
Original Article

Comparison of Intracorporeal Reconstruction after 
Laparoscopic Distal Gastrectomy with Extracorporeal 

Reconstruction in the View of Learning Curve

Chang Wook Ahn, Hoon Hur, Sang-Uk Han, and Yong Kwan Cho

Department of Surgery, Ajou University School of Medicine, Suwon, Korea

Purpose: The intracorporeal reconstruction after laparoscopic gastrectomy can minimize postoperative pain, and give better cosmetic ef-
fect, while it may have technical difficulties and require the learning curve. This study aimed to analyze the surgical outcome of intracor-
poreal reconstruction according to the surgeon’s experience comparing with extracorporeal procedure. 
Materials and Methods: From January 2009 to September 2011, intracorporeal reconstruction in laparoscopic surgery for gastric can-
cer was performed for 71 patients (Intra group). During same period, 231 patients underwent laparoscopy-assisted gastrectomy (Extra 
group). These patients were classified into initial (1st to 20th case of intra group), intermediate (21th to 46th case), and experienced (after 
47th case) phases. 
Results: Intracorporeal procedures included 35 cases of Billroth-I, 30 Billroth-II and 6 Roux en Y reconstructions. In the initial phase, 
operation time (P=0.022) were significantly longer for the patients of intra group than them of extra group. Although the difference was 
not significant, the length of hospital stay was longer and complication rate was higher in the intra group. In intermediate and experi-
enced phases, there was no difference between two groups in operation time and hospital stay. In these phases, complication rate was 
lower in the intra group than the extra group (3.9% versus 9.7%). The pain scale was significantly lower post operation day 5 in the 
intra group.
Conclusions: Intracorporeal reconstruction after laparoscopic distal gastrectomy was feasible and safe, and the technique was stabilized 
after 20th case if the surgeon has sufficient experiences when we compared it with extracorporeal reconstruction.
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Introduction

The frequency of diagnosis of early gastric cancer has been re-

cently increasing due to external influences such as increased need 

for health examination. Accordingly, as an interest in minimally 

invasive surgery considering the quality of life of patients with early 

gastric cancer increases, its need is also rapidly increasing. Since 

Kitano et al.1 reported laparoscopy-assisted gastrectomy in 1994, 

laparoscopy-assisted gastrectomy has become a common treatment 

option for early gastric cancer due to advantages such as less inva-

siveness, less pain, and short hospitalization. In addition, as many 

recent studies reported that the oncological result of laparoscopy-

assisted gastrectomy was similar to that of open gastrectomy,2-5 

laparoscopy-assisted gastrectomy has been more widely used, and 

has become a standard for the treatment of gastric cancer. 

Laparoscopy-assisted gastrectomy, however, has a disadvantage 

of requiring small incision, which causes various problems dur-

ing gastric anastomosis via a small incision. In particular, critical 

problems have been observed in patients with obesity.2,3 Thus, 
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totally laparoscopic distal subtotal gastrectomy and intracorporeal 

anastomosis have been introduced as less invasive and more use-

ful techniques with advantageous eye-field securing and applying 

less stress to the tissues in order to overcome the afore-mentioned 

problems of laparoscopy-assisted gastrectomy.6,7 As intracorporeal 

anastomosis is associated with disadvantages of technical difficulty 

and longer time of anastomosis, the technique demands the pres-

ence of experienced surgeons to conduct the surgery safely.8,9 Nev-

ertheless, considering the advantages of totally laparoscopic subtotal 

gastrectomy and intracorporeal anastomosis, they are expected to 

sufficiently contribute in improving patient’s quality of life, if sur-

geons are well trained.  

Accordingly, this study was conducted to investigate the learn-

ing curve required by surgeons to conduct successful intracorporeal 

anastomosis following totally laparoscopic subtotal gastrectomy, 

and to investigate the clinical usefulness of laparoscopic distal sub-

total gastrectomy by comparing its clinical outcomes with those of 

extracorporeal anastomosis.

Materials and Methods

This study was conducted on 71 patients who underwent intra-

corporeal anastomosis following totally laparoscopic distal subtotal 

gastrectomy after diagnosed with gastric adenocarcinoma of the 

mid and lower stomach in the Department of Surgery at Ajou Uni-

versity for a period of 33 months from January 2009 to September 

2011. The medical records of the subjects were retrospectively 

compared with those of 230 patients who underwent extracorporeal 

anastomosis following laparoscopic distal subtotal gastrectomy dur-

ing the same period. The subjects were divided into the early, mid, 

and late groups according to the frequency and surgery period of 

totally laparoscopic distal subtotal gastrectomy and then compared 

with patients with extracorporeal anastomosis. In addition, opera-

tion time, postoperative complications, and postoperative pain were 

also reviewed. All the subjects, who participated in the study were 

the ones diagnosed with T2NI or less in preoperative endoscopy, 

abdominal computed tomography, and endoscopic ultrasonog-

raphy, and had tumor positioned at the mid 1/2 or lower, which 

enabled subtotal gastrectomy after resection. The proximal area of 

the tumor was marked with a clip during preoperative endoscopy 

to determine gastric resection site, and abdominal X-ray following 

foaming agent intake was conducted to confirm lesion site marked 

with a clip (Fig. 1). During the surgery, the lesser curvature and 

greater curvature of the mid body were marked with a clip, and 

subsequently abdominal X-ray was conducted to determine resec-

tion site that was sufficiently apart from the preoperative marked 

lesion, followed by gastric resection.

In the case of the intracorporeal anastomosis group, the stom-

ach was pulled out from the abdomen through the infraumbili-

cal wound immediately after resection of the stomach to assess 

whether the location from the resection plane to the lesion was ap-

propriate. In the case of the extracorporeal anastomosis group, the 

stomach was taken out through the small incision without resection 

of the stomach and was then resected after confirming the gastric 

resection margin.

The resection range of the lymph node (LN) of D1+β or more 

was basically employed, but the resection range of the LN de-

creased to D1+α if tumor restricted to the mucosa was found in 

patients with concurrent diseases or elderly patients via endoscopic 

ultrasonography. 

The patients were on a supine position under general anesthesia, 

and the surgeon, and the first and second assistants were positioned 

on the right and left side of the patients, respectively. In some 

cases, the second assistant who controlled a camera was positioned 

on the right of the patients, that is, below the surgeon. The patients 

had their head lifted approximately 15o. A 10 mm trocar for cam-

era was inserted below umbilicus while maintaining a abdominal 

pressure of 12∼13 mmHg, and a 12 mm trocar was inserted into 

the left and right lower abdomen (one for each area), and a 5 mm 

trocar was inserted into the left and right upper abdomen (one for 

each area). The liver was moved towards the upper abdominal wall 

using prolene suture to secure visual field. This surgical technique 

has been previously introduced by the author’s hospital.
10

Fig. 1. Localization of the location of the tumor. After clipping with 
endoscopy, preoperative abdomen X-ray was performed.
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After dissecting from the center of greater omentum towards 

the left direction to the anticipated resection site of the greater cur-

vature, the branch of the left gastroepiploic vessels, which heads 

for the spleen, was separated and then ligated to resect 4sb LN. 

Subsequently, after dissecting from the center of greater omentum 

towards the right direction, followed by resection, the right gastro-

epiploic vessels were ligated at the origin to resect No.6 LN.

During D2 lymphadenectomy, the resection was performed 

towards the direction of the inferior border of the pancreatic head, 

and then the superior mesenteric vein was exposed, followed by 

resecting 14v LN. The right gastric artery was ligated at the origin 

to resect the 5 and 12a LN, and the duodenum was resected using 

a 60 mm laparoscopic linear stapler. The lesser omentum was re-

sected to the left direction, followed by resecting 7, 8a, and 9 LNs. 

The left gastric artery was ligated at the origin, followed by resect-

ing 11p LN.

After confirming via abdominal X-ray, the site was resected 

using two linear staplers, and then put into a pouch, followed by 

pulling it by extending the vertical incision line of the infraum-

bilical wound of size approximately 2 cm (Fig. 2). As mentioned 

above, in the case of the extracorporeal anastomosis group, the 

stomach was pulled out through the small incision without resecting 

the stomach, and then the gastric resection margin was confirmed 

via stomach resection. In the case of the intracorporeal anastomosis 

group, the sufficiency of the resection margin of the resected tissue 

was examined with eyes before anastomosis, and mandatorily con-

firmed via confirmative frozen section biopsy to secure the stability 

of the resection margin before anastomosis. 

Intracorporeal gastroduodenostomy was conducted according 

to the method previously presented.11 In brief, one hole was made 

at the upper edge angle of the duodenal resection margin, and the 

another hole was made at the greater curvature approximately 7 

cm upper than the gastric resection margin so as not to overlap the 

gastric section plane and gastroduodenal site and to secure a space 

for stapler. After both the blades of the linear stapler were inserted 

into the two holes, gastroduodenostomy was prepared at the greater 

curvature of the stomach and the posterior upper edge of the duo-

denum (Fig. 3A). After grabbing the gastroduodenal anastomotic 

area and both the edges using three or more laparoscopic sutures 

in coordination with the first assistant to position them vertical to 

the cartridge of gastroduodenostomy, the open hole was sutured 

by shooting one linear stapler to position the finished anastomosis 

parallel to gastroduodenostomy. In some cases, the anastomotic 

edge was supplemented via supplementary suture with a suture or 

metal clip to prevent anastomotic leakage due to tension. 

Intracorporeal gastrojejunostomy was conducted instead of gas-

troduodenostomy in the case where the tension of the anastomized 

area might be caused due to relatively higher tumor location. A hole 

was made using a harmonic scarpel approximately 25 cm away 

from the Treitz ligament towards the distal area, and the other hole 

was made using a harmonic scarpel approximately at the greater 

curvature of the stomach 1.5 cm away from the gastric resection 

plane or the edge of the greater curvature of the gastric resection 

plane. After removing the gastric contents using suction, both the 

blades of the linear stapler were inserted into the duodenal and 

gastric holes, towards the distal area and spleen directions, respec-

tively, and then the greater curvature of the stomach and the area 

opposite to the jejunal mesentery were anastomized using a stapler. 

The hole, via which the stapler was pulled out, was also closed us-

ing a linear stapler after grabbing the anastomotic area and the edge 

area by the first assistant, and the bleeding site was sutured using a 

clip or suture (Fig. 3D~F).

In the case of intracorporeal Roux-en-Y anastomosis, jejunum 

was divided 25 cm away from the Treitz ligament using a linear 

stapler. For gastrojejunostomy, a hole was made at the edge of the 

greater curvature of the gastric resection plane, and then the other 

hole was made at efferent jejunum (Fig. 3G). And a jejunojejunos-

tomy was made 25 cm distal to the gastrojejunostomy with a linear 

stapler. In the cases of the other extracorporeal anastomosis groups, 

the anastomosis was performed via a new small incision of the up-

per abdomen. The anastomosis was made in similar ways as shown 

in the case of intraperitoneal anastomosis group or sometimes 

Fig. 2. Placement of surgical ports and wound for specimen delivery. 
For C, E, 12 mm ports are used. Two 5 mm ports are used for B, D, and 
flexible endoscope is introduced via port A. Port A are extended verti-
cally for specimen delivery.
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hand-sewn anastomosis was performed.

A statistical analysis was conducted using SPSS version 18.0 

(IBM Co., Armonk, NY, USA). Un-paired t-test and chi-square 

test were conducted for analyzing continuous variables and absolute 

variables, respectively, in the comparison between the two groups. 

The continuous variables were expressed as mean±standard de-

viation. If P-value＜0.05, it was considered statistically significant. 

NPIS pain scale was used for measurement of pain. 

Results

As for patient’s age, 186 patients were aged 65 years or less and 

115 patients were aged more than 65 years. As for body mass index 

(BMI), 206 patients had a BMI of 25 or less and 95 patients had a 

BMI of more than 25. With respect to type of surgery, the intra-

corporeal anastomosis group was comprised of 35 cases of B-I, 31 

cases of B-II, and 6 cases of Roux-en-Y, respectively, whereas 

the extracorporeal anastomosis group was comprised of 131 cases 

of B-I, 31 cases of B-II, and 68 cases of Roux-en-Y, respectively. 

The rates of B-I and Roux-en-Y were higher in the extracor-

poreal anastomosis group than in the intracorporeal anastomosis 

group (Table 1). 

When the two patient groups were divided into the early, mid, 

and late groups, and then compared with each other, no significant 

Fig. 3. Intracoporeal BI  anastomosis (A, B, C), intracoporeal BII  anastomosis (D, E, F), intracoporeal Roux en Y anastomosis (G, H, I). (A) Cut of 
duodenum upper edge. (B) Closure of endo GIA  entry hole. (C) Laparoscopic view of the gastroduodenostomy. (D) Anastomosis with endo GIA. (E) 
Closure of endo GIA entry hole. (F) Laparoscopic view of the gastrojejunostomy. (G) Jejunojejunostomy with endo GIA. (H) Gastrojejunostomy 
with endo GIA. (I) Laparoscopic view of Roux en Y anastomosis.
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differences in the age, BMI, gender, the number of underlying 

diseases, and resection stage of LN were found between the two 

groups (Table 2).

 As for the change in the white blood cell count was concerned, 

no significant difference was found between the two groups on 

first, second and fifth days after the surgery. However, with respect 

to change in pain, a significantly lower pain was observed in the 

intracorporeal anastomosis group on fifth day after the surgery (Fig. 

4). 

As for the postoperative outcomes, the bleeding amount was 

significantly lower in the intracorporeal anastomosis group than in 

the extracorporeal anastomosis group. No significant differences 

in the postoperative complications were found between the two 

groups (Table 3). 

When each group was divided into the early, mid, and late 

groups, and then compared, the operation time was observed to be 

longer in the intracorporeal anastomosis group than in the extra-

corporeal anastomosis group for the early group, but was similar 

between the two groups for the mid and late groups. A significant 

decrease in the bleeding amount was observed in the mid and 

late groups. No significant difference in the hospitalization dura-

tion and complications was found between the two groups for the 

early group, but slight decrease was observed for the mid and late 

groups (Table 4). The aforementioned results demonstrated that 

the postoperative advantages of laparoscopic surgery12 were more 

highlighted in the intracorporeal anastomosis group than in the 

extracorporeal anastomosis group.

No case of change to open surgery or death due to the surgery 

was found in both the groups. One case of requiring reoperation 

occurred in the intracorporeal anastomosis group due to postopera-

tive complications. Gastrojejunostomy was conducted due to anas-

tomotic stricture of gastroduodenostomy. Other complications were 

resolved without any further particular treatment. 

The mean length of the incision line below the bellybutton 

measured after the surgery was shown to be 2.7±0.3 cm, showing 

a satisfactory result in terms of aesthetic perspective. The patho-

logical findings of the patients are summarized in Table 2. Two 

patients of the intracorporeal anastomosis group were diagnosed 

with disease stage III after the surgery. Since anticancer therapy 

termination, no reoccurrence has been reported in the two patients 

as of 11 and 8 months after the surgery, respectively. 

Discussion 

Since Kim13 first reported laparoscopic surgery for patients with 

benign gastric diseases in Korea, laparoscopic surgery has gradu-

ally been expanding to patients with gastric cancer. As there has 

been an increase in interest in the improvement of the quality of 

life of early gastric cancer patients with high cure rate, the number 

of patients undergoing laparoscopy-assisted gastrectomy is also 

been increasing rapidly.14 Accordingly, intracorporeal anastomosis 

that reduces surgical injury and extracorporeal surgery have been 

expected to positively affect quality of life of patients, and an in-

terest in intracorporeal anastomosis has increased in surgeons. As 

Table 1. Comparison of demographic & clinicopathologic features 
between intra and extra group 

Variables 

Procedures 

P-value *Intra 
group  
(n=71) 

†Extra 
group 

(n=230) 

Age (yr)
   <65
   ≥65 

186
115 

45 (63.4)
26 (36.6) 

141 (61.3)
89 (38.7) 

0.753 

Gender
   Male
   Female 

197
104 

44 (62.0)
27 (38.0)

153 (66.5)
77 (33.5) 

0.481

BMI (kg/m2)
   <25
   ≥25 

206
95 

45 (63.4)
26 (36.6) 

161 (70.0)
69 (30.0)

0.294 

Comorbidity
   None
   One
   More than two

120
129

52

30 (42.3)
25 (35.2) 
16 (22.5) 

90 (39.1)
104 (45.2)

36 (15.7)

0.236 

LN dissection
   D1 or ‡D1+
   §D1+ or D2

179
122 

37 (52.1)
34 (47.9)

142 (61.7)
88 (38.3) 

0.149 

Stage (AJCC 6th edition)
   I 
   II
   III
   IV 

263
21
15

2 

63 (88.7)
4 (5.6)
3 (4.2)
1 (1.4) 

200 (87.0)
17 (7.4)
12 (5.2)

1 (0.4) 

0.767 

Reconstruction
   B-I
   B-II
   Roux en Y 

166
61
74 

35 (49.3)
30 (42.3)

6 (8.5) 

131 (57.0)
31 (13.5)
68 (29.6) 

<0.001 

Values are presented as number (%). BMI = body mass index; LN 
= lymph node. *Intracorporeal anstomosis group; †extracorporeal 
anastomosis group; ‡D1+No.7 lymph nodes; §D1+No. 7, 8a and 9 
lymph nodes. 
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Table 2. Comparison of demographic & clinicopathologic features between intra and extra group according to learning curve 

Variables 

Initial Intermediate Experienced 

*Intra
group
(n=20)

†Extra
group
(n=66)

P-value
Intra
group
(n=26)

Extra
group 
(n=52)

P-value
Intra
group 
(n=25)

Extra
group 

(n=112)
P-value

Age (yr)
   <65
   ≥65 

13 (65.0)
7 (35.0) 

46 (69.7)
20 (30.3) 

0.692 17 (65.4)
9 (34.6) 

26 (50.0)
26 (50.0) 

0.198 15 (60.0)
10 (40.0) 

69 (61.6)
43 (38.4) 

0.881 

Gender
   Male
   Female 

11 (55.0)
9 (45.0)

52 (78.8)
14 (21.2) 

0.035 17 (65.4)
9 (34.6)

35 (67.3)
17 (32.7) 

0.865 16 (64.0)
9 (36.0)

66 (589)
46 (41.1) 

0.640

BMI (kg/m2)
   <25
   ≥25 

12 (60.0) 
8 (40.0) 

51 (77.3)
15 (22.7)

0.126 16 (61.5)
10 (38.5) 

33 (63.5)
19 (36.6)

0.868 17 (68.0)
8 (32.0) 

77 (68.8)
35 (31.3)

0.942 

Comorbidity
   None
   One 
   More than two

7 (35)
4 (20)
9 (45) 

25 (37.9)
17 (25.8)
24 (36.4) 

0.763 17 (65.4)
6 (23.1)
3 (11.5) 

14 (26.9)
38 (73.1)

0 

<0.001 6 (24)
15 (60)

4 (16) 

51 (45.5)
49 (43.8)
12 (10.7) 

0.141 

LN dissection
   D1 or ‡D1+
   §D1+ or D2

10 (50.0)
10 (50.0)

41 (62.1)
25 (37.9) 

0.334 18 (69.2)
8 (30.8)

40 (76.9)
12 (23.1) 

0.463 9 (36.0)
16 (64.0)

61 (54.5)
51 (45.5) 

0.095 

Stage (AJCC 6th 
edition)

   I 
   II
   III
   IV 

18 (90.0)
1 (5.0)
1 (5.0)
0 (0.0) 

59 (89.4)
4 (6.1)
3 (4.5)
0 (0.0) 

0.982 24 (92.3)
1 (3.8)
0 (0.0)
1 (3.8) 

43 (82.7)
3 (5.8)
5 (9.6)
1 (1.9) 

0.382 21 (84.0)
2 (8.0)
2 (8.0)
0 (0.0) 

98 (87.5)
10 (8.9)

4 (3.6)
0 (0.0) 

0.617 

Reconstruction
   B-I
   B-II
   Roux en Y 

13 (65.0)
7 (35.0)
0 (0.0) 

47 (71.2)
14 (21.2)

5 (7.6) 

0.247 11(42.3)
13 (50.0)

2 (7.7) 

27 (51.9)
13 (25.0)
12 (23.1) 

0.053 11(44.0)
10 (40.0)

4 (16.0) 

57 (50.9)
4 (3.6)

51 (45.5) 

<0.001 

Values are presented as number (%). BMI = body mass index; LN = lymph node. *Intracorporeal anstomosis group; †extracorporeal anastomosis 
group; ‡D1+No.7 lymph nodes; §D1+No. 7, 8a and 9 lymph nodes.

Fig. 4. Change of postoperative pain scale after sugery. Each P-value 
was evaluated by student T-test. POD = post operation day.

Table 3. Comparison of short-term outcomes between intra and 
extra groups 

Outcomes *Intra group
(n=71) 

†Extra group
(n=230) P-value 

Operation time (min) 172.7±53.6 165.0±45.1 0.275 

Blood loss (ml) 130.9±124.8 177.8±137.4 0.011 

Length of hospital stay 
after surgery (d) 

8.3±5.7 7.3±2.2 0.156 

Complication 5 (7.0) 23 (10.0) 0.453 

Values are presented as mean±standard deviation or number (%). 
*Intracorporeal anstomosis group; †extracorporeal anastomosis  
group.
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shown in this study, although intracorporeal anastomosis, as a re-

construction method following laparoscopy assisted distal subtotal 

gastrectomy, requires somewhat learning curve as compared to ex-

tracorporeal anastomosis, the technique (intracorporeal anastomo-

sis) would not only become a safe, rapid, and easy way without any 

particular complication but with good outcomes, if surgeons with 

sufficient experience on extracorporeal anastomosis are trained ap-

proximately 20 times. This study is unique when compared to in-

tracorporeal anastomosis with extracorporeal anastomosis following 

distal subtotal gastrectomy and amongst other studies on learning 

curve for laparoscopic surgery.15-19 Although previous studies also 

reported learning curve for totally laparoscopic intracorporeal 

anastomosis, no detailed description on the required learning curve 

was provided as a main subject.8,9

In this study, the bleeding amount decreased in the mid and late 

groups of the intracorporeal anastomosis group. From a surgical 

method perspective, the anatomical location and oncological view 

of the lesion should be considered when gastroduodenostomy is 

applied after subtotal gastrectomy. If lesions are progressive or close 

to the duodenum, it is difficult to obtain sufficient resection margin 

with no tension between the gastroduodenal anastomotic areas so 

that gastroduodenostomy cannot be used.20 In the case of no such 

restriction, gastroduodenostomy is preferred as a reconstruction 

following laparoscopic subtotal gastrectomy, most of which is con-

ducted using circular stapler via 4~7 cm incision at the upper abdo-

men. If this kind of small incision is used, pulling out the stomach 

from the abdomen causes excessive retraction, which eventually 

leads to bleeding caused by tissue injury by forcing tension to the 

nearby tissues, as well as additional problems such as bleeding 

caused by rectus muscle injury or postoperative pain. Furthermore, 

it makes anastomosis itself problematic. In particular, in the case 

of high BMI, intraoperative complications, as increase in the rate 

of bleeding amount was reported.21 Meanwhile, in the case of in-

tracorporeal anastomosis, it is good for securing visual field despite 

the difficulty in technique so that it could sufficiently overcome the 

aforementioned problems of extracorporeal anastomosis. In this 

study, no difference in the amount of bleeding was observed in the 

early group between the other two groups. This is likely attribut-

able to the fact concerning slow adaptation to the use of apparatus 

for tissue retraction and the use of surgical stapler during the early 

stage. However, once the surgeons were sufficiently adapted to the 

technique and the required learning curve was achieved, a signifi-

cant difference between the two groups was observed due to the 

advantages of intracorporeal anastomosis, such as no small incision, 

no excessive tissue retraction, and wide visual field securing. 

As extracorporeal anastomosis absolutely requires small incision, 

strictly speaking, it is deviated from the concept of minimal inva-

sive surgery. That is, it reduces the advantages of laparoscopic sur-

gery as a minimal invasive surgery.6 On the contrary, intracorporeal 

anastomosis, as a minimal invasive surgery, can sufficiently utilize 

the advantages of laparoscopic surgery such as aesthetic effect, pain 

reduction, and reduced complication. Furthermore, intracorporeal 

anastomosis is advantageous with respect to that it can secure visual 

field regardless of patient’s body type.
21 

Intracorporeal anastomosis requires advanced laparoscopy 

because of which the beginners have a difficulty in conducting 

Table 4. Comparison of short-term outcomes between intra and extra groups according to learning curve 

Outcomes *Intra group (n=71) †Extra group (n=230) P-value 

Initial Operation time (min) 187.5±52.8 158.3±48.0 0.022 

Blood loss (ml) 163.3±157.8 162.0±146.4 0.975 

Length of hospital stay after surgery (d) 10.4±9.8 7.5±2.4 0.223 

Complication 3/20 (15.0) 7/66 (10.6) 0.591 

Intermediate Operation time (min) 164.2±55.8 167.3±39.9 0.780 

Blood loss (ml) 113.8±122.1 181.0±129.7 0.031 

Length of hospital stay after surgery (d) 7.9±2.7 6.9±1.8 0.104 

Complication 1/26 (3.8) 4/52 (7.7) 0.513 

Experienced Operation time (min) 169.8±51.6 167.9±45.7 0.869 

Blood loss (ml) 122.8±94.5 185.4±136.1 0.031 

Length of hospital stay after surgery (d) 7.2±2.4 7.4±2.2 0.621 

Complication  1/25 (4.0) 12/112 (10.7) 0.270 

Values are presented as mean±standard deviation or number (%). *Intracorporeal  anstomosis group; †extracorporeal  anastomosis  group.
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intracorporeal anastomosis. In addition, as shown in this study, 

increased complications could lead to serious problems. Thus, in-

tracorporeal anastomosis is recommended to surgeons, who have 

conducted laparoscopy-assisted extracorporeal anastomosis for 60 

or more times.16-19 The corresponding author of this study has an 

experience on conducting approximately 500 cases of extracor-

poreal anastomosis. Surgeons who have sufficient experience of 

extracorporeal anastomosis will be able to reach quickly the learn-

ing curve for intracorporeal anastomosis.15-19 In addition, beginners 

could be able to conduct intracorporeal anastomosis successfully 

if they are sufficiently well trained. In particular, if the beginners 

practice starting from gastrojejunostomy, which is the easiest for 

the beginners, they could eventually feel confident with intracorpo-

real anastomosis. 

In this study, the pain level significantly decreased 5 days after 

the surgery because of no requirement of small incision. How-

ever, as patient controlled analgesia treatment has been commonly 

conducted on patients with gastric cancer in the authors’ hospital, 

it was impossible to compare the pain level due to the effect of 

patient controlled analgesia treatment on first and second days after 

the surgery, and due to insufficient data on third and fourth days 

after the surgery. Thus, it was possible to compare the pain level on 

fifth days after the surgery as the effect of painless treatment was 

resolved (Fig. 4).

In addition, in the short-term follow-up, a 44-year-old male 

patient showed postoperative persistent nausea and vomiting. Sub-

sequently, he was diagnosed with anastomotic stricture via endo-

scopic examination. The result of video analysis showed that the 

stomach and duodenum were insufficiently inserted into the end of 

the linear stapler during gastroduodenostomy, and that the stapler 

was inserted too deep during the closing of the incision, which 

caused further shortening of anastomotic length. Thereafter, a par-

ticular precaution was given to secure sufficient anastomotic length. 

The patient with anastomotic stricture requiring an additional sur-

gery underwent a re-surgery 4 days after the surgery, converting 

into gastrojejunostomy. The other patients were discharged without 

any complications. The result of endoscopic examination conducted 

in the follow-up also showed that good outcomes were observed 

without stricture.  

Intracorporeal anastomosis is disadvantageous as it is difficult 

to determine the exact location of tumor since the tumor is not 

directly sensed by the hands during the surgery. Thus, as men-

tioned previously in this study, the tumor was marked with a clip 

via an endoscope before the surgery, and abdominal X-ray was 

then conducted during the surgery to secure the sufficient resec-

tion margin (Fig. 4). The resected stomach was pulled out from the 

abdomen and checked. If the length of the resection margin from 

the lesion was insufficient, resection was again conducted to secure 

sufficient resection margin in some cases. Medical institutions that 

provide totally laparoscopic surgery have been making an effort to 

secure sufficient resection margin using various methods.7,22 As the 

authors’ hospital has been also developing various methods includ-

ing endoscopic technique, a better technique to overcome the cur-

rent disadvantages is expected to be developed in the near future, 

via which the disadvantages of totally laparoscopic surgery will be 

overcomed and intracorporeal anastomosis will become a useful 

technique to improve the quality of life of patients with early gastric 

cancer. 

This study has a few limitations. Gastroduodenostomy and 

Roux-en-Y reconstruction were relatively more frequent in the ex-

tracorporeal anastomosis group. This is likely to be associated with 

a study that was conducted to compare gastroduodenostomy with 

Roux-en-Y reconstruction during the similar period. Based on the 

results of studies reporting that bile reflux was minimized, Roux-

en-Y reconstruction was preferred by some institutions.23,24 How-

ever, in most of the large hospitals in Asian countries, including 

Korea, where the number of patients with gastric cancer is higher as 

compared to western countries, Roux-en-Y reconstruction seems 

to be less preferred than gastroduodenostomy due to longer opera-

tion time and complexity. In this study, Roux-en-Y gastrojejunos-

tomy was not preferred in the intracorporeal anastomosis group due 

to the requirement of more complex techniques and more number 

of linear staplers.25 From this perspective, intracorporeal anastomo-

sis has disadvantages of technical difficulty and high cost due to the 

requirement of more number of linear staplers during anastomosis.8 

Straight line-like anastomosis used by the authors during gastro-

duodenostomy was relatively easily conducted as the stomach and 

duodenum were anastomized using a smaller hole and subsequently 

the hole was closed using one linear stapler, which had an advan-

tage of reducing the number of required linear staplers. In the cases 

of gastrojejunostomy and Roux-en-Y gastrojejunostomy, the num-

ber of required linear staplers and leakage were reduced by making 

a small hole and by suturing the hole using hand-sewn suturing. In 

this study, hand-sewn anastomosis was performed to reduce the 

number of required staplers. However, although the number of the 

required stapler was reduced to one or two by suturing the hole us-

ing hand-sewn anastomosis, this technique was shown to require 

more time. Thus, an anastomotic method that not only reduces the 
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number of staplers but also shortens operation time should be de-

veloped. In addition, the assessment and analysis of increase in cost 

by this technique were not performed in this study. This study was 

conducted by a single surgeon, hence it was difficult to generalize 

it. Furthermore, no long-term follow-up data are available, and the 

explanation of the learning curve was insufficient due to the com-

parison of several techniques together. The aforementioned limita-

tions should be considered when conducting a prospective study.

In conclusion, intracorporeal anastomosis following totally 

laparoscopic distal subtotal gastrectomy requires an advanced per-

formance and surgeon’s learning curve. However, beginners can 

overcome this difficulty if they build sufficient experience. In con-

clusion it is proposed that intracorporeal anastomosis could become 

a sufficiently useful and relatively safe technique if it is repeatedly 

conducted for approximately 20 times. A long-term follow-up, 

analysis and assessment of treatment cost, and obtaining sufficient 

data from many institutions are further required to validate the 

safety and efficacy of intraperitoneal anastomosis.
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