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Abstract

Electrogastrography (EGQG) is a non-invasive diagnostic motility for recording gastric myoelectrical ac-
tivity. Gastric myoelectrical activity was first recorded in 1922. Advances in recording equipment enabled
widespread use of cutaneous EGG after 1985. Later, introduction of multichannel EGG (M-EGG) enabled
measurement of electrical activity transmission. At present, M-EGG findings are used as objective indicators
of gastric motility disorders caused by various diseases. EGG measures two categories of gastric electrical
activity: electrical response activity, or spike potentials; and electrical control activity, or slow waves. The
appearance of abnormal rhythmic electrical activity is indicative of abnormalities in gastric motility. The
normal frequency range of gastric electrical activity (normogastria) is around 3 cycles per min. Multiple
EGG parameters assist in the assessment of gastric myoelectrical activity, and significant correlations be-
tween EGG and other gastric motility tests have been demonstrated in many studies. In Japan, however, EGG
remains in the exploratory stage, and its clinical use is limited. There are large variations in procedures and
systems used in previous studies, thus there is a need for standardization of EGG procedures and technical
terminology. Here, we outline the current status of EGG and report the M-EGG procedures used in our de-

partment in addition to our M-EGG findings.
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Introduction

Electrogastrography (EGG) is a diagnostic modality for recording gastric myoelectrical activity. This

non-invasive technique records the myoelectrical activity using cutaneous electrodes placed on the skin of the
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abdomen over the stomach (1). The resulting electrogastrogram is a convenient and simple measurement of
gastric electrical activity.

EGG provides objective indicators for gastric motility disorders caused by various diseases, such as dia-
betes (2—6), collagen disease (7—12), and functional dyspepsia (13—18). It has also been used to assess the ef-
ficacy of gastroprokinetic agents (19, 20) and the outcome of gastrointestinal surgery (21-27). EGG is useful
not only for assessing disease conditions, but also for providing new insights into gastrointestinal motility.
However, in Japan, the clinical use of EGG is still under investigation. Here, we outline the current status of
EGG and report the procedures for multichannel EGG (M-EGG) use in our department in addition to our M-
EGG findings.

History of EGG

The first study demonstrating gastric myoelectrical activity was reported by Alvarez in 1922 (28). EGG
recording was initially performed on the mucosal or serosal membrane because gastric electrical potentials
were small, and early EGG devices using cutaneous electrodes could not distinguish EGG signals from cardiac
and respiratory artifacts. Since then, advances in recording equipment led to the first cutancous EGG record-
ing reported by Bellahsene in 1985 (29), which was a breakthrough in the clinical application of EGG. Multi-
channel EGG (M-EGG) was subsequently introduced and enabled measurement of transmission of electrical

activity, as demonstrated by Chen et al. using cutaneous M-EGG (30).

Principles of EGG

The gastric electrical activity measured by EGG can be subdivided into two categories. The first is called
electrical response activity (ERA), or spike potentials, which are spikes initiated from the gastric mucosa and
are associated with gastric smooth muscle contractions. ERA is reported to reflect the peristaltic activity of the
stomach (31). The second is called electrical control activity (ECA), or slow waves, which are regularly recur-
ring electrical potentials originating in gastric smooth muscle cells, but that are not associated with gastric
contractions (32). ECA is generated by pacemaker cells, namely, the interstitial cells of Cajal (33) in the greater
curvature, and travels toward the pylorus. The frequency of ECA in the human stomach is roughly 3 cycles
per min (cpm) (34, 35). Both ECA and ERA are identifiable in EGG recordings (36). Although EGG signals
are not a direct representation of gastric motility, abnormalities in gastric electrical activity (ECA and ERA)

detected by cutaneous EGG have been shown to correlate with abnormal gastric motility (37).

Indications and contraindications for EGG

The American Motility Society proposed the following indications for EGG: (1) unexplained nausea and
vomiting; or (2) functional dyspepsia (37). Because of its non-invasive nature, EGG has no contraindications
and is therefore used to measure gastric electrical activity in patients with a variety of diseases. However, meal
loading prior to EGG is contraindicated in those who have difficulties with food intake. Consequently, only
fasting EGG should be performed in patients with pyloric stenosis and dysphagia. In addition, patients must
be in the supine position during EGG and have fasted for at least 6 h before EGG to eliminate the influence
of residual gastric contents. Various medications (e.g., prokinetics, narcotic analgesics, anticholinergics, and

anti-emetic agents) do not prohibit EGG recording, but as they could influence EGG results, their use must be
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Skin cleansed with water and alcohol before applying the electrodes.

Electrodes were placed on the abdomen as shown Figure 2C.

Fasting M-EGG was recorded for 20 min in the supine position whilst resting.

Each participant ate two commercially purchased rice balls with Japanese
green tea (250 ml) before undergoing fed M-EGG for 20 min.

The position and conditions during fed M-EGG were identical to those during
fasting M-EGG.

Signals from the electrodes were analyzed automatically using a Medtronic
Polygram Net EGG 3111224 system.

Fig. 1. Procedure for multichannel electrogastrography (M-EGG).

taken into consideration when analyzing the electrical activity.

——— Measurement and analysis of gastric myoelectrical activity ———

The procedure of M-EGG is shown as Fig. 1. The normal frequency range of gastric electrical activity
(normogastria) is usually 2.25-3.75 cpm, while the range of abnormally low (bradygastria, slow pacemaker) or
high (tachygastria, fast slow waves) frequencies is 1.00-2.25 cpm and 3.75-9.00 cpm, respectively. Frequen-
cies outside the normal frequency are defined as arrhythmia. Typical gastric electrical recordings in a healthy
volunteer are shown in Fig. 2A. Slow waves with a frequency of approximately 3 cpm was observed in the
healthy volunteer, indicating normal gastric electrical activity. Because cutaneous electrodes are usually used
during EGG, various types of artifacts exist in EGG signals. For example, the frequency ranges of electrical
activity originating in the small intestine and respiratory muscles are 9-13 cpm and 12-24 cpm, respectively.
The frequency of cardiac action potentials is around 60 cpm. Furthermore, artifacts occur as a consequence of
body movement (38) but can be removed by digital filters. Today, many EGG recording systems include soft-
ware that processes EGG signals. In our department, we used a M-EGG system PolyGraf® (Medtronic A/S,
Skovlunde, Denmark) with a low pass filter of 15 cpm and a high pass filter of 1.8cpm, and we analyzed the
acquired EGG signals using a Medtronic Polygram NET EGG 311244 system (Medtronic A/S). Specifically,
raw signals acquired every 256 s are filtered and processed by Fast Fourier transformation to obtain a power
spectrum, thereby automatically calculating the dominant frequency and dominant power. Reproducibility of
early cutancous EGG devices was poor, which made data analysis difficult. However, technological advances
have resulted in compact and reliable EGG devices which produce results rapidly and automatically. For these

reasons, cutaneous EGG is now used for bedside and outpatient examination.
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Fig. 2. M-EGG recording. (A) The typical M-EGG waves recordings obtained from Channels 1-4 in a
healthy volunteer. The slow wave is displayed to the left of the screen. Running spectrum analysis is
displayed to the right of the screen. Running spectrum analysis shows many slow waves are 3 cycles
per minute (cpm). (From Murakami et al. J Smooth Muscle Res. 2011; 15: J-37-J-44 (65). Reproduced
by copyright permission of Japan Society of Smooth Muscle Research). (B) Equipment for M-EGG
recording and analysis. (C) Cutaneous placement of multiple channels: Channel 3 was placed midway
between the xiphoid process and the umbilicus; Channel 4 was placed 4 cm horizontal to Channel 3;
Channels 2 and 1 were placed 45° to the upper left of Channel 3 at distances of 4 cm and 6 cm. The
ground electrode was placed on the left costal margin horizontal to Channel 3. The reference elec-
trode was placed on the xiphoid process. G: ground electrode; R: reference electrode.

Placement of cutaneous electrodes

In our department, we use six cutaneous electrodes designed for M-EGG (Medtronic A/S) (Fig. 2B). Use
of multi-channel electrodes allows analysis of the relationship of slow waves between the electrodes as a mea-
sure of percentage of slow wave coupling (%SWC). %SWC is discussed below under EGG parameters. Elec-
trode positions were as follows: the reference electrode on the xiphoid process; the Channel 3 electrode (Ch3)
on the midpoint between the xiphoid process and the umbilicus; the Channel 4 electrode (Ch4) 4 cm to the right
of Ch3; the Channel 2 (Ch2) electrode 4 cm to the upper-left of Ch3; the Channel 1 (Chl) electrode 6 cm to
the upper-left of Ch3; and the ground electrode to the left of Ch3 and on the left mid-clavicular line (Fig. 2C).
Sufficient skin preparation by cleansing with alcoholic solution is necessary to reduce the resistance between

the electrodes and the skin. M-EGG shows the skin resistance; an acceptable skin resistance is 11 k€ or lower.

Pretest meals, patient position, and duration of EGG recording

Patients are usually placed in the supine position during EGG recording to eliminate motion artifacts.
Meal loading is used to compare fasting and postprandial EGG measurements. However, no standard pre-test
meals for EGG tests have been established. Studies in North America and Europe have often provided egg

sandwiches and approximately 120 ml of orange juice (39, 40). Coffee (100 ml) has sometimes been added (40),
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and turkey sandwiches were provided in another study (12, 41). Meanwhile, in China, instant noodles with
ham have been given (42). These choices indicate that an easily consumed meal is preferable. Considering that
EGG is a modality for assessing autonomic function, it is likely that stress caused by difficulties in consuming
a pre-test meal could influence EGG results. Thus, it is appropriate to choose an easily consumed meal before
an EGG test. Total calories in the above meals were approximately 350—-500 kcal. In Japan, on the other hand,
enteral nutrients were used in one study (24).

On the basis of the pre-test meals used in different countries, we gave our subjects two commercially
available rice balls and 250 ml of green tea because both are convenient and easy to consume. The nutritional
value of one rice ball is 180 kcal, 4 g of protein, 0.5 g of fat, 40 g of carbohydrates, 1 g of salt, 25 mg of cho-
lesterol, 1 g of fiber, and 0.6 mg of vitamin E. A 30- to 60-min duration of recording is usually used for both
fasting and postprandial EGG (24, 30, 39, 40). However, some patients become uncooperative if the total
examination time exceeds 60 min, and such long examinations are particularly inconvenient when performed
as outpatient tests. For these reasons, we record both fasting and postprandial EGG signals for 20 min. This
means that all procedures, including the explanation about EGG, consumption of a pre-test meal, and EGG re-
cording, will be completed within 60 min. Although the duration of our EGG is 10 min less than the commonly

used 30 min, we have not seen a notable impact of shorter recording times on EGG results.

EGG parameters

M-EGG parameters enable EGG to provide diverse information, but they also complicate the assessment
of gastric electrical activity. The following four major types of parameters are used: (1) percentage of record-
ing time in each of four frequency bands; (2) dominant frequency (DF); (3) dominant power; and (4) %SWC.
The four frequency bands include normal (2.0—4.0 cpm), high (4.0-9.0 cpm), low (0.5-2.0 cpm), and extra high
(>9.0 cpm) frequencies. The percentage of recording time is presented as %normal, %tachygastria, %brady-
gastria, and %arrhythmia, respectively. Just as abnormal waveforms indicate abnormalities in electrocardiog-
raphy, abnormal rhythmic electrical activity in EGG indicates abnormalities in gastric motility. A parameter
specific to M-EGG, %SWC, shows the percentage of time during which waves of a similar frequency are trans-
mitted from one electrode to the other, and %SWC provides an assessment of transmission of gastric electrical
activity. The slow waves in two channels are defined as coupled when the difference in their DF is <0.2 cpm
(39). Wang et al. reported that %SWC represents the consistency of slow wave frequency (43). Lin and Chen
reported that %SWC in functional dyspepsia patients was significantly lower than in healthy subjects (44).

Comparison of EGG with other gastric motility tests

Contrast radiography using barium has been used to examine gastric motility. Gastric myoelectrical ac-
tivity measured by EGG was reported to be affected by contractions elicited by barium (45). The *C-octanoate
breath test correlated with the ratio of postprandial to fasting EGG power and half emptying time (T1/2) (46).
Another report found that %normal values correlated with T1/2 and lag time (Tlag) (47). Furthermore, gastric

emptying measured by abdominal ultrasound lay between the EGG power ratio and the motility index (48).

Relationship between gastric disorders and EGG

There are many reports that in patients with functional dyspepsia, %normal is low compared with that

in healthy subjects (49-53). There are some reports that %tachygastria in functional dyspepsia patients was
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significantly higher after a test meal compared with that in healthy persons (49, 50, 52).

Kawagishi et al. reported that %normal in diabetes patients was significantly lower than in healthy sub-
jects (54). Nohara et al. reported that diabetes patients with delayed gastric emptying in the '3C-octanoic acid
breath test had lower postprandial %normal compared with healthy subjects (55). Two other studies reported
that preprandial %bradygastria in diabetes patients was significantly higher than in healthy subjects (4, 56).
Kamiya et al. used EGG in 24 patients with active gastric ulcer diseases and 10 healthy subjects as controls,
and reported that the proportion of patients showing normogastria was significantly lower than in healthy con-
trols (57). Patients with Helicobacter pylori infection and a duodenal ulcer or gastritis were reported to have
lower %normogastria compared with healthy subjects (58, 59). Two studies reported that %normal in patients
with H. pylori infection was increased after H. pylori eradication therapy (56, 60).

Imai et al. performed EGG after total or subtotal gastrectomy and found that 3 cpm power peaks were
absent after total gastrectomy, confirming that EGG measures gastric electrical activity (24). However, two-
thirds of patients who had undergone subtotal gastrectomy exhibited waveforms similar to those observed in
healthy individuals, indicating that the region serving as the gastric pacemaker was not removed during gas-
trectomy in these patients. Schaap et al. reported that EGG signals contained a component at approximately
3 cpm in 22 of 33 partial gastrectomy patients (61). Homma et al. examined EGG recordings after subtotal
gastrectomy, and reported that the postoperative to preoperative power ratio for the 3 cpm component was sig-
nificantly reduced in the post prandial state (27). In systemic sclerosis patients, gastric dysrhythmias were cor-
related with certain gastrointestinal symptoms (7). A significant correlation was found between the symptom
score and the percentage arrhythmia in patients in the fed state after bone marrow or stem cell transplantation
(62). In patients with unresectable cancer, the severity of symptoms was significantly higher in patients with
abnormal EGG results (63). We need to clarify the usefulness of these parameters and the relationship between

EGG abnormalities and clinical symptoms in further studies.

EGG results in our Department

In our Department, we used the PolyGraf (Medtronic A/S) M-EGG system in the three following inves-

tigations.

Investigation 1: Relationship of gastric emptying to %normal and %SWC

Nineteen subjects were simultaneously examined by M-EGG and subjected to the *C gastric emptying
test (64). Subjects comprised 13 healthy volunteers, two gastric cancer patients who were able to take food
orally, three patients who had undergone lower esophageal sphincter- and vagus-preserving proximal partial
gastrectomy (65), and one who had a gastric ulcer. EGG %normal in Chl correlated negatively with T1/2
(r=—0.49, P=0.02) and Tlag (r=-0.48, P=0.04), as determined by the '3C gastric emptying test (Fig. 3). EGG
%SWC in any electrode pair correlated negatively with T1/2, Tlag, and the gastric emptying coefficient (66).
Correlations between EGG parameters (%normal and %SWC) and gastric emptying parameters determined by

the 13C gastric emptying test were statistically significant (66).

Investigation 2: M-EGG of the remnant stomach in patients who had undergone distal
gastrectomy with or without vagus preservation

M-EGG was performed in 20 patients who had undergone distal gastrectomy without vagus preservation

(DG group), in 26 patients who had undergone distal gastrectomy with preservation of the fundic branches
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Fig. 3. Correlation between %normal of the M-EGG and T/1/2 and Tlag of the '3C-acetate breath test. The %normal of
Channel 1 was significantly correlated with T1/2 and Tlag. (From Murakami et al. ] Smooth Muscle Res. 2011;
15: J-37-J-44 (65). Reproduced by copyright permission of Japan Society of Smooth Muscle Research).

of the vagus nerve (VP-DG group) and in 12 healthy volunteers (67). M-EGG was performed 2 weeks after
surgery. A 20-min fasting EGG recording was performed, followed by a 20-min postprandial recording. Two
commercially purchased rice balls and green tea were provided after completion of the fasting recording. Lon-
ger periods of normal gastric function (normogastria, 2.0—4.0 cpm) were detected in Chl in the VP-DG group
than in the DG group in the fasting and fed states (£<0.05). Thus, slow waves can be recorded non-invasively
by M-EGG in the remnant stomach following gastrectomy. The VP-DG group showed better preservation of
gastric myoelectric activity than the DG group (67).

Investigation 3: Relationship between electrical activity of the remnant stomach and
postoperative complaints

M-EGG was performed in 15 patients in the DG group and 12 patients in the VP-DG group (67). The
Japanese version of the Gastrointestinal Symptom Rating Scale (GSRS) was used for a postoperative complaint
survey. No obvious correlations were noted between EGG parameters (%onormal and %SWC) and GSRS scores
(reflux, abdominal pain, and indigestion scores) in the DG group. In the VP-DG group, %SWC in the fed state
correlated negatively with GSRS scores (reflux, r=—0.59, P=0.02; abdominal pain, r=—0.51, P=0.04; indiges-
tion, »=—0.59, P=0.02; and total score, r=—0.75, P=0.02). Thus, preservation of the fundic branches of the
vagus nerve resulted in the preservation of gastric activity of the remnant stomach, and EGG results (%SWC)
correlated with GSRS scores (67).

Conclusions

M-EGG is a simple and non-invasive diagnostic modality for measuring gastric myoelectric activity and is
useful for objective assessment of gastrointestinal motility. M-EGG is one of the few non-invasive procedures
for examining gastrointestinal function and is thus expected to play a pivotal role in future developments.
However, procedures and systems used in previous studies vary widely, indicating the need for standardization

of M-EGG procedures and technical terminology.

84—
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