
Abstract. Background: We advocated the usefulness of
pylorus-reconstruction gastrectomy (PRG) to improve quality
of life following surgery for gastric cancer. The current study
assessed gastric emptying following PRG in comparison with
those who underwent conventional Billroth-I (B-I)
reconstruction and in healthy controls using a 13C breath test.
Patients and Methods: The study group consisted of 24 patients
who underwent PRG from September 20, 2007 to July 26, 2012
at the Department of Surgery at Daisan Hospital (affiliated
with The Jikei University School of Medicine). These patients
underwent the ‘standard’ version of a gastric-emptying study
using a 13C breath test at 20.5±11.8 months after surgery.
During the study, the half gastric-emptying time (T1/2) and
gastric retention at 5 min after ingestion (RR5) were measured.
The data of the PRG group were compared to those for 26
patients who underwent conventional B-I reconstruction and
with a group consisting of 20 healthy controls. Results: RR5
was 69.6±21.8% in the patients who underwent PRG,
45.3±28.6% in those who underwent B-I reconstruction, and
93.7±5.7% in healthy controls. T1/2 was 17.0±13.0 min in
patients who underwent PRG, 5.9±4.0 min in those who
underwent B-I reconstruction, and 23.3±4.9 min in healthy
controls. Gastric emptying was delayed in patients who
underwent PRG compared to those who underwent B-I
reconstruction (RR5: p<0.0014, T1/2: p<0.0002), and was
comparable to that of healthy controls. Conclusion:  Gastric
emptying improved significantly after PRG compared to B-I
reconstruction, and approached that of healthy controls.

Typical techniques for reconstruction following distal
gastrectomy for gastric cancer consist of Billroth I (B-I), B-
II, Roux-en-Y (R-Y), and pylorus-preserving gastrectomy
(PPG), and each technique has its own advantages and
disadvantages. We advocated a technique termed pylorus-
reconstruction gastrectomy (PRG) that abrogates the
disadvantages of B-I to improve quality of life (QOL)
following surgery for gastric cancer (1, 2). The usefulness of
this technique has been described elsewhere (3, 4). Briefly,
the gastric mucosa is divided 2 cm distal to the free edge of
the seromuscular layer, which is everted and sutured to the
edge of seromuscular layer using eight stitches with 3-0
absorbable sutures. The duodenum and the remnant stomach
are anastomosed end-to-end in two layers to reconstruct the
pylorus. By this anastomotic procedure, the gastric mucosa
is inverted like a flap-valve to prevent duodenogastric reflex.
PRG is a simple and safe anastomotic technique that retains
the virtue of the conventional B-I method but with reduced
incidence of remnant gastritis by duodenogastric reflex,
dumping syndrome and body weight loss after distal
gastrectomy for gastric cancer, and which seems to be
effective for a long time (3, 4).

The current study used a 13C breath test to assess gastric
emptying following PRG in comparison with patients who
underwent a B-I reconstruction, and healthy volunteers.

Patients and Methods
The study group consisted of 24 patients who underwent a PRG
from September 20, 2007 to July 26, 2012 at the Department of
Surgery at Daisan Hospital (affiliated with The Jikei University
School of Medicine) and consented to participate in this study.
These patients underwent the gastric-emptying study using a 13C
breath test (1) 20.5±11.8 months after PRG. During the test, the half
gastric-emptying time (T1/2) and the gastric retention rate at 5 min
after ingestion (RR5) were measured (2). 

A second group consisted of 26 patients who underwent
conventional B-I reconstruction, and a third group of consisted of
20 consecutive healthy controls. T1/2 and RR5 in these groups
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were measured by Kawamura et al. previously (2) at the
Department of Surgery, The Jikei University School of Medicine.
The current study compared these values to those of patients who
underwent PRG.

For study of gastric emptying, the radioisotope method has
served as the gold standard (5). However, this method is
associated with radiation exposure, requires special facilities such
as a gamma camera and a radiation-controlled area, and is
expensive (6). In the current study, we evaluated postoperative
gastric motility using the 13C-acetate breath test, which was
proposed in 1993 by Ghoos et al. (5) and has been widely used to
investigate abnormal gastric emptying that accompanies various
digestive disorders (2, 7). In recent years, this method has also
been used to evaluate remnant gastric emptying following
gastrectomy (1, 2). The 13C-breath test has several advantages,
including noninvasiveness, simplicity, safety, and cost efficiency.
Regarding its credibility and quantitative evaluation compared to
the radioisotope method, Sanaka et al. reported that the 13C-breath
test is comparable to the radioisotope method for evaluating
gastric emptying quantitatively by applying the Wagner–Nelson
analysis to the obtained data (8, 9). To our knowledge, we are the
third to apply Wagner–Nelson analysis to the 13C-breath test in the
clinical setting in order to evaluate postoperative gastric motility
quantitatively (2, 10).

Two hundred milliliters of an enteral formula (Racol; Otsuka
Pharmaceutical Co., Narto City, Japan) was mixed with a 13C-
labeled substance (100 mg of sodium acetate: CH313COONa) and
ingested over a period of 2 min. To collect exhaled breath,
participants were instructed to take a deep breath, hold it for about
5 s, and then to exhale. Two hundred milliliters of exhaled breath
were collected (1,300 ml × 2 specimens prior to ingestion) (Figure
1). Breath was collected a total of 18 times: once prior to ingestion
of the test meal and at 0, 5, 10, 15, 20, 30, 40, 50, 60, 75, 90, 105,
120, 135, 150, 165, and 180 min after ingestion. The percentage of

13CO2 present in exhaled breath was measured using an infrared
spectrophotometer (1). Each measurement after ingestion was
subtracted from the measurement prior to ingestion to obtain a Δ
value. Spectrophotometry (POC One; Otsuka Electronics, Tokyo,
Japan) was used to continuously measure the difference in the ratio
of 13CO2 in breath from a large bag containing breath specimens
collected prior to and after ingestion (1).

For statistical analysis, the Wilcoxon signed-rank test was used.
Data are presented as the mean±standard deviation, and differences
with p-values of less than 0.05 were considered significant. The
study was approved by the institutional Ethics Committee of The
Jikei University School of Medicine, Tokyo, Japan (20-115 (5405).
Each patient enrolled in the study provided written informed
consent to participation and use of date. 

Results

RR5 was 69.6±21.8% in patients who underwent PRG,
45.3±28.6% in patients who underwent B-I reconstruction,
and 93.7±5.7% in healthy controls. T1/2 was 17.0±13.0 min
in patients who underwent PRG, 5.9±4.0 min in patients who
underwent B-I reconstruction, and 23.3±4.9 min in healthy
controls. Gastric emptying was significantly delayed in
patients who underwent PRG in comparison with those who
underwent B-I reconstruction (RR5: p<0.0014, T1/2 (min):
p<0.0002), whose gastric emptying was comparable to that
of healthy controls (Table I, Figure 1). 

ANTICANCER RESEARCH 39: 3227-3230 (2019)

3228

Figure 1. Comparison of gastric-emptying curve among patients who
underwent distal gastrectomy with pylorus-reconstruction gastrectomy
(PRG), or Billroth-I (B-I) technique, and in healthy controls. Significant
acceleration of gastric emptying was observed in the B-I group as
compared to that in the PRG and healthy control groups. The gastric
retention rate at 5 min after ingestion (RR5) for the PRG group was
intermediate between those for the B-I group and healthy controls, in
which during the first 10 min it was similar to that of the B-I group, but
approximated that of the controls thereafter. 

Table I. Patient characteristics.

                                                     PRG                  B-I                Controls
                                                   (n=24)              (n=26)              (n=20)

Age, years
  Mean±SD                             68.2±11.4         66.0±8.48          29.5±6.9
Gender, n
  Male:Female                             13:11                 19:7                  16:4
Surgical approach
  Open                                           24                      16                       -
  Laparoscopic                                0                       10
Observation period after 
surgery, months
  Mean±SD                             20.5±11.9         37.0±91.4                -
RR5, %
  Mean±SD                             69.6±21.8        45.3±28.6a        93.7±5.7b
T1/2, min
  Mean±SD                             17.0±13.0          5.9±4.0c          23.3±4.9d

PRG: Pylorus-reconstruction gastrectomy; B-I: Billroth I gastrectomy;
SD: standard deviation; RR5: retention rate at 5 min after ingestion:
T1/2: half gastric-emptying time. Significantly different from PRG at:
ap=0.0014, bp<0.0001, cp=0.0002, dp=0.0343. 



RR5 of patients who underwent PRG was intermediate
between that of those who underwent B-I and the control
group, in which the first 10 min was close to that of the
conventional B-I group but approximated that of the control
group thereafter.

Discussion

Surgical treatment is very important for the survival of
patients with resectable gastric cancer. However, there seem
to be few alternatives among surgeons for the choice of
reconstruction procedure after distal gastrectomy. 

The preferred reconstruction procedure after distal
gastrectomy should minimize postoperative complication and
improve QOL (11). Patients may experience various
nutritional and functional problems that interfere with their
QOL, such as decreased food consumption, body weight
loss, and dumping syndrome (12). Deterioration of the
reservoir function and rapid emptying of the remaining
stomach may be the cause of these problems after distal
gastrectomy (13-17).

Currently, B-I and R-Y are the most popular
reconstruction procedures after distal gastrectomy (11). B-I
is commonly selected after distal gastrectomy for gastric
cancer because of the simplicity of the procedure,
physiological passage of food in the intestinal tract, and ease
of access to the papilla of Vater by endoscope after surgery
(18,19). However, B-I anastomosis is associated with
duodenogastric reflux, remnant gastritis and reflux
esophagitis, due to the absence of the pyloric sphincter
which physiologically prevents reflux of duodenal contents
into the remnant stomach (20). In addition, the rapid passage
of semiliquid food into the duodenum from the stomach
results in dumping syndrome (21).  

PPG has been reported to attenuate rapid gastric emptying
through creation of a substitute stomach by making a jejunal
pouch to compensate for the reduced capacity of the gastric
reservoir (22). Our pylorus reconstruction is not a
complicated procedure and enables complete D2
lymphadenectomy, unlike PPG, and improvement of gastric
retention similarly to PPG and jejunal interposition. 

We found the degree of remnant gastritis after PRG was
lower than that associated with conventional B-I, and the acid
concentration after PPG was lower than that after B-I (3, 4).
Moreover, the proximal side of the modified B-I anastomosis
had the appearance of a reconstructed pylorus, and the inverted
gastric mucosa was similar to a distal flap-valve (3, 4).

RR5 in the early stage after PRG was similar to that after-
B-I, indicating that there was no stenosis due to use of the
PRG technique, and the late stage of RR5 was similar to that
of the control group, showing that there was a degree of food
stagnation. We believe that this shows that PRG can improve
dumping syndrome.

Therefore, our study demonstrates that our PRG method
is superior to conventional B-I in preventing duodenogastric
reflex. Moreover, we believe our PRG is a superior in that it
overcomes the shortcomings of conventional B-I whilst
offering the advantages of the R-Y technique (3, 4). The
current study demonstrated excellent results after PRG, for
which RR5 approximated that of the control group and was
significantly better than that of the B-I group. 

The limitation of the current study was that the control
group were younger than the patients in both B-I and PRG
groups. Since there are some reports that gastric emptying
tends to be slower in the elderly (23, 24), this difference may
have influenced our results. Further robust clinical studies
and the collection of large-scale data are required. In the
future, however, we plan to conduct a survey using the Post
Gastrectomy Syndrome Assessment Scale (PGASAS)
formulated by the working group Contemplating the
Evaluation of Gastric Cancer Following Surgery in Japan (1)
to evaluate QOL after gastrectomy.

Conclusion

Gastric emptying improved significantly after PRG compared
to B-I reconstruction, and was comparable to that of healthy
controls. Therefore, PRG seems to be a better reconstruction
procedure after distal gastrectomy for gastric cancer.
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