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Abstract
Aim: The purpose of this study was to evaluate the clinical feasibility and efficacy of the intracorporeal hemi-hand-sewn 
(IC-HHS) technique for Billroth-I gastroduodenostomy in comparison with extracorporeal total hand-sewn (EC-THS) 
anastomosis. We also examined the size of resected specimens in each procedure. 

Methods: The number of enrolled cases of EC-THS and IC-HHS anastomosis groups were 85 and 110 cases, respectively. 
Perioperative data and the measured sizes of resected specimens were analyzed. 

Results: Operation time in the IC-HHS group was significantly longer than the EC-THS group (234.8 min vs.  275.0 min, 
P  < 0.01), whereas intraoperative blood loss was less in the IC-HHS group (48.4 mL vs.  25.4 mL, P  = 0.03). There were 
no procedure-related complications in the IC-HHS group. The greater curvature of the EC-THS group was significantly 
shorter than the IC-HHS group (214.6 mm vs.  228.7 mm, P  < 0.01). There was no correlation between body mass index 
(BMI) and the length of the greater curvature in the IC-HHS group (r  = 0.07, P  = 0.47), but in the EC-THS group, the 
length of the greater curvature tends to shorten as BMI increases (r  = -0.45, P  < 0.01). 

Conclusion: IC-HHS technique for Billroth-I gastroduodenostomy revealed feasible with acceptable operation time and 
postoperative outcome. Another advantage of total laparoscopic distal gastrectomy that intracorporeal transection can 
facilitate is to ensure an adequate proximal margin, especially in obese middle gastric cancer patients.
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INTRODUCTION
Since the first laparoscopic gastrectomy was described in 1992[1], the safety and feasibility of laparoscopic 
gastrectomy have already been demonstrated in the treatment of early gastric cancer[2,3] and several 
advantages of laparoscopic gastrectomy were reported in comparison with open gastrectomy, such as 
postoperative recovery and shorter hospital stay[4,5]. Due to being less invasive, laparoscopic gastrectomy 
was successfully performed in elderly patients and obese patients with an acceptable complication rate and 
prognosis[6-9].

The reconstruction methods after distal gastrectomy are represented by Billroth-I (B-I), Billroth-II, and 
Roux-en-Y method. Among them, B-I gastroduodenostomy is the most widely practiced procedure in 
the world. Due to the fact that the procedure is relatively simple and does not require an anatomical 
replacement of the digestive tract below the transverse colon[10]. Moreover, it provides a physiologic flow of 
food contents through the duodenum and decreases the possibility of metabolic problems and nutritional 
deficiency[11] while postoperative observation of the ampulla of Vater can be carried out reliably and easily. 
When laparoscopic gastrectomies were first introduced, because of the technical challenges of achieving 
an intracorporeal B-I reconstruction, most surgeons preferred laparoscopy-assisted approach with mini-
laparotomy[12,13]. In laparoscopy-assisted distal gastrectomy (LADG), gastroduodenostomy as well as gastric 
transection was also performed through a small laparotomy. Therefore, especially in obese patients with 
thick abdominal walls, it was difficult to pull out the stomach enough to secure an appropriate resection 
range and to perform safe anastomosis through the small laparotomy. 

Recently, several techniques of intracorporeal reconstruction have been developed. Currently, many gastric 
surgeons are attempting to perform total laparoscopic gastrectomy with intracorporal reconstruction 
because it offers a good operative field regardless of the patient’s figure[14]. Furthermore, the transection 
level of the stomach can be reliably determined by the intraoperative endoscope in a natural anatomical 
position without deformation.

In our hospital, we have performed LADG with extracorporeal total hand-sewn (EC-THS) gastroduodenostomy 
through mini-laparotomy until October 2013[15]. Since intracorporeal delta-shaped (IC-DS) gastroduodenostomy 
was introduced, this method became the most widely implemented intracorporeal anastomotic 
technique, especially in eastern countries[16-18]. However, several concerns have been reported, such as 
anatomical twisting, excessive tension caused by side-to-side anastomosis, duodenal ischemia due to 
duodenal dissection and preservation, and shortened distal surgical margin. In 2013, as the method of 
total laparoscopic distal gastrectomy, we devised a new reconstruction method to create end-to-end 
gastroduodenostomy, in which the posterior wall of the anastomosis was constructed with a linear stapler 
and subsequently, the anterior wall was sutured with an intracorporeal hand-sewn technique, and reported 
as intracorporeal “hemi-hand-sewn (HHS) technique”[19]. 

The purpose of this study was to evaluate the feasibility and efficacy of IC-HHS technique for end-to-end 
B-I gastroduodenostomy after laparoscopic distal gastrectomy in comparison with conventional EC-THS 
anastomosis in LADG. In addition, we assumed that there was a possibility that the range of resection 
might be smaller in laparoscopy-assisted approach in obese patients, but the difference of resection range 
between the extracorporeal transection and intracorporeal procedure were not reported. Therefore, we 
evaluated the size of resected specimen and analyzed the differences of the resection range between each 
procedure.
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METHODS
Lymph node dissection
Under general anesthesia, the patient was placed in a modified lithotomy position and subjected to a 
head-up tilt with the semiboot foot holder: Levitator (Mizuho, Tokyo, Japan). We used a 10-mm, 3D 
flexible laparoscope; ENDOEYE FLEX 3D® (Olympus Medical, Tokyo, Japan). The operator performed all 
procedures standing between the patient’s legs. We applied a 4 port-laparoscopic distal gastrectomy with 
dual stomach-lifting technique (DSLT)[15]. The trocar placement and stomach lifting positions are shown in 
Figure 1. The stomach and duodenum were not transected before completion of the lymph node dissection.

Gastric resection and EC-THS gastroduodenostomy in LADG
Endoscopic clips were preoperatively placed on the proximal site 1 cm from the tumor along the 
longitudinal axis of the stomach. In the EC-THS group, the mobilized stomach was pulled out via Lap 
Protector® (Hakko, Nagano, Japan) attached to a 5-cm epigastric mini-laparotomy. After confirmation 
of clips by palpation, the distal stomach was divided from the greater curvature side by a linear stapler 
extracorporeally. Then staple line of the remnant stomach was reinforced by continuous seromuscular 
suturing with 3-0 coated braided synthetic absorbable suture: Vicryl® (Ethicon, Somerville, NJ, USA) 
from the lesser curvature. Then posterior sero-muscular suturing between the remnant stomach and 
the duodenum were performed with 3-0 coated braided nylon suture: Bear Braid® (Bear Medic Co., 
Tokyo, Japan). After ligation, the duodenum was divided by electric scalpel and the distal gastrectomy 
was completed. When the proximal edge of the tumor was close to the resection margin, frozen-section 
examination was performed to confirm the absence of any microscopic invasion. Subsequently, whole-
layer continuous sutures of the posterior and anterior wall were performed with 3-0 Vicryl. Finally, 2-layer 
gastroduodenostomy was completed after sero-muscular suture with 3-0 Bear Braid.

Gastric resection and IC-HHS gastroduodenostomy in TLDG
Preoperative endoscopic marking was done with the same maneuver as LADG. Lymph node dissection was 
also performed with DSLT. Details of surgical procedures and the IC-HHS technique were summarized in 
the attached video [Video 1].
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Figure 1. The trocar placement and stomach lifting positions for dual stomach-lifting technique in total laparoscopic distal gastrectomy. 
All trocars are 12 mm. A and C are used by the operator and D by the assistant. A flexible laparoscope is inserted through B. The nylon 
threads for stomach lifting are pulled out from the star marks



Endoscopic observation to the duodenum prior to resection made it possible to prevent spillage of 
gastrointestinal contents during anastomosis. After completion of lymph node dissection, the duodenum 
was divided with an endoscopic linear stapler: Echelon® 60-3.5 (Ethicon Endo-Surgery, Cincinnati, OH, 
USA) without duodenal twisting. Transection of the stomach was also performed using endoscopic linear 
staplers twice under intraoperative gastroscopic navigation (in middle third gastric cancer cases). Then the 
resected specimen was retrieved via Lap Protector® (Hakko, Nagano, Japan) attached to a 3-cm incision 
at the umbilical port. After the macroscopic evaluation, a frozen-section examination was performed if 
needed.

Full-thickness posterior wall anastomosis
After retrieval of the resected stomach, a plate platform: E-Z access® (Hakko) was attached to the wound 
protector and pneumoperitoneum was restarted, then an intracorporeal anastomosis was performed. First, 
removal of a small part of the staple using Sonicbeat® (OLYMPUS, Tokyo, Japan) at 5 cm from the greater 
curvature of the remnant stomach was completed to confirm anastomotic diameter. Then the staple line of 
the remnant stomach was reinforced by continuous seromuscular suturing with 3-0 Vicryl from the lesser 
curvature to the defect of the staple. Sero-muscular stay sutures with 3-0 Bear Braid were placed at both 
the lesser and greater curvatures between the remnant stomach and the duodenum. An entry hole was 
made by piercing the active blade of Sonicbeat at the greater curvature of the stomach wall, then a tissue 
pad of Sonicbeat was put into the stomach cavity and the anterior wall was incised toward the staple defect. 
A similar entry hole was made at the greater curvature of the duodenal wall and the anterior wall of the 
duodenum was incised toward the lesser curvature side. The assistant grasped two stay sutures ligated at 
the excessive tissues and lifted them up vertically. Then the posterior wall of the remnant stomach and the 
duodenum were approximated by Echelon 60-3.5 inserted from the umbilical port. During closure of the 
stapler forks, it was carefully confirmed that there was no excessive pinching of the anterior wall from left 
and right lateral abdominal trocars. The endoscopic linear stapler was fired to excise the excessive gastric 
and duodenal tissues and simultaneously the posterior wall anastomosis was constructed. Then the staple 
line was observed to confirm that there was no bleeding or pinching of the anterior wall [Figure 2A-G].

Full-thickness anterior wall anastomosis 
Subsequently, a full-thickness, continuous suture of the anterior wall was performed with 3-0 Vicryl. The 
first suture was started at the lower edge of the posterior wall and the first knot was developed inside the 
lumen involving the staple edge. Next suturing was made from the duodenal mucosa to the serosal side and 
after 5 over and over suturings, the Vicryl was locked. Using another 20 cm Vicryl, continuous suturing 
was started from the upper edge of the staple line of the posterior wall anastomosis. Continuous suturing 
was carried out with an over and over technique and when the two sutures met each other, each end was 
ligated intracorporeally to finish the full-thickness anterior wall anastomosis [Figure 2H].

Sero-muscular inverting anterior wall anastomosis
Afterwards, interrupted sero-muscular layer suturing of the anterior wall was performed with 3-0 Bear 
Braid for complete inverting anastomosis [Figure 2I]. The first suture at the lesser curvature involved three 
points, the anterior and posterior wall of the remnant stomach and the duodenal wall. Approximately 
10 sero-muscular sutures were required for inverting gastroduodenostomy. Then, an intracorporeal B-I 
gastroduodenostomy by HHS technique was completed, which was almost the same shape as a hand-
sewn inverting anastomosis by open surgery or EC-THS reconstruction. In the case with intraoperative 
endoscopy, the anastomotic site was observed after the completion of reconstruction [Figure 3].

Patient evaluation
Total laparoscopic gastrectomy with IC-HHS technique was introduced since November 2013. A total of 
452 patients who underwent surgery for gastric cancer in our hospital and related institutions between 
September 2008 and December 2017 were identified. All patients underwent multi-detector-row computed 
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tomography scans and upper endoscopy to determine the location and clinical stage of gastric cancer. 
Adenocarcinoma of the stomach was histologically proven for all patients. Open gastrectomy was 
performed in 229 patients, while 223 patients underwent laparoscopic gastrectomy. In this study, 21 total 
gastrectomy cases and 3 proximal gastrectomy cases were excluded. Laparoscopic distal gastrectomy 
was performed in 199 cases. Among them, 3 patients underwent concurrent colectomy and 1 case with 
concurrent nephrectomy were also excluded. A total of 195 patients were enrolled into the retrospective 
study [Figure 4]. All patients gave their written informed consent for laparoscopic procedures. This study 
protocol was approved by the institutional ethics committee. Demographic characteristics such as age, sex, 
body mass index (BMI), ASA score, site of the lesion, history of abdominal surgery, and anticoagulant use, 
were retrospectively extracted from the database.

Surgical outcome and postoperative complications
Operation time, blood loss, extent of lymph node dissection, number of harvested lymph nodes, 
pathological stage, perioperative complications, length of hospital stay after surgery, and type of 
reconstruction were retrieved from the database. Postoperative complications were graded according to 
the Clavien-Dindo classification[20]. Delayed gastric emptying was defined as an emptying disturbance 

Figure 2. Intracorporeal hemi-hand-sewn Billroth-I anastomosis. After having confirmed approximately 5 cm away from the edge of 
the greater curvature for anastomosis, the remaining staple line is reinforced by continuous suture (A); sero-muscular stay sutures are 
placed between the remnant stomach and the duodenum (B); the anterior wall of the remnant stomach is incised (C); subsequently, the 
anterior wall of the duodenum is also incised (D); the posterior wall of the remnant stomach and the duodenum is brought together with 
the Echelon 60-3.5 from the umbilical port: laparoscopic view from the stomach side (E) and from the duodenal side (F); full thickness of 
posterior wall anastomosis is completed (G); then a whole-layer approximation is accomplished by continuous suture with an absorbable 
thread (H); finally, an anterior sero-muscular suture is completed by interrupted sutures (I)

A B C

D E F

G H I
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requiring starvation for more than three days, excluding the cases where anastomotic stenosis or 
mechanical bowel obstruction was confirmed by radiographic or endoscopic examination.

Evaluation of resected specimen
The resected stomach was incised and opened according to the rule of Japanese classification of gastric 
carcinoma[21] and then was placed on the flat board. After stretching the stomach wall sufficiently, we fixed 
the edges of the stomach to the board with stainless steel pins. In addition to measuring the size of the 
tumor, we also measured the length of the greater curvature, lesser curvature, duodenum, proximal margin 
and distal margin. Where the staple line was removed, a length of 3 mm was added to each as a measured 
value. Histological data were retrieved from the database based on the 14th version of the staging system of 
Japanese Gastric Cancer Association[21].

Statistical analysis
Clinicopathological data and perioperative results were statistically compared between the EC-THS group 
and the IC-HHS group. The length of each part of the resected specimen was also analyzed. Continuous 
data was analyzed with the Student’s t-test. The Fisher’s exact test or Chi-square test were used for 
comparison of categorical values. Pearson linear regression analyses were conducted to correlate BMI and 
the length of the greater curvature of resected stomach. A two-sided P value < 0.05 was considered to be 
statistically significant. 

RESULTS
Patient characteristics
The number of cases of the EC-THS and IC-HHS groups were 85 and 110 cases, respectively. The 195 
patients had an average age of 71.0 years (range, 38-93 years). The average BMI was 23.1 (range 17.0-34.0 kg/m2). 
As for the location of the tumors, 142 cases were in the middle third of the stomach and 53 cases was in the 
lower third of the stomach, 5 of them showed duodenal infiltration to the pyloric ring [Table 1]. 

Surgical outcome
Total laparoscopic or laparoscopy-assisted distal gastrectomies were successfully accomplished in all 
patients (195 patients). D2 lymph node dissection was performed more frequently in the IC-HHS group 
(12.7%) compared to the EC-THS group (1.2%) (P < 0.01). The proportion of concurrent cholecystectomy 
was higher in the IC-HHS group, but there was no significant difference (P = 0.21). Operation time in the 
IC-HHS group required an average of 275.0 min, which was significantly longer than the 234.8 min in 
the EC-THS group (P < 0.01). The amount of intraoperative blood loss was less in IC-HHS group (25.4 mL 
vs. 44.0 mL, P = 0.03). The subgroup analysis in D1+ cases revealed similar results; the average operation 

Figure 3. Intraoperative endoscopic finding after completion of gastroduodenostomy by intracorporeal hemi-hand-sewn technique. The 
suture line of the posterior wall by linear stapler (white arrow) and hand-sewn suture line of the anterior wall (black arrow)
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time was longer in the IC-HHS group (276.4 min) than in the EC-THS group (234.6 min) (P = 0.04) and 
intraoperative blood loss was smaller in IC-HHS group (26.3 mL) compared to EC-THS group (48.9 mL) 
(P < 0.01). R0 resection was achieved in all patients with free surgical margin defined by pathological 
examination.

Postoperative outcome
Surgical site infection was observed at the epigastric wound in the EC-THS group (5 cases) and at the 
umbilical wound in the IC-HHS group (1 case). Laparoscopic cholecystectomy was required in one case 
of the IC-HHS group due to necrotic cholecystitis resistant to conservative treatment on day 9 after 
gastrectomy. One case of delayed gastric emptying was observed in the EC-THS group. The frequency of 
intra-abdominal abscess or pancreatic fistula development in the EC-THS and IC-HHS group were 3.5% 
and 1.8%, respectively and they were all cured by administration of antibiotics. One case of postoperative 
pneumonia in the EC-THS group was also successfully treated by antibiotics.

Evaluation of resected specimen
Table 2 shows the measured length of each part of the resected specimens. The greater curvature of the IC-
HHS group was significantly longer than that of EC-THS group (214.6 vs. 228.7 mm, P < 0.01). The length of 
the lesser curvature and the duodenum were not significantly different. There was no correlation between 
BMI and the length of the greater curvature in the IC-HHS group (r = 0.03, P = 0.47), while in the EC-HS 
group, the length of the greater curvature weakly correlated with BMI (r = -0.44, P < 0.01). The length of 
the great curvature of the resected stomach tends to be shorter as BMI increases [Figure 5A and B].

DISCUSSION
This study found that the IC-HHS technique for laparoscopic B-I gastroduodenostomy was successfully 
accomplished in all 110 cases without any procedure-specific complications, indicating its technical 
feasibility. The average operation time was about 40 min longer than EC-THS reconstruction. The similar 
difference in the subgroup analysis in D1+ cases suggested that the extended operation time was due to 
the difference in the anastomotic procedures. Anastomotic leakage and stricture were not observed in our 
experiences. 

Figure 4. Flow chart for the current study detailing inclusion and exclusion criteria; HHS: hemi-hand-sewn
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Though a B-I gastroduodenostomy requires only one anastomosis, it is difficult to perform through a small 
laparotomy in obese patients. The degree of difficulty is greatly affected by the patient’s figure. On the 

Table 1. Demographic characteristics, perioperative details, and pathological outcome of gastric cancer patients

Variable
EC-THS (n  = 85) IC-HHS (n  = 110)

P  value
Mean ± SD Range Mean ± SD Range

Backgrounds

  Age, mean ± SD (y.o.) 70.7 ± 9.5 44-88 71.2 ± 10.2 38-93 P  = 0.68

  Sex, No. (%)

    Male 58 (68.2%) 77 (70.0%) P  = 0.79

    Female 27 (31.8%) 33 (30.0%)

  BMI, mean ± SD (kg/m2) 23.5 ± 3.3 19-31 22.7 ± 3.5 17-34 P  = 0.17

  ASA classification, No. (%) 

    I 17 (20.0%) 18 (16.4%) P  = 0.57

    II 55 (64.7%) 74 (67.3%)

    III 13 (15.3%) 18 (16.4%)

  Location, No. (%)

    Upper stomach 0 (0.0%) 0 (0.0%) P  = 0.21

    Middle stomach 58 (68.2%) 84 (76.4%)

    Lower stomach 27 (31.8%) 26 (23.6%)

    Lower stomach (D+) 2 (1.8%) 3 (2.7%)

  Prior abdominal surgery, No. (%)

    Yes 23 (27.1%) 20 (18.2%) P  = 0.14

    No 62 (72.9%) 90 (81.8%)

  Anticoagulant use, No. (%)

    Yes 17 (20.0%) 21 (19.1%) P  = 0.87

    No 68 (80.0%) 89 (80.9%)

Perioperative details

  Lymph node dissection, No. (%)

    D1+ 84 (98.8%) 96 (87.3%) P  < 0.01

    D2 1 (1.2%) 14 (12.7%)

  Operation time, mean ± SD (min) 234.8 ± 29.6 175-302 275.0 ± 34.7 230-411 P  < 0.01

  Blood loss, mean ± SD (mL) 48.4 ± 39.6 5-180 25.4 ± 32.6 3-140 P  = 0.03

  Cholecystectomy, No. (%) 8 (9.4%) 17 (15.6%) P  = 0.21

  Complications, C-D grade No. (%)

    Grade I 5 (5.9%) 1 (0.9%)

    Grade II 4 (4.7%) 2 (1.8%)

    Grade IIIa 0 (0.0%) 0 (0.0%)

    Grade IIIc 0 (0.0%) 1 (0.9%)

  LOHS, mean ± SD (day) 14.6 ± 3.8 5-23 13.3 ± 4.8 7-34 P  = 0.04

Pathological outcomes

  T stage, No. (%)

    Mucosa 47 (55.3%) 64 (58.2%) P  = 0.83

    Submucosa 24 (28.2%) 27 (24.5%)

    Muscularis propria 8 (9.4%) 8 (7.3%)

    Subserosa 6 (7.1%) 11 (10.0%)

  N stage, No. (%)

    0 83 (97.6%) 105 (95.5%) P  = 0.43

    1 (1-3) 2 (2.4%) 5 (4.5%)

  Lymph node yield, mean ± SD (No.) 30.8 ± 10.2 11-59 29.4 ± 9.8 11-59 P  = 0.34

  Pathological stage, No. (%)

    IA 67 (78.8%) 90 (81.8%) P  = 0.75

    IB 11 (12.9%) 8 (7.3%)

    IIA 6 (7.1%) 6 (5.5%)

    IIB 1 (1.2%) 6 (5.5%)

EC-THS: extracorporeal-total hand-sewn group; IC-HHS: intracorporeal-hemi-hand-sewn group; SD: standard deviation; BMI: body mass 
index; ASA score: American Society of Anthologist score; C-D grade: Clavien-Dindo classification grade; LOHS: post-operative length of 
hospital stay
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other hand, intracorporeal B-I reconstruction by means of open surgery requires considerable advanced 
technical skill. Therefore, several procedures for B-I intracorporeal gastroduodenostomies specific to 
laparoscopic surgery have been reported, such as IC-DS gastroduodenostomy[16], triangulation stapling 
technique[22], book binding technique[23,24], overlap method[25], and double-stapling technique with circular 
stapler. Sufficient blood supply of digestive tracts, absence of excessive tension, well-apposed tissues at the 
anastomotic site, and appropriate anastomotic techniques are critically important factors for successful and 
safe anastomosis. In terms of blood supply and tension between the reconstructing digestive tract, hemi-
double stapling technique with circular stapler is the best procedure for gastroduodenostomy[26]. However, 

Figure 5. Simple linear regression analyses between BMI and the length of the greater curvature of resected stomach. The length of the 
greater curvature weakly correlated with BMI in the extracorporeal total hand-sewn group (A); while there was no correlation between 
BMI and length of the greater curvature in the intracorporeal hemi-hand-sewn group (B)

Table 2. Size of resected specimen

EC-THS (n  = 85) IC-HHS (n  = 110) P  value
Maximum tumor, mean ± SD (mm) 31.6 ± 15.5 35.6 ± 28.1 P  = 0.20

Greater curvature, mean ± SD (mm) 214.6 ± 21.7 228.7 ± 19.7 P  < 0.01

Lesser curvature, mean ± SD (mm) 148.7 ± 17.6 149.2 ± 18.3 P  = 0.50

Duodenum, mean ± SD (mm) 14.7 ± 3.6 14.1 ± 4.0 P  = 0.22

Proximal margin, mean ± SD (mm) 53.4 ± 32.4 54.1 ± 32.5 P  = 0.88

Distal margin, mean ± SD (mm) 77.1 ± 35.7 78.5 ± 39.8 P  = 0.87

SD: standard deviation; EC-THS: extracorporeal-total hand-sewn group; IC-HHS: intracorporeal-hemi-hand-sewn group
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it is difficult to keep a sufficient operative field for safe intracorporeal anastomosis. Currently, IC-DS 
anastomosis has been widely performed in East Asian countries[14,16]. Shorter operation time and superior 
short-term surgical outcomes were reported in comparison with the other methods[27,28], however, some 
concerns were reported. First, due to anatomical twisting from the IC-DS method, it is relatively difficult 
for inexperienced surgeons to understand deviated anatomy. Second, a IC-DS gastroduodenostomy is 
a functional end-to-end anastomosis, but is an anatomical side-to-side anastomosis, more tension is 
generated compared to anatomical end-to-end anastomosis[23]. Moreover, additional duodenal dissection 
and formation of the triangular area of the duodenal wall might be responsible for the ischemic status, 
which is one of the most significant risk factors of anastomotic failure. Technically, a skillful assistant is 
desirable for cooperative work when inserting a stapler during IC-DS gastroduodenostomy. Okabe et al.[29] 
reported two cases of duodenal injury during IC-DS gastroduodenostomies and they had to change the 
reconstruction method. 

On the other hand, other anastomotic procedures using intracorporeal hand-sewn techniques were 
reported[30-32]. Takiguchi et al.[30] performed a total laparoscopic method by performing Billroth-I hand-
sewn anastomosis and reported excellent postoperative recovery. In attempting to intracorporeal 
anastomosis, we initially applied total hand-sewn Albert-Leinbert anastomosis which was a promising 
and stable anastomotic method in open surgery after thorough training and since 2012. Total hand-sewn 
Albert-Leinbert anastomosis was performed in 19 patients. Although there was no major problem in 
their postoperative course, it took an average of nearly 100 min longer compared to the EC-THS method. 
Then, we devised a new reconstruction method to create end-to-end gastroduodenostomy, in which the 
posterior wall of the anastomosis was constructed with a linear stapler and subsequently, the anterior 
wall was sutured by an intracorporeal hand-sewn technique. We previously reported this procedure as a 
“HHS technique” in 2013[19]. Koeda and colleagues reported similar technique as a hybrid technique using 
linear staplers and manual suturing in 19 pylorus-preserving gastrectomy cases with good postoperative 
results[33]. 

There are some reports using a barbed suture in order to facilitate intracorporeal suturing, however, 
complications following the use of this unique suture have been reported in several other surgeries[34-36]. 
The most commonly encountered complication with the use of barbed sutures was postoperative bowel 
obstruction. In terms of its intended shape, a barbed suture develops irreversible tension created during the 
suturing. Therefore, excessive traction narrows the anastomotic lumen, which can also cause postoperative 
stricture. Therefore, we used absorbable blade for continuous Albert suturing and nylon blade for 
interrupted Leinbert suturing, as were adopted to conventional open surgery. 

Although single layer continuous anastomosis could simplify the procedure and shorten operation 
time, we performed two-layer anastomosis. In bariatric surgery, staple-line reinforcement was strongly 
recommended for laparoscopic sleeve gastrectomy to decrease complications[37]. Also, it was reported that 
laparoscopic reinforcement with Lembert’s sutures of a duodenal stump could help to avoid duodenal 
stump leakage in Rou-en Y reconstruction[38,39]. We applied a two-layer technique with interrupted 
inverting sutures for the intracorporeal gastroduodenostomy. Due to the fact laparoscopic surgery has 
been developed as a minimally invasive surgery, once postoperative complications arise, the disadvantages 
incurred by patients are greater than that of conventional laparotomy surgery. Reconstruction can 
be done without hand suturing by other anastomotic techniques in most cases, however, there are no 
reports showing the result of delta-shaped anastomosis in open gastrectomy even at medical facility that 
introduced IC-DS anastomosis as the standard procedure. This does not mean that delta anastomosis is the 
best anastomotic method but may indicate that it is a complementary procedure during the development 
of laparoscopic surgery. We believe that acquisition of intracorporeal suturing skills are still important and 
the ideal reconstruction methods established in the long history of open surgery deserved to be reproduced 
as much as possible in laparoscopic surgery. IC-HHS anastomosis requires an advanced suturing technique 
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and longer operation time, but we believe it is undesirable to give too much priority to shortening 
operation time. Completing a straight suture line in gastroduodenostomy at the co-axial position is a great 
opportunity to acquire basic intracorporeal suturing technique and the acquired technique will be useful 
in unexpected difficult situations, such as unintended bowel injury.

In LADG, extracorporeal stomach transection with a linear stapler is performed from the greater 
curvature and it is sometimes difficult to ensure an optimal proximal margin in obese patients with 
middle third gastric cancer. When the patient has a thick abdominal wall, it is necessary to pull out the 
stomach with considerable traction however there is an absolute limitation to our ability. At the beginning 
of the totally laparoscopic distal gastrectomy (TLDG), there were some concerns about the difficulty of 
locating the tumor and securing the resection margin as a technical limitation. However, with the routine 
intraoperative endoscopy, it has become possible to decide the transection line more reliably. Although 
there were some reports analyzing the data of proximal and distal resection margin[40-43], the difference 
of the resected specimen between extracorporeal and intracorporeal approach had not been discussed. 
Therefore, we conducted an evaluation of the size of the resected specimen in this study. The result of our 
study revealed that the length of the greater curvature of the resected stomach was shorter in the EC-THS 
group compared to the IC-HHS group. In the EC-THS group, the length of the greater curvature tended to 
shorten as BMI increases. Resectable range of the proximal stomach might be limited in the EC-THS group 
as the degree of obesity increases. On the other hand, with regard to the transection at the lesser curvature 
side, it is possible to insert the tip of the linear stapler near the esophago-gastric junction. We supposed 
that this was the reason why there was no difference in the length of the resected lesser curvature. Despite 
of the higher proportion of middle third gastric cancer in the IC-HHS group, there was no difference in the 
proximal margin between the two groups. The intracorporeal procedure was superior not only in terms of 
intracorporeal reconstruction but also of intracorporeal transection, because it was possible to determine 
a more reliable transection level of the stomach to secure an optimal surgical margin. As described 
above, the extracorporeal anastomosis through a small incision sometimes requires excessive traction 
on the organs and increases intraoperative manipulation, especially in obese patients. The excessive 
traction of the organs in a narrow operative field sometimes causes unexpected vessel injuries in a blind 
spot. Additionally, although we carefully confirmed that there was no bleeding before making a small 
laparotomy, unexpected bleeding due to congestion of the stomach was often experienced at the time when 
the stomach was pulled out from the small laparotomy. This might cause the difference of intraoperative 
blood loss. In total laparoscopic gastrectomy, wide and anatomically undeviated surgical field minimizes 
unintended surgical trauma.

In conclusion, the IC-HHS technique for end-to-end Bi-I gastroduodenostomy revealed feasible with 
acceptable operation time and postoperative outcome. The DSLT and IC-HHS techniques allowed the 
operator to perform all procedures from initial skin incision to wound closure at the co-axial position 
without changing position. Although IC-HHS anastomosis requires an advanced suturing technique, we 
believe that it is necessary to keep basic training for intracorporeal suturing in addition to using automatic 
suturing equipment. Resectable range of the stomach was limited as the BMI increases in extracorporeal 
stomach transection. Intracorporeal stomach transection is desirable especially in obese patients. The 
advantage of TLDG has been reported providing a safe operative field during the reconstruction regardless 
of patient’s figure. Additionally, the results of this study demonstrated another advantage of TLDG. It 
means that intracorporeal gastric resection makes it possible to perform safe gastric transection at a more 
proximal site in obese middle third gastric cancer patients without unexpected tissue damage.
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