
Abstract. Background/Aim: This study examined whether
functional outcomes of linear-stapled Billroth I (LS-BI) in
totally laparoscopic distal gastrectomy (TLDG) are
comparable to those of circular-stapled Billroth I (CS-BI) in
laparoscopy-assisted distal gastrectomy (LADG). Patients
and Methods: This was a retrospective study of patients with
gastric cancer undergoing TLDG with LS-BI (n=50) or
LADG with CS-BI (n=50). Postoperative endoscopic findings
of the remnant stomach and nutritional status were
evaluated. Results: The occurrence of grade 2 or more
severe remnant gastritis in the LS-BI group (46.0%) was
significantly higher than that in the CS-BI group (18.0%)
(p=0.005), whereas there was no significant difference in the
incidence of residual food and bile reflux between the two
groups. Postoperative changes in body weight, and serum
albumin and total protein levels were similar between the
two groups. Conclusion: TLDG with LS-BI may be a good
alternative to LADG with CS-BI because of its comparable
nutritional outcomes, but with a higher occurrence of
remnant gastritis.

Since its first introduction in the early 1990s, laparoscopic
distal gastrectomy (DG) has been increasingly used as a less
invasive approach to surgery for gastric cancer in the middle

and lower third of the stomach (1, 2). The initial procedure
was ‘laparoscopy-assisted’ distal gastrectomy (LADG) in
which reconstruction was performed through a mini-
laparotomy, while use of ‘totally laparoscopic’ distal
gastrectomy (TLDG) with intracorporeal anastomosis has
gradually increased with advances in surgical techniques (3).

In LADG, Billroth I gastroduodenostomy (BI) is usually
completed with a circular stapler (CS) in a similar fashion to
that employed in open surgery (2). In contrast, BI in TLDG
commonly employs only linear staplers (LS) because of their
easier application through trocars and easier insertion into
the duodenum. Several techniques for intracorporeal BI
using LSs, such as delta-shaped anastomosis, the augmented
rectangle technique and the book-binding technique, have
been reported, with excellent short-term outcomes (4-6);
however, few studies examined their long-term outcomes.
Therefore, it remains unclear whether the postoperative
functional outcomes of LS-BI are comparable to those of
CS-BI. While the wider lumen of anastomosis in LS-BI may
make food passage smoother, it may also induce gastritis,
esophagitis and nutritional disorders due to bile reflux.

We, herein, compared postoperative endoscopic findings
and nutritional status, as well as surgical outcomes, between
LS-BI in TLDG and CS-BI in LADG. The aim of this study
was to identify the advantages and disadvantages of TLDG,
especially from the viewpoint of functional outcomes.

Patients and Methods

Patients. From December 2012 to March 2017, 140 patients
underwent laparoscopic DG with BI for gastric cancer at our
Institute. Of these, the present study targeted only patients who
underwent LADG or TLDG with BI followed by upper endoscopy
at 1 year after surgery. Patients who did not undergo endoscopy 1
year postoperatively, or in whom the endoscopic findings could not
be determined with actual images were excluded. During this
period, our principle indication for laparoscopic gastrectomy was
early gastric cancer and cT2N0 gastric cancer according to the
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Japanese Classification of Gastric Cancer (7); therefore, patients
with cT2N1 or more advanced gastric cancer were excluded from
this study. Our first-choice reconstructive method after DG was BI,
and Roux-en-Y gastrojejunostomy was employed when the size of
the remnant stomach was small, gastric cancer invaded the
duodenum, or evident hiatal hernia was co-existent. Our initial
procedure was LADG with CS-BI, and TLDG with LS-BI was
preferentially used from April 2014. All operations were performed
or supervised by surgeons with adequate experience, and who were
qualified by the Japan Society for Endoscopic Surgery. Ultimately,
100 (50 for LADG, and 50 for TLDG) patients were included in this
retrospective study. This study was approved by the Institutional
Review Board of our institute (ERB-C-1315).

Surgical procedures of LADG with CS-BI. The detailed surgical
procedure of LADG with CS-BI was described in our previous
report (8, 9). Briefly, after laparoscopic full lymph node dissection
based on the Japanese Gastric Cancer Treatment Guidelines (10)
and mobilization of the stomach, the distal stomach was pulled out
through a 4 cm upper midline laparotomy. The anvil of a 29 mm CS
was inserted into the duodenal stump and a purse-string suture was
tied over the anvil. The greater curvature side of the stomach was
transected at an appropriate line using a 60 mm LS, leaving 5 cm
of stomach wall uncut at the lesser curvature side. The CS was
inserted through a small incision created at the uncut lesser
curvature side of the stomach and the trocar of the CS was extended
to penetrate the corner of the stapling line at the greater curvature.
The trocar was connected to the anvil and gastroduodenostomy was
performed by a hemi-double stapling technique. Finally, the
gastrotomy at the lesser curvature of the stomach was closed with
an LS, and the resected specimen was removed.

Surgical procedures of TLDG with LS-BI. LS-BI in TLDG was
performed with the delta-shaped anastomosis firstly reported by
Kanaya et al. (5). The duodenal bulb was transected using a 60 mm
LS from the posterior to the anterior wall at the end of dissections
of the suprapyloric and infrapyloric lymph nodes. After full lymph
node dissection based on the Japanese Gastric Cancer Treatment
Guidelines (10) and gastric mobilization, the stomach was
transected using two or three 60 mm LSs and the resected specimen
was removed through a minimally extended umbilical incision.
Small incisions were created along the edge of the stomach and
duodenum, and the posterior walls of both the stomach and the
duodenum were approximated and joined with a 60 mm LS (suture
length was from 40 to 50 mm). After confirming there were no wall
defects or bleeding, the common stab incision was closed using one
or two applications of 60 mm LSs.

Surgical outcomes and postoperative complications. Surgical
outcomes were obtained from our hospital records. Any
complications occurring within 30 days after surgery or during a
prolonged hospital stay were classified according to the Clavien–
Dindo classification of surgical complications (11), and
complications of grade II or more were reviewed.

Acute inflammatory response after surgery. The white blood cell
(WBC) count and C-reactive protein (CRP) level at 1, 3 and 7 days
after surgery were measured to compare postoperative acute
inflammatory responses between LS-BI in TLDG and CS-BI in
LADG.

Postoperative endoscopic findings and nutritional status.
Endoscopic findings of the remnant stomach were evaluated
according to the Residue, Gastritis, and Bile classification (12).
The amount of residual food was classified into five grades: grade
0: no residual food; grade 1: a small amount of residual food;
grade 2: a moderate amount of residual food, but possible to
observe the entire surface of the remnant stomach with body
rolling; grade 3: a moderate amount of residual food that hindered
observation of the entire surface even with body rolling; and grade
4: a large amount of residual food, for which endoscopic
observation was impossible. The degree of gastritis was defined
in five categories: grade 0, normal mucosa; grade 1: mild redness;
grade 2: intermediate grade between grade 1 and grade 3; grade 3:
severe redness; and grade 4: apparent erosion. Bile reflux was
defined as follows: grade 0: absence of bile reflux; and grade 1:
presence of bile reflux. Endoscopic gastroesophageal reflux was
evaluated according to the Los Angeles classification (13). The
levels of serum total protein and albumin, and body weight at 6
months and 1 and 2 years after surgery were recorded to evaluate
postoperative nutritional status.

Statistical analysis. All patients were divided into two groups
according to the surgical procedure (LS-BI in TLDG and CS-BI in
LADG). Differences between the groups were analyzed by Fisher’s
exact test for categorical variables and Student’s t-test for
continuous variables. All analyses were performed using JMP
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Table I. Characteristics of patients with gastric cancer who underwent
linear-stapled Billroth I (LS-BI) in totally laparoscopic distal
gastrectomy and circular-stapled Billroth I (CS-BI) in laparoscopy-
assisted distal gastrectomy.

Characteristic                             LS-BI                    CS-BI           p-Value
                                                   (n=50)                    (n=50)

Age, years
  Median (range)                    66 (43-84)             68 (36-85)         0.534
Gender, n
  Male                                            37                           27                0.060
  Female                                        13                           23                  
BMI, kg/m2
  Median (range)               22.6 (15.2-28.5)    22.5 (12.4-31.3)     0.743
Comorbidities, n (%)
  Hypertension                        13 (26.0)                16 (32.0)          0.660
  Diabetes mellitus                    3 (6.0)                   5 (10.0)           0.715
  Heart disease                          3 (6.0)                    3 (6.0)          >0.99
  Chronic liver disease              3 (6.0)                    1 (2.0)            0.617
  Chronic renal failure                0 (0)                     2 (4.0)            0.495
Tumor location, n
  Middle third                               26                           31                0.419
  lower third                                  24                           19                  
Clinical T-stage, n
  T1                                               44                           43                  
  T2                                                6                             7               >0.99
Clinical N-stage, n
  N0                                               49                           50                  
  N1                                                1                             0               >0.99

BMI: Body mass index.



software (version 12; SAS Institute Inc., Cary, NC, USA), and
values of p<0.05 were considered significant.

Results

Patient characteristics. Table I shows the characteristics of
patients who underwent LS-BI in TLDG and CS-BI in
LADG. Although the CS-BI group tended to include more
male patients, no significant differences were found in terms
of age, sex, body mass index, comorbidities, tumor location,
or clinical T- and N-stage between the two groups.

Surgical outcomes. Table II shows the surgical outcomes of
patients who underwent LS-BI and CS-BI. No significant
differences were observed in the extent of lymph node
dissection, number of retrieved lymph nodes, and frequency
of combined organ resection between the two groups. The
operative time was longer (p=0.002), and estimated blood
loss was less (p=0.006) in the LS-BI group. The overall

complication rates were 4.0% in the LS-BI group and 12.0%
in the CS-BI group (p=0.269). There was no intraoperative
anastomotic complication such as duodenal wall injury in
either group. Although no anastomotic complications were
observed postoperatively in the LS-BI group, the CS-BI
group had two (4.0%) anastomotic complications (one
stricture and one bleeding) both of which required endoscopic
treatment. The LS-BI group had one (2.0%) pancreatic fistula
and one (2.0%) intra-abdominal abscess, while the CS-BI
group had one (2.0%) pancreatic fistula, one (2.0%) paralytic
ileus and two (4.0%) pneumonia cases. No delayed gastric
emptying or wound infection was found in either the LS-BI
or CS-BI group, and no mortality was recorded in this series.
The length of the postoperative hospital stay tended to be
shorter in the LS-B-I group (p=0.069).

Acute inflammatory response after surgery. Figure 1 shows
the postoperative WBC count and CRP level in patients who
underwent LS-BI or CS-BI. There were no significant
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Table II. Surgical outcomes of patients with gastric cancer who
underwent linear-stapled Billroth I (LS-BI) in totally laparoscopic distal
gastrectomy and circular-stapled Billroth I (CS-BI) in laparoscopy-
assisted distal gastrectomy.

Variable                                               LS-BI               CS-BI        p-Value
                                                           (n=50)               (n=50)

Lymph node dissection, n
   D1                                                       42                      44             0.774
   D1+/D2                                                8                        6                
Combined resection, n (%)
   Gall bladder                                    3 (6.0)               3 (6.0)       >0.99
Operative time, min
   Median (range)                         291 (170-394)  260 (158-423)   0.002
Blood loss, ml
   Median (range)                            10 (0-200)         28 (0-231)       0.006
No. of lymph nodes retrieved
   Median (range)                            39 (12-63)         39 (13-71)       0.591
Complication, n (%)
   Total                                                2 (4.0)              6 (12.0)         0.269
   Anastomotic complication               0 (0)                 2 (4.0)          0.495
   Leakage                                        0 (0)                  0 (0)            -
   Stricture                                       0 (0)                 1 (2.0)       >0.99
   Bleeding                                       0 (0)                 1 (2.0)       >0.99
   Pancreatic fistula                            1 (2.0)               1 (2.0)       >0.99
   Intra-abdominal abscess                 1 (2.0)                 0 (0)         >0.99
   Ileus                                                  0 (0)                 1 (2.0)       >0.99
   Pneumonia                                        0 (0)                 2 (4.0)          0.495
   Delayed gastric emptying                0 (0)                  0 (0)            -
   Wound infection                               0 0)                   0 (0)            -
Mortality, n (%)
   Total                                                  0 (0)                  0 (0)            -
Postoperative hospital stay, days
   Median (range)                             10 (5-20)           12 (8-69)        0.069

Table III. Endoscopic findings after linear-stapled Billroth I (LS-BI) in
totally laparoscopic distal gastrectomy and circular-stapled Billroth I
(CS-BI) in laparoscopy-assisted distal gastrectomy for gastric cancer. 

                                                   LS-BI                    CS-BI           p-Value
                                                   (n=50)                    (n=50)

Residual food gradea
  0                                                  40                           32                  
  1                                                   4                             7                   
  2                                                   5                             8                   
  3                                                   1                             3                   
  4                                                  0                             0                   
  ≥Grade 1, n (%)                   10 (20.0)                18 (36.0)          0.118
  ≥Grade 2, n (%)                    6 (12.0)                 11 (22.0)          0.287
Gastritis gradea
  0                                                  13                           20                  
  1                                                  14                           21                  
  2                                                  14                            7                   
  3                                                   9                             2                   
  4                                                  0                             0                   
  ≥Grade 1, n (%)                   37 (74.0)                30 (60.0)          0.202
  ≥Grade 2, n (%)                   23 (46.0)                 9 (18.0)           0.005
Bile reflux gradea
  0                                            38 (76.0)                40 (80.0)          0.810
  1                                            12 (24.0)                10 (20.0)            
Reflux esophagitis gradeb
  A                                                 14                           12                  
  B                                                  2                             0                   
  C                                                  0                             1                   
  D                                                  0                             0                   
  ≥Grade A, n (%)                   16 (32.0)                13 (26.0)          0.660

aAccording to the Residue, Gastritis, and Bile classification (12).
bAccording to the Los Angeles classification (13). 



differences in these levels at 1, 3 and 7 days after surgery
between the two groups, even though the WBC count at 7
days after surgery tended to be higher in the LS-BI group.

Postoperative functional outcomes. Table III shows the
postoperative endoscopic findings in patients who underwent
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Figure 2. Comparisons of postoperative nutritional status between
patients with gastric cancer who underwent linear-stapled Billroth I
(LS-BI) in totally laparoscopic distal gastrectomy and circular-stapled
Billroth I (CS-BI) in laparoscopy-assisted distal gastrectomy. A:
Albumin. B: Total protein. C: Body weight. All postoperative data are
presented as mean±SE values relative to preoperative data.

Figure 1. Comparison of postoperative acute inflammatory responses
between patients with gastric cancer who underwent linear-stapled
Billroth I (LS-BI) in totally laparoscopic distal gastrectomy and circular-
stapled Billroth I (CS-BI) in laparoscopy-assisted distal gastrectomy. A:
white blood cell (WBC) counts. B: Plasma concentration of C-reactive
protein (CRP). Data are presented as the mean±SE. 



LS-BI or CS-BI. The incidence of residual food in the LS-B-I
group (20.0%) was lower than that in the CS-BI group (36.0%),
even though no significant difference was observed (p=0.118).
The occurrence of grade 2 or more severe gastritis in the LS-
B-I group (46.0%) was significantly higher than that in the CS-
BI group (18.0%) (p=0.005). As for bile reflux, there was no
significant difference between the groups (p=0.810). Reflux
esophagitis was observed in 32% of the LS-BI group, and
26.0% of the CS-BI group (p=0.660). The rates of proton pump
inhibitor and camostat mesylate use at 1 year after surgery were
20.0% and 4.0% in the LS-BI group, and 10.0% and 2.0% in
the CS-BI group (p=0.262, and >0.99, respectively).

Figure 2 shows comparisons of postoperative nutritional
status between LS-BI and CS-BI. The levels of serum total
protein and albumin at 6 months and 1 year after surgery
were not significantly different between the two groups.
Furthermore, body weight relative to the preoperative
measurement at 6 months and 1 and 2 years after surgery
were 0.93, 0.92, and 0.92 in the LS-BI group, and 0.92, 0.91,
and 0.91 in the CS-BI group and did not differ significantly
(p=0.646, 0.438 and 0.697, respectively).

Discussion

TLDG certainly has a cosmetic benefit, and the omission of
an upper midline incision can contribute to a reduction in
postoperative pain, wound infection and intra-abdominal
adhesion (14-16); however, it is debatable whether TLDG is
really a less invasive procedure compared to LADG. Song
et al. reported in a prospective study that there were no
differences in the WBC count and CRP level or plasma
cortisol concentrations at postoperative days 1 and 3 between
TLDG and LADG (17). Similarly, the present study did not
show any advantages of TLDG in terms of the postoperative
WBC and CRP; therefore, the omission of upper midline
laparotomy for reconstructions alone may not reduce surgical
invasiveness, at least in laparoscopic DG.

Intracorporeal anastomosis may be technically difficult,
especially for surgeons with little experience, while better
visualization under a laparoscope can lead to safer
anastomosis even in obese patients, for whom extracorporeal
anastomosis is hard to perform with a limited working space.
In the present study, although all operations were performed
or supervised with surgeons qualified by the Japan Society
for Endoscopic Surgery, the short-term outcomes of TLDG
were not inferior to those of LADG, with the exception of
the longer operative time. There was no intraoperative
anastomotic complication such as duodenal wall injury in
this series; therefore, LS-BI can be safely performed if
surgeons are familiar with the intracorporeal use of LSs and
laparoscopic suturing. The lower amount of blood loss in
TLDG was probably attributable to the absence of an upper
midline laparotomy and extracorporeal procedures.

Notably in this series, there were no anastomotic
complications such as leakage, stricture or bleeding in the
LS-BI group. In contrast, one anastomotic stricture and one
case of anastomotic bleeding were observed in the CS-BI
group. Okabe et al. reported that none of 184 patients
undergoing LS-BI in TLDG experienced postoperative
anastomotic stricture or bleeding (3); therefore, LS-BI may
have some advantages in terms of reduced incidence of
anastomotic stricture and bleeding because the size of the
anastomosis is theoretically larger compared to CS-BI, and
hemostasis can easily be confirmed from the luminal side
through the entry hole during the surgery.

In the endoscopic evaluation, the occurrence of grade 2 or
more severe remnant gastritis was significantly higher in the
LS-BI group (46.0%) than the CS-BI group (18.0%). Lee et
al. reported that the amount of food intake was larger in the
LS-BI group due to the more straight-forward structural
alignment between the remnant stomach and duodenum and
wider anastomotic lumen, while the incidence of endoscopic
bile reflux was significantly higher in the LS-BI group (70%)
compared to the CS-BI group (40%) (18). Therefore, the
higher incidence of bile reflux might be a factor contributing
to the higher incidence of remnant gastritis after LS-BI, even
though our study did not show any difference in bile reflux
between the two groups. Because our study also showed no
differences in the incidence of reflux esophagitis between the
two groups, higher rates of proton pump inhibitor and
camostat mesylate administration in the LS-BI group may
have affected the incidence of endoscopic bile reflux and
reflux esophagitis.

Comparisons of postoperative nutritional status between
LS-BI and CS-BI were major points of interest in this study.
Despite the higher incidence of remnant gastritis in the LS-
BI group, no significant differences were observed in the
postoperative level of serum total protein, albumin or body
weight between the two groups. Lee et al. also reported that
postoperative nutritional indices (body weight change,
albumin level, transferrin level, and total lymphocyte count)
were almost the same under the two procedures, but only
three parameters (albumin at 3 years, and total lymphocyte
count at 1 and 3 years) were significantly higher in the LS-
BI group (18). Kanaya et al. reported a very low incidence
(1.3%) of dumping syndrome after LS-BI, despite the high
incidence of endoscopic bile reflux (73.5%) (19). Therefore,
remnant gastritis due to bile reflux after LS-BI may not itself
be a critical problem in terms of postoperative nutritional
status in patients who do not have a poor oral ingestion or
digestion absorption disorders.

This study included some limitations. There may be some
biases because this was a retrospective study and the sample size
was not large enough to identify real differences between the two
groups. Another limitation was the lack of data on patients’
subjective symptoms scored by validated questionnaires such as
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the Postgastrectomy Syndrome Assessment Scale (20);
therefore, the associations between endoscopic findings and
reflux symptoms remained unclear. Nevertheless, the
present study showed a higher incidence of remnant
gastritis and comparable nutritional status after LS-BI
compared to CS-BI. The wider range of duodenal peeling
in LS-BI may also be associated with the higher incidence
of bile reflux, even though the Kocher maneuver was not
performed for any patients in this series (21). The results
of the present study need to be validated in prospective
studies with larger sample sizes, and further discussions
about the optimal size of anastomosis and range of
duodenal mobilization are needed to further support the
practice of TLDG with LS-BI.

Conclusion

TLDG with LS-BI appears to be a good alternative to LADG
with CS-BI because of its excellent short-term outcomes and
comparable nutritional outcomes, but with the disadvantage
of higher remnant gastritis occurrence.
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