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Can Robotic Gastrectomy Surpass Laparoscopic Gastrectomy
by Acquiring Long-Term Experience? A Propensity Score
Analysis of a 7-Year Experience at a Single Institution

Sung-Soo Hong, Sang-Yong Son, Ho-Jung Shin, Long-Hai Cui, Hoon Hur, and Sang-Uk Han
Department of Surgery, Ajou University School of Medicine, Suwon, Korea

Purpose: It is hypothesized that robotic gastrectomy may surpass laparoscopic gastrectomy after the operators acquire long-term experi-
ence and skills in the manipulation of robotic arms. This study aimed to evaluate the long-term learning curve of robotic distal gastrec-
tomy (RDG) for gastric cancer compared with laparoscopic distal gastrectomy (LDG).

Materials and Methods: From October 2008 to December 2015, patients who underwent LDG (n=809) were matched to patients
who underwent RDG (n=232) at a 1:1 ratio, by using a propensity score matching method after stratification for the operative year. The
surgical outcomes, such as trends of operative time, blood loss, and complication rate, were compared between the two groups.

Results: The RDG group showed a longer operative time (171.3 minutes vs. 147.6 minutes, P<0.001) but less estimated blood loss
(77.6 mlvs. 116.6 ml, P<0.001). The complication rate and postoperative recovery did not differ between the two groups. The RDG
group showed a longer operative time and similar estimated blood loss compared with the LDG group after 5 years of experience (operative

time: 159.2 minutes vs. 136.0 minutes in 2015, P=0.003; estimated blood loss: 72.9 ml vs. 78.1 mlin 2015, P=0.793).
Conclusions: In terms of short-term surgical outcomes, RDG may not surpass LDG after a long-term experience with the technique.
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Introduction

During the last decade, developments in laparoscopic in—
struments and technologies have led to major surgical break—
throughs, and many reports have demonstrated the clinical
advantages of laparoscopic gastrectomy for gastric cancer com—
pared with open surgery.” Although the long—term oncological
safety of this technique is yet to be established, many retrospec—
tive studies demonstrated that laparoscopic distal gastrectomy

(LDG) was comparable to open distal gastrectomy in terms of
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short-term and long-term outcomes.”” Thereby, LDG is now
considered a safe and technically feasible treatment option for
early—stage gastric cancer.

Further refinements in the surgical environment have been
attempted with the robotic surgical platform to overcome the
shortcomings of conventional laparoscopic surgery. These
improvements include three-dimensional imaging, enhanced
dexterity with articulated robotic arms, comfortable operator
position, and integrated emerging technologies such as indocya—
nine green fluorescence. However, a recent multicenter phase 11
trial failed to show the superiority of robotic gastrectomy over
laparoscopic gastrectomy.® Thus, the clinical advantage of ro-
botic gastrectomy for gastric cancer remains unclear, and several
clinical trials are under way to determine the adjunct benefits of
robotic gastrectomy in specific clinical settings.

One of the ignored advantages of robotic surgery in previous
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studies is that the surgeon can manipulate the four robotic arms
including the camera view at will. This advantage allows the
surgeon to have a relatively independent ability from that of the
first assistant or the scopist, compared with conventional laparo—
scopic surgery. Thus, it is hypothesized that robotic gastrectomy
may surpass laparoscopic gastrectomy after the operators acquire
long—term experience and skills in the manipulation of robotic
arms; however, no studies on the long—term learning curve of
robotic gastrectomy have been undertaken yet.

Therefore, the aim of this study was to evaluate the long—
term learning curve of robotic distal gastrectomy (RDG) for
gastric cancer compared with LDG by means of a case—matched

study with propensity score analysis.

Materials and Methods

This study was approved by the Institutional Review Board
of Ajou University Hospital, and adhered to the principles of the
Declaration of Helsinki and its revisions. Written informed con—

sent was obtained from all patients undergoing the surgery.

1. Patients

The study design is summarized in Fig. 1. From October 2008
to December 2015, a total of 2,717 patients underwent gastric
surgery for gastric cancer at Ajou University Hospital. Of them,
1,676 patients were excluded because of undergoing an open ap—

proach, having treatment with a palliative intent, being treated

2008.10~2015.12
Gastric surgery for gastric cancer
n=2,717

by another operator who did not perform robotic gastrectomy,
and undergoing other gastrectomies except distal gastrectomy.
The remaining 1,041 patients who underwent LDG or RDG
were eligible for inclusion to this study (809 laparoscopic distal
gastrectomies and 232 robotic distal gastrectomies).

Before the matching, we stratified the patients for operative
years to reflect the time variations in the surgical environment,
such as surgical devices, techniques, and operator experience.
Then, patients who underwent LDG were matched to patients
who underwent RDG at a 1:1 ratio, by using a propensity score
matching (PSM) method. The matched variables included age,
sex, body mass index, previous abdominal surgery, comorbidity,
American Society of Anesthesiologists score, and preoperative
T and N stages. Intraoperative variables such as combined re—
section and extent of lymph node dissection were also included
because these variables could considerably influence the surgical
outcomes, which are the primary end points of this study.

Finally, 464 patients (232 patients for each group) were ana-
lyzed for the present study. The surgical outcomes, including
operative time, blood loss, and postoperative complications, were

compared between the LDG and RDG groups.

2. Statistical analysis

All statistical analyses were performed by using IBM SPSS
Statistics ver. 18.0 (IBM Co., Armonk, NY, USA) and the R
program (R Foundation for Statistical Computing, Vienna, Aus—
tria). The % test and Student’s t-test were used for comparisons

Exclusion

- Open surgery

- Total/proximal gastrectomy, etc.
- Palliative surgery

- Performed by other surgeons

v

Distal gastrectomy for curative intent

n=1,041

performed by single surgeon (Han SU)

v

Not matched | Laparoscopic distal gastrectomy Robotic distal gastrectomy
population n=809 n=232
Stratified for the operative year
and propensity score matched by 1:1
Matched Laparoscopic distal gastrectomy Robotic distal gastrectomy
population n=232 n=232

Fig. 1. Population flowchart.
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Table 1. Patient characteristics before and after PSM
Before PSM After PSM
Variable
LDG (n=809) RDG (n=232) P-value LDG (n=232) RDG (n=232) P-value
Age (yr) 59.6+12.9 53.7%11.5 <0.001 55.0+13.0 53.7%11.5 0.246
Sex 0.944 0.844
Male 535 (66.1) 154 (66.4) 156 (67.2) 154 (66.4)
Female 274 (33.9) 78 (33.6) 76 (32.8) 78 (33.6)
BMI (kg/mz) 23.6+3.1 23.8£3.3 0.573 23.8£3.0 23.8£3.3 0.879
Previous abdominal surgery 0.404 0.442
Absent 691 (85.4) 193 (83.2) 199 (85.8) 193 (83.2)
Present 118 (14.6) 39 (16.8) 33 (14.2) 39 (16.8)
Comorbidity <0.001 0.574
Absent 356 (44.0) 135 (58.2) 129 (55.6) 135 (58.2)
Present 453 (56.0) 97 (41.8) 103 (44.4) 97 (41.8)
ASA score* 0.067 1.000
1~2 755 (93.3) 224 (96.6) 224 (96.6) 224 (96.6)
34 54.(6.7) 8 (3.4) 8 (3.4) 8 (3.4)
Preoperative T stage' 0.842 0.909
T1 557 (68.9) 167 (72.0) 173 (74.6) 167 (72.0)
T2 160 (19.8) 42 (18.1) 42 (18.1) 42 (18.1)
T3 69 (8.5) 19(8.2) 14 (6.0) 19 (8.2)
T4 23(2.8) 4(1.7) 3(1.3) 4(1.7)
Preoperative N stage’ 0.248 0.607
NO 620 (76.6) 180 (77.6) 190 (81.9) 180 (77.6)
N1 152 (18.8) 48 (20.7) 37 (15.9) 48 (20.7)
N2 25(3.1) 3(1.3) 4(1.7) 3(1.3)
N3 12 (1.5) 1(0.4) 1(0.4) 1(0.4)
Operative year <0.001 1.000
2008 11 (1.4) 4(1.7) 4(1.7) 4(1.7)
2009 99 (12.2) 42 (18.1) 42 (18.1) 42 (18.1)
2010 85 (10.5) 33 (14.2) 33 (14.2) 33 (14.2)
2011 136 (16.8) 26 (11.2) 26 (11.2) 26 (11.2)
2012 107 (13.2) 21(9.1) 21(9.1) 21(9.1)
2013 160 (19.8) 22(9.5) 22(9.5) 22(9.5)
2014 110 (13.6) 41(17.7) 41(17.7) 41(17.7)
2015 101 (12.5) 43 (18.5) 43 (18.5) 43 (18.5)
Combined resection 0.159 1.000
No 771 (95.3) 226 (97.4) 226 (97.4) 226 (97.4)
Yes 38 (4.7) 6(2.6) 6(2.6) 6(2.6)
Extent of LND 0.259 0.709
<D2 473 (58.5) 126 (54.3) 130 (56.0) 126 (54.3)
>D2 336 (41.5) 106 (45.7) 102 (44.0) 106 (45.7)

Values are presented as meanzstandard deviation or number (%). PSM = propensity score matching; LDG = laparoscopic distal gastrectomy;
RDG = robotic distal gastrectomy; BMI = body mass index; LND = lymph node dissection. *Classification according to the American Society of
Anesthesiologist. 'Classification according to the Union for International Cancer Control/American Joint Committee on Cancer 7th edition. The
stage was judged by radiologists based on preoperative computed tomography images.
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between the two groups. PSM was performed by using the
Matchlt package in the R program (R Foundation for Statistical
Computing). The propensity scores were estimated by running
a logit model, and the nearest neighboring matching algorithm
was applied with a caliper of 0.01. A P-value of <0.05 was con—
sidered statistically significant.

Results

1. Patient characteristics

The patient characteristics before and after the PSM are listed
in Table 1 (detailed PSM data at each operative year are shown
in Supplement 1). Before the matching, the LDG group showed
older age and a higher rate of comorbidity than the RDG group.
Moreover, there was a significant difference in the distribution
of operative year between the two groups. However, these dis—
parities were resolved after the matching, and no difference in

patient characteristics was found in the matched groups.

2. Comparison of operative outcomes

Table 2 summarizes the comparisons of surgical outcomes
between the LDG group and the RDG group. The RDG group
showed a longer operative time (171.3 minutes vs. 147.6 min-
utes, P<0.001) but less estimated blood loss (77.6 ml vs. 116.6 ml,
P<0.001). The complication rate and postoperative recovery did
not differ between the two groups, and there was no operative

mortality in both groups.

3. Trends of operative time, blood loss, and

procedural time

The RDG group was matched to the LDG group at each op—
erative year. Then, the operative time and blood loss were com—
pared between the two groups (Fig. 2). Concerning operative
time, the RDG group showed a trend of longer operative times
than those of the LDG group in all operative years. The differ—
ences in operative times between the two groups were distinct
in the early operative years (2008~2010) and decreased gradually
over time. However, the differences were significant even in
the late operative years. The mean operative times of RDG and
LDG were 158.3 minutes and 136.2 minutes in 2014 (P=0.009)
and 159.2 minutes and 136.0 minutes in 2015 (P=0.003), respec—
tively. Concerning estimated blood loss, the RDG group showed
a trend of less blood loss than that of the LDG group in the early

operative years (2008~2012); however, there were no differ—

Table 2. Comparison of surgical outcomes between laparoscopic
distal gastrectomy and robotic distal gastrectomy after propensity
score matching

LDG RDG

Variable (n=232) (n=232) P-value
Operation time (min) 147.6+45.8 171.3+46.9 <0.001
Before docking (n=175) 10.8+6.4
Docking (n=215) 4.5+4.0
Console (n=204) 81.1+£33.0
After console (n=134) 61.0+31.2

Estimated blood loss (ml) 116.6+124.8  77.6+£80.8 <0.001
Reconstruction 0.240

Billroth I 113 (48.7) 110 (47.4)

Billroth II 88(37.9) 101 (43.5)

Roux-en-Y 31(13.4) 21(9.1)
Tumor size (cm) 2.5+14 2.843.6 0.229
Resection margin (cm)

Proximal 47428 4.7+44 0.808

Distal 5.3+3.0 5.9+3.2 0.038
No. of retrieved lymph nodes 37.0£134  39.0£13.6  0.099
Sips of water (d) 1.8+0.7 1.8+1.9 0.949
Soft diet (d) 4.8+1.4 49+2.1 0.592
Length of hospital stay (d) 7.1+4.1 7.618.6 0.483
Postoperative complication 32(13.8) 30(12.9) 0.785

Wound 2 7

Bleeding 3 7

Intestinal obstruction/ileus 5 4

Pulmonary 4 1

Fluid collection 1 2

Anastomotic stenosis 5 0

Anastomotic leakage 2 4

Other 10 5
Severe complication* 13 (5.6) 11 (4.7) 0.675
Mortality 0 0

Values are presented as meantstandard deviation or number (%).
LDG = laparoscopic distal gastrectomy; RDG = robotic distal
gastrectomy. *Clavien-Dindo classification grade >IIla.

ences in the late operative years. The mean estimated blood loss
of RDG and LDG were 85.0 ml and 84.3 ml in 2013 (P=0.975),
63.5 ml and 92.3 ml in 2014 (P=0.199), and 72.9 ml and 78.1 ml
in 2015 (P=0.793), respectively.

The detailed procedural times of the RDG group were ana—
lyzed (Table 2). The mean “before docking” time and “docking”
time were 10.8 minutes and 4.5 minutes, respectively. These
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2008 2009 2010 2011 2012 2013 2014 2015 2008 2009 2010 2011 2012 2013 2014 2015
Operative year Operative year
2008 2009 2010 2011 2012 2013 2014 2015 2008 2009 2010 2011 2012 2013 2014 2015
No. of cases 4/4 42/42 33/33 26/26 21/21 22122 41/41 43/43 No. of cases 4/4 42/42 33/33 26/26 21/21 22/22 41/41 43/43
Operative time (min) Estimated blood loss (ml)
LDG 153.7432.5 172.74¢55.0 162.8451.7 151.7451.4 130.4+34.3 13154264 136.2+32.9 136.0+40.1 LDG 102.5£105.0 160.4+158.3 149.74124.4 130.3+130.3 122.6+118.5 84.3468.9 92.3+115.2 78.1+106.0
RDG 307.5+87.0 188.1#36.4 200.6+43.2 165.1+49.5 1457+30.0 150.0+43.1 158.3+40.9 159.2+28.1 RDG 41.2+8.5 49.5+44.3 134841037 75.0+42.2 83.8£101.8 85.0+85.3 63.5:83.3 72.9:76.2

P-value 0.032 0.135 0.002 0.341 0.134 0.095 0.009 0.003 P-value 0.289 <0.001 0.600 0.045 0.262 0.975 0.199 0.793

Fig. 2. Trends of operative time and blood loss between laparoscopic distal gastrectomy (LDG) and robotic distal gastrectomy (RDG). (A) Trends of
operative time. (B) Trends of blood loss. Values are presented as number only or mean+standard deviation.
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Fig. 3. Trends of each procedural time in the robotic distal gastrectomy
group.

procedural times did not fluctuate according to the operative
years, whereas the trend of total operative times was similar to

that of the “console” times (Fig. 3).

Discussion

Despite improvements of the surgical environment in ro—
botic surgery, the clinical advantage of robotic gastrectomy for
gastric cancer remains unclear. Recently, the results of a mul-
ticenter prospective study comparing robotic gastrectomy with
laparoscopic gastrectomy was published® A total of 434 patients
(223 robotic gastrectomies and 211 laparoscopic gastrectomies)

were analyzed on intention—to—treat and per—protocol bases.

The operative time was longer (221 minutes vs. 178 minutes,
P<0.001) and the total cost was higher in the robotic group (13,432
United States dollar [USD] vs. 8,090 USD, P<0.001), whereas the
complication rate and estimated blood loss were not different
between the two groups (11.9% vs. 10.3% [P=0.619] and 50 ml
vs. 55 ml [P=0.318] in per—protocol analysis, respectively). Con-
sequently, this study failed to prove the theoretical superiority of
robotic surgery in gastric cancer surgery.

Many efforts have been made to determine the clinical
benefits of robotic gastrectomy over laparoscopic gastrectomy
during the past decade. Kim et al.” reported the result of a retro—
spective study comparing 87 cases of RDG to 288 cases of LDG,
with a focus on the performance of lymphadenectomy in the
N2 area. The mean harvested number of N2 was significantly
higher in the RDG group (16.3 vs. 13.2, P=0.001). Similarly, Son
et al."” reported a higher number of retrieved lymph nodes of
the suprapancreatic area in robotic total gastrectomy (14.5 vs.
11.3, P=0.023). More recently, Suda et al." reported that robotic
gastrectomy showed lower rates of local complications, such as
pancreatic fistula, than did laparoscopic surgery (1.1% vs. 9.8%,
P=0.007).

In the same context, we conducted this retrospective study to
determine the clinical benefits of robotic gastrectomy for gastric
cancer. In contrast to laparoscopic gastrectomy, the surgeon can
manipulate all robotic arms. The steady camera view and con—
sistent movement of the third robotic arm offers good operative

fields, which seem better than those provided by human assis—
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tants. Moreover, its maneuverability could be improved through
the accumulation of experience and reproduced through the op—
erator’s independent ability from that of the assistant. Thus, we
hypothesized that robotic gastrectomy may surpass laparoscopic
gastrectomy after the operators acquire long—term experience and
skills in the manipulation of the robotic surgical platform. How—
ever, previous studies on the learning curve of robotic gastrectomy
has focused on the cut—off points for surgical stability,”” "

To our best knowledge, this study is the first to evaluate the
long-term learning curve of RDG for gastric cancer. In the
present study, we failed to show that RDG can surpass LDG in
terms of surgical outcomes after acquiring long—term experi—
ence. However, we first performed stratified analysis in robotic
gastrectomy for the operative years, and showed how the opera—
tive time and estimated blood loss changed during the long—term
experience. Notably, the estimated blood loss of the RDG group
was less than that of the LDG group in the early operative years;
however, this advantage of RDG remarkably decreased and
there was no difference between the two groups in the late op—
erative years. In the present study, the assumed gap of operative
times between RDG and LDG was about 20 to 25 minutes. This
was larger than the sum of the “before docking” and “docking”
times, which implied that the other procedural times in robotic
gastrectomy were also longer than those of laparoscopic gastrec—
tomy. We postulated that this was due to several reasons. First,
the surgical wounds were closed with knot—burying sutures in
robotic gastrectomy but not in laparoscopic gastrectomy. Fur—
thermore, the hemostasis and irrigation after reconstruction were
more difficult in some cases of robotic gastrectomy owing to the
trocar placement.

The present study has some limitations. This study was con—
fined to a single center and the experience of a single surgeon.
Furthermore, some data such as the before docking time and
after console time were missed in certain patients owing to the
nature of a retrospective study design. In addition, the long—term
learning curve in robotic total gastrectomy was not evaluated in
the present study, nevertheless the potential advantage of robotic
total gastrectomy was assumed to achieve sufficient lymphade—
nectomy especially in the splenic hilum. Therefore, further stud—
ies are needed to confirm our preliminary results on the long—
term learning curve of robotic gastrectomy for gastric cancer.

In conclusion, RDG showed a trend of longer operative times
and similar estimated blood loss compared with LDG even after

5 years of experience. Moreover, the complication rates in the

studied period were not different between the two groups. These
results imply that RDG may not surpass LDG simply through
the accumulation of long—term experience. Efforts to determine
the adjunct benefits of the robotic surgical platform or surgical
standardization in robotic gastrectomy would be needed in the

future.
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