Gastroparesis in Diabetes Mellitus: An Ultrasonographic Study
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Abstract

Background and aim. To investigate diabetic gastro-
paresis, a complication of diabetes mellitus, and its determi-
nants.

Material and methods. A group of 36 patients with
diabetes and 20 healthy controls, with comparable age and
sex ratio were investigated with an established ultra-
sonographic method. A mixed test meal of 400 kcal was given.
Antral fasting and postprandial area, postprandial distension
and emptying time were assessed. Glycaemia control was
estimated by the measurement of fasting and postprandial
glucose level as well as by assessing HbAlc.

Results. Antral area was not significantly larger in
diabetes mellitus. Postprandial antral area and postprandial
antral distension were higher in diabetics than in controls.
The prevalence of gastroparesis was 52.7%, without
differences between the two types of diabetes: 53.8% in
type I and 52.2% in type Il diabetes mellitus. Gastroparesis
was associated with poor short and long time control of
blood glucose and with positive parasympathetic tests.
Gastroparesis did not correlate with symptoms.

Conclusion. Gastroparesis is a real complication in
diabetes mellitus and can be documented using an ultra-
sonographic method. Poor glycaemia control and autonomic
neuropathy are associated with gastroparesis.
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Rezumat

Scop. Investigarea gastroparezei diabetice, o complicatie
a diabetului zaharat, precum si a determinantilor acesteia.
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Material si metodd. Un grup de 36 pacienti cu diabet si
un grup de 20 martori, comparabile ca structurd pe sexe si
grupe de varstd, au fost studiate printr-o metodd ecografica
standardizati.. Pacientilor li s-a administrat un pranz test de
400 Kcal. Au fost masurate ecografic ariile antrale ajeun si
postprandial, distensia postprandiala si tipul de evacuare al
stomacului. Controlul glicemiei a fost estimat prin masurarea
glucozei & jeun si postprandial, ca si prin determinarea
HbAlc.

Rezultate. Aria antrald djeun a fost nesemnificativ mai
mare in diabet. Aria antrald postprandiala i distensia antrald
postprandiald au fost mai mari in diabet ca la martori.
Prevalenta gastroparezei a fost de 52.7%, fara diferente intre
cele doud tipuri de diabet: 53,8% in tipul I §i 52,2% 1n tipul I1.
Gastropareza s-a asociat cu control insuficient al glicemiei
pe termen scurt si lung si cu testele pozitive pentru
neuropatia parasimpaticd. Gastropareza nu s-a corelat cu
simptomele.

Concluzie. Gastropareza este o complicatie reald in
diabetul zaharat si poate fi documentatd prin metods
ecograficd. Controlul glicemic deficitar i neuropatia
vegetativd se asociazi cu gastropareza.

Introduction

Digestive involvement is frequent in patients with
diabetes mellitus (1). One of the most common digestive
abnormalities in diabetes mellitus is represented by
gastroparesis (2-4). We looked for the prevalence of
gastroparesis in patients with diabetes mellitus and for the
factors associated with gastroparesis

Material and methods

Ultrasonographic measurement of gastric emptying

Gastric emptying was measured by an established
ultrasonographic method (5). This method relies upon
assessment of the antral area in a sagittal plane including
the mesenteric artery and the aorta (Fig.1). The patients
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are examined with a 3.5 MHz probe in an inclined position
with the head elevated to 15°. The fasting antral area is
measured with the caliper and computed automatically with
the software of the ultrasonographic device (Siemens).
Patients are then given a test meal. We used a mixed test meal,
which has allowed good measurements in previous studies
(6,7). The test meal was composed of 25 g bread, 10 g butter,
1 boiled egg, 300 ml tea without sugar (caloric value 400 Kcal).
Meal had to be ingested in up to 5 minutes, but most patients
finished it in less than 2 minutes. The antral area was measu-
red again immediately after finishing the meal in postprandial
condition and every 15 min after finishing the meal, till the
antral area decreased to the starting value. The analyzed
parameters were: fasting antral area, postprandial antral area,
postprandial antral distension, gastric emptying time.
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Fig.1 The sagittal plane for the ultrasonographical measurement
of gastric emptying (A: antrum; SMV:superior mesenteric vein;
Ao:aorta).

Patients

Thirty-six patients with diabetes mellitus were included
in the study. The following parameters were investigated:
age, sex, type of diabetes, history of diabetes, the degree of
metabolic control, disorders of lipid metabolism, body mass
index, use of tobacco and alcohol, digestive symptoms, type
of therapy. They had not been given in the previous 7 days
drugs able to modify the gastrointestinal motility.

The control of glycaemia for short period was assessed
measuring fasting and postprandial blood glucose and for
long term assessing HbAlc (Table I).

Table I Characteristics of the subjects with diabetes

DM type 1 (n=13) DM type 2 (n=23)

Sex M/F 6/7 11/12

Age (yrs) 48.9+7.3 59.9+7.6
(mean+SD)

Fasting blood 143.9+16.5 168.9+19.2
glucose (mg/dl)

Postprandial blood 162.6+13.4 188.7+22.2
glucose (mg/dl)

HbA1c% 8.1+1.4 9.7£1.2

The impairment of the autonomic nervous system was
evaluated by testing the cardiovascular autonomic refle-
xes: RR variation on ECG during deep in- and expiration (8).

Controls

As controls we used a group of 20 subjects (10 males, 10
females) aged 52.6+10.1 years, comparable with the subjects
with diabetes. They were apparently healthy and did not

use drugs or substances able to change gastrointestinal
motility.

The study was conducted according to the Helsinki
declaration and was approved by the local ethics committee.
The patients gave their informed consent.

Statistics

Descriptive statistics included mean and SD. Comparison
between groups were carried out by chi square test.
Correlations between ultrasonographic values and its
determinants were performed using the Spearman rank test.
The significance level was put to p<0.05. Statistics were run
on a commercially available statistics kit.

Results

Digestive symptoms

Fifteen patients (41.7%) presented dyspeptic symptoms
suggesting gastroparesis: postprandial abdominal
discomfort: 36.1%, early satiety 25%, postprandial fullness:
19.4%, nausea 13.8%. Other digestive symptoms
encountered in the group were: dysphagia: 38.9%,
constipation 30.6%, nocturnal diarrhea 13.8%.

Ultrasonographic study

Fasting antral areas were larger in diabetes mellitus than
in controls without reaching the statistical significance
(p>0.05). Postprandial antral areas were significantly larger
in diabetes than in controls (p<0.05). The gastric emptying
was delayed compared to the control group (p<0.05) (Table
10).

Table II Ultrasonographic findings in diabetic subjects and in
controls (means and SD)

Diabetes n=36 Controls n=20 p
Fasting antral 4.2+1.3 3.440.9 >0.05
area (cm?)
Postprandial 17.546.3 10.7+4.4 <0.05
antral area (cm?)
Time to gastric 182+47 100+£35 <0.05

emptying (min)

We established a cut-off value for delayed gastric em-
ptying at 170 min, i.e. the mean plus 2 SD of the values
obtained in controls. Considering this threshold, 19 patients
with diabetes had delayed gastric emptying (52.7%). There
were no prevalence differences between the two types of
diabetes: 53.8% in type I diabetes mellitus and 52.2% in
type 11 diabetes mellitus.

All the 15 patients with digestive symptoms suggesting
gastroparesis showed delayed gastric emptying, while 4 sub-
jects with delayed gastric emptying were free of symptoms.

Despite the low number of subjects introduced in this
substudy, we observed that gastric emptying was delayed
in over half of the patients with diabetes and that all patients
with ultrasonographic slow emptying also showed a
radiological slow gastric emptying.
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Factors associated with gastroparesis

We looked for the correlations between ultrasonographic
gastric emptying and other factors in order to establish the
delay of gastric emptying.

Glucose level control and gastric emptying

There is a significant correlation between the short time
control (fasting blood glucose, and postprandial glucose)
and gastric emptying as well as between the long duration
control (HbAlc) and gastric emptying. Thus, diabetic
patients with delayed gastric emptying show a much higher
blood glucose concentration than diabetic patients with
normal gastric emptying (p<0.001) (Fig.2a). Diabetic subjects
with delayed gastric emptying have also higher postprandial
glucose values than diabetic patients with normal gastric
emptying (p<0.001). Diabetic patients with delayed gastric
emptying present higher levels of HbAlc compared to
diabetic patients with normal gastric emptying (Fig.2b).
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Fig.2a Correlation between fasting blood glucose and gastric
emptying.
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Fig.2b Correlation between HbA 1c and gastric emptying.
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Autonomic neuropathy

In the group with type I diabetes mellitus 50% of the
patients with normal antral emptying had abnormal tests for
parasympathetic neuropathy, while in the group with de-
layed gastric emptying, 71.5% showed abnormal parasym-
pathetic tests (p=NS). In the group with type II diabetes
mellitus, 46.5% of patients with normal gastric emptying
showed abnormal parasympathetic function, while 75% of
those with delayed gastric emptying showed abnormal
parasympathetic neuropathy (p<0.05%) (Fig.3).

Other factors
No correlation was found between gastric emptying and

the presence of digestive symptoms. No correlation was
found with the lipid metabolism (triglycerides, LDL and HDL-
cholesterol), with gender, age and BMI. Few patients were
alcohol consumers (n=3), so we did not check for any
correlation with gastric emptying. A long history of diabetes
mellitus (over 10 years) was associated with gastroparesis:
42.9% in patients with type I diabetes mellitus and in 50% of
patients with type II diabetes mellitus.
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Fig.3 Correlation between parasympathetic neuropathy (PNS)
and gastric emptying.

Discussion

The disorders of gastric motility are considered late
manifestations of diabetes mellitus (9, 10). Several
dysfunctions have been described including tachygastria,
antral hypomotility and gastroparesis (11).

Gastroparesis is characterized by gastric hypotonia and
retention without mechanical obstruction. This is mainly
due to autonomic neuropathy. Diabetes mellitus is one of
the most common conditions presenting gastroparesis.

We used in this study an established ultrasonographic
method (5). This is noninvasive, easily accepted by the
patients and cost-efficient but requires an experienced
ultrasonographist. A single investigator (CB) performed the
ultrasonogaphic evaluation, in order to avoid interobserver
bias.

We were able to find in over half of the patients with
diabetes mellitus the prolongation of gastric emptying. This
fact confirms previous observations using other measure-
ment techniques like scintigraphy and breath test (12-15).

The mechanisms of diabetic gastroparesis are multiple.
The level of glycemic control plays a major role (16). Gastro-
paresis in our study correlated with a poor control of the
blood glucose, both on short and on long time. Over 70% of
our gastroparetic patients showed poor control of glucose.
The mechanism by which glucose impairs gastric motility is
probably direct and indirect. Hyperglycaemia decreases
postprandial antral contractions and stimulates the
contractions of the pylorus (17). On the other hand it has
been postulated that gastroparesis impairs the control of
blood glucose level. Treating gastroparesis with prokinetic
drugs does not improve glucose control (18,19). High
glucose concentration is probably affecting the myolectrical



22

Moldovan et al

rhythm of the stomach. Glucose would also directly produce
a dysfunction of the intracellular metabolism of the
parasympathetic neurons and of the neuromuscular junction
(20).

Gastroparesis was common in patients with parasympa-
thetic neuropathy. We did not investigate sympathetic in-
volvement due to lack of technical conditions but sympa-
thetic involvement in the absence of parasympathetic
involvement is unusual (8). We can however speculate that
due to the progression of autonomic neuropathy, when
parasympathetic involvement is counteracted by
sympathetic involvement, it is possible that gastric
emptying may become again normal.

The enteric nervous system is also injured in diabetes,
with changes in the enteric neurons and in the Cajal inter-
stitial cells (11).

We found a high prevalence of dyspeptic symptoms in
our patients with diabetes mellitus (41.7%). All these had
prolonged gastric emptying. These data are consistent with
other reports (21). The association with digestive symptoms
attributed to other digestive segments indicates that motility
disorders in diabetes are not limited to the stomach (22).

In our study the patients with a long history of diabetes
(over 10 years) had more frequently gastroparesis, in contrast
with a previous report where gastroparesis was not
associated to length of history (13).

The gold standard for the assessment of gastroparesis,
including diabetic gastroparesis is gastric scintigraphy
using 99mTc (23, 24). Actually the main shortcoming of the
radioisotopic method is the irradiation. Using ultrasono-
graphy, the prevalence of gastroparesis was in the same
range as with gastric scintigraphy (23).

In conclusion, we confirmed the existence of gastro-
paresis in diabetes mellitus by an ultrasonographic
method. The prevalence of gastroparesis was 52.7%, without
differences between the two types of diabetes. Gastro-
paresis was associated with the poor short and long time
control of blood glucose level and with a pathological
parasympathetic test.
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