All patients Propensity score matched patients
Qutcome Conventional group  ArtiSential group Conventional group  ArtiSential group
(n=147) (n=180) pvalue (=122 (=122 p value
Operation time (min) 159.4 +67.9 182.1 +135.9 0.051 1636 +694 165.2 +55.0 0.846
EBL (mL) 46.1 +97.5 33.3+49.5 0.150 46.7 +103.6 28.1+40.8 0.066
Intraoperative transfusion 0.919 0.316
No 146 (99.3) 180 (100) 121 (99.2) 122 (100)
Yes 1(0.7) 0(0) 1(0.8) 0(0)
Retrieved LN (n) 59.6 +21.5 60.8 +24.9 0.652 59.7 217 60.8 +24.6 0.722
Positive LN (n) 2.4+6.1 43+11.0 0.049 26+6.5 26+99 0.960
First fluid diet (dlay) 25+12 25+0.9 0.656 26+1.3 2.3+0.6 0.015
Length of hospital stay (day) 6.0 = 3.1 7775 0.005 6.1+32 6.8+35 0117
POD-2 WBC (10%/uL) 11.1+38 108 +3.2 0.437 11.1+4.0 111+ 31 0.980
POD-2 CRP (mg/dL) 123 +6.3 129+55 0.329 127 +64 131+£55 0.618
Decrease in Hb? (g/dL) 12+1.6 12+12 0.731 1217 13+12 0.445

Values are presented as mean = standard deviation or number (%).

ArtiSential: Livsmed, Seongnam, Korea. EBL, estimated blood loss; LNs, lymph nodes; POD, postoperative day; WBC, white blood cell; CRP, C-reactive

protein; Hb, hemoglobin.
Preoperative Hb — POD-2 Hb.

Joumal of Minimally Invasive Surgery Vol. 24. No. 1, 2021
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Table 3. Early postoperative complications
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All patients Propensity score matched patients
Variable Conventional group ArtiSential group Conventional group ArtiSential group
(n=147) n=18)  Pvaue (=122 (=122 pvalue
Early complication event (<POD 30) 0.395 0.656
No 117 (79.6) 135 (75) 94 (77.0) 90 (73.8)
Yes 30(20.4) 45 (25) 28(23.0) 32(26.2)
Details of complication”
Cardiac morbidity 1(3.1) 2(3.8) 1(3.2) 2 (5.0)
Pulmonary morbidity 19 (59.4) 24 (45.3) 19(61.3) 17 (42.5)
Urinary morbidity 0(0) 0(0) 0(0) 0(0)
Intra-abdominal abscess 2 (6.3) 5(9.4) 2 (6.5) 5(12.5)
Anastomotic leakage 2 (6.3) 5(9.4) 2 (6.5) 2 (5.0)
Stump leakage 0(0) 0(0) 0(0) 0(0)
Anastomotic bleeding 1(3.1) 2 (3.8) 1.2 2 (5.0)
Intestinal obstruction 4(12.5) 7(13.2) 39.7) 5(12.5)
Pancreatic fistula 0(0) 0(0) 0(0) 0(0)
Postoperative pancreatitis 2 (6.3 0(0) 2 (6.5) 0(0)
Wound morbidity 0(0) 2(3.8) 0(0) 2 (5.0)
Other early complications” 1(3.1) 6(11.3) 1(3.2) 5(12.5)
Early complication, >CD grade llla 0.095 0.438
No 141 (95.9) 163 (90.6) 116 (95.1) 112.(91.8)
Yes 6(4.1) 17 (9.4) 6(4.9) 10(8.2)
Early complications (CD grade) 0.465 0.840
| 12(8.2) 12(6.7) 11 9.0) 9(7.4)
I 12(8.2) 16 (8.9) 119.0) 13(10.7)
llla 4.7 6(3.3 4(3.3 4(3.3
lib 0(0) 3(1.7) 0(0) 1(0.8)
Va 1(0.7) 5(2.8) 1(0.8) 3(2.5)
IVb 0(0) 2(1.1) 0(0) 1(0.8)
v 1(0.7) 1(0.6) 1(0.8) 1(0.8)

Values are presented as number (%).

ArtiSential: Livsmed, Seongnam, Korea. POD, postoperative day; CD, Clavien-Dindo classification.
“The denominator was calculated as the number of patients with complication in each group. "Includes acute cholecystitis, colitis, and fever of unknown

origin.

(p = 0.656). Major complications (CD Illa or higher) occurred in
six patients (4.9%) in the conventional group and in 10 patients
(8.2%) in the ArtiSential group; the difference was also not statis-
tically significant (p = 0.438) (Table 3).

In the conventional group, two patients had a percutaneous
drain insertion for anastomosis leakage (CD grade Illa), two pa-
tients had percutaneous drain insertion for fluid collection (CD

grade IIIa), and one patient was treated in the intensive care unit
(ICU) due to pulmonary complications (CD grade IVa). In the
conventional group, one mortality was recorded. The patient was
a 54-year-old man with a history of hypertension, diabetes, and
ischemic heart disease with coronary intervention. He under-
went laparoscopic distal gastrectomy and died due to myocardial
infarction on the operation day.

WwWWw.e-jmis.org
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Fig. 3. Operation time of laparoscopic distal gastrectomy in chronological
order. ArtiSential: Livsmed, Seongnam, Korea.

In the ArtiSential group, one patient underwent reoperation
and was treated in the ICU and one patient received percutane-
ous drain insertion for anastomosis leakage (CD grade IVa and
CD grade Illa, respectively). Three patients underwent percuta-
neous drain insertion for fluid collection (CD grade IITa) and two
patients had endoscopic hemostasis due to anastomosis bleeding
and were treated in the ICU (CD grade IVa). One patient under-
went thoracentesis for pleural effusion (CD grade Illa) and one
patient had new-onset atrial fibrillation and was treated in the
ICU (CD grade IVa). One patient received a percutaneous tran-
shepatic gallbladder drain for acute cholecystitis (CD grade IIIa).
In the ArtiSential group, one mortality was recorded. The patient
was an 83-year-old woman with a history of hypertension, dia-
betes, dyslipidemia, and dilated cardiomyopathy. She underwent
laparoscopic distal gastrectomy and died due to cardiac arrest on
POD 9.

DISCUSSION

In this study, there was no significant difference in the occur-
rence of early postoperative complications between the conven-
tional and ArtiSential groups. The use of the novel articulating
device was feasible and did not increase short-term operative
complications. To the best of our knowledge, no study has report-
ed the comparison of operation outcomes and complications of
laparoscopic gastrectomy using ArtiSential and robotic gastrec-
tomy. In previous studies, when robotic gastrectomy and conven-
tional laparoscopic gastrectomy for gastric adenocarcinoma were
compared, postoperative complications were similar with robotic
gastrectomy [7,17-19]. Thus, a study comparing robotic surgery
versus laparoscopic surgery using the new articulating device
is needed. According to the 2016 International Study Group
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on Pancreatic Fistula (ISGPF), postoperative pancreatic fistula
(POPF) is defined as a drain output of any quantifiable volume
of fluid with an amylase level more than three times the upper
limit of institutional normal serum amylase value, related with
a clinically relevant development/condition associated directly
to the POPF [20]. When there was no intraoperative event, the
participating surgeon in this study did not insert surgical drains
in accordance with the early recovery after surgery program.
Hence, it was difficult to define POPF according to 2016 ISGPF
definition [20]. In this study, POPF could be clinically diagnosed
when fluid collection near the pancreas was found in computed
tomography scans after fever or abdominal pain. Consequently,
POPF and postoperative pancreatitis might have been underesti-
mated compared to other studies.

There was no significant difference in operative outcomes,
such as operation time, between the conventional and ArtiSen-
tial groups. Fig. 3 shows the time of operation for laparoscopic
distal gastrectomy in chronological order. Before the first patient
in the study, the operator had already performed more than
1,000 cases of laparoscopic gastrectomy, so the learning curve
for laparoscopic gastrectomy had already been passed before the
beginning of the study. Nevertheless, ArtiSential is a new device
and a learning curve cannot be avoided when a new surgical
instrument is introduced. Even if the surgeon practices suffi-
ciently in the dry lab, the operation time would be longer during
actual surgery until the learning curve is overcome. A learning
curve still existed with the ArtiSential group, but there was no
significant difference in operation time between the two groups.
As the dissection can be performed freely using the wrist joint
over 360°, it takes less time compared to a conventional straight
device. Moreover, ArtiSential is able to perform motions that are
not possible with conventional straight laparoscopic instruments,
especially intracorporeal suturing, with a notably larger degree
of freedom. For these reasons, there seemed to be no difference
in the overall operation time. A study focusing on the time it
takes to overcome the learning curve when using ArtiSential is
currently ongoing.

The use of ArtiSential does not increase blood loss and may be
beneficial in reducing EBL. There was a difference of 18 mL in
EBL between the two groups, with the ArtiSential group having
less blood loss. Although the difference in blood loss is small, and
may not be clinically significant, this may be due to the use of
bipolar electrocautery function of the ArtiSential. The addition
of bipolar energy to these graspers is effective for bleeding con-
trol. This also allows the use of the “double bipolar technique”
[21] in lymph node dissection, previously possible only in robotic
surgery, in laparoscopic surgery. During lymph node dissection,
ArtiSential enables fine dissection that reduces the possibility of
thermal damage to the surrounding normal tissues. In particular,
thermal injury to the pancreas is reduced during suprapancreatic
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lymph node dissection. The time to start a fluid diet was 0.3 days
faster in the ArtiSential group, and, although statistically sig-
nificant, further research is needed to verify if this is of notable
clinical value.

An important limitation of this study is its retrospective de-
sign. Since ArtiSential was used from May 2018, there is a time
bias that cannot be excluded because of the retrospective nature
of the study. However, this study was designed to assess the
feasibility of the new device through short-term safety, target-
ing the non-inferiority of the new intervention. Hence, this time
bias does not change the conclusion regarding the feasibility of
the device. Subsequent prospective randomized controlled tri-
als will be needed to validate if this new articulating device has
advantages over current conventional laparoscopic surgery or
robotic surgery. Other limitations of this study include its single-
center nature and the performance of the procedures by a single
surgeon; further prospective studies involving more surgeons
are needed. In addition, bias reduction was attempted through
PSM, resulting in a smaller number of patients compared to the
initial sample size. As such, future studies with a larger number
of patients may be necessary. Lastly, this study focused on early
postoperative morbidity and mortality, so research with longer-
term follow-up data is needed to analyze the long-term safety of
the device.

In conclusion, the new laparoscopic articulating device, Ar-
tiSential, is a safe and feasible option that does not increase op-
eration time, length of hospital stay, and intraoperative bleeding.
Nevertheless, a well-designed prospective study of the safety and
feasibility of ArtiSential is needed.
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