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ABSTRACT

Background: This study aimed to determine the safety and effectiveness of laparoscopy-assisted distal gastrectomy
(LADG) after ESD. Methods: We reviewed patients with gastric cancer who underwent distal gastrectomy after non-
curative ESD from May 2000 to July 2010, and classified them into LADG-ESD and open distal gastrectomy (ODG)
after non-curative ESD (ODG-ESD). In addition, we analyzed the standard LADG (LADG-standard) during the same
period. We retrospectively analyzed surgical outcomes and survival in these 3 groups. Pathological results after gas-
trectomy were compared between the LADG-ESD and ODG-ESD; Results: Sixty-one patients underwent distal gas-
trectomy after non-curative ESD. No differences in overall survival were found between the LADG-ESD and
ODG-ESD. The average duration to surgery after ESD was 42.4 days. Although the average surgical duration and
average length of hospital stay after surgery were longer in the LADG-ESD than in the ODG-ESD, number of LN
dissections was statistically identical in these 2 groups. Operative complications in the LADG-ESD (16.0%) was
higher than that in the LADG-standard (3.8% - 8.2%) but similar to that in the ODG-ESD (13.9%). Conclusion: The
present study suggests that LADG contributes to the effectiveness of the treatment of choice for non-curative endo-
scopic resection.

Keywords: Early Gastric Cancer; Laparoscopic Gastrectomy; ESD

1. Introduction complication rate than does standard EMR, and it re-
quires high levels of endoscopic skill and experience [6].
ESD has been proposed as a potentially curative treat-
ment for intestinal-type EGC without LN metastases [3,
7.8].

Patients with submucosal cancer are candidates for gas-
trectomy with LN dissection [9]. Laparoscopic gastric-
tomy, which has become a promising method of surgical
treatment for patients who are diagnosed with EGC, has

. many advantages over open gastrectomy including cos-
(EMR) orgastrectomy [2,3]. Endoscopic submucosal metic benefits, less pain, earlier recovery of gastro-intes-

dhlssectll)on (ESDI)’I Wh'Ch. involves Slreclt dlssectlgn alc:jng tinal movement, shorter hospital stay, equality of survival,
the submucosal layer, is a new development in endo- and better quality of life [10-18].

scopic techniques. This allows the en-bloc resection of
large lesions, which results in lower local recurrence
rates than those observed after the piecemeal resection of
EMR [4,5]. ESD is not limited by lesion size, and it is
predicted to replace conventional surgery in treating cer-
tain stages of EGC. However, ESD still has a higher

The most important factor influencing the survival of
patients with early gastric cancer (EGC) is the status of
lymph node (LN) metastasis. The incidence of LN me-
tastasis is 1% - 3% for mucosal cancers and 11% - 20%
for submucosal cancers [1]. Guidelines for the treatment
of gastric cancer proposed by the Japanese Gastric Can-
cer Association indicate that patients with mucosal can-
cer can be managed by endoscopic mucosal resection

Endoscopic resection allows complete pathological
staging of the cancer, which is critical because this al-
lows stratification and refinement of further treatment.

As the number of ESDs for EGC increases, the num-
ber of patients who require additional gastrectomy with
LN dissection after non-curative ESD is increasing. ESD
“Corresponding author. may cause intra-abdominal adhesions, making additional
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laparoscopic gastrectomy technically difficult [19,20].
We retrospectively evaluated the safety and efficacy of
laparoscopy-assisted distal gastrectomy (LADG) after non-
curative ESD.

2. Patients and Methods

We retrospectively analyzed surgical outcomes and sur-
vival in patients who underwent distal gastrectomy after
non-curative ESD for EGC from May 2000 to July 2010.
Clinico pathological characteristics were reviewed retro-
spectively from prospectively collected medical records.
EGC was defined as a lesion confined to the mucosa or
submucosa, regardless of the presence or absence of LN
metastases, according to the Japanese Classification of
Gastric Carcinoma, 2" English edition [2,21,22]. non-
curative ESD was defined as the presence of cancer cells
in the lateral (anterior, posterior, proximal, or distal)
margins, presence of cancer cells at the deepest margin,
invasion of the submucosa or muscularis propria, pre-
sence of lymphatic vessel invasion, or undifferentiated
cell type. Patients with any of these criteria required gas-
tric resection and D2 or D1 + LN dissection. Patients
who had undergone surgery for specific conditions such
as gastric perforation or uncontrolled bleeding during
ESD and those subjected to piecemeal resection were
excluded from this study. Pathology results obtained af-
ter gastrectomy were compared with those obtained after
non-curative ESD.

Statistical analyses were carried out for overall sur-
vival, duration of surgery, blood loss, postoperative com-
plications, and the length of the postoperative hospital
stay. We referred to a large series reported from the Ja-
pan Society for Endoscopic Surgery, the standard results
in Japan.

Statistical Methods

Continuous values are expressed as mean (standard de-
viation [s.d.]). Unavailable analysis was performed using
the chi-squared method or Fisher’s exact test forcate-
gorical data. A binary logistic regression model was used
for multivariable statistical comparisons. P values < 0.05
were considered statistically significant. Statistical analy-
ses were carried out using SPSS software version 18.0
(SPSS, Chicago, Illinois, USA).

3. Results

3.1. Patient Characteristics

A total of 1567 patients underwent ESD or EMR during
the study period in our hospital from May 2000 to July
2010. Since 2000, Laparoscopic gastrectomy has been
performed to patient who was diagnosed early gastric
cancer in our hospital. Since 2007, Laparoscopic gastric-

Copyright © 2013 SciRes.

tomy after ESD has been performed as standard addi-
tional treatment after ESD. So, from 2000 to 2006, gas-
trectomy after ESD was mainly performed by open sur-
gery, and after 2007 it was performed by laparoscopic
surgery. Reconstruction method was changed from B-I to
RY around 2007. A total of 100 patients (6.4%) required
additional surgical resection, and 10 patients were ex-
cluded from this study because of emergent surgery. The
reason of emergent surgery was uncontrolled bleeding,
perforation and pan peritonitis, occurred by ESD acci-
dentally. A total of 90 patients (median age, 66 years;
range, 21 - 86 years) underwent surgical resection from
May 2000 to July 2010. Distal gastrectomy after ESD
was performed in 61 patients (median age, 68.8 years;
range, 50 - 86 years) (Figure 1). LADG-standard group
was diagnosed early gastric cancer, and performed lapa-
roscopic assisted distal gastrectomy since 2000.

Overall survival was not different between LADG-
ESD and O-DG groups (P = 0.245) (Figure 2).The final
pathological diagnosis after gastrectomy showed that the
residual tumor was not found in the resected stomach.
LN metastases were found in 7 patients (Table 1). Posi-
tive LNs were limited within the perigastric LN station ac-
cording to the Japanese Classification of Gastric Carci-
noma, 2™ English edition [21]. All 7 tumors showed sub-
mucosal invasion and intestinal type in Lauren’s classifi-
cation. No differences were found between tumor type
and infiltration. Three of these patients had lymphatic
invasion (lyl) in the ESD pathology specimen, and all 3
of them had vessel invasion (v1). One patient with LN
metastases (#3, #7, and #8a) had a recurrence and died
with liver metastasis 489 days after surgery.

3.2. Surgical Outcomes (Table 2)

The average length of the interval to operation from ESD

Laparoscopic assisted distal gastrectomy (n = 25)

10071
Op-en distal gastrectomy (n = 36)
~ 80
=X
= P=0.245
g
=l
7
3w
g Median follow-up period:
LADG-ESD: 682 days
20 0O-DG-ESD: 1180 days
0~ .
0 1 2 3 4

s years
Figure 1. A total of 90 patients were selected among patients

that underwent gastrectomy over a period of 10 years, 61 of
whom underwent distal gastrectomy.
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Gastrectomy after ESD
n =90 (open: 56/lapa: 34)

from May 2000 to July 2010

distal gastrectomy (DG)
— |n =61 (open 36/lapa 25)

total gastrectomy (TG)
n =12 (open: 10/lapa: 2)

proximal gastrectomy (PG)
n=11 (open: 6/lapa: 5)

pylorus-ring preserving gastrectomy
— [(PPG)
n =6 (open: 4/lapa: 2)

Figure 2. The median follow-up period different among the
LADG group (682 days) and the open gastrectomy group
(1180 days). The overall survival did not differ between
these 2 groups.

was 42.4 days (range, 12 - 111 days). The ODG group
after ESD (ODG-ESD) was mainly reconstructed by the
Billroth I method, while the LADG group was mainly
reconstructed by the Roux en Y method. The number of
harvested LNs did not differ in the 3 groups (Figure 3).
Statistical differences were found in the blood loss and
duration of surgery between the ODG-ESD and LADG-
(ESD/standard) groups (P < 0.01) but not between the
LADG-ESD and LADG-standard groups. Surgery-re-
lated mortalities did not occur (Figure 4). The portion of
the stomach (upper third [U], middle third [M], and

lower third [L]), the parts of the gastric circumference
(anterior wall [Ant], posterior wall [Post], lesser curva-
ture [Less], or greater curvature [Gre]), and the size of
the revealed mucosa were not associated with operation
parameters such as duration of surgery, blood loss, and
complications.

3.3. Complications (Table 3)

Operative complications such as minor an astomotic leak-
age and pancreatic fistula were observed in 16.0% of the
LADG-ESD group; this incidence was higher than that in
the LADG-standard group (3.8% - 8.2%) but similar to
that in the ODG-ESD group (13.9%). Journal of Japan
Society for Endoscopic Surgery (JSES) was reported
10355 operation (LADG) data in 2008-2009 in major
Hospital in Japan. In our hospital, complication after
surgery occurred in 9 patients. The mean time from ESD
to gastrectomy in these patients was 39.6 days, which
was not statistically different from the average. Further-
more, 4 of these 9 patients had preoperative complica-
tions such as diabetes, anemia, loss of oral intake, and
stroke. The American Society of Anesthesiologists Per-
formance Status (ASA-PS) of these patients was grade 2
or 3.

4. Discussion

ESD is a novel endoscopic procedure that can facilitate

Table 1. Baseline characteristics. No residual cancer after gastrectomy: lymph node (LN) metastasis cases (n = 7); LN metas-
tasis was found in 7 patients; the depths of invasion were all sub mucosal with intestinal type histology. No differences were
found between tumor type and infiltration.

Type Histological type Depth of invasion Interstitial infiltration ~ INF ly \Y LM VM N
1 0-lia intestinal sm2 Intermediate s ly2 v2 + 1/61 #4d
2 0-lic intestinal sm2 Intermediate p lyl vl 1/38#4d
3 0-lic intestinal sm2 Medullary B ly0 v0 1/39#5
4 0-lia intestinal sm2 Intermediate s ly0 v0 + 1/51#1
5 0-lic intestinal sm2 Medullary o lyl V0 1/84#6
6 0-lic intestinal sm2 Intermediate B lyl v0 1/34#5
7 0-1 intestinal sml Intermediate s ly0o vl 3/45#3#148a

death with liver metastasis

Table 2. Surgical outcome. The open DG after ESD group was mainly reconstructed by the Billroth 1 method (B-I) and the
LADG group was mainly reconstructed by the Roux en Y method (RY).

ODG-ESD (36)

LADG-ESD (25)

LADG-standard (78)

Sex (M/F) 24/12
Age 68.2 (52 - 86)
reconstruction method
B-1 27
B-11
RY

19/6 46/32
69.8 (50 - 85) 61.6 (32 - 82)
21
0
21 57

Copyright © 2013 SciRes.
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Table 3. Complications JSES: Journal of Japan Society for Endoscopic Surgery LADG (JSES 2008-2009).

ODG-ESD (36)

LADG-ESD (25)

LADG-standard (78)  LADG (JSES 2008-2009) (10355)

Complications 5 (13.9%) "+ 4(16.0%)" 3 (3.8%)+ 780 (7.5%)
postoperative bleeding 0 0 0 47 (0.4%)
stenosis 2 (5.6%) 0 1(1.3%) 206 (2.0%)
failure of the sutures 0 1 (4.0%) 0 113 (1.0%)
intra-abdominal abscess 2 (5.6%) 2 (8.0%) 2 (2.6%) 76 (0.7%)
pancreatitis 0 1 (4.0%) 1(1.3%) 130 (1.25%)
bowel obstruction 1(2.8%) 1 (4.0%) 0 20 (0.2%)
infection 0 1 (4.0%) 0 77 (0.7%)
others 0 0 0 47 (0.5%)
P <0.01; +P < 0.01.
Number of harvested LNs Operation time
P=0.71 (min) P <0.01
100 | p=073 " " p_oso | 600 - |
| | | P <0.01 P=0.19
80 T 500 1 _|_
604 400 A
300 1
40
200 1
20 4 2l
100
0 T ! ! 0 T T T
ODG-ESD LADG-ESD LADG-standard ODG-ESD LADG-ESD LADG-standard
Figure 3. Surgical outcomes in the open-DG group and the
LADG group after ESD. The open gastrectomy and LADG Blood loss
groups showed statistical differences in blood loss and du- (g S |
ration of surgery but did not show differences in the num- 1600+ P <001
ber of harvested lymph nodes (LNs) or the hospital stay 1400 4 T : B
after surgery. This result indicates that the LADG-ESD SR
group was non-inferior to the LADG-standard and ODG- 1200 1
ESD groups regarding the quality of the operation. 1000-
en-bloc resection of EGC. Although this is an elegant AL,
technique, non-curative ESD has been associated with 600
local recurrence and regional metastases. As the number 4001
of ESD treatments has increased, a gradual increase has
been observed in the number of additional gastrectomies 2001
required after non-curative ESD. Although various mini- 0 ;
ODG-ESD LADG-ESD LADG-standard

mally invasive treatments have emerged as the best front-
line therapies for EGC, there have been no established
indications that these treatments are applicable [23]. An
additional gastric resection with LN dissection is inevita-
ble after non-curative ESD because of the histological
depth, lymphatic duct invasion, and vessel invasion of
EGC. Radical gastrectomy should be performed if patho-
logical examination reveals a positive lateral resection
margin after ESD [24]. Although surgical indications
after non-curative ESD are the subject of considerable

Copyright © 2013 SciRes.

Figure 4. Surgical outcomes in the open-DG groups and
LADG groups after ESD. A statistical difference in blood
loss and duration of surgery was found between the open
gastrectomy and LADG groups.

concern andcontroversy, few reports have been pub-
lished on this topic. One study suggested that surgery
should be performed when pathological examination of
the ESD specimen reveals tumor invasion beyond the
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middle third of the submucosa (sm2) or a mucosal cancer
larger than 3 cm [25]. Another study concluded that sur-
gery should be performed if the following independent
risk factors [1] for LN metastasis are present: width of
submucosal invasion >6000 pum, lymphatic involvement,
undifferentiated type at the deepest invasive portion,
depth of submucosal invasion >1000 pm, and tumor di-
ameter >30 mm. These 5 independent risk factors may
allow expansion of the criteria for determining whether
endoscopic resection for submucosal invasive gastric
cancer has been curative [1].

After ESD, large artificial ulcerations (>25 mm) and
intra-abdominal adhesions are often observed, which makes
additional laparoscopic gastrectomy difficult [19].

Since its introduction in 1994, LADG has become an
increasingly popular method for the surgical treatment of
patients with EGC [15,26]. Recently, many surgeons
have stated that this procedure is feasible and safe.Some
have suggested that laparoscopic gastrectomy with D1 +
S(D1 + 7, 8a, 9 nodes dissection) dissection, according to
the Japan Gastric Cancer Assosiation classification, 2™
English edition [21], should be the treatment of choice
for non-curative endoscopic resection [27].

This study aimed to compare the safety and efficacy of
LADG with those of open gastrectomy in the treatment
of EGC after ESD. From 2000 to 2006, gastrectomy after
non-curative ESD was mainly performed by open sur-
gery, and after 2007 it was performed by laparoscopic
surgery. Reconstruction method was changed from B-I to
RY around 2007. As a result median follow-up periods
between LADG-ESD and ODG-ESD was different, and
the median follow-up period in the LADG-ESD group
(682 days) may be insufficient to support any long-term
outcomes, because this study was retrospective study. No
statistical difference was found in the incidence of com-
plications or overall survival between the ODG-ESD and
LADG-ESD groups. Furthermore, the LADG-ESD and
LADG-standard groups did not show a statistical differ-
ence in blood loss or duration of surgery. This result in-
dicates that the LADG-ESD group was non-inferior to
the LADG-standard and ODG-ESD groups regarding the
quality of the operation. The incidence of complications
in cases of gastrectomy after ESD (LADG-ESD and
ODG-ESD groups) was higher than that in cases of stan-
dard gastrectomy, but the incidence of complications was
not different between the LADG-ESD and ODG-ESD
groups. The result is there are no statistical differences in
surgical results (overall survival, blood loss, number of
LN dissections, hospital stay, and complications) be-
tween the ODG-ESD and LADG-ESD. LADG has been
applied to the treatment of gastric cancer, and there are
now several publications regarding its safety and feasi-
bility. An advantage of LADG is minimally invasive

Copyright © 2013 SciRes.

surgery. Nine of our patients had complications after
surgery. The mean time from ESD to gastrectomy in
these 9 patients was 39.6 days, which was not statisti-
cally different from the average (42.4 days). Furthermore,
4 out of these 9 patients had preoperative complications
such as diabetes, anemia, loss of oral intake, and stroke
and the ASA Performance Status was 2 or 3. This result
suggests that it is important to pay attention to and con-
trol preoperative complications before LADG for high-
risk patients.

The formation of intra-abdominal adhesions results
from the healing of the ulceration caused by ESD as well
as from the healing of the ulceration and chronic gastritis
caused by Helicobacter pylori infection. One study re-
ported that the formation of intra-abdominal adhesions
depends on the interval from ESD to gastrectomy [19].
Considerable controversy exists regarding the timing of
LADG after non-curative ESD. In the case of acute cho-
lecystitis, a systematic review with meta-analysis of ran-
domized controlled trials reported no significant differ-
ence in complications or conversion rates when laparo-
scopic cholecystectomy was performed at presentation
with acute cholecystitis or 6 - 12 weeks after the symp-
toms had settled [28,29]. It is difficult to select the best
time for performing additional gastrectomy after ESD for
intra-abdominal adhesions. Before undergoing additional
laparoscopic gastrectomy, all of our patients were pre-
scribed anti-ulceration drugs, such as proton pump in-
hibitors and muco protective agents, until the artificial ul-
ceration had reached the healing or scarring stage. The
average interval to surgery from ESD was 42.4 days
(range, 12 - 111 days) in our study. Further examinations
are required to evaluate the role of this interval on forma-
tion of intra-abdominal adhesions. In contrast to our ex-
pectations, we found that the portion of the stomach (U,
M, or L), the portion of the gastric circumference (Ant,
Post, Less, or Gre), and the size of the revealed mucosa
were not associated with surgical parameters such as
duration of surgery, blood loss, and complications.

In conclusion, the present study suggests that LADG
contributes to the effectiveness of the treatment of choice
for non-curative endoscopic resection.
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