Gut

1995; 36: 183-188

183

Relation between gastric emptying rate and energy
intake in children compared with adults

Abstract
Measurement of gastric emptying rate of
solids in children is difficult because the
available methods are either invasive or
induce a substantial radiation burden.
In this study the newly developed 13C
octanoic acid breath test was used to
examine the gastric emptying rate of
solids and milk in healthy children and to
compare gastric emptying in children
and adults. Fifteen healthy children and
three groups of nine healthy adults were
studied, using three different test meals
labelled with 50 mg of 13C octanoic acid: a
low caloric pancake (150 kcal), a high
caloric pancake (250 kcal), and 210 ml of
milk (134 kcal). Breath samples were
taken before and at regular intervals after
ingestion of the test meal, and analysed
by isotope ratio mass spectrometry. The
gastric emptying parameters were derived
from the 13C02 excretion curves by nonlinear regression analysis. No significant
difference was found between children
and adults in the emptying rate of the low
caloric solid test meal. In children as well
as in adults, increasing the energy content
of the solid meal resulted in a significantly
slower emptying rate. The milk test meal,
however, was emptied at a faster rate
in adults and at slower rate in children
compared with the low caloric solid test
meal. Moreover, the emptying rate of
milk in children was significantly slower
than in adults. In conclusion, a similar
gastric emptying rate of solids but a
slower emptying of full cream milk was
shown in children of school age compared
with adults, using the non-radioactive 13C
octanoic acid breath test.
(Gut 1995; 36: 183-188)
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Gastric emptying in children is difficult to
evaluate properly. The main reason is the lack
of safe and non-invasive methods to measure
gastric emptying rate in children. All methods
used until now have some disadvantages for
routine gastric emptying studies in children:
intubation studies are invasive and time con-

suming, radioscintigraphic methods cause a
substantial radiation burden to the patient,
ultrasonographic evaluation of gastric emptying rate can only be applied to liquid test meals
and is largely dependent on the experience of
the investigator. Therefore the impact of
delayed gastric emptying rate on nutrient
assimilation and nutritional state or the role of

gastric emptying rate in symptoms such as
chronic abdominal pain, nausea, and vomiting
are largely unexamined in children. -5
Recently, we developed a carbon labelled
breath test to measure gastric emptying rate of
solids, based on the characteristics of octanoic
acid.6 Using a solid standard test meal of 250
kcal consisting of a labelled egg and two slices
of white bread, an excellent correlation
between the gastric emptying results of the
radioscintigraphic method (lag phase, half
emptying time) and those of the breath test
(gastric emptying coefficient, lag phase, and
half emptying time) could be shown in adults.6
It was also shown that day to day variability of
gastric emptying rate of solids, obtained by the
carbon labelled octanoic acid breath test is
comparable with data obtained by radioscintigraphy,6 and that the breath test was sensitive
enough to detect pharmacological influences of
erythromycin and propantheline on gastric
emptying rate of solids.7
The aim of this study was to evaluate the
gastric emptying rate in children using 13C
octanoic acid labelled test meals and to
compare gastric emptying in children with
gastric emptying in adults.
Methods
SUBJECTS

Fifteen healthy children performed three
gastric emptying studies using three different
test meals within one month in a randomly
allocated sequence. Nine of the children were
girls, six were boys; the mean age was 9 years,
ranging from 4 to 15. The mean weight was
31 kg, ranging from 17 to 65 and the mean
height was 135 cm, ranging from 105 to 165.
Table I gives detailed description of the
children. Twenty seven adults, divided into
TABLE I Characteristics of the examined children
Child

Cl

C2
C3
C4
C5
C6
C7
C8
C9

ClO
Cli

C12
C13
C14
C15

Weight
(kg)

Height
(cm)

Age
(y)

32
36
38
41
17
27
20
24
28
65
39
20
37
25
21

143
147
143
163
105
141
123
122
134
165
142
116
133
132
115

11
11
10
14
4
9
6
6
9
15
10
7
10
7
5

BSA: body surface area.

Sex

M
M
F
F

M

F
F

M

F
F
F

M

F
F

M

BSA
(m2)
1-12
1-21
1-23
1-35
0.70
1.02
0-82
090
1.01
1-73
1-24
0-80
1-18
0.95
0-82
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TABLE II Characteristics of the examined adults, according to the ingested test meal (mean

and interquartile range)
Femaldmale

Weight (kg)

Height (cm)

Age (y)

BSA (m2)

150 kcal
250kcal
Milk

5/4
5/4
5/4

61(60-78)
62 (57-74)
60 (57-76)

177 (168-182)
168(168-172)
167 (162-176)

23 (21-24)
22(19-23)
20 (18-22)

1-70 (1.69-2-00)
1-66(1-56-1-77)
1.63 (156-1 91)

BSA: body surface area.

three groups of five women and four men, each
performed one gastric emptying study using
one of the three test meals. Table II
summarises the characteristics of the adult
groups. The test meal of each adult group was
allocated at random. None of the children
or adults had gastrointestinal complaints, a
medical or surgical gastrointestinal history or
was taking any drugs. The study protocol was
approved by the ethics committee of the
University of Leuven. Informed consent was
obtained from all the subjects or their parents.

MATHEMATICAL ANALYSIS

The 13C02 excretion in breath, expressed
as percentage dose per hour was further
mathematically analysed using two non-linear
regression equations (SAS: PROC NLIN9 or
with a home made program written for
EXCEL 4.0 (G Mys, personal communication)) to find the best fitting curve through the
measured data points. The first formula is
given by:

MATERIALS

All gastric emptying studies were performed
after an overnight fast at 8 am with the children
quietly seated in front of a video tape, and
three children, who could not eat the test meal
within 10 minutes, were excluded.
The low caloric solid test meal was based on
a pancake made of 5 g of sugar, 12.5 g of flour,
10 g of full cream milk, and one egg. Half of
the egg yolk was baked separately after 50 mg
of 13C octanoic acid (Isotec, Ohio, USA) was
solubilised in the yolk by mixing. The paste
was baked around the labelled half of the
egg yolk. Total energy content of the test
meal was 150 kcal (9 g of proteins, 13 g of
carbohydrates, and 7 g of fat).
The high caloric solid test meal consisted
of two pancakes; one was a labelled pancake
as described above (150 kcal) and one was
an unlabelled pancake baked with the same
ingredients apart from the separately baked
half egg yolk (100 kcal). Total energy content
was 250 kcal (14 g of proteins, 26 g of carbohydrates, and 10 g of fat). Both solid test meals
were consumed within a 10 minute period.
The subjects were allowed to drink 150 ml of
water during the test meal.
The liquid test meal used in the third study
consisted of 210 ml of full cream milk in which
50 mg of 13C octanoic acid was solubilised.
The energy content of this liquid test meal was
134 kcal, containing 7 g of proteins, 10 g of
carbohydrates, and 7 g of fat. The liquid test
meal was consumed within five minutes.
MEASURING TECHNIQUES
Breath samples were taken before intake of the
test meal and every 15 minutes after ingestion
of the meal up to four hours to study the gastric

emptying rate of the solid test meals. The
gastric emptying rate of the liquid test meal
was examined by taking breath samples before
the meal and every 10 minutes during a three
hour period for children and during a two
hour period for adults. Breath was collected
in a 3 litre aluminium coated plastic bag

(I) y=atbe-ct
where y is the percentage of 1 3C02 excretion in
breath per hour; t is time in hours; and a, b,
and c are constants. The second formula is
expressed as:

(II) y=mke -kt(l-e-kt)I-1
where y is the percentage of 13C excretion in
breath per hour; t is time; m, k, and P are
constants and m is the total cumulative '3C
recovery when time is infinite. This formula is
the first derivative of the modified power exponential formula of Siegel et al10 with a correction factor m. Three parameters of gastric
emptying were derived from these formulas,
based on regression models obtained by simultaneous radioscintigraphic and breath test

measurements6:
(1) The gastric emptying coefficient
(GEC), corresponding to ln(a) of the first
formula and a global index for the gastric
emptying rate.
(2) T112, the breath test determined gastric
half emptying time (in minutes), by the following equation derived from the first formula:

t1/2= [60(gamma inv (0-5;b+ 1;1/c)-66]/1112
or by the following equation using the second
formula:
t112= [60(- 1/k)ln(1 -2 l/c).-6.66]/1 v12
(3) The lag phase. The lag phase is defined
as was done by Siegel et al," as the time (in
minutes) at the point of inflection of the curve
after mathematical integration - that is, the
time of maximal 13C02 excretion of the fitted
curve, calculated by the following equation
derived from the first formula:

tmax = [60(b/c-6 6]/0*94
or by the following equation using the second
formula:
tm. = [60(In,B)/k- 66]/0.94
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Test meal

(Tesseraux, Burstadt, Germany), from which
aliquots were taken to determine 13C enrichment with an isotope ratio mass spectrometer
(model 250, Finigan MAT, Bremen, Germany
and ABCA, Europa Scientific, Lowe,
England). The results were expressed as the
percentage of '3C recovery per hour. The
carbon dioxide production was assumed to be
300 mmollm2 body surface area per hour.
Body surface area was calculated by the
weight-height formula of Haycock et al.8
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STATISTICAL EVALUATION

Gastric emptying parameters of the three
series of studies in children and in adults
were analysed by descriptive statistical
methods (SAS: PROC UNIVARIATE9).
Because of a skew distribution, median and
interquartile range are given. The gastric
emptying parameters of each child were compared in a non-parametrical paired way for
the low and high energy solid test meal, and
for the low energy solid test meal and the
liquid test meal using the signed rank test
(SAS: PROC UNIVARIATE). The gastric
emptying parameters of the three adult groups
were compared using the non-parametric
Mann-Whitney-Wilcoxon test (SAS: PROC
NPAR1WAY). Non-parametric methods
(SAS: PROC NPAR1WAY: Mann-WhitneyWilcoxon) were also used to compare the
gastric emptying parameters in children and
adults for the meals with the same energy load.

0.00

1.00

2.00

3.00

Time (h)
Figure 1: Mean 13C02 excretion in function of time in
children after ingestion of a solid test meal of 150 kcal
(E) and 250 kcal ( *) and a liquid milk meal
(@) and the corresponding fitting curves (solid lines).
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Results

Figure 1 shows the mean 13CO2 excretion data
of all children and the corresponding fitting
curves after ingestion of the low and high
energy solid test meal and after the liquid
test meal. Increasing the volume of the solid
test meal with the same meal composition,
changed the excretion curve by a peak excretion not only lower (8.28 (3.2)0/o/h (mean
(SD)) versus 11.17 (2.56)0/o/h) and later (120
versus 105 min), but also by a decreased
ascending and descending slope of the curve.
Changing the low energy solid test meal by
210 ml of full cream milk resulted in a slightly
steeper ascending slope of the excretion curve,
but a decreased descending slope of the curve
and a lower peak excretion (9.74 (3-1 8)0//h
versus 1 1 c17 (2.56)0/o/h) of at about the same
time (105 min).
In Fig 2, the individual gastric emptying
coefficients, gastric half emptying times, and

A

A

A

180'
120

10
60

t

A

A

a~~
I

Milk
150 kcal
250 kcal
Figure 2: Individual gastric emptying results in children in
the three test conditions.

lag phases are displayed for the three different
test meals in children. Comparing the 250 kcal
solid test meal with the 150 kcal solid test
meal, there was a decrease of the gastric half
emptying coefficient in all but two children;
an increase of the half emptying time was
measured in all but these two children. In three
of the children the increase was beyond the
240 minutes limit. The lag phase was increased
in 1 1 of 15 examined children. In three
children, the gastric emptying rate was too
slow to calculate a correct lag phase; a cut off
was taken at 240 minutes. A larger variability
in gastric emptying results of the high energy
test meal was noticed (see also Table III). The
emptying of the high energy test meal was
statistically significantly slower for all gastric
emptying parameters (GEC: p=00015; t112:
p=00084; tlag: p=0.0215).
In 12 of 15 children examined, the gastric
emptying coefficient was decreased and the
half emptying time increased after ingestion of
the milk test meal compared with the 150 kcal
solid test meal, pointing to a slower emptying
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The gastric half emptying time and the lag
phase are - by the nature of their mathematical
definition - completely determined by the
shape of the curve and thus independent of the
endogenous carbon dioxide production.
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Gastric emptying results in children and adults (median and interquartile
GEC

Adults

150 kcal
250 kcal
Milk
150 kcal
250 kcal
Milk

tiag (min)

tl/2 (min)

4.00.

Median

Q3-Q1

Median

Q3-QJ

Median

Q3-Q1

3.12
2.54
2.76
3.40
2.81
3.94

0.69
1.18
1.12
0.38
0.30
0.54

58
91
86
55
94
35

39
105
112
21
29
31

39
60
40
20
50
16

26
50
64
33
22
23

3.001

A

A

A

kA

A

A

150 kcal

250 kcal

A

A

A

W

(D

A

2.0041.-00

(Fig 2). In three children,
the decrease of the gastric emptying coefficient
and the increase of the gastric half emptying
time was remarkably large. The lag phase,
however, was only increased in eight of the
investigated children. Again, the variability of
the emptying results in the milk test meal was
very large compared with the low energy solid
test meal. Paired comparison showed that
the differences between the two meals were
statistically significant for the gastric emptying
coefficient (p=0.0366) and the half emptying
time (p = 0. Ol5 1), but the lag phase was similar
rate of the first meal

n.nn'a

Milk

240T
1801
CE
E

(p=0.5245).

1201

A

60

A

A
A
A

Comparing the milk and high energy solid

test meal, a globally similar emptying rate with
an equally high variability was seen in children

0

1

Milk

150 kcal

250 kcal

A

A
A

(see Table III). No gastric emptying parameter
showed a statistical difference for these two
meals (GEC: p=0.488'7; t112: p=l1; tlag:

240 T

p=0.2958).
180+
ADULTS

mean 13C02 excretion
data of the three groups of adults and the
corresponding fitting curves after ingestion of
the corresponding test meal. The results are
similar to those obtained in children for the
150 kcal and 250 kcal solid test meal, but a
much faster pattern of 13C02 excretion and
corresponding gastric emptying is seen after
ingestion of the milk test meal. The peak
excretion of the curves was 13.25 (2.58)0/o/h at
105 minutes, 10.94 (1.75)0/o/h at 120 minutes,
and 13.48 (3.42)07oTh at 60 minutes for the low
energy, high energy, and milk test meal,

Figure 3 shows the

respectively.
In Fig 4, the individual gastric emptying
values for the three different test meals
examined in adults are given. A gradual
increase of the energy content of the meal
15.00..

.~10.000
-0

5f00l

0.00

3:

1.00

2.00

M~an 3C02

100

3.00

excretion in function

after ingestion of a solid test meal of
and 250 kcal ( *) and a liquid milk meal
corresponding fitting curves (solid lines).
adults

E)

120+
60 +

A

A

A
A

fl .

1 50 kcal1
250 kcal
Mil71k
Figure 4: Individual gastric emptying results in adults in
the three test conditions.

(milk, 150 kcal pancake, 250 kcal pancake)
resulted in a gradual increase of the half
emptying time and the lag phase and in a
gradual decrease of the gastric emptying
coefficient. There is an almost equal variability
in emptying results for the three different test
meals (see Table III). The differences in
gastric emptying results for the low energy and
high energy solid meal (GEC: p=O0l036;
p=0.0171; tlag: p=0.0212) and for the liquid
milk and high energy solid meal (GEC:
p=0.0040; t112: p=0.0041; tlag: p=0.0010)
are statistically significant; the differences
between the milk and 150 kcal solid test meal,
however, are not significantly different (GEC:
p=0.1255; tl/2: p=0.0638; tlag: p=0.1632).

Time (h)

Figure

0)

of time

150 kcal

(@0)

in

(UM)

and the

CHILDREN VERSUS ADULTS

Table III shows that.gastric emptying of the
low (GEC: p=0.1286; t112: p=0.23'72; tlag:
p=0.0851) and high energy solid test meal

(GEC: p=0-ll65; t112: p=0.2751; tlag:
p=0.0604) in children and adults is very
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Discussion
The gastric emptying rate of solids in children
is difficult to evaluate. From the age of three
years, all children are receiving an 'adult' diet,
consisting of solids as an important energy
source. Therefore, an accurate evaluation of
the gastric motor function (that is, the ability
to mix, grind, and evacuate the ingested meal)
of children of school age should be performed
using a solid test meal. However, there are two
important problems.
Firstly, the volume/energy content of the
solid test meal should be adjusted to the body
surface area or lean body weight, not only
for children but also for adults. As, from the
practical view point, this correction is difficult
to perform for solid test meals, the use of
standard solid test meals is widespread, both
in adults and children of school age.1' 12 In
this study, the emptying rate of two standardised solid test meals and one standardised
liquid test meal was evaluated in children of
school age, and compared with the emptying
rate of the same meals in adults. Secondly,
until now, the radioscintigraphic technique
is the only available method to measure
accurately the gastric emptying rate of solids
in children despite the radiation hazard. In
this study gastric emptying rate was measured
using the newly developed 13C labelled
octanoic acid breath test, inducing no
radiation at all.
The second technique can describe gastric
emptying rate of a standard solid test meal in
an accurate and reliable way, including the
biphasic nature of gastric emptying of solids.6 7
However, some additional methodological
considerations have to be made for this study.
The solid test meal used in this study consisted
of a pancake to ameliorate the palatability of
the meal for children. Despite the labelling
technique (a labelled egg yolk, which is baked
separately) and a meal composition that
remained unchanged, the viscosity of the test
meal was not the same as the meal described
earlier.6 7 Furthermore, the 13C octanoic acid
breath test is an indirect method to measure
gastric emptying of solids. Although direct
measurements on metabolism of octanoic acid
have never been done in infants, several reports
showed that the oxidation rate of trioctanoin is
similar in children and adults.13 14
Moreover, as the gastric half emptying time
and the lag phase are independent of endogenous carbon dioxide production, differences
in basal metabolism between children and
adults have no influence on these results.
Also, other external influences were excluded.
Day to day variability in gastric emptying
rate is very well known in adults (similar in

scintigraphic and breath test technology6), but
has never been examined in children with none
of the existing methods. As we did not study
the children at different times using the same
test meal, intrasubject variability of test results
in children could also not be evaluated; but
confounding by day to day variability was
eliminated as much as possible by randomising
the sequence of test meal administration.
Concerning the adult groups, the three
gastric emptying parameters described,
changed unidirectly with increasing energy
load of the test meal. This further validates
the breath test for measurement of gastric
emptying of solids. A larger variability in
gastric emptying results was seen with the
liquid milk test meal of 134 kcal.
In children, the gastric emptying results
obtained with the low energy solid test meal
are comparable with those obtained in adults,
however, with a larger variability of results.
Increasing the energy content of the meal
resulted in a slower gastric emptying pattern
similar to adult gastric emptying in 12 of 15
children examined. Three of the children
showed an extremely delayed gastric emptying,
which seemed to be blocked once a certain
plateau of energy load is reached. No relation
with age, weight, length, body surface area or
sex, however, could be found.
Changing the low energy solid test meal by a
liquid fat emulsion with less energy value
resulted in children in a slower gastric emptying
of the test meal, apart from the lag phase
(Table III). The reason for a slower gastric
emptying of milk in children is not very clear.
No difference in emptying results of the milk
test meal were obtained if the calculations were
based on the 13C02 excretion data of the first
two hours, as performed in adults. Milk leads to
the formation of separate gastric food phases
because casein is precipitated below a pH of 4. 1
to form curds,'1'7 which are probably emptied
as solid particles. A similar finding has been
made in gastrostomy fed patients with spastic
quadriplegia, in which whey based milk formulas showed a significantly shorter emptying
time than a casein based formula.'8 However,
curd formation of casein in the stomach also
occurs in adults. The emptying rate of milk has
never been compared between children and
adults. A factor of unknown influence, is the
effect of liberated opioid peptides during
digestion of casein19-21 on gastric motility by
direct action with gut opiate receptors. It is
possible that the gut is more sensitive to the
inhibitory action of these opioid peptides during
childhood. Or the role of cholecystokinin in
the regulation of gastric emptying22 may be
different in children compared with adults. It
is known that casein induces a considerable
release of cholecystokinin, at least in animal
experiments.2324 The release of cholecystokinin
in response to casein may vary differentially in
adults and children or the receptor density may
be different in children. Further validation on
this point will be necessary.
The 13C octanoic acid breath test to measure
gastric emptying in children has some important
advantages over other existing techniques: it is
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similar. In contrast with solids, the emptying
rate of the liquid milk test meal is significantly
slower in children than in adults (GEC:
p=0.0048; tl12: p=00052; tlag: p=0.0180). A
greater variability in gastric emptying rate,
however, was seen in children compared with
adults in the liquid milk and the high energy
solid test meal (Figs 2 and 4).
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non-invasive, causing no radiation at all, the
test can be performed in a place and at a time
causing a minimum of stress for the child, as the
carbon dioxide samples can be collected away
from the analytical unit and the test can even be
repeated several times within a short period of
time.
We conclude that the 13C labelled octanoic
acid breath test is a comfortable and promising
technique to evaluate gastric emptying in
children. Further studies will be necessary to
investigate (a) intraindividual variability of test
results in children and (b) the best test meal for
accurate discrimination between normal and
delayed gastric emptying.

