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Abstract 
Objectives: The demerit of pylorus-preserving gastrectomy (PPG) is gastric 
stasis in the remnant stomach (GSRS). We investigated the relationship be-
tween postgastrectomy disorder (PGD), especially GSRS, and interdigestive 
migrating complex (IMC) in PPG patients. Background: The cause of GSRS 
is still unknown. Therefore, we studied relationship between GSRS and IMC. 
Methods: 24 PPG patients (16 men and 8 women; mean, 61.2 years) were di-
vided into groups A (12 patients without GSRS) and B (12 patients with 
GSRS). The relationship between GSRS and IMC was studied. Results: 
Length of the antral cuff (LAC) was significantly longer in group A than 
group B (P < 0.0001). IMC and appetite were significantly more common in 
group A than in group B (P = 0.0465, P = 0.0186, respectively). Postprandial 
abdominal fullness (PAF) was significantly more common in group B than in 
group A (P = 0.0061). Reflux esophagitis (RE) and body weight loss were 
found in group B more than in group A. Dumping syndrome was not found 
in either group. Endoscopic gastritis was found significantly more in group B 
than in group A (P = 0.0047). Conclusions: In PPG patients with a short 
LAC, GSRS may occur by the decrease of IMC occurrence. 
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1. Introduction 

Pylorus-preserving gastrectomy (PPG) has been reported to be beneficial for 
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postoperative quality of life (QOL) and is also associated with significantly lower 
incidences of reflux esophagitis (RE) and dumping syndrome (DS), as well as a 
significant decrease in postoperative malnutrition due to loss of appetite and 
postoperative body weight loss [1] [2] [3] [4]. It is suggested that a common 
postgastrectomy disorder (PGD) in patients after PPG is postprandial abdominal 
fullness (PAF) due to gastric stasis in the remnant stomach (GSRS) [1] [2] [3] 
[4]. GSRS can be found at a rate of about 32% - 64% at 1 year or more in patients 
after PPG [5] [6]. In some patients with GSRS after PPG, food consumption be-
comes insufficient which leads to a deterioration of postoperative QOL. It is re-
ported that GSRS may be caused by impaired gastrointestinal motility [3].  

Gastrointestinal motility plays a major role in food transfer, digestion, and 
absorption of nutrients [7] [8]. There are two patterns of gastrointestinal motili-
ty, fasting and postprandial patterns, in healthy humans. In the normal fasting 
gastrointestinal pattern, the contractive movements of the gastrointestinal tract 
during the fasting period are known to comprise phase I (no contraction), phase 
II (irregular contraction), phase III (regular contraction), and phase IV (con-
traction gradually disappears) [7] [8]. Among these phases, phase III has been 
termed the interdigestive migrating complex (IMC). It is made up of a group of 
contractile waves that migrate from the oral to the anal side of the gut in a con-
stant period, characterized by an interval of 60 to 150 minutes during the fasting 
period in normal subjects, and individual variation is thought to be very small 
[7] [8] [9] [10]. In contrast, gastrointestinal movements in the postprandial pe-
riod show various motility patterns, so it is difficult for researchers to judge 
whether these patterns are due to the mixing or transportation of food. There-
fore, many studies have investigated IMC for gastrointestinal motility [7] [8] [9] 
[10]. To the best of our knowledge, there are no reports concerning the rela-
tionship between GSRS and IMC in patients after PPG.  

Aim of the study 
In the present study, we divided patients 1 year after PPG into 2 groups ac-

cording to the occurrence of GSRS and studied the relationship between PGD, 
especially GSRS, and IMC. 

2. Patients and Methods 

From January 2012 to December 2017, 24 patients (16 men and 8 women; aged 
from 33 to 72 years with a mean age of 61.2 years) with gastric cancer [M (tumor 
invasion of mucosa), SM (tumor invasion of submucosa), or PM (tumor inva-
sion of muscularis propria) cancer] of N0 (no lymph node metastasis) under-
went PPG with preservation of the vagal nerve (lymph node dissection preserv-
ing vagal nerve in radical curability). They were divided into 2 groups [Group A, 
12 patients without GSRS (saburra could not be found in the remnant stomach 
by gastric endoscopy); Group B, 12 patients with GSRS (saburra could be found 
in the remnant stomach by gastric endoscopy)]. We selected patients with gas-
tric cancer who were indicated in criteria for surgery (see the 2.1 section). The 
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first author studied whether there is a relationship between GSRS and IMC. The 
subjects postoperative courses have been satisfactory. One year has elapsed since 
surgery, and no adjuvant therapies including anticancer chemotherapy have 
been applied in patients with M or SM cancer. Anticancer chemotherapy was 
given to the patients with PM cancer for 6 months after operation. In postopera-
tive complication, wound infection (surgical site infection) was found in group B 
(1 patient). The past histories included no psychoneurological disease, metabolic 
disease, endocrine disease, gastrointestinal functional disease, or gastrointestinal 
organic disease. 

Prior to the measurement of IMC, subjects were interviewed directly. The first 
author interviewed on their appetite, symptoms of RE (heartburn, chest pain, 
dyspepsia, regurgitation, and dysphagia), early DS, late DS, and percent body 
weight relative to their preillness weight. Patients with or without RE, GRS, and 
GSRS were examined by esophagogastric endoscopy. 

In the measurement of the IMC, patients refrained from eating and drinking for 
at least 12 hours before examination. A catheter was equipped with a micro-tip 
force transducer (Millar Instruments, Houston, TX, USA), which was inserted 
transnasally into the lower esophagus, remnant stomach, and duodenum in a 
supine position, and the occurrence of IMC was determined [10]. The recording 
was performed using a polygraph system (carrier amplifier AP-601G, Ni-
hon-Koden, Tokyo, Japan). Prior to the measurement, all patients were well in-
formed of matters such as the necessity of the test and gave consent to partici-
pate in it. The esophagogastroduodenal pressure was recorded for approximately 
2 hours while patients listened to light music to remove stress. 

Informed consent was obtained from all individuals participating in the present 
study. This study was also approved by the Ethical Committee of Nihon Univer-
sity School of Medicine. 

2.1. Criteria for Surgery 

M, SM, or PM cancers at the middle and/or lower third of the stomach were se-
lected and N0 was confirmed by ultrasonic endoscopy, computed tomography, 
and magnetic resonance imaging in preoperative examinations. Furthermore, all 
cases were unsuitable for endoscopic mucosa resection or partial excision of the 
stomach. Cases in which the remnant stomach would become 1/3 or more were 
included (in the present study, the remnant stomach in all subjects was 1/3). 
According to our data, the distance from the anal-side margin of the tumor to 
the pyloric sphincter was 3.5 cm or more in M, SM or PM, so the resected mar-
gin was free from cancer cells, microscopically. In this surgical technique, the 
pyloric antrum (i.e., length of the antral cuff; LAC) 1.5 to 3.5 cm from the pylor-
ic sphincter was preserved. Cancer was excised with D1 + α lymph node pre-
serving the vagal nerves. Lymph node dissection, according to the general Japa-
nese rules for Gastric Cancer Study in Surgery and Pathology (the Japanese 
Classification of Gastric Carcinoma) [11], was classified as a D1 + α dissection 
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including the complete removal of group 1 and number 7 or 8 lymph nodes. 
Group 1 lymph nodes are located in the perigastric tissue along the lesser and 
greater curvatures and in the proximity to the primary tumor. Number 7 lymph 
nodes are located around the left gastric arteries. Number 8 lymph nodes are lo-
cated around the common hepatic arteries. 

2.2. Statistical Analysis 

Chi-square test was used for statistical analysis (StatView version 5.0 for Macin-
tosh; Abacus Concepts Inc., Berkeley, Calif.). For statistical analysis of the per-
cent body weight of the pre-illness weight, the Student’s t-test was used. A p 
value of less than 0.05 was regarded as significant. 

3. Results 
3.1. Characteristics of Patients 

There were no significant differences in patient’s characteristics such as sexuali-
ty, age, depth of cancer invasion, lymph node metastasis, pathological stage, 
lymph noe resection, PHCV preservation, resected stomach, past history, post-
operative complication, and postoperative chemotherapy between groups A and 
B except for LAC (P = 0.5000, respectively). LAC in group A was 3.1 ± 0.4 cm 
(2.4 to 3.5 cm) and that in group B 2.0 ± 0.5 cm (1.5 to 3.0 cm). In addition, LAC 
was significantly longer in group A than group B (P < 0.0001; Table 1). 

3.2. Clinical Symptoms of Interview 

1) Appetite 
In group A, the rate of “No change compared with normal” was 100% (12/12). 

In group B, the rate of “No change compared with normal” was 66.7% (8/12) 
and that with a “Decrease compared with normal” was 33.3% (4/12). The status 
of “No change compared with normal” was significantly more common in group 
A than in group B (P = 0.0465) (Table 2). 

2) PAF 
The rate of no PAF was 83.3% (10/12) in group A and 25.0% (3/12) in group 

B. In the remaining patients in both groups, PAF was found. PAF was found 
significantly more in group B than in group A (P = 0.0061) (Table 2).  

3) Symptoms of RE (heartburn, chest pain, dyspepsia, regurgitation, and 
dysphagia) 

The rates of having no symptoms of RE were 91.7% (11/12) in group A and 
75.0% (9/12) in group B. In the remaining patients in both groups, RE was 
found. There was no significant difference between groups A and B (P = 0.2950) 
(Table 2). 

4) Early and late DS 
Neither early nor late DS could be found in either group (Table 2). 
5) Percent body weight relative to preillness weight 
The rate for group A was 93.9% ± 5.4% and that for group B was 90.8% ±  
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Table 1. Patients’ characteristics. 

Factors Group A (n = 12) Group B (n = 12) P value 

Male/Female 8/4 7/5 0.5000 

Age (years) 65.1 (40 - 79) 64.8 (33 - 78) 0.5000 

Depth of cancer invasion    

Mucosa 50.0% (6/12) 58.3% (7/12) 0.5000 

Submucosa 25.0% (3/12) 25.0% (3/12)  

Muscularis propria 25.0% (3/12) 16.7% (2/12)  

Lymph node metastasis    

No 100% (12/12) 100% (12/12)  

Pathological stage    

Stage IA 75.0% (9/12) 73.3% (10/12) 0.5000 

Stage IB 25.0% (3/12) 26.7% (2/12)  

Lymph node resection    

D1 75.0% (9/12) 73.3% (10/12) 0.5000 

D1 + α 25.0% (3/12) 26.7% (2/12)  

PHCV preservation    

Preservation 100% (12/12) 100% (12/12)  

No preservation 0% (0/12) 0% (0/12)  

Resected stomach    

2/3 100% (12/12) 100% (12/12)  

Length of antral cuff (mean ± SD cm)    

 
3.1 ± 0.4 2.0 ± 0.5 <0.0001 

Past history    

No 100% (12/12) 100% (12/12)  

Postoperative complication    

Wound infection 0% (0/12) 8.3% (1/12) 0.5000 

Postoperative chemotherapy  
(6 months after operation) 

   

No 75.0% (9/12) 83.3% (10/12) 0.5000 

Group A: PPG patients without gastric stasis in the remnant stomach; Group B: PPG patients with gastric 
stasis in the remnant stomach. PPG: Pylorus-preserving gastrectomy; PHCV: Pyloric, hepatic, and celiac 
branches of vagal nerve; Age: Data are the median (range). 

 
8.5%. Percent body weight relative to preillness weight in group B decreased 
more than in group A, but there was no significant difference between the 
groups (P = 0.2978) (Table 2). 

3.3. Upper Endoscopic Findings 

No RE was found in group A, but it was found at a rate of 25.0% (3/12) in group 
B. In the remaining patients in group B, RE was not found. The rate of RE in 
group B was greater than that in group A, but there was no significant difference 
between the two groups (P = 0.1086) (Table 3). GRS occurred at a rate of 8.3%  
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Table 2. Clinical symptoms 1 year after PPG. 

 
Group A (n = 12) Group B (n = 12) P value 

Appetite    

No change vs. normal status 100% (12/12) 66.7% (8/12) 
0.0465 

Decreased vs. normal status 0% (0/12) 33.3% (4/12) 

Postprandial abdominal fullness    

Negative 83.3% (10/12) 25.0% (3/12) 
0.0061 

Positive 16.7% (2/12) 75.0% (9/12) 

Symptoms of reflux esophagitis 
(heartburn, chest pain, dyspepsia,  

regurgitation, dysphagia) 
   

Negative 91.7% (11/12) 75.0% (9/12) 
0.2950 

Positive 8.3% (1/12) 25.0% (3/12) 

Early dumping syndrome    

Negative 100% (12/12) 100% (12/12)  

Positive 0% (0/12) 0% (0/12)  

Late dumping syndrome    

Negative 100% (12/12) 100% (12/12)  

Positive 0% (0/12) 0% (0/12)  

Percent body weight  
relative to preillness weight 

   

 
93.9% ± 5.4% 90.8% ± 8.5% 0.2978 

Group A: PPG patients without gastric stasis in the remnant stomach; Group B: PPG patients with gastric 
stasis in the remnant stomach. PPG: Pylorus-preserving gastrectomy. 

 
Table 3. Endoscopic findings 1 year after PPG. 

 
Group A (n = 12) Group B (n = 12) P value 

Endoscopic findings    

Reflux esophagitis    

Negative 100% (12/12) 75.0% (9/12） 
0.1086 

Positive 0% (0/12) 25.0% (3/12) 

Gastritis in the remnant stomach    

Negative 91.7% (11/12) 33.3% (4/12） 
0.0047 

Positive 8.3% (1/12) 66.6% (8/12) 

Gastric stasis in the remnant stomach    

Negative 100% (12/12) 0% (0/12) 
<0.0001 

Positive 0% (0/12) 100% (12/12) 

PPG: Pylorus-preserving gastrectomy. Group A: PPG patients without gastric stasis in the remnant sto-
mach. Group B: PPG patients with gastric stasis in the remnant stomach. PPG: Pylorus-preserving gastrec-
tomy. 
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(1/12) in group A and at 66.6% (8/12) in group B. In the remaining patients in 
both groups, GRS was not found. GRS was significantly more common in group 
B than in group A (P = 0.0047) (Table 3). 

3.4. Occurrence of IMC 

No IMC occurred from the remnant stomach in all patients. IMC developed on-
ly from the duodenum, and 79.2% (19/24) were positive and 20.8% (5/24) nega-
tive. In group A, all patients were IMC-positive. In group B, 58.3% (7/12) were 
IMC-positive and 41.7% (5/12) IMC-negative. A significant difference was noted 
between groups A and B (P = 0.0186; Table 4). 

4. Discussion 

PGD such as malnutrition due to loss of appetite, weight loss, RE, and DS are 
unfavorable sequela in patients after Conventional distal gastrectom (CDG) 
[11]-[17]. To prevent these PGD, PPG was developed [1] [2] [3] [4] [13] [14] 
[15]. However, it is reported that the frequencies of GSRS after PPG were 27.7% 
to 55.4% [18] [19] [20] [21]. Frequencies of GRS were 19.6% to 75.0% [18] [19] 
[20] [21]. Frequencies of endoscopic RE were 4.5% to 29.7% [16] [19]. The fre-
quency of DS was 12.0% [20]. That is to say, the frequencies of RE (symptomatic 
and endoscopic RE) and DS in patients after PPG were lower than those in pa-
tients after CDG. In contrast, the frequencies of PAF, GSRS, and GRS in patients 
after PPG were higher than those in patients after CDG. Generally, it has been 
considered that the only weakness of the PPG procedure is PAF, GRS, and 
GSRS. To clarify the cause of the PAF, GSR, and GSRS, many researchers fo-
cused on a length of the antral cuff (LAC; length of the remaining antrum from 
the pylorus). As shown by recent studies, the remnant stomach emptying func-
tion was good when a 2.5 to 3.5-cm-long pyloric antrum was preserved, and 
good results of QOL were obtained in patients after PPG [16] [17]. However, op-
timal LAC is unclear yet. Recently, the vagal nerves, including hepatic, pyloric, 
and celiac branches, have been preserved to prevent postgastrectomy syndrome 
including PAF, RE, GRS, and GSRS [2] [3] [4]. In our PPG procedure, the he-
patic, pyloric, and celiac branches of the vagal nerve, and the pylorus with 1.5 to 
3.5 cm remaining of the antrum (length of antral cuff) were preserved. In the 
present study, in terms of the frequencies of RE, DS, PAF, GRS, and GSRS, al-
most the same data were obtained. However, PPG with preserved vagal nerve 
could not control PAF, GRS, and GSRS. We thought that PAF and GRS occurred 
due to GSRS. Thus, we studied the GSRS in relation to IMC. 
 
Table 4. Interdigestive migrating complex. 

 Group A (n = 12) Group B (n = 12) P value 

Negative 0% (0/12) 41.7% ( 5/12) 0.0186 

Positive 100% (12/12) 58.3% ( 7/12)  

Group A: PPG patients without gastric stasis in the remnant stomach; Group B: PPG patients with gastric 
stasis in the remnant stomach; PPG: Pylorus-preserving gastrectomy. 
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Gastointestinal motility, especially IMC, is very important for food digestion 
and absorption [7]. IMC acts as an intestinal housekeeper, clearing residual food 
in addition to intestinal mucosa shedding in the intestinal lumen, gastric, intes-
tinal, and pancreatic juice, and bile, and making the gastrointestine ready for 
food intake [7] [8]. A decreased frequency of IMC occurrence thus induces 
symptoms of retention of gastric content such as gastric juice secreted at the in-
terdigestive state and residual food, and symptoms due to excessive proliferation 
of bacteria resulting from the lack of the housekeeper effect in the remnant sto-
mach and small intestine, leading to PAF due to GSRS [22] [23]. We think that, 
when gastrointestinal motility after PPG becomes abnormal, proper physiologi-
cal functioning such as interdigestive and postprandial digestion and absorption 
may naturally become impossible, leading to the occurrence of abdominal 
symptoms in association with food intake (e.g., loss of appetite, PAF, abdominal 
distention, and GSRS after PPG). In the present study, patients in group A 
showed more appetite with less decrease in body weight than those in group B. 
PAF was clearly found in group B more than in group A. Patients in group A 
had fewer symptoms such as symptomatic RE (e.g., heartburn, chest pain, dys-
pepsia, regurgitation, and dysphagia). Neither early nor late dumping syndrome 
was found in either group. In terms of the endoscopic esophagogastric findings, 
GRS with GSRS were clearly found in group B more than in group A. IMC from 
the duodenum was clearly or more often detected in group A than in group B. 
Therefore, the occurrence of IMC from the duodenum may prevent PAF and 
GRS due to GSRS.  

In pathophysiological studies, the occurrence of IMC from the stomach has 
been shown to be controlled by the vagal nerve. In contrast, IMC from the duo-
denum is controlled by the enteric nervous system. IMC develops from the 
greater curvature in the middle stomach or duodenal bulb, with 80% or more of 
cases occurring from the middle stomach and 20% or less from the duodenum 
[7] [22] [23] [24]. It is well known that the gastric pacemaker that produces IMC 
at the stomach is located at the greater curvature in the middle stomach and 
IMC starts from the antrum [24]. In this study, in all patients after PPG, the 
stomach pacemaker region did not preserved because two-thirds of the distal 
stomach was resected. Therefore, in our patients after PPG, the occurrence of 
IMC from the remnant stomach was completely abolished, and IMC might oc-
cur only from the duodenum. IMC from both stomach and duodenum may be 
necessary to reduce GSRS. Therefore, the middle stomach including pacemaker 
should be left to abolish GSRS.  

Previously, we reported that patients with a short LAC (1.5 to 2.5 cm; 2.0 ± 0.4 
cm) showed worse postoperative QOL, especially PAF, and delayed gastric emp-
tying function compared with a long LAC (2.6 to 3.5 cm; 3.0 ± 0.3 cm) [17]. In 
the present study, IMC was clearly detected in group A (LAC, 2.4 to 3.5 cm; 3.1 
± 0.4 cm) than in group B (LAC, 1.5 to 3.0 cm; 2.0 ± 0.5 cm). According to these 
results, antropyloroduodenal coordination may be well in PPG patients with a 
long LAC compared with a short LAC patients. However, patients in group A 
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could not competly control GSRS in the present study. A long LAC (more than 
3.5 cm) may be necessary to control GSRS. Thus, studies from frequency of the 
occurrence of IMC are thus required to clarify the relationship between GSRS 
and IMC after PPG with a long LAC (more than 3.5 cm). 

In clinic, it is reported that gastrointestinal prokinetic drugs such as cisapride, 
mosapride citrate, itopride hydrochroride, and chinese herbal medicine (rik-
kunshito and daikencyuto) which improve gastrointestinal motor function in-
cluding IMC [6] [25] [26]. These gastrointesinal prokinetic drugs may improve 
GSRS after PPG patients. Therefore, we should be study the relationship between 
IMC and gastrointestinal prokinetic drug in PPG patients with or without GSRS.  

There are many other factors including various kinds of neuropeptides, nitric 
oxide, carbon monoxide, and cytokine that are also associated with gastric mo-
tility. Further assessment of the relationships between these substances and 
GSRS also require. This was a retrospective study with a small size. A rando-
mized controlled trial of the GSRS with an increased number of patients should 
be performed in the future. 

5. Conclusion 

IMC from the duodenum was clearly more common in group A than in group B. 
Postoperative QOL in PPG patients without GSRS was better than that in those 
with GSRS. Therefore, GSRS in patients after PPG, especially those with a short 
LAC, may be due to the decrease of IMC from the duodenum.  
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