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Abstract
Background-Ultrasound measurement
of gastric emptying has potential advan-
tages over scintigraphy, but there is little
information about its accuracy.
Aims-The relation between ultrasono-
graphic measurements of antral area and
(a) scintigraphic measurements of gastric
emptying and intragastric distribution of
liquids (b) postprandial satiation, were
evaluated.
Subjects-Seven normal volunteers were
studied.
Method-Each subject drank 75 g dextrose
dissolved in 350 ml of water (300 kcal) or
beef soup (20 kcal), both labelled with
technetium-99m sulphur colloid on sepa-
rate days and had measurement of gastric
emptying by scintigraphy and ultrasound.
Results-Scintigraphic and ultrasound
50% emptying times (T50s) were compar-
able and longer (p<0*001) for dextrose
than soup mean (SEM) (dextrose 107 (16)
min v 108 (18) min, soup 24 (4) min v 23
(5) min). There were close correlations
between scintigraphic and ultrasound
T50s (dextrose r=0.94, p<0*005, soup
r=0.97, p<0001) and between the time at
which the distal stomach content
decreased from its maximum value by
500/O (measured scintigraphically) and the
ultrasound T50 (dextrose r=0.95, p<0'005,
soup r=0.99, p<0.0001). In contrast, there
was no significant relation between the
distal stomach content when expressed as
a percentage of the maximum content in
the total stomach and the ultrasound T50.
After dextrose, fullness was related
(r=0.92, p<001) to the postprandial
increase in antral area measured by ultra-
sound.
Conclusions-Ultrasound measurements
of gastric emptying are: (a) ofcomparable
sensitivity to scintigraphy in quantifying
emptying of both low and high nutrient
liquids (b) correlate with postprandial
satiation, suggesting that the latter may be
mediated by antral distension.
(Gut 1996; 38: 816-821)

Keywords: gastric emptying, antral area, scintigraphy,
ultrasound.

Although a number ofmethods have been used
to assess gastric emptying in humans,l6 many
of these have technical limitations or are com-
plex to perform. Scintigraphy is at present the

'gold standard' for clinical measurement of
gastric emptying.1 6-8 Scintigraphy, however,
requires expensive equipment that is often not
readily available and is associated with a radia-
tion burden. Real time ultrasound can be used
to assess gastric emptying9-14 and has major
advantages over other techniques in that it is
non-invasive, does not entail radiation, and is
widely available. Doppler ultrasound tech-
niques permit evaluation of antral wall motion
and transpyloric flow.'5 16 Because there have
been few comparisons between ultrasound and
scintigraphic techniques the precision and
clinical utility of ultrasonographic measure-
ment of gastric emptying remain uncertain.' 17

Using ultrasound, gastric emptying has char-
acteristically been assessed by measurement of
changes in antral cross sectional area18 19 or
diameter.12 20 The rate at which antral diameter
decreases from the maximum achieved soon
after a drink correlates with gastric emptying
measured scintigraphically.'1 13 14 It is, how-
ever, uncertain why gastric emptying of liquids
should be related to changes in antral area. In
particular, emptying of liquids is dependent on
the relation between motor events in the
proximal stomach, antrum, pylorus, and small
intestine, rather than the motor function of
the proximal stomach alone.27 Antral width
reflects the interplay ofpassive and active forces
favouring distension (including intragastric
volume, gravity, and fundic tone) and resist-
ance to distension occurring as a result of
muscular contractions. It is therefore poten-
tially both a determinant of, and determined
by, the content of the distal stomach. The
factors that regulate emptying differ fundamen-
tally between nutrient and non-nutrient
liquids2 - feedback from small intestinal
luminal receptors predominates in the control
of nutrient containing liquids,2' 22 whereas
gravity and intragastric volume are important
determinants of emptying of isotonic liquids,
which empty faster from the stomach than
nutrient containing liquids.2 23 24 While the
observed relation between ultrasound measure-
ments of antral area and gastric emptying'1 13 14
suggests that the distal stomach, and in particu-
lar antral 'tone', has a role in regulating gastric
emptying of liquids, gastric emptying of liquids
is known to correlate with the content of the
proximal stomach and not that of the distal
stomach measured scintigraphically - that is,
the proximal stomach usually 'empties' in
parallel with the total stomach, whereas the
distal stomach content initially increases and
subsequently decreases.7 22 However, the possi-
bility that there is a relation between emptying
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from the total stomach and the rate at which
the antral content decreases - that is, antral
content expressed as a percentage of its maxi-
mum, rather than the maximum content of the
total stomach, has not been evaluated. We have
therefore examined the relation between scinti-
graphic measurements of the content of the dis-
tal stomach, with ultrasound measurements of
antral area after ingestion oflow and high nutri-
ent liquids.
The factors that regulate appetite in humans

are complex, but it is clear that signals from the
gastrointestinal tract are important.23 27 The
relation between gastric emptying and post-
prandial hunger is, however, comparatively
weak.23 25 It is possible that antral distension
may itself contribute to satiation and this
concept has been strengthened by recent
findings in patients with non-ulcer dyspepsia
that both fasting and postprandial antral area
are often increased18 19 28 and intragastric meal
distribution is abnormal.29 We have examined
the relation between postprandial hunger and
fullness and postprandial antral area in normal
subjects.

Methods

Subjects
Seven healthy volunteers (3 F, 4 M) with a
median age of 23 years (range 20-27) and
body mass index of 22 kg-2 (range 16.5-24.7
kg-2) were studied. None was taking medica-
tion, had gastrointestinal symptoms, or had
any history of gastrointestinal disease.
Smoking was prohibited on the morning ofand
during gastric emptying measurements.

Protocol
Simultaneous measurements of gastric empty-
ing by scintigraphy and ultrasound were per-
formed in each subject after ingestion of either
a low or high nutrient drink on two separate
days. After an overnight fast (14 hours for
solids and 12 hours for liquids) subjects
ingested 350 ml of low nutrient beef soup
(20 kcal) or dextrose (75 g dissolved in 350 ml
water, 300 kcal). The drinks were consumed at
either 10 00 am or 2 00 pm, but at the same
time of day for each subject. The time period
separating the two test days was three to seven
days. Gastric emptying was quantified scinti-
graphically6 7 and antral area by ultra-
sound.11-13 Feelings of hunger and fullness
were assessed via a visual analogue scale
administered immediately before ingestion of
the drink and at regular intervals there-
after.23-25 Written informed consent was
obtained from all subjects and the protocol was
approved by the Ethics Committee of the
Royal Adelaide Hospital.

Scintigraphic measurement ofgastric emptying
Details of this single isotope test, which
measures total, proximal, and distal stomach
emptying have been reported.22 Both the beef
soup and the dextrose contained 20 MBq of

99mTc-sulphur colloid and were heated to
37°C immediately prior to ingestion. Subjects
consumed the test drinks over one minute,
and time zero was defined as the time of com-
pletion. Each study was performed with the
subject seated with their back against the
gammacamera (Siemens Basicam 300).
Radionuclide data were acquired at a rate of
one frame every 30 seconds for the first 30
minutes and thereafter in three minute frames
until at least 90°/O of the drink had emptied,
or for a maximum period of 180 minutes.
Data were corrected for subject movement
and radionuclide decay using previously
described methods.6 7 Correction for gamma
ray attenuation was performed using factors
derived from a lateral image of the
stomach.6 7 A region of interest (ROI) was
drawn around the total stomach, which was
subsequently divided into proximal and distal
regions - the proximal region corresponding
to the fundus and proximal corpus and the
distal region representing the antrum and
distal corpus.22 Gastric emptying curves for
total, proximal, and distal stomach (repre-
senting % retention over time) were derived.
Several parameters were obtained from the
curves for subsequent statistical analysis. For
the total, proximal, and distal stomach the
retention of isotope every five minutes until
60 minutes (expressed as the % of maximum
counts in the total stomach) were derived.
For the dextrose drink, which emptied more
slowly than the soup, the amount remaining
in each of these regions was also calculated
every 10 minutes between 60-180 minutes.
The content of the distal stomach was also
expressed as a percentage of its maximum.
For the total stomach the lag phase before
any liquid had left the stomach, and the
50% emptying time (T50) were also calcu-
lated. The lag phase was determined visu-
ally by the frame preceding that in which
activity was first seen in the proximal small
intestine.6

Ultrasound measurement of antral area
Measurements of antral area were performed
using a Diasonic DRF 400 Ultrasound
Machine with a 5 MHz sector transducer and
real time images were stored on a video
recorder. While the subject was seated with his
or her back against the gammacamera, the
ultrasound transducer was positioned in the
region of the umbilicus. For evaluation of
antral area, the transducer was positioned ver-
tically to visualise the antrum in cross section
with the superior mesenteric vein and the
abdominal aorta in a longitudinal section.12 19
Antral area was measured using a built in
calliper and calculation programme. 19 The first
measurement was performed within one
minute after meal ingestion and was followed
by images at five minute intervals for the first
hour and 10 minute intervals thereafter, until
90% had left the stomach for a maximum of
180 minutes. Ultrasound T50 was defined as
the time when antral area decreased to half its
maximum. 19
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Figure 1: Retention ofsoup and dextrose in total, proximal, and distal stomach regions of
interest. Data are mean (SEM) values.
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Figure 2: Gastrc emptying ofsoup and dextrose measured scintigraphically (intragastric
retention of isotope) and by ultrasound (changes in antral area). Data are mean (SEM)
values.
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Figure 3: Relation between ultrasound and scintigraphic 50% emptying times (T50) for
soup and dextrose.

Assessment of appetite
Subjective ratings of a variety of symptoms
including hunger and fullness were assessed by
marking line analogues 100 mm long, whereby
a score of 0 is equal to no symptom and 100
is the maximum score for the symptom.
Complete details of this questionnaire have
been given in previous publications.23 25

Subjects completed the questionnaire immedi-
ately before ingestion of the drinks and then at
15, 30, 45, and 60 minutes (soup and
dextrose) and also at 90 and 120 minutes for
dextrose.

Statistical analysis
Data are presented as mean (SEM) values and
were evaluated using repeated measures analy-
sis of variance (ANOVA). Non-parametric
comparisons between groups (T50, lag phase)
were performed by the Wilcoxon rank sum
test. Relations were assessed by linear regres-
sion analysis. The difference between scinti-
graphic and ultrasound T50s was plotted
against the mean of the two methods (differ-
ence plot)30 31 and limits of agreement were
defined as the mean (2 SD) difference (%).30 A
p value of <0 05 was considered significant in
all analyses.

Results
All subjects tolerated the study well. The reso-
lution of ultrasound images was satisfactory in
all cases.

Scintigraphic measurements ofgastric emptying
and intragastric distribution
Gastric emptying of the soup was much faster
than the dextrose (T50=22-9 (4.6) min
v 108.1 (17.5) min, p<0-001) (Fig 1). After an
initial lag phase (0 9 (0.2) min for soup, 4.3
(2.2) min for dextrose, p<0.05), emptying of
soup approximated a mono-exponential func-
tion with a slope that decreased with time. In
contrast, the emptying pattern of dextrose was
linear. For both soup and dextrose the reten-
tion in the proximal stomach closely paralleled
that for the total stomach, while the distal
stomach content did not. The slower emptying
of dextrose compared with soup from the total
stomach was associated with increased reten-
tion in both the proximal stomach at 15
minutes (p<0 05), 30 minutes (p<0 005),
45 minutes (p<0.001), and 60 minutes
(p<0001) and the distal stomach at 30
minutes (p<0 005), 45 minutes (p<0.001),
and 60 minutes (p<0 005). For both drinks,
the content of the proximal stomach was ini-
tially greater than that of the distal stomach,
and subsequently more isotope was retained in
the distal stomach. The content of the distal
stomach was greater soon after completion of
each drink.

Relations and limits of agreement between
scintigraphic and ultrasound measurements
Scintigraphic and ultrasound T50s were not
significantly different (22-9 (4.6) min and 24.0
(3.8) min for soup and 108.1 (17.5) min and
107.3 (15.6) min for dextrose) (Fig 2) and the
overall scintigraphic and ultrasound curves for
total stomach emptying were comparable. As
assessed by ultrasound, emptying of dextrose
was faster (p<005) at 15 minutes (Fig 2).
There was a close correlation between the
scintigraphic total stomach T50 and ultra-
sound T50 for both dextrose (r=0.94,
p<0O005) and soup (r=0.97, p<0001) (Fig
3). For the T50 the limits of agreement were

+5-7 min (24%) and -7.9 min (-41%) for
the soup (mean difference -1-1 min) and
+32.5 min (30%) and -30.7 min (-31%) for
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a Scintigraphy (% of total stomach retention)

oi Scintigraphy (% of maximum-distal stomach)

* Ultrasound (% of maximum)

Soup Dextrose

o 15 30 45 60 0 30 60 90 120 150 180
Time (min)

Figure 4: Retention in the distal stomach measured scintigraphically (expressed as the % of
the total stomach counts and % of the maximum content of the distal stomach) and
ultrasound measurements of changes in antral area, for soup and dextrose. Data are mean
(SEM) values. *p<0. 05 scintigraphy v ultrasound.

Soup

0 10 20 30 40 50 0 30
Scintigraphy (min)

Figure 5: Relations between ultrasound T50 and the TSO for
scintigraphically (expressed as the % of the maximum content
soup and dextrose.

Hunger

Time (min)

Figure 6: Scores for hunger andfullness before and after inges
Data are mean (SEM) values. *p< 0.5 change from baseli,

Dextrose

dextrose (mean difference 09 min). Limits of
agreement were less than ± 15% for 10 of the
14 tests.
There was a poor relation between ultra-

sound measurements of antral area and scinti-
graphic measurements of the content of the
distal stomach when the latter was expressed as
a percentage of the maximum total stomach
content (Fig 4). However, when the scinti-
graphic content of the distal stomach was
expressed as a percentage of the maximum
content of the distal stomach, rather than the
total stomach, there was a much closer concor-
dance (Fig 4), so that the time for the distal
stomach content, measured scintigraphically
to decrease to 50% of maximum correlated
closely with the ultrasound T50 for both dex-
trose (r=095, p<0005) and soup (r=0.99,
p<00001) (Fig 5).

Hunger andfullness
At 15 minutes hunger had decreased (p<005)
and fullness increased (p<005) after ingestion
of both dextrose and soup (Fig 6). Hunger
tended to be less and fullness greater after
dextrose than soup, but these differences were
not significant. There were significant inverse
relations between scores for hunger and full-
ness at 15 minutes (r=-0-75, p<005), 30
minutes (r=-0 77, p<0 05), and 45 minutes
(r= -0 75, p<0 05) for soup, but not dextrose.

/,' Relations between hunger, fullness, and gastric
*/*- emptying

,/ There was no significant relation between
postprandial hunger and scintigraphic or ultra-
sound measurements of gastric emptying for
either soup or dextrose. In contrast, for
dextrose but not soup, the score for fullness at
15 minutes was closely related to the magni-

60 90 120 150 1I0 tude of the postprandial increase in antral area
measured by ultrasound (r=0.92, p<0.01)
(Fig 7). At 60 minutes fullness was related to

the distal stomach measured the content of the distal stomach measured
of the distal stomach) for scintigraphically (r=0.75, p<0-05) but not to

total stomach emptying.

Discussion
We have shown in normal, healthy subjects
that (a) there is a close correlation between

Fullness scintigraphic measurements of total stomach
emptying of liquids and changes in antral area
and (b) postprandial fullness is related to the

* Soup retention of dextrose in the distal stomach
* Dextrose when measured by either scintigraphy or ultra-

sound.
* In considering the potential use of ultra-

sound compared with scintigraphy, for
measurement of gastric emptying for clinical
and research purposes, it is essential that the
limits of agreement between the two tech-

* I niques are acceptable. A number of different
1530 45 60 methods to measure the size of the antrum by

ultrasound have been used to calculate the rate
of gastric emptying, including the volume,9

.tion ofsoup and dextrose. cross sectional diameter, product of two
diameters,'2 and parasagittal or longitudinal

o'
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80 - for dextrose. As the limits of agreement for
dextrose were about four times greater, the

70- r=0.92, p<0.01 precision of measurement of emptying of low
E and high nutrient liquids was similar. This
c 60 - / indicates that our ultrasonographic method

s 5 has the capacity, at least in normal subjects, to
/ discriminate between fast and slow emptying

"40 _ / * of both low and high nutrient liquids.
Our findings therefore confirm the validity of

using changes in antral 'size' as a measure of
30 /gastric emptying of liquids in normal subjects

0 and show for the first time that this is accounted
o/* for by the close correlations between: (a) total0

U) 10- stomach emptying and the content of the distal
stomach when the latter is expressed as a per-

50 60 710 lo 0 100 110 centage of its maximum and (b) the changes in
60 tral70 ea

80 90 100 1 antral area measured ultrasonographically andAntral area at 15 mm the content of distal stomach measured scinti-

(%gre7Reatoneteethsorofmium agraphically. The validity of using measurement
Figure 7: Relation between the score for fullness and the of antral diameter to evaluate gastric emptying
change in antral area measured by ultrasound 15 minutes
after ingestion of dextrose. 1S consistent with the concept that antral tone

plays a major part in regulating gastric emptying
of liquids6 8 in concert with other factors includ-

area.18 The previous finding of a close relation ing the tone of the proximal stomach, antral
between rates of gastric emptying of liquids phasic contractions, pyloric resistance, and
measured by scintigraphy and many of these proximal small intestinal motility.2 However, it
measures11 13 14 has formed the basis of the should be recognised that a relation between the
assertion that ultrasound has the capacity to diameter of the antrum and antral tone has not
measure gastric emptying precisely. The use of yet been established. There was a significant,
regression analysis and correlation coefficients, albeit small, discrepancy between ultrasound
however, may not provide accurate informa- and scintigraphic measurements of gastric
tion about the concordance between two emptying of dextrose, the former being faster at
methods because r measures the strength of the 15 minutes. This may reflect retrograde shift of
association, not the agreement.030 In particu- intragastric content from the distal into the
lar, it would be surprising if methods designed proximal stomach as a result of the stimulation
to measure the same quantity were not related. of small intestinal nutrient receptors,34 particu-
Furthermore, the range of values evaluated larly as there was a close concordance between
influences the correlation but not the agree- measurements at all time intervals for the low
ment. In our study, limits of agreement were nutrient drink.
approximately ±30°/O for the overall group, but In considering the potential clinical utility of
less than ± 15% in 10 of the 14 tests. The cor- ultrasound it should be recognised that ultra-
relation between ultrasound and scintigraphic sonographic measurement of gastric emptying
measurements of gastric emptying was very of solids is technically more complicated and
close with r values of 0 95 and 0 99 for the two has substantial limitations.35 Ultrasound also
drinks. Holt et al,1 Marzio et al,14 and Bolondi cannot discriminate between solid and liquid
et al 13 have reported similar correlations, but components of the meal. The close concor-
estimations of limits of agreement were not dance between the two methods demonstrated
performed. Based on our calculations, in the in normal subjects, has to be confirmed in
study by Holt et al,4" the limits of agreement patients with disordered gastric emptying and
was approximately ±41%. In the study of obviously, ultrasound of the antral region
Marzio et al 14 ultrasonographic gastric empty- cannot be used after antral resection and also
ing was substantially faster (23% for a milk probably other gastric surgery. Ultrasound
drink) than scintigraphic measurements. In techniques do, however, have the capacity to
contrast, in the study by Bolondi et al,13 the measure contractile activity in the distal
ultrasound measurement of gastric emptying stomach18 and transpyloric flow.'6
(T50) was more than 50% slower than that In normal subjects, perception of gastric dis-
measured by scintigraphy. These discrepancies tension is influenced by gastric tone,36 and
are probably attributable to differences in the postprandial sensations of hunger and fullness
techniques used to measure gastric emptying are probably related to intragastric volume,
ultrasonographically, as the scintigraphic tech- gastric muscle tension, and feedback from
niques were similar in each study. There was small intestinal nutrient receptors.202436
no such discrepancy in our study and the ultra- Ingestion of both the low and high nutrient
sonographic method used has been shown to drinks resulted in a decrease in hunger and
have low interobserver variability.32 33 Previous increase in fullness. The finding of a direct
studies have shown that the intraindividual relation between fullness and the retention of
variation in gastric emptying of liquids in the drink in the antrum is consistent with the
normal subjects is relatively large.22 This was concept that fullness is related to antral disten-
confirmed in our study in that the ranges for sion.20 In previous studies in which an identi-
gastric emptying (50% emptying time) were cal meat soup drink was given to patients with
13-44 minutes for soup and 37-177 minutes functional dyspepsia, postprandial symptoms
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and antral area were greater in the patients
when compared with healthy controls.'828 It
has also been shown that intragastic meal dis-
tribution is frequently abnormal in patients with
non-ulcer dyspepsia.29 37 In normal subjects
gastric distension and small intestinal nutrient
stimulation have additive effects to induce
nausea36 and it is probable that both of these
mechanisms are important in the aetiology of
postprandial symptoms in normal subjects.
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