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Totally Laparoscopic Distal Gastrectomy after Learning
Curve Completion: Comparison with Laparoscopy
-Assisted Distal Gastrectomy
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Purpose: The aims are to: (i) display the multidimensional learning curve of totally laparoscopic distal gastrectomy, and (ii) verify the
feasibility of totally laparoscopic distal gastrectomy after learning curve completion by comparing it with laparoscopy-assisted distal gas-
trectomy.

Materials and Methods: From January 2005 to June 2012, 247 patients who underwent laparoscopy-assisted distal gastrectomy
(n=136) and totally laparoscopic distal gastrectomy (n=111) for early gastric cancer were enrolled. Their clinicopathological character-
istics and early surgical outcomes were analyzed. Analysis of the totally laparoscopic distal gastrectomy learning curve was conducted
using the moving average method and the cumulative sum method on 180 patients who underwent totally laparoscopic distal gastrec-
tomy.

Results: Our study indicated that experience with 40 and 20 totally laparoscopic distal gastrectomy cases, is required in order to achieve
optimum proficiency by two surgeons. There were no remarkable differences in the clinicopathological characteristics between laparos-
copy-assisted distal gastrectomy and totally laparoscopic distal gastrectomy groups. The two groups were comparable in terms of open
conversion, combined resection, morbidities, reoperation rate, hospital stay and time to first flatus (P>0.05). However, totally laparo-
scopic distal gastrectomy had a significantly shorter mean operation time than laparoscopy-assisted distal gastrectomy (P<0.01). We
also found that intra-abdominal abscess and overall complication rates were significantly higher before the learning curve than after the
learning curve (P<0.05).

Conclusions: Experience with 20~40 cases of totally laparoscopic distal gastrectomy is required to complete the learning curve. The use
of totally laparoscopic distal gastrectomy after learning curve completion is a feasible and timesaving method compared to laparoscopy-
assisted distal gastrectomy.
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Introduction has recently gained acceptance for its minimal invasiveness, mak—
ing it a suitable alternative method to an open procedure.*” Totally

The use of laparoscopic gastrectomy to treat early gastric cancer laparoscopic distal gastrectomy (TLDG) including intracorporeal

gastrointestinal anastomosis for gastric cancer is increasingly per—
Correspondence to: Ji-Ho Park

Department of Surgery, Gyeongsang National University Hospital, 79
Gangnam-ro, Jinju 660-702, Korea continue to evolve. Reports focused on its feasibility, cosmesis,
Tel: +82-55-750-8096, Fax: +82-65-750-6442 minimal invasiveness, and speedy recovery are increasing.” How-
E-mail: goodgsdr@gmail com
Received January 30, 2013
Revised March 4, 2013 oncological safety (e.g., sufficient tumor—free margin) and surgeon

Accepted March 6, 2013

© This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons org/
licenses/by-nc/3.0) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

formed as surgeons gain experience and laparoscopic instruments

ever, some technical difficulties remain, including doubts about
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unfamiliarity with performing intracorporeal anastomosis. For
these reasons, laparoscopy—assisted distal gastrectomy (LADG)
including extracorporeal anastomosis has also been a common
laparoscopic surgery procedure.

Surgeons, who are currently practicing the TLDG procedure,
and even experienced laparoscopic experts, should be aware that it
is considered an advanced laparoscopic procedure and that it carries
a significant learning curve. Although many studies have been re—
ported on LADG learning curves, no report has yet introduced the
TLDG learning curve.”’

The aims of this study were to: (i) display the multidimensional
TLDG learning curve performed by two experienced laparoscopic
surgeons, (i) verify the feasibility and effectiveness of TLDG after
learning curve completion by comparing it with LADG; and (iii)
compare morbidities before and after TLDG learning curve com—

pletion.

Materials and Methods

1. Analysis of the TLDG learning curve

Using the Gyeongsang National University Hospital Gastric
Cancer Database, an analysis of the TLDG learning curve was
conducted on 180 patients (surgeon A, 121; surgeon B, 59) who
underwent TLDG for the treatment of gastric cancer from July
2009 to June 2012. Three sequential variables, operation time, hos—
pital stay, and time to first flatus, were used to define the learning
curve with a moving average method. The patients were divided
into 12 and 6 sequential groups of 10 patients each for the 2 sur—
geons, respectively.

The cumulative sum (CUSUM) method was used to investigate
the outcomes of the 180 patients. The CUSUM method is useful
for monitoring performance and defining a learning curve " The
surgical outcome data were converted to the “success” and “failure”
formats necessary for CUSUM analysis. “Success” was defined
by the absence of failure points. “Failure” was defined as an open
conversion, in—hospital mortality, severe complication (accordion
severity classification of postoperative complications [ASCPC]
score >1D)," prolonged hospital stay (>30 days), and re-admission
within a month, CUSUM is defined as S,=>(X.-X,), where X=0
was for success and 1 for failure.”” For this study, X, the “accept—
able failure rate” for TLDG and its subcategories, was set at 10%.
In practice, this means that for each failed TLDG, the CUSUM
increased by an increment of 0.9, while each success reduced it by
0.1.

With regard to LADG, experience with approximately 50
LADG cases seems to result in satisfactory patient outcomes.””
Hence, we chose 50 patients for the creation of the LADG learning

curve.

2. Comparison of LADG and TLDG

A total of 247 consecutive patients who underwent LADG
(n=136) and TLDG (n=111) were included in this analysis. A total
of 639 patients who underwent overall laparoscopic gastrectomy
for the treatment of gastric cancer between January 2005 and June
2012 were identified. We excluded patients who the following: un—
derwent total, proximal, or partial gastrectomy, underwent LADG
and TLDG during each learning period by the 2 surgeons, and
pathologic T stages >T1 to ensure homogeneity between the com—
parison groups.

Two experts participated in this study. By June 2012, these 2
experts had gained experience with 495 and 144 cases of laparo—
scopic gastrectomy, respectively. The 2 surgeons standardized all
laparoscopic gastrectomy procedures and the critical postoperative
management pathway.

Clinicopathological information such as age, sex, body mass
index, co-morbidity, American Society of Anesthesiologists (ASA)
Physical Status score, lymph node metastasis, tumor diameter,
number of retrieved lymph nodes, and lengths of the proximal and
distal resection margins were extracted from the database. Patho—
logical results were classified by the 7th American Joint Committee
on Cancer Staging Manual.” Additional information on the early
surgical outcome (e.g., postoperative complication, reoperation,
mortality, hospital stay, and time to first flatus) and operative data
(e.g., operation time, range of lymph node dissection, type of re-
construction, open conversion rate, and combined resection) were

collected via electronic medical record review.

3. Surgical procedures

Lymph node station numbers were scored according to the
Japanese classification of gastric carcinoma." Gastric resection and
determination of the dissection area of the lymph node stations
were performed based on the 2010 Japanese gastric cancer treat—
ment guidelines,”

With regard to conventional LADG, when preoperative diag—
nosis using gastrofiberoscopy and spiral computed tomography
(CT) scans revealed early gastric cancer, distal gastrectomy, partial
omentectomy, and D1+lymph node dissection (1, 3, 4sb, 4d, 5, 6,
7, 8a, 9) were performed. For the reconstruction, a Billroth I or
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Billroth II procedure using a 5 cm right subcostal or upper midline
mini—laparotomy was performed. When performing the Billroth I
procedure, while an extracorporeal anastomosis was initially made,
the intracorporeal Billroth I stapled anastomosis was created by us—
ing a hand-access device as previously reported.’ We performed
antecolic and isoperistaltic gastrojejunostomy anastomosis (Billroth
1) by hand-sewing without using a Braun procedure.

In terms of TLDG, most of the procedures except for tumor
location determination, specimen removal, and anastomotic recon—
struction were similar to those of LADG. We always performed
intraoperative gastrofiberoscopy prior to the gastric resection to
localize the cancer lesion and acquire a sufficient tumor—free re—
section margin. The resected specimens were delivered through the
umbilical port by transumbilical extension of the incision (from 2
to 3 cm). This extended transumbilical wound was protected by a
double-ring wound protector (Alexis®; Applied Medical Resources
Co., Rancho Santa Margarita, CA, USA). Most of the anastomotic
reconstructions used the intracorporeal Billroth II (97.3%). Follow—
ing the remake pneumoperitoneum, entry holes were made at the
jejunum approximately 30 cm distal of Treitz's ligament and the
greater curvature side of the stomach using a dissector with elec—
trocautery. After the arms of the endoscopic linear stapler were in—
serted into the posterior wall of the remnant stomach and the anti—
mesenteric side of the jejunum, the stapler was fired. The entry
holes of the stomach and jejunum were closed with the stapler or a

laparoscopic hand-sewn suture. When performing a gastroduode—

Table 1. Patients' demographic and clinicopathological data

LADG TLDG

Variable (136 cases) (111 cases) P-value
Age (yr) 60.1x11.7  61.0+11.2 0.52
Gender (M:F) 91:45 77:44 0.58
BMI (kg/m?) 234428  235x41 076
Co-morbidity 64(47.1)  64(57.7)  0.10
ASA (>11) 11(86)  30(268) <0.01
LN metastasis 12 (8.8) 7 (6.3) 0.48
Tumor diameter (cm) 2.5+2.1 2.2+1.3 0.09
Number of retrieved LN 20.8+9.6 23.4+10.8  0.04
Proximal resection margin (cm) 4.8+2.6 49+2.3 0.93
Distal resection margin (cm) 5.1+2.9 6.1+2.4  <0.01

Values are presented as meantstandard deviation or number (%).
LADG = laparoscopy-assisted distal gastrectomy; TLDG = totally
laparoscopic distal gastrectomy; M = male; F = female; BMI = body
mass index; ASA = American Society of Anesthesiologists physical
status score; LN = lymph node.

nostomy (Billroth I), we performed a side—to—side anastomosis us—
ing a linear stapler (the so—called “delta—shaped anastomosis”) that
was introduced by Kanaya et al.” in 2002,

4, Statistical analysis

A X2 test and a Student’s t-test were conducted to compare
nominal and continuous variables between groups, respectively.
One—way analysis of variance was used for the moving average
methods. The IBM® SPSS® Statistics version 20 software (IBM
Corporation, Somers, NY, USA) was used to perform the analyses.
Values of P<0.05 were considered significant.

Results

1. Demographics and clinicopathological data of
the LADG and TLDG groups

The demographics and clinicopathological information of the
studied patients are summarized in Table 1. The groups were simi—
lar with respect to age (LADG vs. TLDG, 60.1 vs. 61.0), gender
(1:049 vs. 1:0.57, respectively), body mass index (23.4 vs. 23.5,
respectively), and co—morbidities (47.1% vs. 57.7%, respectively)
(P>0.05). However, high ASA scores (>1I) assessing the risk of
surgery occurred more often in the TLDG group (8.6% vs. 26.8%,
P<001).

No differences in pathological data were observed between
groups for lymph node metastasis (LADG vs. TLDG, 8.8% vs. 6.3%),
tumor size (2.5 cm vs. 2.2 cm, respectively), and proximal resec—
tion margin (4.8 cm vs. 4.9 cm, respectively; P>0.05). Significantly
more lymph nodes were retrieved in the TLDG group (20.8 vs.
234; P=0.047). In addition, the distal resection margin lengths were
significantly longer in the TLDG group (5.1 ¢cm vs. 6.1 cm: P<0.01).

2. Comparison of the LADG and TLDG groups after

learning curve completion

The mean operation time was significantly shorter in the TLDG
group (LADG vs. TLDG, 300.2 min vs. 251.4 min; P<0.01). There
were no deaths in either group. There were no significant differ—
ences in the open conversion rate (2.9% vs. 1.8%, respectively),
combined resection (8.8% vs. 12.6%, respectively), reoperation rate
(2.2% vs. 0.9%, respectively), or postoperative complications (14.7%
vs. 18.8%, respectively; P>0.05). The mean time to first flatus
(LADG vs. TLDG, 3.3 days vs. 3.1 days) and the mean hospital
stay (15.5 days vs. 14.3 days, respectively) were similar between the
2 groups (P>0.05). In the surgical procedure, the extent of lymph
node dissection was wider in the TLDG group than in the LADG
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group (D1+:D2, LADG vs. TLDG, 129:7 vs. 64:43; P<0.01).
Furthermore, there were significant differences in gastrointestinal
reconstruction type (BL:BIL 104:32 vs. 3:108; P<0.01; Table 2).
In terms of postoperative complications, there were no remarkable
differences between groups (P >0.05; Table 3).

Table 2. Comparison of operative data and postoperative course

LADG
(136 cases)

TLDG

Variable (111 cases)

P-value

Operation time (min) 300.1+74.4 251.4+76.3 <0.01

LN dissection (D1+:D2) 129:7 68:43 <0.01
Type of reconstruction (BI:BII) 104:32 3:108  <0.01
Open conversion 4(2.9) 2(1.8) 0.69
Combined resection 12 (8.8) 14 (12.6) 041

Postoperative complication 20 (14.7) 21(18.8)  0.40
Reoperation 3(2.2) 1(0.9) 0.69
Postoperative mortality 0 0 NS
Hospital stay (d) 15.5£15.8 14.3+10.2  0.49
Time to first flatus (d) 3.3+0.7 3.1+0.9 0.09

Values are presented as meantstandard deviation or number (%).
LADG = laparoscopy-assisted distal gastrectomy; TLDG = totally
laparoscopic distal gastrectomy; LN = lymph node; BI = Billroth I
anastomosis; BII = Billroth II anastomosis; NS = non-specific.

Table 3. Patients' postoperative complications

Variable a I;:szes) a TIL Bﬁes) P-value
Overall complication 20 (14.7) 21(18.8) 0.40
Anastomotic leakage 6(4.4) 3(2.7) 0.52
Intra-abdominal abscess 2(1.5) 2(1.8) 1.00
Wound problem 4(2.9) 2(1.8) 0.69
Intra-abdominal bleeding 2(1.5) 4(3.6) 0.41
Intra-luminal bleeding 0 2(1.8) 0.20
Ileus 0 2(1.8) 0.20
Pancreatitis 1(0.7) 3(2.7) 0.33
Lung complication 2(1.5) 0 0.50
Hepatic complication 1(0.7) 2(1.8) 0.59
Heart complication 0 2(1.8) 0.20
Outlet obstruction 1(0.7) 0 1.00
Stasis 0 2(18) 020

Values are presented as number (%). LADG = laparoscopy-assisted
distal gastrectomy; TLDG = totally laparoscopic distal gastrectomy.

3. Comparison before and after TLDG learning

curve completion

Table 4 compares values for gastric cancer before (60 patients)
and after (120 patients) TLDG learning curve completion. The
overall postoperative complication rate was significantly decreased
after learning curve completion (43.3% vs. 19.0%; P<001). In par-
ticular, many intra—abdominal abscesses occurred before learning
curve completion (13.3% vs. 1.7%; P<0.01). Comparison of other
complications (e.g., leakage, bleeding, ileus, lung complications)
showed a non-significant trend toward lower rates after learning
curve completion than that before completion (P>0.05). There was
a significant difference in moderate to severe postoperative compli—
cations (ASCPC>2; 26.7% vs. 99%; P<001). The mean opera-
tion time was significantly shorter in the after completion group
(before vs. after, 285.9 min vs. 254.4 min: P=0.01). Other clinical
data (e.g., open conversion rate, reoperation rate, mortality, hospital
stay, time to first flatus) were similar between the 2 groups (P >0.05).

Table 4. Data before and after TLDG learning curve completion

Variable ](3;;();:8]6“5(): ( gféecra];;) P-value
Operation time (min) 285.9+90.1 254.4+76.2  0.01
Open conversion 5(8.3) 4(3.3) 0.16
Reoperation 2(3.4) 1(0.8) 0.25
Mortality 1(1.7) 0 0.33
Hospital stay (d) 16.5+11.5  14.4+10.1  0.21
Time to first flatus (d) 3.5%1.9 3.1+0.9 0.19
Overall complication 26 (43.3) 23(19.0) <0.01
Anastomotic leakage 4(6.7) 4(3.3) 0.44
Intra-abdominal abscess 8(13.3) 2(1.7) <0.01
Wound problem 6 (5.0) 3(2.5) 0.40
Intra-abdominal bleeding 4(6.7) 5(4.1) 0.48
Intra-luminal bleeding 2(3.3) 2(1.7) 0.60
Ileus 1(1.7) 2(1.7) 1.00
Pancreatitis 0 3(2.5) 0.55
Lung complication 3(5.0) 1(0.8) 0.10
Hepatic complication 0 2(1.7) 1.00
Heart complication 0 2(1.7) 1.00
Stasis 0 2(17) 1.00
ASCPC score >2 16(267)  12(9.9)  <0.01

Values are presented as meantstandard deviation or number (%).
TLDG = totally laparoscopic distal gastrectomy; LC = learning
curve; ASCPC = accordion severity classification of postoperative
complications.
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4, Multidimensional analysis of the TLDG learning
curve
Fig. 1 shows the mean values of operation time, hospital stay,
and time to first flatus in each group. Viewing these 3 variables
together, we identified the plateau or positive outcomes after 40
cases by surgeon A and 30 cases by surgeon B. These results indi-

cated that experience with 40 and 30 TLDG cases was required to
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The overall CUSUM failure rates were 13.2% (surgeon A,
16/121) and 8.47% (surgeon B, 5/59). Three phases could be de-
fined in surgeon A’s CUSUM curve. In the first phase, a positively
sloping curve appeared until 30 cases, suggesting the process of
overcoming the learning period. In the second and third phases,

a plateau and a negatively sloping curve were seen after 30 cases,
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Fig. 1. Mean operation time, hospital stay, and time to first flatus values according to the surgeon’s level of TLDG experience. OP = operation;

TLDG = totally laparoscopic distal gastrectomy.
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Fig. 2. CUSUM analysis for TLDG in two surgeons. CUSUM = cumulative sum; TLDG = totally laparoscopic distal gastrectomy.

indicating learning curve completion. A slowing change was identi—
fied in surgeon B's CUSUM curve. However, we discovered that
the CUSUM curve peaked around 20 cases (Fig. 2). These curves
indicated that performing 30 and 20 TLDG cases was required to
create the learning curve with these 2 surgeons. The moving aver—
age method and CUSUM curve results implicated that the learning

curves were complete after 40 and 20 cases by these 2 surgeons.

Discussion

Laparoscopic gastrectomy has become a standard surgical treat—
ment for patients diagnosed with early gastric cancer in East Asia.™
Minimal invasiveness and post—surgical quality of life in patients
with early gastric cancer have recently received much focus. As
such, TLDG using intracorporeal anastomosis without a small skin
incision is gaining popularity. This study analyzed the learning
curve of TLDG and compared early surgical outcomes of TLDG
and LADG after learning curve completion. We also conducted the
comparison between before and after TLDG learning curve.

This analysis shows that the TLDG learning curves by the 2
surgeons were considered complete after 40 and 20 operations. We
ascertained that 40 and 30 cases of operations by surgeons A and B,
respectively, were the points of learning completion in the moving
average method, whereas 30 and 20 cases by the surgeon A and B,
respectively, were the points of learning completion in the CUSUM
curves. The TLDG failure rate was higher for surgeon A (surgeon
A vs. surgeon B, 13.2% vs. 8.5%). Hence, we selected 40 cases as
surgeon A’s learning period among the 40 and 30 cases from the 2
methods and 20 cases as surgeon B's learning period among the 30

and 20 cases from the 2 methods. In fact, surgeon B participated as

a first assistant during the initial 20 TLDG cases performed by sur—
geon A. As such, surgeon B had the opportunity to learn practical
technical tips for intracorporeal anastomosis, including appropri—
ate retraction skills, the direction of the linear stapler, and how to
handle the instruments best. These experiences of surgeon B quite
likely resulted in the reduced learning period. Possible strategies
to reduce the TLDG learning curve include assistance from other
well-trained staff, close intraoperative supervision by an expert,
completion of an animal workshop, and completion of simulator
exercises for intracorporeal anastomosis.

Several LADG learning curve studies have been reported to
date. These reports showed that experience in managing 40~60
cases of LADG with systemic lymphadenectomy for early gastric
cancer was required to achieve proficiency and reach a learning
curve platean’’ In contrast, no studies have vet reported on TLDG
learning curves. To our knowledge, this study is the first report to
analyze the TLDG learning curve. We also analyzed the multidi—
mensional learning curve using the moving average method and
CUSUM. Multidimensional analysis of the learning curve is par—
ticularly useful, as its use allows several essential parameters to be
put together in a single graph.*"*

Intraoperative identification of tumor location is a prerequisite
for TLDG because of the need for appropriate planning of the ex—
tent of gastric resection. During LADG, surgeons can easily iden—
tify tumor locations and tumor—free margins under direct vision.
However, it is impossible to localize a tumor directly in TLDG. We
solved this problem by using intraoperative endoscopy. During the
laparoscopic surgery, we performed simultaneous gastroendoscopy
and could then mark the stomach wall with a felt-tip pen under

both laparoscopic and endoscopic vision. Besides this, several
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methods have been reported to localize tumors during laparoscopic
gastrectomy, such as intraoperative laparoscopic ultrasonography
after preoperative endoscopic clipping,”® intraoperative portable
plain radiography with endoscopic clipping,” and endoscopic tat—
tooing ™

Another important finding of this study is that TLDG is a
timesaving procedure. The mean operation time was significantly
shorter in the TLDG group (300.2 min vs. 251.4 min; P<001). In
our earlier study, we recommended the use of total laparoscopic
procedures in patients with high body mass index values or thick
abdominal walls.” We believe that the mini-laparotomy skin inci—
sion and the process of securing a proper visual field during extra—
corporeal anastomosis are the major causes of this. However, these
issues were not observed when we performed the intra—corporeal
anastomosis. Lee et al.” also reported that the intracorporeal Bill-
roth I anastomosis time of TLDG was statistically shorter than that
of LADG.

Overall and moderate to severe (ASCPC>2) morbidity rates
reduced significantly after learning curve completion. Morbid—
ity rates (leakage, intra—abdominal abscess, bleeding, wound, and
lung complications) decreased after learning curve completion as
well. In particular, the decrease in intra—abdominal abscess rate
was statistically significant (P<0.01). We defined intra—abdominal
abscess as the presence of septic fluid in the abdominal cavity that
resulted in pyrexia (body temperature >38°C) and was confirmed
by ultrasonography or CT.** For beginners and inexperienced
TLDG surgeons, it is difficult to manage technical problems related
to intra—corporeal anastomosis properly and to prevent contamina—
tion by the bowel contents while making the entry hole with the
stapler. These initial experiences could cause early morbidities such
as leakage, bleeding, and intra—abdominal abscesses. Inexperienced
surgeons should pay particular attention to using proper anasto—
motic reconstruction techniques to prevent the occurrence of intra—
abdominal abscesses until they overcome this learning curve.

Qur study has several limitations. First, it was retrospective and
nonrandomized. The enrolled patients underwent a number of
different surgical procedures (Billroth I vs. Billroth II and hand
sewing vs. linear stapler anastomosis). These factors would reflect
a selection bias. Furthermore, detailed analysis about the timesav—
ing effect in TLDG was lacking. Despite these drawbacks, we can
ascertain some advantages. To our knowledge, the present study
is the first report on the TLDG learning curve. It provides practi—
cal information for inexperienced TLDG surgeons by comparing
learning curve completion data. We analyzed LADG and TLDG

learning curve completion data to elucidate the feasibility of this
newly extending surgical procedure further.

In conclusion, the learning curve was considered complete after
40~60 cases of TLDG in the training phase. The use of TLDG for
early gastric cancer after learning curve completion was feasible

and timesaving compared with LADG.
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