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Abstract

January 2014 to December 2019.

Background To summarize the clinical and epidemiological characteristics of acute intussusception.

Methods This retrospective study included pediatric patients with acute intussusception admitted to the
Department of Pediatric Surgery, Qilu Hospital (Qingdao), Cheeloo College of Medicine, Shandong University, from

Results A total of 402 infants/children were included (301 males and 101 females) with a mean age of 24+ 1.5 years
(2 months to 9 years). Thirty patients (7.5%) had a history of cold food intake, diarrhea, and upper respiratory infection
before disease onset. Paroxysmal abdominal pain and crying occurred in 338 patients (84.1%). Eight patients (2.0%)
had the typical triad, 167 (41.5%) had vomiting, 24 (6.0%) had bloody stools, and 273 (67.9%) had palpable abdominal
mass. The average intussusception depth was 4.0+ 1.4 cm. Air enema reduction was performed in 344 cases: 335
(97.3%) were successful. Fifty-eight patients were treated with intravenous phloroglucinol (2 mg/kg), and 53 (91.4%)
were successful. Sixty-five patients suffered relapses, with a relapse rate of 16.8%.

Conclusions Pediatric acute intussusception is common. There was no obvious etiology. The clinical manifestations
are mostly atypical. Abdominal pain is the most common complaint. Air enema reduction is an effective treatment.

The recurrence rate is high.
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Background

Intussusception is an invagination of a proximal segment
of the intestine into a distal segment of the intestine that
may result in bowel obstruction, venous congestion, and
bowel wall edema [1, 2]. It is a common cause of acute
abdominal emergencies in infants and children. It is
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most common in infants and children aged 3 months to
3 years, with a peak incidence between 5 and 9 months of
age [1-3]. The average reported annual incidence is 3—40
cases per 10,000 live births in the United States, Europe,
and Australia [4—6]. More than 90% of the cases of intus-
susception in children are idiopathic, but about 5% have
a pathological lead point, such as from lymphoid hyper-
plasia, Meckel diverticulum, duplication cyst, intestinal
polyps, mesenteric nodes, lymphoma, surgery, or trauma,
that initiates the problem [1, 2, 7]. Most cases are ileoco-
lic, but small bowel and colonic intussusceptions can also
occur [1, 2].
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The clinical features of intussusception may include any
one or more among sudden, intermittent abdominal pain
(every 10-15 min), palpable abdominal mass, usually in
the right upper quadrant, bilious vomiting, the rectal pas-
sage of mucus or blood (“currant jelly” stools), and altered
mental status including irritability, crying, lethargy, apa-
thy and/or profound listlessness [1, 2, 8]. The presence of
normal bowel sounds does not exclude intussusception
[8]. Less common clinical features include painless intus-
susception, hypovolemic shock, visible peristalsis, diar-
rhea or constipation, tenesmus, fever, obstruction, sepsis,
syncope, and transient hypertension [1, 4, 8].

Intussusception should be treated without delay due to
the risk of bowel ischemia and perforation [1, 2]. Intrave-
nous hydration should be given, and surgical consultation
should be performed before any attempt [1, 2]. Image-
guided pneumatic enema is the preferred first treatment
in most cases of intussusception. Hydrostatic enema can
also be used for both diagnosis and treatment. Delayed
repeat enema can be indicated in cases where the patient
remains clinically stable, and the initial enema partially
reduces the intussusception, or the intussusception is
recurrent. Surgical intervention is indicated in certain
cases of intussusception, including peritonitis, free air,
shock, sepsis, perforation, repeat enema failure, and per-
sistent symptomatic small-bowel obstruction [1, 2]. Small
bowel intussusceptions are not common in children and
are often associated with a spontaneous reduction [4].
The risk of mortality following successful treatment of
intussusception is low [2]. Recurrent intussusception
occurs in up to 10% of cases following enema reduction
and 1% of cases following surgical reduction. Repeat
enemas are reported to be safe and effective for treating
recurrent intussusception if the child remains clinically
stable [3, 4]. A recurrence is seen within 48 h in 2.5% of
the patients after initial successful air enema reduction
[9].

According to the authors’ experience, most children
with intussusception need air enema reduction, but chil-
dren are not very cooperative with enema due to fear and
pain. Phloroglucinol is a smooth muscle relaxant that
can relax intestinal smooth muscle and relieve intesti-
nal spasms caused by intussusception [10]. Relaxation
of intestinal smooth muscle can reduce intestinal spasm
and the rapid peristalsis of the intestine, which would
lead to the aggravation of intussusception, but also give
the opportunity for the intestine to unwind itself.

This study aimed to summarize the clinical and epide-
miological characteristics of acute intussusception at a
single center, including the use of phloroglucinol.
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Methods

Study design and population

This retrospective study included pediatric patients with
acute intussusception admitted to Qilu Hospital (Qin-
gdao), Cheeloo College of Medicine, Shandong Univer-
sity, from January 2014 to December 2019. The study was
approved by the Ethics Committee of Qilu Hospital (Qin-
gdao), Cheeloo College of Medicine, Shandong Univer-
sity (KYLL-qdql2020020). The requirement for informed
consent was waived by the committee because of the ret-
rospective nature of the study.

All children were diagnosed by abdominal ultrasound,
showing a “target ring sign” or a “concentric circle sign”
in the transverse section and a “sleeve sign” in the longi-
tudinal section. The inclusion criteria were (1) age 0—-10
years, and (2) diagnosed with intussusception. The exclu-
sion criteria were (1) combined with other surgical acute
abdominal conditions, (2) history of previous abdominal
surgery, or (3) missing data.

Data collection

The clinical data of all children were retrospectively col-
lected from historical medical recorders, including sex,
age, month of onset, disease duration, etiology, clinical
symptoms, intussusception depth, treatments, outcomes,
and relapses.

Statistical analysis

SPSS 19.0 (IBM, Armonk, NY, USA) was used for
data analysis. Continuous data were expressed as
meanststandard deviation and analyzed using Student’s
t-test. Categorical data were expressed as n (%) and ana-
lyzed using the chi-square test. Two-sided P-values<0.05
indicated a statistically significant difference.

Results

Among the 402 children admitted with acute intus-
susception, 301 were males, and 101 were females. The
average age was 2.4+1.5 years, with the youngest being
2 months old and the oldest 9 years old. Fourteen (3.5%)
children were 1-6 months old, 49 (12.2%) were 6-—12
months old, 120 (29.8%) were 1-2 years old, 74 (18.4%)
were 2-3 years old, 63 (15.7%) were 3—4 years old, 44
(10.9%) were 4—5 years old, and 38 (9.5%) were >5 years
old. The disease onset was most frequent in December
(15.2%), but it occurred throughout the year without an
obvious central tendency. Most patients did not show an
obvious etiology for the disease, while 30 patients (7.5%)
had a history of cold food intake, diarrhea, and upper
respiratory infection before the onset of the disease. The
average time from symptom onset to the initial hospi-
tal visit was 13.1£11.0 h, with 277 cases (68.9%)<12 h,
104 (25.9%) between 12 and 24 h, 18 (4.5%) between
24 and 48 h, and three (0.7%)>48 h. Among the 402
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Table 1 Characteristics of the patients
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Table 2 Treatment Options and Outcomes

Variables

Sex
Male 301 (74.9)
Female 101 (25.1)

Age (months)
1-6 14 (3.5)
6-12 49 (12.2)
12-24 120 (29.9)
24-36 74 (184)
36-48 63 (15.7)
48-60 44 (10.9)
>60 38(9.5)

Month of onset
January 30(7.5)
February 27 6.7)
March 36 (9.0)
April 26 (6.5)
May 41(10.2)
June 38(9.5)
July 27 6.7)
August 29(7.2)
September 25 (6.2)
October 29(7.2)
November 33(82)
December 61(15.2)

Time from symptom onset to the initial hospital visit

<12h 277 (68.9)
12-24h 104 (25.9)
24-48 h 18 (4.5)
>48 h 3(0.7)
Etiology
History of cold food intake 9(2.2)
Diarrhea 19 (4.7)
Upper respiratory infection 2(0.5)
N/A 372(92.5)
Symptoms
Paroxysmal abdominal pain/crying 338 (84.1)
Vomiting 167 (41.5)
Bloody stool 24 (6.0)
Abdominal mass 273 (67.9)
Triad 8(2.0)
Intussusception depth (cm) 40+14
Treatment
Air enema 344 (85.6)
Phloroglucinol 58 (14.4)

Data are presented as n (%) or meanztstandard deviation

children, 338 (84.1%) had paroxysmal abdominal pain
(young infants presented as paroxysmal crying), and
eight patients (2.0%) had a typical triad of intussuscep-
tion (abdominal pain+bloody stools+abdominal mass).
Vomiting occurred in 167 cases (41.5%), bloody stool in
24 (6.0%), and a palpable abdominal mass in 273 (67.9%).
The average intussusception depth was 4.0+1.4 cm, with

Variable Air enema re- Phloroglu- P

duction (n=344) cinol (n=58)
Reduction success 335(974) 53(914) 0.037
Reduction failure 9(2.6) 5(8.6)

Data are presented as n (%)

the shortest being 1.1 cm, the longest being 9.0 ¢cm, and
the median being 3.9 cm (Table 1).

Among the 402 patients, 344 were treated with air
enema reduction, and those not relieved by the initial
enema were given repeat air enema. Those who still could
not be reduced by delayed air enemas were considered
as cases of reduction failure. The cases of reduction suc-
cess were 335, with a success rate of 97.3%. There were
nine cases of reduction failure, which were all success-
fully reduced by conversion to surgical reduction. Among
them, one case of ileo-ileo-colic type and eight cases of
ileo-colic type were found. No significant abnormali-
ties were found during the intraoperative probing from
the ileocecus to the proximal intestinal canal 1.5 cm in
length. Fifty-eight patients were treated with intrave-
nous phloroglucinol (2 mg/kg), and an ultrasound was
reviewed 2 h later. The reduction was successful in 53
patients, with a success rate of 91.4%. There were five
cases of reduction failure, all of which were success-
fully reduced after converting to air enema reduction
(Table 2).

The patients with a>48 h delay between onset and
treatment were due to the parents delaying visiting
the hospital or due to travel time to reach the hospital.
Still, their overall condition was stable, without high
abdominal distension, obvious abdominal tenderness, or
abdominal muscle tension, which are not absolute con-
traindications to air enema. Therefore, they were treated
as other patients. Of these three patients, one was cured
by air enema (1.5 cm), and two were cured by phloroglu-
cinol (3.1 and 3.6 cm).

Among all successfully treated children, 65 cases suf-
fered relapses, with a relapse rate of 16.8%. Among them,
33 relapsed twice, four relapsed three times, and seven
relapsed more than four times. In the highest case, the
child relapsed ten times within 2 years. Among those
who relapsed more than four times, three were treated
with fiberoptic colonoscopy, one had polyps in the termi-
nal ileum, and two had no significant abnormalities.

Discussion

This study suggested that acute intussusception is com-
mon in infants and young children but is also not
uncommon in older children. There is no obvious predis-
posing factor before the onset of the disease, and the clin-
ical manifestations are mostly atypical, with paroxysmal
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abdominal pain/crying being the most common. Air
enema reduction is an effective treatment.

Acute intussusception is generally considered to be
more common in kids under 2 years old, especially in
infants aged 4 to 9 months [1-3]. Still, in this study, the
highest incidence was found in children of 1-2 years,
with a proportion of 30%, and the children>3 and >5
years old accounted for 36.1% and 9.5%, respectively, sug-
gesting that attention should also be paid to the occur-
rence of intussusception in older children. Yap Shiyi et al
[11]. found that approximately 10% of cases occur in chil-
dren over five years old, 3-4% in children over ten years
old, and 1% in infants less than three months old, sup-
porting the present study. Savoie et al [12]. reported that
about 10% of the patients were >3 years old. Justice et al
[13]. reported that 20% of the children were >1 year old,
with the highest age being 6 years.

The etiology and pathogenesis of intussusception are
still not fully understood. In the present study, 7.5% of
the children had clearly identified predisposing factors.
Ntoulia et al [14]. found that around 75% of pediatric
acute intussusception cases have no clear predisposing
factor. The existing studies suggest that approximately
95% of the intussusceptions are primary, and no signifi-
cant organic factors can be found in the intestinal seg-
ment and its adjacent parts where the intussusception
occurs [1, 2, 7]. The majority of predisposing factors for
secondary intussusception are considered to be a dis-
turbance of the normal rhythm of intestinal peristalsis,
and it is currently believed that its pathogenesis might
be related to changes in dietary structure, viral infec-
tious factors, enteritis, and anatomical factors of the
ileocecal junction [15-17]. A study in Suzhou showed
that intussusception also correlates with meteorologi-
cal factors such as sunshine, precipitation, and monthly
average temperature, [18]. but seasonal changes were not
observed in the present study. The high rates of intussus-
ception in older children found in this study suggest that
these etiologies may exist locally, but the present study
was retrospective, and the exact pathogenesis remains
unknown.

The typical presentation of intussusception is parox-
ysmal abdominal pain/crying, abdominal botuliform
mass, and bloody stool. However, in this study, only 6%
had bloody stools, only 2% had the typical triad of symp-
toms, and many older children had only abdominal pain
without other symptoms or signs. Therefore, paroxys-
mal abdominal pain/crying should be the main clinical
manifestation of acute intussusception and requires vigi-
lance. Kimia et al [19]. argued that bloody stools are of
little diagnostic value in acute intussusception. Justice
et al [13]. reported that 78% of the children presented
with abdominal pain, lethargy, and vomiting. Another
study by Kimia et al [20]. reported that the patterns of
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symptoms vary with age, with the presence of abdominal
pain, emesis, bilious emesis, lethargy, rectal bleeding, and
irritability being the predictors in children<24 months
old, while male sex was the only predictor in children>24
months old. Therefore, for children with atypical clinical
symptoms but high suspicion of intussusception, auxil-
iary examinations (such as abdominal ultrasound) can be
performed to assist in the diagnosis.

Ultrasound diagnosis is the preferred method for
detecting intussusception in many institutions. Ultra-
sound can provide insight into the site of intussusception
and allow observation of blood flow changes, intestinal
dilatation, and ascites [21]. It can also be used to observe
the effect of reduction in real time. The sensitivity and
specificity of ultrasonography by experienced operators
approach 100% [22, 23].

Treatment options for intussusception include non-
surgical and surgical treatment. The most commonly
used non-surgical treatments include fluoroscopy-guided
air enema reduction and ultrasound-guided hydraulic
enema reduction. Both have their advantages and dis-
advantages, with hydraulic enema avoiding the expo-
sure of children to radiation and air enema having the
advantages of simplicity, rapidity, and high success rate
of reduction. A meta-analysis showed that the success
rate of air enemas is 83%, which is higher than the suc-
cess rate of hydraulic enemas (70%) [24]. In this study, an
air enema is the first choice for clinically stable children
who had no evidence of intestinal perforation and shock.
During the treatment, for children whose intussuscep-
tion head moves but does not completely disappear
with the initial enema and whose general conditions are
stable, it may be considered to try again after some time
(ranging from 30 min to several hours), which is called
delayed repeated enema [25]. Some children in whom
surgical reduction is considered due to unsuccessful ini-
tial attempts of enema can thus avoid surgery, avoid the
occurrence of intestinal adhesion after abdominal sur-
gery, and reduce the economic burden of the children’s
family. As for children with advanced intussusception,
especially those with poor general conditions or failed air
enemas, surgery should be performed promptly. Laparo-
scopic intussusception reduction is chosen as the surgi-
cal method, which has the advantages of less trauma and
faster recovery compared with open surgery.

Phloroglucinol is a myotropic non-atropine non-papav-
erine antispasmodic for smooth muscles and selectively
relieves smooth muscle spasms without producing a
series of anticholinergic-like adverse effects and has no
significant effect on normal smooth muscle [10]. Cur-
rently, it is mainly used to treat acute spasmodic pain
caused by dysfunction of the digestive system and biliary
tract in adults, spasmodic pain of the urethra, bladder,
and kidney, and gynecological spasmodic pain [26]. The
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drug has no obvious toxicity, no obvious teratogenicity,
or mutagenicity, which can ensure medication safety [10].
Phloroglucinol has a significant relaxing effect on the
intestinal canal with active peristalsis or spasm, reliev-
ing abdominal pain and other symptoms and calming
the children. The application of phloroglucinol in treat-
ing children with acute intussusception is simple and fea-
sible, which can reduce children’s resistance to air enema
and is also easily accepted by the parents. In this study,
phloroglucinol was effective in managing children with
acute intussusception with a depth within 3.9 cm. This
study preliminarily suggests the feasibility of phloroglu-
cinol for treating acute intussusception. The authors’ plan
is to carry out a clinical trial to apply phloroglucinol to
all children with intussusception and use air enema as a
salvage treatment if phloroglucinol fails. The relaxation
of the intestine could also be conducive to improving the
efficacy of air enema.

This study showed that about 16.8% of the children suf-
fered relapses, and the age distribution of the children
with relapse was approximately the same as the overall
age distribution of the children with the disease. Some
studies reported that about 10% of children would relapse
after successful non-surgical reduction of intussuscep-
tion, and the risk of relapse is higher in children>1 year
old [27]. but is not related to the duration of the disease
and the reduction technique used [28, 29].

This study has some limitations. First, this study is a
single-center retrospective study, limiting the generaliz-
ability of the results. Second, this study is retrospective,
and there may be bias in data collection. In addition, the
analyzable data are limited to those found in the charts.
Therefore, a multicenter prospective study with a large
sample is needed to provide a sufficient clinical basis in
the future.

Conclusions

In conclusion, acute intussusception is a common acute
abdominal disease in children, occurring in infants and
young children but also in older children. There was no
obvious etiology. The clinical manifestations are atypical
in most cases. Abdominal pain is the most common com-
plaint from children presenting with intussusception. Air
enema reduction is an effective treatment. Phloroglucinol
might also be considered. The recurrence rate is high.
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