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Radionuclide methods have confirmed that there are
significant differences in the rates at which different food
components (digestible solids, nondigestible solids, liquids,
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99mTc(V)thiocyaflate is a valuable addition to the range of
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Considerationsfor AccuratelyMeasuringGastricEmptying
I n this issue, Cunningham et al. de-

is one of several important consider

scribe a radiopharmaceutical
for
measuring the gastric emptying of fat

ations in accurately measuring
rate of gastric emptying.

the

(1). The choice ofradioactive markers
RADIOPHARMACEUTICAL
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First, it is important that food be
used as the marker of gastric empty
ing. Hunt and Stubbs have shown

Considerations
forAccurately
Measuring
GastricEmptying
ofFat â€¢
Datz

non-nutrient saline meals empty rap
idly with exponential (first-order) ki
netics, whereas nutrient

meals show

an initial emptying period that loads
the duodenum, followed by a more
linear (zero-order) emptying curve
(2).
Second, solid-phase markers should
be used. The mechanism of liquid
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emptying is different from solid emp
tying and liquids may give normal

with a total caloric content of 68 kcal
emptied with a half-time of 73 mm,

emptying times in the presence of dis

while a similar-sized meal containing

ease (3). Liquid emptying is primarily

633 kcal emptied with a half-time of

dependent on the effects of gravity
and the pressure gradient between the

214 mm (11).
Studies have indicated that an even
more important criterion is meal size

99mTc and â€˜
â€˜
â€˜In-labeledchicken liver
have markedly different dosimetries.
Compared to 99mTc 500 @Ciof â€œIn
labeled chicken liver results in a stom
ach dose 4 times higher, a large intes
tine dose 20 times higher, and a total
body burden 12 times greater (15).

or weight (10,11). As meal size in
creases, gastric emptying slows. Meals

TECHNIQUE

stomach and duodenum.

The control of post-prandial solid
emptying

is much

more

complex.

Studies in dogs indicate solid food
must be reduced to a maximum size
of 1 mm before it can enter the duo
denum, with the majority of particles
passed measuring 0.06 mm or less (4).
Surprisingly, the fragmentation
of

of 300, 900, and 1692 g caused solid
emptying times of 77 mm, 146 mm,

and 277 mm, respectively; liquids
showed half-emptying times of 40
mm, 8 1 mm, and 178 mm, respec

food is primarily dependent on the

tively (10). When caloric content and
meal weight are compared, the slow

coordinated

ing effect of added calories is not suf

contraction

of the stom

ach walls. In fact, although enzymatic
digestion may contribute

to fragmen

tation, it is not necessary and normal
emptying rates can occur in its ab
sence (6). This grinding activity is de

pendent on the antrum rather than
the fundus and is controlled by the
post-prandial propagation of peristal
tic waves (3). Solids can also empty

the stomach via powerful Phase III
interdigestive

migrating

motor com

plex (MMC) contractions that occur
between meals. These powerful lu
men-obliterating contractions are
stimulated by motilin. Their purpose
is to empty the stomach of indigestible
debris and fasting contents. Erythro
mycin, shown recently to enhance
gastric emptying in diabetic gastropa
resis, does so by binding to motilin
receptors (7).

Meal caloric content must also be
considered. Using liquid-meal emp
tying times determined by a tube-in

dicator recovery technique, Hunt and
Stubbs showed gastric emptying was
slowed with increasing caloric density
(kcal/g) (8). Equicaloric concentra
tions of lipid, carbohydrate, and pro
tein produced equal slowing of gastric
emptying rates. This concept is some
times referred to as the Hunt and

Stubbs hypothesis and states that gas
tric emptying is controlled by the nu

trientdensity(totalkcal/totalg or ml
of food) entering the duodenum (9).
Studies using radionuclide techniques
with solids have been consistent with
this hypothesis (10,11). A 300-g meal
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ficient to overcome the enhancing ef
fect of increasing meal weight. In a
study using meals of equicaloric con

Patient positioning must be stand
ardized. A study of the rate of gastric
emptying in subjects in four different
positions (recumbent, sitting, stand
ing, and alternate sitting-standing) in
dicated
the recumbent
position
slowed gastric emptying by 102%
compared to sitting-standing
(16).

How recumbency slows gastric emp

tying is unknown, but likely it is re
lated to meal pooling, reduced antral
tent, a 300% increase in meal weight distention, and lack of a gravitational
resulted in a 388% increase in abso
effect. Because exercise, even walking,
lute emptying rates, while a 304% in
enhances gastric emptying, it is im
crease in total meal calories caused
portant that subjects remain quiescent
only a 43% reduction in absolute
between imaging sessions (1 7).
emptying rates (11).
The interval between imaging can
Stability of the solid-phase tag is also affect accuracy. Obviously, the
also important. If the tag elutes, it fewer the data points, the more likely
mixes with the liquid phase, giving a the true half-emptying time will be
partly solid, partly liquid, emptying
missed; the controversy about the
time. To prevent problems from tag presence or absence ofan initial solid
elution, Meyers et al., developed an in phase lag period is partly related to
vivo technique for labeling chicken this problem (18). Studies with con
liver (12). Stability is excellent: 97%â€” tinuous monitoring show a short mi
98% of the tag is still associated with tial lag phase (8 mm), which could be
the liver after 4 hr of incubation in missedeasilyif samplingisdoneonly
gastric juice or hydrochloric acid. Un
at 10â€”1
5-mm intervals, as is fre
fortunately, the technique is incon
quently the case. Continuous moni
venient, requiring the injection and toring has another advantage: it pre
sacrifice of live chickens. Until re
vents the patient from falsely enhanc
cently, alternative techniques have ing gastric emptying
by walking
given much higher dissociation per
between imaging sets.
centages (13,14).
Patient motion during acquisition
A simple labeling technique of liver or inaccurate repositioning will cause
thatdoesnotrequirelivechickenshas errors, usually falsely shortened emp
recently been developed (14). This tying times (19). This is because stom
technique involves frying liver pate in ach activity will move outside the out
a mixture of 99mTcsulfur colloid. In line of the stomach region of interest,
cubation studies indicate 92%â€”93%of falsely lowering the counts measured.
the tag remains bound at 4 hr. This is
Repositioning is frequently done by
more than adequate for gastric emp
marking the stomach region with a
tying studies.
wax pencil on the persistence scope.
Finally, the radioisotope chosen for The patient is positioned with the
marking the food must be considered.
stomach activity within this area at
Higher-energy isotopes are attenuated
the beginning ofeach imaging session.

less;however,equivalentactivitiesof A better method is to tape a small
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affects gastric emptying as it does
other physiologic processes (25). In a

of the marker is drawn on the persist

nuclide's depth within the body de
creases and attenuation plus scatter
are reduced (3,20).

ence scope at the first imaging session.
Then the patient is positioned with
the marker in the drawn region each

How important are these effects?
Studies indicate gastric emptying rates
are underestimated (half-times over

went identical gastric emptying stud

time. If both anterior

estimated) by an average of38% using

point-source

marker of 57Co or 99mTc

on the patient's skin (3). The location

and posterior

imaging are performed, a second

a standard 300-g meal (21). Errors as

marker should be placed on the pa
tient's back. Not only do the markers
permit accurate vertical and horizon
tal repositioning, they allow any pa
tient motion during image acquisition

large as 87%, however, are seen in
individual patients. The effect varies
with meal size (20,21).
There are several approaches for
correcting for depth and attenuation.

to be discovered. Motion artifacts can
be corrected by drawing a new region

We use opposed detectors and geo

of interest for each image set.
Depending on the radionuclides
used, decay correction may be neces
sary. Isotopes with short half-lives,
such as 99mTcor â€˜
â€˜
3mIfl must be decay

corrected or the emptying time will be
underestimated

(20).

This is espe

metric mean correction. At each im
aging session, anterior and posterior

study of healthy subjects who under
ies at 8 a.m. and at 8 p.m., evening

emptying

rates were significantly

slower than morning rates. Therefore,
it is important that gastric emptying

studies always be scheduled at the
same time each day to ensure that
established normal values apply.

Even more important is to establish
different normal values for males and
pre-menopausal females. In the past,
it wasassumedmen and womenhad
identical

rates of gastric emptying.

countsin the stomachare recorded. Normal values were usually estab
The geometric mean is calculated by: lished in male volunteers and then
(anterior counts X posterior counts)l/
2. Phantom studies indicate the cal

applied to both sexes; however, stud
ies of normal pre-menopausal women

culated geometric mean gives count
rates that vary less than 2% for depths

have shown they have significantly
slower gastric emptying than men.
Since post-menopausal women have

cially important for patients with sig

of2.5â€”20 cm (21).

nificantly delayed emptying. Indium
111, on the other hand, with its 2.7day half-life, does not require correc
tion.

tion of depth and scatter (as well as
septal penetration) is to use the peak

that of men, female sex hormones
appear to inhibit gastrointestinal mo

to-scatter(P/S) ratio(20,22,23).Stud

tility (27).

ies of â€˜
l3mIflwith its 392-keY photon,
indicate attenuation is less important

slow gastric emptying by two mecha

In simultaneous solid-liquid phase

An alternative approach for correc

studies using 99mTc and â€˜
â€˜
â€˜Inas the
markers, a correction for crosstalk
must also be made (20). Using more
activity of the lower energy isotope

than scatter and septal penetration,
when compared to 99mTc Errors of

than the higher-energy radionuclide

I 3mIfl

helps minimize

factor generated from the P/S ratio
may give equivalent results to geo
metric mean correction (22,23). In
vestigations into the use of the P/S
ratio in linear profile scanning, how
ever, indicate the P/S ratio method
may be more sensitive than the geo
metric mean technique to variations
in source volume and other distribu
tion effects (24). In particular, the P/

the effects of down

scatter. In addition, estimates can be
made of the amount of down-scatter
into the lower energy window; these
counts can then be subtracted from
the measured counts in the lower-en
ergy window. Since correction factors

depend on the relative amounts of
activity used for each radionuclide,

the window width, and the recorded
percentage

of scatter into the lower

window, it is best to experimentally
determine the degree ofcrosstalk from
phantom or patient studies and use
this number for correction.
Gastric emptying studies are a dy

namic process in which the radiola
beled food progresses from an initial
posterior position in the fundus to the
more anteriorly-located
antrum. If
imaging is performed from the ante

30%â€”40% have
Studies

been

indicate

found
a

with

correction

much more rapid emptying, equal to

Estradiol and progesterone may
nisms. Estradiol receptors have been
identified in gastrointestinal tissues
and progesterone receptors are likely
present as well (26). Female sex hor
mones may, therefore, directly affect
motility. Second, motilin, a gastroin
testinal hormone with smooth mus
cle-stimulating effect is decreased in
pregnancy. Progesterone may act in
directly in slowing gastric emptying
by decreasing plasma levels of motilin

(26).
Finally, subjects need to be at ease
during the gastric emptying exam.

S ratio can be changed by scatter from

Physical stress slows gastric emptying,

sources completely outside the field
of view of the camera. Therefore, it is

and mental stress may do the same
(28).
Gastric emptying studies are a use

not clear that the P/S ratio method
offers any advantage compared to the
simpler geometric mean correction
technique.

ful tool for investigating normal phys
iology and detecting gastrointestinal
disease. Strict attention to detail when
carrying out the studies is necessary,

PHYSIOLOGICVARIABLES

however, to ensure accurate results.

rior position only, an artifactitious in

In establishing and applying nor
mal emptying values, several points
must be considered. First is the time

crease in counts occurs as the radio

ofday of the study. Circadian rhythm
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