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Background: Some patients undergoing endoscopic resection for early gastric cancer need further
, the infl

laparoscopy-assisted gastrectomy (LAG) remains unclear.
Methods: A total of 711 patients who underwent LAG were analysed retrospectively; 111 patients
and the r ining 600 had no history of endoscopic
resection. Patient characteristics, operative and postoperative outcomes were compared between the

d

surgical treatment to achieve cure. H of ¢

pic resection on subsequent

had undergone endoscopic resection pr

d with postoperative plications were analysed.

two groups. Risk factors
Results: Duration of operation and blood loss were comparable between the two groups. Patients who
had undergone endoscopic resection had fewer dissected lymph nodes and a lower rate of preservation
of the coeliac branch of the vagus nerve, especially those who had LAG within 2 months after endoscopic
resection. Early postoperative outcomes, including complications, gastrointestinal recovery and length of
postoperative hospital stay, were not significantly different between the two groups. Previous endoscopic
resection was not a risk factor for postoperative complications.

Conclusion: LAG can be performed safely even after endoscopic resection. Endoscopic resection might
increase the difficulty of subsequent LAG, including lymph node dissection and preservation of the

a

coeliac branch of the vagus nerve; however, it has little i ce on early p ative e
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Introduction good minimally invasive therapeutic option for EGC.
La gastrectomy is the
common procedure, and has proven feasibility and safety

in the treatment of EGC”!"

aroscopy-assisted  distal most

As a result of advances in diagnostic techniques and
the increasing prevalence of screening programmes, early

gastric cancer (EGC) accounts for over 50 per cent of
gastric cancers in Japan!*2. Currently, EGC with a very low
or no risk of nodal metastasis is first treated by endoscopic
resection, either endoscopic mucosal resection (EMR) or
D)+, Endoscopic
ses iatrogenic ulcers in the resected
area during the healing process, which induce inflammation
and subsequent fibrosis and even adhesions in the outer
gastric wall*%. Such changes are more obvious in patients
experiencing gastric perforation as a result of endoscopic
resection’.

Endoscopic resection is not adequate for EGC if
there is a risk of nodal metastasis. Lapar
assisted gastrectomy (LAG) with lymphadenectomy is

endoscopic submucosal dissection (ES
resection, however, ca

© 2010 British Journal of Surgery Socicty Ltd
Published by John Wiley & Sons Lid

. If the endoscopic resection
specimen contains tumour residue or indicates a risk of
lymph node metastasis, further operation is needed and
in Japan LAG will probably be the first choice''. The
inflammation and adhesion caused by endoscopic resection
might increase the difficulty of the subsequent LAG and
the risk of complications, but there are few data available
on the influence of previous endoscopic resection on
LAG.

This study compared surgical data and postoperative
outcomes in patients who had LAG after endoscopic
resection with those of patients undergoing LAG without

previous endoscopic resection.

British Journal of Surgery 2011; 98: 385-390
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From April 2006 to December 2009, 711 patients with
EGC diagnosed before surgery underwent laparoscopy-

a
tomy in the Department of Gastroenterological Surgery,
Cancer Institute Hospital, Tokyo, Japan. The diagnosis of
EGC was based on the preoperative assessment of depth
of wall invasion by upper gastrointestinal tract endoscopy,
barium radiology and endoscopic ultrasonography, with

isted distal gastrectomy or pylorus-preserving gastrec-

nodal involvement determined by preoperative computed
tomography. Some patients had undergone endoscopic
resection previously. The criteria for endoscopic resection
were in accordance with gastric cancer treatment guidelines
in anunll.

Laparoscopy-assisted gastrectomy

LAG was performed by experienced surgeons using
standard procedures as described previously'*='*. Lymph
node stations corresponded to specific lymph node
tiers according to the Japanese Classification of Gastric
Carcinoma'®. Lymph node dissection of D1 + « indi
dissection of the perigastric lymph nodes and nodes along
the left gastric artery (station 7). D1+ § lymph node
dissection indicated dissection of the perigastric lymph
nodes and stations 7 and 8a (anterosuperior group of
the common hepatic artery), and 9 (coeliac artery) nodes.
D1 + B + 11p dissection involved stations 7, 8a, 9 and 11p
(proximal splenic artery) lymph nodes. D2 lymph node
dissection indicated dissection of the perigastric nodes and
all second-tier nodes, depending on the tumour location.
Distal gastrectomy was indicated for neoplasms located
in the middle or lower part of the stomach. Billroth

ated

1 anastomosis was performed using a hemi-double
stapling technique. If the proximal remnant stomach was
too small to perform a Billroth T anastomosis, Roux-
en-Y reconstruction was performed. Pylorus-preserving
gastrectomy was carried out for tumours located in the
middle third of the stomach, with a maximum diameter of
5 cm, and at least 5 cm proximal to the pyloric ring!*.

Clinicopathological and surgical outcome data

Patients were divided into two groups for analysis: those
who had endoscopic resection before LAG and those who
did not. Clinicopathological and surgical outcome data
were compared between the two groups.

Preoperative clinical data obtained included sex, age,
body mass index, preoperative co-morbidity, tumour
location and clinical stage. Operative data included
duration of operation, estimated blood loss, degree of

© 2010 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd

lymph node dissection, whether the coeliac branch of
the vagus was preserved, type of surgery and conversion
to open surgery. Pathological data included depth of
tumour invasion, number of harvested lymph nodes,
and presence or absence of lymph node metastasis.
Early postoperative outcome data comprised postoperative
complications, including bleeding, anastomotic leakage,
stasis, ileus, pancreatic leakage, abdominal abscess and
wound infection. Time until first passage of flatus, time to
resumption of eating and length of postoperative hospital
stay were also recorded.

Statistical analysis

Continuous data were expressed as mean(s.d.) and
compared using the Student’s 7 test. Relationships between
categorical variables were analysed using the y’ test
or Fisher’s exact test. Risk factors that might affect
postoperative complications were evaluated by univariable
analysis; risk factors with P < 0-100 in univariable analysis
were included in multivariable logistic regression analysis.
P < 0-050 was considered significant. Statistical analyses
were performed using SPSS® version 13.0 (SPSS, Chicago,
Illinois, USA).

Results

Of the 711 patients who had LAG, 111 had undergone
endoscopic resection previously, including 13 EMRs and 98
ESDs. Five patients experienced gastric perforation during
endoscopic resection and all underwent non-surgical
treatment. Reasons for further LAG were: submucosal
tumour invasion (84 patients), residual tumour (19),
undifferentiated tumour (6) and tumour recurrence (2).

Patient demographics and clinical background of the
111 patients who had endoscopic resection before LAG
and the 600 who did not are compared in Table 1. There
were no significant differences in body mass index, previous
upper abdominal surgery, circular location of the lesion or
clinical stage between the two groups. The group that had
undergone endoscopic resection had a higher percentage
of men (71-2 versus 61-0 per cent; P = 0-042) and patients
with co-morbidity (43-2 versus 30-3 per cent; P = 0-044),
older patients (68-1(8-4) versus 60-3(11-8) years; P < 0-001)
and a greater proportion of tumours in the lower third of
the stomach (505 versus 34-2 per cent; P = 0-004).

Operative and pathological data
There were no significant differences in duration of

operation or estimated blood loss between the two groups

www.bjs.co.uk British Journal of Surgery 2011; 98: 385-390
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Table 1 Characteristics of patients who did or did not undergo
endoscopic resection

Age (years)” 68-1(8-4) 60-3(11-8) <0:001%

Sex ratio (M: F) 79:32 366:234 0-042

Body mass index 23.03-8) 22.6(3-2) 0215%
(kg/m?)*

Co-morbidity 48 (43-2) 182 (30-3) 0-044
Diabetes 17 (15-3) 43(7-2) 0-005
Hypertension 37 (33.3) 143 (23.8) 0.034
Heart disease 6(5-4) 19 @3-2) 0-288§
Pulmonary disease 6(5-4) 27 (4-8) 0.-826§

Previous upper 7 (6-3) 25 (4.5) 0-430§
abdominal surgery

Location of lesion 0-004

(third of stomach)

Upper 2(1-8) 26 (4-3)
Middle 53(47.7) 369 (615)
Lower 56 (50-5) 205 (342)

Location of lesion 0-496

Lesser curvature 35 (31.5) 230 (38.3)
Greater curvature 26 (23.4) 131 (21.8)
Anterior wall 20(18.0) 108 (18.0)

Posterior wall 30 (27-0) 131(21.8)

Clinical stage 0-402
IA 109 (98-2) 573 (95.5)

B 2(1-8 25 (4-2)
I 0(0) 2(0-3)

Values in parentheses are percentages unless indicated otherwise; *values
are mean(s.d.). 1% test, except $Student’s ¢ test and §Fisher’s exact test.

(Table 2). D2 lymph node dissection was less common (5-4
versus 127 per cent; P = 0-048) and the rate of preservation
of the coeliac branch of the vagus nerve was lower
(41-4 versus 57-2 per cent; P = 0-002) in the endoscopic
resection group. In accordance with the higher percentage
of tumours in the lower stomach, distal gastrectomy with
Billroth T reconstruction was performed more frequently
in this group (62-2 versus 45.7 per cent; P < 0-001). No
conversion to open surgery was needed in the endoscopic
resection group, but conversion was necessary in nine
patients who had not undergone endoscopic resection (P =
0-368). The total number of dissected lymph nodes was
smaller in the endoscopic resection group (28-4(11-1) versus
31:5(10-1); P = 0:003). Depth of tumour invasion was not
significantly different between the two groups, whereas the
endoscopic resection group had a lower incidence of lymph
node metastasis (6-3 versus 13-5 per cent; P = 0-041).

Early postoperative outcome

"The early postoperative complication rate was similar in the
groups with and without endoscopic resection (14-4 versus
10-8 per cent; P = 0-275) (Table 3). 'The most common

© 2010 British Journal of Surgery Society Lud
Published by John Wiley & §

for early gastric cancer 387

Table 2 Operative and pathological data

S ey

Duration of operation 230-1(60-6) 229-2(52-4) 0-876%
(min)*
Blood loss (ml)* 54.7(85-4)  56.3(109.5) 08813
Lymph node dissection 0.048
Di+a 0(0) 2(03)
D1+ 3@7 6(1:0)
D1+p+11p 102 (91-9) 516 (86-0)
D2 6(5-4) 76 (12.7)
Coeliac branch of vagus 0-002
nerve preserved
No 65 (58-6) 257 (42.8)
Yes 46 (41-4) 343 (572)
Type of surgery <0-001
LADG (Billroth 1) 69 (62:2) 274 (45.7)
LADG (Roux-en-Y) 11(9-9) 95(15.8)
LAPPG 31(27:9) 231(38:5)
Conversion to open 0(0) 9(1:5) 0-368%
surgery
No. of harvested lymph 28-4(11.1) 31.5(10.1) 0-003%
nodes*®
Depth of cancer invasion 0-096
Mucosa 24(21-6) 283 (472)
Submucosa 61(55-0) 228 (38:0)
Muscle 24 (21.6) 46(7.7)
Subserosa 2(1-8) 34(57)
Serosa 0(0) 9(1:5)
Lymph node metastasis 0-041
104 (93.7) 519 (86-5)
N1 6(5-4) 56 (9-3)
N2 1(09) 25(4.2)

Values in parentheses are percentages unless indicated otherwise; *“values
are mean(s.d.). LADG, lap Py
isted pylorus-preserving gastrectomy. Fx? test, except

1 distal gastrectomy; LAPPG,

s 7 test and §Fisher’s exact test.

complication in endoscopic resection group was abdominal
infection (4-5 per cent), whereas it was pancreatic leakage
(3-0 per cent) in the group that had not undergone
endoscopic resection. One patient (0-9 per cent) needed
reoperation because of duodenal stump leakage in
endoscopic resection group. Five patients (0-8 per cent)
had reoperation in the group without endoscopic resection.
There were no significant differences in time until start of
flatus, time to resumption of oral intake and length of
postoperative hospital stay between the groups.

Effect of the interval between endoscopic resection
and subsequent surgery on clinical outcome

To evaluate the effect of the interval between endoscopic
resection and subsequent surgery on clinical outcome, the
111 patients who had undergone endoscopic resection
were divided into two groups: 61 patients who received

www.bjs.co.uk British Journal of Surgery 2011; 98: 385-390
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Table 3 Early postoperative outcome

1) =80

No. with postoperative 16 (14.4) 65 (10-8) 0275
complications
Intra-abdominal 0(0) 1(02) 1.000%
bleeding
Anastomotic 0(0) 2(0-3) 1.000%
bleeding
Anastomotic or 2(1-8) 6(1-0) 0-359%
duodenal leakage
Pancreatic leakage 2(1.8) 18 (3.0 0.755%
Gastric stasis 2(1.8) 15(25) 1.000f
lleus 2(1.8) 3(05) 01763
Abdominal infection 5(4.5) 16 (2.7) 0-353%
Wound infection 2(1.8) 7(1:2) 0-637%
Reoperation 1(09) 5(08) 1.000%
Time until start of 2.3(0:9) 2.4(0-8) 0.976§
flatus (days)”
Time until start of oral 2:3(2:0) 2:2(1.7) 05708
intake (days)*
Postoperative hospital 13-6(7-3) 13:3(7-3) 0-698§
stay (days)”

Values in parentheses are percentages unless indicated otherwise; *values
are mean(s.d.). Tx? test, except $Fisher’s exact test and §Student’s 7 test.

Table 4 Effect of interval between endoscopic resection and
subsequent surgery on clinical outcome

229-3(61-2) 0877%

Duration of operation 231.1(60-5)
(min)*

Blood loss (ml)* 67.3(104.0) 39.5(52-4) 0.072%

No. of harvested 27-5(9-4) 29-4(13.0) 0.384:
lymph nodes*

Coeliac branch of 20(33) 26 (52) 0.041
vagus nerve
preserved

No. with postoperative 10 (16) 6(12) 0275
complications

Postoperative hospital 14.7(3-0) 12:3(4-3) 0.061%

stay (days)”

Values in parentheses are percentages unless indicated otherwise; *values
are mean(s.d.). 73? test, except #Student’s 7 test.

LAG within 2 months and 50 patients who underwent
LAG more than 2 months after endoscopic resection.
There were no significant differences in operative and
postoperative outcomes between the two groups, apart
from a significantly lower rate of preservation of the
coeliac branch of the vagus nerve in patients who received
LAG within 2 months after endoscopic resection (33 versus
52 per cent; P = 0-041) (Table 4).
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Table 5 Univariable analysis of factors associated postoperative
complications

Age (years)*

62.9(10:8) 0-261%

61.3(11.8
Sex (M:F) 385:245 60:21 0-165
Body mass index 22.5@3-2) 23.8(3-5) 0.001%
(kg/m?)*
Co-morbidity 194 (30-8) 36 (44) 0.013
Previous upper 28 (4.4) 4(5) 0.777§
abdominal surgery
Location of lesion 0.728
(third of stomach)
Upper 24 (86) 4(14)
Middie 377 (89:3) 45 (10-7)
Lower 229 (87.7) 32 (12:3)
Location of lesion 0.209
Lesser curvature 236 (89:1) 29 (10-9)
Greater curvature 132 (84-1) 25 (15.9)
Anterior wall 115 (89-8) 13(10-2)
Posterior wall 147 (91-3) 14 87)
Previous endoscopic 95 (1541) 16 (20) 0-275
resection
Surgeon's experience 0.693
of LAG
<50 227 (88.0) 31(12.0)
=50 403 (89.0) 50 (11.0)
Duration of operation 228-6(53-5) 235:1(55-5) 0-305%
(min)*
Blood loss (ml)* 54.3(106-6) 69:7(101-4) 02183
Lymph node 0.554
dissection
Dl+a 2(100) 0(0)
D148 7(78) 2(22)
D1+f+11p 546 (88-3) 72 (11.7)
D2 75(91) 709
Coeliac branch of 0-207
vagus nerve
preserved
No 280 (87.0) 42 (13.0)
Yes 350 (90.0) 39 (10-0)
Type of surgery 0.788
LADG (Billroth I) 304 (88-6) 39 (11.4)
LADG (Roux-en-Y) 92 (86-8) 14 (132
LAPPG 234 (89-3) 28(10.7)
No. of harvested 31-1(10:5) 30-5(8-8) 06153
lymph nodes”

‘alues in parentheses are percentages unless indicated otherwise; *values
are mean(s.d.). LAG, laparoscopy-assisted gastrectomy; LADG,

laparoscop,

sisted distal gastrectomy; LAPPG, laparoscopy

pylorus-preserving gastrectomy. Tx° test, except £Student’s 7 test and
§Fisher’s exact test.

Risk factors associated with postoperative
complications

Univariable analyses showed that body mass index
and  preoperative co-morbidity affected postoperative
complications (Table 5). Multivariable analysis identified
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body mass index (at least 24 kg/m?) as an independent risk
factor for postoperative complications (odds ratio 1.90,
95 per cent confidence interval 1:17 to 3-07; P = 0-009).

Discussion

EGC is considered a good indication for a minimally
invasive approach such as endoscopic resection or LAG.
When there is no risk of lymph node metastasis, endoscopic
resection is similar to surgery in terms of curability
but less invasive and more cost effective!’. EMR, the
so-called strip biopsy method, is widely accepted as a
standard treatment for EGC in Japan'7'¥. ESD increases
en bloc and histologically complete resection rates'”. In the
present study, 111 patients needed further surgery after
endoscopic resection to achieve cure, of whom 98 had
undergone ESD.

LAG has advantages over conventional open gastrec-
tomy, including less intraoperative blood loss, less postop-
erative pain, faster recovery and shorter hospital stay'*-%.
When LAG is carried out after endoscopic resection, the
influence of the endoscopic procedure on the stomach and
surrounding tissue has to be taken into account. Endoscopic
resection-induced inflammation causes oedema, fibrosis,
and adhesions of both the stomach and surrounding tissue.
In the present study, these changes were observed in almost
all patients who had undergone endoscopic resection, being
most apparent in the five patients who experienced gas-
tric perforation. Although the mean duration of operation
and estimated blood loss were comparable between groups
of patients who had or had not undergone endoscopic
resection, several surgical aspects differed. DI 4+6+ 11p
was the most common type of lymph node dissection
in both groups, whereas D2 dissection, which probably
retrieves more lymph nodes®!, was performed less fre-
quently in the endoscopic resection group. Among patients
who had a non-D2 lymph node dissection, the mean num-
ber of dissected lymph nodes was smaller in the endoscopic
resection group (data not shown). Inflammation caused by
endoscopic resection probably influenced the subsequent
lymph node dissection. However, the extent of lymph
node dissection and number of harvested lymph nodes
were sufficient to achieve cure and for determining patho-
logical lymph node metastasis in both groups'?. The rate
of preservation of the coeliac branch of the vagus nerve
was lower in the endoscopic resection group, especially in
patients who had LAG within 2 months after the endo-
scopic procedure. To preserve the coeliac branch of the
vagus nerve, it is very important to have clear surgical
anatomy in the vicinity of the nerve. When endoscopic
resection is carried out for EGC in the lesser curvature
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or posterior wall of the stomach, inflammation surround-
ing the vagus nerve might increase the difficulty of nerve
preservation.

In spite of differences in surgical procedures, the
postoperative complication rate, recovery and hospital stay
were similar in the two groups, indicating that endoscopic
resection had little influence on early postoperative
outcomes. A previous study documented that abdominal
adhesions caused by previous laparotomy did not affect the
surgical outcome of LAG?.

There were several clinical differences between the two
groups in this study. The endoscopic group had a higher
proportion of men and elderly patients, and preoperative
co-morbidities including diabetes and hypertension were
more common, which might indicate a higher risk
of postoperative complications. Nevertheless, a previous
study showed that postoperative complications of LAG
did not increase significantly in elderly patients with more
preoperative co-morbidities’!, consistent with the present
results. Multivariable analysis revealed body mass index
as the only independent risk factor for postoperative
complications. Thus, endoscopic resection had little
influence on early postoperative outcome of LAG.

The present study had some limitations. It included
all patients who had undergone endoscopic resection
previously, but the influence of type of endoscopic
procedure was not analysed. Detailed information on the
endoscopic procedure used in each patient could not be
obtained because some patients underwent endoscopic

resection in other hospitals. Complications caused by

endoscopic resection, such as perforation, might lead to
more adhesions and will probably increase the difficulty
of LAG. This study included only five patients who
experienced perforation during endoscopic resection,
which was not sufficient for analysis. Further studies are
warranted to clarify the effect of the endoscopic procedure
on subsequent LAG.

The long-term outcome of the group who had endo-
scopic resection is unknown because of the short follow-up.
However, other studies have reported satisfactory long-
term survival after LAG for EGC?. In the present
study, most patients in the endoscopic resection group
underwent modified D2 lymphadenectomy (D1 + f with
or without 11p), with an adequate number of dissected
lymph nodes, and the rate of lymph node metastasis was
very low at 6-3 per cent, all of which predict good long-
term outcome.
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Abstract

Background Laparoscopically assisted pylorus-preserv-
ing gastrectomy (LAPPG) is introduced as a function-
preserving operation with minimal invasion for early
gastric cancer (EGC). This study aimed to investigate the
long-term outcome and survival with LAPPG.

Methods From January 2005 to July 2008, 188 patients
with EGC underwent LAPPG. The surgical and long-term
outcomes and survival were assessed retrospectively.
Results  The accuracy of the preoperative EGC diagnosis
was 92.6%. The median follow-up period was 38 months
(range, 2-63 months). Two patients experienced gall-
stones, and three patients experienced a second primary
EGC. One patient with T3NO gastric cancer died of peri-
toneal metastasis, and four patients died of other causes.
The overall 3-year survival rate was 97.8%, and the dis-
ease-specific 3-year survival rate was 99.3%.

Conclusions The LAPPG procedure is safe in terms of
satisfactory long-term outcome and survival for patients
with EGC in the middle third of the stomach.

Keywords Early gastric cancer - Laparoscopy-assisted
pylorus-preserving gastrectomy - Long-term outcome
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In recent years, the number of early gastric cancer (EGC)
cases has been increasing due to the development of mass
screening and diagnostic procedures. In Japan, EGC rep-
resents more than 50% of all gastric cancers [1, 2]. Early
gastric cancer has a low incidence of lymph node metas-
tasis and excellent survival rates after surgical treatment,
which has led to the frequent application of limited and less
invasive operations such as endoscopic mucosal resection,
segmental resection, and laparoscopically assisted gas-
trectomy [3].

Pylorus-preserving gastrectomy (PPG) with radical
lymph node dissection has been applied as a limited surgical
therapy for EGC [4]. Compared with conventional distal
gastrectomy (CDG), PPG retains the pyloric ring and gastric
function, which results in a lower incidence of postgastrec-
tomy syndrome including dumping syndrome, bile reflux
gastroesophagitis, weight loss, and nutritional deficit [5-7].

Laparoscopically assisted surgery is increasingly used
for EGC because it is less invasive and offers a better
postoperative outcome [8]. Laparoscopically assisted distal
gastrectomy (LADG) has resulted in less pain, earlier
postoperative recovery, shorter hospital stay, and better
quality of life, whereas the curability and long-term sur-
vival have not differed between LADG and CDG [8, 9].
However, as an operation without preservation of the
pyloric ring, postgastrectomy syndrome still remains a
problem after LADG [10].

Laparoscopically assisted pylorus-preserving gastrec-
tomy (LAPPG), as both a function-preserving and mini-
mally invasive surgical technique, combines the merits of
PPG and laparoscopic surgery. We have reported the fea-
sibility and techniques of LAPPG previously [11-13].
Compared with conventional PPG, LAPPG had less intra-
operative blood loss, shorter bowel function recovery, and
shorter hospital stay [11-13].
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We have previously reported the survival benefit of PPG
shown in 94 LAPPG procedures for 305 patients with EGC
[14]. However, little is known about the long-term outcome
of LAPPG such as the occurrence of postoperative intes-
tinal obstruction, gallstone, and remnant stomach cancer.
The survival benefit of LAPPG itself also is unknown. In
this study, we investigated the long-term outcome and
survival benefit of PPG using only the laparoscopic
approach for 188 patients with EGC.

Patients and methods

From January 2005 to July 2008, 188 patients with EGC
diagnosed before surgery underwent LAPPG in the
Department of Gastroenterological Surgery at The Cancer
Institute Hospital, Tokyo, Japan. All the patients had a
clinical diagnosis of mucosal or submucosal gastric cancer
without lymph node metastasis (cT1, ¢cNO) based on the
results of gastric endoscopy, barium radiography, com-
puted tomography, or endoscopic ultrasonography.

The indication for LAPPG was cT1, cNO gastric cancer
located in the middle one-third of the stomach more than
5 cm proximal to the pyloric ring and with a maximum
diameter less than 5 cm. Patients who were candidates for
endoscopic resection were excluded from the study. Nodal
involvements were rechecked by routine intraoperative
frozen-section diagnosis of lymph nodes from the dissected
stomach specimen.

Surgical procedures

The LAPPG technique was performed according to proce-
dures we have described previously [11, 12]. Lymph node
stations corresponded to specific lymph node tiers named by
the Japanese Classification of Gastric Carcinoma (JCGC)
[15]. Dissection of the first-tier nodes (stations 1, 3, 4sb, 4d,
and 6) was performed by D1 lymphadenectomy, whereas
D1 + o lymphadenectomy involved station 7; D1 + f
involved stations 7, 8a, and 9; and D1 + S + 11p involved
stations 7, 8a, 9, and 11p. The lymph nodes at station 5
(suprapyloric) were routinely left intact. The infrapyloric
vessels and the first branch of the right gastric artery were
routinely preserved to maintain sufficient blood supply to the
pyloric cuff. The hepatic and pyloric branches of the vagus
nerve were routinely preserved, and the celiac branch of the
vagus nerve was preserved when possible. The remaining
procedures were the same as described previously [12].
The resected specimens were examined, and gross form,
degree of N, and stage classification were scored according
to JCGC [15]. Operation data and early postoperative
outcome including complications were recorded. Early
postoperative complications were defined as conditions

occurring during the first 30 postoperative days that
required reoperation, an additional procedure, or a pro-
longed hospital stay compared with routine practice [16].

Postoperative surveillance

All the patients were followed according to the established
protocol at our hospital including medical history, physical
examination, and laboratory studies such as tumor markers
1 and 3 months after operation, then every 6 months. At
each visit, symptoms were recorded. Abdominal ultraso-
nography and computed tomography were performed every
6 months, and gastroscopy was performed each year. Vital
statistics of all the patients were confirmed using data from
follow-up charts. Occurrence of gallstone or remnant
stomach cancer was recorded. Information about patients
free of tumor recurrence and, when appropriate, the cause
of death, also were recorded.

Statistical analysis

All data were analyzed on an intention-to-treat basis.
Overall survival was calculated by the Kaplan-Meier
method. Statistical analyses were performed using SPSS
version 13.0 (SPSS Inc., Chicago, IL, USA).

Results

The 188 patients (109 men and 79 women) receiving
LAPPG had a mean age of 58.2 years (range, 34-80 years)

Table 1 Clinical and pathologic characteristics of 188 patients

undergoing 1 Py d pylorus-pi ving y
(LAPPG)
Characteristic Value

Age (years)* 58.0 + 10.3 (34-80)

Sex (male/female) 109/79
Body mass index (kg/m®)* 225+ 3.1
(16.8-30.8)
Tumor location (U/M/L)" 2/170/16
Tumor size (cm)* 2.8 £ 1.4 (0.6-9)
Differentiation (differentiated/ 65/123
undifferentiated)
Depth of tumor invasion®
Mucosa/submucosa 100/74
Muscle/subserosa/serosa 4113
Nodal status (pNO/pN1/pN2)° 17471212
Pathologic staging (IA/IB/II/IIIA)® 164/15/8/1

# Values are mean =+ standard deviation (range)
® U: Upper third of the stomach; M: Middle third; L: Lower third

© According to the Japanese Classifi of Gastric C
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(Table 1). Their mean body mass index (BMI) was
22.5 kg/m2 (range, 16.8-30.8 kg/mz). The tumors were in
the middle third of the stomach for 170 of the patients
(90.4%). Six patients had a history of cholecystectomy, and
13 patients underwent laparoscopic cholecystectomy dur-
ing LAPPG. Postoperative pathologic data confirmed T1
(mucosal or submucosal) tumors in 174 patients (92.6%).
Although the preoperative diagnosis was stage IA (T1, NO)
for all the patients, the pathologic diagnosis was lymph node
metastasis for 14 patients (7.4%), and the final diagnosis was
stage IB for 15 patients, stage II for 8 patients, and stage IIIA
for 1 patient. The mean tumor size was 2.8 cm (range,
0.6-9 cm). Differentiated tumors were found in 65 patients
and undifferentiated tumors in 123 patients.

The mean operation time was 234.4 min (range,
140407 min), and the mean blood loss was 53.6 ml
(range, 2-420 ml) (Table 2). There was no conversion to
open surgery. Modified D2 lymph node dissection (D1 +
or D1 + f+ 11p) was performed for 185 patients
(98.4%), and the mean number of resected lymph nodes
was 35.7 (range, 14-70).

Early postoperative complications developed in 29
patients (15.4%). The complications for most patients were
not severe and could be managed by nonoperative therapy.
Only two patients underwent reoperation because of pan-
creatic leakage and postoperative ileus, respectively. Gas-
tric stasis was the most frequent complication, occurring in
14 patients (7.4%) who had severe symptoms requiring
fasting and intravenous fluid. The mean postoperative
hospital stay was 13.4 days (range, 7-106 days).

Table 3 summarizes the long-term follow-up outcome
and survival data. The follow-up rate was 100%, and
the median follow-up time was 38 months (range,

Table 2 Surgical and early postoperative outcomes

Variable Value
Operation time (min)* 2344 + 47.0
(140-407)
Blood loss (ml)* 53.6 + 68.0
(2-420)
Lymph node dissection (D1 + «/D1 + f/ 3/8/177
DI + f + 11p)
Total number of resected lymph nodes® 357 £10.3
(14-70)
Early postoperative complication: n (%) 29 (15.4)
Stasis 14 (7.4)
Ileus 1 (0.5)
Pancreatic leak 8 (4.3)
Abdominal abscess 9 (4.8)

Wound infection 2(1.1)

Postoperative stay (days)* 13.4 £ 9.5 (7-106)

# Values are mean + standard deviation (range)

@ Springer

Table 3 Long-term outcome and survival

Variable Value
Median follow-up period: months (range) 38 (2-63)
Intestinal obstruction: n (%) 1(0.5)
Gallstone: n (%) 2(1.1)
Remnant stomach cancer: n (%) 3(1.6)
Cause of death: n (%)

Gastric cancer metastasis 1(0.5)

Other cause 4(2.1)
Overall 3-year survival rate (%) 97.8
Disease-specific 3-year survival rate (%) 99.3

2-63 months). One patient underwent partial small bowel
resection because of adhesive intestinal obstruction
8 months after LAPPG. Gallstones developed in two
patients (1.1%). The one patient received laparoscopic
cholecystectomy 38 months after LAPPG, and the other
patient with asymptotic gallstone was still under observa-
tion. There was no evidence of bile duct stones in the 19
patients who had undergone cholecystectomy. Three
patients experienced a second primary EGC, and all were
treated by endoscopic submucosal dissection.

Overall, the 3-year cumulative survival rate was 97.8%.
Five patients died. One of these patients with T3NO gastric
cancer died of peritoneal metastasis 27 months after sur-
gery. Three patients died of cancers other than gastric
cancer. The cause of death was unclear for the remaining
patient. The disease-specific 3-year survival rate was
99.3%. No patients with a final diagnosis of EGC died.

Discussion

Currently, PPG is indicated as a function-preserving
operation for EGC in the middle third of stomach. The
early and long-term outcome has proved its safety, better
postoperative quality of life, and excellent long-term sur-
vival compared with CDG [5, 6, 17].

Recently, PPG was performed laparoscopically (LAP-
PG) as a minimally invasive technique. We and other
groups have reported the safety and feasibility of LAPPG
in terms of intraoperative and early postoperative outcomes
[11, 17, 18]. The demonstrated benefits of LAPPG are less
intraoperative blood loss, less postoperative pain, faster
recovery of bowel function, and shorter hospital stay than
patients experience with conventional PPG.

The intraoperative and early postoperative outcomes in
the current study were in accordance with previous reports.
However, as a new therapeutic method, LAPPG should
meet the basic surgico-oncologic principles for maintaining
curability. To this end, LAPPG should be proved safe in
terms of long-term outcome. In this study, we report 188
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consecutive cases of LAPPG with long-term surgical and
oncologic outcomes.

Adhesive intestinal obstruction is a major concern after
abdominal surgery. Studies have shown that laparoscopic
surgery may reduce the incidence of intestinal obstruction.
A study comparing the outcomes between laparoscopic and
open surgery for patients with right-sided colon cancer
showed less postoperative intestinal obstruction with lap-
aroscopic surgery [19].

We previously performed a retrospective analysis
comparing 72 patients who underwent LAPPG and 37
patients who had conventional PPG for EGC and found
that the incidence of early postoperative ileus in the
LAPPG group was significantly lower than in the con-
ventional PPG group (1 vs. 14%) [11]. In the current study,
only two patients (1.1%) experienced intestinal obstruc-
tion. The one patient had early positive ileus, and the other
patient had adhesive intestinal obstruction 8 months after
the operation. Although this was not a case—controlled
study, the low incidence of intestinal adhesion showed the
benefit of PPG performed by laparoscopy.

Gallstone formation is a common complication after
gastrectomy for patients with gastric cancer. Fukagawa
et al. [20] reported gallstones in 25.7% (173/672) of
patients who had undergone gastrectomy with lymph node
dissection for gastric cancer. Nunobe et al. [7] reported that
gallstone incidence after conventional PPG was 10.8% (21/
194). In the current study, the overall incidence of gallstone
after LAPPG was 1.1%, and only one patient underwent
laparoscopic cholecystectomy because of cholecystolithi-
asis. We performed LAPPG by routinely preserving the
hepatic branch of the vagus nerve.

Denervation of the hepatic branch of the vagus nerve
may play an important role in the formation of gallstone
after gastrectomy. Kojima et al. [21] compared the effect of
vagus nerve preservation on the incidence of gallstone after
LADG and found that vagus nerve-sparing LADG had a
lower incidence of gallstone than LADG. Findings have
proved that PPG is less likely to cause stasis of the bile
flow associated with disturbance of biliary motility [22]
and that gallbladder function in patients who had PPG is
better than in patients who had CDG [6].

The long-term outcome and survival after PPG is
excellent. Morita et al. [23] reported their results from
conventional PPG for 611 patients with EGC. The 5-year
survival rate was 96.3%. Five patients experienced a sec-
ond primary gastric carcinoma in the remnant stomach, and
six patients experienced recurrence.

Our previous study retrospectively summarized the
results of PPG for 305 patients with EGC. The overall
5-year survival probability was 98%, and the gastric can-
cer-related death rate was 0% during a median follow-up
period of 60 months [14]. Although that study included 94

patients who underwent LAPPG, the long-term outcome
for the pure LAPPG group was not estimated.

The current study is the first to report the long-term
survival outcome of LAPPG itself. The median follow-up
period was 38 months (range, 2-63 months). The overall
3-year survival rate was 97.8%, and the disease-specific
3-year survival rate was 99.3%. Only one patient with
T3NO gastric cancer died of peritoneal metastasis. No
patients with pathologically confirmed EGC experienced
death. The results of this study indicated that LAPPG may
be performed safely with excellent long-term outcome for
patients with EGC, and a preoperative accurate diagnosis
of EGC may ensure the safety of this procedure.

Although Shimoyama et al. [24] thought PPG was
optimal for serosal negative gastric tumors less than or
equal to cT2 cNO and less than or equal to 2 cm in maxi-
mum diameter, we do not suggest expanding the indication
of LAPPG to advanced gastric cancer. Because EGC may
recur even 5 years after treatment [25], the follow-up
evaluation of these patients is continued, and the longer
follow-up outcome is worth expecting.

In summary, we report the long-term outcome and sur-
vival with LAPPG for 188 consecutive patients. The sat-
isfactory long-term surgical and oncologic outcomes
showed LAPPG to be a safe surgical procedure for patients
with EGC in the middle third of the stomach.
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