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Abstract

Background: Helicobacter pylori can colonize the submucosal layer as well as the mucosa in the stomach.
Inflammation and erosions cause both mucosal and submucosal thickening in patients with Helicobacter
pylori gastritis. Elastography is a method for measuring the elasticity and hardness of tissues by visualiza-
tion of their response to the applied force. Hard tissues respond to applied compression differently com-
pared to soft tissues. Hard tissues displace as a whole without deforming as opposed to soft tissues. In this
study, we investigated the diagnostic performance of transabdominal ultrasound elastography in detecting
Helicobacter pylori gastritis in children. Methods: Nineteen children (group 1) with Helicobacter pylori
gastritis, 33 children (group 2) with Helicobacter pylori (-) gastritis and 37 healthy children (group 3) were
included the study. These groups were compared in terms of their strain index values. Ultrasonographic ex-
aminations were performed with a single transducer at 1.8—-6.2 MHz frequency range. Results: Both group
1 and 2 had significantly higher strain index values compared to the control group (2.7, 2.2 and 1.4 respec-
tively). Additionally, the mean strain index value was significantly higher in group 1 compared to group 2.
Conclusion: Transabdominal ultrasound elastography has diagnostic value in differentiating Helicobacter
pylori (+) gastritis from Helicobacter pylori (-) gastritis as well as in the diagnosis of gastritis in children.

tive histology is the gold diagnostic standard®. However, endoscopy,
which is an invasive procedure, is needed to obtain these results.

Helicobacter pylori (H. pylori) infection is very common, affecting
about 50% of the worldwide population®”. In developed countries,
low prevalence of H. pylori has been observed among children. Nev-
ertheless, infection rates are still high in some regions due to low so-
cioeconomic status and poor health conditions®. H. pylori infection
has a different clinical course in children from that in adults. Studies
conducted in different centers found no difference in the symptoms
presented by children with H. pylori (+) and H. pylori (-) dyspepsia®.
Therefore, new methods have been developed to detect H. pylori in-
fection over time. Positive tissue culture or rapid urease test with posi-

Helicobacter pylori can colonize the submucosal layer as well as the
mucosa in the stomach. Inflammation and erosions cause both mu-
cosal and submucosal thickening in patients with H. pylori gastritis.
As a result of studies based on this data it was documented that pa-
tients with H. pylori infection presented with gastric wall thickening
detectable by ultrasonography®.

Elastography is a method for visualization of elasticity and hardness
of tissues by evaluating their response to an applied force®. Hard
tissues respond differently to compression compared to soft tissues.
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Hard tissues displace as a whole without deforming as opposed to
soft tissues. For this reason, hard tissues have strain values lower
than those of soft tissues?. Strain index is calculated by dividing
the strain value of the tissue by that of the surrounding structure.
As expected, less compressible and less deformable hard tissues have
higher strain index values. Strain elastography, an inexpensive and
non-invasive new visualization method increases the usefulness of
ultrasonography in different situations®!-**),

Inflammation and erosion caused by H. pylori infection can alter
gastric wall elasticity. An analysis of these changes using transab-
dominal ultrasound elastography (US-EG) may provide clinical
benefits. In this study, we have assessed the diagnostic performance
of transabdominal US-EG in children with H. pylori gastritis.

Methods

Study design and patients

Between March 2020 and January 2021, 19 children (group 1) with
H. pylori (+) gastritis detected by endoscopy in our pediatric gastro-
enterology clinic serving as a tertiary center, and 33 children (group 2)
with H. pylori (-) gastritis were included the study. In addition, 37 age
and sex-matched healthy children (group 3) without any complaints
were included as the control group. Children with previously known
diseases thought to affect the intestinal wall (celiac disease, inflam-
matory bowel disease) or hepatitis were excluded. The study was con-
ducted after obtaining the approval of the local ethics committee in
accordance with the Declaration of Helsinki (decision no: 2020-12/9).
Written informed consent was obtained from all patients and healthy
controls as well as their parents before inclusion in the study.

All endoscopic investigations were performed by a pediatric endos-
copists (U.E.A., LA.L and A.A)) in the endoscopy unit, using the
EG-530WR (Fuji Film, Tokyo, Japan). Peptic ulcer and erosion ob-
served during endoscopy were defined as gross pathological find-
ings. Decreased or increased vascularity or hyperemia were defined
as nonspecific findings and not considered pathological®®. Two bi-
opsies were taken from the corpus and antrum and put in a contain-
er filled with 10% formalin and sent to the pathology department.
All examinations were performed by experienced pathologists
blinded to patient’s clinical and endoscopic findings. The specimens
were hematoxylin and eosin-stained. The Sidney Scoring System
was used to evaluate the histopathological findings"”. The severity
of the inflammation was determined as mild, moderate, or severe,
depending on the intensity of plasma cells and lymphocytes in the
lamina propria. Mild inflammation was not considered pathologi-
cal. Positive rapid urease test and detection of H. pylori at gastric
biopsy were defined as H. pylori infection.

Strain elastography

Ultrasonographic examinations were performed with the Hitachi ultra-
sound system with a single transducer at 1.8-6.2 MHz frequency range.
All ultrasonographic examinations were performed by the same pedi-
atric radiologist blinded to the patients’ clinical information, including
2-D examinations. All examinations were performed by a radiologist
with more than ten years of experience in pediatric ultrasonography.

All examinations were performed after eight-hour fasting, in the su-
pine position. Five strain measurements were obtained from the stom-
ach wall, via a subxiphoid approach during suspended respiration.

A 2 cm x 2 cm strain color map (elastogram) and a 0.5 cm manu-
ally placed round region of interest (ROI) were used. The ROI was
placed in areas of optimal color fill. The depth of measurement was
calculated automatically by the ultrasound device.

A single pediatric radiologist (M.B.O) experienced in US-EG re-
viewed all measurements, and good-quality strain measurements
were recorded for further analysis.

Statistical analysis

Data are presented as means, standard deviations, or ranges as ap-
propriate. For comparison between two groups, Student’s t-test was
used for variables exhibiting normal distribution, and the Mann-
Whitney U-test for those not distributed normally. In the case of
more than two groups, the ANOVA test was used for variables ex-
hibiting normal distribution, and the Kruskal-Wallis test for those
not exhibiting normal distribution. The chi-square test was used to
compare categorical variables. P-values less than 0.05 were consid-
ered statistically significant. The data were evaluated with SPSS 18.0
(SPSS Inc. Chicago, IL, USA) statistical software.

Univariate regression analysis and multivariate regression analysis
were used to analyze factors related to the strain index as determined
by US-EG. These analyzes were performed to evaluate relationships
between the strain index and factors that may have influenced H. py-
lori gastritis: age (=12 years old), gender and body mass index (=85th
percentile). Areas under receiver operating characteristic curves
(AUROCs) were determined for the strain index as determined by
US-EG for H. pylori gastritis diagnostic ability. The optimal cut-
off values were determined from AUROC curve analysis and the
Youden ] index and its associated criterion values were chosen.

Results

A total of 35 (39.3%) patients were males, their age and weight were
between 8-18 years (median 14 years) and 22-74 kg (median 47 kg),
respectively. The groups were statistically similar in terms of age,
gender, and weight (Tab. 1).

Tab. 1. Comparison of demographic findings and anthropometric measure-
ments in the groups

Group 1 Group 2 Group 3 p value
(n=19) (n=33) (n=37)
Age, years 138+30 | 13.66£27 | 125+29 0.166
Gender, n | Male 6(31.6) 14 (42.4) 15 (40.5) 0.728
(%) Female 13 (68.4) 19 (57.6) 22 (59.5)
Weight, kg 506+ 168 | 496+ 145 | 428+ 157 0.101
Body mass index, 21.1+24 | 205+20 | 194+23 0215
kg/m?

Values are expressed as mean + standard deviation or number (%)
Calculated for the comparisons between the three groups by using
ANOVA for continuous variables. p-value, compared with control, group 1
and group 2
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Fig. 1. A. A seven year-old boy suffering from H. pylori infection underwent strain elastography examination. The strain values obtained from the thickened gastric
wall were compared with the stomach surface of the neighboring muscle tissue which was accepted normal. B. Strain value measurement in a healthy 5-year-
old volunteer boy. After clinical examination, the patient’s gastric wall was scanned using B-mode sonography and after no thickening has been shown, the
color map was obtained and the region of interest was measured. The value was 0.24, which corresponded to normal limits in the healthy volunteer group

The mean strain index values were 2.7 in H. pylori (+) gastritis group
(group 1), 2.2 in H. pylori (-) gastritis group (group 2), and 1.4 in the
control group (Fig. 1). Both group 1 and group 2 had significantly
higher strain index values compared to the control group. Addition-
ally, group 1 had a significantly higher mean strain index value than
group 2 (Fig. 2).

Strain index determined by US-EG was not correlated with body mass
index, gender or age (Tab. 2). AUC was calculated to evaluate its utility
in diagnosing gastritis using the strain index determined by US-EG.
A value of 0.873 was determined as a good AUC. When a 1.6 cut-off
point was taken, its sensitivity in diagnosing gastritis was 90.4%, its
specificity was 65%, and its accuracy was 73.9% (Fig. 3). In addition,
the ability of strain index to diagnose H. pylori gastritis among gastri-
tis patients was also calculated. AUC was estimated at 0.720. When
a cut off value of 2.0 was taken, the diagnostic sensitivity, specificity
and accuracy were 84.2%, 54.5 and 68.1%, respectively (Fig. 4).

Discussion

In this study, we investigated the benefits of transabdominal US-EG
using strain index in the diagnosis of gastritis in children. Our find-
ings revealed significantly higher mean strain index in children with
gastritis compared to healthy controls. In addition, the strain index
was also significantly higher in children with H. pylori (+) gastritis
than those with H. pylori (-) gastritis. In conclusion, transabdominal
US-EG is a fast, reliable and non-invasive method that can be applied
to detect gastritis in children with and without H. pylori infection.

Tab. 2. Univariate and multivariate analyses of factors related to SI by US-EG

The North American Society for Pediatric Gastroenterology, Hepa-
tology and Nutrition (NASPGHAN) and the European Society for
Pediatric Gastroenterology Hepatology and Nutrition (ESPGHAN)
recommend the use of biopsy-based testing based on positive cul-
ture or histopathology for the initial diagnosis of H. pylori gastritis®®.
However, endoscopy is a relatively expensive and invasive procedure
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Fig. 2. Comparison of the strain index by transabdominal ultrasound elastog-
raphy in the groups. The strain index values in H. pylori gastritis, non
H. pylori gastritis and control groups were 2.7 (1.8-4.1), 2.2 (1.3-3.2)
and 1.4 (0.4-2.4), respectively

Univariate Multivariate
Median Sl by US-EG
OR (95% Cl) p value OR (95% CI) p value
Age (<12:>12,35:54) 19 2.1 1.325(0.363-2.846) 0,390 1.479(0.591-1.437) 0.541
Gender (M:F, 35:54) 20 19 1.021 (0.764-1.482) 0.649 1.039(0.351-1.971) 0.713
BMI (<85th percentile: >85th percentile, 67:22) 2.1 2.0 1.879 (0.526-2.135) 0435 1.504 (0.434-1.628) 0616

OR - odds ratio; SI - strain index; US-EG — ultrasound elastography; BMI

body mass index
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Fig. 3. Diagnosis of gastritis using the strain index as determined by transab-
dominal ultrasound elastography

and is not practical in a clinical setting. In addition, side effects can
be seen due to sedation used during the procedure. Some other di-
agnostic methods are used to determine the presence of H. pylori in-
fection. Repeat testing after treatment is also important to confirm
H. pylori eradication. Tests may be done using a stool sample, through
a breath test and by an upper endoscopy exam. Stool antigen test is
the most common stool test to detect H. pylori. It screens for proteins
(antigens) associated with H. pylori infection in the stool. Stool poly-
merase chain reaction (PCR) can be used to detect H. pylori infection
in stool. The test can also identify mutations that may be resistant to
antibiotics used to treat H. pylori. However, this test is more expensive
than a stool antigen test and may not be available at all medical cen-
ters. During a breath test, known as the urea breath test, a pill, liquid
or pudding containing tagged carbon molecules is ingested. In the
case of H. pylori infection, carbon is released when the solution comes
in contact with H. pylori in the stomach. Because the body absorbs
the carbon, it is released when the patient breathes out. The patient
exhales into a special bag to measure the release of carbon. A spe-
cial device detects carbon molecules. This test can be used for adults
and cooperative children over 6 years old. Ultrasonography is a fast,
inexpensive and non-invasive imaging method used for abdominal
examination. A complete elastography examination can be done
within a few minutes after ultrasonography. US-EG differs from oth-
er anatomical imaging techniques because tissue contrast is achieved
through differences in mechanical stiffness. Differences in the elastic
properties of pathological vs normal tissues constitute the basis of the
elastographic approach, especially for the detection of malignant le-
sions. Strain index is a semi-quantitative parameter used in clinical
practice for both focal breast and thyroid pathologies. However, elas-
tography is also suitable for evaluating the general elasticity of tissue
and can therefore be used for imaging gastrointestinal diseases. In an-
imal studies, it has been shown that intestinal wall stiffness can be ac-
curately measured by strain elastography®. After surgical resection
in mice with stricture due to Crohn’s disease, a correlation was found
between direct measurement of intestinal wall stiffness and elastog-
raphy values"®. Human studies also show that the involved parts of
the intestine have a higher strain than normal ones in both elastogra-
phy and direct measurements®-2?. Strain index has given very good
results, especially in fibrosis®*?Y. However, the inability to fully visu-
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Fig. 4. Diagnosis of H. pylori gastritis using the strain index as determined by
transabdominal ultrasound elastography in patients with gastritis

alize the small intestines and their peristaltic movements make elas-
tography difficult. The stomach is a more superficially located organ
compared to the intestines and has less peristaltic movements, so it
can be viewed more easily. In addition, the stomach wall thickness is
greater than the small intestine wall thickness.

Before spreading to other parts of the stomach, H. pylori first involves
the antrum®. H. pylori colonizes the deep layers of mucosa and sub-
mucosa and causes chronic gastritis and mucosal atrophy. Chronic
inflammation and hyperacidity also spread to the muscularis mucosa
and cause thickening of this layer®®?”. It has been shown that there
is typically transmural gastric wall thickening in gastritis, which im-
proves with appropriate treatment. In addition, more thickening has
been detected in the antral wall and mucosal layer in patients with
H. pylori gastritis vs H. pylori (-) gastritis®. In our study, based on
changes in gastric wall elasticity, the diagnostic sensitivity and accu-
racy of transabdominal US-EG in gastritis using the strain index was
90.4% and 65.0%, respectively. In addition, sensitivity and accuracy in
differentiating H. pylori (+) gastritis from H. pylori (-) gastritis were
84.2% and 54.5%, respectively. These results show that elastography,
which only takes a few minutes, is a convenient and reliable method.

There is no other study investigating the efficacy of transabdomi-
nal US-EG for H. pylori gastritis either in children or in adults. For
this reason, our study is original and unique. The main strongest
aspect of the study is that it provides direct comparison between US-
EG and histopathological findings in patients with gastritis. In our
study, we determined some criteria to define the reference standard.
Pre-selected criteria are very important in determining the reference
standard as an incorrect or incomplete reference standard will sig-
nificantly affect diagnostic accuracy. In our study, strain rate values
were obtained for the first time by calculating the ratio between the
tension of the tissue surrounding the stomach and the gastric wall.

There are two major limitations of the study. There was a relatively
small number of patients and the study was limited to the pediatric
population. Further studies with larger sample size are needed to en-
hance the accuracy of the cut-off value of strain ratio in the diagnosis
of H. pylori (+) and (-) gastritis. Second, US-EG is an operator-de-
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pendent process and therefore may be affected by the experience of
the person performing it. In our study, elastography was performed
by a pediatric radiologist with more than 10years of experience.

Conclusion

In conclusion, our study has shown that transabdominal US-EG
has diagnostic value in detecting gastritis and differentiating H. py-
lori (+) gastritis from H. pylori (-) gastritis in children. US-EG is
a non-invasive, real-time, inexpensive and well-tolerated technique.
It may have diagnostic significance in pediatric patients with gastri-
tis and prevent unnecessary interventions. However, the data from
this study can serve as baseline information. New studies in larger
patient groups should be performed to assess the efficacy of US-EG
in detecting H. pylori gastritis.
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