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This study evaluated the intrapatient correlation for gastric emp-
tying times with instant oatmeal and scrambled egg meals. In
addition, this study evaluated the degree of overlap between
the stomach and the colon or jejunum in the anterior (AP) and left
anterior oblique (LAO) projections in CT studies of the abdomen.
Methods: Fifteen patients were studied twice, 1 d apart, with
instant oatmeal and scrambled egg meals, both of which were
labeled with 99mTc-sulfur colloid. Imaging was performed in
the upright position with the LAO projection. One-minute digital
images acquired every 15 min were used to calculate a simple
half-time of emptying. The correlation coefficient between the
oatmeal and egg meals was calculated. In addition, the degree
of overlap between the stomach and the colon or jejunum in
the AP and LAO projections in 100 CT studies of the abdomen
was categorized as none, mild (up to 25%), moderate
(25%250%), or marked (.50%). Results: One pair of gastric
emptying studies was eliminated as an outlier because the distri-
bution of the meals in the stomach, as determined by imaging,
was very different for the 2 studies. In the remaining 14 patients,
the correlation coefficient for half-times of emptying for the oat-
meal and egg meals was 0.77 (P , 0.01). The stomach overlapped
the colon 74% of the time in the AP projection and 82% of the time
in the LAO projection (P 5 not significant). The stomach overlap-
ped the jejunum 77% of the time in the AP projection but only 52%
of the time in the LAO projection (P , 0.05). Conclusion: The
significant correlation between the instant oatmeal and scrambled
egg gastric emptying times suggests that similar information is
provided by the 2 meals. The frequent overlap of the stomach
and the colon in both the AP and the LAO projections suggests
that imaging at delayed times, such as 4 h, is likely to be pro-
blematic because of colonic activity within the stomach region
of interest. In addition, the frequent overlap of the stomach and
the jejunum has implications for calculation of the lag time; the
less frequent overlap of the stomach and the jejunum in the LAO
projection than in the AP projection may be an advantage for
imaging in the LAO projection.
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The gastric emptying study consists of many parame-
ters, including patient preparation, meal composition, meal
radiolabeling, patient position, imaging projection, duration

of study, and data analysis. Since the gastric emptying study

was first reported in 1966 by Griffith et al., numerous

variations of each of these parameters have been published

(1,2). However, the lack of a nonradioactive reference standard

makes it difficult to determine the relative merits of the many

reported variations in these parameters.
In 2000, Tougas et al. reported normal values for 123

healthy subjects at 11 centers by using a standardized proto-
col (3). The protocol specifies a meal of scrambled egg
substitute equivalent to 2 eggs, 2 slices of bread, strawberry
jam, and water, with an overall caloric value of 255 kcal. The
meal is labeled by cooking the egg substitute with 99mTc-
sulfur colloid. Patients are imaged in the upright position in
the anterior and posterior projections at 0, 1, 2, and 4 h.
Gastric retention of greater than the 95th percentile was set as
the upper limit of normal at each imaging time, with an
emphasis on the 4-h value. Because of the large number of
healthy subjects in that trial, there is a movement to adopt this
protocol as a recommended standard (4,5).

In general, a protocol should be as simple as possible
without sacrificing accuracy. We are concerned that the pro-
tocol of Tougas et al. (3) has not been compared with simpler
protocols in an intrapatient fashion. In addition, we are
concerned that the length of the protocol of Tougas et al.,
4 h, will allow the labeled meal to pass through the small
intestine and right colon and reenter the gastric region of
interest.

In the present study, we performed a direct intrapatient
comparison of our standard, relatively simple gastric empty-
ing study using a meal of instant oatmeal and our standard
study using a commercially available meal of scrambled egg,
both of which were labeled with 99mTc-sulfur colloid. Al-
though we did not evaluate the more complex meal used in the
protocol of Tougas et al. (3), egg is the main component in that
meal and in many other previously described meals used in
gastric emptying studies.

In addition, we determined the degree of overlap between
the stomach and the colon as well as between the stomach and
the jejunum in the anterior (AP) and left anterior oblique
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(LAO) projections in 100 CT studies of the abdomen to assess
the likelihood that gastric contents reaching the colon by 1–4
h would confound the results of a gastric emptying study
protocol that depends on measurements from delayed im-
ages. Likewise, the frequency and degree of overlap between
the stomach and the jejunum are of interest because they
relate to the initial portion of the gastric emptying curve,
calculation of the lag phase, and selection of the optimal
imaging projection.

MATERIALS AND METHODS

Patient Population
Fifteen consecutive patients who were having a gastric empty-

ing study for clinical reasons and who agreed to participate in the
research study were enrolled. The research protocol was approved
by the Institutional Review Board.

Test Meals
The standard meal for gastric emptying studies at our institution

consists of one packet of instant oatmeal (Quaker Oats Co.)
reconstituted with water, mixed with 18.5 MBq (0.5 mCi) of
99mTc-sulfur colloid, and heated in a microwave oven. The meal
has a caloric content of 100 kcal and contains 2 g of fat, 4 g of
protein, and 19 g of carbohydrate. In addition, one packet of
natural sugar or artificial sweetener is allowed.

The comparison egg meal was obtained from a local centralized
radiopharmacy (Cardinal Health) and consisted of one egg mixed
with 18.5 MBq (0.5 mCi) of 99mTc-sulfur colloid and scrambled in
a skillet. The scrambled egg was placed in a plastic bag and
transported to our institution, where it was reheated in a micro-
wave oven.

Gastric Emptying Imaging Protocol
After overnight fasting, the patient was instructed to eat the test

meal promptly. Imaging was begun when the patient finished
ingesting the meal. Serial 1-min digital images were acquired
every 15 min in the LAO projection with the patient standing. The
patient was allowed to sit between image acquisitions. The routine
imaging times for the oatmeal and egg meals were 60 and 90 min,
respectively. Delayed imaging was performed if the patient did not
reach the half-time of emptying by the end of the routine imaging
time.

Analysis of Gastric Emptying Studies
A region of interest was manually placed over the stomach on

each image. The counts per region of interest on each image were
corrected for radioactive decay. The data points were connected
by straight lines. A simple half-time of gastric emptying was cal-
culated. At our institution, the upper limits of normal are 60 min
for oatmeal and 90 min for scrambled egg (6).

CT Studies of Abdomen
The CT studies were part of whole-body PET/CT studies or

were stand-alone CT studies and were acquired with oral contrast
material and not necessarily intravenous contrast material. Any
patient with significant distortion of the abdominal contents was
excluded; such distortion could be caused by, for example, a
moderate to large hiatal hernia, pancreatitis, or previous upper
gastrointestinal tract surgery. Accrual was continued until 100
studies suitable for evaluation were identified.

All images containing the stomach were reviewed, and the
degree of overlap of the stomach and the colon or jejunum in the
AP and LAO projections was subjectively categorized as none,
mild (up to 25%), moderate (25%250%), or marked (.50%). Of
necessity, the CT images were obtained in the supine position,
although the gastric emptying studies were performed in the
upright position.

Statistical Analysis
In the paired gastric emptying studies, the half-times of emp-

tying were compared by use of the correlation coefficient. In the
CT studies of the abdomen, the differences between the overlap of
the stomach and the colon and the overlap of the stomach and the
jejunum in the AP and LAO projections were compared by use of
the x2 test.

RESULTS

Patient Statistics

Among the 15 patients undergoing gastric emptying stud-
ies, there were 7 males and 8 females ranging in age from 20
to 87 y, with an average age of 52.1 y. Among the 100 patients
whose CT studies of the abdomen were evaluated, there were
41 males and 59 females ranging in age from 9 to 93 y, with an
average age of 50.8 y.

Gastric Emptying Studies

In all 15 patients undergoing gastric emptying studies, the
instant oatmeal and scrambled egg studies were performed
1 d apart. The oatmeal study was performed first in 12
patients and the egg study was performed first in 3 patients.
One patient was considered to be an outlier ( ½Fig: 1�Fig. 1, datum
point at far right). In this patient, the distribution of the instant
oatmeal and scrambled egg meals within the stomach was
quite different; the oatmeal passed rapidly from the fundus into
the body and antrum of the stomach, but a moderate amount of
the egg persisted in the fundus ( ½Fig: 2�Fig. 2). When the outlier was
excluded, the correlation coefficient in the remaining 14
patients was 0.77 (P , 0.01).

CT Studies of Abdomen

The degree of overlap of the stomach with the colon or
jejunum in the AP and LAO projections is summarized in

½Table 1�Table 1. Overlap of the stomach and colon occurred in 74%
of patients in the AP projection and 82% of patients in the
LAO projection; the difference was not significant. Overlap
of the stomach and colon usually involved the distal trans-
verse colon and the splenic flexure of the colon ( ½Fig: 3�Fig. 3).
Overlap of the stomach and jejunum occurred in 77% of
patients in the AP projection and 52% of patients in the LAO
projection; the difference was significant (P , 0.05) (Fig. 3).
In general, mild overlap and moderate overlap were much
more common than marked overlap for both the colon and
the jejunum. A total of 92% of patients had some degree of
overlap of the stomach with the colon, the jejunum, or both
in both the AP and the LAO projections.
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DISCUSSION

This intrapatient comparison study revealed a relatively
strong correlation between the half-time of gastric emptying of
instant oatmeal and that of scrambled eggs. This correlation
suggests that similar information is provided by these 2 meals.
A stronger correlation between 2 different meals in a relatively
small number of patients is unlikely because of the known
moderate variations in emptying times in a given patient when
a gastric emptying study is repeated with the same meal (7,8).

Oatmeal as a test meal has the advantages of being easy to
prepare and acceptable to most patients (9). In addition,
oatmeal has the advantage of being semisolid, thereby min-
imizing the amount of time that a patient spends masticating;
therefore, the meal enters the stomach in more of a bolus
fashion (10). The adherence of the colloid label to the
oatmeal in gastric juice in vitro has been found to be
satisfactory, at 82%297% (11).

For our comparison, we chose a commercially available
single scrambled egg meal because it is available from a
national radiopharmacy and can be replicated at other institu-
tions. In addition, it did not require the significant on-site
preparation time that more complex meals, such as the meal
used by Tougas et al. (3), require. However, the time required
for transportation and the necessary on-site reheating of the
scrambled egg meal occasionally resulted in a test meal that
was less than appetizing.

To date, there have been relatively few intrapatient com-
parisons of various test meals (3). In general, before a more
complex meal is recommended for adoption, the meal should
undergo an intrapatient comparison with a simpler meal,
such as oatmeal. However, determining the accuracy of any
meal and therefore its superiority is problematic because no
reference standard is available. Although the results obtained
with a given meal can be compared with patient symptoms,
this approach is subjective and involves somewhat circular
reasoning (12).

In the present study, overlap of the stomach and the colon
was a frequent occurrence: 74% of the time in the AP
projection and 82% in the LAO projection. In conjunction
with the known normal small intestine transit time of 15
min25 h, with a mean of just under 90 min, this finding
suggests that count readings from the gastric region of interest

FIGURE 1. Scattergram of half-times of emptying for oatmeal
and scrambled egg, both labeled with 99mTc-sulfur colloid. Datum
point at far right was determined to be an outlier on the basis of
its location relative to those of other data points and differences in
meal distribution within stomach on images. Correlation coeffi-
cient for half-times of emptying for oatmeal and scrambled egg in
remaining 14 patients was 0.77 (P , 0.01).

FIGURE 2. Images from paired oat-
meal and scrambled egg studies from
patient who was determined to be an
outlier. Images from oatmeal study
showed rapid movement of meal from
fundus into body and antrum of stomach.
Images from scrambled egg study
showed significant retention of meal in
fundus of stomach.
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on delayed images in a gastric emptying study will frequently
include counts from the colon (13).

In the protocol of Tougas et al. (3) for gastric emptying
studies, 4 h is recommended as the preferred measurement
time for evaluating gastric emptying, with an upper limit of
normal of 10% residual meal in the stomach (3). Several
other authors have also recommended the use of delayed
measurements, most commonly, 4 h (14–16). However,
because counts from within the stomach are relatively low
at the time of delayed imaging, a small amount of labeled
meal in the overlapping colon will likely have a large
impact on the counts in the gastric region of interest.
Therefore, in many patients, measurement of the counts in
the gastric region of interest at 4 h may be more indicative
of the transit time from the stomach to the splenic flexure
than of delayed gastric emptying.

Another finding of the present study was the frequent
occurrence of overlap of the stomach and the jejunum: 77%
in the AP projection and 52% in the LAO projection. This
finding means that in most patients, the meal must not only
pass out of the stomach but also pass through a portion of

the jejunum before it leaves the gastric region of interest.
This scenario, in turn, would generate a lag phase where
none exists or would prolong a true lag phase.

The frequency of overlap of the stomach and the jejunum
was significantly lower in the LAO projection than in the
AP projection. This finding indicates an advantage of im-
aging in the LAO projection over imaging in the AP pro-
jection because there is less contamination of the gastric
region of interest with jejunal activity. However, activity in
the gastric region of interest can be more accurately
determined in the AP projection because typically anterior
and posterior images are obtained and the geometric mean
method is applied to correct for attenuation (17). It is
uncertain whether the AP or LAO projection is superior
overall.

The problem of overlap of the stomach and the colon or
jejunum cannot be solved with planar imaging. Tomo-
graphic imaging with either SPECT/CT or PET/CT would
solve the problem of projectional overlap and allow precise
delineation of the boundaries of the stomach. The activity
in the stomach could then be segmented from that in the
rest of the body for analysis. Although this approach may
not be practical at present, it may become feasible as
SPECT/CT and PET/CT machines become more common
and less expensive.

CONCLUSION

Our findings indicate that the half-time of emptying ob-
tained with a simple meal of instant oatmeal correlates rela-
tively well with the results obtained with a more complex
scrambled egg meal. In addition, the stomach frequently
overlaps the colon, making delayed measurements of small
amounts of residual meal in the stomach problematic. Finally,
the stomach frequently overlaps the jejunum, although to a
lesser extent in the LAO projection than in the AP projection;
with implications for the choice of imaging projection and the
calculation of lag time. Recommendations to standardize
gastric emptying protocols with complex meals and imaging
at up to 4 h in the AP projection are probably premature.
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TABLE 1
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