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Usefulness of Ultrasonography in the Diagnosis of Peptic Ulcer
Disease in Children

Eun Joo Lee, Yeoun Joo Lee, and Jae Hong Park

Department of Pedlatrics, Pusan National University School of Medicine, Yangsan, Korea

Purpose: This study was performed to assess the clinical usefulness of transabdominal ultrasonography (TUS) in
detecting peptic ulcer disease (PUD) in children.

Methods: Twenty-four patients (19 boys, 5 girls; mean age, 10.6+4.5 years [range, 3.0-17.9 years]) who were admit-
ted to the hospital for acute abdomen or gastrointestinal bleeding and diagnosed with PUD by endoscopy and who
underwent TUS were included. Clinical data were retrospectively collected by reviewing patient medical records.
Gastric ulcer (GU) was suspected when the gastric wall exceeded 8 mm in thickness and had lost its five-layer struc-
ture on TUS. Duodenal ulcer (DU) was suspected if the duodenal wall thickness exceeded 5 mm.

Results: Sensitivity of TUS in diagnosing PUD was 66.7% for GU and 38.9% for DU. Mean age and body weight
of the 11 patients suspected with PUD on TUS were 10.9+4.4 years and 38.1+17.2 kg, respectively. For 13 patients
without suspected PUD, they were 12.1+4.1 years and 39.6+17.0 kg, respectively. There was a significant difference
in height, weight, and body mass index between patients who were suspected to have PUD and those who were
not suspected on TUS (p=0.014, 0.008, and 0.005, respectively). A significant difference in the sensitivity of TUS
in diagnosing PUD was found between patients under 30 kg and those over 30 kg (88.9% and 20.0%, respectively;
p=0.003).

Conclusion: TUS investigation of the stomach and duodenum is an efficient method for PUD detection in children
with low body weight. TUS can be used in preliminary diagnostic work-up before further invasive tests.
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INTRODUCTION to a systematic review of the literature published be-
tween 1997 and 2007 [1] were 0.10% to 0.19% for

Gastric and duodenal ulcers occur relatively in- physician-diagnosed PUD. The rapidly declining
frequently in the pediatric population. Annual in- prevalence of Helicobacter pylori infection and wide-
cidence rates of peptic ulcer disease (PUD) according spread use of potent anti-secretory drugs have sub-

Received : August 13, 2018, Revised : October 2, 2018, Accepted : October 9, 2018

Corresponding author: Jae Hong Park, Department of Pediatrics, Pusan National University Yangsan Hospital, 20 Geumo-ro, Mulgeum-eup,
Yangsan 50612, Korea. Tel: +82-55-360-2180, Fax: +82-55-360-2181, E-mail: jhongpark@pusan.ac.kr

Copyright (© 2019 by The Korean Society of Pediatric Gastroenterology, Hepatology and Nutrition

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

PEDIATRIC GASTROENTEROLOGY, HEPATOLOGY & NUTRITION



Pediatr Gastroenterol Hepatol Nutr

stantially lowered the prevalence of PUD compared
to that two decades ago [2]. However, there are only
a few studies on the prevalence of PUD in children.

With respect to diagnostic tool of PUD, a sin-
gle-contrast barium meal is not effective because of
its low sensitivity and specificity. It is also difficult to
perform in a timely manner. A double-contrast ba-
rium meal provides more accurate assessment of
mucosal detail in the gastroduodenum than the sin-
gle-contrast barium meal in radiographic study.
However, most children under 6 years of age are not
able to cooperate sufficiently for successful com-
pletion of an air-contrast examination [3]. This test
is also less sensitive and specific than endoscopy.

Esophagogastroduodenoscopy is the standard
modality for diagnosing PUD as it is very sensitive
and highly specific in establishing the presence of
mucosal ulceration both in the stomach and the duo-
denum [4]. While diagnostic upper gastrointestinal
endoscopy can be performed at any time, especially if
bleeding is the main symptom, routinely performing
it in all patients with epigastric pain is neither
time-efficient nor cost-efficient.

The presenting symptoms of PUD vary depending
on the age of the patient. Hematemesis or melena is
reported in up to half of patients with PUD [4].
Infants and younger children usually present with
feeding difficulty, vomiting, crying episodes, hema-
temesis, or melena. The classic symptom of peptic ul-
ceration (i.e., epigastric pain alleviated by the in-
gestion of food) is present only in a minority of
children. Many pediatric patients present with poor-
ly localized epigastric or periumbilical pain. As most
of these patients do not have a peptic ulcer [4], clin-
ical suspicion is the most important factor in the ear-
ly diagnosis of PUD.

Transabdominal ultrasonography (TUS) is a val-
uable noninvasive tool for the diagnosis of intestinal
lesions, including lesions in the stomach and duo-
denum. However, uncertainty remains concerning
its accuracy as a primary imaging procedure in pa-
tients presenting with clinical suspicion of PUD.
Although TUS is not the diagnostic test of choice for
patients with PUD, many patients with PUD who
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present to the emergency department with un-
explained abdominal pain or gastrointestinal (GI)
bleeding undergo TUS as an initial diagnostic test.
However, data regarding the usefulness of TUS in the
early diagnosis of PUD in children are still lacking.
Thus, the aim of this study was to determine the clin-
ical usefulness of TUS in identifying patients with
PUD in children.

MATERIALS AND METHODS

A total of 83 patients underwent both TUS and en-
doscopy because of acute abdomen with epigastric
pain or upper GI bleeding between July 2010 and
2015 at Pusan National University Children’s Hospital.
Twenty-four patients (19 males, 5 females) were di-
agnosed with PUD by endoscopy. Clinical data such
as sex, age, chief complaints, and the delay between
symptom presentation and diagnosis of these 24 pa-
tients were collected retrospectively by reviewing pa-
tient medical records. This study was approved by
the Institutional Review Board of Pusan National
University Yangsan Hospital (approval number:
05-2018-153).

The sensitivity of TUS in diagnosing PUD, demo-
graphic and clinical characteristics of 11 patients
suspected with peptic ulcers on TUS, demographic
and clinical characteristics of 13 patients with a
missed diagnosis of peptic ulcer on TUS, and the sen-
sitivity of TUS in diagnosing PUD according to body
weight were evaluated.

TUS was performed within 48 hours of hospital ar-
rival in all patients. Examinations were conducted
by a pediatric gastroenterologist and ultrasound spe-
cialist or radiologists. The thickness of the gastric
and duodenal walls was examined by real-time ul-
trasound (Sequoia 512 US system; Acuson, Mountain
View, CA, USA) using a high frequency probe (8-15
MHz linear transducers) and graded compression.
Gastric ulcer (GU) was considered as a diagnosis
when the gastric wall had a thickness that exceeded
8 mm and had lost its five-layer structure. Duodenal
ulcer (DU) was diagnosed when the thickness of the
duodenal wall exceeded 5 mm.
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Comparisons of age, height, weight, and body
mass index (BMI) between patients who were sus-
pected to have PUD and those who were not sus-
pected on TUS were analyzed using ¢-test while loca-
tions of lesions were analyzed using x > test. The sen-
sitivity, specificity, and positive and negative pre-
dictive values of TUS in suspecting PUD according to
body weight were evaluated using Fisher’s exact
test. The p-values less than 0.05 were considered
statistically significant. Statistical analysis was per-
formed using SPSS statistical software package for
Windows ver. 21.0. (IBM Co., Armonk, NY, USA).

RESULTS

A total 24 patients (19 males, 5 females) were in-
cluded in this study. The mean age of these patients
was 10.6*x4.5 (range, 3.0-17.9) years. Ten (41.7%)
patients were over 13 years old (Table 1).

Chief complaints were abdominal pain (n=16,
66.7%), hematemesis (n=4, 16.7%), vomiting (n=3,
12.5%), and melena (n=1, 4.2%). The delay between
symptom presentation and diagnosis was 7.0+7.7
days. Fifteen (62.5%) patients were diagnosed with-
in one week after the onset of symptoms.

Fig. 1. Transverse gray scale sonogram through the gastric
antrum demonstrating marked, circumferential gastric wall
thickening with loss of the gastric five-layer structure (arrow).

In all patients diagnosed with PUD, the gastric an-
trum or duodenal bulb showed marked, diffuse, and
circumferential wall thickening on TUS (Fig. 1 and
2). The 11 patients diagnosed with PUD had a mean
age and body weight of 10.9+4.4 years and
38.1+17.2 kg, respectively. Four (36.4%) patients
had lesion on the gastric antrum, six (54.5%) on the
duodenal bulb, and one (9.1%) on both gastric an-
trum and duodenal bulb. The 13 patients who were
not diagnosed with PUD by TUS had a mean age and
body weight of 12.1+4.1 years and 39.6+17.0 kg,
respectively. The lesion was located at the gastric an-
trum in two (15.4%) patients, at the duodenal bulb
in nine (69.2%), and on both the gastric antrum and
the duodenal bulb in two (15.4%). There were sig-

Table 1. Age and Sex Distribution of Patients

Age (y) Male Female Total
<3 1 (4.2) 0 (0.0) 1 (4.2)
4-7 7 (29.2) 1 (42) 8 (33.3)
8-12 4 (16.7) 1 (4.2) 5 (20.8)
>13 7 (29.2) 3 (12.5) 10 (41.7)
Total 19 (79.2) 5 (20.8) 24 (100.0)

Values are presented as number (%). Mean age, 10.6+4.5
(range, 3.0-17.9) years.

Fig. 2. Transverse gray scale sonogram through the duodenal
bulb demonstrating hyperechoic center surrounded by a
hypoechoic halo with various thicknesses (arrow).
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nificant differences in height, weight, and BMI be-
tween patients who were suspected to have PUD and
those who were not suspected on TUS (p=0.014,
0.008, and 0.005, respectively). However, there was
no significant difference in age or the location of le-
sion between the two groups (Table 2).

The sensitivity of TUS in diagnosing PUD was
66.7% (4/6) for GU, 38.9% (7/18) for DU, and 45.8%
(11/24) in total. We compared the sensitivity, specif-
icity, and positive and negative predictive values of
TUS for the diagnosis of PUD by dividing patients to
those weighing less than 30 kg and those weighing
more than 30 kg. A significant difference in the sen-
sitivity of TUS in diagnosing PUD was found be-
tween patients under 30 kg and those over 30 kg
(88.9% vs. 20.0%, p=0.003). A significant difference
in the negative predictive value of TUS was also
found between the two groups (96.3% vs. 70.7%,
p=0.015). However, there was no significant differ-
ence in specificity or positive predictive value of TUS
between the two groups (p=0.747 and 0.286, re-
spectively). There was no statistical difference in the
sensitivity of TUS between the two groups according
to the localization of the lesion (p=0.479) (Table 3).

DISCUSSION

Although PUD is rarely the etiology of abdominal
pain in children, it must be excluded during the diag-
nosis process. To this end, TUS is now recognized as

an important diagnostic tool in detecting abdominal
disease as it can effectively be used to evaluate the
stomach and duodenum [5,6]. Although it is not the
first-line option in suspected PUD, it can be used in
the diagnostic work-up before invasive tests. It may
reduce diagnosis time in children. Early upper en-
doscopy is recommended in patients with PUD be-
cause it confirms the diagnosis and allows for tar-
geted endoscopic treatment.

In the present study, the sensitivity of TUS in diag-
nosing PUD was 66.7% in GU and 38.9% in DU. Its
sensitivity was much higher in patients under 30 kg
(88.9%) than that in patients over 30 kg (20.0%). To
the best of our knowledge, this is the first study
showing the diagnostic value according to body
weight in children following their screening diag-
nostic TUS for suspected PUD.

The thickness of the normal GI tract varies
considerably. The wall of the gastric antrum can
measure up to 5 mm whereas that of the duodenum

Table 3. Sensitivity, Specificity, PPV, and NPV of TUS for
Diagnosing PUD Lesion according to Body Weight

Weight Sensitivity Specificity PPV NPV
(kg) (%) (%) (%) (%)
<30 88.9* 96.3 88.9 96.3**
=30 20.0 90.6 50.0 70.7

PPV: positive predictive value, NPV: negative predictive value,
TUS: transabdominal ultrasonography, PUD: peptic ulcer disease.
*p=0.003, **p=0.015.

Table 2. Comparisons of Demographic and Clinical Characteristics between Patients Suspected to Have PUD and Not Suspected

on TUS

Characteristic PUD positive (n=11) PUD negative (n=13) p-value
Age (y) 10.6*+4.5 10.9+4.4 0.850*
Height (cm) 141.1+24.9 143.2+23.8 0.014*
Body weight (kg) 38.1*x17.2 39.6x17.0 0.080*
Body mass index (kg/m?) 17.9£3.0 18.2+3.0 0.005*
Location of lesion (n) 03577

Gastric antrum 4 (36.4) 2 (15.4)

Duodenal bulb 6 (54.5) 9 (69.2)

Both 1 (9.1) 2 (15.4)

Values are presented as mean=standard deviation or number (%).
PUD: peptic ulcer disease, TUS: transabdominal ultrasonography.

Analyzed by *f-test and Tx? test.
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and the small bowel usually measures 1 to 2 mm [7].
While inflammatory diseases such as gastritis or ul-
cers are usually not detected by ultrasonography, a
circumscribed thickening of the gastric or duodenal
wall with an echogenic center is occasionally seen in
gastroduodenal ulcers [8,9]. In the present study,
when the gastric wall had a thickness that exceeded
8 mm and had lost its five-layer structure, GU was
suspected. When the thickness of the duodenal wall
exceeded 5 mm, DU was suspected.

Lorentzen et al. [10] have reported that gastric or
duodenal wall thickening shown on TUS is a sig-
nificant finding that indicates upper GI pathology in
86% of GU and 60% of DU cases. Computed tomog-
raphy has demonstrated similar findings to TUS in
the context of gastritis and PUD [11,12].

In the present study, the diagnosis rate of PUD us-
ing TUS was significantly different according to body
weight. In the diagnosis of GI diseases, several stud-
ies have looked at the effect of body weight and age
on the diagnostic yield of TUS. For example, Sulowski
et al. [13] have shown that obesity is an independent
predictor for a non-diagnostic screening TUS in sus-
pected appendicitis. By using TUS to visualize the ap-
pendix in 126 children divided according to body
weight (overweight, normal and underweight), an-
other study [14] has shown that the appendix is not
visible in 79% of overweight children. This percent-
age is significantly higher than that in the other
weight groups. BMI also negatively influences the
sensitivity of TUS in diagnosing appendicitis in chil-
dren older than 14 years [15]. Yu et al. [16] have sug-
gested that TUS could be useful in diagnosing acute
appendicitis, especially in younger patients. In a
study by Kotagal et al. [17], TUS was more likely to
be non-diagnostic in overweight or older children in
diagnosing acute appendicitis. Altogether, these re-
sults suggest that the sensitivity of TUS can be lower
in children who are overweight or older.

In this study, the diagnostic rate of TUS seemed to
be lower for DU compared to that for GU. However,
there was no significant difference in diagnostic ac-
curacy of TUS according to the location of the lesion
when patients were divided into those who were sus-

pected to have peptic ulcer and those who were not
suspected. In addition, there was no statistically sig-
nificant difference in the sensitivity of TUS in diag-
nosing PUD according to the localization of the le-
sion between patients under 30 kg and those over 30
kg. Inflammatory changes of the duodenal wall are
generally known to have a lower ultrasound diag-
nostic rate than changes in the gastric wall. The loca-
tion of the duodenum and its close relationship with
other organs make it easier to miss or misinterpret
abnormalities. In previous studies, comparisons of
topography showed that TUS detected bowel wall in-
flammatory changes preferentially in the terminal
ileum and colon whereas such changes in the duode-
num, jejunum, and rectum were frequently missed
[18,19]. The reason for the difference between re-
sults of this study and those of other studies is pre-
sumably because of the small number of patients en-
rolled in the present study.

This study has several limitations. First, TUS was
performed on an on-call request in patients with
acute abdomen or GI bleeding. The diagnostic qual-
ity of TUS might have been compromised by the
presence of bowel gas and fecal material. Fluid-aided
sonography of the stomach and duodenum may in-
crease the diagnostic sensitivity [20]. Future inves-
tigations could use an oral administration of an
echoic, cellulose-based, gastric ultrasound contrast
agent as it has recently been suggested to be a val-
uable initial screening tool for GU [21]. Second, TUS
is highly operator-dependent. Its diagnostic accu-
racy is influenced by sonographer experience. Third,
since this is a retrospective, single-center study with
a small number of patients, a prospective study with
a large number of patients is needed to clarify the di-
agnostic value of TUS in the diagnosis of PUD in
children.

In conclusion, TUS investigation of the stomach
and duodenum is an efficient diagnostic method. If
an upper GI tract disease is suspected in children
weighing less than 30 kg, a thorough ultrasound ex-
amination will be helpful to avoid unnecessary endo-
scopic examination and allow the most appropriate
subsequent diagnostic procedure to be chosen.
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However, ultrasonography cannot replace endos-

copy, especially in patients who are overweight.

Even if TUS is negative, endoscopy should be consid-

ered in patients with clinically suspected PUD.
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