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Abstract: Purpose: We investigated whether gastric emptying scans (GESs) showed different emptying patterns
between patients after different types of laparoscopic distal subtotal gastrectomies. We also investigated whether
the presence of food residue via endoscopy can be predicted by GESs. Materials and Methods: We retrospectively
enrolled patients who had GESs within postoperative week 1 after a Billroth | or Billroth Il operation. Diabetic pa-
tients were excluded. GESs were done with a solid test meal. Percent emptying at each scan time was analyzed. The
presence of food residue in the stomach and gastrointestinal symptoms at the outpatient clinic were also analyzed.
Results: In total, 46 patients were enrolled (Billroth I: Billroth Il = 21:25). Sixteen patients underwent a second GES
(postoperative 3-6 months). Both groups showed delayed gastric emptying at the postoperative 1 week scan, but
group | showed much slower emptying. However, this difference disappeared by the second scan. Based on endos-
copies conducted 6 months after the operation, 73.2% of patients had significant amounts of food residue, which
hindered an accurate evaluation. The proportion of patients with food residues did not differ between the groups.
Receiver Operating Characteristic (ROC) curve analysis revealed that a cut-off value of < 30% emptying at 200 min
and 120 min in postoperative 3-6 month scans was both highly sensitive and specific for predicting the presence
of food residue (90.91% and 75% for 100 min and 91.67% and 75% for 120 min, respectively). Conclusions: GESs
within a week after distal subtotal gastrectomy show slower emptying of Billroth | than Il. At a < 30% emptying
threshold, a GES can predict subtotal gastrectomy patients who might have a significant amount of food residue in
their stomach even after following typical fasting instructions to prepare endoscopy.
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Introduction

The standard treatment for gastric cancer is
surgical resection. Early recurrence may be
caused by microcarcinomas in the remaining
gastric wall and the frequency of synchronous
cancer is reported to be 6-14% [1-4]. Thus,
endoscopic evaluation is important in follow-up
of gastric cancer after surgery [1].

However, accurate evaluation by endoscopy
can fail due to the presence of food residues in
the stomach. Jung et al. [5] reported that the
incidence of food retention was 55.5% for
patients who had distal subtotal gastrectomies
in endoscopies performed at 3 months after
surgery. After a subtotal gastrectomy, gastric

emptying can be delayed for many reasons,
such as surgery-associated gastric hypomotili-
ty, subacidity, pyloric function loss, hormones,
innervation, and functional resistance of the
duodenum [1, 6, 7].

The gold standard method for evaluating gas-
tric emptying is gastric emptying scintigraphy
[8]. This technique uses a solid or liquid meal
mixed with radiopharmaceuticals. Analyses of
regions of interest (ROIs) in serial images of the
stomach can provide a physiological, noninva-
sive, and quantitative measurement of gastric
emptying [8, 9]. Several studies have reported
differences in gastric emptying according to
operation techniques [1, 10-14]. However, there
is little information on gastric emptying in
patients after gastric surgical procedures [8].
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Here, we investigated whether gastric emptying
scans (GESs) showed different patterns of
emptying between patients after different
types of laparoscopic distal subtotal gastrecto-
mies. We also investigated whether the pres-
ence of food residue at endoscopy can be pre-
dicted by the scans.

Materials and methods
Patients

This was a retrospective study. From 2011
December to 2014 June, a total of 231 GESs
were performed after early gastric cancer sur-
gery at our institution. Among them, we enrolled
patients with postoperative week 0O-1 scans
after a laparoscopic distal subtotal gastrecto-
my (Billroth | or Il). Diabetic patients were
excluded. Patients with only scans 0-4 days
after the operation were also excluded. When
patients underwent a second scan, we also
analyzed those data retrospectively. Patients
were categorized into two groups according to
the reconstruction method: Billroth | and II. This
protocol was approved by the institutional
review boards of our institution.

Gastric emptying scintigraphy

Gastric emptying scintigraphy with a solid meal
was performed according to the protocol of our
institution, which was designed for patients
after gastrectomy. Patients were fasted over-
night (at least 8 h). The test meal was prepared
from 65-70 g whole egg, 37 MBq °°"Tc pertech-
netate, and 100 mL water. A pinch of salt was
added to improve the taste. The labeled mix-
ture was heated in a microwave for 3 min in a
shielded non-stick dish. The meal was 85 calo-
ries (6 g protein, 6 g fat, and traces of sugars
and starch). The patients were instructed to eat
the entire meal within 15 min, and then have
three sips of water. Then the scan was per-
formed using a dual-head gamma camera
(INFINIA GP3, GE, USA) with a low-energy, high-
resolution collimator; the photo peak was 140
keV with a 20% window (128 x 128 matrix).

Scanning was started in a supine position with-
in 1 min of the completion of eating the test
meal (defined as O min of scan timing).
Subsequent images were obtained at 15, 30,
45, 60, 75, 90, 100, and 120 min. Some
patients also underwent scanning at 240 min.
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Anterior and posterior static images were taken
at each scan time.

Percent emptying

ROIs were drawn manually around the activity
in the entire stomach in anterior and posterior
views. The geographic mean (the square root of
the product of counts in the anterior and poste-
rior ROIs) was used. We analyzed percent emp-
tying by calculating the percentage of irradiated
food evacuated from the stomach at each spe-
cific time point. Data were corrected for radio-
active decay.

Endoscopy procedure

Patients were given written instructions on how
to prepare before the procedure. They were
instructed to have a soft diet (white-rice por-
ridge) for the last meal on the day before the
endoscopy. After that, patients were recom-
mended to fast for more than 12 h before hav-
ing an endoscopy according to the protocol of
our institution. The endoscopy procedures were
performed between 9:00 a.m. and 12.00 p.m.

Food residue data

The results of endoscopy were assessed retro-
spectively. We recorded the presence of food
residues as negative or positive. The decision
was based on the success/failure of the entire
examination of the stomach by endoscopy and
the need to repeat the endoscopy. When an
endoscopic evaluation of the entire surface of
the remaining stomach failed due to remaining
food, and thus it was necessary to repeat the
procedure, we recorded it as positive for food
residue.

Statistical analysis

For normality testing, we used the Kolmogorov-
Smirnov test. With data from the postoperative
1 week scan, comparison of percent emptying
between groups was made with the Mann-
Whitney U-test. For patients who underwent a
second scan, comparisons between groups
were made using t-tests (except for the data at
75 min and 240 min, which did not pass the
normality test). Paired comparisons of percent
emptying between the first and second scans
were made using the Wilcoxon test. We used
the x? test and t-test to analyze food residue
and clinical factors (gender, age, and interval
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Table 1. Patient characteristics

Total (n = 46) Billroth | (n = 21) Billroth Il (n = 25) P value
Age (mean + SD) 59.37 + 14.30 61.95 + 11.23 59.60 + 13.25 0.5240 (t-test)
Gender (male: female) 30:16 13:8 17:8 0.9032 (x?)
First gastric emptying scan interval from surgery median 7.0 (range 4-9) median 7 day (range 4-9) median 7 (5-9) 0.4637 (Mann-Whitney)
Patients who had second scan (n)* 16 6 10 0.7706 (Fisher’s exact test)
Second gastric emptying scan interval from surgery (month) median 3.3 (range 2.4-6.5) median 3.35 (range 2.4-3.6) median 3.3 (range 3.1-6.5)  0.8706 (Mann-Whitney)
Patients who had first endoscopy within 6 months after surgery (n) 41 21 20 0.0536 (Fisher's exact test)
Endoscopy interval from surgery (month) median 3 (range 1-6) median 3 (range 1-5) median 3 (range 3-6) 0.9495 (Mann-Whitney)

Notes: SD, standard deviation: n, number; data that failed the Kolmogorov-Smirnov normality test were compared using non-parametric tests such as the Mann-Whitney U-test; “Second gastric emptying scan at 3-6 months postoperatively.
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Gastric Emtpying (within 1 week postoperatively)
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Figure 1. Comparison of percent gastric emptying between Billroth | and Il patients. Scans were done within 1 week
after the operation (asterisks indicate P < 0.05). Notes: A). Kolmogorov-Smirnov tests rejected normality at each
scan time point for each group. The comparison was made with the Mann-Whitney U-test. B). Most patients did not
undergo a scan at 240 min (patients with 240 min scan: Bil-l [n = 9] and Bil-ll [n = 6]). "Abbreviations: Bil-l, laparo-
scopic distal subtotal gastrectomy with Billroth | reconstruction, Bil-l, laparoscopic distal subtotal gastrectomy with

Billroth Il reconstruction.

from operation to endoscopy). Percent empty-
ing was compared between patients who had
food residues and those who did not using the
Mann-Whitney U-test. ROC curve analyses and
comparisons of ROC curves were done to find
the threshold of percent emptying for detecting
the presence of food residue. SPSS (ver. 19;
IBM Corp., Armonk, NY, USA) and Medcalc soft-
ware (ver. 13.3.3.0; Medcalc, Inc., Ostend,
Belgium) were used for analyses. P values <
0.05 were considered to indicate statistical sig-
nificance. Graphs of percent emptying were
made using the clustered multiple comparison
graph function of the Medcalc program.

Results
General information

In total, 46 patients were enrolled (Billroth | =
21 and Billroth II = 25). In all patients, distal
subtotal gastrectomy was performed with trun-
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cal vagotomy. Patient characteristics are
described in Table 1. There were no significant
differences in age, gender, or interval between
scan and surgery between the groups. Sixteen
patients underwent second GESs. The propor-
tion of patients who underwent a second scan
(postoperative 3-6 months) did not differ
between groups. Endoscopic examinations
were performed in 41 patients.

Gastric emptying and operation type

In the GESs at postoperative 1 week, both
groups showed severely delayed gastric empty-
ing. However, emptying was significantly faster
in the Billroth Il group than the Billroth | group
(Figure 1). At 120 min, the median value of per-
cent emptying was 2% in group | (95% CI for
median was 0-10.5) and 16.5% (7.5-29.5) in
group ll. In the second scans, at postoperative
3-6 months, both groups again showed delayed
gastric emptying. However, there were no sig-
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Gastric Emptying (at 3-6 months postoperatively)
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Figure 2. Comparison of percent gastric emptying between Billroth | and Il patients. Scans were done 3-6 months
after the operation (asterisks indicate P < 0.05). Notes: The data at 75 min and 240 min failed the Kolmogorov-
Smirnov normality test. Thus this comparison graph at 75 min and 240 min uses the median value.

nificant differences between the groups (Figure
2). Nonetheless, group | showed more empty-
ing at very early time points (15, 30 min), but
the difference disappeared in later scans.

In paired comparisons, there were no signifi-
cant changes between the first and second
scans at any time point. Within-group analyses
showed no significant changes between scans.

Presence of food residue at endoscopy

Among the 46 patients, 41 underwent endos-
copy at 6 months after the operation (Table 1).
Of these, 30 (73.2%) patients had a significant
amount of food residue in the stomach hinder-
ing evaluation of the gastric wall. They had to
schedule another endoscopy for later. Eleven
(26.8%) patients did not have any food
residues.

The proportion of patients with food residue did
not significantly differ between the groups
(51.2% in Billroth | group and 48.8% in Billroth
Il group, P = 0.92, x2 test). Other clinical factors
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(gender, age, and interval between operation
and endoscopy) were not significantly different
between patients with and without food
residue.

Food residue at endoscopy and GES

Between patients with and without food resi-
due at endoscopy, there were no significant dif-
ferences in percent emptying at the postopera-
tive 1 week scan at any time point. Among
those who underwent endoscopy, 16 patients
had a second GES. At the second GES, the per-
cent emptying differed between patients with
and without the presence of food residue at
endoscopy (Figure 3). However, the difference
was not statistically significant.

ROC analysis revealed that a cut-off value of <
30% emptying at 100 and 120 min in the sec-
ond GES (postoperative 3-6 month scan) was
both highly sensitive and specific for predicting
the presence of food residue at endoscopy
(90.9% and 75% for 100 min, 91.7% and 75%
for 120 min, respectively; Table 2). At other
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Gastric Emptying (at 3-6 months postoperatively)
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Figure 3. Comparison of percent gastric emptying between patients who had food residue based on endoscopies
performed within 6 months after the laparoscopic distal subtotal gastrectomy. Notes: The Kolmogorov-Smirnov test
rejected normality at every scan time point in each group. Thus comparisons were made using the Mann-Whitney
U-test. At 200 min and 120 min, p values were 0.0673 and 0.0687 respectively. In other scan time points, p values
were all over 0.1. Statistical comparison at time point 240 min could not be made due to small number of patients

(n =3).

time points, percent emptying did not show a
statistically significant difference (data not
shown). Between 100 and 120 min, there was
no difference in AUC (Table 2).

Discussion

The Billroth | group showed slower gastric emp-
tying than the Billroth Il group at postoperative
1 week (Figure 1). However, this difference dis-
appeared by the scan 3-6 months later. Only a
few studies have compared GESs between
Billroth I and Billroth 1l groups [11, 15]. D’Amato
et al. [11] reported that patients in both groups
showed incomplete emptying and slower emp-
tying than a Roux-en-Y group. Lukasiewicz et al.
[15] reported that more Billroth | and |l patients
showed postoperative gastric retention than
Roux-en-Y patients. There is an inadequate
amount of scintigraphic data available to make
comparisons between Billroth | and Il patients.

In comparisons between operation types, some
studies have used endoscopy but without GESs
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[4, 5, 16, 17]. Watanabe et al. [16] reported
that Billroth | reconstruction was an indepen-
dent risk factor for the presence of food resi-
due at endoscopy. Jung et al. [5] reported that
the total incidence of food retention, based on
endoscopy, was 55.5% at 3 months after a dis-
tal subtotal gastrectomy. Patients who had
Billroth | operations showed more food reten-
tion than those with Billroth 1l operations,
based on early endoscopy after the operation
(postoperative 3 months); however, this differ-
ence disappeared later (at postoperative
months 12 and 24), similar to our results. Cho
et al. [17] reported that independent risk fac-
tors for food residue at endoscopy were endos-
copy at 3 months, diabetes mellitus, a body
mass index of < 19.5, and laparoscopic sur-
gery. In their study, reconstruction type (Billoth
I/1l) was not a risk factor [17]. Jung et al. [5] and
Watanabe et al. [16] reported that patients with
food retention did not have specific symptoms
in partial gastrectomy patients. Patients with-
out specific symptoms could still have food resi-

Int J Clin Exp Med 2015;8(11):20769-20777



Gastric emptying after subtotal gastrectomy

Table 2. Comparison of ROC with percent emptying at the postoperative 3-6 months scan and the pres-

ence of food residue at endoscopy

AUC SE 95% Cl

Criterion Sensitivity (95% Cl) Specificity 95% CI +LR  -LR P

Comparison
of AUC

100 min 0.818 0.141 0.539t00.965 <30 90.91(58.7-99.8) 75.00(19.4-99.4) 3.64 0.12 0.0237 P=1
120 min 0.818 0.128 0.539t00.965 <30 91.67 (61.5-99.8) 75.00(19.4-99.4) 3.67 0.11 0.0185

Abbreviations: SE, standard error: Cl, Confidence interval: +LR, positive likelihood ratio: -LR, negative likelihood ratio.

dues. Thus, even a lack of symptoms related to
delayed gastric emptying does not guarantee a
successful endoscopic evaluation.

In our study, we found that the presence of food
residue at endoscopy in patients who under-
went subtotal gastrectomies could be predict-
ed by GES using a threshold of < 30 percent
emptying at 100 and 120 min in scans taken at
postoperative 3-6 months (Table 2). Both of
these times showed sensitivities greater than
90% (Table 2).

Jung et al. [18], who compared gastric emptying
in healthy people between scintigraphy on one
day and endoscopy after X-ray on the next day,
reported that there was no significant correla-
tion between the results of GESs and the pres-
ence of food residues in the stomach [18].
However, they used radiopaque materials in
their tests, which were consumed together with
a solid meal 3 h before the endoscopy.
Differences between an indigestible (radi-
opaque materials) and digestible meal might
be the reason of different emptying patterns.

There are many factors that should be consid-
ered when comparing results of studies about
gastric emptying. Collins et al. [19] reported
that gastric emptying was related to the vol-
ume, weight, content (fat, protein, carbohy-
drate), acidity, particle size, and caloric density
of a meal. Thus, differences in test meals might
also cause differences between studies.
Gastric emptying is also influenced by various
factors such as innervation, muscles, hor-
mones, and functional resistance of the duode-
num [7]. Thus, gastric emptying of patients who
have undergone a subtotal gastrectomy would
not be expected to be the same as that of a
normal healthy person. Jung et al. [5] reported
that the total incidences of food retention were
55.5%, 31.9%, and 20.9% at 3, 12, and 24
months after distal subtotal gastrectomy,
respectively [5]. Therefore, the interval from the
operation to the scan is also important.
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In our study, emptying was severely delayed at
both postoperative week 1 (14.2 at 120 min)
and at 3-6 months (18.3 at 120 min; Figures 1,
2). This is much slower than the results of previ-
ous studies on partial gastrectomy patients
[10, 13, 14, 20]. However, there were many dif-
ferences between the studies in terms of test
meals, operation types, scan positions, and
intervals from operation to scan. Thus, direct
comparisons of the results cannot be made.
More data are needed on gastric emptying of
post-subtotal gastrectomy patients.

In this study, the size of the test meal was rela-
tively small [1, 5, 21, 22]. Previously, at our
institution, we had given a larger test meal to
patients who underwent subtotal gastrecto-
mies. However, most of them failed to eat the
whole meal within the instructed time.
Considering the relatively short interval from
operation to scan, we reduced the size of the
meal for these subtotal gastrectomy patients.
This could help explain the differences in the
results. Further studies on the appropriate test
meal protocols for patients who have had
recent subtotal gastrectomies are needed, with
consideration of the interval between opera-
tion and scan.

This study had several limitations. First, analy-
ses using scans with a longer interval from
operation to scan could not be done. Second,
we only compared Billroth | and Il patients.
Finally, there was a small number of enrolled
patients and a lack of a 4 h scan in most cases.

Despite these limitations, our data indicate
that gastric emptying differs between opera-
tion types. In addition, at a threshold of < 30%
emptying, GESs can be used to significantly
predict the presence of food residue which can
hinder accurate endoscopic evaluations.

A GES within 1 week after a distal subtotal gas-

trectomy showed slower emptying in the Billroth
| group than in the Billroth Il group. At a percent
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emptying threshold of <30% at 120 min, a GES
can significantly predict the presence of food
residue in subtotal gastrectomy patients even
after following typical fasting instructions. For
these patients, stricter instructions, such as a
longer fasting period, should be applied.
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