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The ef® ciency and ef® cacy of the electrogastrogram (EGG) involve a few practical factors,
including recording length, sample size , and the characteristics of subjects. The aim of this
study was to investigate the effect of these factors on the accuracy of EGG analysis. Gastric
myoe lectrical activity was recorded using electrogastrography in 24 subje cts (age s 22± 91
years) for 1 hr in the fasting state and 2 hr after a test meal. Compute rized spectral analysis
was performed to compute EGG parameters, including dominant frequency, dominant
power, and the percentage of 2± 4 cycles per minute (cpm) slow waves. A parameter called
misinte rpretation was de ® ned to investigate the effect of recording length. The results were
as follows: (1) Using the recording length of 1 hr in each state as a gold standard, the
misinte rpretation for the recording length of 30 min was 27% for the dominant frequency and
17% for the dominant power. When the recording length was reduced to 15 min, the
misinte rpretation increased to 61% for the dominant frequency and 38% for the dominant
power. (2) With a sample size of 10 subje cts and a recording length of 60 min, a statistically
signi® cant postprandial increase was obse rved in the dominant frequency and power, and a
trend in the postprandial increase of the regularity of the EGG was noted. When the sample
size increased to 24 subjects, a signi® cant postprandial increase was found in all these
parame ters. (3) None of the EGG parameters exhibited any signi® cant difference between
the younge r and olde r subjects or between men and women. In conclusion, a recording length
of 30 ± 60 min seems to be appropriate and produce s reliable and predictable results. Age and
gender do not affect any of the EGG parame ters.
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As electrogastrography develops from an experimen-

tal method to a clinically applicable tool, some prac-

tical issues may arise concerning ef® ciency and ef® -

cacy of the measurement. Unlike the e le ctro-

cardiogram, which re¯ ects an ultrashort repetitive

cycle activity, the electrogastrogram (EGG) involve s

the representation of two comple tely different pat-

terns (1). Those include the fasting motor activity,

which is further classi® ed into three distinct phases,

and the fed state (2). A short recording may miss

some information or outweigh a brief sequence that

normally contribute s little to the ® nal result. On the

other hand, a longe r one may ª slide º into the suc-

ceeding patte rn, so that an overlap of states can be

erroneously inte rpreted as one (a prolonge d record-

ing of the fed state may include the interdigestive

activity once the stomach is emptied). Thus, duration

and timing of the EGG are extremely important for

reliable results and their clinical implications.

Additional conside rations should be taken into ac-

count concerning other practical aspects. As a diag-

nostic tool, EGG should be performed with optimal

ef® ciency and accuracy. A recording in the symptom-

atic patient has to be as short as possible and yet not

omit the relevant information. Due to its nature , the

Manuscript receive d June 18, 1997; revised manuscript rece ived
September 26, 1997; acce pted January 20, 1998.

From the Thomas N. Lynn Institute for Healthcare Research,
Integris Baptist Medical Center, Oklahoma City, Oklahoma.

Address for reprint requests: Jiande Chen, Lynn Institute for
Healthcare Research, Integris Baptist Medical Center, 3300 North-
west Expre ssway, Oklahoma City, Oklahoma 73112.

Digestive Diseases and Sciences, Vol. 43, No. 5 (May 1998), pp. 1023± 1030

1023Digestive Diseases and Sciences, Vol. 43, No. 5 (May 1998)

0163-2116/98/0500-1023$15.00/0 Ñ 1998 Plenum Publishing Corporation



EGG has to be performed with an emphasis on min-

imizing movements (3); however, the probability of

motion artifacts, even in the most coope rative patient,

increases with time. So far, different inve stigators

have been using different EGG duration measure -

ments for both pre- and postprandial recordings.

These measurements range from a few minute s to

several hours (4 ± 6). Anothe r noteworthy aspect con-

cerns sample size adequacy. Small samples may some-

time fail to produce statistically signi® cant results,

although a clear pattern or trend is shown, while large

sample s may be unnecessary and too time consuming.

In reviewing other pape rs, we ® nd a great varie ty

among sample sizes as well (7± 9).

Finally, the effect of the sample characteristics (age

and gender) cannot be ignored. Although extensively

investigated in the past by several groups (10 ± 12), we

used this study to repeat measurements using a more

advanced spectral analysis method. Therefore, the aim

of this study was to investigate the ef® ciency and ef® cacy

of an ª optimal lengthº EGG measurement as well as

sample size impact and gender and age in¯ uence.

MATERIALS AND METHODS

Subjects. Twenty-four healthy volunteers (9 men, 15
women) were assessed. None had any gastrointestinal
symptomatology, disease, or surgery. The average age was
49 6 4.7 years, and ranged from 22 to 91. All women (who
were not menopausal) were studied in their follicular phase
of menses to eliminate the possibility of major hormonal
changes. No subject was taking medication during the study
period with the exception of two females who used contra-
ceptive drugs.

The subjects were further evaluated considering age in-
¯ uence and were divided into two groups: the ave rage age
in the younger group was 30.7 6 1.8 years (range: 22± 41, 7
men, 7 women); and the ave rage age in the older group was
74.7 6 2.6 years (range: 60 ± 91, 2 men, 8 women).

The protocol was approved by the Institutional Review
Board, and a consent form was signed by each subject prior
to the study.

Each subject was presented with a standard meal (475
kcal, 21% protein, 17% fat, 61% carbohydrate, and 2 g
® ber) (13) in a single session after a fast of at least 6 hr
before the recording. The EGG was recorded for 1 hr
before and for 2 hr after the test meal. The subjects were
placed in a quiet room where they could watch television in
a supine position. They were requested to minimize their
movements, and talking or reading was not permitted.

EGG Measurement. Gastric myoe lectrical activity was
recorded noninvasively from electrodes placed on the ab-
dominal skin. The EGG re¯ ects a weighted summation of
gastric myoelectrical activity depicted from distinct areas of
the stomach. According to numerous studies, the EGG is an
accurate measurement of the gastric slow wave and repre-
sents gastric motility changes (14 ± 16).

The frequency of the normal slow wave is 3 (range: 2± 4)

cycles per minute (cpm), and abnormal data may deviate

from 1 to 9 cpm. To capture this broad range, a portable
ambulatory device with a recording frequency range of 1± 18

cpm was used (Digitrapper EGG, Synectics Medical, Inc.,

Shoreview, Minnesota). The device had been used in our

laboratory for four years in numerous studies, and no
malfunctions were noted. All EGG recordings were con-

ducted after skin preparation and placement of three elec-

trodes on the abdominal skin. The placement of the elec-
trodes was done according to data acquired from previous
studies in which the stomach was localized sonographically
(17) . The ® rst e lectrode was positioned above the antrum
(located 1± 3 cm to the right and midway between the
xiphoid process and the umbilicus), the second electrode 45
degrees to the left and 5 cm above the ® rst, and the
reference electrode on the left ¯ ank under the rib cage.
Previous studies have shown that placing the electrodes in
this way results in continuous and reliable data regarding
the frequency and percentage of the gastric slow wave as
well as the relative power of the EGG. More accurate
measurement of the stomach and placement of the elec-
trodes are required if the absolute amplitude of the EGG
and/or the propagation of the slow wave is to be considered.

EGG Analysis. Because of its low signal-to-noise ratio,
the EGG data were processed by computer. As previously
mentioned, the normal gastric frequency ranges between 2
and 4 cpm. Other organs in the body produce electrical
signals that have different frequency ranges. They could be
distinguished from the gastric frequency in the power spec-
trum. As motion artifacts or profound breathing move-
ments impede the accurate analysis of the EGG, we tried to
eliminate them during the study and deleted them by visual
inspection of the recording before computerized spectral
analysis (18).

In evaluation of the EGG recordings, the following pa-
rameters were considered: (1) The dominant frequencyÐ
this re¯ ects the frequency of the gastric slow waves; normal
range is 2± 4 cpm. (2) The dominant powerÐ the amplitude
and the regularity of the EGG (contractile activity is asso-
ciated with its relative changes). Only relative changes of
the dominant power were used since its absolute value is
associated with many factors that could not be controlled,
such as thickness of abdominal wall, accurate location of the
stomach, etc. (3) Percentage of 2± 4 cpm wavesÐ this rep-
resents the percentage of time occupied by the regular 2± 4
cpm gastric slow waves. (4) Percentage of dysrhythmiasÐ
this speci® e s the percentage of time associated with irreg-
ular gastric slow wave activity. Subclassi® cation includes
bradygastria (dominant peak in the 0.5 to 2.0-cpm range),
tachygastria (dominant peak in the 4.0 to 9.0-cpm range),
and arrhythmias (no dominant peak observed in the 0.5 to
9.0-cpm range). (5) Instability coef® cient of the dominant
frequencyÐ this re¯ ects the minute-by-minute variation of
the dominant frequency of the EGG (1).

Misinterpretation of Effect of Intervention . An EGG
study is often designed to investigate the effect of an inter-
vention, such as a test meal or an injection of a pharmaco-
logical or hormonal agent. The change due to the interven-
tion in any of the EGG parameters provides important
information on the response of gastric myoelectrical activity
to the intervention. It is known, however, that gastric mo-
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tility has three different phases in the fasting state Ð the
so-called migrating motor complex (MMC). The stomach
does not contract during phase I of the MMC, contracts
randomly in both strength and frequency during phase II,
and contracts forcefully and regularly during phase III.
Previous studies have indicated that EGG parameters are
different during different phases of the MMC. For example,
the amplitude of the EGG is higher during phase III than
that during phase I. That is, there is an intrastate difference
in EGG parameters in the fasting state. If the study is not
appropriately designed, this intrastate difference may be
comparable or even larger than the change due to the
intervention. When fasting EGG is performed without
knowing the actual phase of the MMC (which is usually the
case), the intrastate difference may lead to a misinterpre-
tation on the effect of the intervention. It is apparent that
this intrastate difference may be minimized by increasing
the recording length. To investigate the effect of recording
length on the accuracy of EGG interpretation, a parameter
called misinterpretation (M) is de ® ned as follows:

M 5
(maximum 2 minimum) in baseline

change due to intervention
3 100%

The misinterpretation was calculated for both dominant
frequency and power of the EGG. The intervention used in
this study was the test meal.

Statis tical Analysis. All data were expressed as mean 6

SEM and P , 0.05 was considered statistically signi® cant.
Student’s t test was performed to evaluate effects of the
meal, age , gender, sample size, and the recording length.

RESULTS

Regular slow waves were recorded in the EGG. A

typical recording obtaine d in the fasting state, its

averaged (or smoothed) power spectrum, and run-

ning power spectra are presented in Figure 1.

Effect of Recording Length

As no signi® cant difference was found in the results

related to age and gender (as discussed late r), EGG

data from both groups (younge r and olde r) were

combined and divide d into time inte rvals of different

duration to assess the possible effects of recording

lengths on the analysis of the EGG.

Recording Length of 60 Minutes. A 60-min record-

ing length carrie s an establishe d pre- to postprandial

statistically signi® cant relationship and is widely used

in EGG studie s (19 ± 21) . Therefore, it was designed

to be our standard reference recording length. Inter-

state measurements in the dominant frequency in-

Fig 1. Characteristic e lectrogastrographic baseline recording in a subject, obtained in the fasting
state: (a) a 10-min EGG recording; (b) its ave rage d power spectrum; (c) running power spectra

computed according to the adaptive spectral analysis method. Each line repre sents the power
spectrum of a 2-min segme nt of EGG data.
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cluded: the average frequency for the fasting state,

2.95 cpm; that of the fed state (in the ® rst hour) was

3.13 cpm. Thus, the interstate difference was 0.18 cpm

(Figure 2a) . Corresponding results in the dominant

power were 30.1 dB in the fasting state and 32.9 dB in

the fed state, with an interstate difference of 2.8 dB

(Figure 3a) .

Recording Length of 30 Minutes. Intrastate mea-

surements of the 30-min recording in the fasting state

include d two values: the ® rst 30-min value was 2.92

cpm, and the next 30-min value was 2.97 cpm. The

misinterpretation for the dominant frequency was

27% . The dominant power achieved in the two 30-

min recordings was 29.8 and 30.3 dB, respectively;

thus, the misinte rpretation was 17% (Figure s 2b, 3b).

Recording Length of 15 Minutes. Intrastate mea-

surements for the 15-min recording in the dominant

frequency were 3.02, 2.93, 2.92, and 2.91 cpm for

every consecutive recording (Figure 2c). The misin-

terpretation was 61% . The dominant power values in

the same recording length were 29.3, 29.7, 29.8, and

30.8 dB with a misinte rpretation of 38% (Figure 3c).

In the postprandial state , a gradual increase in the

dominant frequency reached a peak and plate aud in

the second to fourth 15-min inte rval (2.99 to 3.19

cpm), with a stepped decrease (down to 3.03 cpm).

The postprandial dominant power showed the highest

value in the ® rst 15-min inte rval (33.6 dB, a difference

of more than 3.5 dB from the fasting state ), with an

unsteady decrease afterwards.

Effect of Sample Size

After analyzing all 24 patients, we randomly chose

10 subje cts and reanalyze d statistically the major

EGG parame ters: the dominant frequency, dominant

power, the percentage of normal slow waves, and the

instability coef® cient. Figure s 4a and 4b show the

fasting and fed dominant frequency in both samples,

with a statistically signi® cant postprandial increase of

2.94 6 0.05 vs 3.24 6 0.05 cpm (P , 0.0002) in the

large group (N 5 24), and 2.85 6 0.09 vs 3.25 6 0.06

cpm (P , 0.007) , in the small group (N 5 10) .

In Figure 5a and 5b, the analogous results in the

dominant power are demonstrated with a signi® cant

increase in the postprandial state in the large sample ,

from 29.6 6 1.06 to 33.5 6 1.06 dB (P , 0.02), and in

Fig 2. The dominant frequency in the fasting and postprandial states with a recording length of: (a) 60 mins; (b) 30 mins; and (c) 15 mins.

Fig 3. The dominant power in the fasting and postprandial states with a recording length of: (a) 60 mins; (b) 30 mins; and (c) 15 mins.
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the other group 28.1 6 1.39 vs 30.6 6 0.83 dB (P ,
0.03).

Figure s 6a and 6b demonstrate a distinct difference

between the two sample s, showing pre- and postpran-

dial changes in the large sample in the normal wave

percentage : 80.5 6 2.7 vs 87.4 6 1.8, (P , 0.01) .

However, in the small sample group, the postprandial

change is not statistically signi® cant, although it is

noticeable : 76.4 6 4.6 vs 83.0 6 2.0 (P . 0.1) .

Age Effect

No signi® cant differences were noticed in any of the

EGG parameters in comparing young to old subje cts

in the fasting or the fed state . The fasting dominant

EGG frequency was 2.92 6 0.03 in the younge r

group, and 2.96 6 0.10 cpm in the olde r group (P .

0.6) ; the dominant power was 30.05 6 1.2 in the

younge r group vs 29.03 6 0.01 dB (P . 0.6) in the

olde r group; the percentage of the 2 to 4-cpm waves

was 79.3 6 3.7 vs 82.2 6 4.1 (P . 0.6) ; and the

instability coef® cient of the dominant frequency was

0.28 6 0.04 vs 0.29 6 0.04 (P . 0.9) .

For postprandial results, the dominant EGG fre-

quency was 3.17 6 0.07 in the younge r group and

3.33 6 0.05 cpm in the older group (P . 0.1) ; the

dominant power was 32.5 6 0.8 in younge r group vs

34.66 6 2.13 dB (P . 0.3) in the olde r group; the

percentage of the 2 to 4-cpm waves was 85.7 6 1.6 vs

89.5 6 3.5 (P . 0.3) ; and the instability coef® cient of

the dominant frequency was 0.27 6 0.02 vs 0.18 6
0.03 (P . 0.05).

Fig 4. The dominant frequency in the fasting and postprandial states using different sample sizes of: (a) 24 subjects; and (b) 10 subjects.
Both sample s show a signi ® cant increase after food.

Fig 5. The dominant power in the fasting and postprandial states using different sample sizes of: (a) 24 subjects; and (b) 10 subjects. Both
samples show a signi® cant increase after food.
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Gender Effect

In comparing male to female subjects, the fasting

and postprandial results showed no signi® cant differ-

ences in any of the EGG parame ters. The fasting

dominant EGG frequency in women reached 2.94 6
0.07 and that in men 2.94 6 0.03 cpm (P . 0.9) ; the

dominant power was 31.05 6 1.4 in women and

27.23 6 1.3 dB in men (P . 0.09) ; the percentage of

2 to 4-cpm waves achieved for women was 84.7 6 3.0

and for men 73.6 6 5.0 (P . 0.05) ; and the instability

coef® cient of the dominant frequency was 0.24 6 0.04

in women vs 0.37 6 0.05 in men (P . 0.1) .

The postprandial dominant EGG frequency mea-

sured in women was 3.25 6 0.05 vs 3.22 6 0.1 cpm in

men (P . 0.7) ; the dominant power increased to

34.75 6 1.4 in women vs 31 6 1.2 dB (P . 0.1) in

men; the percentage of the 2 to 4-cpm waves was

87.6 6 2 vs 86.9 6 3.0 (P . 0.8) ; and the instability

coef® cient of the dominant frequency droppe d to

0.22 6 0.03 vs 0.24 6 0.03 (P . 0.7) .

DISCUSSION

The ef® ciency and ef® cacy of any diagnostic tool

are major concerns of inve stigators and clinicians. In

our study, we have reviewed some compone nts in the

design of the EGG, including recording length, sam-

ple size , and effects of age and gender.

Adequate Recording Length

The recording length of 60 min was set as a stan-

dard point of reference in this study. The results

obtained with this length of recording were in agree-

ment with previous studie s (4, 6). In one of those

studie s, a period of more than 6 hr was recorded in

the fasting state, but the results were not different

from what was expected from a much shorte r record-

ing, rendering it unnecessary. As was expected along

with measurement lengthening, variation among sub-

jects is further narrowed.

The EGG with a recording length of 30 min was

characte rized by a rathe r stable patte rn, a relative ly

small variation, and narrow spectrum of the value s of

the EGG parameters. In comparison with the record-

ing length of 60 min, the misinte rpretation of the

postprandial response due to the intrastate difference

in EGG parame ters was about 20% . This, however,

did not lead to any change s in the statistical analysis.

Due to relative ly small variations between the two

recordings of 30 min, the pre- and postprandial

change in the EGG was still reliable and predictable .

The recording length of 15 min, however, resulted

in a large misinte rpretation for the postprandial re-

sponse . The intrastate difference accounted for more

than one third to two thirds of the pre- and postpran-

dial difference. That is, the fasting EGG with a re-

cording length of 15 min is not reproducible . The

substantial intrastate difference would mask the pre-

and postprandial difference or the change due to an

inte rvention, yielding a misinterpretation of the post-

prandial response .

In the fasting state, exhibiting very similar ® nal

results with the advantage of a shorter recording, a

30-min measurement seems to be enough to produce

reliable results, especially concerning the dominant

power aspect. The fasting EGG recording aims at

capturing the electrical activity during that state . This

Fig 6. The percentage of the 2- to 4-cpm gastric slow wave s in the fasting and postprandial states using different sample sizes: (a) 24
subjects; and (b) 10 subjects. Only the large r sample shows a statistically signi® cant increase, while the other shows only a tendency.
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activity is represented by the migrating motor com-

plex (MMC), which lasts 84 ± 112 min and is divide d to

three phases: Phase I comprise s 40 ± 60% of the cycle

time, and phase s II and III comprise 20 ± 30% and

5± 10 min, respective ly (2). One would assume that for

incorporation of these different phases, prolonge d

recording is necessary; however, the results show that

regardle ss of the duration and timing of measure -

ment, the ® nal outcome is the same (in a 30-min

recording) . As people are studied randomly without a

known correlation with the speci® c phase in the

MMC cycle , we could assume that the short period of

phase III, although very different from the others,

does not contribute greatly to the ® nal result. Fur-

thermore , analyzing data acquired from a large group

probably include s different MMC phase s and dura-

tions but re¯ ects a collective average .

As for the postprandial state , fragmentation of data

into short inte rvals enable d us to follow the process of

transition through the digestive states step by step

from the quite steady fasting state to the immediate

and late change s following food inge stion. The 15-

minute inte rvals, in particular, provided us with a

more precise way of assessing the short-term myo-

electrical changes. A rise in the dominant frequency is

noted as food is processed, with a stepped increase

that reaches a plateau during 30 ± 60 min. The expla-

nation for this phenomenon may be the brie f minimal

initial postprandial dip that was noted in previous

studie s. This study further obse rved, concerning the

prediction of gastric emptying (as we did) , a gradual

increase up to a steady state in the 30-min period;

then, a gradual decrease ensues for up to 2 hr post-

prandially when it reaches fasting state values again.

The dominant power reaches a peak during the ® rst

postprandial 15 min with a gradual unsteady drop

afterwards, which corresponds approximate ly to in-

formation mentione d in the same report (22).

Sample Size

By reviewing previous EGG studie s, a spectrum of

sample sizes appears from isolated case reports to

large groups of several dozen (23± 25) . In our study,

we compared a fraction of our subje cts to the whole

group. We found that even a small sample size of 10

subje cts is suf® cient for indicating trends (Figure 6b),

although some results may show signi® cance (Figure s

4b and 5b). It depends greatly upon the nature and

direction of the change .

The large r the variation among the response s, the

more patients will be needed for producing an accu-

rate prediction. For practical consideration, 10 sub-

jects may exhibit an obvious typical patte rn that

sometimes needs enhance ment by adding a few more

subje cts. In EGGs, we expect the major parame ters of

the dominant frequency and power and the percent-

age of 2 to 4-cpm slow waves to increase and the

instability coef® cient to drop after a standard test

meal. It seems that, with a sample size of 10, the ® rst

two parame ters will achie ve a statistically signi® cant

value , while the last one will only re¯ ect a colle ctive

trend. When increasing the sample size, we may ex-

pect the 2 to 4-cpm percentage of the slow waves to

reach a signi® cant value . As for other parame ters (eg,

proportion of distinct types of arrhythmia) , a much

larger sample is required due to the wide variation.

Age and Gender

The in¯ uence of age and gender has been discussed

in the past by several inve stigators (10, 11, 21) . The

application of the advance d spectral analysis method

(in contrast to Fourier analysis) allowed us to repeat

the measurements and compare them to the existing

results. Older adults did not differ from younge r ones

(up to 70 years of difference) in any of the EGG

parame ters when healthy volunte ers were tested (with

the same test meal) . Similar results were produce d

after considering the data according to gender. The

fact that women were studied at the beginning of their

menses probably helped in stabilizing the results by

decreasing the importance of hormonal changes as

reported by Parkman et al (11) . Our results revali-

dated most data described in the study of Pfaffenbach

et al with a different analysis method (10) .

The same guide lines should be applied for healthy

adults regardle ss of age and gender. Ef® cient EGG

length of measurement may last for about 30 min

before and 30 ± 60 min after a standard test meal. In a

small sample size of healthy subjects, we expect a

statistically signi® cant postprandial increase of the

dominant frequency and power only. An increase in

the percentage of normal slow waves and a decrease

in the instability coef® cient will achieve statistical

signi® cance in a much large r sample . Adjustments

should be performed conside ring the speci® c charac-

teristics of the population studied (longer measure -

ments for suspected delayed gastric emptying or less

cooperative patients; eg, infants) and the obje ctive of

the study (a large r sample size for a wide -ranging

parame ter).

The applicability of the EGG has been addre ssed in

numerous previous studie s (3, 6, 7, 15, 19, 20, 24, 25) .

It may be used to noninvasive ly diagnose patients

with gastric motor disorde rs, such as de layed gastric
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emptying (22, 26) , to identify whether gastric dys-

rhythmia is involve d in the pathogenesis of gastroin-

testinal motor disorde rs and/or symptoms (15, 20) ,

and to study the response of gastric myoelectrical

activity to an inte rvention, such as test meals and

medications.

In conclusion, an EGG recording of 30-min in the

fasting state and 30 ± 60 min in the fed state seems to

be appropriate , and produce s reliable and predictable

results. Postprandial increases in the dominant fre-

quency and power are normal responses of the EGG

after a solid meal. The regularity of the postprandial

slow wave may increase signi® cantly if the sample size

is large enough. Age and gender do not affect any of

the EGG parameters.
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