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Background and Aim: Abdominal
ultrasonography is effective in the
visualization of gastric wall layers and
measuring its thickness. The study aimed
to assess gastric antral wall thickness in
patients with H.
pylori gastritis by
abdominal ultrasonography and to study
its predictive value in detecting H. pylori
gastritis.
Materials and Methods: The study
included ninety adult individuals, sixty of
them had dyspepsia and/or upper
abdominal
pain
and
histologically
confirmed gastritis, were distributed
equally according to the H. pylori infection
status into group A (H. pylori gastritis) or
B (non-H. pylori gastritis), while, group C
included thirty asymptomatic participants
with negative H. pylori screening. The
participants were subjected to abdominal
sonography for measuring the antral wall
thickness (AWT), mucosal wall thickness

INTRODUCTION
Gastritis is a mucosal inflammation,
which could results in various clinical
symptoms as nausea, vomiting, pain in
the upper abdomen and feeling of
fullness [1]. H. pylori infection (HPI)
is the commonest cause of gastritis,
other causes may be non-steroidal antiinflammatory drugs, autoimmune, bile
reflux and alcohol intake [2]. Gastritis
could be assessed by clinical,
endoscopic, and histopathological
examination [3,4,5]. The endoscopy is
an invasive procedure and needs
patient sedation; therefore, less

(MLT) and mucosal-to-antral
thickness ratio (MLT/AWT ratio).

wall

Results: The AWT, MLT and MLT/AWT
ratio were significantly greater in H. pylori
gastritis group (5.65 ± 0.58, 3.02 ± 0.43,
0.53 ± 0.04 respectively) than non-H.
pylori gastritis group (4.57± 0.82, 2.07±
0.41, 0.45 ± 0.02 respectively) and control
group (3.93 ± 0.52, 1.49 ± 0.2, 20.37± 0.03
respectively). The optimal cut off values of
AWT, MLT and MLT/AWT ratio for
detecting the of H. pylori infection among
symptomatic gastritis patients were > 4.94
mm, > 2.46 mm and > 0.48 mm
respectively.
Conclusion: Ultrasonography of the
gastric antrum is considered beneficial in
evaluating patients with presumed gastritis.
The increase of AWT > 4.94 mm, MLT >
2.46 mm, and MLT/AWT ratio > 0.48 mm
in patients with gastritis is suggestive of H.
pylori infection.

invasive tests are favorable to decrease
the number of endoscopic surveys [6].
H. Pylori infection is a major public
health problem that affects around 50%
of the world's population [7,8] and its
prevalence ranged from < 15% to
100%, depending on socioeconomic
status and country development
[9,10,11]. The clinical outcome of HPI
depends on both bacterial and patient
factors. HPI has a main role in the
pathogenesis of many gastrointestinal
diseases such as chronic gastritis,
pepticulcer
disease,
gastric
adenocarcinoma,
and
gastric
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lymphoma. The antral-predominant gastritis is the
most common form of H. pylori gastritis. Many
diagnostic tools may be used for diagnosis of H.
pylori infection as; blood antibody test, fecal
antigen test, urea breath test and upper
gastrointestinal endoscopy [12]. HPI leads to an
increase in the thickness of mucosal, submucosal
and muscularis mucosa layers, with the resultant
increase in the gastric wall thickness, this could be
detected by using abdominal ultrasonography [13,
14].
Abdominal ultrasonography (AUS) is a noninvasive available tool for evaluating the gastric
and duodenal wall layers and measuring its
thickness [14] and used in the evaluation of
nonspecific abdominal symptoms and acute
abdominal pain [15]. By using a high-frequency
linear ultrasound transducer, five layers of the
stomach wall
could be assessed; (1) a
hyperechoic inner layer (the border between the
gastric fluid and the mucosa); (2) a hypoechoic
layer, the mucosa; (3) a hyperechoic layer, the
submucosa; (4) a hypoechoic layer, the muscular
layer; (5) an outer hyperechoic layer, the serosa
[16,17].
The studies on the radiological scanning of the
gastric antral wall are few, and the majority of
those studies used computerized tomography (CT)
and endoscopic ultrasound methods. The studies
used the ultrasonography examination were not
recent and focused on the gastric lumen rather
than the wall [18]. The ability of ultrasonography
to assess the transmural inflammatory disorders is
a major advantage over contrast radiography; also,
it gives more details about layers of bowel wall
than CT, which contributes to the diagnosis and
monitoring [17].
Abdominal ultrasonography is an effective
method for visualization and diagnosis of the
antral wall thickness when applied by an
experienced radiologist, and can be used as an
initial screening method for diagnosing gastritis
and in determining who needs a definitive
histopathological diagnosis [18]. This study aimed
at assessing the role of abdominal ultrasonography
in the detection of H. pylori gastritis through
evaluating antral wall thickness.

PATIENTS AND METHOD
A case-control study, included ninety randomly
selected Egyptian patients from Tropical
Medicine Department, Zagazig University

Hospitals during the period from October 2016 to
March 2018. The subjects were classified into
three groups; each group consisted of 30
participants as follows: Group A: Patients with
histologically confirmed gastritis and H. pylori
infection diagnosed by H. pylori fecal antigen
and/or histopathological examination. Group B:
Patients with histologically confirmed gastritis
and no evident H. pylori infection (negative
results in both examinations). Group C: Control
group of asymptomatic individuals with negative
H. pylori screening. The patients of the group A
and B were selected from symptomatic patients
(dyspepsia and/or upper abdominal pain) who
attended endoscopy unit for elective diagnostic
upper endoscopy and then they were allocated in
either group A or B according to the H. pylori
infection status. All the participants fulfilled the
exclusion criteria; patients with history of hepatic
congestive
gastropathy,
gastric
cancer,
MALTomas,
varices,
gastric
surgery,
radiotherapy, coagulopathy, alcohol intake,
Crohn's
disease,
end-organ
failure,
immunocompromised, acute pancreatitis, any
cause of anasarca, peptic ulcer disease, H. pylori
eradication, GIT bleeding, use of non steroidal
anti-inflammatory drugs (NSAIDs) and acidsuppressing drugs or antibiotics use within 1
month.
All They were subjected to:
1- History taking, clinical assessment, complete
blood picture, kidney function tests, and liver
function tests.
2- H. pylori Fecal antigen test (the Spectrum H.
pylori Ag Test device, Medical Device Safety
Service, Germany); a rapid stool antigen test is
based
on
monoclonal
antibody
immunochromatography to detect feces antigen
that indicates active H. pylori infection, with98%
specificity and 94% sensitivity. Its accuracy is
influenced by the antibiotic, proton pump
inhibitors, histamine receptor 2 blockers N-acetyl
cysteine and upper gastrointestinal bleeding. A
negative result can occur if the amount of H.
pylori antigen is below the detection limits or the
collected fecal sample does not contain the
antigen; therefore, a negative result does not
exclude the probability of H. pylori infection [19].
3-Abdominal Ultrasonography (AUS); The same
expert radiologist did the abdominal ultrasound
scan by using the superficial probe with a high
frequency (11 MHz, Philips HD 11 XE
ultrasound, USA). For a good sonographic image,
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the patient ingested 500-800 ml plain water, after
that, the patient had waited 10-15 minutes to allow
the air bubbles to get out [13]. At the same time,
20 mg of Hyoscine-N-butyl bromide (Buscopan)
was injected intravenously to induce a hypotonia
[20]. The radiologist applied the transducer probe
on the epigastric region, while the patent in the
supine position and advanced the scanning in a
sagittal plane from the cardia to the duodenum,
meanwhile, he moved the probe in longitudinal
and transverse sections to get a qualitative scan of
the stomach as illustrated in figure 1 [21]. The
stomach air usually masks the posterior wall and it
could hinder cross-section scanning of the gastric
body [22]. Many studies stated that the antrum is
the most amenable to sonographic examination
and precise identification (98–100% of cases) [23,
24]. It is found superficially in a sagittal or parasagittal scanning plane in the epigastrium, just
right to the midline, between the left and caudate
lobes of the liver anteriorly and the head or neck
of the pancreas posteriorly [25]. The ultrasound
scans will be analyzed in terms of wall thickness
and stratification. The normal gastric wall
stratification is demonstrated as a five-layer
structure on transabdominal ultrasound image
(figure 2). The gastric wall thickness is better
measured at the cross-section of the antrum,
especially the anterior antral wall with a
longitudinal section of the superior mesenteric
artery in the image (landmark to standardize a
scanning plane through the antrum) [16]. The
radiologist recorded the antral wall thickness
(AWT), the mucosal layer thickness (MLT). Since
The previously measured variables (AWT and
MLT) may be affected by personal variations, and
the degree of H. pylori infection may vary from
one patient to another, the mucosal layer to antral
wall thickness ratio (MLT/AWT ratio) was also
taken into account and calculated.
3- Upper GIT endoscopy for group A and B
patients (Pentax EPM-3500, Tokyo, Japan) was
done after the patients fasted for six hours by
night and the same gastroenterologist did the
endoscopic examination under light intravenous
sedation and local anesthetic spray to the
oropharynx. The biopsies were taken according to
Sydney-Houston system; one from the greater and
lesser curvature within the peripyloric region, two
from greater and lesser curvature within eight
centimeters from the cardia and one from the
incisor angularis and from any suspicious area.
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4- The same experienced pathologist inspected all
the specimens: The specimens were stained with
hematoxylin and eosin (H&E) and with Giemsa to
confirm the presence of gastritis and to determine
the H. Pylori infection status.
Statistical Analysis
All the collected data were coded analyzed using
SPSS 20.0 for Windows (SPSS Inc., Chicago, IL,
USA) & MedCalc13 for windows (Med Calc
Software,
Ostend,
Belgium).
Continuous
quantitative variables were expressed as the mean
±SD & median (range), and categorical qualitative
variables were expressed as absolute frequencies
(number) and relative frequencies (percentage).
Continuous data were analyzed by using the
Shapiro Walk test. ANOVA test was used to
compare more than two groups of normally
distributed data while Kraskall Wallis H test was
used for non-normally distributed data.
Independent samples Student's t-test was used to
compare two groups of normally distributed data
while Mann-Whitney U test was used for nonnormally distributed data. Categorical results were
compared by Chi-square test or Fisher's exact test
once applicable. Spearman’s rank correlation
coefficient was calculated to assess the
correlations between gastric wall thickness and
study parameters. The (+) sign indicated direct
correlation and (-) sign indicated inverse
correlation, also we consider values near to 1 as
strong correlation and values near 0 as weak
correlation. Receiver operating characteristic
(ROC) curve analysis was used to identify optimal
cut-off values of gastric wall thickness with
maximum sensitivity and specificity for early
detection of gastritis and H. pylori infection. The
criteria for Area Under Curve (AUROC) were:
0.90 – 1 = excellent, 0.80-0.90 = good, 0.70-0.80
= fair; 0.60-0.70 = poor; and 0.50-0.6 = fail. The
optimal cutoff point was established at the point
of maximum accuracy. All tests were two-sided.
P-value < 0.05 represented statistical significance
and, p-value < 0.001 represented high statistical
significance.
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Fig. (1): Method of Ultrasonography examination for the stomach and the duodenum [13].

(a)
(b)
Fig. (2): Ultrasonography of the antrum, in cross-section (a) and zoomed longitudinal section (b). (sif:
serosal interface; mp: muscularis propria; sm: submucosa; m: mucosa; mif: mucosal interface; l: lumen)
[17].

(1)
(2)
(3)
Fig. (3): (1) Receiver operating characteristic (ROC) curve of gastric wall thickness(H. pylori gastritis
groupversus non-H. pylori gastritis group). (2)ROC curve of gastric wall thickness (H. pylori gastritis
group versus control group).(3) ROC curve of gastric wall thickness (non-H. pylori gastritis group
versus control group).
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(1)

(2)

(3)
Fig. (4): (1) Abdominal sonography from two participants in group C without any stomach symptoms
shows normal MLT and AWT (MLT =1.45 mm, 1.65 mm and AWT = 3.76 mm, 3.81 mm
respectively). (2) Abdominal sonography from two participants in group B with gastric symptoms but
no H. pylori infection after endoscopic biopsy shows increasing in MLT and AWT of the stomach(
MLT=2.30 mm, 2.95 mm and AWT =5.30 mm,6.51 mmrespectively). (3)Abdominal sonography from
participants in group A with gastric symptoms and a diagnosis of H. pylori infection after endoscopic
biopsy shows increasing in MLT and AWT of the stomach (MLT=2.84 mm, 2.61 mm and AWT =
5.41 mm,5.20mmrespectively).
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RESULTS
Table 1, shows that there are no significant
differences between the studied groups as regards
demographic data (age, sex, body mass index,
smoking, and residence).The mean age was 29.70
years in group A, 30.66 in group Band 30.32 in
group C. The mean body mass index (BMI) was
26.93 in group A, 26.42 in group B, and 26.80 in
group C.
The comparison between the studied groups
regarding the gastric wall thickness as shown in
table 2, revealed a highly significant correlation
between the gastric wall thickness and H. pylori
gastritis. The AWT, MLT and MLT/AWT ratio
were greater in group A (H. pylori gastritis) than
in group B (non-H. pylori gastritis)and group C
(control group) with p-value < 0.001, furthermore,
there was a significant increase in AWT, MLT
and MLT/AWT ratio in H. pylori gastritis group
when compared only with on-H. pylori gastritis
group (table 3).
ROC curve analysis of gastric wall thickness in H.
pylori gastritis group showed that the optimal cut

off values of AWT, MLT and MLT/AWT with
the maximum sensitivity and specificity for
detecting H. pylori infection among patients with
symptomatic gastritis were > 4.94, > 2.64, > 0.48
respectively when it was compared with non-H.
Pylori gastritis group (table 4) and the cut-off
values
for
predicting
gastritis
among
asymptomatic individuals were > 4.95 mm, > 1.95
mm > 0.45 mm, respectively, when it was
compared with the control group (table 5),while,
ROC curve Analysis for early detection of
gastritis in non-H. Pylori gastritis group showed a
lower significant cut off points of AWT ( >3.99
mm), MLT ( > 1.71 mm), and MLT/AWT ( > 0.4
mm)when it was compared the control group
(table 6).
The charts of the Receiver operating characteristic
(ROC) curves (figure 3) showed the largest
AUROC for AWT, MLT and MLT/AWT was in
H. Pylori gastritis group versus the control group
(0.983, 1.000, and 1.000 respectively). Figure 4
showed abdominal sonography images from two
participants in each group.

Table (1): Comparison between the studied groups regarding basic characteristics.
Basic characteristics
Gender
Male n (%)
Female n (%)

Group A

Group B

Group C

P-value

17
13

(56.7%)
(43.3%)

22 (73.3%)
8 (26.7%)

15 (50%)
15 (50%)

0.164

Age (years)
Mean ± SD
Median (Range)

29.70±9.55
29 (18 – 55)

30.66±7.77
30 (1.8 – 45)

30.32±8.20
30 (18 – 55)

BMI (kg/m2)
Mean ± SD
Median (Range)

26.93±3.20
27.40 (20.10 –31.60)

26.42±2.62
27.15 (21.60 – 32.10)

26.80±2.60
27.55 (22.60 – 31.20)

1.35±3.69
0 (0 – 13.50)

1.65±4.60
0 (0 – 18)

1.74±5.18
0 (0 – 22.50)

0.671

Smoking(packs/year)
Mean ± SD
Median (Range)
Residence
Rural n (%)
Urban n (%)
* P < 0.05 is significant.

19
11

63.3%
36.7%

14
16

(46.7%)
(53.3%)

23
7
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Table (2): Comparison between the studied groups regarding gastric wall thickness in abdominal
ultrasonography.
Gastric wall thickness
AWT (mm):
Mean ± SD
Median (Range)
MLT (mm):
Mean ± SD
Median(Range)
MLT/AWT ratio:
Mean ± SD
Median (Range)
* P < 0.05 is significant.

Group A (n =30)

Group B (n =30)

Group C (n =30)

P-value

5.65±0.58
5.45(5 – 7.12)

4.57± 0.82
4.23(3.55 – 6.68)

3.93 ± 0.52
3.94(3.02 – 5.44)

* < 0.001

3.02 ± 0.43
2.88(2.39 – 3.95)

2.07± 0.41
1.89(1.60 – 3.12)

1.49 ± 0.22
1.49(0.94-1.95)

* < 0.001

0.53 ± 0.04
0.52(0.49 – 0.68)

0.45 ± 0.02
0.45 (0.41 – 0.51)

0.37± 0.03
0.38 (0.28 – 0.45)

* < 0.001

Table (3): Comparison between group A and group B regarding gastric wall thickness in abdominal
ultrasonography.
Gastric wall thickness
AWT (mm):
Mean ± SD
Median(Range)
MLT (mm):
Mean ± SD
Median(Range)
MLT/AWT ratio:
Mean ± SD
Median(Range)
* P < 0.05 is significant.

Group A(n =30)

Group B(n =30)

P-value

5.65±0.58
5.45(5 – 7.12)

4.57±0.82
4.23(3.55 – 6.68)

* < 0.001

3.02±0.43
2.88(2.39 – 3.95)

2.07±0.41
1.89(1.60 – 3.12)

* < 0.001

0.53±0.04
0.52(0.49 – 0.68)

0.45±0.02
0.45(0.41 – 0.51)

* < 0.001

Table (4): ROC curve Analysis of Gastric wall thickness (H. pylori gastritis group versus non-H.
pylori gastritis group).
Cut-off
Values

SN %
(95%CI)

SP %
(95%CI)

AWT > 4.94 mm
MLT > 2.46 mm
MLT/AWT> 0.48

100%
96.7%
100%

76.7%
86.7%
83.3%

PPV
%(95%
CI)
81.1%
87.9%
85.7%

NPV
%(95% CI)

Accuracy
(95%CI)

AUROC
(95%CI)

P-value

100%
96.3%
100%

88.4%
93.4%
91.7%

0.864
0.932
0.974

* <0.001
* <0.001
* <0.001

Table (5): ROC curve Analysis of Gastric wall thickness (H. pylori gastritis group versus control
group).
Cut-off Values
AWT > 4.95 mm
MLT > 1.95 mm
MLT/AWT >0.45

SN %
(95%CI)
100%
100%
100%

SP %
(95% CI)
96.7%
100%
100%

PPV%
(95% CI)
96.8%
100%
100%

NPV%
(95% CI)
100%
100%
100%

Accuracy
(95%CI)
98.4%
100%
100%

AUROC P-value
(95% CI)
0.983
* <0.001
1.000
* <0.001
1.000
* <0.001

Table (6): ROC curve Analysis of Gastric wall thickness (Non-H. pylori group versus control group).
Cut-off Values

SN %
(95% CI)

SP %
(95% CI)

PPV
NPV
Accuracy
AUROC P-value
% (95%
% (95%
(95% CI)
(95% CI)
CI)
CI)
AWT > 3.99 mm
83.3%
63.3%
69.4%
79.2%
73.3%
0.739
* <0.001
MLT > 1.71 mm
86.7%
86.7%
86.7%
86.7%
86.7%
0.932
* <0.001
MLT/AWT > 0.4
100%
86.7%
88.2%
100%
93.4%
0.971
* <0.001
ROC curve: Receiver Operating Characteristic curve; SN: Sensitivity; SP: Specificity; PPV: Positive Predictive
Value; NPV: Negative Predictive Value; AUROC: Area Under Receiver Operating Characteristic curve; CI:
Confidence Interval; mm: millimeter. * P < 0.05 is significant.
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DISCUSSION
Recently In Egypt, the prevalence of HPI in the
general population is about 70% [26], in addition
it is prevalent in about 73%and 80% among
school children and chronic active hepatitis C
virus patients respectively [27,28], and the
prevalence of metronidazole-resistant ranged from
25% to 100% [29,30]. Positive HPI in the
Egyptian was associated with gastritis [31] and
gastric cancer [32]. The less invasive tests for
gastritis diagnosis are favorable to decrease the
number of endoscopy surveys (cost and risks).
AUS is a cheap noninvasive tool for evaluation of
the gastric wall layers and thickness by using
high-frequency linear transducers [6]. Therefore,
this study aimed to assess the gastric antral wall
thickness in patients with H. pylori gastritis by
abdominal ultrasonography and to determine its
predictive role for the detection of H. pylori
gastritis.
In the present study, the sonographic findings
showed an increase in AWT and MLT in patients
with antral gastritis (group A and B) than in the
control group. Moreover, antral gastritis caused by
HPI had a significant thicker AWT and MLT than
gastritis without HPI, which highlights the
important correlation between H. pylori infection
and the increase of gastric wall thickness in
patients with gastritis. These findings were in
agreement with Cakmakci et al [13], who studied
108 adult patients classified into three groups
control; H.pylori gastritis and H. pylori-negative
gastritis. They suggested that the thickening of the
antral wall and mucosal layers on sonography
were characteristic features; correlating well with
H. pylori antral gastritis. In addition, it may be
useful for both, early detection of patients with
gastritis who require further investigation and for
avoiding some unnecessary interventions. The
significant increase of AWT in the patients with
H. pylori gastritis compared to the patients who
were H. pylori-negative gastritis (5.65 ± 0.58 and
4.57 ± 0.82 respectively) was in agreement with
studies by Mazaher et al [6] and Yazar et al [18].
Yazar and his colleagues concluded that the
gastritis diagnosis could be made comfortably
from the wall thickness measurements, while,
study of Mazaher and his colleagues was carried
out on one-hundred symptomatic children and
they concluded that the US could predict some
results of endoscopy and decrease the number of
endoscopic evaluations in children with signs or
symptoms of gastritis.

On the other hand, our results did not agree with a
study carried out by Kul et al [33], who included
99 individuals without gastric symptoms and
reported that AWT was higher in H. pylorinegative gastritis than H. pylori-positive gastritis
(5.45 ± 2.09, 4.80 ± 1.81 respectively). This could
be explained by the difference in the study aim,
they evaluated gastric wall thickness in subclinical
H. pylori infection and included asymptomatic
cases, while in our study, we included
symptomatic patients. The H. pylori infection with
clinical outcomes is expected to be more virulent
than subclinical H. pylori infection and produce
more inflammation and thickness in the stomach
wall, another explanation; they had used CT scans
of the abdomen to check the thickness of the
gastric wall and not ultrasonography which is
superior to contrast radiography in evaluating the
transmural inflammatory disorders; furthermore,
ultrasonography provides more information about
layers of the bowel wall [17]. Cakmakci and his
colleagues [21] studied, in another recent study,
the predictive role of ultrasonography for
detection of antral gastritis and H. pylori infection
but in pediatric age group and stated no significant
difference in total gastric wall thickness between
H. pylori and non-H. pylori gastritis groups. This
difference could be attributed to the different
studied age groups; our cases were adult
individuals with chronic gastritis, while they were
pediatric patients with acute or recent infection
and the longer the H. pylori infection lasts, the
more likely the pathological outcomes and antral
wall thickening will be.
In the present study, there was no significant
correlation between gastric wall thickness and
BMI; this was in agreement with a study by
Larsen and his colleagues [34], although they used
endoscopic ultrasound not transabdominal.
The parameters of antral wall thickness (AWT,
MLT, and MLT/AWT) in H.pylori gastritis group
showed a significant diagnostic and predictive
value through ROC analysis when compared to
either of non-H. pylori gastritis and control
groups. The cut-off values for detection of the H.
pylori infection among patients with symptomatic
gastritis were > 4.94 > 2.64> 0.48 respectively,
while, The cut-off values for predicting gastritis
among asymptomatic individuals are > 4.95mm,
>1.95 mm> 0.45 mm, respectively. Swenson and
Wallach [35] reported that the marked transmural
gastric wall thickening is a typical sign of gastritis
and the antral wall thickness greater than 4 mm is
considered suggestive of gastritis, this cut-off
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