
Material and Methods section, consistsof particles2â€”5mm in
size. Most of these particles therefore do not need to undergo

trituration. Their short lag phase likely represents only the time
for these small particles to reach the antrum following which they
quickly begin to empty. The true solid in their study was the beef
stew which was not labeled and therefore not evaluated.

In an earlier article, these authors validated their surface
labeled pate by comparison to an intracellular label and found
similar emptying curves. It should be noted however that they
diced the intracellularly-labeledchicken liver cubes into â€œ2-3mm
chunksâ€• (8).

As pointed out by Christian et aL, numerous recent papers
havereportedthat a lagphasefor solidfoodemptyingdoesexist.
All these reports have used either whole in vivo chicken liver or
labeled egg and not a liver pate (7â€”14).

Both articles they cited, which have supported the concept of
no lag phase, used a radiolabel that did not label the solid [e.g.,
technetium-sulfur colloid mixed with mashed potato (15) and
chromium-51 in porridge (16)]. In those articles, in which a true

radiolabeled solid was employed, the graphs presented all show
clear evidence ofa lag phase (5,17).

The best definition of the lag phase remains controversial.
Somehavechosento definethe lagphasevisuallyas â€œthepart of
the solid-emptying curve prior to the appearance of detectable
amounts of radiolabel of the solid phase in the proximal small

intestineâ€•(9). While there is currently no consensus on the best
method to measure the lag phase, it does appear to have clinical
significance. It is a sensitive indicator of drug interventions em
ployed to treat diabetic gastroparesis (18). Analysis of the lag
phase has also been used to study the effects of ulcer surgery on

gastric emptying. Mayer found obliteration of the lag phase
following truncal vagotomy and pyloroplasty without an effect
on trituration (13).

We believethe lagphase is best definedusinga mathematical
definition based on a model such as the modified power expo
nential curve fit (6, 7). This obviates the need for continuous
image acquisition using dual detectors which is not practical.
Before committing others to such an approach, Christian et al.
need to justify their conclusions by proposing a physiologic
explanationfor their veryshort lagphase.
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ProperDefinitions for Lag Phase in Gastric
Emptyingof Solid Foods

TO ThE EDITOR: Considerable controversy and confusion
exists over the proper definition of the â€œlagphaseâ€•associated
with the gastric emptying of solid foods. We are concerned that
the conclusions reported in the recent publication by Christian
et al. (1) may only add to this confusion.

The authors reported â€œashort solid meal lag phase (average
8.6 mm) exists that can be missed with conventional radionucide
gastric emptying methods not employing continuous measure
ments.â€• While we find no fault with the authors' experimental

results, we believe that their finding of such a short lag phase is
the result of failure to use an adequate solid radiolabeled meal.
Mostimportantly,their conclusionthat continousmeasurements
are needed to perform a gastric emptying study is incorrect and,

if accepted, would needlessly increase the complexity of this
study.

Cannon first observed that the fundus and antrum play sepa
rate roles in emptyingliquids and solids (2). He proposed that
the fundus acts as a reservoir which initially undergoes receptive
relaxation to receive food from the esophagus (3). Solids are then

moved from the fundus to the antrum. Once in the antrum large
particulate solids are ground by antral contractions into smaller

particles by a process termed trituration. As stated correctly by
Christian et al., solid particles do not empty through the pylorus
until they are reduced to particles 1â€”2mm in size (4,5).

We believeany definition of the lag phase must reflect the
known physiology of gastric emptying of solids. We have previ
ously shown that alag phase based upon a definition that includes
time for receptive relaxation and trituration is a function of
ingested particle size and meal composition (6,7). Such a measure
of the lag phase using the modified power exponential function
has been studied using geometric mean attenuation correction
and correlates with peak antral filling (7). This suggests that once
solids fill the atrum and have been adequately triturated they
begin to empty.

In their article, Christian et al. fail to ascribe any physiologic
significance to their very short lag phase. We believe the very
short lag phase reported by Christian et al. is merely a result of

the fact that they have not used a sufficientlysolid labeledtest
meal. They have labeled a liver pate, which as they state in their
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REPLY: We appreciatethe interestofMaurer, Knightand Krev
sky in our work. We agree that there has been considerable
confusion over the existenceand definition of a lag phase for
solid food. Because of this confusion, we performed our study
using three different techniques for measuring lag phase (1).

We have validatedour solid food marker,labeled pate, against
surface-labeled and intracellularly-labeled chicken liver (2). La
beled liver pate, surface- and intracellularly-labeled chicken liver
were incubated in hydrochloricacid and gastricjuice for up to 4
hr. Particulate radiolabeling efficiency was measured by sieving
wasgreaterthan 93%at 3 hr for both liverpate and intracellular
labeled chicken liver. Surface-labeled chicken did not perform as
well. We then performedtwo gastricemptying studies in each of
six normal subjects;one study with labeled liver pate and the
other with intracellularly-labeledchicken liver. The observed
solid half-emptying time for pate and intracellularly-labeled
chickenliverwas 102mm and 100mm, respectively.No statis
tical difference in solid emptying time or the slopes of the
emptying curves was found.

Maureret al. referencean article in which a longer lag phase
was found than in our paper (3). However, the subjects in that
study swallowed chunks of food without chewing. As we stated
in our article, food must be ground into 1â€”2mm particles before
emptying through the pylorus can occur (1,4). Our study was
done, as are most other studies, under normal physiologic con
ditions, which include chewing as part of the digestive process.
Trying to compare the size of our particles that were chewed to
particlesthat wereswallowedwholeis not possible.Thesediffer
ences in experimental design would be expected to affect lag
phase.

Maurer et al. also do not take into account other differences
in experimental design that affect measurement of gastric emp
tying. We have shown that meal size, weight, and caloric content
all affect gastric emptying. Meals of 300, 900 and 1700 g resulted

in solidhalf-emptyingtimesof77, 146,and 277mm, respectively
(5). Caloric content is an even more important criterion (6,7). A

300-gmealwith a total caloriccontent of68 kcalemptiedwitha
half-emptying time of73 mm while a similar-sized meal contain
ing 633 kcal emptied with a half-time of2l4 mm (8). Therefore,
comparisons of different lag phase times likely are dependent on
these variables, as well. In the article referenced by Maurer et al.,
the meal sizecaloriccontent wereboth higherthan ours (3). Lag
phase will be affected by variations in the volume and character
of food,caloriccontent, imagingtechniquesand corrections.

Wedid not advocatethe routine useofcontinuous monitoring
for gastricemptyingstudies in our article. We pointed out that
continuous monitoring with opposed detectors is necessary to
ensurethat all informationis be appreciatedand the firstappear
ance of food into the duodenum may be missed. If this infor
mation is important for a particularstudy, then frequentimaging
must be performed.

Although the power exponential function has been proposed
by Elashoff et al. in an editorial, their group did not apply this
technique in a specific study involving volunteer subjects or

patients (9). Siegel et al. (10) have used a modified power
exponential function to characterize variations in rates of emp
tying by a bi-phasic measurement technique (T,@0). However,
this does not measure lag phase as the onset of emptying from
the stomach. Instead, it is intended to measurea period of time
for antrum filling and trituration. By definition, the onset of
emptying and T@0 are different and the first onset of emptying

should be shorter than T,@0.These differences in terminology
account for some ofthe confusion surrounding lag phase. Perhaps
terminology should be changed to discern the difference between
lag phase as the onset ofemptying and a term to identify the time
ofcurve shape change in a bi-phasic mathematical model.
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