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Abstract

Patients with gastroesophageal reflux disease may have disturbances
of gastric motility, which could play a role in the pathophysiology of
the disease. Recent studies have suggested that the gastric region just
below the gastroesophageal junction may have a distinct physiologi-
cal behavior. We determined whether patients with gastroesophageal
reflux disease have abnormal residence of food in the infra-junctional
portion of the stomach after ingesting a liquid nutrient meal. Fasted
adult patients with reflux disease (N = 11) and healthy volunteers (N
= 10) ingested a liquid meal (320 ml; 437 kcal) labeled with
99mtechnetium-phytate and their total gastric emptying half-time and
regional emptying from the stomach infra-junctional region were
determined. In 8 patients, episodes of postprandial acidic reflux to the
esophagus were measured for 2 h using pH monitoring. There were no
differences between reflux patients and controls regarding total gas-
tric emptying time (median: 68 min; range: 39-123 min vs 65 min and
60-99 min, respectively; P > 0.50). Food residence in the infra-
junctional area was similar for patients and controls: 23% (range: 20-
30) vs 27% (range: 19-30%; P = 0.28) and emptying from this area
paralleled total gastric emptying (Rs = 0.79; P = 0.04). There was no
correlation between residence of food in the infra-junctional area and
episodes of gastroesophageal reflux (Rs = 0.06; P = 0.88). We
conclude that it is unlikely that regional motor disturbances involving
the infra-junctional region of the stomach play a relevant role in the
pathogenesis of acidic gastroesophageal reflux.
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Introduction

Gastroesophageal reflux disease (GERD)
is a common chronic disease, usually caused
by increased episodes of acidic reflux from

the stomach to the esophagus (1). As a con-
sequence, patients may develop erosive or
ulcerative lesions of the esophageal mucosa,
as well as characteristic symptoms such as
heartburn and regurgitation (2-4).
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Studies on animals and man have indi-
cated that the stomach may play a central
role in the origin of GERD. For example,
gastric distension may elicit transient relax-
ations of the lower esophageal sphincter
(TRLES), which may be associated with
increased episodes of gastroesophageal re-
flux (5-7). Also, delayed gastric emptying,
which might cause distension of the stom-
ach, has been reported in substantial propor-
tions of patients with GERD (8-12), although
others have failed to confirm this finding
(13-16). More recently, it has been shown
that patients with GERD may have regional
disturbances of gastric motility, such as in-
creased (16-19) or decreased (20) retention
of chyme in the proximal stomach, which
may occur independently of gastric empty-
ing rates.

Two recent studies exploring the chemi-
cal characteristics of the intragastric con-
tents collected from just below the gastro-
esophageal junction have produced data sup-
porting the view that this area may have a
peculiar physiological behavior, distinct from
more distal gastric sites (21,22). A study
conducted on healthy volunteers reported
that, after intragastric administration of ni-
trates, nitric oxide concentrations over the
segment just below the gastroesophageal
junction were significantly higher than at all
more distal gastric sites (21). In another
study from the same group (22) carried out
on dyspeptic patients, data from dual gastric
and esophageal pH pull-trough recordings
showed a regional variation in intragastric
pH, with a “pocket” of more acidic contents
just below the gastroesophageal junction
(22). It was suggested that the contents of
this region escaped the buffering effect of
meals, remaining highly acidic in compari-
son with contents collected from the body of
the stomach (22).

We therefore hypothesized that disturbed
motor performance of the infra-junctional
(IJ) portion of the proximal stomach (the
gastric area just below the lower esophageal

sphincter) of patients with GERD might lead
to accelerated emptying of ingested meals.
This would be associated with less buffered,
more acidic contents, thus contributing to
the pathogenesis of GERD. Hence, charac-
terizing motor abnormalities involving the
IJ portion of the proximal stomach might
prompt the development of therapeutic strat-
egies focused on this particular anatomical
region. The objective of the present study
was to determine the postprandial residence
of fluids and the emptying rate of the IJ
portion of the proximal stomach in GERD
patients compared to healthy volunteers.

Material and Methods

Subjects

Eleven patients with GERD (4 males and
7 females, median age: 51 years, range: 19-
62 years, median body mass index (BMI):
24.6 kg/m2, range: 19.38-29.82 kg/m2) and
10 healthy, non-symptomatic volunteers from
the medical staff and other hospital employ-
ees (8 males and 2 females) participated in
the study after giving written informed con-
sent. Median age in this group was 24.5
years (range: 18-45 years) and median BMI
was 25.22 kg/m2 (range: 19.71-28.14 kg/
m2). There were no significant differences
(Student t-test) between patients and con-
trols regarding age (P > 0.10) or BMI (P >
0.50). The local Ethics Committee approved
the study protocol (Statement number 9326/
00), which was carried out according to the
Declaration of Helsinki for research in hu-
man beings.

All patients had typical symptoms of
GERD (such as heartburn and regurgitation)
as predominant complaints. All patients had
undergone an upper gastrointestinal tract
investigation during a 3-month period pre-
ceding the inclusion in the study. This con-
sisted of endoscopy, which was carried out
in all patients, and a continuous 24-h ambu-
latory esophageal pH recording performed
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in those patients with typical GERD symp-
toms and a normal endoscopy. On the basis
of this investigation, 9 patients were found
to have Savary-Miller (23) grade I erosive
esophagitis, with no significant (<2 cm) hia-
tus hernia, and 2 patients were found to have
non-erosive esophagitis. The criteria for in-
clusion in the GERD group therefore con-
sisted of at least one cardinal GERD symp-
tom (3) plus either erosive esophagitis at
endoscopy (23) or abnormal results of the
esophageal pH study (3,4). Criteria for in-
clusion in the control group consisted of the
absence of any active symptom or history of
digestive complaints or diseases. None of
the subjects included in the study were smok-
ers, had evidence of other diseases or had
previous abdominal operations. None of the
healthy controls used any drugs. For the
GERD patient group, all medications in use
were discontinued at least one week before
the tests.

Study protocol

Gastric emptying and the intragastric dis-
tribution of a radio-labeled liquid nutrient
meal were assessed in all patients and con-
trol volunteers by external abdominal scin-
tigraphy. In 8 of the GERD patients, a 2-h
postprandial ambulatory esophageal pH re-
cording using the same test meal was per-
formed in another session carried out within
2-7 days after the first study. All tests were
carried out in the morning, after an overnight
fast.

Determination of gastric emptying and meal
residence in the proximal stomach and in the
infra-junctional region

Subjects ingested 320 ml of a liquid test
meal containing 437 kcal (64 g carbohy-
drate, 20 g protein, and 11 g fat, 800 mOsm/
kg) and prepared as described elsewhere
(20). Before ingestion, the test meal was
labeled with 18 MBq 99mtechnetium coupled

with phytate (Phytosyd; Sydma Medical
Equipments and Reagents, Ribeirão Preto,
SP, Brazil) as a non-absorbable carrier. Im-
mediately after meal ingestion, images of
the radioactivity in the anterior and posterior
aspects of the abdomen were simultaneously
collected (30 s of acquisition time) from
subjects standing between the low energy,
high sensitivity collimators of a dual-headed
gamma camera (Sopha Vision, model DST,
“Sophycamera”, Sopha Medical Vision
America, Twinsburg, OH, USA). The cam-
era was set up to record activity with a 20%
window around the 140-keV photo peak of
technetium. The acquisition apparatus was
connected to an image processing system.
Further serial images of the abdomen were
then taken every 5 min during the first 20
min, and then at 10-min intervals up to 90
min. In the intervals between image acquisi-
tions subjects sat comfortably in a chair near
the camera.

Images corresponding to the anterior pro-
jection of the stomach were identified from
the frames collected after meal ingestion. A
region of interest (ROI) corresponding to the
total stomach was outlined with a cursor
over the largest anterior gastric image ob-
tained from the first three acquisitions (at 0,
5, or 10 min after meal), in which gastric
accommodation was expected to be maxi-
mal. This ROI was then subdivided into two
regions respectively corresponding to the
proximal and distal gastric areas, as described
elsewhere (20). Additionally, a specific ROI
for the IJ area was defined by dividing the
ROI for the proximal stomach into two
halves. The ROIs corresponding to each re-
gion (total, proximal and distal stomach, and
IJ) were copied and inverted, so they could
fit the posterior images. Counts obtained
throughout the study from all anterior and
posterior ROIs were recorded and stored.
These data were then corrected for physical
isotope decay, and the geometric mean of
the anterior and posterior counts was com-
puted to correct for the effect of the poste-
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rior-to-anterior movement of the marker
within the body.

For each region, “activity versus time”
curves, expressed as percentages of activity
in the total stomach immediately after the
end of meal ingestion, were obtained. These
curves permit the calculation of the follow-
ing variables: gastric emptying half-time (T1/

2), the time (min) needed for the initial activ-
ity in the total stomach to fall by 50%; meal
residence in the proximal stomach through-
out gastric emptying: the ratio between the
average retention of radioactivity in the ROIs
corresponding to the proximal and the total
stomach. Meal residence in the IJ area
throughout gastric emptying was defined as
the ratio between the average retention of
radioactivity in the ROI corresponding to
the IJ area and in both the proximal and total
stomach. IJ area emptying half-time (T1/2)
was defined as the time (min) needed for the
initial activity in this area to fall by 50%.

Determination of gastroesophageal reflux

Patients underwent conventional manom-
etry (24) and immediately after the proce-
dure a pH probe (Synetics Multi-use pH-
Catheter; Synetics Medical, Stockholm,
Sweden) with a single antimony electrode
was introduced so that its tip was positioned
5 cm above the lower esophageal sphincter.
The probe was connected to a pH meter
(Digitrapper MkIII, Synetics Medical) and a
basal recording was obtained for 45 min.
The patient was then fed the same liquid test
meal as used in the abdominal scintigraphy,

but without adding the radio marker. After
ingestion, the patient sat comfortably and
was instructed to stand up for one min every
10 min up to 2 h, in order to simulate the
variations of body position observed during
the isotope study.

The number of acidic reflux episodes
during this study was counted after visual
inspection of each individual recording us-
ing a dedicated software (Polygram function
testing for Windows, Synetics Medical). An
acidic reflux episode was defined as a fall in
esophageal pH to below the arbitrary limit of
4 pH units for at least 10 s. A further drop of
at least 1 pH unit when esophageal pH was
already below 4.0 was considered to be a
new-reflux episode (20).

Statistical analysis

Data are reported as median and range
and were analyzed by nonparametric tests
since the data did not seem to have a normal
distribution. Differences between controls
and patients were analyzed by the Mann-
Whitney test. Except for the analysis regard-
ing gastric emptying, the two-tailed test was
utilized. The Spearman rank correlation co-
efficient was employed for the assessment
of the relationships between the various gas-
tric motor variables, as well as between resi-
dence of liquid in the IJ area and the number
of postprandial acidic reflux episodes. Dif-
ferences were considered to be statistically
significant when P < 0.05.

Results

As shown in Figure 1, there was no sig-
nificant difference between GERD patients
and controls regarding total gastric empty-
ing T1/2 values (median: 68 min; range: 39-
123 vs 65 min and 60-99 min, respectively).

Data regarding residence of food in the
proximal stomach are presented in Figure 2,
which also shows that there was no signifi-
cant difference between GERD patients and

Figure 1. Gastric emptying half-
times (total T1/2) for patients with
gastroesophageal reflux dis-
ease (GERD) and for control
subjects after a liquid nutrient
meal. The horizontal bars indi-
cate the medians for patients (N
= 11) and controls (N = 10). P >
0.05 (Mann-Whitney test).
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the controls concerning this variable (46%;
38-60 vs 52%; 39-59%; P > 0.50).

Residence of food in the IJ area through-
out gastric emptying in GERD patients was
similar to that observed in controls, both
when expressed as a fraction of total (23%;
20-30 vs 26.5%; 19-30%; P > 0.20) or proxi-
mal stomach residence (50.6%; 46.1-54.4 vs
50.5%; 48.0-53.1%; P > 0.50). These data
are presented in Figure 3A and B. Values for
the emptying T1/2 of the IJ area of GERD
patients, although slightly lower, were also
not significantly different from those ob-
tained for the control group (58 min; 37-90
vs 64.5 min; 38-85 min; P > 0.50), as shown
in Figure 4. Data in Table 1 shows that, in
both groups, the motor behavior of the IJ
area paralleled those of both the total and the
proximal stomach since highly significant
values for the correlation coefficient between
the relevant variables were observed. The
relationship between the rates of emptying
of the IJ area and the total stomach is shown
in Figure 5.

In GERD patients, there was no signifi-
cant correlation between residence of food
in the IJ area and the number of acidic gas-
troesophageal reflux episodes (Rs = 0.06; P
= 0.88), as shown in Figure 6.

Discussion

Our findings show that, after a liquid
nutrient meal, the residence of chyme in the
gastric region just below the lower esoph-
ageal sphincter (IJ area) parallels the resi-
dence rates of both the proximal and total
stomach. Indeed, the median values for meal
residence in the IJ area of both groups were
numerically close to those corresponding to
the size of the ROI for that area, when ex-
pressed in proportion of either the proximal
(~50%) or the total stomach (~25%). Also,
no differences were found between GERD
patients and healthy volunteers. Taking to-
gether, these findings indicated that it is
unlikely that an abnormal motor behavior of

Figure 2. Residence of food in
the proximal stomach (reported
as a fraction of that for the total
stomach) throughout gastric
emptying in patients with gastro-
esophageal reflux disease
(GERD) and control subjects,
after a liquid nutrient meal. The
horizontal bars indicate the me-
dians for patients (N = 11) and
controls (N = 10). P > 0.05
(Mann-Whitney test).

Figure 3. Residence of food in
the infra-junctional (IJ) region of
the proximal stomach (the area
just below the lower esophageal
sphincter) throughout gastric
emptying in patients with gastro-
esophageal reflux disease
(GERD) and control subjects,
after a liquid nutrient meal. Data
are reported as fractions of both
total (A) and proximal stomach
(B) residence values. The hori-
zontal bars indicate the medians
for patients (N = 11) and con-
trols (N = 10). A, P > 0.05; B, P >
0.05 (Mann-Whitney test).

Figure 4. Emptying half-time
(T1/2) of the infra-junctional (IJ)
region of the proximal stomach
(the area just below the lower
esophageal sphincter) in pa-
tients with gastroesophageal re-
flux disease (GERD) and con-
trol subjects, after a liquid nutri-
ent meal. The horizontal bars in-
dicate the medians for patients
(N = 11) and controls (N = 10). P
> 0.05 (Mann-Whitney test).

the IJ region is involved in the pathogenesis
of acidic gastroesophageal reflux.

Based on studies showing that patients
with GERD may have regional gastric motor
abnormalities (16-20) and that the IJ area of
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proximal stomach and may be associated
with increased rates of both TRLES (1) and
reflux episodes (4,5). Nevertheless, we were
unable to find any evidence of rapid empty-
ing from this region, or any significant cor-
relation between residence of food in the IJ
area and the number of acidic gastroesopha-
geal reflux episodes.

Our patients probably are a rather repre-
sentative sample of GERD, since this group
included only patients with mild or no esoph-
agitis and without hiatus hernia, but with
pathological reflux, as demonstrated by 24-
h esophageal pH monitoring. This kind of
patient corresponds to the largest contingent
in the clinical spectrum of GERD (1,4), and
also represents a group in which TRLES
originating in the stomach is regarded as a
major pathogenic mechanism of gastroesoph-
ageal reflux (1,4,26,27).

As far as the test meal employed in our
study is concerned, we regard it as suitable
for testing the proposed hypothesis of di-
minished residence of liquids in the IJ re-
gion, given its relatively high calorie content
and osmolarity, and its ability to elicit a
substantial number of postprandial episodes
of acidic gastroesophageal reflux, as seen in
a previous study with the same meal (20).
Nevertheless, we cannot rule out the possi-
bility that using a composite, mixed solid-
liquid test meal, or more exclusively, a usual
solid meal might produce different results.

Measurements of total and regional gas-
tric emptying and the number of acidic gas-
troesophageal reflux episodes were per-
formed on two different days. However, this
is unlikely to be relevant for our negative
findings, since the studies were performed
under similar conditions, the interval be-
tween the two studies was rather short and
both scintigraphy (28) and esophageal pH
monitoring (29) are quite reproducible tech-
niques.

Another potential methodological limi-
tation of the present study is the definition of
a possibly too large ROI for the IJ region of

Figure 6. Correlation between
values for residence of food in
the infra-junctional (IJ) region of
the proximal stomach (the area
just below the lower esophageal
sphincter) and the number of
acidic gastroesophageal reflux
episodes in patients with gastro-
esophageal reflux disease, after
a liquid nutrient meal. Rs = 0.06
and P > 0.05 (Spearman’s cor-
relation).

Figure 5. Correlation between
emptying rates from the infra-
junctional (IJ) region of the proxi-
mal stomach (the area just
below the lower esophageal
sphincter) and from the total
stomach in patients with gastro-
esophageal reflux disease, after
a liquid nutrient meal. Data are
reported for N = 11 patients. Rs
= 0.71 and P = 0.018 (Spear-
man’s correlation).

the proximal stomach might show a peculiar
physiological behavior (21,22), we hypoth-
esized that meal emptying from this area
might be accelerated, leading to less buff-
ered and more acidic contents (22). Since
transfer of liquids from the proximal to the
distal stomach appears to be dependent on
gastric fundal pressure (25), abnormally rapid
chyme emptying from the IJ area may be
associated with increased pressure. This in
turn may stretch the cardiac region of the

Table 1. Application of Spearman’s correlation coefficient to motor variables related to
the infra-junctional (IJ) region of the stomach and those related to both the proximal
and the total stomach in patients with gastroesophageal reflux disease (GERD) and in
healthy volunteers (controls).

Subjects Emptying T1/2 - IJ vs Residence - IJ vs
total stomach proximal stomach

GERD (N = 11) Rs = 0.71 (0.018) Rs = 0.95 (<0.001)
Controls (N = 10) Rs = 0.88 (0.001) Rs = 0.94 (0.0002)

Data in parentheses correspond to the relevant P values, for the hypothesis that the
correlation is significantly different from zero. T1/2 is the emptying half-time for each
region.
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the proximal stomach. This was done so that
the longitudinal diameter of this ROI would
correspond to 50% of that for the total stom-
ach, in order to reduce the chance of missing
the emergence of the esophagus into the
stomach, which may vary from one indi-
vidual to another. However, this relatively
large size may have interfered with the dem-
onstration of more subtle regional motor
abnormalities regarding the IJ area. Never-
theless, our findings of preserved emptying
from the IJ area agree with those reported in
a very recent study which used a different
approach to define the IJ area (30). In this
study, Sifrim et al. (30) used a radioactive
marker to precisely define the gastroesopha-
geal junction and a ROI as small as 10% of
the total stomach around the marker corre-
sponding to this particular gastric region and
did not find any abnormal retention in this
area.

The lack of a difference between GERD
patients and controls for gastric emptying
time in the present study differs from other
studies showing delayed gastric emptying
(8-12). Nevertheless, our findings agree with
previous studies that either failed to demon-
strate an abnormality in GERD, or found
that only a small proportion of patients had
delayed emptying (13-16,20). Indeed, close
inspection of our data (Figure 1) shows that
only one of the 11 GERD patients had an
exceedingly high gastric emptying T1/2. Also,
we did not find differences between GERD
patients and controls regarding meal resi-
dence in the proximal stomach, which is in
contrast to others who reported either in-

creased postprandial proximal residence of
food (16-19) or diminished retention in the
proximal stomach of the same liquid meal as
used here (20). However, it is possible to
assume that differences between our find-
ings and other studies that demonstrated de-
layed gastric emptying or postprandial intra-
gastric food maldistribution in GERD are
related to different criteria for patient inclu-
sion or diversity in patient demographic and
clinical characteristics. Also, it is difficult to
rule out that the relatively small number of
patients included in the present study may
have contributed to the absence of differ-
ence between the GERD and control groups,
as well as to the discrepancy between our
findings and those from other studies (13-
20).

The present study did not demonstrate
any differences between GERD patients and
healthy volunteers regarding meal residence
in the infra-junctional portion of the proxi-
mal stomach. Our results therefore do not
support the hypothesis that physiological
motor abnormalities in the gastric area lo-
cated just below the lower esophageal sphinc-
ter play a relevant role in the pathogenesis of
acidic gastroesophageal reflux.
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