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Clinical features of capsu
le endoscopy in 825
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Abstract
Video capsule endoscopy (VCE) can detect mucosal lesions in the intestine, especially in the small bowel.
Our study aims to evaluate the applications of VCE for pediatric gastrointestinal diseases.
In this retrospective study, we included all patients who underwent VCE between December 2012 and December 2018. Clinical

information and VCE data were analyzed.
Among 828 patients, the completion rate was 99.6% (n=825), with an average age of 10.2±3.3 years old. A total of 459 VCE

procedures showed abnormalities, and the overall diagnostic yield was 55.6%. The most common indications for VCE were
abdominal pain among 505 (61.2%) patients and hematochezia (10.1%) among 83. Among the positive results of VCE, small bowel
ulcers accounted for the highest percentage (57.7%), of which 164 cases were diagnosed as inflammatory bowel disease. For
obscure gastrointestinal bleeding, 12 cases were diagnosed asMeckel’s diverticulum. In terms of the small bowel transit time of VCE,
compared with the negative group [288 (216.5, 390.3) min] and the enteritis group [277 (192.5, 374.8) min], a longer transit time was
needed in the small bowel ulcer group [332.5 (240, 451.5) min, P< .01]. There were no correlations of positive VCE findings with
anemia, the white blood cell count, the C-reactive protein level or the small bowel transit time according to Spearman rank analysis.
VCE is relatively well tolerated and safe in children and has great value for the diagnosis and treatment of abdominal pain, especially

inflammatory bowel disease and obscure gastrointestinal bleeding.

Abbreviations: CD = Crohn disease, HSP = Henoch-Schönlein purpura, IBD = inflammatory bowel disease, OB = occult blood,
UC = ulcerative colitis, VCE = video capsule endoscopy.
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1. Introduction

Video capsule endoscopy (VCE) is a noninvasive technology
designed primarily to provide diagnostic imaging of the small
intestine, an anatomic site that has proven particularly difficult to
visualize. VCE is considered a milestone in the development of
endoscopy.[1,2] The United States Food and Drug Administration
approved the use of CE for the evaluation of small bowel diseases
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in adults in 2001. In 2004, CEwas approved for children 10 years
or older;[3] Both CE and patency capsules were approved for use
in children older than 2 years in 2009.[4] VCE is used for the
diagnosis and assessment of the extent of disease in the small
bowel, such as for Crohn’s disease. Further obscure gastrointes-
tinal hemorrhage, intestinal polyposis, protein-losing enteropa-
thies, and intestinal tumors are all indications for VCE when
small bowel pathology is suspected.[5,6] VCE has addressed the
shortcomings of traditional endoscopy or colonoscopy given its
ability to detect disease in the small bowel and is more flexible
and convenient than double-balloon enteroscopy.[7,8]

Fewer studies on VCE have been conducted in children than in
adults to evaluate its tolerance and safety. In this retrospective
study, 825 children who underwent VCE in the Children’s
Hospital of Fudan University were analyzed, and this study aims
to shed new light on the clinical application of VCE.
2. Experimental methods

2.1. Patients

This study was approved by the Ethics Committee of the
Children’s Hospital of Fudan University. Informed consent was
signed by the parents of all participants who underwent VCE.
Information on the patients with digestive symptoms who were
enrolled in the Department of Gastroenterology, Children’s
Hospital of Fudan University between December 31, 2012, and
December 31, 2018, included their sex and age at the time of VCE
examination. The follow-up period ended on August 31, 2019.
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The VCE used in the study was Jinshan OMOM Capsule
Endoscopy Model JS-ME-1, with a diameter of 11.0mm and a
length of 25.4mm.
2.2. Examination standards for capsule endoscopy

The indications for VCE in the pediatric population outlined in
the ESPHGAN guidelines were followed.[3] VCE was used when
a diagnosis could not be confirmed with gastroscopy or to
supplement the diagnosis reached via colonoscopy. The groups
were identified by their chief complaints andmain clinical features.
VCE images were categorized as normal, inflammation, ulcer,

polyps, lymphangiectasia, bleeding, vascular disease, protruding
lesion, lymphatic follicular hyperplasia, diverticulum, parasites,
and other diseases, referring to the report published previously.[9]
Figure 1. Flow chart of patient inclusion and exclusion of the diseases
diagnosed in this study. VCE=video capsule endoscopy.
2.3. Intestinal preparation and testing method

Two days before VCE, oral lactulose was given 15ml/time twice a
day; 2 days before VCE, polyethylene glycol electrolyte solution
was given orally to children. Two days before the examination,
children were put on liquid diets. They were required to fast,
abstaining from solids and liquids, on the examination day. Two
hours after the capsule entered the duodenum, a small amount of
solid food could be taken orally. If it was difficult for the child to
swallow the capsule or the capsule did not enter the duodenum
within 2 hours of real-timemonitoring after it was swallowed, the
capsule was transmitted to the duodenum via gastroscopy under
anesthesia. A normal diet could be resumed when the capsule was
excreted or at the end of the examination.
The following outcomes were measured: the transit time of the

capsule through the stomach and small bowel, capsule excreting
time, examination completion rate of the entire small bowel (the
proportion of patients in whom the capsule entered the large
intestine through the ileocecal valve after the battery was
drained), capsule retention rate (the proportion of patients who
did not excrete the capsule from the digestive tract after 2 or more
weeks), the detection rate of small bowel disease and the type of
lesion identified.
Table 1

Baseline demographic and clinical characteristics of enrolled
patients.

Characteristics Enrolled patients

Age (yr) 11.0 [8.0,13.0]
male: female 547:278
Swallow CE by themselves: n (%) 777 (94.2)
Unable to swallow: n (%) 48 (5.8)
Failed to pass through the pylorus: n (%) 120 (14.5)
Chief complaint
Abdominal pain: n (%) 505 (61.2)
Diarrhea: n (%) 97 (11.8)
Anemia: n (%) 140 (17.0)
Hematochezia: n (%) 83 (10.1)
Hypoproteinemia or edema: n (%) 13 (1.6)
Vomit: n (%) 45 (5.5)
Fever: n (%) 124 (15.0)

CE= capsule endoscopy, n=number.
2.4. Statistical analysis

SPSS 22.0 software was used for the data analysis. Normally
distributed data are expressed as the means ± standard
deviations, and nonnormally distributed data are expressed as
the medians and interquartile ranges. The Kruskal-Wallis
statistical methods were employed to establish significance of
transit time of stomach, small bowel and total time among the
negative group, small bowel ulcer group and small bowel
inflammation group. A P< .05 was deemed to be significant.
Spearman rank correlation coefficient was used to assess the
correlations of positive VCE findings with the fecal occult blood
(OB) test result, anemia, white blood cell count, C-reactive
protein level and small bowel transit time.

3. Results

3.1. Demographic features of patients

A total of 828 VCE patients were identified, of whom 3 patients
were not able to undergo VCE due to intestinal stenosis detected
during colonoscopy and small bowel MRI and were excluded
(Fig. 1). Among the children who completed VCE, the diagnostic
2

yield of VCE was 55.6% (459 patients). A total of 120 patients
could not pass the capsule through the gastric antrum within the
specified time and needed gastroscopic assistance.
The analysis of the chief complaints during VCE showed that

abdominal pain occurred in 505 patients (61.2%), accounting for
the highest percentage, and hematochezia occurred in 83 patients
(10.1%). In total, 137 patients had a positive fecal OB test
(16.6%), and 140 patients had anemia (17.0%) (Table 1).
3.2. Capsule endoscopy findings

In our study, 459 VCEs (55.6%) revealed positive findings. In the
505 patients with abdominal pain as the chief complaint, 248
patients had positive VCE findings, including 147 patients in the
small bowel ulcer group, 67 in the enteritis group, and 12 in the
intestinal erosion group, 3 in intestinal lymphangiectasia, 2 in
Meckel’s diverticulum, 4 in intestinal polyps, 3 in vascular
malformations, 3 in gastritis, 5 protuberant lesions, 2 intestinal
bleeding; 257 patients had negative VCE results. The major
positive results classified according to the VCE findings are
shown below.



Figure 2. Findings of VCE. A. Image suggestive of Crohn’s disease; B. Image suggestive of ulcerative colitis; C. Image suggestive of cryptogenic multifocal
ulcerating stenosing enteritis; D. Image suggestive of Henoch-Schönlein purpura; E. Image suggestive of eosinophilic gastroenteritis; F. Image suggestive of
intestinal lymphangiectasia. VCE=video capsule endoscopy.
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3.3. Small bowel ulcer

Small bowel ulcers were found in 265 patients (184 males and 81
females). With regard to the chief complaints of these patients,
abdominal pain was noted in 150 patients (56.6%), diarrhea in
47 patients (17.7%), hematochezia in 23 patients (8.7%), fever in
85 patients (32.1%) and vomiting in 9 patients (3.4%).
A total of 164 patients (61.9%) in the small bowel ulcer group

were diagnosed with inflammatory bowel diseases (IBD) with
150 Crohn disease (CD) and 14 ulcerative colitis (UC) (Fig. 2A,
B). Seven patients were diagnosed with intestinal tuberculosis, 5
patients were diagnosed with cryptogenic multifocal ulcerating
stenosing enteritis (Fig. 2C), 1 patient was diagnosed with
Epstein-Barr virus infective enteritis, and 4 patients were
diagnosed with Henoch-Schönlein purpura (HSP) (Fig. 2D).
The diagnosis of the remaining cases were as follows,1 Behcet’s
disease, 40 duodenal ulcer, 1 leukemia, 2 rheumatoid arthritis,40
small bowel ulcer with diagnosis unknown

3.4. Small bowel inflammation

Small bowel inflammation was found in 120 patients (82 males,
38 females). With regard to the primary complaint, abdominal
pain was noted in 79 patients (65.8%), diarrhea in 13 patients
(10.8%), hematochezia in 16 patients (13.3%), fever in 11
patients (9.2%), vomiting in 13 patients (10.8%) and hypo-
proteinemia or edema in 2 patients (1.7%).
In the patients with small bowel inflammation, there were 106

cases of enteritis and 14 cases of erosion. In total, 20 patients were
diagnosed with IBD included 14 CD, 6 UC, 2 patients were
diagnosedwith eosinophilic gastroenteritis (Fig. 2E), and 1 patient
in the small intestinal erosion group was diagnosed with HSP.
3

3.5. Lymphangiectasia

Eleven patients were diagnosed with intestinal lymphangiecta-
sia in this group. In these patients, diarrhea (7/11), hypo-
proteinemia (5/11), edema (4/11), and abdominal pain (3/11)
were the chief complaints (Fig. 2F). The average albumin
level was 24.1±3.0g/L. Among these patients, 1 was diagnosed
with lymphangioma and was treated with oral sirolimus
regularly. Another patient died, possibly due to abdominal
lymphoma.

3.6. Diverticulum

Among the patients with obscure GI bleeding and anemia, 12
patients were diagnosed with Meckel’s diverticulum (Fig. 3A).
The average Hb level of patients with Meckel’s diverticulum
was 87.9±18.2g/L. Eleven patients had their diagnoses
confirmed during surgery, and the overall diagnostic yield
was 91.7%.

3.7. Intestinal polyps

Fourteen patients had intestinal polyps (8 males and 6 females).
Among these patients, abdominal pain was observed in 4
patients, hematochezia in 4 patients, and diarrhea in 3 patients.
Five patients were finally diagnosed with Peutz-Jeghers

syndrome (Fig. 3B), 2 patients were diagnosed with juvenile
polyposis syndrome (JPS) (Fig. 3C), 1 patient was diagnosed with
familial adenomatous polyposis (FAP), and 4 patients were
diagnosed with small bowel pseudopolyposis due to inflamma-
tory stimulation (2 with primary immunodeficiency disease, 1
with CD, and 1 with UC) (Fig. 3D).

http://www.md-journal.com


Figure 3. Findings of VCE. Image of the double lumen sign (2 arrows) and a diaphragm sign suggesting Meckel’s diverticulum; B. Intestinal polyp indicative of
Peutz-Jeghers syndrome; C. Image of juvenile polyposis syndrome (2 arrows); D. Image of small bowel pseudopolyposis; E. Blue rubber bleb nevus syndrome; F.
Image suggestive of celiac disease. VCE=video capsule endoscopy.
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3.8. Vascular malformation

Vascular malformations were found in 10 patients. Hematoche-
zia was seen in 7 patients, abdominal pain was observed in 3
patients, and anemia was noted in 2 patients.
In the vascular malformation group, angiodysplasia was found

in 5 patients, and vascular protrusions were found in 4 cases. One
patient was diagnosed with blue rubber bleb nevus syndrome
(Fig. 3E). The lowest Hb level in the blue rubber bleb nevus
syndrome patient was 3.3g/dL, and the disease was controlled by
sclerotherapy and oral sirolimus.
3.9. Rare disease

Diarrhea and abdominal swelling were the chief complaints
in 2 patients. VCE showing flattened or absent intestinal
villi were finally diagnosed with celiac disease (Fig. 3F). The
gastroscopic examination showed flattened or absent villi in
the descending part of the duodenum and terminal ileum. The
test for the antibodies associated with celiac disease
was positive, and the patients recovered after starting a
gluten-free diet.
Table 2

Examination condition of CE in Negative group, Small bowel ulcer g

Capsule ingestion and Passage of ileocecal valve Negative group (n

Unable to swallow 22
Unable to pass through the antrum 49
Pass through the ileocecal valve within the specified time 359
Fail to pass through the ileocecal valve within the specified time 6

CE= capsule endoscopy.
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3.10. Normal

There were 366 patients with negative VCE findings.With regard
to the chief complaint, abdominal pain accounted for 71.0%
(260 patients), hematochezia accounted for 11.2% (41 patients),
diarrhea accounted for 6.8% (25 patients), vomiting accounted
for 5.2% (19 patients), and anemia accounted for 1.1%
(4 patients). Twenty-one patients were diagnosed with IBD
(14 CD, 7 UC) with the small bowel spared.
3.11. Comparison of VCE completion rate and
complications

A subsequent analysis of swallowing was carried out due to the
large numbers of patients in the group with negative VCE results,
small bowel ulcer group and small bowel inflammation group
(Table 2).
3.12. Comparison of the transit time of VCE

In this study, the transit time in the small bowel was 300.0
(218.0,410.5) min, the transit time in the stomach was 67.0
roup and inflammation group.

) Small bowel ulcer group (n) Small bowel inflammation group (n)

19 8
49 24
236 98
30 6



Table 3

Comparison of the transit time of CE in negative group, small bowel ulcer group and inflammation group.

transit time Negative group (min) Small bowel ulcer group (min) Small bowel inflammation group (min) H Value P Value

stomach 60.0 (26.3,109.5) 73.0 (15.8,120.5) 65.5 (18.8,117.0) 4.04 .13
small bowel 288.0 (216.5,390.3)

∗
332.5 (240,451.5)

∗,† 277 (200.0,368.5)† 19.25 .00
total 673.0 (624.700) 677.0 (613.5,706) 670.0 (600.5,709.8) 0.24 .89

CE= capsule endoscopy.
∗
refers to comparison between small intestine ulcer group and negative group (P< .001)

† refers to comparison between small intestine ulcer group and negative group (P< .001)
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(29.0,122.0) min, and the total transit time was 671.0 (609.5,
703.0) min.
A comparison wasmade among the transit times in the patients

in the negative results group, small bowel ulcer group and small
bowel inflammation group due to the large numbers of cases
(Table 3). The transit time in the small bowel ulcer group was
significantly longer than those in the negative results group and
enteritis group (P< .01). Furthermore, the transit time in the
stomach in the small bowel ulcer group was no significantly
difference than that in the negative results group and enteritis
group (P= .13). Three patients had capsule retention because of
intestinal stenosis, and abdominal surgery was needed.
There were no correlations between positive VCE findings and

the white blood cell count (r=0.026), anemia (r=0.191), fecal
OB (r=0.164) and the small bowel transit time (r=0.071). The
C-reactive protein level (r=0.244) had a weak correlation with
an increased prevalence of positive findings.
4. Discussion

VCE is a noninvasive and convenient examination that plays an
important role in the diagnosis of gastrointestinal diseases,
especially suspected small bowel disease.[5,10] However, the
literature regarding the use of VCE in pediatric patients is limited.
Case reports have demonstrated that VCE is safe to use in
children as young as 8months or weighing as little as 7.9 kg.[11,12]

The usefulness of VCE in children has been established for several
small-bowel pathologies, such as Crohn’s disease,[13] obscure
gastrointestinal bleeding,[14] hereditary polyposis,[15] abdominal
pain, and protein-losing enteropathy.[4,16] Furthermore, VCE is
well suited for longitudinal monitoring of Crohn’s disease activity
in the small bowel.[17]

This study explored the characteristics of VCE in 825 patients
enrolled at our hospital from 2012 to 2018. To the best of our
knowledge, this is the largest number of VCE procedures in
children reported to date. We found that abdominal pain was the
main indication for VCE, followed by diarrhea, hematochezia,
and so on. This is different from the results in adults, in whom
obscure gastrointestinal bleeding is the main indication for
VCE.[18,19] Recently, a systemic review reported that the pooled
diagnostic yield of VCE for chronic abdominal pain was
20.9%;[20] Huang et al showed a 28.15% positive rate of
VCE findings in the small bowel in chronic abdominal pain
patients.[6] In this study, abdominal pain was the main indicator
for VCE (54.1%), with 49.1% diagnostic yield in patients with
chronic abdominal pain. Our diagnostic yield was higher than
that reported in other groups because our hospital is a pediatric
IBD center.
In recent years, the incidence of IBD in children has also

increased annually; this is especially notable in CD, with 30% of
cases involving the small bowel.[21] As an important tool for the
5

exploration of small bowel diseases, VCE is of vital importance
for CD patients.[22] UC is restricted to the colon; however, a few
cases of UC with gastroduodenal lesions and small bowel lesions
have also recently been reported.[23–25] In our study, 180 patients
were diagnosed with IBD (160 CD, 20 UC). In children with IBD,
VCE can be used to investigate the parts of the small bowel that
cannot be observed by gastroscopy and colonoscopy. VCE can be
used for the diagnosis and follow-up of IBD with small bowel
lesions.
VCE is transmitted through the gastrointestinal tract passively

and is excreted through gastrointestinal peristalsis.The transit time
of VCE is related to the function of intestinal peristalsis and the
condition of the intestinal surface. The diagnostic yield in small
bowel CE is positively correlated with the small bowel transit
time.[26] We found that the transit time of the capsules in the small
bowel ulcer group was significantly delayed, which might be
related to the rough texture and congestionof the intestinalmucosa
or due to intestinal stricture and slow peristalsis.
Due to the difficulty in having young children (under 3 years

old) swallow the VCE capsule, the application of VCE is
limited.[12] In our study, 25.5% of the children were unable to
swallow the capsule or the capsule failed to pass through the
gastric antrum and gastroscopy was required. Nuutinen et al
reported that CE was performed in infants with a minimum age
of 8 months and a minimum weight of 8 kg.[11] In this study,
children undergoing VCE were at least 2 years old and still
needed endoscopic assistance.
The risk of capsule intestinal retention is another reason to

limit the use of VCE. In this study, intestinal retention of VCE
occurred in 3 children, and surgery was needed. In a review of
22,840 adult patients, it was found that the retention rate of the
capsule was 1.2% in patients with gastrointestinal hemorrhage of
unknown cause, 2.6% in patients with Crohn’s disease, and
2.1% in patients with intestinal tumors.[27] The review of a study
on CE in 1013 children found that 2.3% of patients retained the
capsule (among 22 patients in total, 18 had intestinal retention
and 4 had gastric retention). The retention rates in patients with
gastrointestinal hemorrhage of unknown cause, CD and polyp
disease were 1.4%, 2.2% and 1.3%, respectively.[28]

In this study, IBD, peptic ulcers, HSP, multiple intestinal
polyps, vascular malformations, parasitic disease and other rare
diseases were found by VCE. This shows the important value of
VCE in the diagnosis of a relatively wide range of intestinal
diseases, owing to the fact that VCE can expand the area of
intestinal examination and address the shortcomings of colonos-
copy.[29] Compared with colonoscopy, VCE has the advantages
of noninvasiveness, comfort and high tolerance. Unlike CTE,
MRE and CT enterography, CE does not involve radiation and
has a higher level of diagnostic accuracy.[30] However, VCE also
has shortcomings: biopsies cannot be performed, and repeated
observations of specific lesions are not possible. Therefore, it

http://www.md-journal.com
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should be selected based on the needs of the patient and the
specific circumstances.
Our study had limitations. First, we could not display the

detailed VCE findings of all types of diseases because of the large
number of patients. Another major limitation of our study and
other trials is the lack of a gold standard against which to assess
the accuracy of VCE. The diagnostic yield and positive findings
are crude measures. We do not know the rate of false positive or
false negative results. Therefore, colonoscopy and other auxiliary
examinations are necessary.
In conclusion, this single-center study reports the character-

istics of VCE in Chinese children, and its safety and effectiveness
make it a valuable technique in clinical practice.
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