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To assess and compare gastric electrical activity and gastric emptying recorded from dyspeptic
and healthy children, cutaneous electrogastrography and ultrasound examination of the
gastric emptying were simultaneously performed in 52 children with nonulcer dyspepsia and
114 healthy children. Symptoms were scored from 0 (none) to 6 (severe). A higher percentage
of tachygastria, a higher instability of gastric power, and a lower post/preprandial ratio were
present in dyspeptic children than healthy children. As regards the ultrasound parameters,
the fasting antral area and T1/2 were similar in dyspeptic children and controls. Only 32% of
dyspeptic children had a normal gastric emptying time vs 66% of healthy children. Marked
postprandial antral dilatation was found in the dyspeptic children, which correlated with the
total symptom score. Electrogastrographic and gastric emptying parameters show specific
differences in dyspeptic children with respect to controls, both fasting and after a meal. The
postprandial antral distension correlates with the severity of the symptoms.
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Functional or nonulcer dyspepsia (NUD) is an ill-
defined condition characterized by the presence of
chronic intermittent symptoms of epigastric pain and
fullness, early satiety, nausea and/or vomiting, but no
mucosal lesions or structural abnormalities of the
gastrointestinal tract (1). Several studies in adults and
pediatric patients have demonstrated the presence of
gastrointestinal motor abnormalities in nonulcer dys-
pepsia; findings include decreased antral and/or
antroduodenal contractile response to meal, uncoor-

dinated and/or nonpropagated duodenal–jejunal mo-
tor waves, and increased perception of intraluminal
stimuli (2, 3). Altered gastric electrical activity has
been suggested to play an important role in the eti-
ology of functional dyspepsia. Myoelectrical abnor-
malities of the stomach have been recorded in pa-
tients with unexplained nausea and vomiting, during
pregnancy or motion, and in patients with anorexia
nervosa (4–9).

Gastric electrical activity can be recorded noninva-
sively by cutaneous electrogastrography (10). Simul-
taneous recordings of serosal and cutaneous or mu-
cosal and cutaneous electrical activity have confirmed
that the dominant EGG frequency corresponds to
that of the gastric slow waves (11–13). Gastric emp-
tying is usually assessed by scintigraphy, but recently
ultrasonography has been introduced as a noninvasive
technique, which may be particularly suitable for
young patients (14–16). Normal ranges of EGG and
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gastric emptying parameters have not yet been estab-
lished because healthy children have not been en-
rolled. In fact, only recently have the availability of
ultrasonography for studying gastric emptying and
portable EGG enabled enrollment of large groups of
healthy volunteers and the calculation of normal
ranges of EGG data in adults (16, 17).

Aim of this study was to assess and compare EGG
and gastric emptying parameters in healthy and dys-
peptic children.

MATERIALS AND METHODS

Patients. Fifty-two children with nonulcer dyspepsia (22
boys and 30 girls; mean age 8.5 6 3 years) entered the
study. Inclusion criteria were: (1) a history of continuous or
intermittent dyspeptic symptoms lasting at least one year;
(2) no digestive organic disease; no systemic, metabolic, or
neurologic disease; and no previous abdominal surgery; and
(3) absence of mechanical or inflammatory obstruction
evaluated endoscopically. Infectious diseases were also ex-
cluded and no patient had serologic evidence of cytomeg-
alovirus infection.

Controls. One hundred fourteen healthy children without
gastrointestinal symptoms (60 boys and 54 girls, mean age
8.5 6 2.0 years) entered the study. To assess demographic
data, gastrointestinal symptoms, medical, and/or surgical
history, and medical treatments, each participant’s parents
completed a detailed questionnaire. The following criteria
had to be met: (a) absence of gastrointestinal symptoms; (b)
no history of prior gastrointestinal surgery or drug admin-
istration; and (c) no history of reflux disease, peptic ulcer,
or irritable bowel syndrome.

Study Design. After overnight fasting, the EGG record-
ings were performed by means of portable equipment,
together with ultrasound examination of gastric emptying,
before and at 30-min intervals for 240 min after a meal, and
all children were free to move around the room. Evaluation
of gastric motor function was performed using a standard
solid–liquid meal (55% carbohydrate, 30% protein, and
15% fat). Table 1 shows the meal administered to the
different age groups. The meal was consumed within 15
min. Two silver–silver chloride bipolar electrodes (Clear
Trace, ConMed, Utica, New York) were sonographically
placed on the cleaned abdominal surface overlying the
antropyloric axis to obtain a signal with the best signal–
noise ratio. The reference electrode was placed forming an
equilateral triangle (8). Written informed consent was ob-
tained from each child’s parent, and the study was approved
by the scientific committee of our institute.

EGG Recordings. Electrogastrography was performed

using a portable EGG recorder (Synetics Medical AB,
Stockholm, Sweden). All recordings were made at a sam-
pling frequency of 1 Hz. The internal high- and low-pass
filters were set at 1.8 and 16 cpm, respectively. After re-
cording, the electrogastrogram data were fed into a per-
sonal computer (Vectra RS 20 Hewlett Packard Company,
Palo Alto, California) and analyzed by means of a dedicated
software program (ElectroGastroGram Version 6.30, Gas-
trosoft Inc., Synetics Medical). In addition to the analysis
available in ElectroGastroGram, we used Redtech GiPC
software to perform further data filtering and analysis of the
EGG data. The following parameters were evaluated for
each subject (10):

1. Mean frequency and power of the EGG: The fre-
quency (DF) and power (DP) of the gastric peak were
determined by the absolute peak value, and the mean
frequency/power were computed by averaging the individ-
ual spectra.

2. Instability coefficient: This specifies the stability of the
gastric electrical peak visible on the running spectra plot. It
was calculated as the percentage ratio of the frequency
standard deviation to the mean gastric frequency (DFIC)
and the percentage ratio of the power standard deviation to
the mean gastric power (DPIC).

3. The percentage of DF in ranges defined as normal,
bradygastric, and tachygastric: A rhythmic gastric electrical
activity ranging from 2.0 to 4.0 cpm was considered as
normal. Tachygastria was considered to be present when
the running spectra had a dominant peak in the 4.0 to
9.0-cpm range, and bradygastria when the dominant peak
was ,2.0 cpm.

4. The power ratio: Since the absolute values of EGG
power are influenced by several factors (skin conductance,
distance between electrodes and the wall of the stomach,
variable shape of the stomach, etc), EGG power can be
evaluated only as relative changes. The power ratio is the
ratio of postprandial to fasting EGG power values. To
assess whether the postprandial power increase depends on
the expanded gastric wall being nearer to the abdominal
surface, this distance was recorded sonographically before
and after the meal, and the postprandial minus preprandial
skin–antrum wall distance (Dd) was calculated.

The EGG signal was visually inspected to verify that no
artifacts were present in any recording period. Periods
containing these motion artifacts were deleted before com-
puter analysis. EGG parameters were obtained by means of
running spectral analysis. Currently, spectral analysis is the
method most commonly used to analyze the EGG, and
since Van der Schee et al introduced running spectral
analysis in the EGG, frequency and amplitude analysis has
been possible (11). With this procedure, using a fast Fourier
transform (FFT), the frequency components of 256-sec
epochs of EGG signal are calculated, overlapped by 75%,
and displayed as a three-dimensional frequency plot.

GE Recording. The ultrasound examination of gastric
emptying was performed using a real-time apparatus (Sig-
ma 20-Kontron Instrument) equipped with a 3.5-MHz lin-
ear probe. The probe was positioned at the level of the
transpyloric plane for simultaneous visualization of the
antrum, the superior mesenteric vein, and the aorta. The
antral measurements were always taken from the outer
profile of the wall. The cross section of the gastric antrum,

TABLE 1. MEAL ADMINISTERED IN DIFFERENT AGE GROUPS*

Age (yr) Bread (g) Ham (g) Butter (g) Fruit juice (ml)

6–9 60 55 212.5
9–12 100 55 5 127

* Calorie content: bread, 290 kcal/100 g; ham, 412 kcal/100 g;
butter, 750 kcal/100 g; fruit juice, 56 kcal/100 ml.
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corresponding to the sagittal plane passing through the
superior mesenteric vein, is elliptical in shape, so its area
can be calculated by measuring the longitudinal (L) and
anteroposterior (AP) diameters and using the formula
pL 3 AP/4 (16). Sonography was always performed by the
same investigator; antral measurements were made before
and subsequently at regular 30-min intervals up to 240 min
after the start of the meal. The emptying curve was estab-
lished by plotting the cross-sectional area of the gastric
antrum against time. In addition, the antral area was cal-
culated as the area ratio (AR) of postprandial values versus
the basal value and plotted against time. One of the main
problems affecting ultrasound time studies of gastric emp-
tying is that it is quite cumbersome and time consuming. To
overcome these problems, intermediate parameters such as
AR240 and T1/2 emptying were evaluated. In each patient,
the emptying time (in minutes) was expressed as the half-
emptying time (T1/2), corresponding to the time when the
cross-sectional area of the antrum had an intermediate
value with respect to the basal value and the maximum
value recorded after a meal. T1/2 was calculated by linear
regression analysis of the linear part of the emptying curve
(17, 18).

Symptom Evaluation. Gastrointestinal symptoms such as
vomiting, abdominal fullness, early satiety, and abdominal

pain or burning were evaluated in each patient. The severity
of symptoms was graded from 0 (none) to 6 (severe) as
reported in a previous work (19). The final score was the
sum of the individual scores, for a total possible score of 24.

Statistical Analysis. Data were expressed as median and
5th and 95th percentiles. Data from different recording
periods in the same subject were compared using Fried-
man’s ANOVA test; in the case of significance, a Wilcoxon
matched-pair test was applied. The Mann-Whitney U test
was used to compare data between patients and controls.
The Spearman correlation test was performed to calculate
the relationship among EGG, gastric emptying, and symp-
toms. The Youden test was used to calculate the best
discriminant value between normal and delayed gastric
emptying. P , 0.05 was considered as statistically signifi-
cant.

RESULTS

Effects of Test Meal in Healthy Children

Electrogastrographic Findings. The EGG parame-
ters obtained from the group of normal children in
the pre- and postprandial periods are reported in

TABLE 2. EGG PARAMETERS IN CHILDREN WITH NONULCER DYSPEPSIA AND CONTROLS RECORDED PRE- AND POSTPRANDIALLY*

Controls (N 5 114) Dyspeptic children (N 5 52) Mann-Whitney U test

Preprandial
Dominant frequency (cpm) 3.0 3.2 0.007

(2.1–3.5) (2.4–4.7)
Instability coefficient of dominant frequency (%) 26.0† 30.0 NS

(6.7–54.5) (11.5–64.4)
Dominant power (mV2) 547.3‡ 612.7 NS

(275.4–1061.7) (195.4–1900.8)
Instability coefficient of dominant power (%) 70.0 116.5 0.0001

(35.7–136.7) (41.5–275.4)
Normal slow waves (%) 81.5 73.5 NS

(59.3–100) (42.0–100)
Bradygastria (%) 3.7 2.6 NS

(0.0–22.2) (0.0–16.0)
Tachygastria (%) 9.4 22.3 0.02

(0.0–38.7) (0.0–54.2)
Postprandial

Dominant frequency (cpm) 3.0 3.3 0.0001
(2.1–3.7) (2.7–4.8)

Instability coefficient (%) 30.0 29.5 NS
(11.0–60.7) (7.6–60.0)

Dominant power (mV2) 2181.3 849.7 0.0009
(1210.8–3402.0) (338.5–2457.6)

Instability coefficient of dominant power (%) 64.5 106.0 0.0001
(32.5–111.0) (48.2–236.6)

Normal slow waves (%) 76.9 78.1 NS
(54.4–97.2) (46.0–100)

Bradygastria (%) 4.9 2.7 0.01
(0.0–29.3) (0.0–17.2)

Tachygastria (%) 11.8 20.3 0.02
(0.0–35.0) (0.0–50.5)

Power ratio 3.6 1.3 0.0001
(0.8–19.7) (0.2–8.1)

* Median and 5th–95th percentiles are presented.
† P 5 0.03 pre- vs postprandially.
‡ P 5 0.0001 pre- vs postprandially.
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Table 2. The DF did not differ in pre- and postpran-
dial periods, but the DFIC was significantly higher
after a meal (P 5 0.03). Gastric power significantly
increased after a meal (P 5 0.0001) but its instability
coefficient did not change. The percentage of normal
slow-wave activity was 81.5%, with a slight decrease
after the meal. The percentage of normal slow-wave
activity was predominant both in pre- and postpran-
dial states, and bradygastria and tachygastria were
significantly less frequent (P 5 0.001). The ingestion
of the meal induced increased EGG power as ex-
pressed by the power ratio (PR) [3.6 (0.8–19.7)].

Gastric Emptying. Ultrasound examination of gas-
tric emptying showed that the antral area before meal
was 3.6 cm2 (1.9–7.7 cm2), the AR240 was 1.3 (0.6–
4.3), and the T1/2 was 114.8 min (75.8–163.5 min).
Figure 1 shows the gastric emptying curve expressed
as the area ratio over time obtained in normal chil-
dren.

Effects of Test Meal in Dyspeptic Children

Electrogastrographic Findings. The DF did not
differ between pre- and postprandial periods, and the
DFIC was not modified by the ingestion of the meal
(Table 2). After the meal, the gastric power did not
increase and its instability coefficient did not change.
The percentage of normal slow-wave activity was
73.5%, with no evident changes after meal. The per-
centage of normal slow-wave activity was predomi-
nant both in pre- and postprandial states, and brady-

gastria and tachygastria were significantly less
frequent (P 5 0.001). Tachygastria was higher than
20% both in pre- and postprandial periods. Ingestion
of the meal induced a small increase in the EGG
power expressed as a power ratio (PR) [1.3 (0.2–8.1)]
(Table 2).

Gastric Emptying. Ultrasound examination of gas-
tric emptying showed that the antral area before meal
was 3.4 cm2 (1.8–8.5 cm2), the AR240 was 1.8 (1.0–
3.7), and the T1/2 was 121.4 min (76.3–186.0 min).
Figure 1 shows the gastric emptying curve expressed
as the area ratio over time obtained in dyspeptic
children.

Comparison of EGG and Gastric Emptying in
Healthy and Dyspeptic Children

Electrogastrographic Findings. Before the meal,
the dominant frequency was statistically different in
the two groups (Table 2). In normal children, the 5th
and 95th percentiles were 2.1 and 3.5 cpm, respec-
tively, while in dyspeptic children they were 2.4 and
4.7 cpm (P 5 0.007). No difference was found in the
instability coefficient of the dominant frequency. Gas-
tric power was similar in the two groups but the
instability coefficient of gastric power was significantly
higher in dyspeptic than in normal children (P 5
0.0001). The percentage of normal slow waves was
similar in the two groups. The percentage of tachyg-
astria was 22.3% in dyspeptic vs 9.4% in normal
children (P 5 0.02). After the meal, the dominant
frequency was statistically different in the two groups
(Table 2). In normal children, the 5th and 95th per-
centiles were 2.1 and 3.7 cpm, respectively, while in
dyspeptic children they were 2.7 and 4.8 cpm (P 5
0.0001). No difference was found in the instability
coefficient of the dominant frequency. Gastric power
was significantly lower (P 5 0.0009) and the instability
coefficient of gastric power was significantly higher in
dyspeptic than in normal children (P 5 0.0001). The
percentage of normal slow waves was similar in the
two groups but the percentage of tachygastria was
20.3% in dyspeptic vs 11.8% in normal children (P 5
0.02), while the percentage of bradygastria was lower
in dyspeptic children (P 5 0.01). Also in the latter, the
power ratio was significantly lower (P 5 0.0001) (Ta-
ble 2).

Gastric Emptying. As regards the ultrasound pa-
rameters, there were no statistically significant differ-
ences in preprandial antral area and T1/2 between the
two groups. Comparison of the curves for gastric
emptying time expressed as the area ratio over time
showed significant differences at 60–90 min and 180–

Fig 1. Gastric emptying curves recorded from dyspeptic and healthy
children. Data are expressed as mean 6 SEM. A significant differ-
ence is present in postprandial antral dilatation (* P , 0.05; ** P ,
0.001).
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240 min. The best discriminant value between normal
and delayed gastric emptying was found to be
AR240 5 1.5 (sensitivity 5 0.62; specificity 0.61; di-
agnostic accuracy 5 0.62). Sixty-six percent of healthy
children vs 32% of dyspeptic ones had an area ratio
below 1.5.

Correlation Data

No correlation was found between PR and Dd
(Spearman’s r 5 0.0045; P 5 0.97). The correlation
between dyspeptic symptom score and the distension
of the gastric antrum, measured by ultrasound, was
found to be significant at 30, 60, 90, and 120 min after
the administration of the meal (Figure 2). As regards
EGG and gastric emptying, the correlation between
the power ratio and gastric distension expressed as
the area ratio at 240 min showed only a trend toward
significance (r 5 20.28; P 5 0.07). No correlation was
found between the power ratio and T1/2 or the power
ratio and the symptom score.

DISCUSSION

In this study, a specific EGG and gastric emptying
pattern was found to be present in dyspeptic children

with respect to controls. The EGG pattern included
frequency alterations (percentage of tachygastria and
bradygastria) and power alterations (reduced post/
preprandial ratio). The gastric emptying pattern con-
sisted of marked postprandial antral dilatation and a
higher percentage of subjects with a delayed gastric
emptying rate. The severity of symptoms correlated
with the antral dilatation observed in the early gastric
emptying time.

EGG and gastric emptying studies were performed
simultaneously, in children aged 6–12 years, and the
EGG parameters were calculated pre- and postpran-
dially. These include the frequency, the power, and
the instability coefficient of the frequency and power.
The instability coefficient reflects variation of EGG
frequency or power over time and is not subject-
dependent. In healthy children, the dominant pre-
prandial frequency ranged from 2.1 to 3.5 cpm, and
normal slow-wave activity was predominantly in the
2.0 to 4.0-cpm range. Bradygastria and tachygastria
percentages were below 10%. The normal values of
dominant frequency are consistent with previously
published data in adults (20, 21). The postprandial
EGG signal has been found to be characterized by an

Fig 2. Correlation between dyspeptic symptom score and antral distension 30, 60, 90, and 120 min after feeding.
Antral distension was calculated as postprandial values versus the basal value (area ratio).
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increase in frequency and power due to gastric peri-
staltic activity (10, 22, 23). In our study, the dominant
frequency did not change in the postprandial period,
but the DFIC, an index of subtle changes in the
gastric slow waves, increased. The percentage of nor-
mal slow waves was in the 2.0 to 4.0-cpm range both
during fasting and postprandially, and its postprandial
reduction reflects a more unstable postprandial
rhythm. As regards EGG amplitude, a significant
increase in the postprandial EGG power was found.
An increased electrical power has been attributed in
part to distension, causing the stomach to move
nearer the recording electrode (23, 24). In our study,
the distance between the abdominal surface and the
antral wall was calculated. The absence of any corre-
lation between the power ratio and the skin–antrum
distance confirms that a postprandial increase in
EGG power is due to the contractile activity of the
stomach.

The gastric emptying rate of solids in children is
difficult to evaluate because the available methods are
either invasive or induce a substantial radiation bur-
den. A good correlation between scintigraphic and
ultrasound parameters has been found using either
liquid or solid meals (16, 17). Hence, in our study, the
gastric emptying test was performed by means of a
real-time ultrasound examination. The T1/2 emptying
obtained from healthy children was found to be sim-
ilar to that reported in a previous study (23) and
AR240 was below 1.5 in 66% of healthy children.

In agreement with prior studies (7, 18, 25), this
study demonstrated specific EGG and gastric empty-
ing patterns in dyspeptic children. EGG findings in-
cluded chronotropic dysfunction (gastric dysrhyth-
mias: bradygastria and tachygastria) and inotropic
dysfunction (decreased postprandial–fasting power
ratio). Both pre- and postprandially, gastric frequency
was higher and its range wider, the percentage of
tachygastria was above 20%, and the percentage of
bradygastria was lower than in controls. Abnormal
gastrointestinal motor patterns have been recorded in
a variety of dyspeptic syndromes, both idiopathic and
secondary to organic, systemic and metabolic dis-
eases. In particular, antral hypomotility alone or in
combination with intestinal motor abnormalities has
been described in nonulcer dyspepsia (2). The elec-
trical counterpart of these motor alterations is the
occurrence of tachygastria (26–29). Tachygastria may
not only abolish gastric contraction, but also disrupt
the temporal and spatial relationship between con-
tractions, necessary for trituration and propulsion
(30). The correlation between bradygastria and gas-

tric motility is not yet clear. Some authors have ob-
served that bradygastria was correlated with strong
antral contractions (31) while others indicated the
correlation of bradygastria with antral hypomotility
(28) or absence of antral contractions (32). Recently,
a superimposed low-frequency component has been
observed (29, 33). Unlike bradygastria, the low-
frequency component is not an alteration of the gas-
tric electrical rhythm but a concurrent frequency
component associated with antral or intestinal con-
tractions (29). It was observed in healthy volunteers
after eating and after cisapride (33). The high per-
centage of bradygastria observed in dyspeptic chil-
dren could be explained by the presence of a concur-
rent low-frequency component calculated by the
built-in software as bradygastria. Another interesting
finding is the reduced increment of postprandial am-
plitude, expressed as absolute or relative changes. A
possible cause for a decrease in the power ratio is the
change in gastric slow waves, due either to decreased
amplitude or to degradation of its regularity, or both.
In our study, a wider range of dominant frequency, a
higher percentage of tachygastria, and a reduced
power ratio characterized the EGG signal recorded in
dyspeptic children. Moreover, the simultaneous study
of EGG and gastric emptying enabled us to find a
negative correlation between the power ratio and the
antral area expressed as the area ratio at 240 min.
This confirm the hypothesis that a reduced power
ratio may be considered an index of postprandial
motility disorder (10).

Delayed gastric emptying is considered an impor-
tant aspect in the pathophysiology of functional dys-
pepsia. Delayed gastric emptying of solids has been
demonstrated in dyspeptic patients, and the gastric
emptying of a radiolabeled meal was found to be
delayed in 30–80% of patients (34). In addition,
marked postprandial antral dilatation was reported to
be a particular finding in the gastric emptying pattern
of dyspeptic patients, associated with abnormal intra-
gastric distribution of the meal and delayed gastric
emptying (35, 36). Some authors found that greater
antral distension could be related to the severity of
symptoms (19, 36). Using the AR240 value as the
cutoff between normal and delayed emptying, we
demonstrated that 68% of dyspeptic children had
delayed gastric emptying, while the comparison of
gastric emptying curves showed a significant differ-
ence in the early gastric emptying time, with greater
antral distension in dyspeptic than in healthy chil-
dren. As in adults, in dyspeptic children there was a
clear correlation between the symptom score and the
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antral area expressed as the area ratio. However, the
gastric emptying rate expressed as T1/2 failed to show
a significant difference in the two groups of children.

In conclusion, specific alterations in gastric electrical
activity and gastric emptying are present in dyspeptic
children. Cutaneous electrogastrography and ultra-
sonography are useful methods for studying the motor
abnormalities observed in functional dyspepsia.
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