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Evaluation of the relationship 
between gastroptosis and reflux 
in pediatric patients
Sevgi Ulusoy Tangul * and Atilla Senayli 

Department of Pediatric Surgery, Faculty of Medicine, Yozgat Bozok University, Yozgat, Türkiye

Purpose: Gastroesophageal reflux (GER) is a common issue in childhood, 
characterized by the regurgitation of stomach contents into the esophagus. 
As a result, pain in the epigastric region, nausea, and vomiting may occur. 
Gastroptosis, on the other hand, is an anatomical anomaly defined by the 
downward displacement of the stomach into the pelvic region and is rarely 
reported in the literature. The overlapping symptoms of these two conditions 
suggest a potential relationship between them. This study aims to determine 
the relationship between patients diagnosed with GER and those found to have 
gastroptosis using contrast-enhanced esophagus, stomach, and duodenum 
X-ray [upper gastrointestinal (GI) series] among patients presenting to the 
Pediatric Surgery Clinic.

Methods: The study included 64 patients aged 1–18 years who presented 
with chronic epigastric region pain, nausea, and vomiting suggestive of GER. 
The patients were divided into two groups: those diagnosed with gastroptosis 
(n = 36) and a control group with normal stomach positioning (n = 28). 
Gastroptosis was classified into three grades based on stomach positioning, and 
gastroptosis and control groups were compared regarding sociodemographic 
data, findings from upper GI series, and pH monitoring results.

Results: The median age of the study group was 14 years (3–18 years), and the 
majority of the patients were female (28/36). Patients with gastroptosis had 
significantly higher rates of alkaline reflux (p = 0.037). Although the frequency of 
alkaline reflux increased as the degree of gastroptosis increased, no significant 
difference was observed in the rates of acid reflux between the control and 
gastroptosis groups.

Conclusion: The incidence of alkaline reflux is higher in children with gastroptosis. 
This suggests relationship between anatomic changes in the stomach and 
alkaline reflux. This study contributes to the literature as one of the first to 
demonstrate a connection between gastroptosis and alkaline reflux in pediatric 
patients, contributing to the literature. Considering the serious complications 
associated with alkaline reflux, such as Barrett’s esophagus and esophageal 
cancer, it is recommended that children with gastroptosis be  managed with 
conservative treatment and closely monitored.
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1 Introduction

Gastroesophageal reflux (GER) is a pathology that develops as a result 
of the reflux of stomach contents into the esophagus, and is a frequently 
encountered condition in pediatric surgical practice, especially with 
complaints such as pain in the epigastric region, nausea, and vomiting. 
However, in some patients with chronic abdominal pain, GER may go 
undetected if appropriate diagnostic evaluations are not conducted (1). 
Upper gastrointestinal (GI) series [contrast-enhanced esophagus, 
stomach, and duodenum X-ray] are routinely used in children to assess 
the esophagus, stomach, and proximal small intestine, and to identify 
structural anomalies if present (2, 3). Although upper GI series are not 
necessary for diagnosing GER, they are known to be  essential for 
detecting conditions that may predispose to reflux. Gastroptosis is one 
such condition.

Visceroptosis, refers to the prolapse of internal organs as a 
consequence of adopting an upright posture (4). When the literature 
is reviewed, gastroptosis, a variant of visceroptosis, first appears in 
articles written toward the end of the 1800s (5). In his article, Beilin 
states that visceroptosis was first described by Glénard in 1833 (4). 
Since then, visceroptosis has also been referred to as “Glenard’s 
disease.” When it involves the stomach, it is termed “gastroptosis” 
(4, 6). The diagnosis of gastroptosis is made based on an upper GI 
series performed in an upright position, where the stomach is 
observed to have shifted downward, and the greater curvature 
descends partially below the level of the iliac crest (4, 7–9). 
Although its exact cause is unknown, it is often attributed to factors 
such as relaxation, stretching, or decreased muscle tone (4, 10). 
However, based on existing literature, gastroptosis primarily affects 
women aged 20–50 and is often associated with low body weight 
and postural abnormalities (4, 7, 9, 11). In the past, gastroptosis was 
often diagnosed. However, gastroptosis is rarely reported today, and 
its true prevalence, especially in childhood, is unknown. A study 
conducted in adults in Japan reported that gastroptosis was seen in 
12% of men and 43% of women, and most patients were 
underweight (12). Gastroptosis may also be associated with poor 
posture. While not life-threatening, it can lead to symptoms such as 
constipation, vomiting, and indigestion, and tenesmus, loss of 
appetite, nausea, and belching. Patients with gastroptosis may 
experience postprandial discomfort, nausea, and unease (7). It is 
considered more of a pathological condition than a disease and is 
classified as either hereditary or acquired. Gastroptosis is diagnosed 
through an upper GI series when the stomach is observed to have 
shifted downward, with the greater curvature descending below the 
level of the iliac crest while the antrum remains in its normal 
position (11). Although the exact etiology is unclear, it is attributed 
to factors such as abdominal wall laxity, weakened gastric 
mesenteric attachments, and reduced adipose tissue in the lesser 
omentum (10, 13). In the early 19th century, surgical treatment was 
the primary approach for gastroptosis (11). Today, invasive 
treatments have been largely replaced by prokinetic drugs, 
abdominal strengthening exercises, and symptomatic measures 
such as abdominal bandages (9, 10).

Gastroptosis can be  classified into three grades based on the 
distance between the greater curvature of the stomach and the iliac 
crest, as observed on an upper GI series. Although no studies in the 
literature include visual representations, some internet sources feature 
graphics similar to Steele’s article (14). This classification is based on 
an imaginary line drawn through the iliac crests:

Grade 1:  The greater curvature approaches within 3 cm of the line 
(Figure 1A).

Grade 2:  The greater curvature is at or directly on the line 
(Figure 1B).

Grade 3:  The greater curvature is below the line (Figure 1C). Figure 1D 
shows the normal stomach in the upper GI series.

Gastroesophageal reflux (GER) is a condition generally acidic 
stomach contents into the esophagus due to decreased lower 
esophageal sphincter (LES) pressure and sphincter relaxation. This 
reflux can still occur at pH>4, but pH<4 is more problematic (15). 
Alkaline reflux, defined as the backflow of duodenal contents into the 
stomach and subsequently into the esophagus, is more commonly 
seen in adults as a secondary condition following partial gastrectomy, 
pyloroplasty, or cholecystectomy. Alkaline reflux, defined as the reflux 
of duodenal contents into the stomach and subsequently into the 
esophagus, commonly occurs as a secondary condition in adults 
following partial gastrectomy, pyloroplasty, or cholecystectomy, 
although the incidence of primary reflux without prior surgery has 
been increasingly reported (16, 17). However, it can also occur 
primarily in children and individuals without prior gastrointestinal 
surgery (18, 19). The literature gives different rates of alkaline reflux 
for the pediatric age group, such as 2–11.8% and acid reflux 88.2-98 
% (20, 21). Lower esophageal pH > 7 is considered alkaline reflux (22). 
Alkaline reflux results from impaired motility in the antroduodenal 
region and dysfunction of the pyloric sphincter, causing bile to contact 
the esophageal mucosa, leading to endoscopic and histological 
pathologies (18, 23).

Both acid and alkaline reflux manifest clinically with symptoms such 
as bitter regurgitation, dyspepsia, vomiting, anemia, growth retardation, 
and coughing attacks. However, abdominal pain, particularly epigastric 
pain, is frequently observed in children (24). Upper GI series are 
commonly used in clinical practice to rule out other anatomical 
abnormalities that can cause in an increased incidence of GER. However, 
the definitive diagnostic procedure for GER remains 24-h pH monitoring 
(25). The literature mentions that approximately 2.3–15% of patients 
with chronic GERD may develop Barrett’s esophagus (1, 26). Barrett’s 
esophagus is characterized by the replacement of normal esophageal 
squamous cell epithelium with columnar metaplasia, and the first choice 
in its management is to use acid-suppressing drugs to reduce the 
underlying GERD symptoms (18, 26). Acid-suppressing drugs are used 
in the management of Barrett’s esophagus (BE) due to both acidic and 
alkaline reflux (27, 28).

Considering the overlapping symptoms of gastroptosis and 
GER, it raises the question of whether one is the cause or the 
consequence of the other. A review of the literature reveals no 
studies that evaluate the coexistence of these two pathologies or 
compare their relationship.

This study aims to retrospectively evaluate the upper GI series and 
24-h pH monitoring results of patients admitted with gastrointestinal 
complaints lasting more than 3 months, such as chronic abdominal 
pain, nausea, and vomiting, and suspected GER. The goal is to 
determine the relationship between GER and gastroptosis.

2 Methods

The study received approval from the Bozok University 
Clinical Research Ethics Committee under protocol number 
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2017-KAEK-189_2022.10.27_05. Medical records of pediatric 
patients aged 1–18 years who were admitted to the Pediatric 
Surgery Clinic between 2021 and 2023 with gastrointestinal 
complaints lasting more than 3 months, such as chronic 
abdominal pain, nausea, bloating, and vomiting, were 
retrospectively reviewed. All patients underwent upper 
gastrointestinal (GI) series and 24-h pH monitoring with a high 
likelihood of gastroesophageal reflux (GER). Patients treated for 
conditions such as acute abdominal pain or acute appendicitis and 

those who did not undergo upper GI series or pH monitoring 
were excluded from the study.

The included patients were divided into a study group and a 
control group. The study group consisted of patients diagnosed with 
gastroptosis through upper GI series imaging and with available 
24-h pH monitoring results. The control group included patients 
with normal gastric positioning on upper GI series and available 
24-h pH monitoring results. Sociodemographic data (e.g., age, 
gender), gastroptosis grading based on the distance between the 

FIGURE 1

Degrees of gastroptosis. (A) Grade 1, (B) Grade 2, (C) Grade 3, (D) normal stomach (the yellow line represents the horizontal line drawn through the 
iliac crests).
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TABLE 3 Comparison of age according to the degrees of gastroptosis.

Degrees of gastroptosis Mean ± SD (years) Median (min–max; years) Test statistics p

Grade 1 13.33 ± 4.53 15 (6–18) 0.723 0.697x

Grade 2 11.92 ± 4.87 14 (3–17)

Grade 3 11.57 ± 5.03 12.5 (3–18)

xKruskall Wallis H Test.

stomach and the iliac crest on the upper GI series, and 24-h pH 
monitoring data were recorded for all patients. All patients 
underwent 24-h esophageal pH monitoring using a dual-channel 
pH meter device. The pH probe was selected based on the patient’s 
height, ensuring a fixed distance of 5, 10, or 15 cm between Channel 
1 and Channel 2. The probe’s position was determined according to 
anatomical reference points calculated from the patient’s height, 
and it was placed approximately 2.5 cm proximal to the lower 
esophageal sphincter (LES). Channel 1 was used to record pH 
values ≈2.5 cm from the LES, while Channel 2 was positioned to 
evaluate pH 5–10 cm from the LES. For both the study and control 
groups, the following parameters were compared in Channel 1 and 
Channel 2:

 • Time with a pH ≤ 4  in upright and supine positions, and 
their means.

 • Number of acidic reflux episodes within 24 h in upright, supine, 
and mean positions.

 • Number of acidic reflux episodes lasting longer than 5 mins in 
upright, supine, and mean positions.

 • Longest acidic reflux duration in upright, supine, and 
mean positions.

 • Total number of ph ≤ 4 (The number of times the pH ≤ 4 in 24 h).
 • Esophageal clearance time in upright, supine, and mean positions.
 • Percentage of total alkaline time in the upright, supine, and Mean 

positions when pH > 7.
 • Duration of alkaline periods in the upright, supine, and 

mean positions.
 • Number of alkaline periods with pH > 7 lasting longer than 

5 mins in the upright, supine and total alkaline time.

Data were analyzed with IBM SPSS V23. Compliance with 
normal  distribution was examined using Shapiro–Wilk and 

Kolmogorov–Smirnov tests. A comparison of categorical variables 
according to groups was examined using Yates’ correction and Fisher’s 
exact test with Monte Carlo correction. One-way ANOVA was used 
to compare normally distributed data according to degrees, and 
multiple comparisons were examined with Tamhane’s T2 test and 
Bonferroni tests. A comparison of non-normally distributed data 
according to three or more groups was analyzed using the Kruskal-
Wallis test, and multiple comparisons were made using the Dunn test. 
Relationships between non-normally distributed data were analyzed 
with Spearman’s rho correlation coefficient. Analysis results are 
presented as mean±s: deviation and median (min.-max.), and 
categorical data as frequency (percentage). Significance level was 
taken as p < 0.05.

3 Results

Among 112 patients who came to our pediatric surgery clinic 
with chronic upper gastrointestinal complaints and underwent 
upper GI series, data from 64 patients (57.14%) that underwent 
ambulatory pH meter examination were included in the study. The 
control group included 28 patients, while the study group consisted 
of 36 patients. The median age was 14 years (3–21) in the study 
group and 12 years (2 months–17) in the control group. The female-
to-male ratio was 28/8 in the study group and 18/10 in the control 
group. Table 1 shows the distribution of female–male and age ratios 
by group. Table 2 shows gender comparisons according to the degree 
of gastroptosis, and Table 3 shows age comparisons according to the 
degree of gastroptosis.

All statistically significant data are summarized in Table 4. When 
the gastroptosis group and the control group were compared based on 
24-h pH monitoring results for Channel 1, a statistically significant 
difference was found in the total alkaline time (mean = 14.36, 

TABLE 1 Gender and age ratios of gastroptosis and control groups.

Gender Gastroptosis group Control group Total Test statistics p

Female 28 (77.8) 18 (64.3) 46 (71.9) 0.829 0.137x

Male 8 (22.2) 10 (35.7) 18 (28.1)

Age (year) 14 (3–18) 12 (0–17) 13 (0–18) 544.500 0.586y

xYates düzeltmesi.
yMann-Whitney U testi; median (min–max), n(%).

TABLE 2 Comparison of gender according to the degrees of gastropitosis.

Gender Grade 1 Grade 2 Grade 3 Test statistics p

Female 9 (100) 9 (69.2) 10 (71.4) 3.506 0.189x

Male 0 (0) 4 (30.8) 4 (28.6)

xFisher’s Exact Test with Monte Carlo correction; n(%).
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p = 0.037). No statistically significant differences were observed in 
other parameters (Table 5).

When the gastroptosis group and the control group were 
compared based on 24-h pH monitoring results for Channel 2, no 
statistically significant differences were observed (Table 6).

When gastroptosis group, Grades 1, 2, and 3 were compared among 
themselves in channel 1 (Table 7); it was found that there was a statistical 
difference between the mean supine total alkaline time (%) values 
according to the gastroptosis degrees (p = 0.008). The mean value was 
15.78 in Grade 1, 38.16 in Grade 2, and 34.41 in Grade 3. While there 
was no statistically significant difference between Grade 1 and Grade 3, 
there was a statistically significant difference between Grade 1 and 
Grade 2. There was no statistically significant difference between Grade 
2 and Grade 3. It was found that there was a statistical difference 
between the mean total alkaline time (%) values according to the 
gastroptosis degrees (p = 0.035). The mean value was 20.29 in Grade 1, 
39.91 in Grade 2, and 33.47 in Grade 3. While there was no statistically 
significant difference between Grade 1 and Grade 3, there was a 
statistically significant difference between Grade 1 and Grade 2. There 
was no statistically significant difference between Grade 2 and Grade 3. 
It was found that there was a statistical difference between the median 
supine alkaline period duration values according to the gastroptosis 
degrees (p = 0.033). The median value was 51 in Grade 1, 111 in Grade 
2, and 133.5 in Grade 3. There was no statistically significant difference 
between Grade 1, Grade 2, and Grade 3. It was found that there was a 
statistical difference between the median supine long alkaline period 
count values according to the gastroptosis degrees (p = 0.029). While 
the median value was 2 in Grade 1, it was 13 in Grade 2 and 7 in Grade 
3. While there was no statistically significant difference between Grade 
1 and Grade 3, there was a statistically significant difference between 
Grade 1 and Grade 2. There was no statistically significant difference 
between Grade 2 and Grade 3. It was found that there was a statistically 
significant difference between the median mean total alkaline time 
values according to the gastroptosis degrees (p = 0.044). While the 
median value was 3 in Grade 1, it was 19 in Grade 2 and 11.5 in Grade 
3. While there was no statistically significant difference between Grade 
1 and Grade 3, there was a statistically significant difference between 
Grade 1 and Grade 2. There was no statistically significant difference 
between Grade 2 and Grade 3. When other parameters were compared, 
no significant difference was detected.

When gastroptosis group, Grades 1, 2, and 3 were compared 
among themselves in channel 2 (Table 8); it was found that there was 
a statistically significant difference between the mean esophageal 
clearance time (upright) values according to the degrees of gastroptosis 
(p = 0.033). While the mean value was 0.93 in Grade 1, it was obtained 
as 0.69 in Grade 2 and 0.66 in Grade 3. While there was no statistically 
significant difference between Grade 1 and Grade 2, there was a 
statistically significant difference between Grade 1 and Grade 3. There 
was no statistically significant difference between Grade 2 and Grade 
3. It was found that there was a statistically significant difference 
between the Mean esophageal clearance time according to the degrees 
of gastroptosis (p = 0.026). While the median value was 1.1 in Grade 
1, it was obtained as 1 in Grade 2 and 0.75 in Grade 3. While there was 
no statistically significant difference between Grade 1 and Grade 2, 
there was a statistically significant difference between Grade 1 and 
Grade 3. There was no statistically significant difference between 
Grade 2 and Grade 3. When other parameters were compared, no 
significant difference was detected.

When the correlation between variables and degrees of 
gastroptosis was examined, there was a statistically significant positive 
weak correlation between the degree of gastroptosis and the Supine 
reflux episode count (r = 0.263; p = 0.026). A statistically significant 
positive weak correlation exists between the degree of gastroptosis and 
the supine total alkaline time (%; r = 0.255; p = 0.031). A statistically 
significant positive weak correlation exists between the degree of 
gastroptosis and the supine alkaline period duration (r  = 0.289; 
p = 0.014). No significant correlation was obtained between the degree 
and other variables (p > 0.05; Table 9).

4 Discussion

The results of this study showed that alkaline reflux was more 
prevalent in the patient group compared to the control group. 
Furthermore, the rate of alkaline reflux increased with the 
severity of gastroptosis. The absence of a significant difference in 
acid reflux rates between the patient and control groups, 
combined with the higher prevalence of alkaline reflux, suggests 
that preventing gastroptosis may reduce the harm caused by 
alkaline reflux.

TABLE 4 Comparison results according to the degrees of gastropitosis group (summary table).

Grade 1 Grade 2 Grade 3 Test statistics p

Channel 1

Supine total alkaline time (%; minutes) 15.78 ± 13.64a 38.16 ± 17.05b 34.41 ± 27.95ab 6.102 0.008y

Mean total alkaline time (%; minutes) 20.29 ± 11.67b 39.91 ± 15.33a 33.47 ± 20.19ab 3.708 0.035y

Supine alkaline period duration 51 (0–151)a 111 (17–643)a 133.5 (18–327)a 6.830 0.033x

Supine long alkaline period count (>5 min) 2 (0–12)a 13 (1–30)b 7 (0–28)ab 7.080 0.029x

Total alkaline time (minutes) 3 (0–19)a 19 (3–32)b 11.5 (0–36)ab 6.229 0.044x

Channel 2

Esophageal clearance time (upright; minutes) 0.93 ± 0.3a 0.69 ± 0.24ab 0.66 ± 0.2b 3.792 0.033y

Mean esophageal clearance time (minutes) 1.1 (0.6–2.4)a 1 (0.7–1.3)ab 0.75 (0.4–1.2)b 7.303 0.026x

xKruskal Wallis H Test(p < 0.05).
yOne Way Anova (p < 0.05).
There is no difference between groups with the same lettera-b. Channel 1: ≈2.5 cm from LES, Chanel 2: 5–10 cm from LES.
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TABLE 5 Comparison of 24-h pH monitoring results in channel 1 between the gastroptosis group and the control group.

Gastroptosis group (n = 36) Control group (n = 28) p

Mean Std. dev Min Max Mean Std. dev Min Max

Upright total acidic reflux time (ph ≤ 4; minutes) 16.25 16.29 0.40 73.70 21.65 21.69 0.50 78.30 0.253

Supine total acidic reflux time (ph ≤ 4; minutes) 21.86 30.42 0.00 92.70 31.25 29.51 0.00 96.60 0.180

Mean total acidic reflux time (ph ≤ 4; minutes) 19.81 23.10 0.20 78.30 26.71 24.18 0.40 81.20 0.157

Upright acidic reflux episode count 110.39 112.20 6.00 383.00 111.71 95.05 4.00 441.00 0.368

Supine acidic reflux episode count 38.56 39.73 0.00 148.00 65.64 83.00 0.00 407.00 0.228

Mean acidic reflux episode count 148.39 131.41 6.00 447.00 177.36 139.82 7.00 566.00 0.242

Upright long acidic reflux episode count (>5 min) 3.39 5.75 0.00 30.00 4.68 6.78 0.00 27.00 0.413

Supine long acidic reflux episode count (>5 min) 6.78 9.12 0.00 29.00 9.43 11.20 0.00 53.00 0.301

Mean long acidic reflux episode count (>5 min) 10.17 13.09 0.00 43.00 14.11 13.99 0.00 57.00 0.146

Longest acidic reflux duration (upright) 13.19 16.51 1.00 81.10 24.04 51.63 1.20 269.50 0.561

Longest acidic reflux duration (supine) 32.89 53.11 0.00 276.00 55.85 80.70 0.00 363.30 0.196

Mean longest acidic reflux duration 35.22 52.16 1.60 276.00 59.99 83.66 1.30 363.30 0.144

Total number of ph ≤ 4 676.69 658.84 25.00 2804.00 631.89 461.57 91.00 1855.00 0.617

Esophageal clearance time (upright; minutes) 0.83 0.60 0.00 3.50 0.87 0.69 0.30 3.80 0.462

Esophageal clearance time (supine; minutes) 1.58 1.47 0.00 8.00 2.36 3.48 0.00 18.70 0.346

Mean esophageal clearance time (minutes) 1.17 0.60 0.00 2.60 1.41 1.38 0.40 8.00 0.734

Upright total alkaline time (%; minutes) 33.43 19.11 2.40 72.60 23.85 15.43 0.00 51.20 0.077

Supine total alkaline time (%; minutes) 31.11 22.71 0.00 88.00 25.52 25.59 0.00 95.30 0.176

Mean total alkaline time (%; minutes) 32.50 17.95 3.10 61.70 25.03 19.81 0.00 76.70 0.087

Upright alkaline period duration (minutes) 215.25 103.87 45.00 437.00 205.43 140.04 0.00 484.00 0.449

Supine alkaline period duration (minutes) 133.83 123.95 0.00 643.00 99.50 83.89 0.00 283.00 0.231

Mean alkaline period duration (minutes) 349.08 160.28 111.00 844.00 303.96 165.35 0.00 625.00 0.333

Upright long alkaline period count (>5 min) 5.03 6.55 0.00 29.00 2.18 2.96 0.00 12.00 0.069

Supine long alkaline period count (>5 min) 9.33 8.38 0.00 30.00 7.21 9.57 0.00 42.00 0.104

Total alkaline time (minutes) 14.36 11.34 0.00 36.00 9.39 10.55 0.00 45.00 0.037*

Channel 1: ≈2.5 cm from LES. *p < 0.05.
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TABLE 6 Comparison of 24-h pH monitoring results in channel 2 between the gastroptosis group and the control group.

Gastroptosis group (n = 36) Control group (n = 28) p

Mean Std. dev Min Max Mean Std. deviation Min Max

Upright total acidic reflux time (ph ≤ 4; minutes) 24.80 22.71 2.50 105.00 23.84 21.46 0.20 80.10 0.973

Supine total acidic reflux time (ph ≤ 4; minutes) 25.22 27.92 0.20 81.30 26.39 27.30 0.00 84.30 0.914

Mean total acidic reflux time (ph ≤ 4; minutes) 24.49 22.29 1.60 73.90 25.54 23.57 0.90 80.80 0.844

Upright acidic reflux episode count 139.89 118.16 22.00 477.00 130.00 104.68 4.00 459.00 0.941

Supine acidic reflux episode count 71.75 70.16 3.00 307.00 74.21 83.63 0.00 376.00 0.761

Mean acidic reflux episode count 212.39 147.66 29.00 597.00 202.79 152.34 9.00 603.00 0.766

Upright long acidic reflux episode count (>5 min) 10.06 32.96 0.00 199.00 5.04 5.66 0.00 21.00 0.768

Supine long acidic reflux episode count (>5 min) 10.08 14.98 0.00 75.00 9.57 12.01 0.00 52.00 0.995

Mean long acidic reflux episode count (>5 min) 20.14 45.76 0.00 274.00 14.61 15.19 0.00 57.00 0.834

Longest acidic reflux duration (upright) 14.04 17.18 1.90 86.60 12.72 13.22 1.10 67.70 0.818

Longest acidic reflux duration (supine) 30.76 47.71 0.40 276.70 29.86 24.09 0.00 74.10 0.543

Mean longest acidic reflux duration 33.90 47.79 1.90 276.70 32.48 23.64 1.50 74.10 0.486

Total number of ph ≤ 4 605.69 489.22 100.00 1943.00 601.18 392.04 106.00 1707.00 0.626

Esophageal clearance time (upright; minutes) 0.74 0.26 0.30 1.40 0.78 0.47 0.00 1.80 0.902

Esophageal clearance time (supine; minutes) 1.44 1.03 0.30 5.30 1.57 1.18 0.00 5.20 0.485

Mean esophageal clearance time (minutes) 0.99 0.39 0.40 2.40 1.06 0.52 0.00 2.70 0.369

Upright total alkaline time (%; minutes) 28.08 17.48 3.30 60.10 26.27 18.60 0.00 73.70 0.641

Supine total alkaline time (%; minutes) 31.95 25.60 0.00 82.70 34.11 30.35 0.00 96.70 0.914

Mean total alkaline time (%; minutes) 30.48 19.62 2.50 70.10 30.57 24.02 0.00 80.30 0.844

Upright alkaline period duration (minutes) 175.39 91.59 14.00 471.00 173.79 136.75 0.00 476.00 0.372

Supine alkaline period duration (minutes) 97.39 71.18 0.00 266.00 77.18 72.29 0.00 340.00 0.176

Mean alkaline period duration (minutes) 272.78 119.04 52.00 563.00 250.96 152.72 0.00 552.00 0.444

Upright long alkaline period count (>5 min) 5.58 6.62 0.00 23.00 3.93 4.14 0.00 14.00 0.666

Supine long alkaline period count (>5 min) 8.53 7.44 0.00 29.00 8.50 9.48 0.00 44.00 0.640

Total alkaline time (minutes) 14.11 11.96 0.00 37.00 12.43 10.83 0.00 47.00 0.650

Chanel 2: 5–10 cm from LES.
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TABLE 7 Comparison results according to the degrees of gastropitosis group (channel 1).

Grade 1 Grade 2 Grade 3 Test statistics p

Age(year) 15 (6–18) 14 (3–17) 12.5 (3–18) 0.723 0.697x

Upright total acidic reflux time (ph ≤ 4; minutes) 12.8 (0.4–39.5) 9.6 (0.9–38.1) 10.35 (1.3–73.7) 1.289 0.525x

Supine total acidic reflux time (ph ≤ 4; minutes) 2.5 (0.2–92.7) 4.9 (0–86) 6.2 (0–85.6) 0.982 0.612x

Mean total acidic reflux time (ph ≤ 4; minutes) 11.7 (0.2–73.2) 7.9 (0.5–55.4) 9.05 (0.8–78.3) 0.527 0.769x

Upright acidic reflux episode count 106 (6–334) 42 (6–254) 60 (17–383) 3.703 0.157x

Supine acidic reflux episode count 8 (0–83) 32 (0–144) 39.5 (1–148) 3.755 0.153x

Mean acidic reflux episode count 173 (6–417) 70 (12–298) 109.5 (18–447) 1.823 0.402x

Upright long acidic reflux episode count (>5 min) 3 (0–12) 0 (0–12) 1.5 (0–30) 2.408 0.300x

Supine long acidic reflux episode count (>5 min) 1 (0–23) 3 (0–24) 2.5 (0–29) 0.816 0.665x

Mean long acidic reflux episode count (>5 min) 3 (0–35) 4.1 (0–36) 4 (0–43) 0.067 0.967x

Longest acidic reflux duration (upright) 11.2 (1.6–43.5) 4.9 (1–51.3) 6.55 (2.1–81.1) 1.498 0.473x

Longest acidic reflux duration (supine) 5 (0–276) 12.2 (0–89.9) 7.5 (0.3–133.4) 0.882 0.643x

Mean longest acidic reflux duration 17 (1.6–276) 12.2 (2–89.9) 8.05 (2.1–133.4) 0.302 0.860x

Total number of ph ≤ 4 518 (71–2014) 484 (147–1860) 364.5 (25–2,804) 0.141 0.932x

Esophageal clearance time (upright; minutes) 0.9 (0–1) 0.7 (0–1.6) 0.75 (0–3.5) 0.286 0.867x

Esophageal clearance time (supine; minutes) 1 (0–8) 1.4 (0.7–4.1) 1 (0.2–4.2) 2.858 0.240x

Mean esophageal clearance time (minutes) 1 (0–2) 1.2 (0.9–2.1) 1 (0–2.6) 2.948 0.229x

Upright total alkaline time (%; minutes) 23.82 ± 10.64 41.8 ± 19.93 31.83 ± 20.26 2.664 0.085y

Supine total alkaline time (%; minutes) 15.78 ± 13.64a 38.16 ± 17.05b 34.41 ± 27.95ab 6.102 0.008y

Mean total alkaline time (%; minutes) 20.29 ± 11.67b 39.91 ± 15.33a 33.47 ± 20.19ab 3.708 0.035y

Upright alkaline period duration (minutes) 252.11 ± 112.46 209.23 ± 114.81 197.14 ± 88.12 0.792 0.462y

Supine alkaline period duration (minutes) 51 (0–151)a 111 (17–643)a 133.5 (18–327)a 6.830 0.033x

Mean alkaline period duration (minutes) 310.56 ± 141.1 393.54 ± 211.41 332.57 ± 111.17 0.612 0.553y

Upright long alkaline period count (>5 min) 1 (0–15) 4 (0–19) 2.5 (0–29) 1.887 0.389x

Supine long alkaline period count (>5 min) 2 (0–12)a 13 (1–30)b 7 (0–28)ab 7.080 0.029x

Total alkaline time (minutes) 3 (0–19)a 19 (3–32)b 11.5 (0–36)ab 6.229 0.044x

xKruskal Wallis H Test (p < 0.05).
yOne Way Anova (p < 0.05).
There is no difference between groups with the same lettera-b. Channel 1: ≈2.5 cm from LES. Values with p < 0.05 are shown in bold.
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TABLE 8 Comparison results according to the degrees of gastropitosis group (channel 2).

Grade 1 Grade 2 Grade 3 Test statistics p

Age(year) 15 (6–18) 14 (3–17) 12.5 (3–18) 0.723 0.697x

Upright total acidic reflux time (ph ≤ 4; minutes) 26.7 (2.9–105) 14.3 (3.3–64.9) 13.4 (2.5–63.1) 0.755 0.686x

Supine total acidic reflux time (ph ≤ 4; minutes) 15.2 (0.2–64.1) 10.3 (1.8–74.7) 8.4 (1.1–81.3) 0.573 0.751x

Mean total acidic reflux time (ph ≤ 4; minutes) 15.8 (1.6–52.4) 11.8 (2.4–73.9) 10.05 (1.7–70.3) 0.060 0.970x

Upright acidic reflux episode count 97 (26–337) 72 (34–253) 114.5 (22–477) 0.885 0.642x

Supine acidic reflux episode count 18 (3–107) 53 (12–307) 43 (16–165) 3.622 0.164x

Mean acidic reflux episode count 175.89 ± 138.91 201.92 ± 114.53 245.57 ± 180.28 0.648 0.530y

Upright long acidic reflux episode count (>5 min) 6 (0–17) 2 (0–199) 2 (0–27) 2.000 0.368x

Supine long acidic reflux episode count (>5 min) 4 (0–14) 5 (0–75) 3 (0–32) 1.754 0.416x

Mean long acidic reflux episode count (>5 min) 9 (0–31) 6 (0–274) 5 (0–51) 0.551 0.759x

Longest acidic reflux duration (upright) 11.8 (2.5–50.2) 6.9 (2.3–34.3) 8.3 (1.9–86.6) 2.600 0.273x

Longest acidic reflux duration (supine) 21.8 (0.4–276.7) 12.2 (3.9–71.6) 8.25 (1.2–73.4) 0.376 0.829x

Mean longest acidic reflux duration 34.7 (2.5–276.7) 12.2 (3.9–71.6) 10.55 (1.9–86.6) 1.479 0.477x

Total number of ph ≤ 4 355 (164–1,549) 360 (172–1,494) 497.5 (100–1943) 0.219 0.896x

Esophageal clearance time (upright; minutes) 0.93 ± 0.3a 0.69 ± 0.24ab 0.66 ± 0.2b 3.792 0.033y

Esophageal clearance time (supine; minutes) 1.3 (0.3–5.3) 1.3 (0.8–2.1) 1.05 (0.3–3.1) 2.510 0.285x

Mean esophageal clearance time (minutes) 1.1 (0.6–2.4)a 1 (0.7–1.3) ab 0.75 (0.4–1.2)b 7.303 0.026x

Upright total alkaline time (%; minutes) 29.62 ± 19.73 30.49 ± 18.1 24.84 ± 16.18 0.386 0.683y

Supine total alkaline time (%; minutes) 12.5 (0–67.1) 35.1 (6.5–64.7) 42.65 (1.8–82.7) 2.565 0.277x

Mean total alkaline time (%; minutes) 14.9 (6.4–54.7) 33.5 (6.8–51.8) 35.65 (2.5–70.1) 0.236 0.889x

Upright alkaline period duration (minutes) 212.44 ± 113.37 151.08 ± 74.05 174.14 ± 89.83 1.210 0.311y

Supine alkaline period duration (minutes) 60.22 ± 52.33 109.38 ± 67.68 110.14 ± 80.33 1.702 0.198y

Mean alkaline period duration (minutes) 272.67 ± 128.27 260.46 ± 104.1 284.29 ± 133.14 0.128 0.880y

Upright long alkaline period count (>5 min) 3 (0–19) 5 (0–23) 3.5 (0–20) 0.217 0.897x

Supine long alkaline period count (>5 min) 3 (0–16) 11 (2–18) 7.5 (0–29) 3.500 0.174x

Total alkaline time (minutes) 10.11 ± 10.55 15.92 ± 12 15 ± 12.98 0.679 0.514y

xKruskal Wallis H Test (p < 0.05).
yOne Way Anova (p < 0.05).
There is no difference between groups with the same lettera-b. Chanel 2: 5–10 cm from LES.
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The most common symptoms of gastroptosis are nonspecific and 
include epigastric pain, nausea, vomiting, bloating, and early satiety, 
particularly exacerbated by an upright posture or after meals (6, 10). 
Although our study did not specifically evaluate the correlation 
between these symptoms and existing literature, we found that the 
primary reasons for hospital admission in the patient group were 
consistent with these symptoms, particularly epigastric pain, nausea, 
vomiting, bloating, and early satiety after meals and in upright positions.

A study conducted in Japan found that dispeptic symptoms, such as 
ulcer-like dyspepsia in women and reflux-like dyspepsia in men, were less 
frequent in individuals with gastroptosis compared to controls without 
the condition. The authors suggested that gastroptosis might act as a 
protective factor rather than a disease (13). Although this study suggests 
that gastroptosis may have a protective effect in preventing dyspeptic 
symptoms, it appears that this conclusion was based more on patient-
reported symptoms rather than evidence of a causal relationship. The 
absence of concrete studies demonstrating this relationship in the 
literature highlights that the findings of our study may be the first to 
provide such evidence.

In a 2012 study by Lincoln O. Diniz and colleagues, upper GI 
fluoroscopy and esophagograms of children with eosinophilic esophagitis 
were examined, and GER was identified as the most common cause of 

eosinophilic esophagitis. However, the study did not include evaluations 
of the stomach or duodenum (29). In another study evaluating upper GI 
series of children presenting to the pediatric clinic with nonspecific 
symptoms such as abdominal pain, growth retardation, and vomiting, the 
most common indications were non-bilious vomiting, GER symptoms, 
and abdominal pain (2). Among 720 patients who underwent upper GI 
series, 115 cases had positive findings that could cause these symptoms. 
Of these, 78 (68%) were associated with GER symptoms and signs (2). 
However, even in such a comprehensive study, gastroptosis was not 
evaluated as a cause of GER, and no data was found.

Hurst noted that while hypersthenic gastric structures are well-suited 
for efficient digestion, they may increase the risk of duodenal ulcers. In 
contrast, hyposthenic gastric structures were associated with a 
predisposition to hypochlorhydria, gastritis, achlorhydria, carcinoma, and 
pernicious anemia (30). Faber, in 1977, observed that the position of the 
stomach is correlated with chest width and is generally lower in women 
compared to men (31). In the same year, Conran noted that a low stomach 
position was generally associated with a tall, slender physique, particularly 
in men, and that both hyperacidity and hypoacidity were more common 
than normal in gastroptosis. However, he did not find any correlation 
between stomach position and the presence of gastric or duodenal ulcers 
(32). These studies appear to be among the earliest records concerning 

TABLE 9 Correlation between variables and degrees of gastroptosis.

Degrees of gastroptosis

r p

Upright total acidic reflux time (ph ≤ 4; minutes) −0.034 0.776

Supine total acidic reflux time (ph ≤ 4; minutes) 0.120 0.314

Mean total acidic reflux time (ph ≤ 4; minutes) 0.016 0.892

Upright acidic reflux episode count −0.002 0.987

Supine acidic reflux episode count 0.263 0.026

Mean acidic reflux episode count 0.066 0.582

Upright long acidic reflux episode count (>5 min) −0.061 0.609

Supine long acidic reflux episode count (>5 min) 0.062 0.604

Mean long acidic reflux episode count (>5 min) −0.018 0.878

Longest acidic reflux duration (upright) −0.103 0.388

Longest acidic reflux duration (supine) 0.022 0.857

Mean longest acidic reflux duration −0.130 0.275

Total number of ph ≤ 4 0.027 0.820

Esophageal clearance time (upright; minutes) −0.118 0.323

Esophageal clearance time (supine; minutes) −0.170 0.153

Mean esophageal clearance time (minutes) −0.221 0.062

Upright total alkaline time (%; minutes) −0.019 0.877

Supine total alkaline time (%; minutes) 0.255 0.031

Mean total alkaline time (%; minutes) 0.167 0.160

Upright alkaline period duration (minutes) −0.106 0.375

Supine alkaline period duration (minutes) 0.289 0.014

Mean alkaline period duration (minutes) 0.076 0.523

Upright long alkaline period count (>5 min) 0.049 0.682

Supine long alkaline period count (>5 min) 0.222 0.061

Total alkaline time (minutes) 0.159 0.183

r, Spearman’s rho correlation coefficient. Values with p < 0.05 are shown in bold.
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gastroptosis and gastric contents; however, to date, no study has confirmed 
these findings using quantitative data and measurements. This highlights 
that our study may be the first to demonstrate, with numerical evidence, 
the higher prevalence of reflux, particularly alkaline reflux, in patients 
with gastroptosis. Moreover, the fact that this finding was observed in 
children makes our study even more significant.

Barrett’s esophagus is a precancerous condition characterized by 
columnar metaplasia of the esophageal mucosa, developing secondary to 
chronic gastroesophageal reflux. The first step in treatment is acid-
suppressive therapy aimed at reducing reflux symptoms (26). Although 
acid reflux is widely recognized as more influential in the development of 
Barrett’s esophagus (18, 19, 26), experimental studies suggest that alkaline 
reflux may also contribute to the development of esophageal 
adenocarcinoma. Clinical data show that patients with Barrett’s esophagus 
have significantly elevated bile acid levels, supporting the role of alkaline 
reflux in malignant progression (33–36). In the literature, an experimental 
study conducted in rats using the esophagogastroduodenal anastomosis 
(EGDA) model to induce chronic esophageal inflammation demonstrated 
that not only gastric acid, but also alkaline duodenal contents containing 
bile salts and active pancreatic enzymes may contribute to the 
development of Barrett’s metaplasia (37).

We believe that the undeniable status of alkaline reflux, which we have 
shown to be highly likely to develop in a pathology easily recognized in 
the upper GI series, such as gastroptosis, should not be  ignored. If 
gastroptosis is detected by evaluating the upper GI series, alkaline reflux 
will be statistically much more likely than acid reflux.

5 Conclusion

Our study shows that alkaline reflux is more common in gastroptosis 
cases and its incidenc increases with the severity of gastroptosis. This finding 
suggests a possible relationship between the anatomical displacement of the 
stomach and the pathophysiology of alkaline reflux. Although it is 
impossible to prevent the development of gastroptosis completely, our study 
has shown which issues should be  considered in these patients with 
conservative treatments and close follow-up to prevent complications that 
may develop with possible alkaline reflux. To our knowledge, our study is 
the first to describe this relationship. In this respect, it fills a gap in the 
literature and provides a basis for future research in this area.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by Yozgat Bozok 
University Clinical Research Ethics Committee. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. Written informed consent for participation was not 
required from the participants or the participants’ legal guardians/
next of kin in accordance with the national legislation and 
institutional requirements.

Author contributions

ST: Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Investigation, Methodology, Project administration, 
Resources, Software, Supervision, Validation, Visualization, Writing – 
original draft, Writing – review & editing. AS: Writing – original draft, 
Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any 
product that may be  evaluated in this article, or claim that may 
be  made by its manufacturer, is not guaranteed or endorsed by 
the publisher.

References
 1. Fass R, Boeckxstaens GE, El-Serag H, Rosen R, Sifrim D, Vaezi MF. Gastro-

oesophageal reflux disease. Nat Rev Dis Primers. (2021) 7:55. doi: 
10.1038/s41572-021-00287-w

 2. Goldman-Yassen AE, Gross J, Novak I, Poletto E, Kim JS, Son JK, et al. Identification 
of clinical parameters to increase the diagnostic yield of the non-emergent upper 
gastrointestinal series in pediatric outpatients. Pediatr Radiol. (2019) 49:162–7. doi: 
10.1007/s00247-018-4286-6

 3. Leonidas J. Gastroesophageal reflux in infants: role of the upper gastrointestinal 
series. Am J Roentgenol. (1984) 143:1350–1.

 4. Beilin DS. When has Visceroptosis clinical significance? Radiology. (1930) 
15:223–6.

 5. Moir D. Medicine: Anhelonium Lewinii—Glenard's disease, or Enteroptosis—
sparteine Sulphate and chloroform—Uræmic Dyspnœa—chloride of ammonium in 
delirium tremens—electro diagnosis and electro-therapeutics simplified-salol in 
Diarrhœa. Indian Medical Gazette. (1897) 32:71–3.

 6. Christianakis E, Bouchra K, Koliatou A, Paschalidis N, Filippou D. Gastroparesis 
associated with gastroptosis presenting as a lower abdominal bulking mass in a child: a 
case report. Cases J. (2009) 2:1–4. doi: 10.1186/1757-1626-2-184

https://doi.org/10.3389/fmed.2025.1543297
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1038/s41572-021-00287-w
https://doi.org/10.1007/s00247-018-4286-6
https://doi.org/10.1186/1757-1626-2-184


Tangul and Senayli 10.3389/fmed.2025.1543297

Frontiers in Medicine 12 frontiersin.org

 7. Van Welie A, Klein W, Draaisma J. The clinical or radiographic diagnosis of 
gastroptosis: still relevant. Gastro Open. (2017) 2:14–9. doi: 10.17140/GOJ-2-126

 8. Brown LG. Gastroptosis, Enteroptosis or Visceroptosis following hysterectomies. J 
Natl Med Assoc. (1920) 12:15–8.

 9. Staszewska A, Jarzumbek A, Saran A, Gierak-Firszt S, Kwiecien J. Postprandial 
abdominal pain caused by Gastroptosis—a case report. Child Aust. (2023) 10:116. doi: 
10.3390/children10010116

 10. Sarangapani A, Rasane S, Kohli VD, Chandy GM. Glenard's disease. Archives Med 
Health Sci. (2016) 4:153–4. doi: 10.4103/2321-4848.183372

 11. Nakayama K, Nakamura T. Segmental resection for gastroptosis. J Am Osteopath 
Assoc. (1959) 58:412–4.

 12. Sukimo S, Kazutaka H. The forms of the stomach in healthy individuals: with 
special reference to analysis of relationships between the degree of gastroptosis and sex, 
age, comparative weight ratio or equivocal complaints. Kitasato Med. (1986) 16:211–26.

 13. Kusano M, Moki F, Hosaka H, Shimoyama Y, Kawamura O, Nagoshi A, et al. 
Gastroptosis is associated with less dyspepsia, rather than a cause of dyspepsia. Japanese 
Persons Internal Med. (2011) 50:667–71. doi: 10.2169/internalmedicine.50.4582

 14. Steele JD, Francine AP. An analysis of seventy cases of gastroptosis. JAMA J 
Am Med Assoc. (1902) 39:1173–82.

 15. Roman S. Chapter 15 - Gastro-esophageal reflux disorders. In: SCR Satish, YL 
Yeong and CG Uday, editors. Clinical and Basic Neurogastroenterology and Motility, 
Academic Press, (2020). 225–236.

 16. Mason R, DeMeester T. Importance of duodenogastric reflux in the surgical 
outpatient practice. Hepato-gastroenterology. (1999) 46:48–53.

 17. Bonavina L, Incarbone R, Segalin A, Chella B, Peracchia A. Duodeno-gastro-
esophageal reflux after gastric surgery: surgical therapy and outcome in 42 consecutive 
patients. Hepato-gastroenterology. (1999).

 18. Arslan M, Balamtekin N. The relationship between primary Duodenogastric reflux and 
Helicobacter pylori gastritis in children. Dig Dis. (2021) 40:276–81. doi: 10.1159/000517263

 19. Hermans D, Sokal E-M, Collard J-M, Romagnoli R, Buts J-P. Primary 
duodenogastric reflux in children and adolescents. Eur J Pediatr. (2003) 162:598–602. 
doi: 10.1007/s00431-003-1259-y

 20. Wang W, Ji S, Wang H, Wang W. 24-hour gastroesophageal double pH monitoring 
acid and alkaline gastroesophageal and duodenogastric refluxes in pediatric patients. 
Chin Med J. (1998) 111:881–4.

 21. López-Alonso M, Moya MJ, Cabo JA, Ribas J, del Carmen MM, Silny J, et al. 
Twenty-four-hour esophageal impedance-pH monitoring in healthy preterm neonates: 
rate and characteristics of acid, weakly acidic, and weakly alkaline gastroesophageal 
reflux. Pediatrics. (2006) 118:e299–308. doi: 10.1542/peds.2005-3140

 22. Quitadamo P, Giorgio V, Zenzeri L, Baldassarre M, Cresi F, Borrelli O, et al. Apnea 
in preterm neonates: what's the role of gastroesophageal reflux? A systematic review. Dig 
Liver Dis. (2020) 52:723–9. doi: 10.1016/j.dld.2020.03.032

 23. Szarszewski A, Korzon M, Kamiñska B, Lass P. Duodenogastric reflux: clinical and 
therapeutic aspects. Arch Dis Child. (1999) 81:16–20.

 24. Orenstein SR, Izadnia F, Khan S. Gastroesophageal reflux disease in children. 
Gastroenterol Clin N Am. (1999) 28:947–69.

 25. Valusek PA, Peter SDS, Keckler SJ, Laituri CA, Snyder CL, Ostlie DJ, et al. 
Does an upper gastrointestinal study change operative management for 
gastroesophageal reflux? J Pediatr Surg. (2010) 45:1169–72. doi: 
10.1016/j.jpedsurg.2010.02.083

 26. Shaheen NJ, Falk GW, Iyer PG, Gerson LB. ACG clinical guideline: diagnosis and 
management of Barrett’s esophagus. Official J American College of Gastroenterol ACG. 
(2016) 111:30–50. doi: 10.1038/ajg.2015.322

 27. Manifold D, Marshall R, Anggiansah A, Owen W. Effect of omeprazole on antral 
duodenogastric reflux in Barrett oesophagus. Scandinavian journal of gastroenterology. 
(2000) 35:796–801.

 28. Scarpignato C, Wang DH. Cancer Prevention in Patients with GERD and Barrett’s 
Esophagus—Medicine. Foregut. (2021) 1:50–62.

 29. Diniz LO, Putnum PE, Towbin AJ. Fluoroscopic findings in pediatric 
eosinophilic esophagitis. Pediatr Radiol. (2012) 42:721–7. doi: 10.1007/s00247- 
011-2329-3

 30. Hurst A, Stewart M. Gastric and duodenal ulcer, vol. 23. Oxford: Oxford University 
Press. (1929). 677 p.

 31. Faber R, Hobsley M. Basal gastric secretion: reproducibility and relationship with 
duodenal ulceration. Gut. (1977) 18:57–63.

 32. Conran PC. On dropping of the stomach: a study based on a series of 150 cases. 
QJM. Q J Med. (1922) os-15:144–66.

 33. Attwood SE, Smyrk TC, DeMeester TR, Mirvish SS, Stein HJ, Hinder RA. 
Duodenoesophageal reflux and the development of esophageal adenocarcinoma. 
Surgery. (1992) 111:503–10.

 34. Gillen P, Keeling P, Byrne P, Healy M, O'moore R, Hennessy T. Implication of 
duodenogastric reflux in the pathogenesis of Barrett's oesophagus. J British Surg. (1988) 
75:540–3.

 35. Stein H, Siewert J. Barrett's esophagus: pathogenesis, epidemiology, functional 
abnormalities, malignant degeneration, and surgical management. Dysphagia. (1993) 
8:276–88.

 36. Matei D, Dadu R, Prundus R, Danci I, Ciobanu L, Mocan T, et al. Alkaline reflux 
esophagitis in patients with total gastrectomy and roux en Y esojejunostomy. J 
Gastrointestin Liver Dis. (2010) 19:247–52.

 37. Majka J, Wierdak M, Szlachcic A, Magierowski M, Targosz A, Urbanczyk K, et al. 
Interaction of epidermal growth factor with COX-2 products and peroxisome 
proliferator-activated receptor-γ system in experimental rat Barrett’s esophagus. 
American J Physiol-Gastrointestinal Liver Physiol. (2020) 318:G375–89. doi: 
10.1152/ajpgi.00410.2018

https://doi.org/10.3389/fmed.2025.1543297
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.17140/GOJ-2-126
https://doi.org/10.3390/children10010116
https://doi.org/10.4103/2321-4848.183372
https://doi.org/10.2169/internalmedicine.50.4582
https://doi.org/10.1159/000517263
https://doi.org/10.1007/s00431-003-1259-y
https://doi.org/10.1542/peds.2005-3140
https://doi.org/10.1016/j.dld.2020.03.032
https://doi.org/10.1016/j.jpedsurg.2010.02.083
https://doi.org/10.1038/ajg.2015.322
https://doi.org/10.1007/s00247-011-2329-3
https://doi.org/10.1007/s00247-011-2329-3
https://doi.org/10.1152/ajpgi.00410.2018

	Evaluation of the relationship between gastroptosis and reflux in pediatric patients
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusion

	References

