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Purpose: Gastric emptying may influence the quality of life of patients who undergo distal gastrectomy. Little is known,
however, about gastric emptying after distal gastrectomy. The aim of our study was to investigate gastric emptying

patterns after distal gastrectomy.

Methods: This gastric-emptying study investigated patients who underwent distal gastrectomy in the 6 months or more
before May 2008 to July 2013 at Chungbuk National University Hospital with a study sample of 205 patients. We analyzed

patterns of gastric emptying.

Results: Delayed gastric emptying was found in 109 of the 205 patients (53.2%). Food stasis was more frequent in a group
with delayed gastric emptying. In multivariate analysis, risk factors for gastroparesis were laparoscopic operation (hazard
ratio [HR], 2.731; P = 0.008) and duration of less than 24 months after distal gastrectomy (HR, 2.795; P = 0.001). Delayed
gastric emptying tended to decrease with duration of the postoperative period.

Conclusion: Delayed gastric emptying is common in distal gastrectomy, and is related to laparoscopic operation and
duration of the postoperative period. Food stasis was more frequent in a group with delayed gastric emptying.

[Ann Surg Treat Res 2017;93(6):310-315]
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INTRODUCTION

Gastric cancer is the second most common cancer in Korea,
and the third leading cause of cancer deaths [1]. The survival
rate of gastric cancer has improved due to early diagnosis,
advances in multimodality management and decreased
mortality, such that the number of survivors has increased [2].
Thus, there have been recent advances for improving quality of
life (QoL) after gastrectomy in the treatment of gastric cancer
such as endoscopic mucosal resection, endoscopic submucosal
dissection, sentinel lymph node navigation surgery and pylorus-
preservation gastrectomy. Nonetheless, the principal treatment
for gastric cancer is still extensive dissection of the lymph
node, with primary tumor resection [3,4]. Patients who undergo

distal gastrectomy often have postgastrectomy syndromes
such as delayed gastric emptying, dumping syndrome, reduced
food intake and reflux esophagitis, which reduce QoL after
gastrectomy [5]. Patients who undergo gastrectomy have poorer
QoL than before surgery. In the immediate postoperative
period, the majority of patients have worse QoL. Most patients
recover their QoL, but one-third experience a maintained
worse QoL after surgery [6]. Poorer QoL than before distal
gastrectomy may be related to postgastrectomy syndrome such
as rapid or delayed gastric emptying of the remnant stomach.
Recovery of QoL after distal gastrectomy is assumed to be
related to functional changes of the remnant stomach. After
distal gastrectomy, the remnant stomach may have a critical
role in postgastrectomy syndrome. However, the function
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of the remnant stomach after distal gastrectomy is not well
understood, and little is known about gastric emptying patterns
after distal gastrectomy. The aim of our study was to evaluate
risk factors for delayed gastric emptying and to investigate
chronological functional changes of the remnant stomach after
distal gastrectomy.

METHODS

Two hundred five patients who were tested for gastric
emptying between April 2013 and July 2014 were selected
from a population of 465 patients who were pathologically
diagnosed with gastric cancer and underwent distal
gastrectomy from August 2008 to July 2013 at Chungbuk
National University Hospital. We retrospectively analyzed risk
factors for gastroparesis and chronological changes according
to postoperative duration after gastrectomy. All patients
underwent radical gastrectomy for primary tumor and D2
lymph node dissection for cases of AGC and D2 or D+ lymph
node dissection for cases of early gastric cancer (EGC) by a single
surgeon. Truncal vagotomy was routinely performed. Billroth-I
reconstruction was conducted using a 28-mm diameter circular
stapler (Autosuture, Covidien, Norwalk, CT, USA). Hand-
sewn anastomosis was performed for Billroth-1I with Braun
anastomosis, and end-to-side gastrojejunostomy was made
approximately 30 cm distal to the ligament of Treitz via the
anterocolic and isoperistaltic pathway. Braun anastomosis was
performed about 40 to 50 cm distal to the gastrojejunostomy. In
the laparoscopic surgery group, all anastomoses were performed
extracorporeally.

We performed gastric emptying study the patients who
visited the outpatients department from January 2012
to September 2014. The enrolled patients did not receive
chemotherapy, did not recur gastric cancer and did not occur
metachronous primary tumor in the other organ. It was carried
out regardlness of the manifestration of symptoms. Gastric
emptying was studied in patients with distal gastrectomy after
6 months postoperative. Studies used **"technetium sulfur
colloid-radiolabeled boiled eggs. All patients who underwent
gastricemptying studies fasted at least 8 hours before study
initiation. Radiolabeled eggs were ingested within 10 minutes
before the test. Normal values for gastricemptying time were
defined as a half-time emptying range of 27-72 minutes. A
half-time for emptying of more than 72 minutes was defined
as delayed gastric emptying. Gastric emptying was divided
into 3 grades according to time. Grade 1 was defined as gastric
emptying time <72 minutes, grade 2 as =72 to <144 minutes
and grade 3 as >144 minutes [8]. Gastroscopy was performed
at the same time as the gastricemptying studies. Reflux
esophagitis was assessed based on endoscopic findings, and
gastric stasis was defined as higher than grade 1 in the residue

system, as reported by Kubo et al. [7]. We retrospectively
analyzed risk factors for delayed gastric emptying and
chronological changes in gastroparesis after distal gastrectomy.
All statistical analyses used IBM SPSS Statistics ver. 21.0 (IBM
Co., Armonk, NY, USA). Chi-square tests were used to analyze
clinicopathogical findings, and Cox proportional hazards
models were used for multivariate analysis. A P-value < 0.05
was considered statistically significant.

RESULTS

Among the 205 patients, 129 patients were men and 76
were women with a mean age of 59.6 + 10.4 years. Mean time
between distal gastrectomy and the gastricemptying study

Table 1. Univariate analysis of risk factors for gastroparesis

Gastroparesis

Variable P-value
Negative Positive

Sex 0.183
Male 65 (50.4) 64 (49.6)
Female 31 (40.8) 45 (59.2)

Age (yr) 0.802
<60 45 (45.9) 53 (54.1)
>60 51 (47.7) 56 (52.3)

Reconstruction 0.183
B-I 74 (44.6) 92 (55.4
B-Il 22 (56.4) 17 (43.6)

Body mass index (kg/mz) 0.493
<25 66 (48.5) 70 (51.5)
>25 30 (43.5) 39 (56.5

Stage 0.508
| 78 (45.1) 95 (54.9)
1l 13 (56.5) 10 (43.5)
1 5 (55.6) 4 (44.4)

Tumor location 0.605
Lower 71 (45.8) 84 (54.2)
Middle 25 (50.0) 25 (50.0

Approach 0.002
Open 47 (61.0 30 (39.0
Laparoscopic 49 (38.3) 79 (61.7)

Time interval (months) 0.001
<24 34 (34.7) 64 (65.3)
>24 62 (57.9) 45 (42.1

Diabetes mellitus 0.863
Negative 81 (47.1 91 (52.9)
Positive 15 (45.5) 18 (54.5

Gastric stasis 0.001
Negative 90 (57.0) 68 (43.0)
Positive 6(12.8) 41 (87.2)

Reflux esophagitis 0.056
Negative 86 (45.0) 105 (55.0)
Positive 10 (71.4) 4 (28.6)

Values are presented as number (%).
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period was 26.7 + 17.2 months. Prior to 2011, 55 patients (57.3%)
underwent laparoscopic surgery, and after 2012, 73 patients
(67.0%) underwent laparoscopic surgery. There was no statistical
difference of ratio of laparoscopic surgery between the 2 periods
when divided by 2011 (P = 0.153). In univariate analysis, age,
sex, type of reconstruction, body mass index (BMI), tumor
stage, location of tumor, and diabetes mellitus (DM) were not
risk factors for gastroparesis. However, 79 patients (61.7%) who
underwent laparoscopic gastrectomy showed gastroparesis out
of 128 patients (P = 0.002). The 64 patients (65.3%) with less
than 24 months between surgery and the gastricemptying
study showed more frequent gastroparesis (P = 0.001). Patients
with gastroparesis were more frequently observed to have
gastric stasis (P < 0.001). Reflux esophagitis was frequently
observed in the gastroparesis group, but this observation was
not significant (P = 0.056) (Table 1). In multivariate analysis,
age, sex, reconstruction, BMI, tumor stage, location of tumor
and DM were not independent risk factors for gastroparesis.
Laparoscopic operation (HR, 2.731; P = 0.008) and less than 24
months between surgery and the gastricemptying study (HR,

Table 2. Multivariate analysis of risk factors of gastroparesis

2.795; P = 0.001) were independent risk factors for gastroparesis
after distal gastrectomy (Table 2). Laparoscopic gastrectomy,
less than 24 months from surgery to gastricemptying study
and food stasis were significantly more frequent for patients
whose gastric emptying was grade 2 compared to other grades
(Table 3). Chronological analysis showed gastroparesis in 66.1%
with 12 months between surgery and the gastricemptying
study, in 64.3% with less than 12-24 months, in 45.5% with
24-36 months, in 355% with 36-48 months, and in 43.8% with
more than 48 months (P = 0.018). Gastroparesis after distal
gastrectomy improved over time (Table 4, Fig. 1).

DISCUSSION

Distal gastrectomy is a common surgery for middle or lower
gastric cancer. Distal gastrectomy is a severely destructive
surgery to the anatomy of the stomach and its neighboring
organs and has the possibility of leading to poor motility [9].
Gastric motility disorders may occur with distal gastrectomy,
and this condition is responsible for poorer QoL before

Variable B-coefficient 95% ClI HR P-value

Sex

Male

Female 0.364 0.320 0.768-2.695 1.439 0.256
Age (yr)

<60

>60 -0.041 0.305 0.528-1.745 0.959 0.959
Body mass index (kg/m?)

<25

>25 0.252 0.305 0.683-2.425 1.287 0.435
Stage 0.910

|

1 0.021 0.523 0.366-2.846 1.021 0.968

1 0.332 0.771 0.308-6.310 1.393 0.667
Reconstruction

B-I

B-Il 0.226 0.451 0.517-3.037 1.254 0.616
Approach

Open

Laparoscopic 1.004 0.380 1.296-5.751 2.731 0.008
Location

Lower

Middle -0.155 0.364 0.420-1.748 0.856 0.670
Time interval (months)

>24

<24 1.028 0.312 1.516-5.153 2.795 0.001
Diabetes mellitus

Negative

Positive 0.360 0.422 0.627-3.277 1.433 0.393

SE, standard error; Cl, confidence interval; HR, hazard ratio.
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Table 3. Univariate analysis of clinicopathological features according to gastric emptying grade

Gastric emptying grade

Variable P-value
Grade 0 Grade 1 Grade 2
Sex 0.203
Male 68 (52.7) 27 (20.9) 34 (26.4)
Female 31 (40.8) 17 (22.4) 28 (36.8)
Age (yr) 0.994
<60 47 (48.0) 21 (21.4) 30 (30.6)
>60 52 (48.6) 23 (21.5) 32 (29.9)
Reconstruction 0.473
B-I 77 (46.4) 36 (21.7) 53 (31.9)
B-II 22 (56.4) 8 (20.5) 9 (23.1)
Body mass index (kg/m’) 0.229
<25 68 (50.0) 32 (23.5) 36 (26.5)
>25 31 (44.9) 12 (17.4) 26 (37.7)
Stage 0.650
| 81 (46.8) 36 (20.8) 56 (32.4)
1l 13 (56.5) 6 (26.1) 4(17.4)
11 5 (55.6) 2(22.2) 2(22.2)
Tumor location 0.729
Lower 74 (47.7) 32 (20.6) 49 (31.6)
Middle 25 (50.0) 12 (24.0) 13 (26.0)
Approach 0.001
Open 48 (62.3) 17 (22.1) 12 (15.6)
Laparoscopic 51(39.8) 27 (21.1) 50 (39.1)
Duration (mo) 0.005
<24 36 (36.7) 24 (24.5) 38 (38.8)
>24 63 (58.9) 20 (18.7) 24 (24.4)
Diabetes mellitus 0.851
Negative 83 (48.3) 38 (22.1) 51 (29.7)
Positive 16 (48.5) 6(18.2) 11(33.3)
Food stasis <0.001
Negative 93 (58.9) 35(22.2) 30 (19.0)
Positive 6(12.8) 9(19.1) 32 (68.1)
Reflux esophagitis 0.193
Negative 89 (46.6) 42 (22.0) 60 (31.4)
Positive 10 (71.4) 2 (14.3) 2 (14.3)

Values are presented as number (%).
Grade 1, <72 minutes; grade 2, 272 and <144 minutes; grade 3, >144.

Table 4. Chronological changes in gastroparesis after distal ~ surgery than after distal gastrectomy [9]. Most patients with
gastrectomy distal gastrectomy recover QoL, but some have poorer QoL
than before surgery. QoL recovery after gastrectomy may be

Normal  Gastroparesis P-value
related to physiological changes in the remnant stomach. The
Duration of postoperative 0.018 h f ir f . d f .

period (mo) enhancement of reservoir function and recovery of gastric
<12 19 (33.9) 37 (66.1) motility can improve QoL after distal gastrectomy, but reservoir
>12, <24 15 (35.7) 27 (64.3) function and recovery of gastric motility are unknown. Our
>24, <36 24 (54.5) 20 (45.5) data showed a percentage of gastroparesis of 53.2%, and that it
>36, <48 20 (64.5) 1135.5) was a common condition in patients with distal gastrectomy.

>48 18 (56.3) 14 (43.8)

Although abnormal gastric emptying is not related to clinical
Values are presented as number (%). dyspepsia [11], our data showed that delayed gastricemptying
grade in a gastricemptying study was related to food stasis. In
our study, patients with delayed gastric emptying more than 2
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Fig. 1. Chronological changes in gastroparesis after distal
gastrectomy.

fold higher than the normal range showed significantly more
food stasis. However, the condition was not severe enough to
require medical or surgical intervention. We did not describe
in the RESULTS section a patient with gastroparesis on gastric
emptying test who was readmitted because of delayed gastric
emptying.

A time interval of less than 24 months between surgery and
a gastricemptying study was a risk factor for gastroparesis
in univariate and multivariate analysis. The percentage of
gastroparesis after distal gastrectomy tended to gradually
decrease after 24 months and was significant. More than 2
years after surgery, greater than half of patients showed normal
gastric empting times. The rate of gastroparesis increased
slightly in patients more than 48 months after surgery, which
was not described in the results, but because more patients
underwent laparoscopic surgery. Few studies have reported
chronological functional changes of the remnant stomach
after gastrectomy. We propose that improved gastric emptying
time may be related to adaptation of the remnant stomach and
expansion of the anastomotic diameter. Our previous study
showed that the relaxation phenomenon of the gastric fundus
is highly enhanced in patients who undergo completion total
gastrectomy for remnant stomach cancer compared to patients
who undergo total gastrectomy. A direct complication of distal
gastrectomy is loss of gastric reservoir function. However,
gastric volume after distal gastrectomy partly recovers with
proper alimentotherapy. As subtotal gastrectomy saves the
gastric proximal region, this relaxation seems natural [12]. We
propose that highly enhanced relaxation of the fundus of the
remnant stomach may be related to chronological changes in
gastroparesis after distal gastrectomy and, we assume, recovery

of QoL after gastrectomy. A study of weight recovery after Roux-
en-Y gastric bypass in patients with obesity may give insights
into gastric function after distal gastrectomy. Abu Dayyeh et
al. [13] reported that gastrojejunal anastomosis is significantly
associated with weight regain after Roux-en-Y gastric bypass.
They asserted that a dilated gastrojejunal anastomosis may
induce early gastric emptying and loss of postprandial satiety.
This anatomic alteration would present in the same manner
as simple noncompliance. Our data showed that gastric-
emptying time gradually improved after gastrectomy and was
significantly related to food stasis. We propose that anastomotic
dilatation after distal gastrectomy may be associated with
gradual improvement in gastric emptying. Our study had the
limitation that gastricemptying studies were not performed
at the same time interval in all patients, but were performed
when patients visited our department during follow-up. We did
not perform studies at the same time intervals in all patients
because of cost and because most patients did not have clinical
symptoms of delayed gastric emptying,

Laparoscopic distal gastrectomy was a risk factor for
gastroparesis in univariate and multivariate analysis. Few
studies have reported risk factors for gastroparesis after
gastrectomy. Surgical techniques of open gastrectomy and
laparoscopic distal gastrectomy have many differences such
as tissue traction or using energy devices. We propose that
laparoscopic energy-based devices may be responsible for
gastroparesis after laparoscopic surgery. Laparoscopic energy-
based devices can cause thermal injury to interstitial cells of
Cajal that regulate gastric motility. This injury may cause gastric
motility dysfunction after laparoscopic distal gastrectomy.

Gastroparesis was common on gastric scintigraphy after
distal gastrectomy. Gastroparesis tended to improve after
gastrectomy, which may be attributable to recovery of gastric
motility and reservoir function. Our data showed that
laparoscopic gastrectomy was an independent risk factor for
gastroparesis. Therefore, laparoscopic gastrectomy should be
performed with cautious handling of laparoscopic energy-based
devices to prevent gastroparesis.
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