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Abstract

Background Proximal gastrectomy with esophagogastrostomy (PGEG) has been widely applied as a comparatively

simple method. In this study, we used a questionnaire survey to evaluate the influence of various surgical factors on

post-operative quality of life (QOL) after PGEG.

Methods In this post-gastrectomy syndrome assessment study, we analyzed QOL in 2,368 cases. Among these, 193 had

undergone proximal gastrectomy and 115 had undergone PGEG. The Post-Gastrectomy Syndrome Assessment Scale

(PGSAS)-45 is a questionnaire consisting of 45 items, including the SF-8, the Gastrointestinal Symptom Rating Scale

(GSRS), and other symptom items seemed to be specific to post-gastrectomy. The 23 symptom items were composed of

seven symptom subscales (SS), includingesophageal reflux, abdominal pain, andmeal-related distress. These seven SS, total

symptom score, ingested amount of food per meal, necessity for additional meals, quality of ingestion SS, ability to work,

dissatisfaction with symptoms, dissatisfaction with the meal, dissatisfaction with working, dissatisfaction with daily life SS

and change in body weight were evaluated as main outcome measures. In PGEG cases, we evaluated the influence on QOL of

various surgical factors, such as procedures to prevent gastroesophageal regurgitation and size of the remnant stomach.

Results The scores for esophageal reflux and dissatisfaction with the meal were higher in patients who had not

undergone an anti-reflux procedure. In most cases, the preserved remnant stomach was more than two-thirds the size

of the pre-operative stomach. When comparing patients with a remnant stomach two-thirds the pre-operative size and

those with more than three-quarters, the diarrhea SS and necessity for additional meals scores were lower in the group

with more than three-quarters. The indigestion, constipation, and abdominal pain subscales, and the total symptom

score, were higher in patients who had not undergone pyloric bougie than in those who had.

Conclusion These results indicated that QOL was better in patients with a large remnant stomach. Procedures to

prevent gastroesophageal reflux, and the use of pyloric bougie as a complementary drainage procedure, were considered

effective ways to reduce the deterioration of QOL.
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Introduction

The incidence of gastric cancer in the upper third of the

stomach, and the ratio of early cases, has been increasing

continuously in the past decade [1, 2]. The Japanese Gas-

tric Cancer Association guidelines for the treatment of

gastric cancer [3] recommend modified procedures as the

standard treatment for early gastric cancer. Therefore,

proximal gastrectomy has been widely performed as the

function-preserving procedure for proximal early gastric

cancer, with the aim of improving post-operative quality of

life (QOL). It has been reported that QOL after proximal

gastrectomy is better than that after total gastrectomy, but

previous reports have shown that proximal gastrectomy is

more likely to produce complications such as heartburn,

poor appetite, and poorer nutritional status than other types

of gastrectomy [4–8]. Therefore, there are many problems

to resolve in proximal gastrectomy, such as post-operative

reflux esophagitis, gastric emptying, and reservoir capacity.

Reported reconstruction methods after proximal gastrec-

tomy have included esophagogastrostomy, jejunal inter-

position, and jejunal pouch interposition. Among these

reconstruction methods, esophagogastrostomy has been

widely applied as a comparatively simple method [9].

The Post-Gastrectomy Syndrome Assessment Scale

(PGSAS)-45 is an integrated questionnaire that has been

developed by a voluntary group, the Japan Postgastrectomy

Syndrome Working Party, in order to investigate symptoms

and lifestyle changes among patients who have undergone

gastrectomy [10]. Using this PGSAS-45, a nationwide,

multi-institution surveillance study was performed in 2,368

cases. Among these cases, 193 patients had undergone

proximal gastrectomy, and 115 of these 193 cases under-

went reconstruction by esophagogastrostomy.

The aim of the present study was to use the data from

the PGSAS study to evaluate the influence of various

surgical factors (size of remnant stomach, anti-reflux pro-

cedures, pyloric bougie, and reservation of pyloric vagal

nerve) on post-operative complaints and QOL after proxi-

mal gastrectomy with esophagogastrostomy.

Materials and methods

Patients

A total of 52 institutions participated in this study. Eligibility

criteria for patients were as follows: (1) pathologically pro-

ven stage IA or IB gastric cancer; (2) underwent gastrectomy

for the first time; (3) aged C20 and B75 years; (4) no history

of chemotherapy; (5) no obvious recurrence or metastasis;

(6) an interval of 1 year or more after gastrectomy; (7)

Eastern Cooperative Oncology Group performance status

B1; (8) fully capable of understanding and responding to the

questionnaire; (9) no history of other disease or surgeries that

might influence responses to the questionnaire; (10) no organ

failure or mental illness; (11) written informed consent.

Patients with dual malignancy and concomitant resection of

other organs for another disease (co-resection equivalent to

cholecystectomy being the exception) were excluded.

QOL assessment

The PGSAS-45 questionnaire consists of 45 questions, with

eight items from the Short-Form Health Survey (SF-8) [11],

15 items from the Gastrointestinal Symptom Rating Scale

(GSRS) [12], and 22 clinically important items selected by

the Japan Postgastrectomy Syndrome Working Party

(Table 1). The PGSAS-45 questionnaire includes 23 items

pertaining to post-operative symptoms (items 9–33),

including 15 items from the GSRS and eight newly selected

items. In addition, 12 questionnaire items pertaining to

dietary intake, work, and level of satisfaction with daily life

were selected. Dietary intake items include five questions

about the amount of food ingested (items 34–37, 41) and

three about the quality of ingestion (items 38–40). One

questionnaire item pertains to work (item 41), while three

items address the level of satisfaction with daily life (items

43–45). A seven-point (1–7) Likert scale was used for the 23

symptom items, and a five-point (1–5) Likert scale was used

for all other items, except items 1, 4, 29, 32, and 34–37. For

items 1–8, 34, 35, and 38–40, higher scores indicate a better

condition. For items 9–28, 30, 31, 33, 36, 37, and 41–45,

higher scores indicate a worse condition.
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Table 1 Structure of the post-gastrectomy syndrome assessment scale (PGSAS)-45

Domain Items Subscales

SF-8 1 Physical functioning* Five or six-point Likert

scale

Physical component summary (PCS)* (item

1–8)

2 Role physical* Mental component summary (MCS)* (item

1–8)

3 Bodily pain*

4 General health*

5 Vitality*

6 Social functioning*

7 Role emotional*

8 Mental health*

GSRS 9 Abdominal pains Seven-point Likert scale Esophageal reflux subscale (item 10, 11, 13,

24)

10 Heartburn Except item 29 and 32 Abdominal pain subscale (item 9, 12, 28)

11 Acid regurgitation Meal-related distress subscale (item 25–27)

12 Sucking sensations in the epigastrium Indigestion subscale (item 14–17)

13 Nausea and vomiting Diarrhea subscale (item 19, 20, 22)

14 Borborygmus Constipation subscale (item 18, 21, 23)

15 Abdominal distension Dumping subscale (item 30, 31, 33)

16 Eructation

17 Increased flatus Total symptom scale (above seven subscales)

18 Decreased passage of stools

19 Increased passage of stools

20 Loose stools

21 Hard stools

22 Urgent need for defecation

23 Feeling of incomplete evacuation

Symptoms 24 Bile regurgitation

25 Sense of foods sticking

26 Postprandial fullness

27 Early satiation

28 Lower abdominal pains

29 Number and type of early dumping

symptoms

30 Early dumping general symptoms

31 Early dumping abdominal symptoms

32 Number and type of late dumping

symptoms

33 Late dumping symptoms

Meals (amount)

1

34 Ingested amount of food per meal*

35 Ingested amount of food per day*

36 Frequency of main meals

37 Frequency of additional meals

Meals (quality) 38 Appetite* Five-point Likert scale Quality of ingestion subscale* (item 38–40)

39 Hunger feeling*

40 Satiety feeling*

Meals (amount)

2

41 Necessity for additional meals

Work 42 Ability for working
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The 23 items were consolidated into seven symptom

subscales. Each subscale score was calculated as the mean

of included items, except the physical component summary

(PCS) and the mental component summary (MCS) of the

SF-8; the total symptom score was calculated as the mean

of the seven symptom subscales. Assessment data included

total symptom score, quality of ingestion, level of satis-

faction with daily life, the PCS and MCS of the SF-8, and

seven symptom subscales as main outcome measures. In

addition, changes in body weight, amount of food ingested

per meal, necessity of additional meals, ability to work,

dissatisfaction with symptoms, dissatisfaction with the

meal, and dissatisfaction with working were selected as

main outcome measures.

Surgical procedure

From the operation record, five surgical procedure variables

were investigated: (1) whether or not procedures such as

fundoplication or creation of an angle of His were undertaken

to prevent gastroesophageal regurgitation; (2) the length of

resected abdominal esophagus; (3) the size of the remnant

stomach (more than three-quarters, two-thirds, and less than

one-half);(4) whether or not drainage procedures, such as

pyloroplasty or pyloric bougie, were performed; and (5)

whether or not preservation of the vagal nerve was performed.

Study methods

This study utilized continuous sampling from a central

registration system to enroll participants. The questionnaire

Table 1 continued

Domain Items Subscales

Dissatisfaction 43 Dissatisfaction with symptoms Dissatisfaction for daily life subscale (item

43–45)

44 Dissatisfaction at the meal

45 Dissatisfaction at working

In items or subscales with*; higher score indicating better condition. In items or subscales without*; higher score indicating worse condition.

Each subscale is calculated as the mean of composed items or subscales except PCS or MCS of SF-8. Item 29 and 32 don’t have score. Then, they

were analyzed separately

Fig. 1 Outline of the study. DGBI distal gastrectomy with Billroth-

I reconstruction, DGRY distal gastrectomy with Roux-en-Y recon-

struction, LR local resection, PG proximal gastrectomy, PPG

pylorus-preserving gastrectomy, TGRY total gastrectomy with

Roux-en-Y reconstruction

Table 2 Patient characteristics

n Mean SD

Number of patients 115

Postoperative period (months) 37.8 26.1

BMI (preoperative) 23.2 3.0

BMI (at the study) 20.4 2.7

Age 64.1 7.6

Gender (male/female) 88/27

Approach (laparoscopic/open) 17/98

Extent of lymph node dissection

D2 5

D1b 64

D1a 32

D1 3

D1[ 6

None 0

Celiac branch of vagus (preserved/divided) 49/64

Pyloric branch of vagus (preserved/divided) 81/32

Combined resection

Cholecystectomy 10

Splenectomy 0

Others 1

None 96

Size of gastric remnant

Around half 15

Around two-thirds 66

More than three-quarters 31
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was distributed to all eligible patients. Patients were

instructed to complete the questionnaire and return it to the

data center. All QOL data from the questionnaire were

matched with individual patient data collected via case

report forms. This study was registered with the University

Hospital Medical Information Network’s Clinical Trials

Registry (UMIN-CTR; registration number 000002116).

This study was approved by local ethics committees at each

institution.

Statistics

The unpaired t test was used to compare between two

groups. Analysis of variance (ANOVA) was used to

compare among more than three groups. A p value \0.05

was considered statistically significant in both tests. When

the p value in ANOVA was \0.1, a Bonferroni–Dunn

multiple comparisons test was used for analysis of quan-

titative differences among the groups; in these, p values

\0.05 divided by the number of combinations among the

groups were considered statistically significant. When the

p values were\0.1 in the t test or were less than double the

significant level in the Bonferroni–Dunn multiple com-

parisons test, the effect size (Cohen’s d) was calculated.

The value of Cohen’s d reflects the impact of each causal

variable: values between 0.2 and \0.5 denote a small but

clinically meaningful difference between groups; values

between 0.5 and \0.8 denote a medium effect; and values

C0.8 indicate a large effect.

All statistical analyses were conducted with StatView

software for Windows version 5.0 (SAS Institute Inc.,

Cary, NC, USA).

Table 3 The effect of anti-reflux procedures on post-operative QOL

Anti-reflux procedure With anti-reflux procedure n=82 Without anti-reflux procedure n=29 p value Cohen’s d

Mean SD Mean SD

Main outcome measures

Symptoms

Esophageal reflux subscale 1.9 1.0 2.3 0.9 0.054 0.44

Abdominal pain subscale 1.7 0.8 1.8 0.7 ]0.1

Meal-related distress subscale 2.8 1.2 2.7 1.1 ]0.1

Indigestion subscale 2.1 0.7 2.2 0.7 ]0.1

Diarrhea subscale 2.1 1.1 1.9 1.0 ]0.1

Constipation subscale 2.4 1.0 2.4 1.1 ]0.1

Dumping subscale 2.3 1.2 2.0 1.0 ]0.1

Total symptom subscale 2.1 0.7 2.1 0.6 ]0.1

Living status

Change in body weight* -11.2 % 7.9 % -12.1 % 7.9 % ]0.1

Ingested amount of food per meal* 6.6 2.0 5.8 1.9 0.087 0.38

Necessity for additional meals 2.0 0.8 2.1 0.7 ]0.1

Quality of ingestion subscale* 3.5 0.0 3.4 1.0 ]0.1

Ability for working 2.0 1.0 2.1 0.7 ]0.1

QOL

Dissatisfaction with symptoms 2.0 1.0 2.1 1.0 ]0.1

Dissatisfaction at the meal 2.6 1.1 3.1 1.1 0.053 0.43

Dissatisfaction at working 2.1 1.1 2.2 1.1 ]0.1

Dissatisfaction for daily life subscale 2.3 0.9 2.5 0.8 ]0.1

Physical component summary* 49.3 6.6 49.0 5.5 ]0.1

Mental component summary* 49.0 5.7 48.5 6.1 ]0.1

Other outcomes measures (symptoms)

Acid regurgitation 2.0 1.2 2.6 1.3 0.020 0.51

Bile regurgitation 1.8 1.2 2.3 1.1 0.062 0.42

In items or subscales with*; higher score indicating better condition. In items or subscales without*; higher score indicating worse condition. The

interpretation of the effect size (Cohen’s d); 0.20B: small, 0.5B: medium, 0.80B: large
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Results

Retrieving the questionnaire

The questionnaire was distributed to 2,922 patients

between July 2009 and December 2010 (Fig. 1). Of these

distributed questionnaires, 2,520 (86 %) were retrieved;

152 questionnaires met exclusion criteria and were there-

fore excluded. A total of 2,368 questionnaires were ana-

lyzed. Proximal gastrectomy was performed in 193 of these

2,368 patients, and 115 cases were reconstructed by

esophagogastrostomy. Questionnaires of these 115 cases

were selected for examination in this study.

Patient characteristics

Patient characteristics for the 115 cases are listed in

Table 2. The mean post-operative period was more than

3 years. The pyloric branch of the vagal nerve was pre-

served in most cases, and the size of the remnant stomach

was more than two-thirds the pre-operative size in most

cases.

Anti-reflux procedure

Anti-reflux procedures (e.g. fundoplication or creation of an

angle of His) were included in 73.9 % of the cases

Table 4 The effect of the length of resected esophagus on the post-operative QOL

Length of resected esophagus Less than 1.5cm n=64 More than 2cm n=23

Mean SD Mean SD p value Cohen’s d

Main outcome measures

Symptoms

Esophageal reflux subscale 1.9 1.0 2.0 1.0 ]0.1

Abdominal pain subscale 1.7 0.8 1.7 0.8 ]0.1

Meal-related distress subscale 2.6 1.1 3.2 1.3 0.055 0.47

Indigestion subscale 2.1 0.8 2.3 0.7 ]0.1

Diarrhea subscale 1.9 0.9 2.4 1.5 0.052 0.45

Constipation subscale 2.4 1.2 2.5 1.0 ]0.1

Dumping subscale 2.2 1.1 2.4 1.4 ]0.1

Total symptom subscale 2.1 0.7 2.3 0.7 ]0.1

Living status

Change in body weight* -10.9 % 7.9 % -11.6 % 6.9 % ]0.1

Ingested amount of food per meal* 6.5 1.8 6.4 1.9 ]0.1

Necessity for additional meals 2.1 0.8 1.8 0.7 0.091 0.44

Quality of ingestion subscale* 3.5 1.0 3.4 1.2 ]0.1

Ability for working 2.0 0.9 2.3 1.1 ]0.1

QOL

Dissatisfaction with symptoms 2.1 0.9 2.3 1.2 ]0.1

Dissatisfaction at the meal 2.8 1.1 2.7 1.2 ]0.1

Dissatisfaction at working 2.1 0.9 2.3 1.3 ]0.1

Dissatisfaction for daily life subscale 2.3 0.8 2.4 1.0 ]0.1

Physical component summary* 50.2 5.1 47.4 8.7 0.0713 0.40

Mental component summary* 49.2 5.6 49.2 6.7 ]0.1

Other outcomes measures (symptoms)

Borborygmus 1.9 1.1 2.7 1.3 0.008 0.65

Increased passage of stools 1.9 1.1 2.5 1.8 0.062 0.43

Urgent need for defecation 1.8 1.0 2.3 1.5 0.053 0.45

Sense of foods sticking 2.5 1.5 3.2 1.4 0.076 0.46

Early satiation 2.7 1.2 3.4 1.7 0.064 0.43

In items or subscales with*; higher score indicating better condition. In items or subscales without*; higher score indicating worse condition. The

interpretation of the effect size (Cohen’s d); 0.20B: small, 0.5B: medium, 0.80B: large
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(Table 3). Among the main outcome measures, the scores

for the esophageal reflux subscale (p = 0.054, Cohen’s d

0.44), amount of food per meal (p = 0.087, Cohen’s d

0.38), and dissatisfaction with the meal (p = 0.053,

Cohen’s d 0.43) were lower (i.e. better condition) in the

patients who had undergone an anti-reflux procedure than in

those who had not, with marginal significance. Among the

23 abdominal symptom items, the scores for acid regurgi-

tation (p = 0.020, Cohen’s d 0.51), and bile regurgitation

(p = 0.062, Cohen’s d 0.42) were lower among patients

who had undergone an anti-reflux procedure, and were

significant and marginally significant, respectively.

Length of resected abdominal esophagus

The length of co-resected abdominal esophagus was clas-

sified into two categories: \1.5 and [2 cm (Table 4). The

post-operative QOL of patients with a resected esophagus

length of \1.5 cm was relatively better than the others in

the aspects of meal-related distress (p = 0.055, Cohen’s d

0.47), diarrhea subscales (p = 0.052, Cohen’s d 0.45), and

the PCS of the SF-8 (p = 0.071, Cohen’s d 0.40), with

borderline significance. Among the other symptom out-

comes measures, borborygmus (p = 0.008, Cohen’s d

0.65), increased passage of stools (p = 0.062, Cohen’s d

0.43), urgent need for defecation (p = 0.053, Cohen’s d

0.45), sense of food sticking (p = 0.076, Cohen’s d 0.46),

and early satiation (p = 0.064, Cohen’s d 0.43) were better

in the group in which the esophagus was co-resected

\1.5 cm, and were either significant or marginally sig-

nificant. In contrast, the score for necessity of additional

meals was relatively worse in the \1.5 cm group than in

the other (p = 0.091, Cohen’s d 0.44).

Size of remnant stomach

In most cases (84.3 %), the preserved remnant stomach

was more than two-thirds of the pre-operative size

(Table 5). Comparing cases with stomach size two-thirds

of the original and cases with more than three-quarters the

original, the scores for necessity of additional meals

(p = 0.011, Cohen’s d 0.66) and the subscale of diarrhea

(p = 0.022, Cohen’s d 0.57) were lower (i.e. better con-

dition) in the ‘more than three-quarters’ group, and were

either significant or marginally significant, and had med-

ium effect in terms of Cohen’s d values.

Pyloric bougie

Neither pyloric bougie nor pyloroplasty were performed in

84 cases; pyloric bougie was performed in 26 cases

(Table 6). In the pyloric bougie cases, the abdominal pain

subscale (p = 0.037, Cohen’s d 0.53), indigestion subscale

(p = 0.047, Cohen’s d 0.48), total symptom score

(p = 0.021, Cohen’s d 0.61), ingested amount of food per

meal (p = 0.028, Cohen’s d 0.49), and dissatisfaction with

the meal (p = 0.044, Cohen’s d 0.44) were significantly

better than those for cases without pyloric bougie. The

constipation subscale (p = 0.068, Cohen’s d 0.40) as well

as the MCS of the SF-8 (p = 0.059, Cohen’s d 0.44) were

better in the cases with pyloric bougie, with borderline

significance. Scores of the five abdominal symptoms

(sucking sensations in the epigastrium (p = 0.016, Cohen’s

d 0.66), nausea and vomiting (p = 0.049, Cohen’s d 0.45),

feeling of incomplete evacuation (p = 0.038, Cohen’s d

0.50), eructation (p = 0.096, Cohen’s d 0.41), and

increased passage of stools (p = 0.085, Cohen’s d 0.44)

were better in cases with pyloric bougie and were either

significant or marginally significant.

Preservation of the pyloric branch of the vagal nerve

Preservation of the pyloric branch of the vagal nerve was

performed in 91 (79.1 %) cases (Table 7). The diarrhea

subscale score was lower (i.e. better condition) in nerve-

preserving cases, with borderline significance (p = 0.080,

Cohen’s d 0.40). Among the abdominal symptoms scores,

those for urgent need for defecation (p = 0.040, Cohen’s d

0.47) and increased passage of stools (p = 0.083, Cohen’s

d 0.39) were lower in the nerve-preservation cases, and

were significant and marginally significant, respectively.

Discussion

Proximal gastrectomy is adopted for early gastric cancer in

the upper third of the stomach as a function-preserving

operation [4–7]. Although the usefulness of proximal gas-

trectomy has been reported, there are some problems to

consider after proximal gastrectomy in terms of reflux

esophagitis, gastric emptying, reservoir capacity, and so on

[8, 9]. The relatively common reconstructive methods after

proximal gastrectomy are esophagogastrostomy, jejunal

interposition, and jejunal pouch reconstruction. Our

PGSAS study evaluated 193 cases of proximal gastrec-

tomy, and the methods adopted most frequently were

esophagogastrostomy [115 cases (59.6 %)], jejunal pouch

reconstruction [44 (22.8 %)], and jejunal interposition [40

(20.7 %)]. It is assumed that reconstruction via esophago-

gastrostomy is most widely used as it is a comparatively

simple and easy method. With the growing use of laparo-

scopic surgery, esophagogastrostomy has become increas-

ingly common as a reconstructive method after proximal

gastrectomy. However, a higher incidence of reflux

esophagitis has been observed with this method compared

with other procedures [9].
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Many surgical options can influence QOL after proximal

gastrectomy: size of the remnant stomach, anastomosis

method, addition of procedures to preserve anti-reflux

function (e.g. fundoplication or creation of an angle of

His), length of resected abdominal esophagus, plasty or

bougie of the pyloric ring, and preservation of the pyloric

vagal nerve.

In this study, as part of the PGSAS study, the influence

of these surgical procedures on the QOL of patients after

proximal gastrectomy with esophagogastrostomy were

examined using a questionnaire survey.

Procedures to prevent gastroesophageal reflux (e.g.

fundoplication or creation of an angle of His [13, 14] )

were undertaken in 71.3 % of cases. These procedures

were estimated to be effective for acid and bile regurgita-

tion and led to relatively better QOL in the esophageal

reflux, ingested amount of food per meal, and dissatisfac-

tion at the meal subscales.

In terms of the length of resected abdominal esophagus,

among the cases in which the resected esophagus was

[2 cm, the function of the lower esophageal sphincter

(LES) was assumed to be almost lost; among cases

\1.5 cm, such function was likely to be maintained. The

subscales of meal-related distress, diarrhea, and the PCS of

the SF-8 were relatively worse in cases with a resected

esophagus length [2.0 cm, while the necessity of addi-

tional meals was unexpectedly worse in cases \1.5 cm.

Our results raised an apparent discrepancy concerning the

implication of the length of resected esophagus that we are

unable to explain.

Regarding the size of the remnant stomach, more than

two-thirds of the stomach was preserved in 84.3 % of our

patients. Comparing cases with two-thirds remnant stom-

ach and those with more than three-quarters, patients with

two-thirds remnant stomach required significantly more

additional meals and had relatively higher scores (i.e.

Table 5 The effect of the size of remnant stomach on the post-operative QOL

Size of remnant stomach 1/2 n=15 2/3 n=66 More than 3/4

n=31

ANOVA Bonferroni/

Dunn test

Mean SD Mean SD Mean SD p value p value Cohen’s d

Main outcome measures

Symptoms

Esophageal reflux subscale 2.0 0.8 1.9 1.0 2.0 0.9 ]0.1

Abdominal pain subscale 1.6 0.8 1.7 0.8 1.7 0.7 ]0.1

Meal-related distress subscale 2.8 1.0 2.8 1.2 2.6 1.0 ]0.1

Indigestion subscale 2.0 0.6 2.2 0.8 2.0 0.7 ]0.1

Diarrhea subscale 2.1 1.2 2.2 1.2 1.7 0.7 0.072 2/3 versus 3/4

p \ 0.022

0.57

Constipation subscale 2.4 0.8 2.5 1.1 2.2 1.1 ]0.1

Dumping subscale 2.4 1.1 2.2 1.1 2.1 1.1 ]0.1

Total symptom subscale 2.3 0.7 2.1 0.7 2.1 0.6 ]0.1

Living Status

Change in body weight* -

10.0 %

8.7 % -

11.4 %

7.5 % -

12.4 %

7.4 % ]0.1

Ingested amount of food per meal* 6.6 1.4 6.2 2.0 6.7 2.0 ]0.1

Necessity for additional meals 2.2 1.0 2.1 0.8 1.7 0.5 0.027 2/3 versus 3/4^
p = 0.008

0.66

Quality of ingestion subscale* 3.4 0.7 3.6 1.0 3.4 1.1 ]0.1

Ability for working 1.9 0.8 2.1 1.0 2.0 0.9 ]0.1

Dissatisfaction with symptoms 2.3 1.1 2.1 1.0 2.0 0.8 ]0.1

QOL

Dissatisfaction at the meal 3.1 1.1 2.7 1.1 2.7 1.0 ]0.1

Dissatisfaction at working 1.9 0.8 2.2 1.2 2.0 0.9 ]0.1

Dissatisfaction for daily life subscale 2.4 0.9 2.3 0.9 2.2 0.7 ]0.1

Physical component summary* 51.1 6.0 48.6 6.8 50.0 4.9 ]0.1

Mental component summary* 49.9 5.8 48.9 5.9 48.6 5.8 ]0.1

In items or subscales with*; higher score indicating better condition. In items or subscales without*; higher score indicating worse condition.

Bonferroni/Dunn test; p\0.0167 as statistically significant The interpretation of the effect size (Cohen’s d); 0.20B: small, 0.5B:medium,

0.80B:large
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worse condition) in the diarrhea subscale than those with

larger remnants. In this study, although a large remnant of

the stomach was preserved in most cases, we have shown

that QOL was improved with a larger reservoir capacity.

The necessity for pyloroplasty as a drainage procedure

after proximal gastrectomy has been controversial for some

time [15–17]. However, proximal gastrectomy is currently

mostly applied for early gastric cancer in which resected

proximal stomach is mostly less than half and, in many

cases, the pyloric branch of the vagal nerve is preserved. In

such cases, pyloroplasty is considered unnecessary as a

drainage procedure, especially in cases where the pyloric

branch of the vagal nerve is preserved. Therefore, only four

cases (3.5 %) in the present study included the addition of

pyloroplasty. Pyloric bougie has been reported to achieve

results similar to those of conventional pyloroplasty in the

early post-operative period [18–20]; 26 (23.6 %) of our

cases employed the pyloric bougie as a complementary

drainage procedure. In cases without pyloric bougie, sev-

eral abdominal symptoms (e.g. sucking sensation in the

epigastrium, nausea and vomiting, feeling of incomplete

evacuation) were increased compared with cases with

pyloric bougie. This may have resulted in decreased QOL,

reflected in higher scores in the subscales of abdominal

pain, indigestion, and total symptoms, and diminished

ingested amount of food per meal. The pyloric bougie

method is commonly considered effective in the early post-

operative period. Interestingly, our results indicated that

pyloric bougie was associated with improved QOL, even

after a longer period such as more than 1 year after sur-

gery. The pyloric bougie method might be effective as a

complementary drainage procedure for years after surgery.

Table 6 The effect of pyloric bougie of the pyloric ring on post-operative QOL

Bougie of the pyloric ring Without n=84 With n=26

mean SD mean SD p value Cohen’s d

Main outcome measures

Symptoms

Esophageal reflux subscale 2.0 0.9 1.7 1.2 ]0.1

Abdominal pain subscale 1.8 0.8 1.4 0.6 0.037 0.53

Meal-related distress subscale 2.8 1.1 2.5 1.2 ]0.1

Indigestion subscale 2.2 0.7 1.9 0.6 0.047 0.48

Diarrhea subscale 2.1 1.2 1.7 0.7 ]0.1

Constipation subscale 2.5 1.0 2.1 1.2 0.068 0.40

Dumping subscale 2.2 1.1 2.0 1.3 ]0.1

Total symptom subscale 2.2 0.7 1.8 0.6 0.021 0.61

Living status

Change in body weight* -11.7 % 7.2 % -10.1 % 8.2 % ]0.1

Ingested amount of food per meal* 6.3 1.9 7.2 2.1 0.028 0.49

Necessity for additional meals 2.1 0.8 1.8 0.6 ]0.1

Quality of ingestion subscale* 3.5 1.0 3.5 1.2 ]0.1

Ability for working 2.1 0.9 1.8 1.0 ]0.1

QOL

Dissatisfaction with symptoms 2.1 1.0 2.0 1.0 ]0.1

Dissatisfaction at the meal 2.9 1.0 2.4 1.2 0.044 0.44

Dissatisfaction at working 2.2 1.0 2.0 1.1 ]0.1

Dissatisfaction for daily life subscale 2.4 0.8 2.1 1.0 ]0.1

Physical component summary* 49.3 5.7 49.3 7.9 ]0.1

Mental component summary* 48.3 5.6 50.8 5.7 0.059 0.44

Other outcomes measures (symptoms)

Sucking sensations in the epigastrium 1.6 0.8 1.2 0.4 0.016 0.66

Nausea and vomiting 1.8 1.0 1.3 1.0 0.049 0.45

Eructation 2.0 0.9 1.7 0.7 0.096 0.41

Increased passage of stools 2.2 1.4 1.7 0.8 0.085 0.44

Feeling of incomplete evacuation 2.7 1.4 2.0 1.1 0.038 0.50

In items or subscales with*; higher score indicating better condition. In items or subscales without*; higher score indicating worse condition. The

interpretation of the effect size (Cohen’s d); 0.20B: small, 0.5B: medium, 0.80B: large
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In our study, preservation of the pyloric branch of the vagal

nerve was undertaken in 79.1 % of patients. Patients in

whom the pyloric branch was not preserved reported more

instances of increased passage of stools, urgent need for

defecation, and diarrhea than those in whom the nerve was

preserved. Cooperative pyloric function was affected by

the excision of the pyloric branch of the vagal nerve, and

we considered that the above symptoms were caused by

rapid emptying of food from the remnant stomach.

This study is a part of the PGSAS study, a nationwide,

multi-institution surveillance study to investigate the QOL

of patients following gastrectomy. The findings of this

study may help to determine the appropriate surgical pro-

cedures to improve QOL in patients undergoing proximal

gastrectomy with esophagogastrostomy. However, this

study has limitations; namely, the large number of statis-

tical comparisons that were necessary to examine in detail

the implications of various surgical procedures on patient’s

QOL. Since our study was an exploratory study, further

study is needed to prove the differences found in the

present study.

Conclusion

Our results indicate that in proximal gastrectomy with

esophagogastrostomy, improved QOL could be associated

with larger remnant stomach, shorter length of resected

abdominal esophagus, procedures to prevent gastroesoph-

ageal reflux, pyloric bougie as a complementary drainage

procedure, and preservation of the pyloric branch of the

vagal nerve.

Conflict of interest The authors have no conflicts of interest to
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Table 7 The effect of the preservation of pyloric branch of vagal nerve on the post-operative QOL

Pyloric branch of vagus Preserved n=91 Divided n=22

Mean SD Mean SD p value Cohen’s d

Main outcome measures

Symptoms

Esophageal reflux subscale 2.0 0.9 1.9 1.0 ]0.1

Abdominal pain subscale 1.7 0.7 1.7 1.0 ]0.1

Meal-related distress subscale 2.8 1.1 2.6 1.1 ]0.1

Indigestion subscale 2.1 0.7 2.2 0.6 ]0.1

Diarrhea subscale 1.9 1.0 2.4 1.2 0.080 0.40

Constipation subscale 2.4 1.1 2.3 0.8 ]0.1

Dumping subscale 2.2 1.1 2.0 1.2 ]0.1

Total symptom subscale 2.1 0.6 2.1 0.8 ]0.1

Living Status

Change in body weight* -11.4 % 7.7 % -10.5 % 8.7 % ]0.1

Ingested amount of food per meal* 6.4 2.1 6.6 1.7 ]0.1

Necessity for additional meals 2.0 0.8 2.1 0.9 ]0.1

Quality of ingestion subscale* 3.5 1.1 3.5 0.7 ]0.1

Ability for working 2.1 0.9 1.9 0.7 ]0.1

QOL

Dissatisfaction with symptoms 2.1 1.0 2.0 0.8 ]0.1

Dissatisfaction at the meal 2.8 1.1 2.7 1.0 ]0.1

Dissatisfaction at working 2.1 1.1 2.1 0.8 ]0.1

Dissatisfaction for daily life subscale 2.3 0.9 2.3 0.7 ]0.1

Physical component summary* 49.2 6.5 50.3 5.2 ]0.1

Mental component summary* 49.0 5.7 49.3 6.0 ]0.1

Other outcomes measures (symptoms)

Increased passage of stools 2.0 1.2 2.5 1.5 0.083 0.39

Urgent need for defecation 1.8 1.1 2.4 1.4 0.040 0.47

In items or subscales with*; higher score indicating better condition. In items or subscales without*; higher score indicating worse condition. The

interpretation of the effect size (Cohen’s d); 0.20B: small, 0.5B: medium, 0.80B: large
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