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Purpose: Pylorus-preserving gastrectomy (PPG) is known to have both nutritional and functional
advantages over distal gastrectomy for the treatment of early gastric cancer. Although laparoscopic
surgery is a popular choice, intracorporeal anastomosis is a newly developed technique that is gaining
popularity. This study aimed to determine any differences in the oncological, surgical, and functional
outcomes of intracorporeal and extracorporeal anastomosis after PPG.

Methods: A retrospective analysis was performed on 90 patients for cT1N0 gastric cancer who
underwent laparoscopic pylorus preserving gastrectomy from January 2015 to June 2017 at the OOO,
Korea; 38 patients underwent intracorporeal (TLPPG) and 52 underwent extracorporeal (LAPPG)
anastomosis. The postoperative oncological, surgical, and functional outcomes were compared
between the two groups. In order to compare the outcomes in obese patients, the postoperative and
functional outcomes in patients with a BMI of ≥25, and in those with abdominal wall thickness
measuring ≥28 mm, were evaluated.

Results: The TLPPG group showed a significantly reduced wound size (4 cm (3~4) vs 5 cm (5~6),
p <0.001) and had fewer wound complaints than the LAPPG group (0.0% vs 15.4%, p=0.01).
Postoperative complications were not significantly different between the two groups. In the BMI ≥25
subgroup, the first flatus time after operation was shorter in the TLPPG group (2.9±0.5 vs 3.5±0.8
days, p=0.04).
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Conclusion: The study demonstrates that both TLPPG and LAPPG are safe and feasible, and that
there is a potential benefit for obese patients.
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INTRODUCTION
Laparoscopic gastrectomy has become the standard treatment used in the treatment of early gastric cancer, and many
laparoscopic intracorporeal anastomosis methods have been
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developed.1-3 In gastroduodenostomy after distal gastrectomy,
several studies have shown that delta-shaped intracorporeal
anastomosis is both safe and feasible.4,5 Compared with extracorporeal anastomosis, the incision is smaller, cosmetically
superior and less painful, which can reduce the use of anal-
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gesics and wound infections, and improve the operation field,
especially in obese patients.6
Gastro-gastrostomy anastomosis after pylorus preserving
gastrectomy has been reported to have various advantages
over extracorporeal anastomosis.7-9 However, pylorus preserving gastrectomy has a disadvantage in that it is more difficult
to use a stapler compared with reconstruction after distal
gastrectomy; therefore, there are fewer studies on intracorporeal reconstruction. A number of studies have reported the
short-term operative outcome for totally laparoscopic pylorus
preserving gastrectomy (TLPPG) using a linear stapler.10-12
However, these studies have involved only a small number of
patients and have not compared the outcomes to existing laparoscopic assisted pylorus preserving gastrectomy (LAPPG). It
is also important to determine whether there is an advantage
or disadvantage to performing a particular type of anastomosis. In this study, we compared the safety and feasibility of
LAPPG and TLPPG.

MATERIALS AND METHODS
A retrospective case control study was conducted on 90
patients who underwent laparoscopic pylorus preserving gastrectomy from January 2015 to June 2017 at the National Cancer Center, Korea. All patients were diagnosed with cT1N0 on
preoperative endoscopy and abdominal CT scan.
Laparoscopic assisted pylorus preserving gastrectomy,
with a hand-sewn suture, was performed in 52 patients, and
TLPPG, with a linear stapler, was performed in 38 patients.
In LAPPG, the epigastric incision was made transversely for
gastro-gastrostomy. In TLPPG, gastro-gastrostomy anastomosis was performed as side-to-side gastro-gastrostomy using
a linear stapler (piercing method).11 In both group, 12 mm balloon trocar was inserted in the umbilicus area and two 12 mm
trocars (left lower quadrant, right lower quadrant site) 5 mm
trocars (left upper quadrant, right upper quadrant site) were
inserted. The main wound of TLPPG was made by extending
the umbilical port incision. In the LAPPG, an additional epigastric incision was made for anastomosis. The main wound
size was measured after surgery by the surgeon.
The oncologic outcome (retrieved lymph node count, proximal margin, and distal margin), intraoperative outcome (operating time and bleeding volume), and postoperative outcome
(postoperative 1 and 3 day pain score, additional IV pain relief,
first flatus passage after operation, hospital days after operation, presence of reflux symptoms, main wound size, presence
of dumping symptoms, and surgical wound complaints) were
investigated. The postoperative complications were evaluated
according to the Clavien-Dindo classification.
We compared the postoperative outcomes and complications
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between the two groups in the obese patients with BMI ≥2513
and those with abdominal wall thickness >28 mm as abdominal obesity.
All analyses were performed using SAS® version 9.1.3 for
Windows® (SAS Institute, Cary, North Carolina, USA). Categorical variables were compared using the Pearson χ2 test or
Fisher’s exact test, and continuous variables were compared
using Student’s t-test. All values are expressed as mean±
standard error of the mean. Statistical significance was set at
p<0.05.

RESULTS
Patients demographics
The demographic and clinicopathological characteristics
of patients with LAPPG and TLPPG were not significantly
different between the two groups. Although all patients were
diagnosed with early gastric cancer (cT1) preoperatively, 2 patients in the TLPPG group and 4 patients in the LAPPG group
were revealed to have greater than pStage II (Table 1).

Surgical outcome
In terms of postoperative outcomes, the TLPPG group
showed a significantly reduced wound size (4 cm (3~4) vs 5
cm (5~6), p<0.001). Eight patients in the LAPPG group reported surgical wound complaints, while there were no wound
complaints in the TLPPG patients. The TLPPG group had
less reflux symptoms at the outpatient clinic than the LAPPG
group, but the difference was not significant (28.9% vs 36.5%,
p=0.45). One patient in the LAPPG group reported a dumping symptom (Table 2). There were no differences between the
retrieved lymph nodes and the distal and proximal margins
when the short-term operative outcomes were compared between groups. The operating time and the mean amount of
bleeding during operation were also not significantly different.

Postoperative complications
None of the measured postoperative complications or severe complications of Clavien-Dindo classification (more than
grade II) were significantly different between the two groups
(p=0.74 and p=0.64, respectively). There were two complications relating to anastomosis leakage in both groups; endoscopic clipping was performed for anastomosis site leakage.
Delayed gastric emptying occurred in five cases in the LAPPG
group, and one case was diagnosed as delayed gastric emptying in the TLPPG group. Five patients were improved after
NPO and fluid therapy; however endoscopic Botox injection
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Table 1. Preoperative demographic and clinicopathological factors
TLPPG (n=38) LAPPG (n=52)
Age

58.6±10.7

56.8±10.7

Sex
Male
Female
2

p value

TLPPG (n=38) LAPPG (n=52) p value

0.71

Oncologic outcome

0.20

Retrieved LN

35.0±11.7

32.3±10.4

0.25

16 (42.1%)

29 (55.8%)

Distal margin (cm)

2.9±2.3

3.4±3.1

0.34

22 (57.9%)

23 (44.2%)

Proximal margin (cm)

2.5±1.5

2.1±1.8

0.23

197.8±43.3

0.40

BMI (kg/m )

23.7±2.9

23.6±2.8

0.81

Abdominal wall
thickness (mm)

27.6±5.8

29.2±7.3

0.28

Intraoperative outcome
Operating time (min) 216.7±41.1
Estimated blood loss

ASA score*

0.10

1

22 (57.9%)

20 (38.5%)

2

15 (39.5%)

31 (59.6%)

1 (2.6%)

1 (1.9%)

3 or more

Table 2. Short-term operative outcomes

pT category

0.86

1

34 (89.5%)

47 (90.4%)

2

3 (7.9%)

3 (5.8%)

3

1 (2.6%)

2 (3.8%)

pN category

0.65

0

34 (89.5%)

46 (88.5%)

1

2 (5.3%)

5 (9.6%)

2

2 (5.3%)

1 (1.9%)

pStage
36 (94.7%)

48 (92.3%)

II

0 (0.0%)

4 (7.7%)

III

2 (5.3%)

0 (0.0%)

0.43

NRS* on post
operative 1 day

4.5±1.3

4.8±1.7

0.35

NRS* on post
operative 3 day

3.5±0.5

3.4±1.0

0.29

Postoperative outcome

Main wound
size** (cm)

4 (3~4)

5 (5~6)

<0.001

Wound complaint

0 (0%)

8 (15.4%)

0.01

First flatus time

3.2±0.7

3.4±0.7

0.37

Hospital day (days)

7.7±2.3

7.3±2.0

0.79

Reflux symptoms

11 (28.9%)

19 (36.5%)

0.45

0

1 (2.0%)

1.00

Dumping symptoms
0.70

I

25 (20~50) 22.5 (20~70)

*ASA = American society of anesthesiologists.
treatment was performed in one patient in the LAPPG group
due to a lack of effect with conservative therapy (Table 3).

Subgroup analysis
There was no significant difference in postoperative complications between the patients with BMI ≥25 and above. The
hospital days after operation were shorter in the TLPPG group
but not statistically significant (7.5±1.1 vs 9.5±2.5, p=0.25).
The first flatus time after the operation was shorter in the
TLPPG group (2.9±0.5 vs 3.5±0.8, p=0.04) (Table 4).
When only comparing patients with an abdominal wall
thickness > 28 mm, the postoperative complications (15.0% vs
25.8%, p=0.49) and the reflux symptoms after operation (25.0%
vs 38.7%, p=0.37) were less in the TLPPG group, but not statistically significant (Table 5).

*Numerical rating scale (pain scale). **The main wound of TLPPG is the
size of the incision that extends the umbilical port site, and LAPPG is the
additional epigastric incision.

Table 3. Postoperative complications
TLPPG
(n=38)

LAPPG
(n=52)

p value

7 (18.4%)

11 (21.2%)

0.74

Anastomosis leakage

2

2

Delayed emptying

2

5

Anastomosis stenosis

2

1

Complicated fluid collection

1

2

Wound infection

0

1

4 (10.5%)

4 (7.7%)

Anastomosis leakage

2

2

Anastomosis stenosis

1

1

Delayed emptying

0

1

Fluid collection

1

0

All

C-D* III & IV

0.64

*Clavien-Dindo classification.
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The postoperative pain score was slightly lower in the TLPPG group, but not statistically significant in subgroup analyses
(Fig. 1).

DISCUSSION
The aim of the present study was to compare the short-term
outcomes of TLPPG and LAPPG. In terms of the surgical
wound, intracorporeal anastomosis is superior to extracorporeal anastomosis. In addition, TLPPG showed better functional
outcome in obese patients.
Totally laparoscopic pylorus preserving gastrectomy is an
intracorporeal anastomosis whereby, theoretically, tension free
anastomosis is possible and it is possible to perform the anastomosis with a small incision extension.11 It is suggested that

Table 5. Postoperative outcomes in patients with abdominal wall thickness >28 mm

Table 4. Postoperative outcome in obese patients (BMI>25)
TLPPG
(n=14)

LAPPG
(n=14)

TLPPG reduces complications and postoperative pain compared to LAPPG. Totally laparoscopic pylorus preserving gastrectomy is feasible in all patients, but could provide a better
working space and vision in obese patients and is also helpful
since there is no need to extend the wound.14
In terms of postoperative outcome, the only wound complaint in the LAPPG group was because of the wound extension. The LAPPG requires an incision in the upper midline
approximately 5 cm in size. However, the lack of wound complaint in the TLPPG group can be explained by the fact that
it is possible to extend only 3~4 cm from the umbilical port,
so there is less wound complaint. In obese patients, LAPPG
may require a wound extension to maintain the visual field;
however, TLPPG does not require this wound extension. In

TLPPG
(n=20)

p value

LAPPG
(n=31)

p value

Postoperative outcome

Postoperative outcome
First flatus time

2.9±0.5

3.5±0.8

0.04

First flatus time

3.2±0.7

3.3±0.8

0.85

Hospital day (days)

7.5±1.1

9.5±2.5

0.25

Hospital day (days)

7.8±3.0

7.2±1.0

0.25

Reflux symptoms

4 (28.6%)

7 (50.0%)

0.44

Reflux symptoms

5 (25.0%)

12 (38.7%)

0.37

Main wound size (cm)

4 (4~5)

5 (5~6)

<0.001

Main wound size

4 (4~5)

5 (5~6)

<0.001

Wound complaint

0 (0.0%)

1 (7.1%)

1.00

Wound complaint

0 (0.0%)

3 (9.7%)

0.27

Postoperative complications

5 (35.7%)

3 (21.4%)

0.67

Postoperative complications

3 (15.0%)

8 (25.8%)

0.49

Severe complications*

2 (14.3%)

3 (21.4%)

1.00

Severe complications*

1 (5.0%)

3 (9.7%)

0.54

*Clavien-Dindo classification grade III and IV.

*Clavien-Dindo classification grade III and IV.

Fig. 1. Comparison of postoperative numerical pain rating scale. (A) Among the patients above BMI 25, numerical pain rating scale were lower in the
TLPPG group but not statistically significant (5.4±1.4 vs 4.9±1.0 p =0.23 in postoperative 1 day, 3.4±1.2 vs 3.3±1.1 p =0.41 in postoperative 3 day).
(B) Among the patients who have abdominal wall thickness greater than 28 mm, numerical pain rating scale were lower in the TLPPG group but not
statistically significant (5.0±2.1 vs 4.4±1.1 p =0.08 in postoperative 1 day, 3.2±1.2 vs 3.0±0.7 p =0.56 in postoperative 3 day).
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the present study, there was no significant difference in wound
complications between intracorporeal and extracorporeal
anastomosis; this is in agreement with previous studies.4,5,15
Laparoscopic assisted pylorus preserving gastrectomy has a
limited working space and narrow field of view during anastomosis. However, TLPPG can avoid this limitation of field
and can be particularly helpful in obese patients. Theoretically, the working space and visual field limitations are less than
with LAPPG, which can reduce tension during anastomosis.
Tension-free anastomosis is possible and damage of surrounding structures can be avoided. A previous study comparing
TLDG and LADG also reported the same advantages of intracorporeal anastomosis.16,17 In the present study, obese patients
with a BMI ≥25 and an abdominal wall thickness >28 mm
had a shorter first flatus time after the operation in TLPPG
group. This result suggests that TLPPG is more effective for
bowel recovery after surgery.
Unlike LAPPG, TLPPG could not confirm lesion or clipping site during resection. Therefore, there is a possibility that
the resection margin is short, or that the residual tumor is in
the margin. In this study, a frozen biopsy was performed in all
cases in order to ensure a negative margin. In previous studies,
there was a statistically significant difference in the resection
margin between the two groups; however, none of these studies reported residual tumor in the margin.5,6,18,19
This study has a limitation in that it is an explorative study
of a small case series compared to a control group. As yet,
there is no long-term data for the oncological outcome, longterm complications, and quality of life benefit. Furthermore,
symptoms were measured subjectively based on the patient’s
complaint; however, these symptoms did not have objective
indicators.
Both TLPPG and LAPPG are safe and feasible, and intracorporeal anastomosis after pylorus preserving gastrectomy
has potential benefits and warrants further development.
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