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THE ROLE OF ULTRASONOGRAPHY IN THE DIAGNOSIS
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ABSTRACT

Functional dyspepsia (FD) is a syndrome mostly diagnosed by
subjective patients’ symptoms after excluding organic, systemic
and metabolic diseases. Aim: The goal of this study is to evaluate
gastric emptying in patients with functional dyspepsia, by
measuring the antral area (cm2) after the intake of a test meal
using ultrasonography as an objective and widely applicable
method. Material and Methods: This study included 30 patients
(mean age of 46.53 £9.73 years) with symptoms of FD according
to the ROMA IV criteria and 30 healthy individuals (mean age of
42.87 +4.42 years). A 5 MHz ultrasound probe was used to
measure the stomach antral area at 6 different time points: in the
fasting state, following the meal intake at 5, 30, 60, 90 and
120 min postprandially. Results: The antral area was statistically
significantly larger after a 30-minute postprandial period in
patients with FD comparing to healthy controls (p<0.05). There
was a statistically significant difference in the rate of gastric
emptying at 120 minutes in patients with functional dyspepsia,
compared to healthy subjects (p <0.01). Patients with
postprandial distress syndrome had the average value of gastric
emptying 48.25 compared to 56.09 in patients with epigastric pain
syndrome (p <0.05). The slowest emptying was observed in
patients with nausea and postprandial fullness (p <0.05).
Conclusion: Functional dyspepsia is associated with delayed
gastric emptying. Using ultrasonography to measure the antral
area helps us to assess gastric emptying and therefore to assess
patients with functional dyspepsia. The antral area was
significantly larger in patients with functional dyspepsia
compared to healthy subjects after the test meal, suggesting
slower gastric emptying in the dyspeptic patients. Since the
diagnosis of functional dyspepsia is based mostly on diverse
patients’ symptoms, using ultrasonography to measure the antral
area helps us to objectively assess this problem.
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INTRODUCTION

Functional dyspepsia (FD) is a syndrome originating
from the gastroduodenal segment of the digestive tube and it
is the most common functional disorder of the digestive tube.
It is estimated that 40% of adults have dyspeptic symptoms
at least once a year, most often diagnosed in the fifth decade
of life and equally present in both sexes.

According to the Rome IV criteria, functional dyspepsia
is defined as the presence of postprandial fullness, early
satiety, epigastric pain and burningthat are severe enough to
interfere with the usual activities. The diagnostic criteria
imply the presence of one or more of these symptoms during
3 days per week in the last 3 months, with the onset, at least,
6 months ago. The upper gastrointestinal symptoms such as
nausea, belching, or abdominal bloating can also occur.
According to the burden symptoms, patients can be classified
into two subgroups of functional dyspepsia (1,2):

. Postprandial Distress Syndrome (PDS)
. Epigastric Pain Syndrome (EPS)

The pathophysiology of FD is complex. The key
mechanism for the onset of functional dyspepsia is impaired
gastrointestinal motility and sensitivity. Slow gastric
emptying, impaired gastric accommodation and visceral
hypersensitivity are most commonly associated with
functional dyspepsia. These three mechanisms are related
and difficult to examine each. The symptoms induced by
gastric distension are not region-specific. The measurement
of gastric emptying is most accessible and is a good indicator
of gastric motility disorders (3-6).

The percentage of dyspeptic patients with delayed gastric
emptying ranges from 20% -50%. However, most of the
studies were performed in small groups of patients and small
control groups. In the largest studies, gastric emptying of
solids was delayed in about 30% of patients with functional
dyspepsia (3,7). The measurement of gastric emptying may
be wuseful in understanding the severity of dyspeptic
symptoms. The gold standard for measuring gastric emptying
is scintigraphy. Other reliable methods include the breath
test, magnetic resonance imaging (MRI), gastric aspiration
techniques, epigastric impedance measurements,
electrogastrography and other methods. Ultrasound of the
stomach was initially performed to detect and investigate
organic diseases. Ultrasound can be used to evaluate the
antral contractility, gastric emptying, transpyloric flow,
gastric configuration, intragastric distribution of meals,
gastric accommodation and strain of the gastric wall. Several
studies have demonstrated a good correlation between
scintigraphy and ultrasonography in the evaluation of gastric
function (6,7,8). The antrum is the most accessible part of the
stomach for the ultrasound measurement. It is often used for
assessing gastric emptying. Measuring the area of the antrum
and change of its size in time is associated with the patient’s
perception of fullness (9,10). Ultrasound is a non-invasive,
safe, reproducible, widely available method and does not

require expensive equipment. Ultrasonography does not
change the physiology of the gastrointestinal tract and is
widely available in the outpatient settings (11). We used
ultrasonography to evaluate gastric motility since this
method is available in most institutions and is easy to apply
and can be recommended in the diagnosis of FD.

It is difficult to correctly diagnose functional dyspepsia
according to the subjective assessment of the patient,
considering the variety of symptoms. The aim of this paper
is to show how ultrasonography can disclose organic disease
and functional behavior of the GI tract. The significance of
this paper is to show that using ultrasound measurement of
the antral surface could help in the functional dyspepsia
diagnosis in an objective way.

MATERIALS AND METHODS

This study included a total of 60 participants: the group
of patients with symptoms of FD according to the ROMA IV
criteria (21 patients with PDS (the average age 46.5) and 9
patients with EPS (the average age 46.5)) and 30 (the average
age 42.7) healthy individuals without any symptoms. The
group of participants was recruited at the Medical Center
“Bezanijska kosa” from January 2019 to September 2019.

The inclusion criteria for the study were patients with FD
according to the ROMA 1V criteria. The exclusion criteria
were pathological laboratory findings (liver or kidney
failure), all patients who were Helicobacter pylori-positive,
patients who were treated for Helicobacter. pylori infection
in the previous six months, patients with a gallbladder stone,
diabetics as well as patients with other metabolic disorders,
organic or systemic diseases and all patients who took the
therapy that affects the motility of the digestive tract.
Patients should not take the medications such as
metoclopramide, erythromycin and anticholinergic drugs for
48 hours before the testing. All patients were asked about the
dyspeptic symptoms before the testing.

All procedures conducted in patients were in accordance
with the ethical standards of the Institutional Research
Committee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards. Informed
consent was obtained from all individual participants
included in the study.

A 5 MHz ultrasound probe (Hitachi EUB-5500) was used
to measure the area of the antrum of the stomach. The antral
area was visualized in the sagittal plane scan between the left
lobe of the liver, pancreas, aorta or vein cava inferior and
superior mesenteric vein. The measurements were performed
in the supine position, in the right decubitus. The outer profile
of the antrum was measured using the built-in caliper and
calculation program of the ultrasound apparatus. The
minimal amount of force was applied during each reading to
prevent compression of the antrum (10,11). To ensure the
accuracy of the results, the measurements were taken twice
and then averaged.
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Before starting the test, each participant fasted for eight hours
prior to the study. The antral area was measured at 6 different
time points: in the fasting state, following the meal intake at
5, 30, 60, 90 and 120 minutes postprandially. Each
participant took a 150Kcal meal (17g protein, 15g fat and
27g carbohydrate) with 200 ml of water. At each time point,
the participants were asked to record the severity of each
dyspeptic symptom (epigastric pain, burning in the stomach,
postprandial fullness, early satiety, bloating, nausea,
vomiting and belching).

Statistical analysis

RESULTS

According to the ROMA 1II classification criteria for
functional dyspepsia, there were 21 patients with
postprandial distress syndrome (70%) and 9 with epigastric
pain (30%) in the study group. The patients reported the
following symptoms: epigastric pain in 3 (10%), bloating in
5 (16.7%), postprandial fulness in 7 (23.3%), nausea in 5
(16.7%), belching in 10 (33.3%) patients. The most intensive
symptoms were reported by 8 (26.7%) patients in the first
five minutes, 16 (53.3%) patients from 6-30 minutes and 6
(20%) patients from 31-60 minutes.
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Numerical variables were expressed as the mean + SD for
normal distribution or median for non-normal distribution, or
with frequency and percentage for the categorical data. The
comparison of groups was performed using Student’s t-test
and ANOVA for normally distributed data. 72 analysis was
used to test the relation between non-continuous variables. P-
value below 0.05 was considered significant. The whole
analysis was performed with the SPSS statistical analysis
software, Version 20.0 (SPSS, Chicago, Illinois, USA).

There was no significant statistical difference between the
antral area surface in patients with functional dyspepsia (3.44
+ 1.50; 14.40+ 5.15) and healthy controls (3.26 + 0.64;
12.47+ 1.96) during fasting, and at 5 minutes after the test
meal (p> 0.05, respectively). The antral area was statistically
significantly larger over a 30-minute postprandial period in
patients with FD comparing to healthy controls (12.03+ 4.28
vs 9.54+2.04) (p<0.05). Measurements of the antral surface
in the study and control group through every time point were
depicted in Table 1.

Table 1. Measurements of the antral surface area in the study population.

Antral area Standard
surface group W mean deviation P

0. minutes study 30 3.44 1.50 >0.05
) control 30 3.26 0.64

5. minutes study 30 14.40 5.15 >0.05
) control 30 12.47 1.96

30.minutes study 30 12.03 4.28 <0.05
) control 30 9.54 2.04

60.minutes study 30 10.38 4.16 <0.05
) control 30 8.01 1.72

90.minutes study 30 8.80 3.60 <0.05
) control 30 5.63 1.33

. stud 30 7.17 3.04 <0.05
120.minutes sontral 30 3.72 0.66

There was a statistically significant difference in the rate
of gastric emptying at 120 minutes in patients with functional
dyspepsia (60.60£9.95), compared to healthy subjects
(69.62+6.66), (p<0.01). There was a significant difference
comparing gastric emptying between the subgroups of
patients with FD. Patients with postprandial distress
syndrome had the average value of gastric emptying 48.25
compared to 56.09 in patients with epigastric pain syndrome
(p<0.05).

Also, there was a significant difference between the study
and control group when measuring 50% gastric emptying
(p<0.5). There was significantly faster gastric emptying in
healthy subjects. All healthy subjects (100%) had gastric
emptiness over 50% at 120 minutes, while 53.3% of
dyspeptic patients had emptiness less than 50% at 120
minutes, (p<0.01), (Table 2).



Table 2. Measurement of gastric emptying in the study population.

p5S0
Total p
Group <=50% >50%
Number 16 14 30
study % 53.3% 46.7% 100.0%
% p50 100.0% 31.8% 50.0% <0.01
Number 0 30 30 )
control % 0.0% 100.0% 100.0%
% p50 0.0% 68.2% 50.0%
Number 16 44 60
All % group 26.7% 73.3% 100.0%
% p50 100.0% 100.0% 100.0%

ANOVA test showed significant differences in the mean
values of the rate of gastric emptying in the 120th minute
compared to the most intensive symptoms during the test.

The slowest emptying was observed in patients with nausea
and postprandial fullness (p<0.05), (Table 3 and Figure 1).

Table 3. GER by symptoms.

GER N Mean SD Minimum Maximum
epigastric pain 3 62.63 13.66 49.30 76.60
bloating 5 51.06 9.67 35.84 62.38
Postprandial fullness 7 47.57 7.85 35.41 56.35
nausea 5 42 .33 10.96 27.35 55.97
belching 10 53.01 6.42 43.06 60.70
Total 30 50.60 9.95 27.35 76.60

Figure 1. Mean GER by the most intensive symptoms.
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DISCUSSION

Our study showed that ultrasonography, as an easy, effec-
tive and non-invasive modality, could be used in clinical
practice to evaluate gastric emptying in both, healthy partic-
ipants and those with gastrointestinal disorders, such as FD.
As the antrum is the most accessible part of the stomach, we

used the ultrasonography method to determine the size of the
antrum after the test meal as a measure of gastric emptying.

Dyspepsia is a persistent or recurrent feeling of discom-
fort or pain in the upper abdomen. The pathophysiology of
FD is complex. Gastrointestinal motility disorders (slowed
gastric emptying and impaired gastric accommodation) are
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the most common cause of functional dyspepsia. The meas-
urement of gastric emptying may be useful in understanding
the severity of dyspeptic symptoms. Numerous studies have
examined the association between delayed gastric emptying
and dyspepsia. Depending on the type of study, the percent-
age of dyspeptic patients with delayed gastric emptying
ranges from 20%-50%. In a meta-analysis of 17 studies in-
volving 868 patients and 397 healthy, significantly slower
gastric emptying was observed in 40% of patients with func-
tional dyspepsia (3). In some studies, it has been found that
slowed gastric emptying is associated with a feeling of post-
prandial fullness, nausea and vomiting (12,13). In an early
study by HauskennT.et others, it was shown that the mean
antral area was wider in patients with functional dyspepsia
than in healthy controls (14).

In this study, the ultrasound examination of the antrum
function (change in the size of the antrum per unit time) was
performed, which is otherwise often used in examinations of
the degree of gastric emptying. Although scintigraphy is the
gold standard in the examination of gastric emptying, the ul-
trasound technique has advantages, because it is non-inva-
sive, reproducible and does not require expensive equipment.
The worldwide studies of the validity of ultrasound monitor-
ing of gastric function in relation to scintigraphy have been
performed and it has been found that there is a good correla-
tion between these two methods. There is also no significant
difference in the position the patient assumes during the test-
ing, whether lying down or sitting, there is also agreement in
the findings between different examiners when measure-
ments are performed on the same patients under the same
conditions (8,17,18).

In this study, it was shown that the average antrum area
observed per unit time in the FD group and the control group
did not differ in fasting and 5 minutes after the intake of the
test meal. From 30 minutes up to 120 minutes, the average
area of the antrum in the control group was smaller. The level
of gastric emptying at 120 minutes after the test meal, was
less in patients with functional dyspepsia than in healthy sub-
jects. Observed at 120 minutes, 16 of 30 patients (53.3%) had
the level of gastric emptying less than 50% in the FD group ,
while all healthy subjects had the level of gastric emptying
over 50%. There was a statistically significant difference in
the distribution of subjects with functional dyspepsia and
control groups concerning gastric emptying of 50%, after the
test meal.

The obtained data are consistent with the previous publi-
cations, where it has been found that the percentage of pa-
tients with functional dyspepsia and slowed gastric emptying
depends on the study, ie. the test conditions varied in the
range of 20%-50% (3,7).

In this study, slower gastric emptying was found in a pa-
tient with postprandial distress syndrome, compared to sub-
jects with epigastric pain syndrome. In the literature, delayed
gastric emptying has been associated with postprandial dis-
tress syndrome (19,20).
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The complaints reported by patients as the most intense
ones during the testing were: belching, postprandial fullness,
nausea, bloating, and epigastric pain. None of the patients re-
ported early satiety, heartburn, and vomiting during the test-
ing. Most patients reported their symptoms in the interval be-
tween 5 minutes and 30 minutes during the testing, which co-
incides with the time when the antrum area in the group of
patients with functional dyspepsia begins to differ signifi-
cantly from the antrum area in the control group. There are
no similar data in the literature.

The gastric emptying level at 120 minutes in relation to
the most intense discomfort that occurred during the testing,
was slowest in patients with nausea and postprandial fullness,
which agrees with the data from the literature (15).

CONCLUSION

The patient who is suspected to have functional dyspepsia
has to do numerous laboratory tests, imaging and endoscopic
examinations but the diagnosis is mostly made upon the va-
riety of subjective symptoms. It is known that the ultrasound
measuring of the area of the antrum and change of its size in
time is useful in assessing gastric functional disorders. We
showed that the ultrasound measured antrum area in patients
with functional dyspepsia, was statistically significantly
larger starting from 30 minutes up to 120 minutes postpran-
dially, which coincided with the appearance of symptoms.
Also, the level of gastric emptying was significantly slower
in patients with postprandial distress syndrome. Delayed gas-
tric emptying was observed in subjects with nausea and post-
prandial fullness. Numerous methods for testing the function
of the digestive tube are reserved for clinical studies and are
not available in daily practice. Most of the methods are inva-
sive, requiring expensive equipment and well-trained staff.
Ultrasonography correlates well to other methods. It is repro-
ducible, simple, available and non-invasive, and is therefore,
the best option having in mind the patient’s compliance. Ul-
trasonography has its disadvantages, it is a subjective method
and gases in the stomach can significantly reduce visibility.
Despite some limitations of ultrasonography, we suggest its
use to be part of the diagnostic algorithm for the diagnosis of
functional dyspepsia.
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