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Gastric-emptying studies have no accepted standard methodol-
ogy or reference values. A simplified standardized protocol with
a large reference database has been proposed, with imaging
obtained at only 0, 1, 2, and 4 h. The rationale for its 4-h length
is data suggesting that delayed emptying is detected with higher
sensitivity at 4 h than at 2 h. The purpose of the current investiga-
tion was to review our 2-y experience using this protocol, to de-
termine the added value of 4-h imaging, and to determine
whether the lag phase can predict delayed emptying. Methods:
After ingesting a sandwich made with 99mTc-sulfur colloid egg
substitute, 175 patients were imaged immediately, every 10
min for 1 h, and then at 2, 3, and 4 h. Percentage retention was
calculated for each interval. Sensitivities, specificities, predictive
values, and receiver operating characteristic (ROC) curves were
computed for the 1-, 2-, and 3-h intervals on the basis of normal
4-h values. Data were analyzed to determine the added value of
the 4-h study. Thresholds were sought that optimized accuracy.
ROC analysis was used to determine the predictive value of the
lag phase. Results: Gastric emptying was delayed in 20% of pa-
tients at 2 h and in 26% at 4 h, a 29% increase in abnormal stud-
ies (P , 0.02). Of those normal at 2 h, 13% became abnormal at 4
h. Of those with delayed emptying at 2 h, 24% normalized at 4 h.
Compared with the study at 4 h, the study at 2 h had a 59% sen-
sitivity, 94% specificity, 76% PPV, and 87% NPV. ROC analysis
showed that the areas under the ROC curve (AUC) were 0.75,
0.93, and 0.97 at 1, 2, and 3 h, respectively. The threshold for op-
timal accuracy for 3-h data was estimated to be greater than
30% retention. The accuracy of this threshold was 91%. The
lag phase AUC for predicting delayed emptying at 4 h was
0.60. Conclusion: This first investigation of a large referral pa-
tient population using a standardized protocol found that abnor-
mal emptying is detected with greater sensitivity at 4 h than at 2 h
and that the lag phase is not predictive of delayed emptying.
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The radionuclide gastric-emptying study has long been
the standard method for measuring gastric motility. How-
ever, clinicians increasingly express concern about the lack
of standardized methodology across institutions and imag-
ing centers. The meal, study length, acquisition, processing
methods, quantification, and reference values differ.

A simplified and standardized protocol that has support in
the gastroenterology community has been proposed by Tougas
et al. (1). In that publication, reference gastric-emptying data
were analyzed in 123 healthy subjects from multiple institu-
tions in Europe, Canada, and the United States. The method-
ology is simplified in the sense that imaging is performed at
only 4 intervals—0, 1, 2, and 4 h—after ingestion of a low-fat
meal. Their data suggested that these limited imaging times
provided results similar to those of more frequent image
acquisition. The rationale for the 4-h study length is 2 other
reports indicating that delayed gastric emptying is detected
with higher sensitivity at 4 h than at 2 h (2,3).

We have been using a modification of this protocol since
May 2004. The purpose of this investigation was to review
our experience with this simplified, standardized protocol in
a large population of referred patients. We sought to deter-
mine whether delayed gastric empting was detected with
increased sensitivity at 4 h than at 2 h using this protocol. By
modifying the protocol, we also sought to determine whether
a delay in the lag phase might be predictive of delayed gastric
emptying.

MATERIALS AND METHODS

Between May 1994 and March 2005, 225 consecutive adult
gastric-emptying studies were performed at our institution; the
patients who underwent these studies served as the study popu-
lation. Patients were excluded from analysis if they did not ingest
the entire meal within 15 min, had a history of abnormal gastric or
esophageal anatomy, had undergone prior surgery, were receiving
gastric prokinetic drugs, or had evidence of esophageal reflux or
esophageal retention on scintigraphic imaging. The reason for
exclusion was the concern that the reference values might not
apply to these patients—for example, those who consumed only a
portion of the whole meal—and that the results would potentially
be erroneous because of difficulties in calculating accurate
results—for example, in those patients with reflux or esophageal
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retention. Thus, 175 patients (124 of whom were female and 51
male) met the criteria and served as the basis for our review.
Patients ranged in age from 17 to 88 y (mean 6 SD, 48.4 6 15.1 y).
The population represented the broad spectrum of patients usually
referred for gastric-emptying studies, that is, those with a variety
of dyspeptic symptoms including postprandial nausea, vomiting,
abdominal pain, and gastroesophageal reflux. Eighteen had insulin-
dependent diabetes and had similar symptoms or poor diabetic
control.

The patients fasted overnight before the study. The radiolabeled
meal consisted of 120 g of egg substitute, equivalent to 2 large
eggs (Classic Optimum Choice liquid egg product; SYSCO
Corp.); toasted white bread (2 slices); strawberry jam (two 14-g
packages; The J.M. Smucker Co.); and water (120 mL). The meal
had 1,067 kJ (255 kcal) and included 75% carbohydrates, 24%
protein, 2% fat, and 2% fiber (1). 99mTc-sulfur colloid (37 MBq)
was mixed with the egg substitute and cooked for 2 min in a
microwave oven.

The protocol of Tougas et al. requires imaging at 0, 1, 2, and 4 h
after meal ingestion (1). The patients in this investigation were
also imaged every 10 min during the first hour and additionally at
3 h. The patients were asked to sit in the waiting room between
imaging sessions. Simultaneous anterior and posterior 1-min
images (128 · 128 matrix) were obtained with the patient supine
using a dual-head g-camera with a low-energy high-resolution
parallel-hole collimator. A 20% window was centered on 140 keV.
A gastric region of interest was drawn using computer software
for each image set. The geometric mean of the anterior and
posterior views was determined, and the percentage retention was
calculated for each interval. The values for abnormal retention
from the Tougas protocol (median and 95th percentile) were used:
Delayed gastric retention was defined as a delay of greater than
90% at 1 h, 60% at 2 h, and 10% at 4 h (1).

For analysis, data were recorded as integers (1–100) represent-
ing the percentage activity retained in the stomach at various
times. The number of patients with a percentage retained activity
less than or equal to the thresholds used by Tougas et al. for the
time points was labeled ‘‘normal’’ with regard to that criterion (1).

To test the statistical significance of greater abnormal emptying
at 4 h than at 2 h, we performed a simple bootstrap experiment (4).
The resampling procedure creates alternative samples from the
original dataset by drawing with replacement. The statistical
significance was determined (P value).

By varying the threshold between normal and abnormal patient
studies, we constructed receiver operating characteristic (ROC)
curves for detection of delayed emptying based on the percentage
retained activity at 1, 2, and 3 h. The standard for truth was
considered emptying of 90% or more at 4 h (1). New thresholds
that optimized accuracy (number of patients correctly classified
divided by total patients) in our dataset were determined.

ROC curves were analyzed to evaluate the utility of the lag
phase in predicting delayed emptying. The lag phase was deter-
mined by 2 methods: a 5% drop in counts from peak counts and
the first appearance of bowel activity (5).

RESULTS

Of the 175 patients included in the analysis, no data were
available for 3 patients at 1 h and for 1 patient at 2 h. At 1 h
after ingestion of the meal, 154 (90%) of 172 patients had
normal gastric emptying and 18 (11%) had delayed gastric

emptying according to the Tougas data (1). At 2 h, 140
(81%) of 174 patients had normal emptying and 34 patients
(20%) had delayed gastric emptying. At 4 h, 130 (74%) of
175 patients had normal emptying and 45 patients (26%)
had delayed emptying. This was a 29% (10/34) increase in
the number of abnormal studies. One of the 45 abnormal
studies at 4 h was not observed at 2 h (Table 1).

Of the 154 normal studies at 1 h, 31 (20%) became
abnormal at 4 h. Of the 140 normal studies at 2 h, 18 (13%)
became abnormal at 4 h. On the other hand, of the 18
abnormal studies at 1 h, 4 (22%, 9%–55% confidence inter-
val) became normal at 4 h. Of the 34 abnormal studies at 2 h, 8
(24%, 4%–47% confidence interval) became normal at 4 h
(Table 1).

Using 500 bootstrap samples (4), we found that 9 samples
contained more patients that crossed from abnormal to
normal than patients that crossed from normal to abnormal.
Therefore, the statistical hypothesis that more studies are
abnormal at 4 h than at 2 h is significant, at a P value of 0.018.

Apparent rapid emptying was estimated on the basis of
the percentage retention at 1 and 2 h using different cutoffs
(,30%, ,20%, and ,10%) (Table 2).

The sensitivity, specificity, positive predictive value, and
negative predictive value for 1 and 2 h relative to the 4-h
values of Tougas et al. are summarized in Table 3.

The areas under the ROC curve (AUC) for each interval,
compared with the 4-h normal values, were 0.75 at 1 h, 0.93
at 2 h, and 0.97 at 3 h (Fig. 1).

The threshold values that optimized accuracy at 1, 2, and
3 h and their associated sensitivity, specificity, accuracy,
and predictive values are shown in Table 4.

On ROC analysis, the AUC for the lag phase in predict-
ing delayed gastric emptying was 0.60 for a 5% drop in
counts from peak counts and 0.53 using the first appearance
of bowel activity (FABA) (Fig. 2).

DISCUSSION

The first report using radionuclide gastric-emptying meth-
odology was published in 1966, describing the use of 51Cr to
measure emptying (6). Since that time, many different
radiopharmaceuticals and methodologies have been used.
Although various nonradionuclide methods have been

TABLE 1
Normal and Abnormal Gastric Emptying at 1, 2, and 4 Hours

Normal (n) Abnormal (n)

Timing Total Crossovers* Total Crossoversy

1 h 154 31 (14%–26%) 18 4 (9%–55%)

2 h 140 18 (8%–19%) 34 8 (4%–47%)

4 h 130 45

*Patients normal at 1 or 2 h who became abnormal at 4 h.
yPatients abnormal at 1 and 2 h who became normal at 4 h.
Data in parentheses are 95% confidence intervals.
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described, the radionuclide methodology has stood the test of
time and is the accepted standard for measuring gastric
motility.

There are numerous reasons why different protocols and
reference values are in clinical use today. Advances in camera
technology, such as the availability of dual-head cameras,
have led to changes in methodology. Our increased under-
standing of gastric physiology has been an impetus for
protocol changes; for example, a frequent framing rate allows
for more accurate measurement of the lag phase and rate of
emptying (5,7). Commercial software that permits routine
attenuation correction has become widely available. Quan-
tification is often calculated as a half-time of emptying or
percentage emptying at the study end, although some have
advocated more sophisticated analyses such as modified
power exponential, antral motility, and gastric accommoda-
tion (8–10). Reference values depend on the methodology
used, especially the meal content, but also on the acquisition,
processing, and quantification methods (11,12). Thus, the
reference values used should be validated and based on the
specific methodology used. Today, the specific protocol that
is used in an imaging center is determined by multiple fac-
tors, such as the instrumentation and software available and
the interest, knowledge, and preference of the imaging
physician.

Referring physicians are increasingly frustrated by the
different methodologies used. The referring clinician at-
tempts to understand the patient’s gastric-emptying results
in light of published literature and presentations at medical
meetings. However, the methodology and reference values
vary widely, even between the hospitals to which an indi-
vidual physician refers patients. Furthermore, multiinstitu-
tional clinical trials are difficult to establish because of the
lack of a general standardized protocol.

Standardized approaches to gastric emptying have been
advocated (13), but there is no general agreement on a
standard protocol. In 2000, Tougas, et al. published a multi-
center study on 123 healthy subjects from institutions in
Europe and North America and established values for delayed
gastric emptying (1). The authors and many gastroenterolo-
gists promote the protocol as simplified and cost-effective
because it requires imaging at only 4 times after ingestion of
the meal—0, 1, 2, and 4 h—and can easily be duplicated at any
imaging center. Quantification requires calculation of only
the percentage gastric retention at these intervals.

In 1991, from a study of 14 patients and 37 healthy
subjects, it was reported that a limited number of data points,
at 0, 2, and 4 h, provided an approximate and adequate
representation of gastric emptying when compared with
more frequent image acquisition (14). The same investigator
group subsequently published a study on 35 patients using the
simplified protocol and reported that more patients with
delayed gastric emptying were detected at 4 h than at 2 h (3).
In 2001, a different group reported on 129 patients who were
studied using a different simplified protocol. Delayed emp-
tying was detected in 33% of patients at 2 h and in 42% at 4 h
(2). However, neither study reported a statistically significant
difference.

In our investigation of 175 patients using the Tougas
protocol, we also found more patients with delayed emptying
at 4 h than at 2 h (26% vs. 20%). This was a 29% increase in
the number of abnormal studies and was statistically signif-
icant (P , 0.02). We also found that some patients with
delayed emptying at 2 h had normal emptying at 4 h (Table 1).
Similar findings have been previously reported (2).

One limitation of the Tougas protocol is the lack of
published 3-h data (1). In a prior study in which 3-h imaging
was performed, the 3-h time point was at least as sensitive as
the 4-h time point for detection of abnormal emptying (2). In
our protocol, patients were also imaged at 3 h. Our ROC
analysis, using the Tougas 4-h data as the standard, found an
AUC of 97% for the 3-h emptying values (Fig. 1), suggesting
a good correlation between the test results at 3 and 4 h. Our
analysis also suggested that an optimal threshold for 3-h
emptying would be greater than 30% retention (Table 4). The
accuracy of this threshold in our patient dataset was 91%
(Table 4), with 9% of the patients having discordant results

TABLE 2
Number and Percentage of Patients with Apparent Rapid

Gastric Emptying

Percentage reduction

Timing ,30% ,20% ,10%

1 h 5/172 (2.9%) 3/172 (1.7%) 0/172 (0%)

2 h 21/174 (12.6%) 20/174 (11.5%) 19/174 (10.9%)

TABLE 3
Sensitivity, Specificity, and Predictive Values of Abnormal Emptying at 1 and 2 Hours Compared with 4 Hours

Gastric retention Sensitivity Specificity Positive predictive value Negative predictive value

.90% at 1 h 31% (14/45) 97% (123/127) 78% (14/18) 80% (123/154)

.60% at 2 h 59% (26/44) 94% (122/130) 76% (26/34) 87% (122/140)

The standard for a 4-h abnormal value was a retention of greater than 10% (Tougas et al. (1)). The data in parentheses were used for the
calculation. The numerator is the number of patients correctly assigned by the intermediate time criterion to the same category as the 4-h

criterion (e.g., abnormal emptying), and the denominator is the total number of patients from that category evaluated at the given time. One

true-positive was not evaluated at 2 h, and 3 true-negatives were not evaluated at 1 h; hence, only 44 of the 45 patients with abnormal

emptying at 4 h were evaluated at 2 h, and only 127 of 130 patients with normal emptying at 4 h were evaluated at 3 h.
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between the 3- and 4-h observation points. Thus, we would
not recommend limiting the study to 3 h.

Another limitation of the Tougas protocol is the lack of data
defining rapid gastric emptying. Rapid emptying is not rare,
having been reported to occur in 10%–40% of patients
referred for suspected delayed gastric emptying (15–17).
Symptoms are often indistinguishable from those of delayed
emptying. Table 2 displays the results of patients with the
most rapid emptying in this study. Although these results may
suggest rapid emptying, they are not diagnostic, because there
are no normative data. Normative data are sorely needed.

This simplified protocol can be modified by piggybacking
other protocols—for example, liquid emptying or gastric
accommodation—to answer a specific clinical or investiga-
tional question. We imaged every 10 min during the first hour
to investigate the lag phase. Limited published data suggest
that prolongation of the lag phase is the cause of delayed
gastric emptying (18,19) and that improvement in emptying
with prokinetic therapy is due to shortening of the lag phase
(20,21). However, other published data have indicated no
relationship between a prolonged lag phase and delayed
emptying (4,22). In our investigation, the lag phase was not
predictive of delayed emptying.

It is uncertain how best to define abnormal emptying. For
example, is a study abnormal if emptying is delayed at 4 h,
even though normal at 2 h? Is a study abnormal if emptying
is delayed at 2 h but normal at 4 h? One study, measuring
emptying at 2, 3, and 4 h, showed that the number of
abnormal studies increased if one considered emptying to
be abnormal if delayed at any of these time points (2). Our
data indicated the same. However, the clinical significance
of these criteria is uncertain and requires further investiga-
tion.

CONCLUSION

To our knowledge, this investigation was the first clinical
study using the simplified and standardized protocol of
Tougas et al. on a large population of referred patients. We
confirmed the preliminary data, reported from smaller
patient groups using different protocols, meals, and refer-
ence values, that a 4-h study detects more patients with
abnormal gastric emptying than does a 2-h study. By
modifying the standardized protocol for research, we found
that the lag phase is not predictive of delayed emptying.

FIGURE 1. ROC curves for 1-h (:), 2-h (s), and 3-h (n)
retention, with 4-h retention of more than 10% as the standard
for delayed emptying. AUC values were 0.75, 0.93, and 0.97 at
1, 2, and 3 h, respectively. FPF 5 false-positive fraction; TPF 5

true-positive fraction.

TABLE 4
Threshold Values for Optimal Accuracy, with Associated Values for Sensitivity, Specificity, and Predictive Values

Gastric retention Sensitivity Specificity Positive predictive value Negative predictive value Accuracy

.91% at 1 h 29 97 76 79 79

.52% at 2 h 80 89 71 93 87

.30% at 3 h 82 95 84 94 91

Data are percentages.

FIGURE 2. ROC curves for lag defined as first appearance of
bowel activity (s), and lag defined as 5% emptying from peak
activity (n). FPF 5 false-positive fraction; TPF 5 true-positive
fraction.
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