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Abstract

Background: Upper gastrointestinal (UGI) series is the standard imaging tool for diagnosis of structural and
functional abnormalities affecting the esophagus, stomach, and proximal small bowel. The aim of this study was to
delineate the clinical indications for UGI series in children that are associated with the presence of significant
radiological abnormalities aiming for more standardized care for those patients.

Results: UGI series of 118 patients was analyzed with calculation of clinical score. Vomiting was the most frequent
primary complaint (63.6%), followed by dysphagia and recurrent chest infection. Forty-nine patients had positive
upper Gl findings (42%). The most detected abnormality was related to the stomach and duodenum (21.4%).
Variable degrees of idiopathic gastroesophageal reflux were detected in 16 patients (13.6%). Patients with clinical
score 2 or more had significantly more prevalence of abnormal findings (p = .001). Vomiting (especially when
bilious), underweight, aspiration, and recurrent chest infection were strong predictors of abnormal findings on
upper Gl series (p = 0.007, 0.001, 0.009, and 0.001, respectively) and increased the diagnostic yield of upper Gl series
for detection of abnormalities by 3.48, 9.6, 4, and 4.12 times, respectively.

Conclusion: Diagnostic yield of UGI series was relatively higher in patients having two or more symptoms (clinical
score 2 or more) and in children with bilious vomiting, aspiration and underweight, or repeated chest infection.
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Background

Upper gastrointestinal (UGI) series is frequently per-
formed in the pediatric radiology department. It is con-
sidered the standard imaging tool for diagnosis of
structural and functional abnormalities implicating the
esophagus, stomach, and proximal small bowel. It per-
fectly demonstrates congenital malformations affecting
the gastrointestinal tract (e.g., hiatus hernia, intestinal
malrotation); in addition, it can depict extra-luminal
esophageal compression by an anomalous blood vessel
or an external compressing mass. Underlying causes of
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dysmotility disorders such as achalasia are also properly
evaluated [1-3].

In clinical practice, UGI series is usually performed in
many children with symptoms related to the gastrointes-
tinal tracts, particularly vomiting, dysphagia, or abdom-
inal pain. However, unindicated radiological procedure
could unnecessarily expose more sensitive patients in
the pediatric age group to the detrimental effects of ion-
izing radiation [4, 5]. Moreover, in view of limited re-
sources and emphasis on quality and safety of radiologic
procedures, the risk versus potential benefits should be
weighed before proceeding with any procedure.

The diagnostic value of UGI series is explored in a few
papers in the literature especially focusing on children
with vomiting [2, 6-8]. Consequently, there is a remark-
able need to evaluate its usefulness in the clinical man-
agement of those patients.
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The aim of this study was to obviously delineate the
clinical indications for UGI series in children and their
association with the presence of significant radiological
abnormalities aiming for more standardized care for
those patients.

Methods

Patient selection

After ethical and internal review board approval, a
cross-sectional study was conducted at the radiology
unit in our university pediatric hospital. All patients pre-
sented to our unit requesting UGI series were initially
included in the study; patients with history of corrosive
ingestion or prior UGI surgeries were excluded. Patients
with incomplete studies or insufficient clinical data were
also excluded. Informed oral consent including all pro-
cedure details was obtained from all parents or guard-
ians before the procedure.

All patients were subjected to detailed history taking
and were instructed to fast for 4 to 6 h before the pro-
cedure. Figure 1 refers to history taking sheet adopted in
our department.
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Procedure detail

UGI series was performed by using TOSHIBA
ZEXIRA DRX (MODEL BLF-15B) for pulse fluoros-
copy with last screen capture at a rate 3—4 frames/s.
Anteroposterior scout film is obtained. Imaging
started from the oropharynx to the duodenojejunal
flexure using single contrast technique. The contrast
is administered by bottle or through a nasogastric
tube. AP and lateral views of the esophagus are ob-
tained. Lateral view of the duodenum is then ob-
tained while the contrast passes through its second
part. This is followed by AP view of the duodenoje-
junal flexure. Finally, an AP image was obtained
once the contrast had passed into the jejunum. No
specific maneuvers or tests were performed to initi-
ate reflux [9, 10].

Data collection

Age, gender, and the primary complaint for each patient
are recorded, and all radiologic abnormalities were
documented.

Name:
Gender:
Age:

Type of the study:

Contrast used and its concentration:

Complaint:
Vomiting -Bilious/Non bilious
Aspiration Yes/No

Repeated respiratory related | Yes/No

symptoms

Dysphagia Yes/No

If yes, site (upper or lower):

More with fluids or solids:

Abdominal pain Yes/No

Change in bowel habits | Yes/No

If yes, the current bowel habit:

Hematemesis Yes/No

Presence of melena or Yes/No

blood in stool

Other symptoms

Medical history

Surgical history

Fig. 1 Patient’s history sheet
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Predictor variable

The indication for UGI series was determined based on
patients’ symptoms. Indications include vomiting, dys-
phagia, underweight, aspiration, recurrent chest infec-
tion, abdominal pain, change in bowel habits,
hematemesis, or melena. As patients might have more
than one symptom, a clinical score was calculated for
each patient setting 1 point for each symptom as we
have recently published [8]. The total number of patients
having each symptom as isolated or in association was
also calculated.

Outcome variables

The UGI series findings were categorized into normal
and abnormal groups where the latter group includes all
positive UGI series. The abnormal group was further di-
vided into 4 groups according to the location of the
dominant abnormal findings: patients with idiopathic
gastroesophageal reflux (GER), patients with findings re-
lated to the esophagus, patients with findings related to
both stomach and duodenum, and lastly aspiration. The
groups of patients with normal and abnormal findings
were compared regarding their clinical scores.

Statistical analysis

Different groups were compared regarding patients’ age
and gender. They were also analyzed regarding their
clinical presentation (vomiting, dysphagia, underweight,
aspiration, recurrent chest infection, abdominal pain,
change in bowel habit, hematemesis, and melena).
Multinomial logistic regression models were built to

Table 1 UG series findings in relation to patients’ symptoms
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assess confounding variables and relevant interactions,
using backward stepwise regression to determine inde-
pendent predictors for positive upper GI findings

Numeric variables were provided as the median (IQR)
and range. The Kruskal-Wallis H test was used to com-
pare continuous variables and the chi-square test to
compare categorical variables. A probability value (p
value) less than 0.05 was considered statistically signifi-
cant. IBM® SPSS® Statistics 21 version was used for stat-
istical analysis.

Results
One hundred and eighteen patients (out of 320 patients
who underwent upper GI series) were included in the
study. The remaining patients were excluded due to one
or more of the previously mentioned exclusion criteria.
Patients ranged in age from 5 days to 17 years (median
2 years). Table 1 summarizes the patients and findings of
their UGI series according to their primary complaint.
Vomiting was the most frequently encountered symp-
tom (n = 85; 72.6%), and it was non-bilious in 79 pa-
tients; however, it was the primary complaint in 75
patients. Thirty-five patients reported recurrent chest in-
fection (30%), and it was the primary complaint in only
11 patients. Dysphagia was reported by 18 patients
(15.4%), and it was the primary complaint in 13 patients.
Seventeen patients had a history of aspiration, and it was
the primary complaint in 9. Additionally, underweight
was present in 72 patients (61.5%), abdominal pain was
present in 30, changes in bowel habits was reported in

Primary Findings when  Findings when combined with other symptoms
complaint  isolated Normal Idiopathic Esophageal or Gastric abnormalities Duodenal abnormalities***
(number
P study GER oropharyngeal
or abnormalities
patients¥)
Vomiting Normal (13), GER 23 15 Peptic stricture  Pyloric obstruction (2), IHPS (2), Duodenal atresia (1), midgut
(75)** (1), pyloric m gastritis (2), hiatus hernia (4), hiatus malrotation (3), midgut
obstruction with hernia with gastric volvulus (1), malrotation with midgut volvulus
gastritis (1) primary gastric volvulus (3) (1), SMA syndrome (1)
Dysphagia  Normal (5) 6 0 Achalasia Gastritis (1)
(13) secondary to
mediastinal
lymphoma (1)
Recurrent  Normal (3) 5 0 False passage of Diaphragmatic hernia and volvulus of ~ Midgut malrotation with gastric
chest the esophagus  the stomach (1) volvulus (1)
infection Q)
(1)
Aspiration  Normal (1) 3 0 Oropharyngeal 0
9) aspiration (5)

GER gastroesophageal reflux, IHPS infantile hypertrophic pyloric stenosis, SMA superior mesenteric artery syndrome

*The number of patients was calculated according to the primary complaint

**Additional one case with Alport syndrome (with midgut malrotation, combined hiatus hernia, diffuse esophageal leiomyomatosis) was complaining of vomiting

epigastric pain and dysphagia.

**#*A|| patients with duodenal abnormalities presented with attacks of bilious vomiting
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Fig. 2 Different patterns of gastric abnormalities. a Gastric organoaxial volvulus. b Sliding hiatus hernia (asterisk) with dilated esophagus. ¢ Large
hiatus hernia containing most of the stomach associated with volvulus. d Left-sided Bochdalek hernia containing the stomach and other
bowel loops

14, and attacks of melena was present in 9 while hema-  degrees of idiopathic gastroesophageal reflux were detected
temesis was present in 8. in 16 patients (13.6%) (Fig. 5). Five patients were found to
Forty-nine patients had positive UGI findings (42%). The  have aspiration (4.3%), and four patients had findings related
most detected abnormality was related to the stomach and  to the esophagus (Figs. 6 and 7). Table 1 summarizes the de-
duodenum (25 patients, 21.4%) (Figs. 2, 3, and 4). Variable  tected abnormalities in relation to patients’ symptoms.

Fig. 3 Two different patients with pyloric obstruction. Upper row neonate with infantile hypertrophic pyloric stenosis. a Plain AP view shows
stomach with wave-like contour (caterpillar sign) and paucity of distal abdominal gas. b AP view shows distended stomach with delayed gastric
emptying. ¢ Ultrasound scan showing elongated and thickened pyloric canal. d, e Patient with idiopathic acquired gastric outlet obstruction. d
AP view shows dilated stomach displacing the surrounding bowel loops. e Oblique view shows the dilated stomach with delayed

gastric emptying
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Fig. 4 UGI series of two different patients with duodenal abnormalities presenting with bilious vomiting. a Case of intestinal malrotation and
midgut volvulus (arrow). b Ultrasound and Doppler transverse sonogram showing “whirl”-like pattern of small bowel loops. ¢, d A case of superior

mesenteric artery syndrome showing dilated duodenum with persistent filling defect at its third part; sagittal CT angiography showing decreased
aortomesenteric angle

Patients with GER were found to be significantly youn-  the contrary, patients with findings related to the
ger than other groups (median 10 months; range 3—-14  esophagus were found to be significantly older than pa-
months). In addition, GER was found to be the most tients with other findings (median 36; range 4-180
prevalent abnormality below the age of 6 months. On  months; p = .04) (Fig. 8). There was no significant

REFLUX

REFLUX

Fig. 5 Different patterns of idiopathic gastroesophageal reflux. a Reflux exceeding the middle third of the esophagus with no luminal dilatation.
b Reflux reaching up to the level of mid-esophagus with luminal dilatation. Larger amount of reflux reaching up to the level of upper esophagus
without () and with luminal dilatation (d)
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Fig. 6 Two patients with esophageal findings. a A 3-year-old boy complaining of vomiting and dysphagia showing peptic stricture (arrow). b A
3-month-old girl presented with unresolved chest infections since birth and history of suction of secretion at birth; oblique view shows evidence
of false passage, evident by the presence of false lumen (thin arrows) with true esophageal lumen (thick arrows)

statistical difference in the incidence of positive or nor-
mal UGI series based on patients’ gender (p = .49).

The calculated clinical score was significantly low in
patients with normal UGI series (p < .001). Among 29
patients with a solitary symptom (scored 1), 27 patients
were found to have normal findings. Consequently, pa-
tients with clinical score 2 or more had significantly
more prevalence of abnormal findings (p = .001) (Fig. 9).

Forty-three patients (54.4%) out of 79 patients with
non-bilious vomiting had a normal UGI series, and 19 pa-
tients (24%) had findings related to the stomach (Figs. 2
and3). However, all patients presenting with bilious vomit-
ing had abnormal findings (6 patients) related to the duo-
denum: four patients with midgut malrotation, one of
them had associated volvulus; one patient with duodenal
atresia; and another one with SMA syndrome (Fig. 4).

Vomiting, underweight, aspiration, and recurrent chest
infection were strong predictors of abnormal findings on
UGI series (p = 0.007, 0.001, 0.009, and 0.001, respect-
ively) and increased the diagnostic yield of upper GI
series for detection of abnormalities by 3.48, 9.6, 4, and
4.12 times, respectively. However, with multivariate ana-
lysis, recurrent chest infection did not show significant
results (Table 2).

Vomiting was a strong predictor of detection of GER
and findings related to the stomach and duodenum on
upper GI series (p = .001) as all patients with findings
related to the stomach and duodenum and 93.8% of pa-
tients with detected GER on UGI series presented with

vomiting. After adjusting other variables, vomiting in-
creased the risk of the finding of GER on UGI series by
8.7 times.

Weight loss or failure to thrive and chest-related
symptoms were found to be strong predictors of GER on
UGI series (p = .001) as 93.8% and 62.5% patients of the
GER group had weight loss or failure to thrive, and
chest-related symptoms, respectively. After adjusting
other variables, weight loss or failure to thrive, and
chest-related symptoms increased the risk of finding
GERD on UGI series by 20.1 and 7.7 times, respectively.

Dysphagia was a predictor of findings related to the
esophagus on upper GI series (p = .034) as two of the
four patients of esophageal findings had dysphagia (Figs.
6 and 7). After adjusting other variables, dysphagia in-
creased the risk of esophageal findings on UGI series by
8.4 times.

Aspiration, underweight, and recurrent chest infection
were strong predictors of the aspiration group (p =
0.001) as all five patients with detected aspiration on
UGI series presented with all these symptoms. Two of
them had cerebral palsy, and one had neurodegenerative
disorders with pseudobulbar palsy and palato-pharyngeal
incoordination.

Also, abdominal pain was a strong predictor of find-
ings related to the stomach and duodenum (p = 0.001)
as 68% of findings related to the stomach and duodenum
belonged to patients presented with abdominal pain.
After adjusting other variables, abdominal pain increased
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Fig. 7 UGl series of two patients with findings related to the esophagus. a A 15-year-old boy with lymphoma, presented with dysphagia, and significant
weight loss, showing esophageal compression by large homogenous opacity and parrot peak appearance of the lower esophagus consistent with achalasia
(arrow). b Axial chest CT showing enlarged mediastinal lymph nodes encasing mediastinal structures (asterisk). ¢ A 14-year-old male patient with Alport
syndrome presented with vomiting, epigastric pain, and dysphagia; UG series shows markedly dilated esophagus (arrows) and hiatus hernia (asterisk). d AP
shows dilated esophagus with esophageal wall thickening representing leiomyomatosis (asterisk)

the risk of gastric and duodenal findings on UGI series
by 8.9 times.

Patients with changes in bowel habits, hematemesis, or
melena were found to be linked to gastric findings, but
this correlation did not reach a statistically significant
value.

Discussion

The current study analyzed the different radiological
findings of UGI series in children in relation to their
symptoms. Vomiting was found to be the most common
presenting symptom, followed by dysphagia and recur-
rent chest infection. The majority of abnormal findings
were due to underlying gastric and duodenal pathologies
(21.4%) followed by GER (13.6%). Vomiting and abdom-
inal pain were found to be significantly associated with
findings related to the stomach and the duodenum. In

addition, we adopted our new clinical score to increase
the diagnostic yield of UGI series, so that the impact of
clinical symptoms on the findings of the UGI series is
objectively assessed [8]. We found that patients with
higher clinical scores (especially score 2 or more) were
more likely to have abnormal UGI series.

As previously reported, we have found that idiopathic
GER was more prevalent in younger children. Moreover,
GER was the most prevalent abnormality in infants
below the age of 6 months in whom non-bilious vomit-
ing was the primary complaint. The high prevalence of
GER is expected in this very young age group, as 70 to
85% of infants show physiological reflux during their
first 60 days of life and it resolves spontaneously without
intervention in the first year of life [6, 11, 12, 17]. On
the contrary, the age of the patients with abnormal
esophageal findings was found to be significantly higher
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and duodenal

than the age of patients with GER or other positive find-
ings, as previously reported [6]. This is primarily related
to the nature of the encountered diseases themselves as
peptic stricture occurs after relatively prolonged period
of exposure to refluxed acidic gastric content; also, acha-
lasia secondary to lymphoma occurs relatively at an
older age. However, in our study, both increasing age
and presence of dysphagia did not improve the diagnos-
tic yield of the UGI series. It is likely that expression of
dysphagia was used incorrectly by those young patients
or their guardians.

Bilious vomiting was found to be a strong significant
predictor and improved the diagnostic yield of the upper
GI series, as all patients presenting with bilious vomiting
showed positive upper GI series findings related to the
duodenum (duodenal atresia, midgut malrotation, and
superior mesenteric artery syndrome). As previously re-
ported, intestinal malrotation is almost always presented
with vomiting characteristically bilious. Although it was
reported that intestinal malrotation is classically a dis-
ease of infancy [13-15], intestinal malrotation should be
suspected in every child with repeated attacks of bilious
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Fig. 9 The calculated clinical score in different study groups
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Table 2 Multinomial logistic regression model assessing independent predictors of upper Gl series outcomes

Univariate Multivariate

p value OR 95% ClI for OR p value OR 95% ClI for OR
Vomiting 0.009 3488 1.363-8.928 0.010 5.741 1.519-21.692
Weight loss or failure to thrive 0.000 9.638 3617-25.682 0.001 5.876 2.05-16.845
Aspiration 0.014 4.086 1.334-12518 0.047 5346 1.023-27.93
Recurrent chest infection 0.001 4.128 1.784-9.550 0.158 2151 0.742-6.232

95% Cl 95% confidence interval

vomiting even beyond the neonatal period (median age
of cases of intestinal malrotation was 5.5 years).

Spontaneous aspiration was reported to be frequent in
children with feeding difficulties and is most likely to
occur in children with underlying neurologic disease [16].
In our study, most of the patients with aspiration had
cerebral palsy or neurodegenerative disorders with pseu-
dobulbar palsy and palato-pharyngeal incoordination. Our
findings revealed that aspiration symptoms were signifi-
cantly associated with the detection of aspiration on UGI
series, and it significantly improved the diagnostic yield of
the UGI series especially if associated with repeated at-
tacks of chest infection/symptoms.

Our study could be limited by the heterogenous group
of patients’ population including all children in the
pediatric age group up to 18 years of age, which could
make conclusions about certain indications for UGI
series difficult. Dividing patients into different age range
would be appropriate to study each group individually.
Moreover, given the young age of most of the patients,
most of their complaints were expressed by their parents
or guardians, which might not be totally accurate. How-
ever, this is a cross-sectional study that included a rela-
tively large number of children presenting with
complaints related to the upper gastrointestinal tract
and it represents an experience from a tertiary care cen-
ter. All patients were submitted to a standardized tech-
nique allowing a uniform interpretation of all studies in
order to reach comprehensive evaluation of all results.
In addition, in view of the complex nature of the pre-
senting symptoms, a clinical score was calculated consid-
ering patients’ primary complaints and all other
associated symptoms in order to study the diagnostic
yield of UGI series for those patients with multiple
complaints.

Conclusion

Vomiting, dysphagia, or recurrent chest infection was
the most common indication for UGI series. Most
radiologic findings were due to gastric and duodenal
abnormalities followed by GER. Idiopathic GER was
more prevalent in young infants. Diagnostic yield of
UGI series was relatively higher in patients having
two or more symptoms (clinical score 2 or more) and

in children with bilious vomiting, aspiration and
underweight, or repeated chest infection.

Abbreviations
GER: Gastroesophageal reflux; UGl: Upper gastrointestinal
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