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Abstract

Background Attention has recently focused on decreased

quality of life (QOL) that occurs in postgastrectomy

patients. We verified how gastric emptying function

affected QOL.

Methods Subjects were 72 consecutive patients after

gastrectomy for cancer, including 25 after distal gastrec-

tomy (DG), 18 after proximal gastrectomy (PG), 16 after

pylorus-preserving gastrectomy (PpG), and 13 after total

gastrectomy (TG). Using the 13C breath test method, 13CO2

levels in breath were measured over 2 h, and Tmax was

determined. Questionnaires (Japanese versions of the

Short-Form 36 [SF-36] and Gastrointestinal Symptom

Rating Scale [GSRS]) were used to analyze QOL and

correlations between questionnaire results and Tmax.

Results Mean Tmax (min) for each procedure was 15.4 for

DG, 21.1 for PG, 41.3 for PpG, and 10.4 for TG. Tmax differed

between procedures, but not between survey periods. SF-36

was not correlated with Tmax, whereas GSRS showed a dif-

ference in diarrhea and total score between procedures, but

not between survey periods. In addition, GSRS correlated

with Tmax for abdominal pain, indigestion, and total score.

The total scores showed a significant symptom aggregation in

patients with Tmax less than 21 min.

Conclusions Gastrointestinal symptoms in postgastrecto-

my patients were associated with the function of the

remaining stomach. The 13C breath test is useful for

objectively assessing such symptoms.

Introduction

Patients who undergo gastrectomy often suffer from post-

gastrectomy syndromes, resulting in a decrease in their

quality of life (QOL). Gastric cancer treatments need to

focus not only on curing the cancer but also on mitigation

of postgastrectomy disorders, as well as improving

patients’ QOL. To help achieve these goals, functional

preservation surgery and reconstructive surgery have been

used in recent years. However, methods to evaluate

patients’ QOL objectively have not been established.

It has been suggested that postgastrectomy syndromes

may be caused by a rapid or delayed emptying of the

remaining stomach, but no reports have shown this. A 13C

breath test for determining gastric emptying [1] has been

drawing attention as an easy, noninvasive, and reliable

method to clinically assess the emptying function. We per-

formed the 13C breath test in post-gastrectomy patients and

examined relationships between the residual stomach’s

emptying ability and patients’ QOL by using two established

questionnaire surveys that assess QOL: the Short-Form 36

(SF-36), which assesses overall QOL, and the Gastrointes-

tinal Symptom Rating Scale (GSRS), which provides a

disease-specific assessment of gastrointestinal symptoms.

Patients and methods

Patients

Subjects included 72 consecutive patients (43 males and 29

females) who underwent gastrectomy due to gastric cancer
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(Table 1). All patients provided informed consent. The

mean age was 66.8 years, and the mean total survey period

was 2.4 years after surgery.

We selected patients who had undergone any one of the

following procedures: distal gastrectomy (DG), proximal

gastrectomy (PG), pylorus-preserving gastrectomy (PpG),

or total gastrectomy (TG); the number of patients in each

group was 25, 18, 16, and 13, respectively. The recon-

structive techniques are described in Table 1. All patients

were outpatients seen from 2008 to 2009; no patient was

receiving any anticancer agent during the period of the

questionnaire surveys.

13C breath test

In Japan we have an established our own ‘‘standardized

method’’ for the 13C breath test [2, 3]. In our study, 200 ml

of a liquid test meal containing 100 mg of 13C acetate was

served to a patient, and the 13CO2 level in the breath was

repeatedly measured during 2 h after the meal was inges-

ted, instead of the 4 h recommended in the standardized

method. Specifically, we collected samples of exhaled

breath from each patient using a breath collection bag, at

5-min intervals during from 0–20 min, at 10-min intervals

during 20–60 min, and at 15-min intervals during

60–120 min period after meal ingestion.

Because the 13C breath test is an indirect method, a

curve showing the level of 13CO2 measured in the breath

represents the overall process ranging from gastric emp-

tying, absorption, and metabolism to excretion, rather than

gastric emptying alone. On this curve, the left side of the

peak mainly indicates the phases of gastric emptying and

absorption, and the right side of a peak mainly indicates the

phases of metabolism and excretion (Fig. 1). Among sev-

eral parameters assessed, we chose Tmax, which can be

easily determined. Tmax is the length of time before the

level of 13CO2 in the expired breath reaches a peak, rep-

resenting how rapidly 13C is excreted. The mean and

standard deviation of Tmax for healthy individuals have

been established and are available as open data [2] in

Japan. Tmax is 43.9 ± 10.3 min, calculated based on data

of 63 healthy people collected at six local facilities.

Questionnaire survey

We used the Japanese version of the SF-36 (version 2) to

evaluate overall QOL and the Japanese version of the

GSRS to assess disease-specific QOL.

SF-36

The SF-36 health survey questionnaire [4–7], developed in

the 1980s, is one of the most widely used health-related

QOL measures.

A sub-sample of persons aged 20–80 years from a

Japanese population study [7] was used as a population

control group for this instrument. For this control popula-

tion study, 4,500 adults were interviewed in 2002 and

stratified according to age (10-year intervals) and gender.

Table 1 Patients and background (n = 72)

Gender

Male 43

Female 29

Age, years 66.8 10.5 (38–84)

Postoperative period, years 2.4 3.4 (0.04–16.4)

Procedures Reconstructions

Distal gastrectomy (DG) 25 Billroth-1 20

Roux-en-Y 5

Proximal gastrectomy (PG) 18 Double tract 4

Jejunal interposition 1

Gastroesophageal

anastomosis

13

Pylorus-preserving

gastrectomy (PpG)a
16 Gastrogastric

anastomosis

16

Total gastrectomy (TG) 13 Roux-en-Y 13

Stages (Japanese classification

of gastric cancer)

IA 46

IB 19

II 3

IIIA 3

IIIB 1

IV 0

a In our surgery department, we usually preserve the infrapyloric

artery and leave 3 cm or more of the pyloric antrum in PpG

Disappearance phase,
affected by metabolism and 
excretion

min

Absorption phase,
affected by gastric 
emptying and
absorption

Tmax

%dose/hr

Fig. 1 Gastric emptying curve of 13CO2. Tmax (min): time to the peak

of the abundance ratio of 13CO2 in the expired air. Mean ± SD of 63

healthy volunteers: 43.9 ± 10.3 min (33.6–54.2 min)
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Items were further grouped into the eight dimensions:

physical functioning (PF), bodily pain (BP), mental health

(MH), general health (GH), role limitations due to physical

problems (RP), vitality (VT), role limitations due to emo-

tional problems (RE), and social functioning (SF).

With the Japanese SF-36 (version 2) [7], each dimension

is re-scored to have a mean of 50 and a standard deviation

of 10, based on the mean established in 2002 from healthy

Japanese individuals. The higher the score of a dimension

relative to the Japanese mean of 50, the better the QOL for

that dimension.

GSRS

The Gastrointestinal Symptom Rating Scale (GSRS) [8, 9],

developed in Europe, is a disease-specific survey for

patients with gastrointestinal symptoms. The Japanese

version of the questionnaire was used for this study [10]. It

comprises 15 items about digestive syndromes or symp-

toms that patients have experienced in the last week.

The GSRS items are graded on a seven-point Likert

scale where 1 represents absence of troublesome symptoms

and 7 represents very troublesome symptoms. The fol-

lowing five dimensions were identified on the basis of a

factor analysis and were used in this study: abdominal pain

syndrome (three items), reflux syndrome (two items),

indigestion syndrome (four items), diarrhea syndrome

(three items), and constipation syndrome (three items). The

GSRS data are presented as syndrome scores and a total

score (the mean of specific scores).

Both the 13C breath test and questionnaire surveys were

conducted at our hospital on patients who visited as out-

patients; patients completed the questionnaire themselves.

We used SAS version 9 (SAS Institute, Cary, NC) for

statistical analysis. The analysis of variance procedure was

used to conduct post-hoc tests for multiple comparisons

using the Scheffe option. In addition, Corr and Freq pro-

cedures were used for correlation coefficient calculation

and chi-square test as needed. A P value B 0.05 was

considered statistically significant.

Results

Results were examined according to the types of procedure

and the periods of survey. The entire survey period was

divided into three periods: less than 6 months, 6 to less

than 12 months, and 12 months or more after surgery.

13C breath test

Figure 2 shows the curves describing how the level of

excretion of 13C into the breath changed over time. Tmax for

the control group was 40.0 ± 8.1 min, similar to the value

obtained by facilities in Japan as described above. Tmax for

DG was 15.4 min, indicating rapid gastric emptying. Tmax

for PpG was 41.3 min, which was significantly longer than

for the other three groups; the curve trend was similar to

that of the control group. Tmax for TG was very short that

is, 10.4 min. Tmax for PG was 21.1 min, which was longer

than for TG, although differences were not significant. In

terms of survey periods, Tmax tended to become gradually

longer during the third survey period (1 year or more) in all

procedures except TG; however, Tmax did not show a sig-

nificant difference between these procedures. Tmax for TG

stayed constant over the survey period (Table 2).

Questionnaire survey

SF-36

The upper half of Table 3 shows the results of SF-36 s

obtained from patients for each survey period. Although

MH and RP decreased in the first period, they improved in

later periods, demonstrating a significant difference
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DG:     15.4 ± 9.0
PG:    21.1 ± 15.0
PPG:  41.3 ± 21.5
TG:      10.4 ± 3.2
CO:      40.0 ± 8.1 

%dose/hr

*

*:P<0.0001,
PPG vs DG/PG/TG

*

Fig. 2 Curves of Tmax of 13C breath test over time by procedure The

four curves from the top represent patients with one of the four types

of procedure, and the one at the bottom is that for a control group

consisting of healthy individuals whose data were collected at our

hospital. DG distal gastrectomy, PG proximal gastrectomy, PpG
pylorus preserving gastrectomy, TG total gastrectomy

Table 2 Tmax by procedure and survey period

\6 months 6 months–1 year [1 year P value

Tmax min

DG 14.3 ± 5.4 13.0 ± 9.8 16.9 ± 10.5 0.68

PG 17.9 ± 3.9 21.3 ± 13.2 24.3 ± 22.6 0.75

PpG 31.3 ± 30.7 33.3 ± 25.2 48.3 ± 15.0 0.35

TG 12.5 ± 3.5 10.0 ± 0 10.0 ± 3.5 0.64
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between periods. Similar trends were found in PF and SF.

All dimensions showed a small decrease in the first period,

but improved and became similar to the Japanese average

in later periods.

When examining the individual dimensions in connec-

tion with procedures, no significant differences were found

between the four procedures in any dimension. Further-

more, no correlations were observed between Tmax and

individual dimensions (Table 4). This means that overall

physical and mental QOL, as measured by the SF-36, were

not associated with the procedures or with gastric emptying

function as assessed by Tmax. All dimensions decreased in

the first period, but improved to a level similar to the

Japanese average in later periods.

GSRS

The lower half of Table 3 shows the values of all six

syndromes in each survey period. For all syndromes, no

significant difference was found between survey periods.

Somewhat surprisingly, none of the gastrointestinal syn-

dromes improved over the survey periods. However, the

scores of all syndromes were generally less than 3, indi-

cating light or moderate symptoms.

When examining the GSRS symptoms with respect to the

procedures, TG showed a significant aggravation in diarrhea

and the GSRS total score; this was true especially when

compared with PpG. By analyzing the correlations between

Tmax and the syndromes, it was revealed that Tmax had a

Table 3 Results of SF-36/

GSRS questionnaires by survey

period

SF-36 Short-Form 36, GSRS
Gastrointestinal Symptom

Rating Scale, PF physical

functioning, RP role limitations

due to physical problems, BP
bodily pain, GH general health,

VT vitality, SF social

functioning, RE role limitations

due to emotional problems, MH
mental health

*\6 months versus [1 year

**\6 months versus 6 months–

1 year and \6 month versus

[1 year

\6 months 6 months–1 year [1 year P value

SF-36: PF 45.6 ± 11.9 52.6 ± 4.7 51.2 ± 11.0 0.09

MH 48.2 ± 9.7 56.3 ± 7.8 53.6 ± .0 0.02*

RP 39.0 ± 15.2 53.6 ± 5.0 49.7 ± 10.9 0.001**

RE 46.8 ± 12.4 53.2 ± 5.8 49.9 ± 11.8 0.25

BP 47.7 ± 10.2 53.7 ± 8.0 52.3 ± 10.3 0.15

GH 49.7 ± 9.3 54.7 ± 7.1 49.7 ± 10.1 0.20

VT 51.7 ± 9.3 54.2 ± 7.0 53.1 ± 9.4 0.71

SF 44.9 ± 12.3 52.4 ± 7.9 50.7 ± 10.7 0.08

GSRS: reflux syndrome 2.0 ± 1.3 2.0 ± 0.9 1.8 ± 1.0 0.89

Abdominal pain syndrome 1.6 ± 0.9 1.4 ± 0.6 1.5 ± 0.7 0.82

Indigestion syndrome 2.3 ± 1.0 2.0 ± 0.9 2.3 ± 0.7 0.50

Diarrhea syndrome 1.8 ± 0.8 1.8 ± 0.8 2.0 ± 1.1 0.48

Constipation syndrome 2.9 ± 1.3 2.2 ± 1.2 2.5 ± 0.9 0.55

Total score 2.0 ± 0.9 1.9 ± 0.7 2.0 ± 0.6 0.77

Table 4 Results of SF-36/GSRS by procedure and correlations with Tmax

Correlation with Tmax Procedures P value

r P value DG PG PpG TG

SF-36: PF 0.03 0.83 49.5 ± 12.5 48.9 ± 12.6 51.6 ± 6.7 50.0 ± 8.7 0.90

MH 0.01 0.95 53.2 ± 8.1 49.0 ± 10.4 53.6 ± 9.0 55.3 ± 7.5 0.23

RP –0.0002 0.99 47.4 ± 14.2 47.0 ± 12.6 47.5 ± 12.6 48.1 ± 10.6 0.99

RE –0.14 0.24 50.1 ± 12.0 48.1 ± 11.8 49.1 ± 11.7 51.7 ± 8.5 0.85

BP 0.09 0.47 47.9 ± 11.9 54.2 ± 8.3 52.9 ± 8.5 52.0 ± 8.8 0.19

GH 0.09 0.46 49.4 ± 10.3 49.7 ± 11.4 54.0 ± 5.9 50.4 ± 8.6 0.45

VT 0.03 0.83 53.7 ± 7.8 49.9 ± 11.4 53.2 ± 7.4 55.0 ± 8.8 0.41

SF –0.02 0.87 50.3 ± 10.3 50.5 ± 8.4 48.1 ± 15.2 48.0 ± 9.9 0.86

GSRS: reflux syndrome –0.13 0.29 1.8 ± 1.0 2.3 ± 1.4 1.5 ± 0.6 2.0 ± 0.9 0.14

Abdominal pains syndrome –0.24 0.04 1.5 ± 0.5 1.7 ± 1.0 1.2 ± 0.4 1.8 ± 0.8 0.09

Indigestion syndrome –0.26 0.03 2.3 ± 0.6 2.2 ± 1.0 1.9 ± 0.7 2.5 ± 0.9 0.16

Diarrhea syndrome –0.21 0.08 2.0 ± 1.1 1.8 ± 0.9 1.4 ± 0.5 2.5 ± 1.1 0.03***

Constipation syndrome –0.05 0.67 2.3 ± 1.0 2.3 ± 1.4 2.2 ± 0.9 2.8 ± 1.1 0.42

Total score –0.23 0.05 2.0 ± 0.6 2.1 ± 0.9 1.6 ± 0.4 2.4 ± 0.6 0.03***

*** TG versus PpG
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significant correlation with abdominal pain, indigestion, and

the total score, and a smaller Tmax corresponded to worse

symptoms. A similar trend was seen in diarrhea (Table 4).

We used a scatter chart to examine the GSRS total

scores, that is, the means of all syndromes for each patient

(Fig. 3). The Y axis represents total score values, where

values of 2 or more indicate presence of a symptom and a

higher value means a higher symptom severity. The X axis

shows the values of Tmax, where a value of 21 min was

used as a threshold.

Among 55 patients with Tmax less than 21 min, presence

of symptoms was found in 31 (56.4%); among 16 patients

with Tmax of 21 min or more, presence of symptoms was

only observed in 2 (12.5%). Based on the total scores, it was

suggested that there was a significant aggregation of

symptoms in patients with Tmax less than 21 min. In addi-

tion, it was thought that a Tmax value of less than 21 min was

a risk factor for aggravation of gastrointestinal symptoms.

Discussion

In general, the evaluation of patients’ QOL by question-

naire needs to be conducted using a combination of a

comprehensive approach to assess overall QOL and a

disease-specific approach to assess QOL for individual

symptoms. Tyrvainen et al. [11] reported that their research

on the long-term survivors after TG (median survival

duration, 9 years) using the SF-36 yielded results similar to

those obtained from normal healthy individuals, regardless

of age, sex, tumor diameter, presence of pouch, postoper-

ative complaints, and survey periods. Other reports, in

which other comprehensive evaluation methods were used,

indicate that patients’ overall QOL after gastrectomy

improved to a level similar to that of normal individuals

after 6 months have elapsed since gastrectomy [12, 13].

Our study also indicated that all dimensions of the SF-36

improved to levels equivalent to those of normal healthy

individuals in a period of 6 months or more after surgery.

Tmax had no correlation with SF-36 dimensions.

Meanwhile, Takeichi et al. [14], in their follow-up survey

of gastrointestinal symptoms, divided patients after DG into

three groups: less than 5 years, from 5 years to less than

10 years, and 10 years or more after surgery. They showed

that two gastrointestinal symptoms, dumping and reflux,

persisted in all groups with no significant differences

between these symptoms. Svedlund et al. [15] used the

GSRS for up to 5 years after surgery to assess gastrointes-

tinal symptoms of patients who underwent a gastrectomy.

They reported that patients who underwent TG continued to

suffer from a persistent decrease in QOL for gastrointestinal

symptoms, especially indigestion and diarrhea, whereas

patients who underwent surgery other than TG experienced

improvement in the same symptoms. Our assessment by the

GSRS also showed that gastrointestinal symptoms after TG,

though moderate, did not improve much over time.

Although these changes over time were not assessed based

on individual patient data, a comparison of data from patient

groups at different periods provides evidence that individual

patients experienced similar changes over time.

It has been suggested that postgastrectomy syndromes are

primarily caused by an impaired function of the remaining

stomach. Conventionally, the measurement of gastric emp-

tying by scintigraphic technique is regarded as the gold

standard for clinically assessing the gastric emptying func-

tion, as it allows for a quantitative evaluation of the function

and is regarded as the most reliable test. However, because

this method requires a high-cost labeled compound and

special equipment, and is complicated to use, it is not suit-

able for wide and common use [16, 17]. Recently, instead of

the scintigraphic technique, many medical facilities have

started using the 13C breath test, which is an indirect method

and is regarded as a simple, safe, and reliable. The 13C

breath test was first reported by Ghoos et al. [1] in 1993.

Since then it has been widely used, mainly in Europe, as a

clinical tool for the assessment of gastric emptying. Simi-

larly, in Japan, since the ‘‘standardized method’’ of the 13C

breath test was proposed [2, 3], the test has become widely

used in many medical facilities.

In particular, Tmax is attracting attention as an assessment

index, because it can be easily determined by actual mea-

sured values and does not require special calculation, as well

as it attenuates the influence of metabolism and excretion.

Tmax in the 13C breath test is supposed to correspond to the

80% excretion time in the scintigraphic technique, which is

a direct method [18], and provides a high reliability. Our

study used the 13C breath test to track the outcomes of

0 10 20 30 40 50 60 70 80
Tmax

0

4

3

2

1

Total scores
5

min

Fig. 3 GSRS (total scores) - Tmax scatter chart. With a Tmax value

of 21 min and a total score of 2 used as thresholds, the total scores

showed a significant difference in the aggregation of symptoms at the

Tmax threshold (P = 0.002, chi-square test)
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patients who had undergone gastrectomy. There have been

only a few reports that have verified whether the 13C breath

test is useful for assessing patients’ QOL.

The value of Tmax varied depending on the types of

surgery performed, and was significantly lower in proce-

dures other than PpG. In all types of surgery, Tmax showed

no significant differences between survey periods, meaning

there was not much change in its value over time. Viewed

in connection with the questionnaire surveys, Tmax did not

correlate with results of the SF-36. Because those results

indicated an improvement in overall QOL over time, it was

thought that an abnormality in gastric emptying, if any,

might not have a strong effect on patients’ general QOL.

In contrast, Tmax was correlated with results of the

GSRS for symptoms of abdominal pain and indigestion and

the total score; none of these scores showed improvement

over time. Based on the scatter chart depicting the total

scores, it was revealed there was a significant aggregation

of symptoms in patients with a Tmax less than 21 min.

Therefore, it was suggested that a Tmax value of less than

21 min is a risk factor for the aggravation of patients’

gastrointestinal symptoms. It is useful to perform the 13C

breath test from an early stage on patients who undergo a

gastrectomy to predict postgastrectomy syndromes as well

as evaluate the results of surgery.

Conclusions

Both a comprehensive assessment tool and a disease-spe-

cific assessment tool are needed to evaluate QOL of post-

gastrectomy patients. Results of the comprehensive

assessment revealed that patients’ QOL improved over

time. In contrast, no improvement was observed over time

in disease-specific assessments, suggesting that gastric

dysfunction continued. The emptying function of the

remaining stomach is closely related to gastrointestinal or

digestive symptoms, and a value of Tmax less than 21 min

is a risk factor for aggravation of patients’ gastrointestinal

symptoms. The 13C breath test is a useful tool for objec-

tively assessing postoperative gastrointestinal symptoms of

patients.
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