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One hundred twenty-six pediatrie patients (0-16 yr of age) with clinically sus
pected gastroesophageal reflux (GER) were evaluated using radionuclide scintig-

raphy. Although 46 of the patients (38.3%) had abnormal studies exhibiting evi
dence of GER, there were no significant differences in gastric emptying between
patients with and without GER. At 60 min after ingestion, the 76 patients less than
2 yr old had a mean residual of 54%, whereas those over 2 yr of age had a value
of 29% (p < 0.0001). Gastric emptying values may be age-related.
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Interest in gastric emptying in children with gastro
esophageal reflux (GER) has been stimulated by the
reported association of delayed gastric emptying and
gastroesophageal reflux (/). It has been suggested that
the delay in gastric emptying may be responsible for
some cases of gastroesophageal reflux where treatment
with metoclopramide or bethanecol would be appropri
ate. We have analyzed the gastric emptying data of 126
infants and children studied with radionuclides for
gastroesophageal reflux. The purpose was to determine
whether a relationship exists between gastric emptying
and gastroesophageal reflux.

SUBJECT AND METHODS

The study population consisted of 126 consecutive
patients referred for gastroesophageal scintigraphy.
Referral was prompted by symptoms such as emesis,
rÃ©gurgitation, recurrent pneumonitis, apnea, a sibling
with sudden infant death, and (in older subjects) re
current abdominal pain.

Following a 4-hr fast, patients received a feeding of

5% dextrose and water containing a maximum of 1 mCi
of Tc-99m sulfur colloid. The volume of fluid ingested
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was adjusted to the patient's age. Immediately following

the ingestion, the patient lay in the supine position and
a gamma camera equipped with a high-sensitivity, par
allel-hole collimator was positioned posteriorly. Images
were recorded in a 64 X 64 digital matrix in 30-sec

frames for 60 min. Simultaneously, analog images were
obtained on transparency film at one image every 2
min.

Data were processed for the detection of gastro
esophageal reflux as described by Heyman et al (2). The
120 frames obtained during the first hour were summed
and displayed with an upper threshold of 5-10% of the

peak activity in order to demonstrate abnormal areas of
activity in the esophagus or lungs. Time-activity curves

for regions of interest drawn over the esophagus were
obtained. The detection of activity in the esophagus at
any time during the studyâ€”whether by the summed
images, sequential analog images, or time-activity
curvesâ€”was considered abnormal and indicative of

gastroesophageal reflux. Following correction for decay
of Tc-99m, gastric emptying was quantitatively ex

pressed as the percentage remaining at 60 min. An area
of interest was selected over the stomach for the first and
last 30-sec frames. Following background subtraction,

the percent gastric residual at 60 min was calculated:

i Gastric residual =
gastric counts at 60 min X 100

gastric counts at O min
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FIG. 1. Histogram showing age distribution and occurrence of
gastroesophageal reflux in population studied.

RESULTS

Forty-six of the 126 patients (38.3%) had abnormal
gastroesophageal scintigrams and were considered to
have gastroesophageal reflux. The age distribution of the
patient population is shown in Fig. I. Figure 2 depicts
the relationship between gastroesophageal reflux and

gastric emptying values. Patients with gastroesophageal
reflux had the same mean age as those with normal
studies, and exhibited no significant difference in their
gastric emptying values (Table I ).

Seventy-six patients were less than 24 mo of age, and
37% of these (26 patients) had abnormal gastroesoph
ageal scintigrams. There was no difference in the mean
values for gastric emptying or the mean age of the infants
between normal and abnormal scintigraphic studies
(Table 2). Fifty patients were between 2 and 16yr of age.
The 20 patients with abnormal gastroesophageal scin
tigrams in this age grouping also exhibited no significant
difference in mean age or mean gastric emptying when
compared with those having normal studies (Table 2).

When patients are grouped by age only, however, re
gardless of the results of the gastroesophageal scinti-
gram, there is a significant difference in the mean gastric
emptying value (p < 0.0001 ) when those less than 2 yr
old are compared with those above that age.

DISCUSSION

The acquisition of gastric emptying data by radio-
nuclide scintigraphy has become an integral component
of the routine study of the pediatrie patient for gastro
esophageal reflux. The diagnostic and therapeutic ra
tionale for the analysis of such data resides in the re
ported association of delayed gastric emptying in infants
with gastroesophageal reflux, as well as the availability
of agents such as bethanechol and metoclopramide for
the pharmacological treatment of disorders of gas
trointestinal motility (/).

The diagnostic accuracy of gastroesophageal scin
tigraphy in the evaluation of infants for reflux is still
uncertain. Blumhagen et al. considered a gastroesoph
ageal scintigram to be clinically insignificant ("nega-
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FIG. 2. Histogram of gastric emptying
values and relationship to gastroesopha
geal reflux.
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TABLE 1. GASTRIC EMPTYING COMPARED
WITH GASTROESOPHAGEAL REFLUX

Gastroesophageal No. of Mean age % Residual
reflux subjects (mo) Â±s.d.

Yes

No

46
80

51
44

42 Â±25
46 Â±28

live") if there were two or less episodes noted in the first

5 min of observation (3). Thirteen of their 65 patients
had studies with such findings. Seven of these 13 had
positive acid reflux tests. The sensitivity of radionuclide
studies was 75% for the population studied, and speci
ficity was not evaluated. Both Seibert et al. (4) and
Arasu et al. (5) evaluated the diagnostic accuracy of
scintigraphy, using the 24-hr pH probe and acid reflux
tests as the "gold standard." The criterion for a positive

radionuclide study was the demonstration of radionu
clide in the esophagus at any time during the 60-min
period of observation. This agrees with the criterion used
in this study and by Heyman (2). Using this criterion,
Arasu reported no false-positive studies in 13 controls.
In 29 patients with positive acid reflux tests, 16 had
positive scintigrams (55%) (5). Seibert, using the 24-hr
pH probe study as the definitive test, also found that
reflux at any time during the 1-hr monitoring with
scintigraphy was significant. Using this criterion for
scintigraphy, the sensitivity was 79%, with a specificity
of 93% (4).

Our studies of gastric emptying did not demonstrate
significant differences between infants and children with
and without gastroesophageal reflux. Of the 29 patients
exhibiting a mean percent residual in excess of 70%,only
7/29 (24%) had gastroesophageal reflux demonstrated
by radionuclide study (Fig. 2).

Seibert et al. studied gastric emptying and GER in 49
infants (4,6). Fifteen of the 49 had GER, but there was
no firm association of reflux with delayed emptying.
However, of the five patients that Seibert identified with
delayed gastric emptying, four had a positive 24-hr pH
probe tests. These patients had negative l -hr pH probe
and gastroesophageal scintigrams, suggesting that ab
normal gastric emptying may cause reflux later than 1
hr after tracer ingestion (6).

Like Seibert, our results disagree with the work of
Hillemeier et al., where 23 children with GER were
evaluated (I). Thirteen with serious sequelae of GER
exhibited more reflux and slower gastric emptying than
normal adult controls or patients with less severe re
flux.

While there is wide variability in gastric emptying
throughout all age groups, there is a general tendency
toward greater emptying in the older ages (Table 2). If
those aged 2 yr or less are compared with those older

TABLE 2. AGE-RELATED ANALYSIS GASTRIC
EMPTYING COMPARED WITH

GASTROESOPHAGEAL REFLUX

Gastroesophageal No. of Mean age % Residual
reflux subjects (mo) Â±s.d.

2-16 yr

Yes

No

26
50

20
30

7

8

108

105

53 Â±25
55 Â±29

28 Â±18
31 Â±19

than 2 yr, there is a significant difference (54% compared
with 30%, p < 0.0001 ). We are unable, however, to es
tablish definitive normal values for gastric emptying
functions of either infants or children, due to the lack of
bonafide normal controls. (We feel it is not justifiable
to subject normal infants who exhibit no symptoms of
reflux or abnormalities of gastrointestinal motility to
radionuclide gastric emptying studiesâ€”thisdespite the
low radiation dose.)

Our values, using 5% dextrose and water, are in close
agreement with those of Seibert et al., who administered
a milk formula (Ã³).They expressed their results as per
cent emptying in 1 hr, with their infants having a (48 Â±
16 s.d.) % emptying (i.e., 52% residual). In a comparable
group, our data revealed a value of (46 Â±27) % if con
verted to the Seibert percent emptying.

In conclusion, we report what appears to be an asso
ciation between age and rate of gastric emptying as ex
pressed by mean percent residual at 1 hr after ingestion.
Furthermore, we find no association between the pres
ence or absence of gastroesophageal reflux and the rate
of gastric emptying.

ACKNOWLEDGMENTS

This work was presented at the 30th Annual Meeting of the Society
of Nuclear Medicine, St. Louis, Missouri, June 1983. We thank
Rosanne O'Toole for secretarial services and support.

REFERENCES

1. HILLEMEIER AC, LANGER, McCALLUMR, et al. Delayed
gastric emptying in infants with gastric emptying reflux. J
/W/oir98:190-193,1981

2. HEYMAN S, KIRKPATRICK JA, WINTER HS: An improved
radionuclide method for the diagnosis of gastroesophageal re
flux and aspiration in children (Milk Scan) Rad 131:479-482,

1979
3. BLUMHAGEN JD, RUDD TG, CHRISTIE DL: Gastroesoph

ageal reflux in children: Radionuclide gastroesophagography.
Am J Roenlgenol 135:1001-1004. 1980

4. SEIBERT JJ, BYRNE WJ, EULER AR, et al: Gastroesophagal
refluxâ€”the acid test. Am J Roenlgenol 140:1087-1090,
1983

Volume 25, Number 5 573



ROSEN AND TREVES

5. ARASUTS, WYLLIE R, FITZGERALDJF, et al: Castro- 6. SEIBERTJJ, BYRNEWJ, EULERAR: Gastric emptying in
esophagealreflux in infantsand children-comparativeaccuracy children: Unusual patterns detected by scintigraphy. Am J
of diagnostic methods. J Pedialr 96:798-803, 1980 Roenlgenol 141:49-51, 1983

574 THE JOURNAL OF NUCLEAR MEDICINE




