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Abstract 

Background:  We retrospectively reviewed and consecutively collected the clinical data of distal gastric cancer 
patients who received surgical treatment, and we discuss the safety and feasibility of double layered end-to-end 
anastomosis with continuous manual suture to complete digestive tract reconstruction in totally laparoscopic distal 
gastrectomy.

Methods:  We reviewed the clinical data of 41 patients with distal gastric cancer from the gastroenterology depart-
ment of the Second Affiliated Hospital of Dalian Medical University, from September 2018 to August 2019, who 
underwent totally laparoscopic distal gastrectomy. During the operation, the method of double layered end-to-end 
anastomosis with continuous manual suture was used for Billroth type I anastomosis to complete digestive tract 
reconstruction. All patients have been given a follow-up visit and gastroscopy three months after the operation. The 
peri-operative clinical information and postoperative follow-up information were collected for analysis, and the clini-
cal application value was evaluated.

Results:  General information: male(n = 27), female(n = 14), age = 65.02(SD 9.94) years, and BMI = 23.52(SD 2.56) kg/
m2, Tumor location: antrum(32,78.0%), angle (6,14.6%), and body (3,7.3%). Clinical stage: I (27, 65.9%), II (7, 17.1%), and 
III (7, 17.1%). Operative information: operation time = 154.51(SD 33.37) min, anastomosis time = 26.88(SD 5.11) min; 
intraoperative bleeding = 66.34(SD 48.81) ml; first postoperative ambulation Median = 1(IQR 0) d, first postoperative 
flatus Median = 3(IQR 2) d, first postoperative diet Median = 3(IQR 1) d, postoperative hospital stay Median = 7(IQR 
2) d, and total hospitalization cost = 10,935.00(SD 2205.72)USD. Differentiation degree: high and high-moderate 
(3,7.32%), moderate and poor-moderate (24, 58.54%), poor differentiation (14, 34.15%), dissected lymph nodes 
Median = 31(IQR 17), and positive lymph nodes Median = 0(IQR 1). Pathological stage: IA (20, 48.78%), IB (3, 7.32%), 
IIA (4, 9.76%), IIB (5, 12.20%), IIIA (1, 2.44%), IIIB (3, 7.32%), and IIIC (5, 12.20%). Complications (n = 4): lung infection (1, 
2.44%), anastomotic leakage (1, 2.44%), and gastroparesis (2, 4.88%).
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Background
In recent years, with the advanced development of lapa-
roscopic techniques, totally laparoscopic gastrectomy has 
been suggested to be safe and feasible, especially, totally 
laparoscopic distal gastrectomy (TLDG) [1]. The choice 
of the ideal method for digestive tract reconstruction in 
distal gastrectomy is still controverial. Various methods 
of anastomosis with a stapler have been heavily reported 
in previous studies, such as using linear staplers to per-
form delta-shaped anastomosis, Billroth II anastomosis 
or Roux-en-Y anastomosis [2–4]. However, there are still 
many problems, such as high anastomotic tension, inac-
curate tumour margins and large expenses. Therefore, 
we started to perform totally laparoscopic hand-sewn 
Billroth I anastomosis with a new application of double 
layered end-to-end anastomosis with continuous manual 
suture to complete digestive tract reconstruction, and we 
have completed 41 cases thus far. We intend to analyse 
these cases and discuss the relevant issues about of this 
the new application in totally laparoscopic distal gastrec-
tomy based on previously published studies and our own 
experiences.

Methods
Materials
We retrospectively reviewed and consecutively col-
lected the clinical data of 41 patients with distal gastric 
cancer from the gastroenterology department of the 
Second Affiliated Hospital of Dalian Medical Univer-
sity, from September 2018 to August 2019, who under-
went totally laparoscopic distal gastrectomy. During the 
operation, the method of double layered end-to-end 
anastomosis with continuous manual suture was used 
for Billroth I type anastomosis to complete digestive tract 
reconstruction.

1.1  Inclusion criteria
(1) Electronic gastroscopy and biopsy pathological diag-
noses were used to confirm distal gastric cancer before 
surgery; (2) Chest and abdominal computed tomography 
(CT) scans confirmed no distant metastasis before sur-
gery; and (3) No serious complications of the heart, lungs 
or other important organs.

1.2  Exclusion criteria
(1) Severe cardiopulmonary cerebral dysfunction, 
resistant to general anaesthesia and surgery: refractory 
hypertension, cardiopulmonary dysfunction, respira-
tory failure, chronic obstructive pneumonia etc.; and (2) 
Severe liver, renal and coagulation dysfunction; (3) Other 
operation methods.The operation was performed by 
the same senior doctors. The patients and their families 
signed informed consent forms related to the operation. 
This study was approved by the Institutional Review 
Board of The Second Affiliated Hospital of Dalian Medi-
cal University.

Methods

	2.1.	 No gastric tubes were placed before any of the 
operations. All the operations were performed 
using the German Braun AESCULAP 3D HD lapa-
roscopic system. The anesthesia method is intrave-
nous-inhalation combined anesthesia. The opera-
tion position is head high and foot low (tilt 15°). 
And trocar position of the puncture are shown in 
Fig. 1. According to the 15th edition of the Japanese 
Classification of Gastric Carcinoma, laparoscopic 
distal gastrectomy and D2 lymph node dissection 
were performed.

	2.2.	 Digestive tract reconstruction.

2.2.1.	 Anastomotic placement.

	 The duodenum and the greater curvature of the 
remnant stomach were occluded with interdiction 
clamps located approximately 2  cm away from the 
predetermined position of the anastomotic opening 
to block the reflux of digestive fluid.

2.2.2	 The first single needle for continuous suture of 
the sarcoplasmic layer of the posterior wall.

	 First, if necessary, the upper and lower margins of the 
posterior duodenal wall were sewn with one stitch 
each to the seromuscular layer of the posterior gas-
tric wall to obtain relative immobilization between 
the duodenal stump and the remnant stomach, Then, 
the posterior wall of the remnant stomach and the 
posterior wall of the duodenum were sutured contin-

Conclusion:  It is safe and feasible in clinical treatment to apply the method of double layered end-to-end anas-
tomosis with continuous manual suture to complete digestive tract reconstruction in totally laparoscopic distal 
gastrectomy.
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uously from top to bottom with an absorbable barbed 
thread with single needle (Covidien VLOCL0614, 
3-0), and the needle was kept for standby.

2.2.3.	 The second single needle for continuous lock-
stitch suture of the whole layer from the posterior 
wall to the anterior wall.

	 The whole layer of the duodenal stump and the rem-
nant stomach were cut through with ultrasonic dis-
sector, and those sizes were equal to the width of 
the duodenum, which were as the two ends of the 
anastomosis. The second absorbable barbed thread 
with single needle (Covidien VLOCL0614, 3-0) was 
used for continuous lock-stitch suture, from bottom 
to top, of the whole layer of the posterior wall of the 
anastomosis. Then, the Connell suture method was 
adopted to sew the whole layer of the anterior wall of 
the anastomosis until the starting point of the second 
single needle, and the anastomosis was completely 
closed.

2.2.4	 The first standby needle for continuous suturing 
of the sarcoplasmic layer of the anterior wall.

	 From bottom to top, the sarcoplasmic layer anasto-
mosis of the anterior wall was continuously sutured 
with the first standby needle to completely embed 
the sarcoplasmic layer of the anastomosis.

2.2.5	 Release of the interdiction clamps.

	 The interdiction clamps were released on both sides 
of the anastomosis, and the reconstruction of the 
digestive tract was completed. If necessary, an elec-
tronic gastroscope was used to check the internal 
patency of the anastomosis and whether there were 
bleeding or weak points.

	 See Fig. 2 for details.

Observation index

	3.1.	 General information: age, sex, BMI, previous 
abdominal surgery, tumor location, and clinical 
stage.

	3.2.	 Surgical information: operation time, anastomosis 
time, intraoperative bleeding; tumour diameter, 
tumor margin, dissected lymph node, first postop-
erative ambulation, first postoperative flatus, first 
postoperative diet, postoperative hospital stay, total 
hospitalization cost, differentiation degree, patho-
logical stage, and complications.

	3.3.	 Postoperative follow-up information: we per-
formed an upper gastrointestinal imaging at 6 days, 
an upper gastrointestinal imaging and a gastros-
copy at 1  month, and a gastroscopy at 3  months 
after the operation in all of the patients.

Fitting equation and CUSUM analysis
All patients were arranged according to the opera-
tion sequence and calculated according to the equation: 
CUSUM =

∑
n

i=1
(Xi − µ) , Xi represents the operation 

time or anastomosis time of each patient, µ represents 
the corresponding mean time, and n represents the serial 
number of the patient.

Draw scatter diagram of learning curve: the operation 
sequence as horizontal axis and CUSUM value as verti-
cal axis. SPSS 24.0 statistical software was used to fit 
the learning curve. The fitting model test was based on 
P value, P < 0.05 as the standard of curve fitting success. 
The goodness of fit is determined by coefficient R2, that 
is, the closer R2 is to 1, the higher the goodness of fit is, 
and the model with the largest R2 is selected as the best 
fitting model. The falling point in the curve represents 
the starting point of the case data lower than the mean 
value, and the corresponding horizontal axis is the num-
ber of surgical cases needed to cross the learning curve.

Statistical method
All data analysis was performed using SPSS 24.0 sta-
tistical software. The count data were measured by 
χ2 tests, the normal distribution measurement data 
were described as‾x ± s, and the skewed distribution 

Fig. 1  Placement of trocars. The figure depicted in Fig. 1 was 
drawn by our own. Two 12 mm and three 5 mm trocars were used 
in operation. The 12 mm trocar below the umbilicus is used as the 
observation hole, and another 12 mm trocar is the main operation 
hole
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measurement data were described as the Median (IQR). 
The standard level α was 0.05,and the difference was sta-
tistically significant when p < 0.05.

Results
General information
Our records identified though database searching from 
hospital’s case retrieval system, according to those search 
conditions: 1. confirm distal gastric cancer  preopera-
tion; 2.no distant metastasis  preoperation; 3.undergo-
ing totally laparoscopic distal gastrectomy; 4.from Sep 
2018 to Aug 2019. The total number of patients under-
going totally laparoscopic distal gastrectomy in the study 
period was 111. 70 cases of those that did not meet the 
requirements were excluded one by one, according to the 
exclusion criteria: refractory hypertension, cardiopulmo-
nary dysfunction, respiratory failure, chronic obstructive 
pneumonia, renal insufficiency, other operation method. 
Finally, 41 cases were included. A flow diagram has been 
added(Fig. 3).

A total of 41 patients were included in this study: 27 
males and 14 females. The mean age was (65.02 ± 9.94) 
years. The mean BMI was (23.52 ± 2.56) kg/m2.The 
tumour location was distributed as follows: antrum (32, 
78.0%), angle (6, 14.6%), and body (3, 7.3%). The tumour 
clinical stage was distributed as follows: I (27, 65.9%), II 
(7, 17.1%), III (7, 17.1%).

As shown in Table 1.

Surgical Information
The operations were smooth, and no serious complica-
tions occurred in the perioperative period.

The mean duration of the operation was 
(154.51 ± 33.37) min and the mean time to com-
plete the anastomosis was (26.88 ± 5.11) min, as 
shown in Fig.  4. The amount of intraoperative bleed-
ing was (66.34 ± 48.81) ml, and the mean tumor diam-
eter was (3.07 ± 1.68) cm. The proximal tumor margin 
was 5.09 ± 1.47  cm. The distal tumour margin was 
(3.23 ± 1.28) cm. The number of dissected lymph nodes 
was Median = 31(17), and the number of positive lymph 
nodes was Median = 0 (1). The differentiation degree was 
distributed as follows: high and high-moderate (3,7.32%), 
moderate and poor-moderate (24, 58.54%), and poor 

differentiation (14, 34.15%). In terms of the postoperative 
pathological TNM stage, the results showed that there 
were 23 patients in stage I: IA (20, 48.78%), and IB (3, 
7.32%); 9 patients in stage II: IIA (4, 9.76%) and IIB (5, 
12.20%); and 9 patients in stage III: IIIA (1, 2.44%), IIIB 
(3, 7.32%), IIIC (5, 12.20%).

Of the 41 patients, no serious complications occurred, 
but four controllable complications occurred: one case of 
postoperative pulmonary infection (1, 2.44%), one case 
of anastomotic leakage (1, 2.44%), and two cases of gas-
troparesis (2, 4.88%).According to Clavien Dindo clas-
sification, postoperative complications were evaluated, 
including Grade I(3, 7.3%), Grade II(1, 2.4%). All the 
above patients recovered after conservative nonoperative 
treatment.

All patients were able to get out of bed the first day 
after the operation. The first postoperative ambula-
tion occurred at Median = 1(0) days, and the first post-
operative flatus occurred at Median = 3(2) days. The 
first postoperative diet occurred at Median = 3(1) days. 
The postoperative hospital stay was Median = 7(2) 
days, and the total hospitalization cost was 
10,935.00 ± 2205.72USD.

As shown in Table 2.

Postoperative follow‑up information
All the patients returned for visits in the outpatient 
department during the 1st and 3rd months after the 
operation. All patients exhibited a satisfactory appe-
tite, and there were no symptoms of discomfort such 
as abdominal pain or bloating. Upper gastrointestinal 
imaging showed that the anastomosis was unobstructed, 
as the contrast agent smoothly entered the duodenum 
(Fig.  5). Gastroscope examination 3  months after the 
operation showed that the anastomosis had healed well 
and that there was no stenosis (Fig. 6).

CUSUM analysis
The best fitting equation of CUSUM learn-
ing curve was: CUSUM (operation 
time) = −  1.52 + 21.72*X−0.52*X2−1.19*10–

3*X3, CUSUM( anastomosis 
time) = −15 + 8.52*X−0.24*X2 + 9.81*10–4*X3 ( X 

(See figure on next page.)
Fig. 2  Steps of double layered end-to-end anastomosis with continuous manual suture to complete digestive tract reconstruction in TLDG (Video 
capture of anastomotic procedure and sketch of anastomosis). a The first absorbable barbed thread with single needle(Covidien VLOCL0614, 3-0) 
to continuous suture of sarcoplasmic layer of the posterior wall from the top to the bottom, and the needle was kept for standby. b The second 
absorbable barbed thread with single needle (Covidien VLOCL0614, 3-0) to continuous lock-stitch suture, from bottom to top, of the whole layer 
from the posterior wall to anterior wall. c The second needle to Connell suture of the whole layer of the anterior wall of the anastomosis. d The 
first standby needle to continuous suture of sarcoplasmic layer of the anterior wall. e Display of anastomotic anterior wall. f Display of anastomotic 
posterior wall.
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means surgical cases), the P value of fitting model test 
were < 0.05, with goodness of fit (R2) as 1. CUSUM 
(operation time) reached the peak when the number 
of surgical cases accumulated to the 21th case, and 21 
cases were the minimum number of surgeries needed 
to cross the learning curve. As the same way, CUSUM 
(anastomosis time) reached the peak when the num-
ber of surgical cases accumulated to the 21th case, 
and 21cases were the minimum number of surgeries 
needed to skillfully master double layered end-to-end 
anastomosis with  continuous manual suture to com-
plete digestive tract reconstruction across the learning 
curve(Fig. 7).

Discussion
Totally laparoscopic gastrectomy has shown distinct 
advantages compared to laparoscopic-assisted gastrec-
tomy [4–6]. In totally laparoscopic distal gastrectomy, 
digestive tract reconstruction has been a key and dif-
ficult part of surgery. At present, various anastomotic 
methods have their own advantages and disadvantages. 
For patients with lower gastric cancer, most of them 
undergo delta-shaped anastomosis, Billroth II anasto-
mosis or Roux-en-Y anastomosis with a stapler [1, 7, 
8]. Billroth I anastomosis is considered to be more in 
line with human physiology and anatomy, so it has been 
favour by surgeons. To date, triangle-shaped anasto-
mosis or modified triangle-shaped anastomosis with a 
stapler is the most commonly chosen kind of Billroth I 
anastomosis [7, 9]. Totally laparoscopic triangle-shaped 
anastomosis with a stapler requires overlapping the 
remnant stomach wall and duodenum, theoretically 
wasting part of the remnant stomach wall and duode-
nal wall and increasing the anastomotic tension. At the 
same time, the dissection of tumours located higher 
or near the gastric body is prone to causing insuffi-
cient margins, thus greatly limiting the indications for 
totally laparoscopic Billroth I anastomosis [10]. Bill-
roth II anastomosis can lead to reflux gastritis due to 
bile reflux, which can increase the incidence of rem-
nant gastric cancer [11]. As a result, this procedure has 
fallen out of favour for digestive tract reconstruction. 
Roux-en-Y anastomosis requires two anastomoses, 
thus increasing the number of intestinal stumps, and 
requires rather complicated steps. Additionally, similar 

to Billroth II anastomosis, Roux-en-Y anastomosis does 
not highly conform to human physiology and anatomy 
[8, 12]. If postoperative complications of biliary tract 
diseases such as bile duct stones occur, ERCP and other 
tests cannot be performed. Totally laparoscopic hand-
sewn Billroth I anastomosis can avoid the shortcom-
ings of both Roux-en-Y anastomosis and Billroth II 
anastomosis.

Indications
At present, there remain no published studies at home 
or abroad on hand-sewn Billroth I anastomosis for diges-
tive tract reconstruction after totally laparoscopic distal 
gastrectomy for the treatment of lower gastric cancer. 
Our team developed a hand suture technique to directly 
perform standard end-to-end anastomosis of the rem-
nant stomach and duodenal stump. Similar to hand-sewn 
Billroth I anastomosis in open gastrectomy, this method 
could reserve partial walls of the remnant stomach and 
duodenum compared with triangle-shaped anastomosis 
with a stapler, ensuring sufficient tumour margins and 
radical dissection of tumour tissues. Therefore, operative 
indications for totally laparoscopic Billroth I anastomosis 
can be greatly broadened, and the difficulty of the sur-
gery can ultimately be reduced. Our team concluded that 
indications for totally laparoscopic hand-sewn Billroth I 
anastomosis should be equivalent to those for traditional 
Billroth I anastomosis in open gastrectomy under the 
mature cooperation of skilled surgeons.

Safety and feasibility
In our study, the mean duration of the operation was 
154.51 ± 33.37  min and the mean time to complete the 
anastomosis was 26.88 ± 5.11 min (Fig. 4). The amount of 
intraoperative bleeding was 66.34 ± 48.81 mL. These data 
indicate that manual reconstruction of digestive tract 
is feasible [13]. Lymph node dissection was performed 
strictly according to standard radical (D2) lymphadenec-
tomy. The pathological examination of the proximal and 
distal margins of the specimens was negative, and the 
tumour-free distance of both proximal and distal mar-
gins was within the required range (Table 2). Therefore, 
radical dissection could be guaranteed. Gastrointesti-
nal imaging showed normal gastric emptying on the 6th 

Fig. 3  A flow diagram for the study selection. Our records identified though database searching from hospital’s case retrieval system, according 
to the search conditions: 1. Confirm distal gastric cancer preoperation; 2.No distant metastasis preoperation; 3.Undergoing totally laparoscopic 
distal gastrectomy; 4.From Sep 2018 to Aug 2019. The total number of patients undergoing totally laparoscopic distal gastrectomy in the study 
period was 111. 70 cases of those that do not meet the requirements were excluded one by one, according to the exclusion criteria: refractory 
hypertension, cardiopulmonary dysfunction, respiratory failure, chronic obstructive pneumonia etc., severe liver, renal and coagulation dysfunction, 
and other operation method. Finally, 41 cases were included

(See figure on next page.)
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postoperative day (Fig. 5). Only 1 patient developed pul-
monary infection and received anti-infective treatment. 
One patient developed anastomotic leakage, received 
unobstructed surgical drainage, received placement of a 
nasoenteral nutrition tube for enteral nutrition support, 
and recovered 2  weeks later. There were two patients 
with gastroparesis who recovered on the 18th and 25th 
days after the operation by gastrointestinal decompres-
sion and nasoenteral nutrition tube placement through s 
gastroscope for enteral nutrition. All the above patients 
recovered after conservative nonoperative treatment. All 
41 patients recovered well and were followed after sur-
gery, and no serious complications or perioperative death 
occurred.

The patients returned for a visit on the 3rd month 
after surgery, and the gastroscopic results showed 

unobstructed anastomosis and smooth mucosa (Fig.  6). 
In addition, the total hospitalization cost for this group 
of patients was 10,935.00 ± 2205.72USD. Wang Y and 
others have reported that the total hospitalization cost 
was 14,784.00 ± 2156.00USD [14, 15]. The total hospi-
talization cost can be roughly divided into these parts: 
In-patient examination fees( physical  examination and 
Laboratory test fees), consumable material (anastomotic 
materials, ultrasonic knif, Trocars, Vicryl, etc.), medi-
cine fees, hospitalization,  physicians,  nursing fees, etc. 
The price of anastomotic consumables is very expensive, 
100% of the cost need to be paid by patients, accounting 

Table 1  General Information

The data were expressed as mean ± SD or number (%)

F female, M male

Index n = 41

Age(years) 65.02 ± 9.94

Sex(M/F) 27/14

BMI(kg/m2) 23.52 ± 2.56

Previous abdominal surgery(n) 2 (13.3)

Tumor location

 Antrum 32 (78.0)

 Angle 6 (14.6)

 Body 3 (7.3)

Clinical stage

 I 27 (65.9)

 II 7 (17.1)

 III 7 (17.1)

 IV 0

Fig. 4  Time of the total operation and the hand-sewn anastomosis 
of each patient. The hand-sewn anastomosis procedural time was 
defined as the time from suturing the seromuscular layer of posterior 
duodenal wall and gastric wall to the seromuscular suture completed 
of the anterior wall of anastomotic stoma

Table 2  Intraoperative and postoperative condition 
[means ± standard deviations, Median (IQR), n (%)]

The data were expressed as mean ± SD, Median(IQR)or number (%), as 
appropriate
a The time from suturing the seromuscular layer of posterior duodenal wall 
and gastric wall to the seromuscular suture completed of the anterior wall of 
anastomotic stoma

Index n = 41

Operation time (min) 154.51 ± 33.37

Anastomosis timea (min) 26.88 ± 5.11

Intraoperative bleeding (ml) 66.34 ± 48.81

Maximal tumor diameter (cm) 3.07 ± 1.68

Proximal tumor margin (cm) 5.09 ± 1.47

Distal tumor margin (cm) 3.23 ± 1.28

Dissected lymph node (Median) 31 (17)

Positive lymph node (Median) 0 (3)

First postoperative ambulation (Median) 1 (0)

First postoperative flatus (Median) 3 (2)

First postoperative diet (Median) 3 (1)

Postoperative hospital stay (Median) 7 (2)

Total hospitalization cost (USD) 10,935.00 ± 2205.72

Differentiation degree

 High and high-moderate differentiation 3 (7.32)

 Moderate and poor-moderate differentiation 24 (58.54)

 Poor differentiation 14 (34.15)

Pathological stage

 IA 20 (48.78)

 IB 3 (7.32)

 IIA 4 (9.76)

 IIB 5 (12.20)

 IIIA 1 (2.44)

 IIIB 3 (7.32)

 IIIC 5 (12.20)

 IV 0

Complications

 Lung infection 1 (2.44)

 Anastomotic leakage 1 (2.44)

 Gastroparesis 2 (4.88)
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for a large proportion of the total cost, while the other 
cost are in the scope of medical reimbursement, account-
ing for 60–90% of the reimbursement proportion. There-
fore, saving the cost of anastomotic consumables can 
certainly reduce most of the cost and greatly reduce the 
economic pressure of patients. The results above indi-
cate that totally laparoscopic hand-sewn Billroth I anas-
tomosis is a safe and feasible method for digestive tract 
reconstruction.

Advantages
Totally laparoscopic hand-sewn Billroth I anastomosis 
has the following advantages. (1) It conforms to human 
anatomy and physiology. Totally laparoscopic hand-sewn 

Billroth I anastomosis manages to save the continuity of 
the digestive tract and the feedback mechanism of auto-
crine and paracrine systems, which are more consistent 
with normal physiological structure. Therefore, reflux 
gastritis caused by bile reflux can be avoided [3]. (2) A 
clear field of vision during totally laparoscopic hand-
sewn Billroth I anastomosis is guaranteed. Compared 
with other anastomotic methods, this method is  limited 
to the right upper abdomen. There is no need to fre-
quently change the field of vision, which can decrease 
the difficulty of assistant coordination. (3) The number 
of anastomoses is decreased, which may reduce com-
plications such as anastomotic bleeding and leakage. 
Under the skilled cooperation of teamwork, the total 
time of the operation and time of anastomosis by hand 

Fig. 5  Upper gastrointestinal imaging 6 days and 1 month after operation. a X-ray performed 6 days after the operation shows that the 
anastomotic stoma was unobstructed and there was no anastomotic leakage. b X-ray imaging performed 1 month after the operation

Fig. 6  Gastroscopic images of anastomosis 1 months and 3 months after the operation. a Gastroscopic view at postoperative 1 months after the 
hand-sewn anastomosis procedure. b Gastroscopic view at postoperative 3 months after the hand-sewn anastomosis procedure



Page 10 of 12Zhang et al. BMC Surg          (2021) 21:213 

were acceptable [13]. In addition, the operation time 
was gradually reduced with the extension of the learning 
curve (Fig. 7). CUSUM analysis shows 21 cases were the 
minimum number of surgeries needed to skillfully master 
double layered end-to-end anastomosis with continuous 
manual suture to complete digestive tract reconstruction 
across the learning curve. (4) The hand-sewn anastomo-
sis is relatively smooth compared to anastomosis with a 
stapler, which is prone to having overlapped corners or 
“dog ears”, causing a higher risk of anastomotic leakage 

as well as adhesion. (5) The resection range and reduc-
tion in anastomotic tension are fully ensured. Hand-sewn 
Billroth I anastomosis is a standard end-to-end anasto-
mosis, which can reserve the overlapped gastroduodenal 
wall wasted in triangle-shaped anastomosis with a sta-
pler. (6) Mesenteric hiatal hernia and Petersen’s hernia 
can be avoided in hand-sewn Billroth I anastomosis. (7) 
There are decreased complications such as adhesive ileus. 
This procedure is  limited to the right upper abdomen, 
which can reduce potential mechanical stimulation and 

Fig. 7  CUSUM analysis for operation time and anastomosis time. The operation sequence as horizontal axis and CUSUM value as vertical axis. The 
fitting model test was based on P value, P < 0.05 as the standard of curve fitting success. The goodness of fit is determined by coefficient R2, that is, 
the closer R2 is to 1. a CUSUM analysis for operation time. b CUSUM analysis for anastomosis time
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mucosal damage to the jejunum therefore decreasing the 
incidence rate of postoperative intestinal adhesion.

Difficulties and countermeasures
Although totally laparoscopic hand-sewn Billroth I 
anastomosis has many advantages, it is still a very dif-
ficult technique for some surgery teams that newly 
start practising totally laparoscopic hand-sewn Bill-
roth I anastomosis. For example, it has been previ-
ously reported that intra-abdominal anastomosis can 
increase the incidence rate of abdominal infection [16]. 
In our study, a bulldog clamp was used to block the 
gastric and duodenal stumps to avoid intestinal fluid 
leakage, and this clamp was not removed until full-
thickness anastomosis was completed. Additionally, 
the surgical team needs to discuss in advance the spe-
cific anastomosis steps in great detail to achieve perfect 
cooperation [17].

Conclusions
Double layered end-to-end anastomosis with continu-
ous manual suture is a safe and feasible method for 
digestive tract reconstruction in totally laparoscopic 
distal gastrectomy, as it not only ensures the comple-
tion of Billroth I anastomosis but also may reduce the 
operation cost to a certain extent. It is worth further 
discussion and practice, and prospective controlled 
studies with large samples sizes are needed.
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