Development of gastric slow wavesin preterm infants

measur ed by electro%astrography

JieLiang, Edward Co, Min ang, Josef Pinedaand J. D. Z. Chen
Am J Physiol Gastrointest Liver Phys ol 274 G503- G508, 1998.

You might find this additional info useful...

This article cites 31 articles, 7 of which can be accessed free at:
http://ajpgi .physiol ogy.org/content/274/3/G503.full.ntml#ref-list-1

Updated information and services including high resolution figures, can be found at:
http://ajpgi .physiol ogy.org/content/274/3/G503.full.html

Additional material and information about AJP - Gastrointestinal and Liver Physiology can be found at:
http://www.the-aps.org/publications/aj pgi

Thisinfomation is current as of October 5, 2011.

AJP - Gadtrointestinal and Liver Physiology publishes original articles pertaining to all aspects of research involving normal or
abnormal function of the gastrointestinal tract, hepatobiliary system, and pancreas. It is published 12 times ayear (monthly) by the
American Physiological Society, 9650 Rockville Pike, Bethesda MD 20814-3991. Copyright © 1998 by the American Physiological
Society. ISSN: 0193-1857, ESSN: 1522-1547. Visit our website at http://www.the-aps.org/.

TTOZ ‘S 1900100 uo hio ABojoisAyd-ibdie wouy papeojumoq



http://ajpgi.physiology.org/content/274/3/G503.full.html#ref-list-1
http://ajpgi.physiology.org/content/274/3/G503.full.html
http://ajpgi.physiology.org/

Development of gastric slow waves in preterm
iInfants measured by electrogastrography

JIE LIANG,! EDWARD CO,2 MING ZHANG,! JOSEF PINEDA,2 AND J. D. Z. CHEN?
ILynn Institute for Healthcare Research and 2Neonatal Intensive Care Unit,
Integris Baptist Medical Center, Oklahoma City, Oklahoma 73112

Liang, Jie, Edward Co, Ming Zhang, Josef Pineda,
and J. D. Z. Chen. Development of gastric slow waves in
preterm infants measured by electrogastrography. Am. J.
Physiol. 274 (Gastrointest. Liver Physiol. 37). G503-G508,
1998.—The aim of this study was to investigate the develop-
mental process of gastric myoelectrical activity (GMA) in
preterm infants. Nineteen healthy preterm infants were
studied. GMA was recorded using surface electrogastrogra-
phy, and six follow-up studies were performed in each subject.
Spectral analysis methods were applied to compute the
parameters of the electrogastrogram (EGG). The results
showed that there was a developmental process of GMA
with age during the first 6 mo of life. 1) The percentage of
normal slow waves showed a progressive increase after birth
(36.7 = 6.1, 37.8 = 6.2, 47.0 = 10.0, 52.2 = 12.2,55.2 = 9.7,
and 65.8 * 13.5% at 1 and 2 wk and 1, 2, 4, and 6 mo,
respectively); 2) there was a significant postprandial increase
in the percentage of normal slow waves during the first 2 mo
after birth; and 3) the percentages of normal slow waves for
different gestation ages were not statistically significant. In
conclusion, the percentage of normal slow waves is low at
birth and there is a developmental process that may be
stimulated by enteral feeding.

gastrointestinal motility; gastric emptying; stomach

THE SURFACE ELECTROGASTROGRAM (EGG) is a noninva-
sive measurement of myoelectrical activity of the stom-
ach (3, 21). Numerous studies (7, 13, 18, 31) have
reported normal patterns of the EGG in healthy adult
subjects. A higher prevalence of abnormal EGG pat-
terns such as gastric dysrhythmias has been associated
with gastrointestinal motor disorders, such as gastropa-
resis, and symptoms of nausea and vomiting (1, 9, 20,
22,25, 29, 30, 34). Although the vast majority of studies
are being performed in adults, an increasing interest
has developed in utilizing the EGG for the study of
gastric electrophysiology in infants (14, 28).

Although the structural features of the gastrointesti-
nal tract are well developed by the end of the second
trimester of pregnancy, functional maturation contin-
ues throughout fetal gestation and into postnatal life.
Neither gastric secretory function nor gastric motility
is fully developed at birth in humans (37). Production
rates for acid are <50% of adult values during the first
3 mo of life and reach mature levels only after 2 years of
age (2). By 27-28 wk of gestation, the gastric antrum
exhibits 20—25% of the motility level reached by term
infants (5). Similar situations can be found in gastric
myoelectrical activity (GMA) in neonates. Our previous
study (12) in subjects of different age groups revealed
that the normal gastric slow waves are almost absent
at birth, present at the age of 2—4 mo, and well
developed at the age of 4—11 years. It is both physiologi-

cally and clinically significant to know how GMA
develops and when it matures in humans. The aim of
this study was to investigate the developmental process
of GMAin preterm infants from birth to 6 mo.

METHODS
Subjects

The study was performed in 19 preterm infants (12 male,
7 female; gestational age at birth, 33.5 = 2.6 wk; birth wt,
1,749 = 50 g). None of the infants had systemic disease,
feeding intolerance, or esophageal reflux or needed mechani-
cal ventilation or were under intensive care. They were
healthy, growing, and under stable conditions before and
during the study. All subjects were kept nothing per oral for
1-2 days after birth and then enteral feeding began, gradu-
ally increased, and reached full feeding by 1 wk after birth.
The study of the EGG was initiated at 1 wk after birth. The
study protocol was approved by the Institutional Review
Board at the Integris Baptist Medical Center of Oklahoma.
Written consent was obtained from the parents of the subjects
before the study.

Electrogastrography

GMA in each subject was measured using surface electroga-
strography. Before attachment of electrodes, the abdominal
skin at the recording sites was cleaned using sandy skin-
preparation paste (Omniprep, Weaver, Aurora, CO) to reduce
the impedance. Three pediatric disposable silver-silver chlo-
ride electrodes (Hewlett-Packard, Andover, MA) were placed
on the abdomen. One electrode was placed at the midpoint
between the xiphoid and the navel, one was placed at 3 cm to
the left and 3 cm above this point, and a reference electrode
was placed in the lower quadrant close to the left costal
margin. The two epigastric electrodes were connected to yield
a bipolar EGG signal, while the other electrode was used as a
reference. The EGG signal was recorded using a portable
EGG recording device (Digitrapper EGG, Synectics Medical,
Irving, TX) with low and high cutoff frequencies of 1 and 18
cycles/min (cpm), respectively.

Experimental Protocol

The study consisted of six follow-up recordings of the EGG
at the postnatal ages of 1 and 2 wk and 1, 2, 4, and 6 mo. An
overnight EGG recording of up to 12 h was made in each
session. Although there were a lot of motion artifacts, clean
periods of >30 min were available for both preprandial and
postprandial data because of the long period of recordings.
Most of the recordings were made at the subjects’ homes,
except a few that were made at the Neonatal Intensive Care
Unit for some of the newborn infants at 1-2 wk. Regular milk
was given, based on the choice of the parents. The meal
intervals were equal to or longer than 3 h. Feeding time was
recorded on the data sheets during all six follow-up recording
sessions.

To examine the physical development of the infants, par-
ents were requested to complete infant monitoring question-
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naires at the end of the study (6 mo after birth). The content of
the questionnaire was derived from the developmental litera-
ture and included communication, gross motor, fine motor,
adaptive, personal-social, and overall scales. The score for
each question was in the range of 0-6 with 0 for yet
undeveloped and 6 for well developed.

Data Analysis

The EGG signal was digitized with a sampling frequency of
1 Hz and stored on the portable recording device. At the end of
each study, the device was connected to a 486 personal
computer and the EGG data were uploaded to the computer.
Before quantitative and statistical analyses, the EGG record-
ing was first displayed on the computer and the portions
contaminated by motion artifacts were deleted. The deletion
was performed visually by a laboratory staff member who did
not know the study design. The staff was trained using EGG
data in 20 healthy adult subjects who mimicked various
motions during the recording of the EGG. Motion artifacts
were characterized by an abrupt increase in amplitude and
usually reached maximum values of the digitization. All data
within one-half hour before the meal (they must be at least
2.5 h after the previous meal) were considered as preprandial
data, and all data within 1 h after the meal were considered
as postprandial data. The pattern of the EGG was character-
ized by several quantitative parameters, including the percent-
age of regular 2- to 4-com slow waves, EGG dominant
frequency, and power, which are described below.

Percentage of regular 2- to 4-cpm slow waves. The percent-
age of 2- to 4-cpm slow waves is a quantitative assessment of
the regularity of the gastric slow waves measured from the
EGG. It was defined as the percentage of time during which
normal 2- to 4-cpm gastric slow waves were observed in the
preprandial or postprandial EGG recording. The percentage
of normal 2- to 4-com slow waves was computed from the
running power spectra of the EGG using an adaptive spectral
analysis method (11). One power spectrum was generated for
every 2 min of EGG data, and the spectral peaks in each
spectrum were examined visually. A spectrum was defined as
normal if it had a clear peak in the 2- to 4-cpm range. The
percentage of regular 2- to 4-cpm slow waves was determined
by computing the ratio between the numbers of normal and
total spectra.

EGG dominant frequency. The frequency at which the EGG
power spectrum had a peak power in the range of 0.5-9.0 cpm
was defined as the EGG dominant frequency. The EGG
dominant frequency has been shown to be equal to the
frequency of the gastric slow wave measured from the im-
planted serosal electrodes (13, 18, 31). It was computed using
the smoothed power spectral analysis method (6), which
produced average power spectra for the EGG during the
30-min fasting state (preprandial) and the 30-min fed state
(postprandial).

EGG dominant power. The power at the dominant fre-
qguency in the power spectrum of the EGG was defined as the
EGG dominant power. Previous studies (10, 31) have shown
that the relative change of the EGG dominant power reflects
gastric contractility. Decibels (dB) were used to represent the
power of the EGG. It is expressed as

P(dB) = 10 X log,,A?

where P is power and A is the amplitude of the spectra.
Relative postprandial increase of percentage of 2- to 4-cpm

slow waves. The relative postprandial increase of the percent-

age of 2- to 4-cpm slow waves was defined as the ratio of the
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difference between the postprandial and preprandial values
and the preprandial value.

Influence of Gestation Age, Weight, and Feeding Method

To investigate the effect of gestation age at birth on the
gastric slow wave, the infants were divided into two groups
based on their gestation ages at birth. The dividing gesta-
tional age was 31 wk. The mean gestational age at birth was
29.7 = 0.8 wk for one group (6 infants) and 33.2 = 0.8 wk for
the other group (10 infants). The percentages of 2- to 4-com
slow waves between these two groups were compared in
infants at the ages of 2 wk and 4 mo. To study the influence of
feeding methods (breast feeding or formula feeding) on the
gastric slow wave, the infants were classified into two groups
according to the feeding method during the first 2 wk. There
were eight infants in the breast-feeding group and seven
infants in the formula-feeding group. Infants with mixed
feeding during this 2-wk period were excluded. The percent-
ages of 2- to 4-cpm slow waves between these two groups were
compared at the age of 2 wk. The correlation between the
percentage of 2- to 4-cpm slow waves and the weight was
assessed at the ages of 1 wk and 4 mo to see if the
development of the gastric slow wave was associated with
weight.

Statistical Analysis

Analysis of variance was used to assess the difference
among the six different ages. The Student’s t-test was applied
to study the difference between the preprandial and postpran-
dial EGG and the effects of gestation age, weight, and feeding
method. Statistical significance was assigned for P < 0.05. All
data were presented as means * SD.

RESULTS

GMA demonstrated developmental changes as a func-
tion of advancing postnatal age in the preterm infants
studied. The percentage of 2- to 4-cpm slow waves was
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Fig. 1. Preprandial and postprandial percentages of the normal 2- to
4-cycles/min (cpm) slow waves in preterm infants at the ages of 1 and
2 wk and 1, 2, 4, and 6 mo. P values resulted from comparison
between paired fasting data or paired fed data.
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low at birth and steadily increased during the first 6 mo
after birth. As can be seen in Fig. 1, the preprandial and
postprandial percentages of the slow waves increased
from 36.7 = 6.1% and 44.9 = 5.3% at 1 wk to 65.8 =
13.5% and 72.2 = 13.8% at 6 mo, respectively. Between
these two ages P was <0.001 for both preprandial and
postprandial EGG. Figures 2 and 3 show typical EGG
recordings in an infant and their spectral analyses. It
was noted that the development of the gastric slow
wave was two times faster during the first 2 mo than
during 3—6 mo. As can be seen from Fig. 4, the rate of
increase per month of the percentage of 2- to 4-cpm slow
waves was 9.2% during the first 2 mo and 3.4% during
3-6 mo.

8 10 12

Frequency (cpm)

Postprandial increases of the percentages of 2- to
4-cpm slow waves were observed at all six ages. The
average relative postprandial increases of the percent-
ages of 2- to 4-cpm slow waves were 22.3, 21.6, 20.2,
15.1,10.7,and 9.7% at the ages of 1 and 2wk and 1, 2, 4,
and 6 mo, respectively (see Fig. 5A). That is, the
postprandial increase steadily decreased with age. In
addition, the increase became statistically less signifi-
cant as the infants grew up. P increased from 0.005 at
the age of 1 wk up to 0.25 at the age of 6 mo (see
Fig. 5B).

Obvious dominant peaks in the EGG power spectra
were not observed until 2 mo (see typical examples in
Figs. 2B and 3B). None of the infants had dominant
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Fig. 3. Typical EGG recording and its spectral
analyses for the same infant that data were
collected from for Fig. 2, but at 6 mo. A: EGG
recording. B: power spectrum of EGG shown in A.
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There is an obvious dominant peak (indicated by
an arrow) at ~3 cpm in the spectrum. C: running
power spectra of EGG in A. The % of 2- to 4-com
slow waves is much higher at 6 mo (a majority of
the spectra have spectral peaks in the 2- to 4-cpm
range) than at 1 wk.
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Fig. 4. Linear curve fitting for % of 2- to 4-com normal slow waves in
preterm infants. Fitting was performed in 2 time periods. One was
from 1 wk to 2 mo and the other was from 2 to 6 mo. The slopes of the
2 lines were 9.2 and 3.4, respectively, indicating that there was an
increase of 9.2 in the % of 2- to 4-cpm waves per month during the
first 2 mo and of 3.4% per month during 3—6 mo.

peaks at 1 wk, 47% of them had dominant peaks at 2
mo, and 69% had dominant peaks at 6 mo. The change
of dominant power after the meal, if any, was inconsis-
tent. The mean dominant frequency at 6 mo was 3.13
cpm in the fasting state, and the meal did not induce
any significant changes.

The percentages of 2- to 4-cpm slow waves between
the two groups of infants of different gestation ages at
birth were compared at 2 wk and 4 mo of age. Figure 6
shows both preprandial and postprandial percentages
at the two ages. The difference between the two groups
was small and statistically insignificant, i.e., gestation
age at birth did not affect the development of the gastric
slow waves.

The difference in the percentage of 2- to 4-cpm slow
waves between the breast-feeding and formula-feeding
groups was assessed at the age of 2 wk. The prepran-
dial and postprandial percentages of 2- to 4-cpom slow
waves were 37.7 = 6.1% and 44.3 £ 6.7% for the
breast-feeding group and 39.2 + 6.1% and 49.2 + 4.2%
for the formula-feeding group. No significant difference
was observed.

No effects of weight on the development of the gastric
slow wave were observed. Figure 7 presents the correla-
tion between the percentage of 2- to 4-cpm slow waves

>

DEVELOPMENT OF ELECTROGASTROGRAM IN INFANTS

and weight at the ages of 1 wk (r = 0.5, P = 0.2) and 4
mo (r = —0.2, P = 0.6).

The infants were found to be physically well devel-
oped at the end of the study (6 mo after birth). The
average total scores were 5.8, 5.8, 5.5, 5.7, and 5.7 for
communication, gross motor, fine motor, adaptive, and
personal-social, respectively. No correlation was noted
between the percentage of 2- to 4-cpm slow waves and
any of these developmental parameters.

DISCUSSION

This study has shown that GMA demonstrated devel-
opmental changes as a function of advancing postnatal
age in the preterm infants studied. The percentage of 2-
to 4-cpm slow waves steadily increased from birth to 6
mo, and there was a postprandial increase in the
percentage of 2- to 4-cpm slow waves during the first 6
mo after birth. Also, the relative postprandial increase
of the percentage became smaller and statistically less
significant with age.

Although the structure of the stomach is well devel-
oped even before birth, both gastric motility and myo-
electrical activity are immature at birth (23). For
example, by about the seventh month of gestation, the
stomach musculature appears mature, both morphologi-
cally and histologically (15), but gastric wall compli-
ance in newborns under 30 h old was less than that in
adults and receptive relaxation seems negligible in
newborn infants (17). This study shows that GMA is
immature at birth, there is a developmental process
during the first 6 mo, and the maturation rate is
highest during the first 2 mo of life. The percentage of 2-
to 4-cpm slow waves at 6 mo is still lower than that in
healthy adults (12). These results are in agreement
with motor patterns in neonates, which differ from
those in adults. Previous neonatal motility studies (4,
36) showed that during the fasting state, few infants
(both preterm and term) displayed the migrating motor
complex. Instead, they demonstrated episodes of motor
guiescence that alternated with episodes of nonmigrat-
ing phasic activity, which occupied 60% of manometric
recordings of preterm and term infants. This is because
many aspects of the forward propulsion of enteral
nutrients are not fully mature in the neonates.

N
[&}]

N
(=]

Fig. 5. A: average relative postpran-
dial increases of the % of 2- to 4-cpm
slow waves. B: P values of the relative
postprandial increase at different ages.
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Fig. 6. Percentages of normal 2- to 4-cpm slow waves in preterm
infants with different gestation ages. Average gestation age at birth
of group 1 was 29.7 = 0.8 wk, and the average gestation age at birth of
group 2 was 33.2 = 0.8 wk. No significant difference was observed in
the % of 2- to 4-cpm waves between the 2 groups.

One of the interesting findings in this study is that
there existed significant postprandial increases of the
percentage of 2- to 4-cpm slow waves. This has never
been reported before in either healthy adults or infants.
This postprandial increase was very significant at 1 wk
old and became gradually smaller and statistically less
significant as the infants grew up. This suggests that
feeding stimulates the development of the gastric slow
wave in infants. The stimulation became less signifi-
cant when the gastric slow wave of the infants was
closer to maturation. This phenomenon should eventu-
ally disappear when the gastric slow wave is fully
mature as in healthy adults for whom the preprandial

G507

and postprandial percentages remain statistically un-
changed.

The other important EGG parameters are the domi-
nant frequency and power. For a healthy adult, there
should exist an obvious peak between 2 and 4 cpm in
the EGG power spectra (7). This current study showed
that there was no dominant peak in the EGG power
spectra at birth, in agreement with our previous find-
ings (12). Similar to the percentage of slow waves, a
developmental process of the dominant peaks in the
EGG power spectra was observed in this study. A
postprandial increase in the EGG dominant power in
healthy adults has been consistently reported in numer-
ous studies (16, 19, 26, 32, 33, 35). However, this
increase was not observed in this current study. This
might be attributed to the following: 1) the test meal
was uncontrolled; 2) milk had an inhibitory effect, as it
did on postprandial GMA in a study by Chen and
McCallum (8); and 3) the dominant power was not
identifiable in about one-third of the subjects even at
6 mo.

The influence of gestation age on the gastric slow
wave in infants was investigated in this study. The
results for two groups with different gestation age have
shown that there was no significant difference between
them. This is in agreement with a previous study
performed by Koch et al. (27), which showed that
postprandial GMA in all frequency bands was similar
among groups of premature and term infants. Ittmann
etal. (24) also reported that there were no differences in
the occurrence or amplitude of antral activity between
preterm and term infants. As we know, the structure of
the stomach is well developed before birth, while GMA
is not mature until at least months after birth. Accord-
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ing to our study, it seems that the development of GMA
may mainly be attributed to the stimulation of feeding.
Only after some period of time, for instance, several
months of feeding, can GMA become mature. It should
also be noted that although GMA is not mature during
the first month after birth, infants are able to tolerate
milk due to the fact that emptying of liquids is attrib-
uted to fundic tones instead of propagated antral
contractions. Although this study was performed in
preterm infants, it is speculated that the development
of the gastric slow wave is not consequent to preterm
birth but a common phenomenon for both term and
preterm infants. Further studies are required to prove
this.

In conclusion, the percentage of normal gastric slow
waves is low at birth and progressively increases
during the first months of life. The maturation of the
gastric slow wave after birth may be attributed to
enteral feeding.

We thank Loretta Dunnaway for assistance in manuscript prepa-
ration.

This study was supported by an award for project no. H97-045
from the Oklahoma Center for the Advancement of Science and
Technology.

Address for reprint requests: J. D. Z. Chen, Lynn Institute for
Healthcare Research, Integris Baptist Medical Center, 3300 NW
Expressway, Oklahoma City, OK 73112.

Received 16 April 1997; accepted in final form 3 December 1997.

REFERENCES

1. Abell, T. L., M. Camilleri, V. S. Hench, and J. R. Malagelada.
Gastric electromechanical function and gastric emptying in
diabetic gastroparesis. Eur. J. Gastroenterol. Hepatol. 3: 163—
167, 1991.

2. Agunod, M., N. Yamaguchi, R. Lopez, A. L. Luhby, and G. B.
Glass. Correlative study of hydrochloric acid, pepsin, and intrin-
sic factor secretion in newborns and infants. Am. J. Dig. Dis. 14:
400-414, 1969.

3. Alvarez, W. C. The electrogastrogram and what it shows. JAMA
78:1116-1118, 1992.

4. Berseth, C. L. Gastrointestinal motility in the neonate. Clin.
Perinatol. 23: 2179-2190, 1996.

5. Bisset, W. M., J. B. Watt, R. P. Rivers, and P. J. Milla.
Ontogeny of fasting small intestinal motor activity in the human
infant. Gut 29: 483-488, 1988.

6. Chen, J. Acomputerized data analysis system for electrogastro-
gram. Comput. Biol. Med. 22: 45-58, 1992.

7. Chen, J., and R. W. McCallum (Editors). Electrogastrography:
Principles and Applications. New York: Raven, 1994.

8. Chen, J., and R. W. McCallum. Effect of milk on myoelectrical
activity of the stomach—an electrogastrographic study. Med.
Biol. Eng. Comput. 30: 564-567, 1992.

9. Chen, J.,J. Pan, and R. W. McCallum. Clinical significance of
gastric myoelectrical dysrhythmias. Dig. Dis. 13: 275-290, 1995.

10. Chen, J.,R. D. Richards, and R. W. McCallum. Identification
of gastric contractions from the cutaneous electrogastrogram.
Am. J. Gastroenterol. 89: 79-85, 1994.

11. Chen, J., W. R. Stewart, and R. W. McCallum. Adaptive
spectral analysis of episodic rhythmic variations in the cutaneous
electrogastrogram. IEEE Trans. Biomed. Eng. 40: 128-135, 1993.

12. Chen, J. D. Z,, E. Co, J. Liang, J. Pan, J. Sutphen, R. B.
Torres-Pinedo, and W. C. Orr. Patterns of gastric myoelectri-
cal activity in human subjects with different ages. Am. J. Physiol.
272 (Gastrointest. Liver Physiol. 35): G1022—-G1027, 1997.

13. Chen, J. D. Z,, B. D. Schirmer, and R. W. McCallum. Serosal
and cutaneous recordings of gastric myoelectrical activity in
patients with gastroparesis. Am. J. Physiol. 266 (Gastrointest.
Liver Physiol. 29): G90-G98, 1994.

14. Cucchiara, S., R. Minella, G. Riezzo, G. Vallone, P. Vallone,
F. Castellone, and S. Auricchio. Reversal of gastric electrical

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

DEVELOPMENT OF ELECTROGASTROGRAM IN INFANTS

dysrhythmias by cisapride in children with functional dyspepsia.
Dig. Dis. Sci. 37: 1136—-1140, 1992.

Deren, J. Development of structure and function in the fetal and
newborn stomach. Am. J. Clin. Nutr. 24: 144-159, 1971.
Desvarannes, S. B., M. Mizafi, and A. Dubois. Relation
between postprandial gastric emptying and cutaneous electrogas-
trogram in primates. Am. J. Physiol. 261 (Gastrointest. Liver
Physiol. 24): G248—G255, 1991.

Di Lorenzo, C., H. Mertz, S. Alvarez, C. Mori, E. Mayer, and
P. E. Hyman. Gastric receptive relaxation is absent in newborn
infants (Abstract). Gastroenterology 104: A4989, 1993.
Familoni, B. O., K. L. Bowes, Y. J. Kingma, and K. R. Cote.
Can transcutaneous recordings detect gastric electrical abnor-
malities? Gut 32: 141-146, 1991.

Geldof, H., E. J. van der Schee, and J. L. Grashius.
Electrogastrographic characteristics of interdigestive migrating
complex in humans. Am. J. Physiol. 250 (Gastrointest. Liver
Physiol. 13): G165—-G171, 1986.

Geldof, H., E. J. van der Schee, M. Van Blankenstein, and
J. L. Grashius. Electrogastrographic study of gastric myoelectri-
cal activity in patients with unexplained nausea and vomiting.
Gut 26: 799-808, 1986.

Hamilton, J. W,, B. Bellahsene, M. Reichelderfer, J. G.
Webster, and P. Bass. Human electrogastrograms: comparison
of surface and mucosal recordings. Dig. Dis. Sci. 31: 33—39, 1986.
Hasler, W. L., H. C. Soudah, G. Dulai, and C. Owyang.
Mediation of hyperglycemia evoked gastric slow wave dysrhyth-
mias by endogenous prostaglandin. Gastroenterology 108: 727—
736, 1995.

Hyman, P. E., and C. Di Lorenzo (Editors). Pediatric Gastroin-
testinal Motility Disorders. New York: Academy of Professional
Information Services, 1994.

Ittmann, P. 1., R. Amarnath, and C. L. Berseth. Maturation of
antroduodenal motor activity in preterm and term infants. Dig.
Dis. Sci. 37: 14-19, 1992.

Koch, K. L., R. M. Stern, M. Vasey, J. J. Botti, G. W. Creasy,
and A. Dwyer. Gastric dysrhythmias and nausea of pregnancy.
Dig. Dis. Sci. 35: 961-968, 1990.

Koch, K. L., W. R. Stewart, and R. M. Stern. Effect of barium
meals on gastric electromechanical activity in man. Dig. Dis. Sci.
32:1217-1222,1987.

Koch, K. L., T. N. Tran, R. M. Stern, S. Bingaman, and N.
Sperry. Gastric myoelectrical activity in premature and term
infants. Gastrointestinal Motility 4: 41-47, 1993.

Milla, P. J. Electrogastrography in childhood. In: Electrogastrog-
raphy: Principles and Applications, edited by J. Chen and R. W.
McCallum. New York: Raven, 1994, p. 379-395.

Riezzo, G., S. Cucchiara, M. Chiloiro, R. Minella, V. Guerra,
and I. Giorgio. Gastric emptying and myoelectrical activity in
children with nonulcer dyspepsia. Effect of cisapride. Dig. Dis.
Sci. 40: 1428-1434, 1995.

Rothstein, R. D., A. Alavi, and J. C. Reynolds. Electrogastrog-
raphy in patients with gastroparesis and effect of long-time
cisapride. Dig. Dis. Sci. 38: 1518-1524, 1993.

Smout, A. J. P. M., E. J. van der Schee, and J. L. Grashuis.
What is measured in electrogastrography? Dig. Dis. Sci. 25:
179-187, 1980.

Stern, R. M., H. E. Crawford, W. R. Stewart, M. W. Vasey,
and K. L. Koch. Sham feeding: cephalic-vagal influences on
gastric myoelectric activity. Dig. Dis. Sci. 34: 521-527, 1989.
Stern, R. M., and K. L. Koch (Editors). Electrogastrography:
Methodology, Validation, and Application. New York: Prager,
1985.

Stern, R. M., K. L. Koch, and W. R. Stewart. Spectral analysis
of tachygastria recorded during motion sickness. Gastroenterol-
ogy 92: 92-97, 1987.

Sun, W. M., A. Smout, C. Malbert, L. Edelbroek, K. Jones, J.
Dent, and M. Horowitz. Relationship between surface electro-
gastrography and antropyloric pressure. Am. J. Physiol. 268
(Gastrointest. Liver Physiol. 31): G424—-G430, 1995.

Tomomasa, T., Z. Itoh, T. Koizumi, and T. Kuroume. Nonmi-
grating rhythmic activity in the stomach and duodenum of
neonates. Biol. Neonate 48: 1-9, 1985.

Yamada, T. (Editor). Textbook of Gastroenterology. Philadelphia,
PA: Lippincott, 1995.

TTOZ ‘S 1900100 uo hio ABojoisAyd-ibdie wouy papeojumoq



http://ajpgi.physiology.org/

