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We measured gastric emptying and gastric myoelec-
trical activity with solid-phase gastric-emptying tests
and cutaneously recorded electrogastrograms (EGGs),
respectively, in six insulin-dependent diabetic patients
with nausea and vomiting who did not respond to stand-
ard treatments. Baseline solid phase gastric emptying
was markedly delayed (78 * 8% retained at 120 min)
and EGG recordings revealed gastric dysrhythmias;
tachygastria (4-9 cpm signals) in one patient, 1- to 2-
cpm waves in two patients, and flatline patterns in three
patients. No patient had a normal 3-cpm EGG pattern.
After 6 months of domperidone treatment, mean upper
gastrointestinal symptoms scores decreased from 17.8
to 3.7 (p < 0.01), and normal 3-cpm EGG frequencies
were recorded from each of the six patients. The mean
percentage of meal retained at 120 min decreased but
did not improve significantly. Thus, establishment of
normal 3-cpm gastric myoelectric activity and resolution
of dysrhythmias, not normalization of emptying rates,
was associated with improvement in upper gastrointes-
tinal symptoms in these diabetic patients.

INTRODUCTION

Early satiety, bloating, upper abdominal distention,
nausea, and vomiting are upper gastrointestinal (GI)
symptoms associated with gastric atony and delayed
emptying of barium or isotope-labeled meals from the
stomach (1-9). In the absence of other explanations,
such as mechanical obstruction, upper gastrointestinal
(GI) symptoms are often attributed to gastroparesis in
patients with long-standing insulin-dependent diabetes

mellitus. Although upper GI symptoms are often sig- ..

nificantly diminished by gastroprokinetic drugs, the
improvement in the rate of liquid and solid gastric
emptying as measured by scintigraphic methods is vari-
able (4-9). No correlation between gastric emptying
rates and upper GI symptoms in diabetic patients was
found in recent studies (6, 8). Thus, the relationship of
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emptying rates per se to upper Gl symptoms remains
unclear.

Another physiologic event which is relevant to gastric
motility is gastric slow-wave activity. Gastric contrac-
tions are coordinated normally by slow waves that
migrate distally through the body and antrum at 3
cycles per minute (cpm) in man (10, 11). Abnormal
slow-wave frequencies termed tachygastrias and brady-
gastrias have been recorded in patients with idiopathic
nausea and vomiting (12, 13). Tachygastrias also have
been detected in in vitro studies of gastric smooth
muscle from a patient with severe nausea, vomiting,
and gastroparesis (14). Thus, gastric dysrhythmias may
be related to nausea symptoms and to delays in gastric-
emptying rates. s

Gastric dysrhythmias and normal 3-cpm slow-wave
activity are recorded accurately by mucosal, serosal, or
cutaneous electrodes (15-20). Gastric dyschythmias
have been reported in patients with dyspepsia, nausea
of pregnancy, anorexia nervosa, and diabetes mellitus
(21-24), and in healthy subjects after infusions of glu-
cagon and during vection-induced motion sickness (19,
25, 26).

The aims of the present study were to obtain pro-
spectively two measures of gastric motor activity in
diabetic patients with severe nausea and vomiting: gas-
tric myoelectric activity, by means of electrogastro-
graphic methods, and solid-phase gastric emptying by
means of scintigraphic methods. We also wished to
determine the effect of long-term domperidone therapy
on upper GI symptoms, electrogastrogram (EGG) pat-
terns, and gastric emptying.

METHODS

Patients

Six patients with insulin-dependent diabetes mellitus
and severe upper GI symptoms refractory to available
medical therapy were evaluated at the University Hos-
pital, The Milton S. Hershey Medical Center, for treat-
ment with domperidone (Janssen Pharmaceutica, Pis-
cataway, NJ). Domperidone was administered, 20 mg
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by mouth four times a day, in an open-label trial. All
patients were treated with domperidone for at least 6
months. Gastric emptying tests and EGGs were ob-
tained prospectively, and the patients were unaware of
their EGG or gastric-emptying results when they re-
ported their symptom status.

Clinical characteristics of the patients were summa-
rized in Table 1. The patients were three men and three
women, ages 22-65 yr. Duration of insulin-dependent
diabetes was 7-25 yr. Five of the six patients had
documented retinopathy, neuropathy, or nephropathy.
In one patient (TH), gastropathy was the only diabetic
complication. Duration of nausea, vomiting, bloating,
early satiety, and other upper GI symptoms ranged
from 3 months to 7 yr. At the time of the patients’
transfer to University Hospital, nausea and vomiting
were the predominant symptoms, were present pre- and
post-prandially, and had been refractory to bowel rest,
nasogastric suction, and a variety of standard drug
therapies such as prochlorperazine, trimethobenza-
mide, chlorpromazine, and metoclopramide. Barium
and/or endoscopy studies excluded mechanical ob-
struction of the gastrointestinal tract in each case.

Upper GI symptom scores

The patients’ symptoms were scored by rating the
following: heartburn, regurgitation, eructation, an-
orexia, early satiety, abdominal distention, burning dis-
comfort, flatulance, vague upper abdominal discom-
fort, nausea, and vomiting. Zero, one, two, or three
points were assigned if the symptom was judged by the
patient to be not present, mild, moderate, or severe,
respectively. The major symptoms in each patient were
nausea and vomiting. Total possible symptom score
was 33 points.

Electrogastrography

Three standard Ag-AgCl electrodes (12.5 mm in di-
ameter microelectrodes, SensorMedics, Anaheim CA)
were positioned on the abdominal surface over the
region of the stomach (El, E2, E3), as shown in Figure
1. The fourth electrode (E4) was the common reference
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electrode, and was placed in the right upper quadrant
area along the line formed by E1, E2, and E3. The skin
was abraided gently prior to placing the electrodes to
reduce skin resistance.

The electrodes were connected to a rectilinear re-
corder (Beckman R612, SensorMedics) through direct
nystagmus couplers (no. 9859, SensorMedics). The
time constant was 10.0 s and the high frequency cutoff
was 0.3 Hz. Amplification of the EGG signal was
adjusted as required with preamplifier settings. The
EGG signal from the rectilinear recorder was recorded
on chart paper and simultaneously stored on magnetic
tape (Honeywell 101, Honeywell Instruments, Denver,
CO) for computer analysis.

Respiratory rate was recorded by a belt pneumo-
graph. Patients sat in a comfortable chair for all EGG
studies. EGGs and solid-phase gastric emptying studies
were performed separately after an overnight fast, and
domperidone was stopped 12 h before the repeat EGG
and emptying tests.

N
4
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FIG. . Placement of the electrodes used for recording electrogas-
trograms. Eleetrode 4-is.the-eommen-orreference electrode.

TaBLE 1
Clinical Characteristics of Patients with Diabetic Gastroparesis

. Age Duration* Compli- Major DurUGI UGI

Patient (yr)/gSex (yr) catio‘:ls GIJSx . Sx(yr) X-ray Endos
A 53/F 25 R,NR N,V,.D 2 Normal Normal
B 53/M 23 R,NR NV 1 Del emp Normal
C 65/M 25 NR N,V I Del emp Normal
D 30/F 16 NE,R,NR N,V 7 ND Normal
E 22/F 7 None N,V 0.3 Normal RF
F 52/M 12 N,R,NR N,V 3 ND Normal

* Duration of diabetes; Sx, symptoms; DurUG]I, duration of upper GI symptoms; Endos, upper endoscopy; R, retinopathy; NR, neuropathy;
N, nausea; V, vomiting; D, distention; Del emp, delayed emptying of barium; NE, nephropathy; ND, not done; RF, retained food.
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Analysis of the EGG signal

The EGG frequency was determined by visual in-
spection of a 30-min recording of the raw signal and
computer analysis. A 3-cpm frequency was considered
normal; 4- to 9-cpm frequencies were considered tachy-
gastrias, and flatline patterns (no cyclical signal), and
1- to 2-cpm waves were considered abnormal myoelec-
tric rhythms. EGG recordings from baseline and after
6 months of domperidone were analyzed for the study.
Details of the methods used in the computer analyses
are presented in the Appendix.

Solid-phase gastric emptying studies

Patients were fasted for at least 8 h before the baseline
gastric emptying studies. The standard meal consisted
of two eggs mixed thoroughly with 500 xCi of techne-
tium-99m sulfur colloid and then cooked until done.
The eggs were ingested in 3-5 min, after which the
subject was given 30 ml of water to drink.

A large field-of-view camera with a parallel hole
collimator was used in these studies. The energy range
for **™Tc was preset with a 20% window, and the preset
stop was set for 60 s. Immediately after the eggs were
ingested, a static scintigraphic image was taken in the
anterior position and recorded on an alpha-microdot
computer. The patient relaxed in an upright position
until 15 min later, when the next 1-min scintigram was
obtained in the supine position. This procedure contin-
ued with 1-min scans at 15, 30, 45, 60, 75, 90, 105, and
120 min after ingestion of the eggs.

The emptying curve was established by plotting the
percentage of the total meal remaining within the stom-
ach against time, after the method described by Horow-
itz et al. (7). A region of interest was drawn around the
stomach, as depicted on the computer display of counts
at each time point. In each patients, the value for 100%
retention of the meal was derived from the maximum
gastric count obtained in the first 45 min after the meal.
In studies from 10 healthy controls, the Ty, averaged 71
min and the percentage retained at 120 min averaged
17%. Patients with prolonged T, or percentage retained
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greater than 2 SD above the mean at 120 min, i.e
>40% retained, were considered abnormal.

b

Statistical analysis

Paired ¢ tests were used to determine significance of
the changes in symptom scores and percentage of solid
meal emptied at 120 min. A p value < 0.05 was
cousidered significant,.

RESULTS

Figure 2 summarizes the percentage of solid meal
retained at 120 min, symptom scores, and the visually
determined EGG frequencies in the six diabetic patients
before and after treatment with domperidone for 6
months. At baseline or month 0, the mean percentage
of meal retained at 120 min was 78.3 + 8.2%, range
62% to 88%. No patient emptied 50% of the meal in
the 120-min period. Thus, Ty, values were not calcu-
lated. The mean symptom score at month 0 was 17.8
+ 5, range 9-27. Nausea, vomiting, distention, or early
satiety were rated severe by each patient. Esophageal
symptoms such as heartburn or regurgitation were not
present or were mild. EGG recordings at baseline
showed that three patients had a flatline pattern (shown
as zero frequency), two had 1- to 2-cpm EGG waves,
and one patient had tachygastria (approximately 6-cpm
frequency). No patient had a normal 3-cpm EGG pat-
tern at baseline.

The mean percentage of meal retained at month 0
(78.3% = 8.2) was not significantly different from the
percentage retained after six months of domperidone
therapy (57.3% = 27.7, p > 0.10) (Fig. 2). Two patients
(A and B) showed slightly increased gastric retention
after 6 months of treatment. An overall trend toward
improvement in gastric emptying was seen in the other
four patients, but only patient C entered the normal
range. The T, was >120 min in four patients, was
abnormal (104 min) in one patient (D), and was normal
(36 min) in one patient (C). On the other hand, each
patient reported improvement in symptoms, and the
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FIG. 2. Percentage of solid meal retained at 120 min after ingestion, gastrointestinal symptom scores, and EGG frequencies frqm _patients
with diabetic gastroparesis. Month 0 indicates baseline results. After 6 months of domperidone therapy, symptom scores improved significantly
(p < 0.01), and normal 3-cpm EGG patterns developed in each patient (gastric emptying was not improved significantly).
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mean symptom score decreased significantly from 17.8
at month 0 to 3.7 += 2.9 at month 6 (p <0.01).

During treatment with domperidone, gastric dys-
rhythmias resolved, and the normal 3-cpm EGG pat-
terns were established, as determined by visual inspec-
tion and computer analysis of the EGG tracings. As
shown in Figure 2, three patients with flatline pattern
(patients B, E, and F) and one patient with tachygastria
(patient A) converted to the normal 3-cpm EGG pat-
tern. The I- to 2-cpm EGG wave patterns in patients
Cand D predominated during treatment, but computer
analysis of the EGG showed new peaks near 3 cpm
which were not present at baseline in these two patients.
No side effects or adverse reactions occurred during
domperidone treatment.

EGGs and running spectral analyses (RSA) of 30 min
of EGG signal from patient D are shown in Figure 3.
The EGG signal shows a 1-to 2-cpm pattern at baseline.
The baseline RSA of 30 min of EGG signal also shows
large peaks in the 1- to 2-cpm range, and little or no 3-
cpm peaks. After 6 months of domperidone treatment,
the EGG shows less 1- to 2-cpm activity; the RSA also
shows diminished 1- to 2-cpm peaks and a series of
new peaks near 3 cpm. This patient’s symptom score
decreased from 17 to 1, with complete resolution of

Manth 0-Baseline

/ Time

cpm

F1G. 3. Electrogastrograms {fop tracings) and running spectral
analyses (RSAs below each EGG) from patient D before and after
domperidone. Note decreased 1- to 2-cpm activity and increased 3-
cpm peaks at month 6. (See text for details.)
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nausea, vomiting, and early satiety. The percentage of
meal retained at 120 min approached the upper limits
of normal (see Fig. 2).

Figure 4 shows EGGs and RSAs from 30 min of
EGG signal recorded from patient E. The baseline EGG
shows a flatline pattern with no obvious cyclical activ-
ity; the baseline RSA also showed no 3-cpm peaks and
a distinct but transient frequency peak at 6 cpm. After
6 months of domperidone, the EGG signal showed a
clear 3-cpm pattern, and the RSA also showed a pre-
dominance of 3-cpm peaks. This patient’s symptom
score decreased from 24 to 6, with resolution of nausea
and vomiting. The percentage of meal retained at 120
min improved from 89% to 65%, but remained abnor-
mal (see Fig. 2).

As shown in Figure 5, the EGG from patient F
revealed a flatline pattern at month O (baseline), and
the RSA from this 30-min baseline recording also
showed no predominant frequency peaks. EGG record-
ings were obtained at 2-month intervals in this patient.
After 2 months of domperidone, the patient’s symptom
score decreased from 26 to 9. A slight undulation in
the EGG signal was present at month 2, and the 3-cpm
EGG pattern became clearer over the subsequent
months. By month 6, the patient had no upper GI
symptoms, and a stronger 3-cpm EGG pattern was
apparent, but the percentage of solid meal retained at
120 min remained abnormal at 56%. Domperidone
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FiG. 4. Electrogastrograms (top tracings) and running spectral
analyses (RSAs below each EGG) from ,patient ﬁ' before and after
domperidone. Note _3-cpm EGG waves dnd 3-cpm peaks at month
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FIG. 5. Electrogastrograms and running spectral analyses from
pati.ent F. The EGG tracings show increasing clarity of 3-cpm activity
during treatment. (See text for details.)

was continued, and EGGs were obtained sequentially
in patient F for another 6 months. The 3-cpm pattern
became progressively clearer in the EGG signal and in
the RSA, as shown at month 12. At month 12 of
treatment, however, the percentage of meal retained at
120 min remained markedly abnormal at 72%. After
24 months of domperidone treatment, the patient re-
mained in a 3-cpm EGG pattern, had no upper GI
symptoms, and the percentage of solids retained at 120
min was normal at 32%.

DISCUSSION

In the present study, gastric dysrhythmias and severe
gastroparesis were documented at baseline in each dia-
betic patient. A relationship between gastric dysrhyth-
mias and delayed gastric emptying was proposed pre-
viously on the basis of tachygastria recorded in vivo
from gastric smooth muscle from a patient with idi-
opathic gastroparesis (14). Normal gastric peristalses
are coordinated by gastric slow waves which emanate
from the orad stomach and coordinate gastric peristal-
ses (10, 11). In contrast to normal 3-cpm slow waves,
human gastric dysrhythmias originate in the antrum
(12, 13, 27). In the dog, tachygastrias usually propagate
orally, whereas bradygastrias are frequently stationary
(28, 29). Recent studies in the dog indicate that gastric
emptying is diminished in the presence of gastric dys-
rhythmias (30). Taken together, these findings support

the notion that human gastric dysrhythmias are electro- _

physiologic abnormalities which may contribute to gas-
troparesis in patients with long-standing diabetes mel-
litus.

Gastric dysrhythmias also are associated with symp-
toms of nausea and vomiting (12-14, 19-26). Results
of the present study showed that gastric dysrhythmias
are reduced or eliminated, normal 3-cpm gastric
rhythms are restored, and upper GI symptoms are
reduced significantly during long-term domperidone
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treatment. On the other hand, effects of domperidone
on gastric emptying results were highly variable in these
same patients. Others have also shown significant symp-
tom improvement with inconsistent improvement in
the emptying of solids or liquids during treatment with
metoclopramide, domperidone, and cisapride (4, 6, 8,
9). Loo et al. (6) found no correlation between gastric
emptying of meals and upper Gl symptoms. They
concluded that symptoms of diabetic gastroparesis were
not related to delayed emptying of the stomach, and
suggested that other mechanisms should be considered
in accounting for the symptoms attributed to gastro-
paresis. In the patients studied here, the reduction in
gastric dysrhythmias and the emergence of normal 3-
cpm EGG patterns were associated with improvement
in symptoms, and represents a physiologic mechanism
that may explain symptom improvement.

However, the establishment of normal fasting 3-cpm
EGQG patterns did not predict normal solid meal emp-
tying. This discordance between normal 3-cpm myoe-
lectrical activity and abnormal emptying results raises
the possibility of “electromechanical dissociation” be-
tween the normal 3-cpm slow-wave activity and abnor-
mal circular muscle and peristaltic activity which then
results in gastroparesis. However, extragastric abnor-
malities such as pylorospasm and duodenal resistances
also may have contributed to the persistence of delayed
emptying in these diabetic patients with 3-cpm EGG
activity (31). Simultaneous EGG and gastric emptying
studies are needed to examine EGG rhythms during
the actual emptying process.

Although the overall percentage of meal emptied at
120 min did not improve significantly after treatment,
it 1s possible that the establishment of 3-cpm myoelec-
trical activity did contribute to more effective gastric
contractions or gastroduodenal coordination, because
increases in solid emptying were found in four of the
six patients. Furthermore, a statistically significant ef-
fect of domperidone on gastric emptying may not be
appreciated (type Il error) because of the variable emp-
tying results in these six patients. Spontaneous improve-
ment in symptoms and myoelectrical rhythm is also a
possibility in an open-label drug trial. However, these
patients had chronic symptoms and had not responded
previously to numerous medications. It seems unlikely
that all of the patients would improve symptomatically
and establish 3-cpm myoelectrical activity during this
treatment period. In our opinion, the changes in myo-
electrical activity and symptoms were more likely due
to long-term domperidone treatment.

Domperidone, a peripheral antidopaminergic agent,
enhances gastroduodenal contraction and coordination
in a variety of experimental preparations (32). In pa-
tients with non-ulcer dyspepsia, however, short-term
domperidone treatment decreased symptoms but did
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not affect gastroduodenal contraction patterns (33). In
the dog, domperidone increases antral contractility via
enhanced activity of excitatory myenteric neurons (34)
and decreases guinea pig antral relaxation induced by
adrenergic agonists norepinephrine and phenylephrine
(35). The slow improvement in gastric myoelectrical
activity during domperidone therapy is similar to the
long-term (12-month) drug treatment necessary to im-
prove diabetic peripheral neuropathy (36). Contraction
deficits in the antrum of diabetic patients with gastro-
paresis have been attributed to neuropathic abnormal-
ities (37-39). Whether the domperidone effect on my-
oelectrical activity and emptying is related to dopamine
receptors on NEurogenic or myogenic sites in the stom-
ach or receptors in the chemoreceptor trigger zone
cannot be ascertained from the present studies. How-
ever, an “antiarrhythmic” action of domperidone as-
sociated with the shift from gastric dysrhythmias to 3-
cpm gastric myoelectrical activity appeared to be more
relevant to the reduction in upper GI symptoms than
the “prokinetic” effect on gastric emptying rates, at
least in these diabetic patients with severe gastroparesis.

APPENDIX

The recording channel was identified from which the
clearest EGG signal was obtained. This EGG signal,
previously stored on magnetic tape, was channeled to
the A/D conversion board installed in the laboratory
computer (Sperry IT, UNISIS, New York) where it was
digitized at 4 Hz, a sampling rate which allows electrical
activity from the heart, which may “leak” into the EGG
signal, to be removed by digital filtering.

The digitized EGG signal was zero-centered and fil-
tered to remove high-frequency (>15 cpm) and very
low-frequency (<1 cpm) components which may alter
the frequencies of interest in the raw signal. - The filters
used were fourth-order elliptical filters with a 200-milli-
dB passband ripple. The low-pass filter had a high-
frequency band edge at 0.20 Hz with an attenuation of
—90 dB in the stopband. The high-pass filter had a
high-frequency band edge at 0.015 Hz with required
attenuation of —90 dB in the stopband.

After digital filtration, the time series was Fourier
transformed and the spectral density estimates were
calculated. The spectral analysis provided information
concerning the frequencies contained in the signal. The
spectral analysis used in these studies utilized a Hanning
window and yielded spectra with frequency bin widths
of 0.002084 Hz.

The EGG spectra calculated from a discrete time
period, i.e., a Fourier transformation, may be graphed
or EGG spectra may be presented in a pseudo three-
dimensional plot called a running spectral analysis
(RSA). RSAs are constructed by performing spectral
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analyses on successive segments of the digitized EGG
signal, each of which is overlapped with preceding EGG
segments. In RSAs presented within this work, ie.,
Figures 3, 4, and 5, each line on the RSA represents 4
min of EGG signal with a 75% overlap. Thus, each
new and successive RSA line represents the frequencies
presentin 1 min of new EGG data added to the previous
3 min of EGG data.
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