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Highly variable gastric emptying in patients with
insulin dependent diabetes mellitus

Abstract
Some diabetic patients - particularly those
with nausea and vomiting - frequently have
evidence of delayed gastric emptying while
other diabetic patients may in fact exhibit
accelerated gastric emptying. Whether the
presence or absence of symptoms of upper
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however, 76% of diabetic patients attending an
outpatient clinic complained of one or more
gastrointestinal symptoms.' Nearly a third of
these patients had episodes of nausea and
vomiting. The true prevalence of gastrointestinal dysfunction in diabetes mellitus is probably
underestimated, as some diabetic patients may
not manifest symptoms of nausea, vomiting, or
early satiety, yet may experience unexplained
episodes of hypoglycaemia as a result of
abnormally delayed gastric emptying. .
The pathophysiology of gastric dysfunction
in diabetes mellitus - known as diabetic
gastropathy - is obscure. Typically, these
patients manifest symptoms of gastric
retention while radiographic, endoscopic, and
nuclear scintigraphic studies show evidence of
delayed gastric emptying of both solid and
liquid meals. However, this particular syndrome - known as gastroparesis diabeticorum
- contrasts with occasional studies which
show that some diabetic patients (both type I
and type II) may show accelerated gastric
emptying of a liquid meal.5-10 Hence, the
effect of diabetes mellitus on gastric emptying
in humans is confusing. The purpose of this
investigation was to examine the influence of
diabetes mellitus on gastric emptying of a
solid meal in two groups of insulin dependent
diabetic subjects, namely those who had and
those who did not have symptoms of upper
gastrointestinal dysfunction.

gastrointestinal dysfunction correlated
with objective measures of gastric emptying in insulin dependent diabetic subjects
was investigated. Twenty one insulin
dependent diabetic patients underwent a
solid phase gastric emptying scintiscan
using in vivo labelied chicken liver.
Thirteen patients had symptoms suggestive of gastrointestinal dysfunction
(nausea, vomiting, early satiety, or constipation), while eight patients had no gastrointestinal symptoms. Eleven patients
had orthostatic hypotension. All patients
had been diabetic since childhood or
adolescence. As a group, the diabetic
patients showed a half time (T50) of gastric
emptying (mean (SD) 150.0 min (163.7)
that was not significantly different from
that of 12 healthy control subjects (148.1
min (62.4)). Those diabetic patients without gastrointestinal symptoms and without
orthostatic hypotension, however, showed
a gastric emptying half time (70.1 min
(41.6)) that was significantly faster than
that of the control subjects. Conversely,
those diabetic patients with nausea, vomiting, and early satiety (or early satiety
alone) showed T50 values that were signifi- Methods
cantly greater than those of the diabetic Twenty one insulin dependent diabetic subpatients without these symptoms. No cor- jects volunteered for the study. None were
relation was found between the T50 value taking any medications known to affect
and the duration of diabetes, the fasting gastrointestinal motility and non had underblood glucose at the time of study, or the gone gastric or intestinal surgery. The presence
respiratory variation in heart rate (E:I of renal failure, or treatment with haemodialyratio). These observations indicate that sis or chronic ambulatory peritoneal dialysis
highly variable rates of gastric emptying did not disqualify any patient from entering the
occur in insulin dependent diabetic study. On the day of the study, each patient
patients, and that accelerated gastric underwent a history and physical examination
emptying may occur in diabetic patients that was performed by one of the authors
who have no symptoms of gastrointestinal (TVN), measurement of the fasting blood
sugar, evaluation of orthostatic changes in
dysfunction.
pulse and blood pressure, and an electro(Gut 1995; 37: 23-29)
cardiogram to measure the respiratory variaKeywords: Gastric emptying, autonomic neuropathy.
tion in heart rate during full expiration and full
inspiration (E:I ratio). Each patient also underwent a brief sensory neurological examination
Patients with diabetes mellitus not infrequently that included evaluation of peripheral sharp
complain of nausea, vomiting, early satiety, versus dull discrimination and perception of
diarrhoea, constipation, or faecal incontinence. soft touch and vibration.
Each patient was specifically questioned by
The exact prevalence of these gastrointestinal
symptoms in a diabetic population has not the interviewer (TVN) about upper gastrobeen extensively examined. In one study, intestinal symptoms such as nausea, vomiting,
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12 healthy, asymptomatic male and female
volunteers and published previously by the
authors. 1 1
ANCILLARY STUDIES

Each diabetic subject underwent (1) measurement of the orthostatic changes in blood
pressure after rising from a supine to a standing
position, and (2) measurement of the inspiratory-expiratory variation in heart rate. To
determine the orthostatic cardiovascular
response to standing, each subject was allowed
to remain supine for at least five minutes to
insure a stable baseline blood pressure.'2 The
pulse and arm cuff blood pressures were then
recorded and measurements were repeated in
the same arm within one minute after the
subject had been asked to stand. Orthostatic
hypotension was defined as a drop of at least
20 mm Hg in systolic or diastolic blood
pressure upon standing.
Measurement of the respiratory variation in
heart rate was performed in the supine position
with a conventional electrocardiogram
machine. Each subject was allowed a 5-10
minute supine rest period before beginning the
recording. The subject was carefully instructed
to exhale fully over five seconds, to inhale fully
over the next five seconds, and to repeat this
cycle six times over the next minute. Subjects
practised the manoeuvre several times before
GASTRIC EMPTYING PROTOCOL
recording. Each expiratory-inspiratory cycle
After an overnight fast each subject ingested a was timed and the patient was verbally
beef stew meal containing 1 cm3 cubes of instructed when to begin each inspiration and
chicken liver that had been labelled in vivo expiration. Electrocardiogram recordings were
with 99mTc-sulphur colloid as previously obtained in leads I, AVR, and AVF. The R-R
described.' 1 Each meal was approximately 225 interval was visually analysed. Each E:I ratio is
kcal and contained approximately 100-125 the longest R-R interval during expiration
mCi of 99mTc. Each subject ingested the test divided by the shortest R-R interval during the
meal with one cup of tap water within five successive inspiration. The E:I ratio value
minutes or less. Except for imaging purposes, assigned to each patient was the mean of six
subjects were seated upright during the study. E:I ratios calculated during the one minute
Successive one minute anterior and posterior recording.'3 The E:I ratios obtained for each
images were collected immediately after patient were compared to published E:I ratios
completion of meal ingestion (time 0) and then of normal healthy individuals.'4
at 10 minute intervals with the subjects standing apposed to the collimator. All studies of
diabetic patients were continued until less than DATA ANALYSIS
40% of the starting count remained in the To describe gastric emptying of each meal, the
region of interest (ROI) or until three hours values representing the percentage of meal
had elapsed. A General Electric Maxi II remaining (Y) at each measurement time point
y-camera (General Electric Company, (X) were analysed with the non-linear power
Medical Systems Division, Milwaukee, WI) exponential regression model'5 using the SAS
was used with a low energy, high sensitivity, software package16:
[X ]B
parallel hole collimator at a 25% window
setting. This was connected to a Star computer
Y=(100%)/ A2
(General Electric Company) for data collection and processing. A ROI corresponding to The model parameter A is the time at which
the stomach was selected. After correction for 50% emptying has occurred (or T50) and B is a
radioactive decay, each count rate over the parameter that determines the shape of the
ROI was converted to per cent of the initial (or emptying curve. Large values of B result in a
near maximum) count rate recorded - that is, curve that has a very rapid descent once that
the percentage remaining in the ROI. Results emptying commences. R2 for non-linear
of the solid phase gastric emptying study models was used to document how well the
obtained in the diabetic subjects were model describes each data set.'5 Figure 1
compared to those established at the Medical displays two diabetic patient data sets and the
College of Wisconsin of an identical solid in power exponential curve that were fit to each.
vivo labelled chicken liver meal. These normaThe gastric emptying trends of the diabetic
tive data were based upon studies performed in patients and the healthy subjects were
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early satiety, and lower gastrointestinal
symptoms such as diarrhoea and constipation.
Nausea was defined as the sensation of epigastric or abdominal queasiness that typically
precedes frank vomiting. Vomiting was defined
as the forceful ejection of gastric contents
through the mouth. During questioning careful distinction was made on the part of the
interviewer to distinguish vomiting from
regurgitation. Early satiety was defined as the
premature sensation of postprandial abdominal fullness. Symptoms such as diarrhoea or
constipation was considered present if the
patient subjectively felt that he or she had an
abnormal evacuation pattern, that the abnormal evacuation pattern had been present for
more than six months, and that the current
evacuation pattern represented a change from
that which was present from when the patient
felt 'healthy'.
Diarrhoea was defined as the passage of
several watery evacuations per day while
constipation was defined as the passage of
infrequent stools (less than several times per
week) or evacuations that were difficult to pass
or required the use of laxatives or enemas.
Informed consent was obtained from all
participants. The protocol was approved by the
Human Research Review Committee of the
Medical College of Wisconsin.
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TABLE I Characteristics of the diabetic patients studied
Time
to hay
empty
(min)
11
176
139
129
37
90
136
673
80
31
116
68
212
68
23
539
79
175
207
112
50

Patient

Sex

(y)

Upper
gastrointestinal
symptoms

KA
LB
CB
CB
HB
BB
IG
MH
JJ
SP
KR
MV
NM
JB
RW
KB
JO
CB
MT
KF
SS

M
M
F
M
M
F
F
F
F
M
M
F
M
M
M
F
M
F
M
F
M

28
31
39
37
31
26
33
42
36
37
40
33
41
27
33
28
36
35
28
39
32

No
No
No
No
No
No
No
Yes
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No

Model
fit

(R2)

0 999
0-965

0-915
0-983
0-982
0 955
0-963
0-695
0-978
0-976
0-940
0.945
0 943
0-963
0-985
0-906
0-982
0-968
0-978
0 990
0-987

Duration
of
diabetes

Orthostatic
hypotension

Peripheral
neuropathy

Dialysis

FBS

(y)

No
Yes
Yes
No
No
No
Yes
Yes
No
No
No
No
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes

No
Yes
Yes
No
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Haemo
Haemo
CAPD
None
Haemo
None*
CAPD
CAPD
Haemo
None
None*
CAPD
None
None
Haemo
Haemo
Haemo
Haemo
Haemo
Haemo
Haemo

24-8
18-1
3.9
4-4
10-0
10-5
12-3
8-7
4-9

21
19
15
27
18
20
17
29
23
25
27
25
24
15
23
15
23
22
16
34
22

-

3.0
6-4
16 9
5-2
15-0
15-3
4-6
6-9
11-1
12-3
5.0

Haemo haemodialysis; CAPD =chronic ambulatory peritoneal dialysis; FBS fasting blood glucose (mmol/l).
*Status after kidney transplant.

compared by evaluating differences in group
means (SD) for the A and B values. Bartlett's
test for homogeneity of variances and the
F-max test were used to compare SDs. In the
light of significant differences between group
SDs for A, three group means were compared
with Welch's test (one way analysis of variance
assuming heterogeneous variances) and
multiple pairwise comparisons of two group
means were performed with the t test (assuming unequal group variances) and levels of
significance were adjusted according to
Bonferroni's method.'7 In addition, within the
diabetic group the A and B values were
analysed with a multifactor analysis of variance
using upper gastrointestinal symptoms, lower
gastrointestinal symptoms, orthostatic hypotension, and peripheral neuropathy as factors
(the GLM procedure in SAS-PC employing
type III sum of squares). This analysis assesses
the level of significance of each factor while
accounting for the possible join effects of the
other factors on the variable (A or B) being
analysed. Probability levels of 0.05 or smaller
were used as a guide for statistical significance.
Results
Table I shows the characteristics of the 21
diabetic patients who were studied. There were
nine women and 12 men who ranged in age
from 21 to 42 years (mean: 32.2 years). The
mean duration of diabetes mellitus was 21.8
years (range 15-34 years). All patients had
been diabetic since childhood or adolescence
and had diabetic retinopathy. One patient had
normal renal function and three were
preuraemic. Two had undergone successful
renal transplantation for diabetic nephropathy,
while 14 were undergoing chronic haemodialysis or chronic ambulatory peritoneal dialysis.
The power exponential emptying curves fit
to diabetic patients and the healthy control
subjects are shown in Figures 1 and 2. In a
similar display, the more variable gastric
emptying trends observed in the diabetic
patients are illustrated in Figure 3. The

summary statistics for the healthy subjects and
diabetic patients are given in Table II.
Comparison of the group mean responses for
the 50% emptying time (A) and shape (B)
show no statistically significant differences
when the entire diabetic group is compared to
the healthy subject group. This suggests that
the mean emptying pattern of the two groups is
very similar. However, as shown in Figure 3,
there is a marked variation in the emptying
patterns of diabetic patients. The SDs for the
emptying curve parameters (A and B) of the
diabetic group are significantly different from
the corresponding standard deviations of the
healthy subject group (Table II). Figure 3 also
shows that there is an apparent subgroup of
diabetic patients that shows rapid gastric
emptying, at least at a rate more rapid than that
shown by the healthy subject group. A smaller
number of diabetic patients show very slow or
delayed gastric emptying. Therefore, gastric
emptying trends were further analysed to
determine if any of the symptom characteristics in the diabetic patients could be statistically associated with either rapid or delayed
gastric emptying.
Table III shows the statistical summary of
gastric emptying analyses when the patients are
classified by the presence or absence of (1)
upper gastrointestinal symptoms, (2) orthosta100
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Figure 1: Illustration of the power exponential curve fits for
diabetic patients with a rapid gastric emptying pattern
(A =36-8 minutes and B= 1.85) and a delayed emptying
pattern (A= 174.5 minutes and B= 4.36).
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tolic and diastolic blood pressures during the
assessment for orthostatic hypotension did not
correlate significantly with gastric emptying.
Age and duration of diabetes were not signifitic hypotension, (3) peripheral neuropathy, (4) cantly correlated with the 50% emptying time
early satiety, and (5) lower gastrointestijnal (A). However, the duration of diabetes was
symptoms. The absence or presence of significantly (negatively) correlated with the
gastrointestinal symptoms was used to caite- gastric emptying shape coefficient (B). This
gorise further the diabetic patients into th(ose relation implies that a longer duration of
with 'no symptoms' and those with 'soime diabetes is associated with a lower value of B symptoms'. As shown in Table III, the patieints that is a slower rate of gastric emptying.
in the 'no symptoms' category (S - in Fig 4)
had a 50% emptying time (70.1 minutes) t]hat
differed significantly from the mean 5(0% Discussion
emptying time of the healthy subjects (1418.1 In contrast to the delay in gastric emptying that
minutes). The 13 patients in the 'soitme has been characteristically described in
symptoms' category (S' in Figure 4) hacd a patients with diabetic gastropathy, the present
mean 50% emptying time (1 99.1 minutes) tlhat study shows that some diabetic patients have
is indicative of delayed emptying but inot accelerated, rather that retarded, gastric
significantly different than the 50% emptying emptying. Delayed gastric emptying, known as
diabetic gastroparesis, is typically encountered
time seen in the healthy subjects.
Examination of individual symptom caite- in patients who have symptoms of disordered
gories (Table III) shows that absence of up]per upper gastrointestinal dysfunction - that is,
gastrointestinal symptoms and absence of nausea, vomiting, pyrosis, or early satiety.
lower gastrointestinal symptoms relate to S1ub- These patients often have evidence of the
groups of diabetic patients that have signLifi- secondary complications of diabetes such as
cantly lower mean 50% gastric empty:ring retinopathy, nephropathy, vasculopathy, and
times than the healthy control subjects. 'Irhe autonomic and peripheral neuropathy. In
contrast, the diabetic patients with accelerated
emptying evaluated in the present study
gastric
100
had no symptoms of upper or lower gastrointestinal dysfunction and no evidence of
orthostatic hypotension. This study also shows
that the rate of emptying is slower for patients
with a longer duration of diabetes mellitus.
E
The pathophysiology of diabetes mellitus
and gastric motor function in humans is
obscure. It is appreciated that there are three
0) 50
c
main controls that regulate gastric emptying.
These are: (1) the influence of extrinsic and
E
intrinsic nervous systems, (2) the influence of
gastrointestinal hormones, and (3) the intrinsic
contractile properties of visceral smooth muscle
itself. Studies in human diabetic subjects show
that gastric muscle retains its ability to contract
in response to excitatory cholinergic agonists.18
80 Therefore, the intrinsic contractile properties of
smooth muscle seem to be intact in the diabetic
Time after meal (min)
Whether hormonal controls regulating
state.
Figure 3: Power exponential regression gastric emptying curves from the 21 diabetic
gastrointestinal
motility are altered in diabetes
180
.
patients. Curves end when the measuring session was terminated (which was limited to
mellitus is unknown.
minutes). The summary statistics for this group are given in Tables II and III.
Figzcre 2: Illustration of the power exponential regression curves for gastric emptying in tl)he
12 healthy subjects. Curves are drawn to depict the time at which halfemptying has beetn
achieved. The summarzy statistics for this group are given in Tables II and 11I.

0

0

.-

0-
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gastric emptying shape coefficient (B) is not
significantly related to the symptom categories
shown in Table III. Figure 5 shows the
individual E:I ratios with respect to each subject's age using published results of normal
healthy subjects.14 Nineteen of the 21 diabetic
patients showed an abnormal E:I ratio (below
the 95th centile) and one patient showed an
E:I ratio that was marginally abnormal (lower
90th centile). The E:I ratio provided no basis
for discrimination among the patients with
reference to presence or absence of symptoms,
or rates of gastric emptying.
Other study variables that were assessed for a
relation with the coefficients of gastric emptying
curves are shown in Table IV. Fasting blood
*
glucose concentrations taken before the gastric
180 emptying study did not correlate significantly
with gastric emptying (A or B). Change in sys-
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TABLE II Comparison of gastric emptying parameters between healthy subjects and
diabetic patients
Gastric emptying
parameter

Healthy subjects
(n= 12)

(n=21)

Level of

significance

E

0

CO

0)
._

148-1
132-8

150-0
112-1

(62-4)

(163-7)

1-74
1-59
(0.47)

2-13
1-67
(1-62)

NS
NS
p<0-01
NS
NS
p<0-01

A and B are the parameters of the power exponential regression model that describes gastric
emptying. The time to half empty is the A parameter and B defines the shape of the emptying
pattern. NS= not significantly different.

Most clinical observations in human diabetes support the notion that defects in vagal
innervation are responsible for the gastric
motility abnormalities in diabetes mellitus.
Sham feeding studies - in which gastric acid
secretion is stimulated via vagal pathways show that diabetic patients have an appreciably
attenuated gastric acid secretory response to
a sham fed meal.19 However, these same
subjects show a normal acid secretory response
to pentagastrin, a hormone which acts directly
on the parietal cell. This indicates that the endorgan secretory function of the parietal cell is
intact, but that the defect is in the vagal
controls which modulate that response. A
recent light and electron microscopic study
showed no morphological changes in the vagus
nerve or gastric myenteric plexus from patients
with diabetes mellitus.20 However, histochemical studies were not performed. Likewise, it has become recently appreciated that
neurons in the central motor nucleus and
sensory nucleus (tractus solitarius) of the vagus
nerve regulate gastric motor function.2' 22
Whether dysfunction of either of these brainstem nuclei is a determinant of the gastric
motor abnormalities in the diabetic state is
unknown.
Acute experimental diabetes of 30-60 days
duration in rodents has been shown to be
associated with accelerated gastric emptying of
a nutrient meal.2324 This phenomenon seems
to be specific for the carbohydrate component
of the meal, as diabetes enhances gastric emptying of glucose but not of fat.23 Accelerated

CD

50

_

.cc

Ea)

a:

180

Time after meal (min)
Figure 4: Mean regression gastric emptying curve for the
healthy subjects (C), diabetic patients with gastrointestinal
symptoms or orthostatic hypotension (S+) and diabetic
patients without gastrointestinal symptoms and without
orthostatic hypotension (S-). Mean values of A and B
from Table III were used to determine the mean curves in
the figure.

gastric emptying is seen in genetically diabetic
BB/Wor rats as well as streptozotocin treated
diabetic animals, a phenomenon which
indicates that accelerated gastric emptying is a
consequence of the diabetic state rather
than a non-specific neurotoxic effect of
streptozotocin.25 In addition, restoration of
euglycaemia with insulin treatment or pancreas
transplantation returns the rate of gastric
emptying to normal. Studies in rodents also
suggest that vagal factors operate in producing
accelerated gastric emptying. Experiments in
non-diabetic rodents showed that selective
destruction of vagal afferent C-fibres by
perineural application of the sensory neurotoxin
capsaicin produces accelerated gastric emptying.2627 This suggests that the rapid gastric
emptying seen in diabetic rodents may be due
to dysfunction of vagal afferent C-fibres.
Thorough investigations of the neurochemistry,

2.0 -

TABLE III Comparison of gastric emptying parameters between healthy subjects and

diabetic patient subgroups

0

Co

.-

Sub
group

No

+

12
13
8
8
13
11
10
16

Healthy subjects
Some symptoms
No symptoms

Upper gastrointestinal symptoms
Orthostatic hypotension

Early satiety

+
+
+

Lower gastrointestinal symptoms

+

Peripheral neuropathy

-

5

7
14
6
15

50% Emptying
time (A)
(mean (SD))

Shape of emptying
curve (B)
(mean (SD))

148-1 (62.4)
199 1 (191 9)*t
70-1 (41-6)*t
246-9 (234 7)*tt
90.3 (49.5)*j
179-1 (175-3)*
117-9 (152.5)*
166-5 (183 1)*t
970 (605)
262 1 (245.7)*t
939 (56.9)*

1-74 (0.47)
2 48 (2 00)*t
1-58 (0.35)
2-05 (1.56)*
2-19 (1-77)*
2-70 (2.09)*t
1-51 (0.39)
2-13 (1.76)*
2-17 (125)
1-79 (2.57)*

296-0 (245 0)*t
91-7 (64.3)**

2-81 (080)*
3-05 (2.67)*
1-77 (0.89)*

+/-indicates
*Statistically different than healthy subjects, p<0 05; tstatistically different than other diabetic
subgroups, p<0 05; *statistically different than '+' diabetic subgroup, p<0 05, with the
multifactorial analysis of variance F-test (type III) in the SAS-PC GLM procedure.
'No symptoms' is absence of upper and lower gastrointestinal symptoms, early satiety and no
orthostatic hypotension. 'Some symptoms' includes the other patients who have one or more of
the aforementioned
diabetic

subgroups with/without corresponding symptoms.

symptoms.

1.5 -

90%
0

1.0

20

*0. -.
: ::...
S

30

5

95%

40

50

60

70

Age
Figure 5: Relationship between the E:I ratio for each
patient and respective age. Nineteen of the 21 patients
studied had heart rate (E:I) ratios below the 95th centile
shown by the normal subjects. Normal ranges are adapted
from data published by Smith et al. 14
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50% Emptying time (A)
Mean
Median
(SD)
Shape of emptying curve (B)
Mean
Median
(SD)

Diabetic patients

28
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TABLE IV Correlation of gastric emptying parameters with study variables in the diabetic
patients
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Orthostatic hypotension in diabetic patients is
generally attributed to abnormalities in the
Study variable
50% Emptying time (A)
Shape of emptying curve (B) sympathetic nervous system.13 Hence, it seems
reasonable to conclude that all the patients in
Age (y)
r=0-213 p=029
r=-0-033 p=089
the present study, regardless of their respective
r= -0-482 p=003
Duration of diabetes (y)
r=0028 p=0 90
Fasting blood glucose (mmol/l)
r=0-073 p=0.77
r=-0-376 p= 013
rates of gastric emptying, had some element of
r=-0-402 p=0.07
Systolic BP change (mm Hg)*
r=-0-123 p=059
autonomic neuropathy involving the parasymr= -0-124 p=0.59
Diastolic BP change (mm Hg)*
r=-0-120 p=0-60
pathetic or sympathetic nervous systems.
The linear correlation coefficient between either A or B and a study variable is indicated by r.
Hyperglycaemia seemed to have no influ*Measured in order to check for orthostatic hypotension.
ence on the rate of gastric emptying in this
study, as there was no correlation between the
physiology, and morphology of the rodent fasting blood glucose concentration at the time
vagus nerve in acute experimental diabetes mel- of study and the gastric emptying half time. In
litus are lacking. However, such a consideration fact, the shortest gastric emptying half time
is plausible, based on recent observations of was seen in the patient (KA) who had the highimpaired vagal Na+-K+-ATPase activity in est blood glucose value. A number of investigarodents with acute streptozotocin induced tions have shown that acute hyperglycaemia
diabetes.28
delays gastric emptying of a liquid meal in
Several published investigations indicate that healthy, non-diabetic subjects as well as in type
renal failure itself has no influence on gastric I (insulin dependent) diabetic patients.38'40
emptying.29-34 However, most of these studies Hyperglycaemia has also been shown to
were performed in uraemic, non-diabetic popu- increase the frequency of pyloric contractions
lations. Hence, the influence of uraemia on and inhibit antral contractions in non-diabetic
gastric emptying in a diabetic population has subjects.41 The influence of hyperglycaemia on
not been extensively examined. One study that gastric emptying in a diabetic population has
investigated liquid gastric emptying in five renal not been examined. The results of our investifailure patients (three of whom complained of gation suggest that the neurohumoral controls
nausea) found that uraemia had little influence regulating the interplay between blood glucose
on the rate of emptying.29 These observations concentrations and the rate of gastric emptying
agree with the results of our investigation in are disordered in diabetes.
which no association was found between the
These findings have relevance to the mangastric emptying half time and whether the agement of patients with insulin dependent
patients were undergoing haemodialysis, diabetes. Conventional insulin treatment
chronic ambulatory peritoneal dialysis, or had anticipates that ingestion of a nutrient meal is
normal renal function. In fact, both the longest followed by an orderly and predictable rise in
and shortest gastric emptying half times were postprandial blood glucose. The dosage of
found in patients undergoing chronic exogenously administered insulin is tailored to
haemodialysis. Nevertheless, most of the dia- meet this rise in blood glucose values.
betic patients examined had renal dysfunction Hypothetically, accelerated gastric emptying,
and were undergoing some form of dialysis. as exemplified by some patients in this study,
Hence, a conclusive statement regarding the should be accompanied by a premature and
impact of renal failure of gastric emptying unanticipated rise in blood glucose concentracannot be made from the results of the present tions. This event would consequently be
investigation.
followed by the tardy and untimely absorption
Nearly all (n= 19) patients in the study of insulin into the blood stream. Hence, the
had cardiovascular autonomic neuropathy present study shows the importance of gastric
evidenced by an abnormal respiratory variation emptying in the maintenance of glycaemic
in the heart rate (E:I ratio). Eleven of the control in a diabetic patient.
patients had orthostatic hypotension as well.
The pathophysiology of rapid gastric emptyTwo subjects who had a normal, albeit border- ing in diabetes mellitus remains obscure.
line, E:I ratio showed evidence of mild sensory However, one investigation of diabetic subjects
peripheral neuropathy on physical examina- with neuropathy showed that rapid gastric
tion. The near omnipresence of autonomic emptying of a liquid meal was associated with
disturbances is consistent with the notion that higher intragastric pressures measured during
neurogenic factors are responsible for the air insufflation.6 It was suggested that the
accelerated gastric emptying seen in these acceleration of gastric emptying was due to
patients.
impaired gastric accommodation to distension.
It is appreciated that an abnormal respira- This phenomenon is supported by observatory variation in heart rate can be detected in tions seen in streptozotocin treated diabetic
both type I and type II diabetic patients as rodents who characteristically show accelerearly as 24 months after the diagnosis of ated gastric emptying of a solid meal shortly
diabetes mellitus has been established.35 The after induction of diabetes.42 Strips of muscle
loss in respiratory variability in heart rate has excised from the gastric body of these diabetic
been generally felt to be due to damage to the animals and placed in organ baths show an
cardiac vagal parasympathetic nerve fibres, impaired relaxation response when the intrasince atropine (a cholinergic muscarinic mural myenteric nerves are subjected to elecantagonist) abolishes R-R variation in normal trical field stimulation. Contraction responses,
subjects.36 However, P agonists also decrease mediated by excitatory cholinergic nerves,
the R-R variation, which indicates that are intact. These observations indicate that
sympathetic nervous tone is also impaired.37 accelerated gastric emptying in diabetic
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rodents is associated with impaired noncholinergic 'inhibitory' neuromuscular transmission involving the gastric myenteric plexus.
Whether the same mechanism is a factor in
human diabetes mellitus must await further
investigative scrutiny.
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