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ABSTRACT

Purpose: Alarm symptoms (red flag signs) are crucial indications for management decisions 
on pediatric gastrointestinal endoscopy. We aimed to identify items in the alarm symptoms 
and pre-endoscopic investigations that predict abnormal endoscopy results.
Methods: A retrospective descriptive study was conducted among children aged under 
18 years undergoing endoscopy. The patients were classified into normal and abnormal 
endoscopic groups. The incidence of alarm symptoms and pre-endoscopic investigations 
were compared between the groups. Univariate and multivariate logistic regression analyses 
were performed to determine independent risk factors for abnormal endoscopy.
Results: Of 148 participants, 66 were classified in the abnormal endoscopy group. Compared 
with the normal group, the abnormal group had a significantly higher prevalence of 
alarm symptoms. Moreover, hematemesis/hematochezia, anemia, low hemoglobin level, 
hypoalbuminemia, rising erythrocyte sedimentation rate, increased serum lipase, and 
blood urea nitrogen/creatinine ratio were significantly higher in the abnormal endoscopy 
group than in the normal group. Multivariate logistic regression analysis indicated that 
hematemesis/hematochezia and low hemoglobin level were independent risk factors for 
abnormal endoscopy.
Conclusion: The alarm symptoms and pre-endoscopic investigations were evaluated using 
predictive factors for abnormal pediatric endoscopic findings. According to multivariate 
logistic regression analysis, hematemesis/hematochezia and low hemoglobin levels were 
independent risk factors for abnormal endoscopy.

Keywords: Child; Gastrointestinal tract; Endoscopy; Risk factors

INTRODUCTION

Pediatric endoscopy, first described in the 1970s [1], is one of the most useful gastrointestinal 
(GI) procedures delivering high accuracy in diagnosing and managing GI conditions such 
as acid-peptic disease, inflammatory bowel disease (IBD), eosinophilic gastroenteritis, 
GI infection, intestinal tumors, and functional gastrointestinal disorders [2]. Moreover, 
endoscopic modalities facilitate endoscopic intervention with a low risk of complications 
and improved morbidity and mortality rates in pediatrics [3]. The diagnostic yield of 
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endoscopy is considerably dissimilar between adults and children. Among children, 
the overall diagnostic yield from esophagogastroduodenoscopy (EGD) and colonoscopy 
accounted for 14–67%, depending on the intervention and the indications of endoscopy 
[4-6]. Moreover, few studies have assessed the yield of pediatric endoscopy and explored the 
patient characteristics or indications favoring higher diagnostic yields [7-10]. Indications 
for endoscopy may vary in clinical settings. The presence of symptoms suggestive of an 
underlying organic abnormality of the GI tract is a common reason for diagnostic EGD and 
colonoscopy among children. Thus, alarm symptoms or red flag signs and symptoms are 
the most instrumental factors for decisions about endoscopy. The items in alarm symptoms 
include GI and extra-GI manifestations such as anorexia, weight loss, persistent diarrhea, 
hematochezia/hematemesis, abdominal pain away from the umbilicus, nighttime abdominal 
pain, dysphagia, recurrent vomiting, bowel habit change, prolonged fever, abdominal mass, 
extra-GI manifestations of IBD and anemia [11-14]. Despite these alarm symptoms, a low 
rate of complications is reported in pediatric endoscopy, and the cost-effectiveness of the 
procedures remains indefinite, especially among children presenting with or without alarm 
symptoms [7]. We aimed to identify items in the alarm symptoms and pre-endoscopic 
investigations to predict abnormal pediatric endoscopy results and recognize the diagnostic 
yield of endoscopic procedures among children. Moreover, we aimed to identify the common 
abnormal endoscopic appearances among children undergoing endoscopy.

MATERIALS AND METHODS

A retrospective descriptive study was conducted among children aged 0–18 years undergoing 
a GI endoscopy at the Pediatric Department, Phramongkutklao Hospital, between February 
2015 and December 2022. The endoscopic procedures were performed by experienced 
pediatric gastroenterologists, and the indication for the conducted procedures was as per 
the European Society of Gastrointestinal Endoscopy and the European Society for Paediatric 
Gastroenterology Hepatology and Nutrition Pediatric gastrointestinal endoscopy guidelines, 
announced in 2016 [13]. Endoscopic procedures were performed routinely under appropriate 
anesthesia [3]. Histopathologic assessments were performed by general and gastrointestinal 
pathologists in the Histopathology Department of Phramongkutklao Hospital. We excluded 
children receiving endoscopic surveillance, routine endoscopic therapy, and therapeutic 
endoscopies, such as foreign body retrieval, caustic agent ingestion, endoscopic dilation, and 
portal hypertension treatment. Patients with incomplete or insufficient medical records were 
excluded from the study.

Data collection
Electronic medical records were reviewed for relevant data. Demographic data, clinical 
manifestations, alarm symptoms (hematemesis/hematochezia, abdominal pain away 
from the umbilicus, bowel habit change (>2 weeks), dysphagia/recurrent vomiting, 
persistent diarrhea (>2 weeks), anemia, weight loss/failure to thrive, night pain, anorexia, 
prolonged fever (>2 weeks), and extra-GI manifestation of IBD), comorbidities, endoscopic 
indications, pre-endoscopic investigations, endoscopic procedures, endoscopic findings 
and postendoscopic diagnoses were all included in the data gathering. Recurrent abdominal 
pain was diagnosed if it persisted longer than 2 months. Pre-endoscopic laboratory findings 
were defined as abnormal. Low hemoglobin levels by age, increased C-reactive protein (CRP) 
levels (CRP >3 mg/L), rising erythrocyte sedimentation rate (ESR) (ESR >20 mm/hr),  
and hypoalbuminemia (serum albumin <3.5 g/dL) were defined as the abnormal cut-off 
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[15-17]. Significant endoscopic findings such as ulcers, erosion, stenosis, and hemorrhage 
were used to classify abnormal endoscopy groups. These findings should be compatible 
with the symptoms as well as the abnormal histologic findings. Instead, the normal 
endoscopic group was defined by the absence of significant abnormalities or only a minor 
endoscopic or histologic abnormality incompatible with the children’s illness [3]. An 
endoscopic appearance, including a histologic finding resulting in a definite diagnosis or 
a specific treatment, was referred to as a positive diagnostic yield. We classified children 
into the abnormal and normal endoscopy groups. Demographic data, the incidence of 
alarm symptoms, and pre-endoscopic investigations were compared between the groups. 
Univariate and multivariate logistic regression analyses were used to identify the independent 
risk factors for abnormal endoscopy findings.

Statistical analysis
Continuous data were analyzed using the student’s t-test, and categorized data were 
compared using chi-square or Fisher’s exact test. A p-value<0.05 was considered significant. 
Univariate logistic regression analysis was performed to identify significant items of alarm 
symptoms, and those with p-value<0.2 were subsequently subjected to multivariate logistic 
regression analysis to identify independent items. The association of a particular variable was 
expressed as an odds ratio (OR) with a 95% confidence interval (CI). Data were collected and 
analyzed using using IBM SPSS Statistics for Windows, Version 22.0 (IBM Co.). This study 
was conducted according to the principles of the Helsinki Declaration and was approved 
by the ethics committee of Phramongkutklao Hospital and College of Medicine with IRB 
number S025h/65 since April 2022. The ethics board decided to omit formal consent.

RESULTS

Overall, 148 children were enrolled in this study, of which 48.6% were male, and the mean 
age of this cohort was 136.93±62.7 months, with a mean body mass index (BMI) of 18.52±5.28 
kg/m2. The number of procedures totaled 181, including 131 EGDs and 50 colonoscopies. 
The most common indication for endoscopy was chronic abdominal pain (37.2%). The 
endoscopic indications comprised GI bleeding (31.0%), recurrent vomiting (9.5%), chronic 
diarrhea (8.1%), and dysphagia (7.4%). Regarding alarm symptoms, 141 (95.3%) of 148 
children revealed at least one item of alarm symptoms. Hematemesis/hematochezia was the 
most typical alarm symptom (33.8%), followed by abdominal pain away from the umbilicus 
(29.7%), a change in bowel habit (25.7%), and dysphagia/recurrent vomiting (25.0%). 
Comorbidities were revealed in 38% of children. Common comorbidities in this cohort 
comprised children with immunosuppressive therapy (9.5%), developmental-psychological 
disorders (9.5%), epilepsy (5.4%), and end-stage renal disease (2.7%). The demographic data 
of children in this cohort are presented in Table 1.

A total of 148 GI endoscopy cases were diagnosed, and 82 (55.4%) of those were classified in 
the normal endoscopy group, whereas the abnormal endoscopic group consisted of 66 cases 
(44.6%). Children with normal and abnormal endoscopies were compared and revealed no 
significant differences in sex (46.3 vs. 51.5% of males; p-value=0.531) and co-morbidities 
(34.1 vs. 43.9; p-value=0.224) between the groups. The age (146.61±59.69 vs. 124.89±64.69 
months) and BMI (19.55±6.01 vs. 17.22±3.84 kg/m2) of children undergoing abnormal 
endoscopy were significantly lower than that of children undergoing normal endoscopy with 
p-values 0.044 and 0.013, respectively.
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At least one alarm symptom was identified among all 66 children (100.0%) in the abnormal 
group; however, these items were identified among 75 of 82 children (91.4%) in the normal 
group and reached a statistical significance between groups (p=0.0171). On comparing the 
alarm symptoms between the two groups, hematemesis/hematochezia (12.2 vs. 60.6%) 
and anemia (4.9 vs. 36.4%) were found to be significantly higher among patients with an 
abnormal endoscopy than those among patients with normal endoscopy with p-values of 
<0.001 and <0.001, respectively.

However, the remaining items, such as changing bowel habits (29.3 vs. 21.2%), dysphagia/
recurrent vomiting (23.2 vs. 27.3%), persistent diarrhea (22.0 vs. 22.7%), failure to thrive 
(12.2 vs. 21.2%), and anorexia (7.3 vs. 12.1%) were not significantly different between the 
groups. Children with normal endoscopy had a significantly higher prevalence of chronic 
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Table 1. Demographic data, indication of endoscopy, and alarm symptoms of patients in this study
Demographic profiles of children Results
Total number of children 148

Male 72 (48.6)
Age (mo) 136.93±62.70/152.5 (92.5–190.0)
BMI (kg/m2) 18.52±5.28/17.47 (14.61–20.58)

Indications of endoscopy
Chronic abdominal pain 55 (37.2)
Upper GI bleeding (hematemesis) 27 (18.2)
Lower GI bleeding (hematochezia) 19 (12.8)
Recurrent vomiting 14 (9.5)
Chronic diarrhea 12 (8.1)
Dysphagia 11 (7.4)
Others

Acute abdominal pain (6), weight loss (2), anemia (1),  
abdominal mass (1)

10 (6.8)

Duration of admission (d) 28.69±146.40/3.04 (1.37–9.64)
Duration of symptoms (mo) 152.6±255.95/50.50 (9.0–181.0)

Procedure
EGD 131
Colonoscopy 50

Presence of alarm symptoms 141 (95.3)
Hematemesis/hematochezia 50 (33.8)
Abdominal pain away from the umbilicus 44 (29.7)
Bowel habit change 38 (25.7)
Dysphagia/recurrent vomiting 37 (25.0)
Persistent diarrhea 33 (22.3)
Anemia 28 (18.9)
Weight loss/failure to thrive 24 (16.2)
Night pain 18 (12.2)
Anorexia 14 (9.5)
Prolonged fever 3 (2.0)
Extra-GI manifestation of IBD 3 (2.0)

Co-morbidities
Immunosuppressive therapy 14 (9.5)
Behavior/developmental/psychiatric disorders 14 (9.5)
Epilepsy 8 (5.4)
End-stage renal disease 4 (2.7)
Others

Delayed development (3 cases), hematologic malignancy (3), 
congenital/cyanotic heart disease (3), primary immune deficiency (2), 
thyroiditis/hyperthyroidism (2), cow’s milk protein allergy (1), chronic 
liver disease (1), dysautonomia (1) and previous GI surgery (1)

17 (11.5)

Values are presented as number only, number (%), mean±standard deviation, or median (interquartile range).
BMI: body mass index, GI: gastrointestinal, EGD: esophagogastroduodenoscopy, IBD: inflammatory bowel disease.
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abdominal pain symptoms (72.0 vs. 37.9%, p<0.001) than those with normal endoscopy. 
Nevertheless, the site of the pain away from the periumbilical area (47.5 vs. 64.0%) and 
nighttime symptoms (23.7 vs. 16.0%) did not significantly differ.

We compared pre-endoscopic investigations and found that compared with children 
undergoing normal endoscopy, those undergoing abnormal endoscopy had a significantly 
higher prevalence of low hemoglobin levels by age (36.5 vs. 60.6%, p=0.005) as well as 
hypoalbuminemia (9.7 vs. 25.0%, p=0.018). Moreover, the prevalence of rising ESR, serum 
lipase levels, and BUN/creatinine (Cr) ratio were also significantly higher among children 
with abnormal endoscopy. Table 2 presents the specific details regarding alarm symptoms 
and pre-endoscopic examinations between groups.
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Table 2. Comparison of alarm symptoms and pre-endoscopic investigations between children with abnormal and normal endoscopy
Profiles and parameters of children Normal endoscopy (82 cases) Abnormal endoscopy (66 cases) p-value
Male 38 (46.3) 34 (51.5) 0.531
Age (mo) 146.61±59.69/158 (117.0–191.0) 124.89±64.69/138 (64.8–180.8) 0.044*

BMI (kg/m2) 19.55±6.01/18.36 (14.9–21.2) 17.22±3.84/16.77 (14.4–18.8) 0.013*

Duration of admission (d) 25.78±139.94/2.09 (1.1–5.8) 32.29±155.06/5.37 (2.0–16.0) 0.004*

Duration of symptoms (d) 182.44±254.67/76.5 (28.0–257.3) 115.53±254.58/29 (4.3–113.0) 0.003*

Co-morbidities 28 (34.1) 29 (43.9) 0.224
Alarm symptoms

Presence of alarm symptoms 75 (91.4) 66 (100.0) 0.017*

Hematemesis/hematochezia 10 (12.2) 40 (60.6) <0.001*

Bowel habit change 24 (29.3) 14 (21.2) 0.265
Dysphagia/recurrent vomiting 19 (23.2) 18 (27.3) 0.567
Persistent diarrhea 18 (22.0) 15 (22.7) 0.910
Anemia 4 (4.9) 24 (36.4) <0.001*

Weight loss/failure to thrive 10 (12.2) 14 (21.2) 0.139
Anorexia 6 (7.3) 8 (12.1) 0.321
Prolonged fever 1 (1.2) 2 (3.0) NA
Extra-GI manifestation of IBD 0 (0.0) 3 (4.5) NA
Chronic abdominal pain 59 (72.0) 25 (37.9) <0.001*

Abdominal pain away from the umbilicus 28 (47.5) 16 (64.0) 0.165
Nighttime abdominal pain 14 (23.7) 4 (16.0) 0.429

Pre-endoscopic Investigations
Hemoglobin (g/dL) 12.24±2.17/12.8 (11.0–13.5) 11.06±2.72/11.35 (9.3–12.9) 0.005*

Low hemoglobin level 30 (36.5) 40 (60.6) 0.005*

WBC (cell/cu.mm) 9,001.5±4,434.61/8,000 (6,275–9,900) 9,894.7±4,110.25/8,900 (6,600–12,550) 0.087
PMN (%) 57.23±16.75/57.5 (47.0–66.1) 62.85±18.49/64.6 (48.0–75.8) 0.052
Eosinophils (%) 2.61±2.94/2 (1.0–3.4) 1.76±2.28/1 (0.0–2.0) 0.027*

Absolute eosinophil count (cell/cu.mm) 228.96±283.12/126.6 (46.3–276.8) 183.16±350.91/98.85 (0.0–198.0) 0.119
Platelet count (cell/cu.mm) 338,612.5±137,073.25/315,000 

(260,250–374,250)
325,075.76±180,139.29/293,500 

(221,750–409,250)
0.294

ESR (mm/hr) 20.00±18.56/12 (9.0–24.0) 27.80±17.54/26 (16.8–38.0) 0.097
Rising ESR (>20 mm/hr) 7 from 21 (33.3) 13 from 20 (65.0) 0.043*

CRP (mg/L) 6.16±10.16/1.17 (0.8–4.8) 24.85±25.41/22.98 (2.9–44.2) 0.099
Rising CRP (>3 mg/L) 4 from 14 (28.6) 4 from 6 (66.7) 0.111
Albumin (g/dL) 4.34±0.57/4.5 (4.2–4.7) 3.85±0.87/4 (3.4–4.6) <0.001*

Hypoalbuminemia (<3.5 g/dL) 7 from 82 (9.7) 16 from 64 (25.0) 0.018*

Amylase (U/L) 25.21±14.99/22 (20.0–27.8) 40.96±52.02/25 (23.0–34.0) 0.052
Lipase (U/L) 26.80±16.13/21.55 (17.0–31.3) 65.44±119.55/41 (20.9–50.0) 0.010*

BUN/Cr ratio 21.24±24.82/17.53 (11.6–21.0) 36.28±31.93/25.67 (17.5–40.5) <0.001*

Values are presented as number (%), mean±standard deviation, or median (interquartile range).
BMI: body mass index, GI: gastrointestinal, IBD: inflammatory bowel disease, WBC: white blood cell, PMN: polymorphonuclear cells, ESR: erythrocyte 
sedimentation rate, CRP: C-reactive protein, BUN: blood urea nitrogen, Cr: creatinine, NA: not available.
*Significance at p<0.05.
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Esophageal ulcer/erosion was the most frequent abnormal finding of the esophagus (14.0%). 
Gastric ulcer/erosion/inflammation (36.8%) and antral nodularity (10.5%) were the most 
prevalent abnormalities of the stomach. The most common abnormal finding in the colon 
and rectum was ulcer/erosion/inflammation, comprising 12 (46.2%) and 13 cases (50.0%), 
respectively. In this cohort, peptic ulcer disease (21.2%) was the most frequently identified 
postendoscopic diagnosis, followed by colitis/proctitis (15.2%), Helicobacter pylori (HP)-
induced gastritis (13.6%), esophageal ulcer (9.1%), and gastritis/duodenitis (9.1%). The list of 
abnormal endoscopic findings and postendoscopic diagnoses (66 cases) are shown in Table 3.

The details of abnormal endoscopic findings according to the alarm symptoms were listed. 
Abnormal endoscopy was revealed in 40 of 50 children (80.0%) who had hematemesis/
hematochezia. Common findings were 13 cases of gastric erosion or ulcer and 12 cases 
of colonic erosion or ulcer. For children with abdominal pain away from the umbilicus, 
abnormal findings were detected in 16 of 44 (36.4%), and gastric erosion or ulcers were 
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Table 3. Endoscopic findings and post-endoscopic diagnoses among children with abnormal endoscopy
Endoscopic region and Post-endoscopic diagnosis Case (%)
Esophagus

Ulcer/erosion 8 (14.0)
Stenosis of the lower esophagus 2 (3.5)
Varices 2 (3.5)

Others
Inflammation (1), stricture (1), vascular malformation (1) 3 (5.3)

Stomach
Ulcer/erosion/inflammation 21 (36.8)
Antral nodularity 6 (10.5)
Varices 1 (1.8)

Duodenum
Ulcer/erosion 8 (14.0)
Stenosis 2 (3.5)

Ileum
Inflammation 3 (11.5)
Polyps 1 (3.8)

Colon
Ulcer/erosion/inflammation 12 (46.2)
Polyps 2 (7.7)

Others
Stenosis (1), lymphoid hyperplasia (1), vascular malformation (1) 3 (11.5)

Rectum
Ulcer/erosion/inflammation 13 (50.0)
Polyps 5 (19.2)

Post-endoscopic diagnosis
Duodenal/gastric ulcer 14 (21.2)
Colitis/proctitis 10 (15.2)
HP gastritis 9 (13.6)
Gastritis/duodenitis 6 (9.1)
Esophageal ulcer/erosion 6 (9.1)
Polyps (colon/pectum) 5 (7.6)
IBD 4 (6.1)

Others
Vascular malformation (2 cases), rectal ulcer (2), duodenal stenosis (2), achalasia (2), 
esophageal stricture (1), prolapse gastropathy (1), sigmoid volvulus (1), esophageal 
varices (1)

12 (18.1)

Values are presented as number (%).
EGD: esophagogastroduodenoscopy, HP: Helicobacter pylori, IBD: inflammatory bowel disease.
Total number of children with abnormal endoscopy 66 cases (57 cases of EGD and 26 cases of colonoscopy).
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detected in 14 children. Overall, mucosal erosion and ulcers were the common findings in 
children with alarm symptoms. The features of these findings are shown in Table 4.

Multivariate logistic regression analysis indicated the items hematemesis/hematochezia 
(OR, 5.352; 95% CI, 1.127–25.428; p=0.035) and low hemoglobin level (OR, 4.198; 95% CI, 
1.063–16.958; p=0.041) to be independent risk factors for abnormal endoscopy. However, 
weight loss, hypoalbuminemia, age, BMI, polymorphonuclear cells count, eosinophil count, 
and BUN/Cr ratio were not significant factors in detecting an abnormality for pediatric 
endoscopy. The details of the analysis are summarized in Table 5.

The overall endoscopic diagnostic yield in this cohort was demonstrated at 44.6%. The most 
commonly detected abnormality among children was hematemesis/hematochezia in 84.8% 
of children, followed by persistent diarrhea (41.7%), dysphagia (36.4%), and recurrent 
vomiting (28.6%). Chronic abdominal pain was the most frequent indication for endoscopy 
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Table 4. Details of abnormal endoscopic findings according to alarm symptoms

Alarm symptoms Abnormal/total cases 
of endoscopy Findings

Hematemesis/hematochezia 40/50 (80.0) Gastric erosion or ulcer 13, colonic erosion or ulcer 
12, duodenal ulcer 8, esophageal ulcer or erosion 6, 
colonic/rectal polyps 6, esophageal varices 2, vascular 
malformation (colon) 1, gastric varices 1

Abdominal pain away from the 
umbilicus

16/44 (36.4) Gastric erosion or ulcer 14, esophageal ulcer 1, 
esophageal stricture (achalasia) 1, duodenal ulcer 1

Bowel habit change 14/38 (36.8) Colonic erosion or ulcer 13, colonic polyps 3
Dysphagia/recurrent vomiting 18/37 (48.6) Esophageal ulcer or erosion 8, gastric erosion or ulcer 5, 

esophageal stricture 3 (achalasia), duodenal stenosis 2
Persistent diarrhea 15/33 (45.5) Colonic erosion or ulcer 13, colonic polyps 3
Anemia 24/28 (85.7) Gastric erosion or ulcer 10, colonic erosion or ulcer 

8, duodenal ulcer 6, esophageal ulcer or erosion 3, 
esophageal varices 2, colonic or rectal polyps 2, gastric 
varices 1, vascular malformation (stomach) 1, vascular 
alformation (colon) 1

Weight loss/failure to thrive 14/28 (50.0) Colonic erosion or ulcer 11, gastric erosion or ulcer 3, 
esophageal ulcer or erosion 2, esophageal stricture 2, 
duodenal ulcer 2

Night pain 4/18 (22.2) Gastric erosion or ulcer 3, rectal ulcer 1
Anorexia 8/14 (57.1) Colonic erosion or ulcer 6, gastric erosion or ulcer 4, 

esophageal erosion or ulcer 1
Prolonged fever 2/3 (66.7) Gastrtic erosion or ulcer 1, duodenal ulcer 1
Extra-GI manifestation of 
inflammatory bowel disease

3/3 (100.0) Colonic erosion or ulcer 3, gastric erosion or ulcer 1

Values are presented as number (%). GI: gastrointestinal.

Table 5. Multivariate regression analysis of children with a difference in alarm symptoms and investigations

Items p-value Adjusted odds ratio 95% CI
Weight loss 0.729 1.356 0.242–7.584
Hematemesis/hematochezia 0.035* 5.352 1.127–25.428
Low hemoglobin level 0.041* 4.198 1.063–16.958
Hypoalbuminemia 0.208 3.025 0.540–16.958
Age 0.120 0.991 0.98–1.002
BMI 0.826 0.986 0.872–1.115
PMN 0.568 1.014 0.967–1.062
Eosinophil 0.187 0.784 0.564–1.125
BUN/Cr ratio 0.711 0.995 0.972–1.020
CI: confidence interval, BMI: body mass index, PMN: polymorphonuclear cells, BUN: blood urea nitrogen, Cr: 
creatinine.
*Significance at p<0.05.
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in this population, and the diagnostic yield for this indication was 20%. The details of 
diagnostic yield classified by endoscopic indications are demonstrated in Table 6.

DISCUSSION

Alarm symptoms are one of the most important indications for organic diseases. In our 
study, the prevalence of alarm symptoms was significantly higher among children in 
the abnormal endoscopic group than in the normal endoscopic group. This finding was 
compatible with the outcome described by Akbulut et al. [8] in 2018, evaluating a diagnostic 
yield of EGD among children with abdominal pain. Children with alarm symptoms exhibited 
a significantly higher prevalence of positive diagnostic yield of endoscopy compared with 
those without alarm symptoms (63.6 vs. 43.5%, p=0.015) [8]. However, the alarm symptoms 
are inconsistently considered to determine investigations, as Reedy et al. [18] in 2019 
reported a study of EGD among 287 children with abdominal pain without alarm symptoms. 
The data revealed that 7% of children had to change clinical management after undergoing 
endoscopy, and the abnormal endoscopic findings consisted of eosinophilic esophagitis, 
Candida esophagitis, celiac disease, nonspecific helminth infection, and HP infection [18]. 
Moreover, Tolone et al. [19] in 2017 revealed that 57% of children with recurrent abdominal 
pain with no alarm symptoms were diagnosed with organic diseases after undergoing 
nonendoscopic investigations. The data revealed that 22% of these conditions were lactose 
intolerance, 20% celiac disease, 2.4% cow milk allergy, 10% ureteral calculi, and 1% teniasis. 
These findings suggest and create awareness that children exhibiting persistent GI symptoms 
should be referred to pediatric gastroenterologists, and further investigations should be 
considered even in the absence of alarm signs [19].

Our study revealed a significantly higher incidence of abnormal endoscopic findings when 
children presented with clinical GI hemorrhage and anemia. This finding was compared 
with that of a related study among children with chronic abdominal pain, identifying that 
children with anemia, weight loss, and pain after waking from sleep were significant factors 
for abnormal endoscopy [8]. Furthermore, a recent study by Altamimi et al. [9] reported 
the result of multivariate analysis among children younger than 60 months, suggesting that 
abdominal pain, dysphagia/odynophagia, and heartburn were predictive of abnormal upper 
GI endoscopy. Wang et al. [20] reported dysphagia, GI bleeding, and recurrent vomiting 
as the most predictive factors for abnormal EGD on multivariate analysis. For pediatric 
colonoscopy, Wu et al. [10] revealed that pediatric colonoscopy was most effective among 
children presenting with lower GI hemorrhage and persistent diarrhea.
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Table 6. Diagnostic yield of endoscopy for different endoscopic indications
Indications Total number (cases) Positive diagnostic yield (cases) Diagnostic yield (%)
Chronic abdominal pain 55 11 20.0
Hematemesis/hematochezia 46 39 84.8
Recurrent vomiting 14 4 28.6
Persistent diarrhea 12 5 41.7
Dysphagia 11 4 36.4
Acute abdominal pain 6 2 33.3
Weight loss 2 1 50.0
Anemia 1 0 0.0
Abdominal mass 1 0 0.0
Total 148 66 44.6
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In our cohort, we revealed that younger age is a major factor associated with an abnormal 
endoscopy. However, this finding contrasted with that of the study by Helin et al. [21] about 
EGD among children under 7 years presenting nonspecific GI or respiratory symptoms. The 
information from this study showed low diagnostic yield (<20%) unless presenting alarm 
symptoms [21]. The difference in results may have been caused by procedural differences, the 
number of children, and the endoscopic indications from our cohort.

This study’s results showed that children undergoing endoscopy with chronic abdominal pain 
had a markedly higher percentage of normal endoscopic findings, even with the presence 
of alarm symptoms. This finding differed from the data from another researcher, showing a 
significantly higher diagnostic value of endoscopy among children with recurrent abdominal 
pain in a high-suspicion setting compared with patients in a low-suspicion setting (34 vs. 6%, 
p<0.001). The risk factors of the high suspicion group comprised nocturnal diarrhea, bloody 
stool, weight loss, history of food impaction, extra-intestinal features or family history of 
IBD, hypoalbuminemia, iron deficiency anemia, elevated ESR, positive stool occult blood 
testing, high fecal calprotectin, and positive serum tissue transglutaminase IgA levels. Thus, 
these factors could be used to determine the need for further investigations [22].

We discovered that low hemoglobin levels, increased ESR, hypoalbuminemia, rising serum 
lipase levels, and higher BUN/Cr ratios were prognostic factors for obtaining abnormal 
endoscopic findings for pre-endoscopic investigations. These findings confirmed that 
these parameters are vital surrogate markers to determine the organic diseases of the GI 
tract, such as persistent intestinal infection, intestinal inflammation, celiac disease, and 
IBD [15,23]. Levels of serum pancreatic enzymes, namely, amylase and lipase, were likely 
to be increased in non-pancreatic disorders or conditions such as intestinal inflammation, 
gut obstruction, duodenal ulceration, coeliac disease, peritonitis, acute cholecystitis, renal 
insufficiency, head injury, burns, shock, diabetic ketoacidosis, and a critical illness [24,25], 
which could be possible causes for increased pancreatic enzyme levels. Our study reported 
a significant rise in serum lipase levels among children with abnormal endoscopy due to 
various possible co-incidences.

In this study, the overall endoscopy diagnostic yield was 44.6%. Compared with the 
diagnostic yield of pediatric endoscopy involving different procedures, the yield for EGD 
was 39–63% [9,20,26-28], and the yield for colonoscopy was 33–75% [10,28-30] from related 
reports. If we categorized the diagnostic yield by endoscopic indication, the diagnostic yield 
varied from 20% among children with chronic abdominal pain to 85% among children with 
clinical GI bleeding.

According to a prior study, children with rectal bleeding undergoing colonoscopies had 
an overall yield of 64–77% for GI hemorrhage. Furthermore, the common findings were 
colitis (22–36%) and polyps (26–27%) [10,31]. Another report from Kawada et al. [29] 
demonstrated that abnormal colonoscopy in 56 of 197 cases (28.4%) with lower GI bleeding 
revealed juvenile polyps (20%) to be the most common finding. However, the prevalence of 
abnormal EGD among children with upper GI bleeding was reported at 57–75% [32,33]. For 
chronic abdominal pain, we observed a prevalence of abnormal endoscopy (20%). A previous 
systematic review among children reported a diagnostic yield of 3.6% and revealed that 
endoscopy in this situation presented an unclear effect on the change in treatment, quality 
of life, and cost-effectiveness [34]. Furthermore, a negative endoscopy did not decrease the 
severity or improve the functional score among children with functional abdominal pain 
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disorders [35]. Proper patient selection can increase the diagnostic yield and reduce the 
likelihood of low-value interventions in such situations.

This study had limitations. We retrospectively reviewed electronic medical records that 
were incomplete. Furthermore, this study represented data from a single tertiary medical 
center. Thus, the findings of this study may not be entirely applicable in other settings. Some 
investigations were unavailable and excluded from this study, such as fecal calprotectin, 
hydrogen breath test, and a screening test for celiac disease. We did not include pre- and 
postendoscopic therapy to compare between groups owing to concerns about the exactness 
of the data. Children’s age ranges were wide in the present study, and young children may not 
have the same indicationsfor endoscopy as adolescents. Most endoscopic procedures were 
performed by a single endoscopist; however, the histopathologic results were not reported by 
the same or designated pathologists.

In conclusion, the alarm symptoms and pre-endoscopic investigations were evaluated 
using predictive factors for abnormal pediatric endoscopic findings. Of these factors, 
hematemesis/hematochezia, anemia, low hemoglobin level, hypoalbuminemia, high ESR 
levels, rising lipase levels, and high BUN/Cr ratio were significantly associated with an 
abnormal endoscopy. Furthermore, according to multivariate logistic regression analysis, 
hematemesis/hematochezia and low hemoglobin levels were found to be independent risk 
factors for abnormal endoscopy.

REFERENCES

 1. Freeman NV. Clinical evaluation of the fiberoptic bronchoscope (Olympus BF 5B) for pediatric endoscopy. 
J Pediatr Surg 1973;8:213-20.    PUBMED | CROSSREF

 2. Gilger MA. Gastroenterologic endoscopy in children: past, present, and future. Curr Opin Pediatr 
2001;13:429-34.    PUBMED | CROSSREF

 3. Chung HK, Lightdale JR. Sedation and monitoring in the pediatric patient during gastrointestinal 
endoscopy. Gastrointest Endosc Clin N Am 2016;26:507-25.    PUBMED | CROSSREF

 4. Fachler T, Shteyer E, Meyer EO, Shemasna I, Tzion RL, Rachman Y, et al. Pediatric gastrointestinal 
endoscopy: diagnostic yield and appropriateness of referral based on clinical presentation: a pilot study. 
Front Pediatr 2021;9:607418.    PUBMED | CROSSREF

 5. Lee WS, Zainuddin H, Boey CCM, Chai PF. Appropriateness, endoscopic findings and contributive yield 
of pediatric gastrointestinal endoscopy. World J Gastroenterol 2013;19:9077-83.    PUBMED | CROSSREF

 6. Silva S, Silva C, do Céu Espinheira M, Pais IP, Trindade E, Dias JA. Diagnostic yield of endoscopic 
procedures in children: experience of a portuguese center. GE Port J Gastroenterol 2020;27:404-9.    
PUBMED | CROSSREF

 7. Elitsur Y. The diagnostic yield of upper endoscopy procedures in children- is it cost effective? Curr 
Gastroenterol Rep 2014;16:385.    PUBMED | CROSSREF

 8. Akbulut UE, Emeksiz HC, Kocak FG, Livaoglu A. Diagnostic yield of esophagogastroduodenoscopy in 
children with chronic abdominal pain. Arch Med Sci 2018;14:74-80.    PUBMED | CROSSREF

 9. Altamimi E, Odeh Y, Al-Quraan T, Mohamed E, Rawabdeh N. Diagnostic yield and appropriate indication 
of upper endoscopy in Jordanian children. BMC Pediatr 2021;21:10.    PUBMED | CROSSREF

 10. Wu CT, Chen CA, Yang YJ. Characteristics and diagnostic yield of pediatric colonoscopy in Taiwan. 
Pediatr Neonatol 2015;56:334-8.    PUBMED | CROSSREF

 11. Di Lorenzo C, Colletti RB, Lehmann HP, Boyle JT, Gerson WT, Hyams JS, et al. Chronic abdominal pain 
in children: a technical report of the American Academy of Pediatrics and the North American Society 
for Pediatric Gastroenterology, Hepatology and Nutrition. J Pediatr Gastroenterol Nutr 2005;40:249-61.    
PUBMED | CROSSREF

122

Alarm Symptoms for Abnormal Pediatric Gastrointestinal Endoscopy

https://doi.org/10.5223/pghn.2024.27.2.113https://pghn.org

http://www.ncbi.nlm.nih.gov/pubmed/4698358
https://doi.org/10.1016/S0022-3468(73)80087-9
http://www.ncbi.nlm.nih.gov/pubmed/11801888
https://doi.org/10.1097/00008480-200110000-00008
http://www.ncbi.nlm.nih.gov/pubmed/27372774
https://doi.org/10.1016/j.giec.2016.02.004
http://www.ncbi.nlm.nih.gov/pubmed/34778118
https://doi.org/10.3389/fped.2021.607418
http://www.ncbi.nlm.nih.gov/pubmed/24379634
https://doi.org/10.3748/wjg.v19.i47.9077
http://www.ncbi.nlm.nih.gov/pubmed/33251289
https://doi.org/10.1159/000507207
http://www.ncbi.nlm.nih.gov/pubmed/24676532
https://doi.org/10.1007/s11894-014-0385-1
http://www.ncbi.nlm.nih.gov/pubmed/29379535
https://doi.org/10.5114/aoms.2017.67675
http://www.ncbi.nlm.nih.gov/pubmed/33402143
https://doi.org/10.1186/s12887-020-02470-6
http://www.ncbi.nlm.nih.gov/pubmed/25850637
https://doi.org/10.1016/j.pedneo.2015.01.005
http://www.ncbi.nlm.nih.gov/pubmed/15735476
https://doi.org/10.1097/01.MPG.0000154661.39488.AC
https://pghn.org


 12. Reust CE, Williams A. Recurrent abdominal pain in children. Am Fam Physician 2018;97:785-93.   PUBMED

 13. Tringali A, Thomson M, Dumonceau JM, Tavares M, Tabbers MM, Furlano R, et al. Pediatric gastrointestinal 
endoscopy: European Society of Gastrointestinal Endoscopy (ESGE) and European Society for Paediatric 
Gastroenterology Hepatology and Nutrition (ESPGHAN) Guideline Executive summary. Endoscopy 
2017;49:83-91.    PUBMED | CROSSREF

 14. Gijsbers CFM, Benninga MA, Schweizer JJ, Kneepkens CMF, Vergouwe Y, Büller HA. Validation of the 
Rome III criteria and alarm symptoms for recurrent abdominal pain in children. J Pediatr Gastroenterol 
Nutr 2014;58:779-85.    PUBMED | CROSSREF

 15. Alper A, Zhang L, Pashankar DS. Correlation of erythrocyte sedimentation rate and C-reactive protein 
with pediatric inflammatory bowel disease activity. J Pediatr Gastroenterol Nutr 2017;65:e25-7.    PUBMED | 

CROSSREF

 16. Mack DR, Langton C, Markowitz J, LeLeiko N, Griffiths A, Bousvaros A, et al. Laboratory values for children 
with newly diagnosed inflammatory bowel disease. Pediatrics 2007;119:1113-9.    PUBMED | CROSSREF

 17. Takaki Y, Mizuochi T, Eda K, Ishihara J, Yamashita Y. Laboratory values in Japanese children with newly 
diagnosed inflammatory bowel disease. Pediatr Int 2019;61:720-5.    PUBMED | CROSSREF

 18. Reedy RA, Filipp SL, Gurka MJ, Shenoy A, Davis MK. Utility of esophagogastroduodenoscopy in the 
evaluation of uncomplicated abdominal pain in children. Glob Pediatr Health 2019;6:2333794X19898345.    
PUBMED | CROSSREF

 19. Tolone C, Pellino V, Piccirillo M, Letizia M, Belfiore I, Tolone S. Recurrent abdominal pain in children: 
underlying pathologies in the absence of “alarm” symptoms. Minerva Pediatr 2017;69:239-44.    PUBMED | 

CROSSREF

 20. Wang S, Qiu X, Chen J, Mei H, Yan H, You J, et al. Pediatric esophagogastroduodenoscopy in china: 
indications, diagnostic yield, and factors associated with findings. BMC Pediatr 2022;22:522.    PUBMED | 

CROSSREF

 21. Helin N, Kolho KL, Rintala R, Merras-Salmio L. Upper endoscopy for non-acute non-specific symptoms is 
seldom beneficial for children under the age of seven. Acta Paediatr 2020;109:827-35.    PUBMED | CROSSREF

 22. Mark JA, Campbell K, Gao D, Kramer RE. Algorithm to predict which children with chronic abdominal 
pain are low suspicion for significant endoscopic findings. Clin Pediatr (Phila) 2019;58:79-87.    PUBMED | 

CROSSREF

 23. Khan K, Schwarzenberg SJ, Sharp H, Greenwood D, Weisdorf-Schindele S. Role of serology and routine 
laboratory tests in childhood inflammatory bowel disease. Inflamm Bowel Dis 2002;8:325-9.    PUBMED | 

CROSSREF

 24. Bachmeier CAE, Morton A. Man with epigastric pain and persistently elevated serum lipase. BMJ Case 
Rep 2019;12:e229208.    PUBMED | CROSSREF

 25. Muniraj T, Dang S, Pitchumoni CS. PANCREATITIS OR NOT?--Elevated lipase and amylase in ICU 
patients. J Crit Care 2015;30:1370-5.    PUBMED | CROSSREF

 26. Wani MA, Zargar SA, Yatoo GN, Haq I, Shah A, Sodhi JS, et al. Endoscopic yield, appropriateness, and 
complications of pediatric upper gastrointestinal endoscopy in an adult suite: a retrospective study of 822 
children. Clin Endosc 2020;53:436-42.    PUBMED | CROSSREF

 27. Berger TD, Soffer S, Vurzel-Harel T, Silbermintz A, Fleishaker H, Shamir R, et al. The yield of upper 
gastrointestinal endoscopy at a pediatric tertiary care center. Isr Med Assoc J 2020;22:164-8.   PUBMED

 28. Thomson M, Sharma S. Diagnostic yield of upper and lower gastrointestinal endoscopies in children in a 
tertiary centre. J Pediatr Gastroenterol Nutr 2017;64:903-6.    PUBMED | CROSSREF

 29. Kawada PS, O’Loughlin EV, Stormon MO, Dutt S, Lee CH, Gaskin KJ. Are we overdoing pediatric lower 
gastrointestinal endoscopy? J Pediatr Gastroenterol Nutr 2017;64:898-902.    PUBMED | CROSSREF

 30. Hochman JA, Figueroa J, Duner E, Lewis JD. Diagnostic yield variation with colonoscopy among pediatric 
endoscopists. Dig Dis 2020;38:421-30.    PUBMED | CROSSREF

 31. El-Mouzan MI, Abdullah AM. Yield of colonoscopy in children with rectal bleeding. Saudi Med J 
2004;25:998-1001.   PUBMED

 32. Sheiko MA, Feinstein JA, Capocelli KE, Kramer RE. Diagnostic yield of EGD in children: a retrospective 
single-center study of 1000 cases. Gastrointest Endosc 2013;78:47-54.e1.    PUBMED | CROSSREF

 33. El Mouzan MI, Abdullah AM, Al-Mofleh IA. Yield of endoscopy in children with hematemesis. Trop 
Gastroenterol 2004;25:44-6.   PUBMED

123

Alarm Symptoms for Abnormal Pediatric Gastrointestinal Endoscopy

https://doi.org/10.5223/pghn.2024.27.2.113https://pghn.org

http://www.ncbi.nlm.nih.gov/pubmed/30216016
http://www.ncbi.nlm.nih.gov/pubmed/27617420
https://doi.org/10.1055/s-0042-111002
http://www.ncbi.nlm.nih.gov/pubmed/24866784
https://doi.org/10.1097/MPG.0000000000000319
http://www.ncbi.nlm.nih.gov/pubmed/27741061
https://doi.org/10.1097/MPG.0000000000001444
http://www.ncbi.nlm.nih.gov/pubmed/17545378
https://doi.org/10.1542/peds.2006-1865
http://www.ncbi.nlm.nih.gov/pubmed/31102555
https://doi.org/10.1111/ped.13892
http://www.ncbi.nlm.nih.gov/pubmed/35211650
https://doi.org/10.1177/2333794X19898345
http://www.ncbi.nlm.nih.gov/pubmed/26745709
https://doi.org/10.23736/S0026-4946.16.04247-X
http://www.ncbi.nlm.nih.gov/pubmed/36056317
https://doi.org/10.1186/s12887-022-03558-x
http://www.ncbi.nlm.nih.gov/pubmed/31538356
https://doi.org/10.1111/apa.15027
http://www.ncbi.nlm.nih.gov/pubmed/30306797
https://doi.org/10.1177/0009922818806317
http://www.ncbi.nlm.nih.gov/pubmed/12479647
https://doi.org/10.1097/00054725-200209000-00003
http://www.ncbi.nlm.nih.gov/pubmed/30996071
https://doi.org/10.1136/bcr-2019-229208
http://www.ncbi.nlm.nih.gov/pubmed/26411523
https://doi.org/10.1016/j.jcrc.2015.08.020
http://www.ncbi.nlm.nih.gov/pubmed/32252499
https://doi.org/10.5946/ce.2019.118
http://www.ncbi.nlm.nih.gov/pubmed/32147981
http://www.ncbi.nlm.nih.gov/pubmed/28333770
https://doi.org/10.1097/MPG.0000000000001582
http://www.ncbi.nlm.nih.gov/pubmed/26960173
https://doi.org/10.1097/MPG.0000000000001192
http://www.ncbi.nlm.nih.gov/pubmed/31825933
https://doi.org/10.1159/000504837
http://www.ncbi.nlm.nih.gov/pubmed/15322586
http://www.ncbi.nlm.nih.gov/pubmed/23669024
https://doi.org/10.1016/j.gie.2013.03.168
http://www.ncbi.nlm.nih.gov/pubmed/15303474
https://pghn.org


 34. Thakkar K, Gilger MA, Shulman RJ, El Serag HB. EGD in children with abdominal pain: a systematic 
review. Am J Gastroenterol 2007;102:654-61.    PUBMED | CROSSREF

 35. Bonilla S, Deli W, Saps M. The prognostic value of obtaining a negative endoscopy in children with 
functional gastrointestinal disorders. Clin Pediatr (Phila) 2011;50:396-401.    PUBMED | CROSSREF

124https://pghn.org https://doi.org/10.5223/pghn.2024.27.2.113

Alarm Symptoms for Abnormal Pediatric Gastrointestinal Endoscopy

http://www.ncbi.nlm.nih.gov/pubmed/17222318
https://doi.org/10.1111/j.1572-0241.2007.01051.x
http://www.ncbi.nlm.nih.gov/pubmed/21242200
https://doi.org/10.1177/0009922810392773
https://pghn.org

	Which Alarm Symptoms Are Associated With Abnormal Gastrointestinal Endoscopy Among Thai Children?
	INTRODUCTION
	MATERIALS AND METHODS
	Data collection
	Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES


