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A Review of Methods for Assessment of the .Rate of Gastric
Emptying in the Dog and Cat: 1898-2002

C.A. Wyse, J. McLellan, A.M. Dickie, D.G.M. S.utton, T: Preston, and PS Yam

Gastric emptying is the process by which food is delivered to the small intestine at a rate and in a form that optimizes intestinal
absorption of nutrients. The rate of gastric emptying is subject to alteration by physiological, pharmacological, and pathological
conditions. Gastric emptying of solids is of greater clinical significance because disordered gastric emptying rarely is detectable in
the liquid phase. Imaging techniques have the disadvantage of requiring restraint of the animal and access to expensive equipment.
Radiographic methods require administration of test meals that are not similar to food. Scintigraphy is the gold standard method
for assessment of gastric emptying but requires administration of a radioisotope. Magnetic resonance imaging has not yet been
applied for assessment of gastric emptying in small animals. Ultrasonography is a potentially useful, but subjective, method for
assessment of gastric emptying in dogs. Gastric tracer methods require insertion of gastric or intestinal cannulae and are rarely
applied outside of the research laboratory. The paracetamol absorption test has been applied for assessment of liquid phase gastric
emptying in the dog, but requires IV cannulation. The gastric emptying breath test is a noninvasive method for assessment of
gastric emptying that has been applied in dogs and cats. This method can be carried out away from the veterinary hospital, but
the effects of physioclogical and pathological abnormalities on the test are not known. Advances in technology will facilitate the

development of reliable methods for assessment of gastric emptying in small animals.
Key words: Barium-impregnated polyethylene spheres; Breath test; Radiography; Scintigraphy: Ultrasonography.

he important role of the stomach in the digestion of
food has been recognized for many centuries. The
term “‘pylorus™ dates from before the 5th century and is
derived from the Greek, meaning “keeper of the gate,” an
indication that early physicians had some understanding of
the physiological function of gastric emptying. The rate of
gastric emptying was assessed noninvasively for the Tst
time in 1898, when the Harvard physiologist, W.B. Cannon,
‘used X-rays to trace the outline of a radiopaque meal pass-
ing through the stomach of a cat (Fig 1).! Over the next 6
_years, Cannon used this method to characterize the func-
ional significance of fundic and antral contractions and
~demonstrated the effect of emotion and food on the rate of
gastric emptying.’? Together, these studies formed the cor-
nerstones of the study of gastric motility, and Cannon’s
findings continue to influence our understanding of gastric
emptying to this day. Indeed, over 100 years later, the ra-
diographic tracing of gastric emptying remains the most
commonly applied method for assessment of gastric motil-
ity in veterinary medicine.’

More recently, the dog has been used as an animal model
for the study of human gastric emptying in many physio-
logical and pharmacological studies, and gastric emptying
is now more clearly understood in the dog than in any other
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species. The neural regulation of gastric emptying has been
studied in the cat,* but at present, few studies describe the
clinical assessment of gastric emptying in this species.

Gastric Emptying: Physiology

Gastric emptying is the process by which food is deliv-
ered to the small intestine at a rate and in a form that op-
timizes intestinal absorption of nutrients. The rate of gastric
emptying is regulated by the tonic contraction of the prox-
imal stomach (fundus), contraction of the distal stomach
(antrum), and the inhibitory forces of pyloric and duodenal
contraction (Fig 2). Solid phase gastric emptying is of
greater interest to the veterinary clinician because there is
some evidence that pathological disorders of gastric emp-
tying are not always detectable in the liquid phase.” Prox-
imal gastric tone is an important modulator of liquid emp-
tying, and studies in dogs have demonstrated that recovery
of fundic tone after ingestion of a liquid meal occurs con-
currently with gastric emptying of the liquid phase.® How-
ever, the gastric emptying of liquids is not exclusively con-
trolled by the proximal stomach, and outlet resistance from
the antral and pyloric regions and the duodenum also are
important.’

An important function of the process of solid phase gas-
tric emptying is to act as a mill for the “trituration” of
solid food. Trituration refers to the mechanical breakdown
and mixing of food to a semiliquid chyme, and this effect
is achieved by the repeated to-and-fro movement of ingesta
in the antrum. Antral contraction is composed of circular
rings of muscular contraction (peristalsis) that increase in
amplitude and velocity as they travel distally toward the
pylorus.® As the wave of contraction approaches the distal
antrum, the pylorus and proximal antrum close and particles
too large to pass through the pylorus (>2 mm) are pro-
pelled back into the body of the stomach. This action of
contractile retropulsion reduces digestible food particles to
a size suitable for gastric emptying (in the range of 0.1-
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Fig 1. Tracing of the outline of a radiopaque fluid passing through
the feline stomach.! The pictures were drawn by carefully tracing the
outline of the stomach from X-rays taken at half-hourly intervals for
6 hours after ingestion of bismuth meal. These pictures document the
1st recording of the rate of gastric emptying, and were published in
the inaugural issue of the American Journal of Physiology (reproduced
with permission).’

0.63 mm in the dog).”"" Liquid phase emptying follows an
exponential pattern in humans'? and in the dog'® and cat."?
Solid meals empty in a slower, more linear pattern that
often is preceded by a lag phase thought to be representa-
tive of the process of trituration,'®1-17

In the dog, small indigestible particles (diameter << 1.6
mm) empty promptly from the stomach, whereas large in-
digestible solids (diameter > 2 mm) that are resistant to
trituration, are retained until the digestible solids have emp-
tied and the interdigestive motor pattern is recovered.”'®
However, in the horse and in humans, indigestible solids
can empty with digestible food.'®!® Interdigestive patterns
of gastrointestinal motility vary greatly between species.
The interdigestive state in humans and in the dog is asso-
ciated with a cyclic recurring complex of motor activity,
the migrating motor complex (MMC) that migrates peri-
odically from the stomach to the distal small intestine.?*?!
The MMC is characterized by a band of intense contractile
activity (Phase III) that is followed by a period of relative
quiescence (Phase I) and then a period of irregular activity
(Phase II).2 The interdigestive MMC is interrupted by feed-
ing in the dog and in humans and is replaced by a pattern
of persistent phasic contractile activity that mixes and pro-
pels the gut contents.”*?* The interdigestive motility pattern
of the cat is unique and is associated with long, fused spike
bursts (migrating spike complex) interspersed with short
periods of irregular spiking activity.”® The characteristic
gastric physiology of each species has important implica-
tions for the interpretation of gastric emptying studies in
veterinary practice. Detailed analyses of the gastric myo-
electric activity of the cat and dog have been reported else-
wheI-E.ZU.ZE.ZS

Gastric emptying is a highly regulated process that is
subject to alteration by many physiological, pharmacolog-
ical, and pathological conditions. The modulatory effect of
physiological factors such as stress,”*?” body size,” and
meal composition®** on the rate of gastric emptying in
dogs and cats accounts for the wide variation in the rate of
gastric emptying reported among and within subjects and
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Fig 2. Anatomical regions of the canine stomach.

among different studies (Table 1).2'32 This variation con-
founds the investigation of pathological or pharmacological
modulation of gastric emptying, and only unequivocal re-
sults can be considered of clinical relevance. Reference
ranges for solid phase gastric emptying in the dog and cat,
measured by noninvasive techniques, are shown in Table 1.
Animals with clinical signs of gastroparesis that have rates
of gastric emptying outside of these ranges when the same
protocol is applied might have delayed gastric emptying.
However, many of these studies report gastric emplying
rates in normal animals kept under experimental conditions;
consequently, the reference ranges reported might not be
representative of the gastric emptying rate of a normal an-
imal presented to a veterinary clinic. Few studies have doc-
umented delayed gastric emptying associated with a path-
ological process in the dog and cat, possibly because of the
technical difficulties in assessing the rate of solid phase
gastric emptying in these species outside the laboratory.
The limited information available on the rate of gastric
emptying in the discased animal combined with the wide
variability of gastric emptying in the normal animal makes
the definition of delayed gastric emptying difficult. Fur-
thermore, the studies that are available are not comparable
because different test meals and methods for assessment of
gastric emptying were used. The definition of delayed gas-
tric emptying in the dog and cat requires further work, and
establishment of standard methods and reference ranges in
large groups of healthy animals is necessary. Investigation
of the sensitivity of each method in detecting disordered
gastric emptying in diseased animals also is required.
Delayed gastric emptying has been reported in dogs with
chronic hypertrophic pyloric gastropathy,*—*¢ endotox-
emia,” dysautonomia,*® neoplasia, % gastric dilatation-vol-
vulus,*#? and radiation-induced vomiting.** In the cat, de-
layed gastric emptying was reported in association with py-
lorospasm,* hypertrophic gastropathy,” and dysautono-
mia.* Delayed gastric emptying commonly is associated
with human type I and type IT diabetes*”#* and has been
demonstrated in experimentally induced diabetes in dogs.*
The prevalence of delayed gastric emptying in diabetic dogs
warrants investigation, particularly because erratic delivery
of nutrients to the small intestine could contribute to poor
glycemic control. The role of gastric emptying in the eti-
ology of canine gastric dilatation-volvulus has been the fo-
cus of detailed research, and considerable evidence suggests
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Fig 3. An outline of the methods described for assessment of solid and liquid phase gastric emptying. (DPTA, diethylene triamine pentacetic

acid.)

that delayed gastric emptying might be a primary patho-
genic mechanism in this disorder.® However, in comparison
with human medicine, delayed gastric emptying has been
described rarely in the veterinary literature. This observa-
tion almost certainly is due to the limited access to accurate
methods for assessment of solid phase gastric emptying in
animals. The development of simple and inexpensive meth-
ods for assessment of solid phase gastrie emptying in vet-
erinary medicine might show that clinical disorders of gas-
tric emptying are more prevalent in dogs and cats than pre-
viously reported.

Methods for Assessment of Gastric Emptying

Gastroscopy can be used to exclude mechanical obstruc-
tion of the stomach,> but more subtle alterations in gastric
emptying can be detected only by methods that can quantify
the rate of gastric transit. The last decade has seen dramatic
developments in the techniques available for assessment of
gastric emptying in animals,?*525 and several methods now
available are realistic options for clinical application. This
section reviews the methods that are available for assess-
ment of gastric emptying and evaluates their application, or
potential application, in veterinary medicine (Fig 3). Many
of these tests currently are confined to the research labo-
ratory, and these methods also will be reviewed in antici-
pation of technological developments that could facilitate
their future clinical application in animals.

Diagnostic Imaging

Imaging methods frequently are used for assessment of
gastric emptying in veterinary medicine, despite the fre-
quent requirement for restraint or sedation of the animal
during the procedure. Restraint can entail manual restraint,’
sedation,'**! anesthesia,'? or, in the case of the dog, restraint
in a Pavlov sling.'3355 All of these interventions potentially
could affect the rate of gastric emptying. Imaging methods

also can be difficult to apply in the clinical setting because
of the necessity for sequential imaging over a long time
period® and the requirement for special equipment and per-
sonnel.

Radiography. Radiography and fluoroscopy can be used
to monitor the gastrointestinal transit of radiopaque solids
and liquids, and these methods can provide qualitative and
limited quantitative data on the rate and pattern of gastric
emptying. The technique of radiographic assessment of gas-
tric emptying involves sequential lateral and ventral images
taken over a period of 4-12 hours after ingestion of a ra-
diopaque meal. The movement of the meal through the
stomach is assessed qualitatively, or by counting the radi-
opaque particles judged to be in the stomach.

Many radiopaque test meals have been used for radio-
graphic assessment of gastric motility, including liquid bar-
ium, barium mixed with food, and radiopaque indigestible
solids. The contrast media used in radiographic studies are
not chemically or physically similar to food; consequémly,
the information provided might be of limited physiological
importance. Furthermore, the palatability of radiopaque test
meals has presented a difficulty in veterinary studies, often
necessitating the use of chemical appetite stimulants, force
feeding, or tube feeding.* Radiographic methods are use-
ful tools for identification of gross abnormalities of gastric
emptying and for detection of mucosal defects, gastric ob-
struction, neoplasia, and foreign bodies. These methods are
less useful in detection of subtle modulations of the rate of
gastric emptying because it is difficult to accurately quan-
tify the rate of passage of radiopaque material from the
stomach,

Liquid Barium: The administration of liquid barium is
a commonly used method for radiographic or fluoroscopic
assessment of gastric emptying of liquids, but investigation
of liquid phase emptying is an insensitive method for de-
tection of abnormalities of gastric emptying.* For example,
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~in 1 study, gastric transit of liquid barium was normal in 5
dogs with pyloric hypertrophy despite subsequent demon-
stration of delayed gastric emptying with radioscintigra-
phy.®

-~ Barium Mixed with Food: Mafy investigators have at-
* tempted to trace solid phase gastric emptying by mixing
barium with food in the dog®% and cat,® However, barium
can separate from the test meal and empty with the liquid
phase,” and this effect might explain the wide variation
observed among different individuals and studies reported
using this method.**® One study described the gastric emp-
tying of a contrast-enhanced meal in dogs with an X-ray—
computed tomography-based imaging system. This method
produced 3-dimensional images of gastric contractions, but
mechanical ventilation of the dogs was required, and this
method could not be applied outside the research labora-
tory.5!

indigestible solids is of interest to medical researchers de-
veloping methods for administration of drugs in tablet form:
/- consequently, many reports detail the mechanisms of gas-
. tric retention and emptying of indigestible solids in
dogs.'*>%* Radiopaque markers have been administered en-
closed in gelatin shells to assess the gastric emptying of
indigestible solids in the dog,* or mixed with food to assess
. solid phase gastric emptying in the dog?32505 and ca 5-66
il The types of marker used in these studies were sections
f radiopaque tubing," polyamide and polypropylene
spheres,®¢” and barium-impregnated polyethylene spheres
(BIPS™),5365 BIPS are radiopaque markers that are pro-
noted by the manufacturers as markers for assessment of
solid phase gastric emptying in dogs and cats. A 1.5-mm
sphere is designed to mimic gastric emptying of digestible
i food, and a 5-mm sphere is designed to accumulate orad to
{an obstructing lesion 58
['i Gastric emptying of indigestible solids in the dog is de-
'pendent on particle size and density, and meal viscosity'66%:
\ Larger markers (>>2 mm) are retropelled into the proximal
" stomach and empty during the interdigestive motor pat-
“tern," whereas smaller sized markers can empty in the lig-
uid or solid phase.'® In the horse' and in humans,” gastric
emptying of larger indigestible markers can occur unrelated
to patterns of interdigestive motility.

Large BIPS (>2 mm diameter) are resistant to further

reduction of particle size; consequently, they are retropelled

into the proximal stomach, where they might then be ex-
pected to empty from the stomach during the interdigestive
(motility pattern. Smaller sized BIPS might be expected to
either empty immediately from the stomach or be retropel-
led into the antrum for trituration. Intermediate-sized mark-
ers (1.5-2 mm diameter) can empty with solid food, but
this occurs subject to extensive variation among and within
individual animals.'®32¢5 This variation could explain why
the gastric emptying of BIPS did not correlate with the
emptying of a radiolabeled solid meal in cats® or dogs.
Conversely, 1 study indicated that gastric emptying of both
large (5 mm) and small (1.5 mm) BIPS was significantly
correlated with the gastric emptying of concurrently in-
gested food.s*

Studies have shown that the triturative functions of the
canine stomach reduce the particle size of most digestible

Radiopaque Indigestible Solids: Gastric emptying of -

food to particles of 0.10-0.63 mm in diameter,'®'55 but the
BIP size taken to represent gastric emptying of solid food
measures 1.5 mm. The gastric transit of indigestible radi-
opaque solids cannot be taken to represent the gastric transit
of solid food because these solids are resistant to trituration
and consequently cannot provide a physiological represen-
tation of the sieving and triturative functions that charac-
terize solid phase gastric emptying.

Liquids, digestible food, and indigestible solids (eg,
BIPS) are emptied from the stomach in separate phases,
and the relative contribution of each phase to clinical dis-
orders of gastric emptying has not been studied in veteri-
nary medicine. Each phase of gastric emptying might have
specific implications in disease, and for this reason, re-
searchers and clinicians should clearly identify the phase of
gastric emptying that is measured with radiographic tech-
niques.

Radiopaque fluids can be used to assess liquid phase gas-
tric emptying, but this method probably is not sufficiently
sensitive for detection of all abnormalities in the rate of
gastric emptying. Radiopaque solids can be used to detect
abnormalities of gastric emptying of indigestible particles,
but the clinical relevance of this process in the dog has not
yet been studied. An accurate radiopaque marker for quan-
titative assessment of the rate of gastric emptying of di-
gestible food has yet to be described. Whereas radiopaque
solids such as BIPS probably are sufficiently sensitive
markers for detection of grossly delayed gastric emptying
in clinical practice, more subtle alterations in solid phase
gastric emptying might not be detected by these methods.
However, the primary advantage of radiographic methods
for assessment of gastric emptying in small animals is the
widespread availability of radiographic equipment and ex-
pertise, and for this reason, these methods will continue to
be useful tools for investigation of clinical abnormalities of
gastric emptying.

Radioscintigraphy. The evaluation of gastrointestinal
motility by scintigraphic imaging after ingestion of a radio-
nuclide-labeled meal was Ist described in 1966,” and ra-
dioscintigraphy now is considered to be the standard meth-
odsgainst which all new methods must be correlated.” The
Society of Nuclear Medicine recently defined a standard
protocol for radioscintigraphic evaluation of gastric emp-
tying in human medicine,” and reference ranges based on
large study groups and multicenter trials are now avail-
able.””* Radioscintigraphy has been applied for assessment
of gastric emptying in animals, in a variety of species in-
Cluding dOgS‘S,IS,.’%I,32J4—7ﬁ Cats’l3.l7,41‘77—79 hOrSCS,gn’R] ratS’BZ
monkeys,* and pigs.®

The radioisotopes usually employed in scintigraphic
studies of gastric emptying are **"Technetium (*™Tc, bound
to pentetate, sulfur, tin or albumin colloid, disofenin, me-
brofenin, or resin beads) and '"'Indium (bound to diethylene
triamine pentacetic acid [DPTA]). These radionuclides have
short half lives of 6 hours and 2.2 days, respectively, and
because they emit gamma radiation at different energies,
they can be combined to preferentially label the solid and
liquid phases of gastric emptying. Specific analysis of the
gastric emptying of solids and liquids with 1 radiolabeled
meal is called the “dual isotope” method and allows the
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mechanisms and rates of each emptying phase to be mon-
itored simultaneously.”® The radiopharmaceutical used to
assess the gastric emptying of solids must be shown to re-
main bound to the solid phase, and must not be absorbed
or adsorbed in the gastrointestinal tract. " Tc-disofenin and
#mTe-mebrofenin are recommended for use in the cat and
dog respectively, on the basis of vitro and in vivo studies
of labeling efficiency.®** Solid phase labels generally are
baked in liver or egg and mixed with canned animal food
or meat. Although it has been demonstrated that radiola-
beled steak and liver are emptied in parallel from the canine
stomach,'® it is possible that radiolabeled food might not
empty concurrently with the ingested meal. Although the
gastric emptying of radiolabeled egg or liver would still
represent the process of solid phase gastric emptying, the
dispersion of radiolabeled food among the ingested test
meal requires further study.

In most veterinary scintigraphic studies, the animal is
fasted for 12-24 hours to ensure an empty stomach, after
which a test meal incorporating a radioisotope is ingested.
Left and right lateral, and ventral images are acquired with
a gamma-camera and integrated nuclear medicine computer
system. The gastric region of interest is defined by hand*
or computer,'* and the radioactive counts in this region are
recorded, usually at regular intervals for 69 hours.

Correction factors are necessary to allow for radioactive
decay of the isotope over the duration of the test. Move-
ment of the marker in the stomach could cause attenuation
of the activity of the radionuclide, and the lag phase of
gastric emptying might be overestimated because the mark-

er has moved to lie closer to the camera.’” The calculation

of the geometric mean (square root of the product) of the
right and left lateral images attempts to correct for some
attenuation of the isotope.® Spreading of food in the stom-
ach might cause some of the readings early in the test to
be greater than the initial count, and overlap of activity in
the small intestine or colon over the area of interest in the
stomach also might be a problem.”™ Data are converted to
fractional retention of radiation after decay correction.
Mathematical curve fitting is used to model the data and to
calculate coefficients to describe the rate of gastric empty-
ing. Alternatively, the percent isotope remaining in the
stomach at 2 and 4 hours can be calculated. This calculation
reduces the number of scans necessary and has been shown
to have a high predictive value in detecting alterations in
gastric emptying.*’

The application of scintigraphy in animals is limited by
the requirement for a nuclear medicine facility and the ra-
diation hazard involved. Scintigraphic facilities are now
available at most veterinary academic institutions, and ref-
erence ranges based on small study groups are available.
Scintigraphy protocols have been described for assessment
of gastric emptying in the dog™ and cat.®* The test meal
used in scintigraphic studies is similar to the food the ani-
mal might normally ingest; in small-animal studies, propri-
etary pet food or radiolabeled liver often are used.® Scin-
tigraphy provides a useful standard against which new
methods for assessment of gastric emptying can be com-
pared, but the widespread clinical application of scintigra-
phy in dogs and cats always will be limited by the radiation
hazard and the expense of this method.
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Ultrasonography. Technological advances in medicai ul-
trasonography have facilitated the application of this meth-
od for the assessment of gastric emptying. A close corre-
lation between the rate of both liquid and solid phase gastric
emptying measured by ultrasonography and by scintigraphy
has been demonstrated in humans.®*®! Ultrasonography is
used to quantitatively assess gastric emptying by measuring
the flow volume through a defined area of interest and al-
lows visualization of antral contraction. However, the rate
of gastric emptying measured by ultrasonography is based
on the estimated change in antral volume, and this mea-
surement might not accurately represent gastric emptying,
especially if antral contents are retropelled into the fundus.*

The main disadvantage of ultrasonography for assess-
ment of gastric emptying is that it requires a skilled oper-
ator and is subjective in nature; however, studies have
shown that variance among operators is not unduly large
Ultrasonography cannot be used to discriminate between
liquid and solid emptying, and measurements are affected
by gastric secretion. The presence of gas in the stomach
could complicate the assessment of gastric emptying by this
method,* and the technique might be difficult to apply in
obese subjects. The principal advantage of ultrasonography
is that it allows gastric emptying and antral contraction to
be assessed in real time and with minimal restraint of the
animal.

In dogs, gastric contractions can be visualized with ul-
trasonography, and delayed gastric emptying might be in-
dicated by prolonged retention of fluid.®**> Recent studies
have indicated that ultrasonography could be a potentially
useful method for quantification of solid phase® and liquid
phase® gastric emptying in the dog. Ultrasonographic
equipment is widely available in veterinary practice. and
ultrasonography might be a useful noninvasive method for
quantitative assessment of gastric emptying in small ani-
mals. Further research is necessary to validate this method
against radioscintigraphy in the dog and to describe refer-
ence ranges in healthy and diseased animals. Clinical ap-
plication of this method then will be feasible and could
allow simple and inexpensive assessment of gastric emp-
tying in practice.

Magnetic Resonance Imaging. Magnetic resonance im-
aging (MRI) can be used to provide a 3-dimensional image
of the stomach and allows gastric emptying and gastric mo-
tility to be assessed simultaneously and noninvasively.”
MRI originally was reported as a method to assess liquid
phase gastric emptying,”” but a solid phase marker that
should facilitate further application of this method recently
has been described.”® The use of MRI for assessment of
gastric emptying in animals has not yet been described.
Although MRI might have useful applications in veterinary
research, the use of MRI for clinical assessment of gastric
emptying in animals is limited by the expense and necessity
for access to specialized equipment.

Electrical Resistance

The rate of gastric emptying can be assessed with the
techniques of impedance epigastrography and applied po-
tential tomography (APT) to monitor the fluctuation in an
alternating current applied across the epigastric region after

i
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Fig 4. The rationale of the gastric emptying breath test.

ingestion of a test meal. An alternating current is applied
with standard ECG electrodes, and similar electrodes are
used to monitor the change in potential difference.®® The
ingestion of a meal causes increased electrical resistance
across the stomach followed by an exponential decrease in
impedance, and these changes are an indirect representative
of gastric emptying.'® APT involves the use of a multi-
electrode array to enclose the upper abdomen, whereas im-
pedance cpigastrography uses just 2 pairs of electrodes.
Both techniques are very sensitive to artifacts induced by
sven slight body movement during the test.” Nevertheless,
:mpedance epigastrography has correlated well with liquid
shase gastric emptying rates measured by scintigraphy in
wmans,'”" but a solid phase marker for use with this meth-
d has not yet been described. The use of either technique
n small animals has not been reported, but impedance epi-
'astrography was successfully used to monitor gastric emp-
ying in small foals.”* Because of the sensitivity of these
nethods to body movement, however, their future appli-
ation in dogs and cats probably is confined to the assess-
nent of gastric emptying in the research laboratory.

Tracer Studies

Gastric Tracers. Tracer studies involve the serial aspi-
ation of samples of gastric contents after administration in
ood or by gastric intubation of a known concentration of

nonabsorbable marker substance. The change in concen-
ation of the marker is used to calculate the rate of gastric
mptying. Samples of gastrointestinal contents are obtained
rough an oro- or nasogastric tube or a fistula or catheter
iserted in the gastric or small intestinal wall. This method
1s been widely applied for assessment of gastrointestinal
ElnSil in dog,25‘62.69,[()2‘103 Cat,lM—lﬂﬁ pig’](ﬂ and horSell(}X Some
itestinal tracer studies required euthanizing the animals at
sfined time periods after ingestion of a meal in order to
stermine the rate of gastric transit of the tracer.5109

Nonabsorbable substrates used as intestinal tracers of sol-
¢ phase gastric emptying include indigestible solids, 55263
«iolabeled food," freeze-dried food,""® and chromium ox-
fe.'"" Liquid phase tracers include polyethylene glycol''?
1d phenol red.” Studies with these agents assume that a

30 r
25
® Mean
= Predicted
5
2
£
=
4
o
o
0 e 4 s 2 A & A ']
0 60 120 180 240 300 360 420
Time / mins
Fig 5. Application of the "C-OBT in 4 dogs illustrating pattern of

solid phase gastric emptying and intersubject variability. The solid line
shows the predicted gastric emptying curve, and the points and error
bars are the standard deviation and mean values when the test was
repeated in each animal on 3 separate occasions. PDR, percentage of
administered C dose recovered per hour. (Data from reference 30.)

homogeneous suspension is formed with the gut secretion.
Intestinal tracer studies have provided valuable information
on the physiology of gastric emptying, but the invasive na-
ture of these studies confines their use to the research lab-
oratory.

Plasma Tracers. The paracetamol (acetaminophen) ab-
sorption test has been described for assessment of the rate -
of liquid phase,'* and more recently, solid phase gastric
emptying.'"" Plasma drug concentrations are measured in
serial blood samples after ingestion of paracetamol in so-
lution, and the rate of gastric emptying is related to the
appearance of paracetamol in the blood.!** Paracetamol is
poorly absorbed in the stomach and rapidly absorbed from
the duodenum'** and does not affect the rate of gastric emp-
tying.""® The paracetamol absorption test has been correlat-
ed with scintigraphic measurement of gastric emptying in
humans'"> but not yet in the dog. Paracetamol can be mea-
sured” easﬂy in serum by chromatography,''” and the ab-
sorption test protocol is relatively simple. The paracetamol
absorption test has been applied for assessment of the effect
of prokinetic drugs and different test meals on the rate of
gastric emptying in the dog.**'"*!1% A disadvantage of the
paracetamol absorption lest is that intravenous catheteriza-
tion is required, and the method has not been validated for
assessment of solid phase gastric emptying. Paracetamol
might be subject to limited absorption in the stomach,
which could result in substantial variation in the results.!’
As with all methods for assessment of gastric emptying that
rely on the metabolism of a tracer, the paracetamol absorp-
tion test might be affected by disordered small intestinal or
liver function. Further validation of this method in diseased
animals is necessary before clinical application is possible.

Breath Tracers. The assessment of gastric emptying by
stable isotope breath tests involves ingestion of a '*C-la-
beled substrate that is rapidly absorbed and metabolized to
“CO, after gastric emptying to produce a detectable in-
crease in “CO, in the exhaled breath. (Fig 4). If gastric
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Table 2. Advantages and disadvantages of gastric emptying assessment methods.

Method

Advantages

Disadvantages

Breath test

3C-octanoate
B(C-acetate
C-glycine

Radiography
Liquid barium
Barium and food

Noninvasive and nonradioactive

No specialist equipment necessary

Can be performed away from the analytical center

Test meal resembles food; minimal restraint neces-
sary

Noninvasive

Equipment and expertise is widely available

Real-time measurements

Expensive and not yet widely available

Effects of disease on the test are poorly understood

Indirect method, measurements are not real-time '

Assumes normal absorption and metabolism of
substrate

Requires exposure of personnel to X-rays

Restraint necessary; semiquantitative data provided

Indigestible solids

Noninvasive and nonradioactive
Real-time measurements

Ultrasonography

Allows visualization of antral contractions

Blood tracers

Paracetamol Paracetamol easily measured by HPLC
Nonsubjective measurements
Radioscintigraphy Noninvasive, standard method, real-time measure-

ments
Test meal resembles food

Simple, no specialist equipment necessary

Nonphysiological test meal (plastic solids or bari-
um)

Barium may dissociate from solid test meal

Interpretation is semicquantitative; restraint neces-
sary

Requires specialized equipment and personnel

Imaging is affected by gastric secretion

Requires IV catheterization

Not yet validated for solid phase emptying

Indirect method, assumes normal substrate metabo-
lism

Requires administration of a radioisotope

Specialist equipment and personnel necessary

Restraint is necessary

Preferential monitoring of solids and liquids possi-

ble

Magnetic resonance imaging Noninvasive and nonradioactive

Motility and flow can be assessed simultancously

Real-time results
Electrical resistance Noninvasive

Nonradioactive
Real-time results

Impedance epigastrography
Applied potential
Tomography
Intestinal tracers -
Wide variety of tracers available

Well-established method and simple protocol

Requires specialist equipment and personnel

Expensive and not widely available

Restraint necessary

Complex protocol and confined to liquid phase

Even slight body movement produces artefacts

Restraint necessary and positioning of electrodes
difficult

Requires euthanasia or gastric cannulation

HPLC, high-performance liguid chromatography.

emptying is the rate-limiting step in the metabolism of the
substrate to CO,, then the pattern of isotope recovery in
breath is a reflection of the rate and pattern of gastric emp-
tying. Barly studies used the radionuclide *C; however, the
evolution of quick and accurate methods for detection of
stable isotopes has permitted the use of the nonradioactive
isotope of carbon, PC.'"?

The breath test protocol is simple and does not require
any special equipment or expertise. Breath samples can be
collected from animals with a face mask,**#"!2° with a nasal
prong,'21122 or by placing the animal in a breath collection
chamber.!? The breath sampling procedure can be com-
pleted rapidly and with minimal restraint in horses, dogs,
and cats. #1120 13C has a natural abundance of 1.1% of the
total carbon so that all "*C breath tests are carried out
against a background level of the naturally occurring iso-
tope.'?* For this reason, it is necessary to ensure that basal
levels of 3CO, excretion are stable before commencing a
breath test. Foods derived from tropical grasses such as
cane sugar and maize should be avoided because these have
photosynthetic mechanisms that cause natural enrichment
of C. However, studies in dogs have demonstrated that
under conditions of routine animal husbandry in the United
Kipgdom and abstinence from C-rich foods, variation in

13C excretion in dogs is negligible.*® The animal must re-
main at rest during the test to ensure that the rate of CO,
production remains constant. Breath samples can be stored
in sealed tubes for up to 60 days,”> and samples can be
posted to the laboratory for analysis. The “C:"2C ratio is
determined by isotope-ratio mass spectrometry, and the re-
sults are plotted against time. Mathematical curve fitting
can be used to derive coefficients to describe the rate of
gastric emptying.

Liquid Phase Markers: The 1st breath tests to be de-
scribed for measuring gastric emptying in humans were the
1C-acetate breath test'’>s and the C-bicarbonate b:=ith
test.'26 Despite promising initial results, the *C-bicarbonate
gastric emptying breath test could not be correlated with a
simultaneous scintigraphic study; hence, it does not appear
to be a suitable substrate for use in assessment of gastric
emptying.'?” The *C-acetate liquid phase gastric emptying
breath test has been correlated with scintigraphic'®” and dye
dilution methods® and has been applied for assessment of
liquid phase gastric emptying in pharmacology and eXercise
physiology studies in man.'?** A “*C-glycine breath test
can also be used for assessment of liquid phase gastric emp-
tying, and this test showed good correlation with the rate
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[ Fig 6. Flowchart for selection of suitable method for assessment of solid phase gastric emptying in the dog and cat.

|/ of gastric emptying measured by ultrasonography, despite
Vwide intersubject variation.'*!

- Solid Phase Markers: The *C-octanoic breath test (**C-
OBT) was described for assessment of solid phase gastric
emptymg in humans in 1993, and the test has now been
apphed in the horse,*'# dog,* cat,'* and mouse.'? The '*C-
OBT has been compared to scintigraphy in humans'*-'* and

{in the horse®' and against ultrasonography in humans'** and
"ln the dog.%
Octanoic acid is a medium chain fatty acid that is rapidly
absorbed in the duodenum and oxidized in the liver to pro-
duce carbon dioxide, which enters the bicarbonate pool be-
“fore being excreted in breath'* (Fig 4). Entry of the carbon
‘ label into the bicarbonate pool imposes an inevitable delay
_before recovery of isotope in the breath. Studies in hu-
'mans,'*? horses,?’ and dogs'?” have proposed suitable cor-
‘rection factors to compensate for this delay.
i Inter- and intrasubject variability by the *C-OBT in the
g'Edog was relatively low® (Fig 5) and comparable to previous
‘studies with radioscintigraphy.” The test was shown to be
|sensitive to alterations in gastric emptying induced with dif-
'i'ferent meal composition in humans,' dogs,* and horses'??
‘and to pharmacological modulation of gastric emptying in
humans.'?* Recent innovations in the use of the BC gastric
emptying breath test in human medicine include the vali-
‘dation of a novel substrate, *C-Spirulina.’ Spirulina is an
edible alga that is cultured in *CO, to produce a 99% "*C-
enriched substrate that is thought to be more representative
:of the food matrix than octanoic acid.'** The implied con-
'sequence is that adequate digestive enzyme activities must
\be present. This requirement could preclude the use of this
test in subjects where, for instance, pancreatic enzyme in-
sufficiency is suspected. In the *C-OBT, gastric emptying
is likely to remain the rate-limiting step, controlling ap-
pearance of *CO, in breath in these subjects. The incor-
poration of '*C substrate into prepackaged meals and the
simplification of the test protocol have now established the
"3C gastric emptying breath test as an investigative method
that can be applied at the “point of care” in human med-
icine.!3*-142 However, routine clinical application of this test

currently is limited by poor understanding of the effects of

physiological and pathological abnormalities (eg, hepatic
and intestinal disease) on the performance of the test. Nev-
rertheless, the PC-OBT has been applied for investigation

of gastric emptying in many clinical disorders in human
medicine, including cystic fibrosis,'* diabetes,'** and motor
neuron disease,'* and in critical care patients.!#®

The principal advantage of the gastric emptying breath
test is that it is completely noninvasive and can be carried
out away from the veterinary hospital. Analysis of breath
test data can be completely automated and provides data
describing the rate and pattern of gastric emptying that is
nonsubjective and quantitative. The test meal in the gastric
emptying breath test is similar to food normally ingested
by the animal, and neither the octanoic acid substrate nor
the 3C label pose any risk to health.

The gastric emptying breath test is an indirect method
for assessment of gastric emptying and its accuracy is de-
pendent on rapid and reproducible absorption and metab-
olism of octanoic acid after entry into the duodenum. Fur-
ther studies are necessary to validate this assumption in
different physiological and pathological states. Application
of the gastric emptying breath test currently is also limited
by the requirement for expensive and technically complex
methods of measurement of the carbon isotope ratio. The
introduction of continuous-flow isotope ratio mass spec-
trometry''®!*S was a key development in the application of
CO, breath tests in medicine and was followed closely by
commercial instrumentation on the basis of this principle.'*
Future technological developments, likely based on spec-
troscopic techniques, will generate the next generation of
3CO, breath analyzers and facilitate wider application of
the *C gastric emptying breath test. The gastric emptying
breath test has considerable potential for development as a
“point of care” method for assessment of gastric emptying
in small animals.

Whereas the gastric emptying breath tests have been val-
idated for application in healthy subjects, relatively few
studies have investigated the effect of disease on the ki-
netics of tracer absorption and excretion. These tests might
prove to be simple and noninvasive methods for assessment
of gastric emptying in animals, but further research is nec-
essary to determine the metabolic fate of the tracers and to
validate the tests for use in all subjects.

Conclusion

Several methods now are available for assessment of gas-
tric emptying (Table 2), both for research purposes and for
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clinical investigation. When available, radioscintigraphy is
the method of choice, and the gastric emptying breath test
could be a useful alternative in animals with normal hepatic
and small intestinal function. Ultrasonography is a poten-
tially useful method for assessment of gastric emptying in
the dog, and the description of reference ranges and pro-
tocols will facilitate future application of this method. The
widespread availability of radiographic equipment will en-
sure the continued application of radiopaque markers for
detection of disordered gastric emptying of indigestible sol-
ids ‘and liquids. The method chosen for assessment of gas-
tric emptying in veterinary clinical practice depends on the
facilities, funding, and expertise available and on the sen-
sitivity required (Fig 6). Meanwhile, research is continuing
in human and veterinary medicine to develop a noninva-
sive, inexpensive, and sensitive method for assessment of
solid phase gastric emptying. Development of such a meth-
od would lead to a greater understanding of the clinical
relevance of disordered gastric emptying in veterinary prac-
tice.
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