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Background:Abnormal gastric slow-wave frequencies have been observed in diabetic gastroparesis. To
evaluate the effect of cisapride on gastric dysrhythmia and emptying of indigestible solids, 20 type-II
diabetic patients with symptoms suggestive of gastroparesis were enrolled in this study.Methods:
Cutaneous electrogastrography, gastric emptying of radiopaque markers, and evaluation of upper
gastrointestinal symptoms were performed before and after administration of an 8-week course of
cisapride.Results:The fasting-state percentages of dominant frequency in normal and tachygastric ranges
improved significantly after an 8-week course of cisapride treatment (P< 0.01 and P< 0.05,
respectively). The post-meal percentages of dominant frequency in the tachygastric range also improved
significantly after cisapride treatment (P< 0.05). The upper gastrointestinal symptoms score decreased
significantly, and gastric emptying of radiopaque markers also increased significantly after 8 weeks of
cisapride treatment (P< 0.01).Conclusions:In conclusion, this study showed that cisapride can improve
gastric dysrhythmia during both fasting and post-meal phases in patients with diabetic gastroparesis. In
addition, upper GI symptoms and gastric emptying of indigestible solids may also show significant
improvement after 8 weeks of cisapride treatment.
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Gastric motility disorder is a serious complication of diabetes
mellitus that may produce significant morbidity from indiges-
tion, nausea, vomiting, dehydration, or electrolyte distur-
bances (1). Characteristic motor and myoelectric disturbances
have been observed in diabetic gastroparesis (2). Generally,
delayed solid- and/or liquid-phase gastric emptying is
observed in association with reduced postprandial antral
contractions and impaired cycling of the migrating motor
complex (3). Motor activity in the stomach is regulated by
electric pacemaker activity known as the slow wave (4).
Abnormally high (tachygastric) or low (bradygastric) gastric
slow-wave frequencies have been observed in diabetic
gastroparesis and are associated with impaired antral motor
activity (5, 6).

The use of radiopaque markers (ROMs) has been proposed
as an easy, non-invasive technique to assess gastric emptying
(7, 8). ROMs have been used to evaluate the effects of
diabetes mellitus (9, 10) and the effects of prokinetic agents
(11). Cisapride has been reported to be effective in patients
with diabetic gastroparesis by improving solid and/or liquid
emptying and ameliorating gastric dysrhythmia (12). How-
ever, there have been few reports about the effect of cisapride
on both gastric dysrhythmia and emptying of indigestible
solids in diabetic patients. In this study we evaluated the
effect of cisapride on gastric dysrhythmia and indigestible

solid emptying in diabetic patients with symptoms suggestive
of gastroparesis.

MATERIALS AND METHODS

Patient population
Twenty type-II diabetic patients with symptoms suggestive

of delayed gastric emptying and with abnormal gastric
emptying of ROMs were included in this study. Symptoms
included nausea, vomiting, upper abdominal discomfort, early
satiety, bloating, and anorexia. There were 14 men and 12
women, with ages ranging from 41 to 78 years (mean,
63.5� 10.8 years). The duration of diabetes mellitus ranged
from 3 to 15 years (mean, 7.4 years). All patients showed
evidence of autonomic neuropathy as assessed by a standard
series of cardiovascular reflex tests (13). Upper gastrointest-
inal (GI) endoscopy was performed to rule out the possibility
of organic obstruction or peptic ulcer disease. None of the
subjects had undergone previous surgery of the GI tract or
were taking any medications known to cause nausea,
vomiting, or dyspepsia (for example, non-steroidal anti-
inflammatory drugs, digoxin). None of the postmenopausal
women were receiving hormone replacement therapy. In
addition to their daily oral hypoglycemic agents, all patients
received 5 mg cisapride before meals three times daily for 8

Sc
an

d 
J 

G
as

tr
oe

nt
er

ol
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
JH

U
 J

oh
n 

H
op

ki
ns

 U
ni

ve
rs

ity
 o

n 
09

/2
6/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



weeks. Informed consent was obtained from all subjects, and
the study protocol was approved by the ethics review
committee of Taichung Veterans General Hospital.

Assessment of gastrointestinal symptoms
Upper gastrointestinal symptoms were evaluated before

and after an 8-week course of cisapride treatment by means of
a standard questionnaire. Anorexia/nausea, early satiety,
upper abdominal discomfort or distention, vomiting, and
abdominal pain were scored in accordance with the following
scheme: 0 = none, 1 = mild (symptom could be ignored if the
patient did not think about it), 2 = moderate (symptom could
not be ignored but did not influence daily activities),
3 = severe (symptom influenced daily activities). The maxi-
mum possible total score was 15.

Gastric emptying of radiopaque markers
Gastric emptying of indigestible solids was evaluated

before and after an 8-week course of cisapride treatment by
means of ROMs. A gelatin capsule with 10 rod-shaped
(2� 2� 8 mm) radiopaque polyurethane markers containing
40% barium sulfate was ingested along with the test meal for
the electrogastrography (EGG) study. A supine plain abdomi-
nal radiograph was taken 4.5 h after ingestion of the solid
meal to count the number of markers emptied from the
stomach. According to established normal values, all markers
should have been emptied from the stomach 4.5 h after
ingestion (14).

Electrogastrography
Cutaneous EGG was performed before and after adminis-

tration of an 8-week course of cisapride. Patients were studied
in the morning after an overnight fast, for 30 min in the fasting
state and for an additional 30 min after consumption of a
mixed solid and liquid meal. The test meal consisted of two
fried eggs, two slices of toast, and 500 ml of 5% glucose
water. The total meal contained 412 kcal and consisted of
28% protein, 15% lipids, and 57% carbohydrates. The patient
was positioned comfortably in a chair and requested to remain
as still as possible to reduce motion artefacts. After gentle
skin abrasion to enhance electric conditions, three Ag-AgCl
electrodes (Accutac Diaphoretic ECG Electrodes; NDM,
Dayton, Ohio, USA) were affixed to the abdomen. The first
electrode, for one of the active EGG leads, was placed on the
patient’s left side about one-third of the distance from the
ventral to left axial midline and 1 cm below the bottom rib.
The second electrode, for the other active EGG lead, was
placed on the patient’s ventral midline about halfway between
the umbilicus and the xyphoid process. The third electrode,
for the reference lead, was placed on the patient’s abdomen,
forming a triangle with three equal sides.

EGG was performed with a portable EGG recorder
(Synetics Medical Inc, Irving, Tex., USA). All recordings in
the study were made at a sampling frequency of 4 Hz. After
the measurement the EGG data were digitized, fed into a

personal computer, and analyzed by means of a commercially
available software program (ElectroGastroGram Version
6.30, Gastrosoft Inc., Synetics Medical). The data were
obtained by running spectrum analysis. Using a fast Fourier
transform (FFT) algorithm of a 256-sec ‘window’ of the raw
data, power spectra of overlapping stretches of the electric
signal were computed and displayed as a function of time,
yielding frequency and amplitude information over the course
of the study (15). Several variables, including dominant
frequency (DF), the percentages of DF in the defined normal
frequency range (2.4–3.7 cycles per minute (cpm)), brady-
gastric range (<2.4 cpm) and tachygastric range (3.7–10
cpm), dominant frequency instability coefficient (DFIC),
dominant power instability coefficient (DPIC), and postpran-
dial to fasting power ratio (PR), were analyzed. DFs higher
than 10 cpm were separated from tachygastria because they
were assumed to arise from outside the stomach. DF was
calculated as the highest peak of the mean FFT line during the
recording time. DFIC was used to ascertain the changes in DF
during the period of data acquisition. It was defined as the
coefficient of variation (standard deviation, mean DF�
100%) of DF.

Table I. Fasting blood sugar and electrogastrography (EGG)
variables before and after an 8-week course of cisapride treatment

Before After P value

Blood sugar (mg/dl) 148.8� 37.8 151.9� 38.8 >0.05
(94–245) (95–252)

Fasting EGG
DF (cpm) 3.12� 1.16 3.03� 0.3 >0.05

(1.17–6.33) (2.58–3.98)
DF in normal range (%) 46.0� 24.0 66.0� 23.9 <0.01*

(3.7–85.2) (25.9–96.3)
Bradygastria (%) 23.5� 20.7 16.5� 14.3 >0.05

(0–88.9) (0–44.4)
Tachygastria (%) 28.5� 24.4 17.0� 15.5 <0.05*

(0–96.3) (0–48.1)
DFIC (%) 37.5� 18.1 29.5� 18.5 >0.05

(12–89) (8–69)
DPIC (%) 81.8� 39.6 65.7� 29.6 >0.05

(29–168) (39–147)
Post-meal EGG

DF (cpm) 2.74� 0.53 2.91� 0.53 >0.05
(1.64–3.52) (1.64–3.28)

DF in normal range (%) 44.3� 21.6 60.0� 19.0 >0.05
(7.4–96.3) (10–96.3)

Bradygastria (%) 25.6� 21.9 15.6� 11.8 >0.05
(3.7–77.8) (0–40.7)

Tachygastria (%) 30.5� 19.8 19.4� 12.1 <0.05*
(0–74.1) (0–44.4)

DFIC (%) 40.3� 20.3 32.3� 19.2 >0.05
(10–106) (4–93)

DPIC (%) 98.5� 64.2 107.3� 38.4 >0.05
(43–278) (43–172)

PR 1.9� 2.2 1.9� 1.3 >0.05
(0.4–8.8) (0.2–6.1)

cpm = cycle per minute; DF = dominant electric frequency;
DFIC = dominant frequency instability coefficient; DPIC = dominant
power instability coefficient; PR = postprandial to fasting power
ratio.

* Statistically significant byt test.
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Statistical analysis
The data were expressed as mean� standard deviation.

The differences in fasting and post-meal EGG variables,
including DF, percentages of DF in the normal range, the
bradygastric range, and the tachygastric range, DFIC, DPIC,
and PR, before and after 8 weeks of cisapride treatment were
evaluated by means of Student’st test. The correlation of
between the improvement of EGG variables and the
improvement of upper GI symptoms or gastric emptying of
ROMs was evaluated by using the Yates correction of chi-
square analysis. AP value< 0.05 was considered statistically
significant.

RESULTS

The fasting blood sugar did not change significantly after an
8-week course of cisapride treatment (148.8� 37.8 versus
151.9� 38.8 mg/dl, P> 0.05). Among the fasting EGG
variables there were no significant changes in the DF,
percentages of DF in the bradygastric range, DFIC, or DPIC
before and after 8 weeks of cisapride treatment (Table I).
However, the percentages of DF in the normal range
improved after an 8-week course of cisapride treatment
(46.0� 24.0% versus 66.0� 23.9% before versus after
treatment,P< 0.01). The percentages of DF in the tachygas-
tric range also improved significantly after cisapride treat-
ment (28.5� 24.4% versus 17.0� 15.5% before versus after
treatment,P< 0.05). Furthermore, among the post-meal EGG
variables there were no significant changes in DF, percentages
of DF in the normal range or bradygastric range, DFIC, or
DPIC before and after 8 weeks of cisapride treatment.
However, percentages of DF in the tachygastric range
improved after 8 weeks of cisapride treatment
(30.5� 19.8% versus 19.4 12.1% before versus after treat-
ment, P< 0.05). PR did not change significantly after
administration of cisapride (1.9� 2.2 versus 1.9� 1.3,
P> 0.05).

All patients showed delayed gastric emptying of ROMs
(mean, 3.3� 3.3; range, 0–9) emptied after 4.5 h before
cisapride treatment. After 8 weeks of cisapride treatment the

gastric emptying of ROMs increased significantly (mean,
6.35� 3.7; range, 0–10, before versus after treatment,
P< 0.01) (Fig. 1). The upper GI symptoms score ranged
from 4 to 12 (mean, 6.6� 2.2) before cisapride treatment and
decreased significantly to 0–7 (mean, 1.9� 1.7 before versus
after treatment,P< 0.01) after 8 weeks of cisapride treatment
(Fig. 2). However, there was no correlation between the
improvement of EGG variables and the improvement of upper
GI symptoms or gastric emptying of ROMs (P> 0.05).

DISCUSSION

The results of this study showed that cisapride can improve
both gastric dysrhythmia and gastric emptying of indigestible
solids in type-II diabetic patients. Gastric emptying depends
on the coordinated action of the proximal stomach, distal
antrum, pylorus, and duodenum (4). The phasic contraction of
the distal stomach is regulated by a rhythmic electric
depolarization, known as the pacesetter potential or gastric
slow wave, which is generated in the proximal gastric body.
Under normal conditions the slow wave oscillates at 3 cpm.
However, certain rhythm disturbances have been observed in
clinical disease, such as an overly fast rhythm (tachygastria),
overly slow rhythm (bradygastria), and irregular rhythm
(arrhythmia) (16). Tachygastria and bradygastria are found
in many patients with severe diabetes gastroparesis (4, 5). In
this study the percentages of DF in the normal range before
cisapride treatment were similar to the data for type-I diabetic
patients (5).

By using hyperglycemic clamping in healthy volunteers, a
plasma glucose threshold of approximately 175 mg/dl was
noted to inhibit postprandial phasic antral motor activity (17).
With an increase in plasma glucose level to 230 mg/dl,
disruption of gastric slow-wave cycling was observed, with
marked increases in both tachygastric and arrhythmic
activities. The authors concluded that underlying neuropathy
or myopathy is not necessary for impairment of gastric
function in diabetic gastroparesis. However, in this study all
patients showed evidence of autonomic neuropathy. Fasting
blood sugar did not change significantly after 8 weeks of

Fig. 1. Gastric emptying of radiopaque markers before and after an
8-week course of cisapride (P< 0.01). ROMs = radiopaque markers.Fig. 2. Upper gastrointestinal symptom scores before and after an 8-

week course of cisapride (P< 0.01).
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cisapride treatment in our study. Therefore, the improvement
in gastric dysrhythmia in patients with diabetic gastroparesis
may be due to the direct effect of cisapride on gastric
myoelectric activity rather than the effect of blood sugar.

It is possible that dysrhythmia is symptomatically impor-
tant in diabetic gastroparesis because correction of the slow-
wave disturbance, and not the gastric emptying defect,
correlates best with reduction in nausea (5). In this study
the fasting-state percentages of DF in the normal and
tachygastric ranges improved significantly after an 8-week
course of cisapride treatment. The post-meal percentages of
DF in the tachygastric range also improved significantly after
cisapride treatment. The upper GI symptoms score decreased
significantly after administration of cisapride. These findings
are in agreement with the results of Koch et al. (18) and
Rothstein et al. (12).

EGG can detect changes in activity induced by consump-
tion of a meal, with increased frequency power reflecting
increased contractility of the stomach (15). The postprandial
EGG amplitude is usually at least twice as high as the
preprandial EGG amplitude. It is well established that the
presence of a meal in the stomach produces both an increase
in afferent and efferent vagal traffic between the central
nervous system and the gastrointestinal system and an
increase in gastric contractile activity and numerous other
hormonal and neural changes (19). Evidence indicates that the
postprandial EGG changes occur owing to neurohumoral
mechanisms (20). Vagal blockade or vagotomy dampened the
increase of EGG 3-cpm amplitude in dogs (19, 21) and in
humans (22). Although there was some improvement in the
EGG variables, in our study PR did not change significantly
after 8 weeks of cisapride treatment.

The gastric clearance of ROMs is an indirect measure of
gastric emptying, and emptying of ROMs usually starts late in
the postprandial period (23). It has been hypothesized that the
gastric clearance of ROMs reflects the onset of the inter-
digestive migrating motor complex (MMC). The stomach
empties the three components of meals—liquids, digestible
solids, and indigestible solids—at different rates and in
different patterns (24). Larger objects seem to be consistently
retained by the food-filled stomach until the next interdiges-
tive MMC. Since phase-III MMCs sweep the fasting stomach
in cycles every 100–120 min, measuring the time taken for the
postprandial stomach to empty indigestible solid markers may
reflect both the time of gastric emptying of the meal and the
first interdigestive phase-III MMC. Therefore, abnormal
gastric clearance of ROMs may be due to delayed gastric
emptying of digestible solids and/or the absence, decreased
frequency, or impaired efficacy of cyclical MMCs. Some
diabetic patients have been observed to empty food at an
abnormally slow rate (25) and/or to show diminished or
absent MMCs in the antrum (26). Cisapride has been reported
to be effective in patients with diabetic gastroparesis by
improving solid and/or liquid emptying and ameliorating
gastric dysrhythmia (12). In this study improved gastric

emptying of indigestible solids was observed after an 8-week
course of cisapride treatment. However, there was no
correlation between the improvement in EGG variables and
the improvement in upper GI symptoms or gastric emptying
of ROMs. The correlation between the EGG and gastric
emptying has not yet been clarified. Since gastric myoelectric
activity is only one of the factors affecting gastric emptying, it
may be no one-to-one correlation between the EGG and
gastric emptying (18).

In conclusion, this study showed that cisapride can improve
gastric dysrhythmia, both fasting and after a meal, in patients
with diabetic gastroparesis. In addition, upper GI symptoms
and gastric emptying of indigestible solids may show
improvement after 8 weeks of cisapride treatment. These
findings may support the effects of cisapride on diabetic
patients with gastric bezoars.

REFERENCES

1. Feldman M, Schiller LR. Disorders of gastrointestinal motility
associated with diabetes mellitus. Ann Intern Med 1983;98:278–
84.

2. Horowitz M, Fraser R. Disordered gastric motor function in
diabetes mellitus. Diabetologia 1994;37:543–51.

3. Chang CS, Kao CH, Wang YS, Chen GH, Wang SJ. Discrepant
pattern of solid and liquid gastric emptying in Chinese patients
with type-II diabetes mellitus. Nucl Med Commun 1996;17:60–
5.

4. Meyer JH. Motility of the stomach and gastroduodenal junction.
In: Johnson LR, editor. Physiology of the gastrointestinal tract.
2nd ed. Vol. 1. New York: Raven Press; 1987. p. 613–30.

5. Mantides A, Stefanides G, Kioulanis J, Tzovaras G, Epano-
meritakis E, Xynos E. Cutaneous electrogastrography for the
assessment of gastric myoelectrical activity in type I diabetes
mellitus. Am J Gastroenterol 1997;92:1190–3.

6. Schvarcz E, Palmer M, Aman J, Horowitz M, Stridsberg U,
Berne C. Physiological hyperglycemia slows gastric emptying in
normal subjects and patients with insulin-dependent diabetes
mellitus. Gastroenterology 1997;113:60–6.

7. Chang CS, Chen GH, Kao CH, Wang SJ, Peng SN, Poon SK, et
al. Gastric clearance of radio-opaque markers in non-ulcer
dyspepsia patients. Scand J Gastroenterol 1996;31:136–9.

8. Meyer B, Beglinger C, Neumayer M, Stalder GA. Physical
characteristics of indigestible solids affect emptying from the
fasting human stomach. Gut 1989;30:1526–9.

9. Werth B, Meyer-Wyss B, Spinas G, Drewe J, Beglinger C. Non-
invasive assessment of gastrointestinal motility disorders in
diabetic patients with and without cardiovascular signs of
autonomic neuropathy. Gut 1992;33:1199–203.

10. Feldman M, Smith HJ, Simon TR. Gastric emptying of solid
radiopaque markers: studies in healthy subjects and diabetic
patients. Gastroenterology 1984;87:895–902.

11. Kawagishi T, Nishizawa Y, Okuno Y, Sekiya K, Mori H. Effect
of cisapride on gastric emptying of indigestible solids and
plasma motilin concentration in diabetic autonomic neuropathy.
Am J Gastroenterol 1993;88:933–8.

12. Rothstein RD, Alavi A, Reynolds JC. Electrogastrography in
patients with gastroparesis and effect of long-term cisapride. Dig
Dis Sci 1993;38:1518–24.

13. Cohen JA, Gross KF. Autonomic neuropathy: clinical presenta-
tion and differential diagnosis. Geriatrics 1990;45:33–7.

14. Meier R, Beglinger C, Meyer-Wyss B, Rausch T, Dederding J,
Brignoli R. Gender and smoking habits, but not age or
menopause affect gastric emptying and colonic transit time in
the healthy volunteers. Gastroenterology 1992;102:A483.

15. Chen JZ, McCallum RW. Electrogastrographic parameters and

Cisapride in Diabetic Gastroparesis 603

Sc
an

d 
J 

G
as

tr
oe

nt
er

ol
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
JH

U
 J

oh
n 

H
op

ki
ns

 U
ni

ve
rs

ity
 o

n 
09

/2
6/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



their clinical significance. In: Chen JD, McCallum RW, editors.
Electrogastrography: principles and applications. New York:
Raven Press; 1994. p. 45–73.

16. Stern RM, Koch KL, Stewart WR, Vasey MW. Electrogastro-
graphy: current issues in validation and methodology.
Psychophysiology 1987;24:55–64.

17. Hasler WL, Soudah HC, Dulai G, Owyang C. Mediation of
hyperglycemia-evoked gastric slow-wave dysrhythmias by
endogeneous prostaglandins. Gastroenterology 1995;108:727–
36.

18. Koch KL, Stern RM, Stewart WR, Vasey M. Gastric emptying
and gastric myoelectrical activity in patients with diabetic
gastroparesis: effect of long-term domperidone treatment. Am J
Gastroenterol 1989;84:1069–75.

19. Miolan JP, Roman C. Discharge of efferent vagal fibers
supplying gastric antrum: Indirect study by using nerve suture
technique. Am J Physiol 1978;235:E366–73.

20. Kaneko H, Sakakibara M, Mitsuma T, Morise K. Possibility of
postprandial electrogastrography for evaluating vagal/nonvagal
cholinergic activity in humans, through simultaneous analysis of

postprandial heart rate variability and serum immunoreactive
hormone levels. Am J Gastroenterol 1995;90:603–9.

21. Hall KE. Vagal control of canine postprandial upper gastro-
intestinal motility. Am J Physiol 1986;250:G501–10.

22. Stern RM, Crawford HE, Stewart WR, Vasey MW, Koch KL.
Sham feeding: cephalic-vagal influences on gastric myoelectric
activity. Dig Dis Sci 1989;34:521–7.

23. Smith HJ, Feldman M. Influence of food and marker length on
gastric emptying of indigestible radiopaque markers in healthy
humans. Gastroenterology 1986;91:452–5.

24. Kelly KA. Gastric emptying of liquids and solids: roles of
proximal and distal stomach. Am J Physiol 1980;239:G71–6.

25. Wright RA, Clemente R, Wathen R. Diabetic gastroparesis: an
abnormality of gastric emptying of solids. Am J Med Sci
1985;289:240–2.

26. Malagelada JR, Rees WDW, Mazzotta LJ, Go VLM. Gastric
motor abnormalities in diabetic and post-vagotomy gastropar-
esis: effect of metoclopramide and bethanechol. Gastroenter-
ology 1980;78:286–93.

Received 13 January 1998
Accepted 12 March 1998

604 C.-S. Chang et al.

Sc
an

d 
J 

G
as

tr
oe

nt
er

ol
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
JH

U
 J

oh
n 

H
op

ki
ns

 U
ni

ve
rs

ity
 o

n 
09

/2
6/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.


