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Characterisation with stable isotopes
of the presence of a lag phase
in the gastric emptying of liquids

Summary Background Gastric
emptying of non-nutrient liquids usu-
ally lacks the presence of an initial
delay phase (lag phase), and so it has
been considered to be monoexponen-
tial with an initial rapid phase fol-
lowed by a slower emptying phase.
However a lag phase in the gastric
emptying of liquids can be found if
there is a high caloric density in the
liquid meal. Aim of the study To char-
acterise with stable isotopes the pres-
ence of a lag phase in the gastric
emptying of non-solid meals. Meth-
ods Healthy volunteers ingested a
low caloric liquid meal (345 KJ/

200 mL) (LCLM), a high caloric
liquid meal (1135 KJ/180 mL)
(HCLM) or a semisolid meal (1403
KJ/500 mL) (SSM). Test meals were
labelled with 13C-acetate. Breath
samples were collected for 13CO,
measurement and data were fitted to

a power exponential function. Results
Non-solid meals can have different
behaviour related to the initial empty-
ing. The presence of a lag phase in
the gastric emptying of liquids was
not masked by the processing of the
tracer previous to its detection in
breath. While the LCLM and SSM
showed a rapid initial emptying
phase (no lag phase), the HCLM has
an initial slow emptying phase. The
slower gastric emptying of the
HCLM compared to the SSM was re-
lated to the presence of a lag phase in
the gastric emptying of the HCLM.
Conclusions The 3C-acetate breath
test is very accurate to identify and
study the lag phase if present of lig-
uid meals.
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Gastric emptying of liquids usually lacks the presence

Introduction

Gastric emptying is a complex process with different
mechanisms of emptying for liquids and solids [1, 2]. The
emptying of solids is mainly dependent on the antral pres-
sure activity, while the emptying of liquids is regulated by
tonic contractions of the fundus. In addition, other factors
regulate the delivery of liquids into the small bowel [1-3].
The delivery of solids from the stomach into the duodenum
has been shown to be biphasic, with an initial delay (lag
phase) followed by a linear emptying phase [4-6]. This lag
phase is influenced by the food particle size, the caloric
content of the meal, drugs and diseases [4].

of this delay phase, and so it has been considered to be
monoexponential with an initial rapid phase followed by a
slower emptying phase [1, 6]. The presence of a lag phase
in the gastric emptying of liquids and semisolids is not fre-
quently found. When it is found, it is generally associated
with the presence of fat in the liquid meal [3]. The empty-
ing of dietary fats follows a similar pattern as solids [3].
Drugs like sumatriptan [8, 9] can also modify the lag phase
of liquids.

In the recent years, stable isotopes have been used to
study gastric emptying of solids (13C-octanoate) [10-13],
semisolids and liquids (13C-acetate, 13C-glycine) alone or in
amixed meal [7, 14, 15]. These stable isotopes breath tests
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have been compared with other methods like radioscinti-
graphy [7, 11, 14, 15]. The pattern of gastric emptying of
solids has been studied, and the lag time and half emptying
time have been described with breath tests [11]. In addition,
the half emptying time of liquids and semisolids has been
determined [15, 16], but the presence of a lag phase have not
been completely characterised. The aim of the present work
was to characterise with stable isotopes the presence of alag
phase in the gastric emptying of non-solid meals. For this
purpose, we used the 13C-acetate to study the pattern of gas-
tric emptying of liquids and semisolids.

Material and methods
Test meal

All healthy volunteers performed the test after an overnight
fast. Groups of volunteers had similar related anthropo-
morphic parameters. Nine volunteers ingested a low
caloric liquid meal (LCLM): orange juice. Nine volunteers
ingested a high caloric liquid meal (HCLM): Ensure Plus
HN (Abbott, Holland). Nineteen volunteers ingested a yo-
gurt meal that was considered as a semisolid meal (SSM).
The composition of the meals is shown in Table 1. Liquid
meals were doped with 100 mg of 13C-acetate and the semi-
solid meals were doped with 150 mg of 13C-acetate (Cam-
bridge Isotope Laboratories, Woburn, MA).

Measuring techniques and mathematical analysis

Breath samples were collected for 13CO, measurement be-
fore the intake of the meal, every 5 minutes during the first
hour and every 15 minutes after the first hour. The 13CO,
breath enrichment was determined by isotope ratio mass
spectrometry (Breathmat Plus, Finnigan, Germany). CO,
production was assumed to be 300 mmol per square meter
per hour and the body surface area was calculated accord-
ing to the formula of Haycock et al. [17]. Data were ex-
pressed as percentage of 13CO, excretion in breath per hour
and as percentage of 13CO, cumulative excretion.

Table 1 Characteristics of the test meals used

Low caloric ~ High caloric ~ Semisolid meal

liquid meal  liquid meal (SSM)
(LCLM) (HCLM)
Meal Orange Ensure Yogurt
juice plus NH
Energy 345KJ 1135KJ 1403 KJ
Proteins 12¢g 1125 ¢ 188 g
Fats - 9¢ 1528 g
Carbohydrates 20g 36¢g 302 ¢g
Volume 200 mL 180 mL 500 mL

The percentage of 13CO, cumulative excretion in the
breath was fitted to the formula:

Percentage '13CO, cumulative excretion = m(1—ekt)8

The percentage of 13CO, excretion per hour was fitted to
the formula:

Percentage 13CO, excretion/h = mkfe-kt(1—e-kt)B-1

where ¢ is time and m, k and 3 are constants [11]. The value
of m represents the total cumulative 13CO, recovery when
the time is infinite. Non-linear regression analysis of these
formulas was performed using the Solver program (Excel
5.0 program, Microsoft Corp., Redmond, WA).

The lag phase was determined by the formula: tj,, =
(InB)/k [4, 11]. Gastric half-emptying time of the breath
test was determined by the formula: t;, = (—1/k)In(1-2-1/8)
[11]. The rate of emptying was the difference between the
ti2 and the t,g [8]. ti and t,, were corrected (ti/cor and
tiag corr» TESPEctively) taking into account the 53 min re-
quired for absorption, metabolism and excretion of 13C-
acetate [15].

Gastric emptying parameters were expressed using the
median and interquartile range. Comparisons of results
were performed using non-parametric statistic (Mann-
Whitney U test and sing test).

Results

The 13CO, excretion curves in breath after ingestion of dif-
ferent meals are shown in Fig. 1. A clear difference could
be observed in the pattern of 13CO, recovery curves that
represents the pattern of gastric emptying of these meals.
There was an initial delay in the gastric emptying of
HCLM compared with the rapid onset of the other two test
meals studied. After the peak excretion of 13CO, the LCLM
showed a rapid initial emptying followed by a period of
slower emptying, but with the HCLM and the SSM there
was a more linear emptying.

The values of gastric emptying parameters are shown in
Table 2. The lag phase was characterised by the parameters
B and k. There was a statistical difference in the  value be-
tween HCLM and the SSM (p<0.05), but not between the
two types of liquid meals studied, HCLM and LCLM.
However there was a statistical difference in the k values
between the HCLM and the LCLM (p<0.01), and there was
no difference between the HCLM and the SSM. There was
no difference in the tj,, between the SSM and the LCLM
(p>0.05), while the HCLM had a higher lag time compared
with the LCLM and the SSM (p<0.01).

Three volunteers ingested 200 mL of water doped with
13C-acetate. The calculated half time for absorption and ox-
idation of 13C-acetate (57 min) was similar to that obtained
by Braden after the intraduodenal administration of this so-
lution [15]. After subtracting the time for absorption and
metabolism for 3C-acetate to 13CO, the lag phase for
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Fig. 1 Median values of 13CO, excretion curves after ingestion of
different non-solid meals doped with 13C-acetate. A Percentage of
13CO; excretion per hour. B Percentage of 13CO, cumulative excre-
tion (M: Low caloric liquid meal; [J: High caloric liquid meal; A:
Semisolid meal).

LCLM and SSM was absent (Table 2). However, there
were five out of the nineteen individuals with a positive ty,,
corr fOr the SSM.

The rate of emptying (t;»—ti,;) represents a measure-
ment of the gastric emptying without considering the ini-
tial lag phase. There was no statistic difference between the
rate of emptying and the t;/; corr in €ither of these two groups

without a positive lag phase, that is LCLM and SSM. The
HCLM showed a positive tig corr, and within this group the
t12 corr Was statically higher (p<0.05) than the rate of emp-
tying. Only one volunteer who ingested the HCLLM lacked
this lag phase, and the rate of emptying (37 min) was sim-
ilar to the ti/ corr (35 min).

The SSM had a faster emptying of the remaining meal
than the HCLM (p<0.05), although this meal had less
caloric content (Table 2). To know if the difference in the
gastric emptying was due to the presence of a lag phase, we
compared the rate of emptying of each meal. There was no
statistic difference in the rate of emptying between the
HCLM and the SSM (p>0.05). The value of the tjag corr Of
the HCLM was similar to the difference between the t;,, of
the HCLM and the SSM (27 min).

Discussion

The scintigraphy decay curve of gastric emptying is simi-
lar, but inverse, to the cumulative 13CO, excretion curve ob-
tained with the breath test [4, 11, 15, 18]. The power expo-
nential function expresses the shape characteristics of the
gastric emptying curve [4, 11, 19, 20]. In the breath tests
the lag phase is reflected by a late onset or a slow increase
in the 13CQO; excretion curve before the rapid exhalation of
the label in breath [11, 15]. This phase is characterised by
the time that corresponds to the inflection point of the cu-
mulative 13CO, excretion curve. It also coincides with the
time of the peak of the 13CQO, excretion curve per hour [11].

In scintigraphy, the lack of a lag phase in the gastric
emptying is indicated by a value of <1 [4], while with
stable isotopes B is always higher than 1 [15]. With the use
of breath tests there is a delay in the emptying parameters,
tiag and t;, compared with the data obtained by scintigra-
phy [11, 15]. This difference is related to the time for ab-
sorption and oxidation of the labelled molecule and it is in-
dependent of the lag phase of the gastric emptying [21].
Our results with the breath test indicate that the existence
of a lag phase is determined by the parameters k and B
when the gastric emptying of liquids is measured with sta-
ble isotopes. The initial value of § did not determine the
presence of a lag phase because the 13CO, excretion curves

Table 2 Gastric emptying para-
meters of the different meals
studied. All results are expressed

as median (25th percentile — (LCLM)

Low caloric
liquid meal

Semisolid meal High caloric
(SSM) liquid meal
(HCLM)

75th percentile). Compared with
HCLM: * p<0.05; ** p<0.0l. B
Compared with SSM: $p<0.01 K

2.02 (1.84-2.46)
0.95 (0.89-1.03)%:* §

1.68 (1.46-2.34)*
0.72 (0.66-0.81)

2.57 (2.19-2.97)
0.74 (0.62-0.79)

¢ (Min) 45 (35-50)%* 46 (33-55)%* 80 (65-97)
ti2 (min) 78 (69-81)** § 94 (83-102)** 125 (112-134)
tiag corr (M) - - 27 (12-44)
t1/2 corr (MiN) 24 (13-29)%+ § 41 (30-49)** 72 (59-81)
Rate of emptying 33 (25-33)%+ § 46 (37-54) 39 (38-48)
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not only reflected the gastric emptying but also the absorp-
tion and oxidation of 13C-acetate.

Ghoos et al. subtracted a time corresponding to the half
time for absorption and oxidation of octanoic acid to cal-
culate the corrected lag time (tjug corr) [11]. Braden et al. cal-
culated the half time for absorption and oxidation of 13C-
acetate after intraduodenal administration, which was
determined to be 53 minutes [15]. Acetate is readily ab-
sorbed in the intestine and metabolised in humans [22]. We
corrected the time for absorption and oxidation of the
tracer using 53 min. The purpose of this was to study the
presence of a real delay phase in the gastric emptying of
liquids [15]. As stated by other authors there was not a lag
phase in the gastric emptying of liquids when the caloric
load was low [7, 9, 21, 23]. There was also no lag phase
with the semisolid meal [15], but some volunteers showed
an individual delay time. Yogurt in the stomach behaves
different than milk, forming a uniform viscous phase in the
stomach, and this characteristic can affect the emptying
from the stomach [24]. We found a characteristic lag phase
when the study of gastric emptying is performed with the
HCLM and only in this group was the rate of emptying sta-
tistically lower than the tj,y corr. The differences of the meals
relating the initial emptying can be seen in Fig. 1.

Some studies describe a lag phase employing a high
caloric liquid meal [3, 25]. As the initial delay time is short,
it can be lost if the measurements are performed at large in-
tervals of time. Breath tests are easy to accomplish and
samples can be obtained at short time intervals. The HCLM
empties from the stomach slower than the SSM. This could
be related to the presence of the lag phase in the gastric
emptying of the HCLM, as the difference in the t;, of the
two meals was similar to the tj,g corr Of the HCLM. In addi-

tion, the rate of emptying (the t;, minus t;,;) was not stati-
cally different between these two meals. It should be noted
that the fat and total energetic content of the HCLM was
lower than the SSM. The delay in the gastric emptying is
not only dependent on the caloric content but other factors
can also influence gastric emptying like volume and grav-
ity [1, 4]. However, the physiological meaning of the lag
phase is different to that of solids. The lag phase for solids
is considered as the time necessary for processing the food
to particles small enough to be handled as liquids [4, 5].
The existence of a lag phase for the HCLM could be ex-
plained by the presence of a high fat and caloric content per
volume that induces a delayed emptying [3, 14, 25]. The in-
tragastric separation of oil from the aqueous phase does not
seem to be the cause of the lag phase due to the chemical
characteristics of the HCLM [26-28]. The composition of
these commercial meals includes compounds with emulsi-
fying capacity.

In general, gastric emptying of solids is more sensitive
than liquids in detecting emptying alterations but in some
circumstances liquids emptying is more frequently abnor-
mal than those of solids [1, 28-30]. Many studies of the
emptying of liquids have not identified the lag phase, mak-
ing it difficult to say if the acceleration or delay in gastric
emptying is due to an alteration in the lag phase or in the
slope of emptying [3, 8].

This work shows that the delay in the gastric emptying
of liquids is not masked by the processing of the tracer pre-
vious to its detection in breath. The 13C-acetate breath test
is very accurate to identify and study the lag phase of lig-
uid meals when it is present, and shows that different non-
solid meals have distinct behaviours related to the initial
emptying.
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