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ABSTRACT

Purpose: The aim of the study was to identify factors related to the recurrence of
intussusception in pediatric patients.

Methods: The medical charts of patients diagnosed with intussusception and treated at
Dongsan Medical Center, between March 2015 to June 2017, were retrospectively reviewed.
Univariate and multivariate analyses were performed.

Results: Among 137 patients, 23 patients (16.8%) had a recurrent intussusception and 8

of these patients (6%) had more than 2 episodes of recurrence. The age at diagnosis was
significantly different between the non-recurrence and recurrence group (p=0.026), with age
>1 year at the time of diagnosis associated with a greater rate of recurrence (p=0.002). The
time interval from symptom onset to the initial reduction (<48 vs. 248 hours) was significantly
longer in the recurrence group (p=0.034) and patients in the recurrence group had higher
levels of C-reactive protein (CRP) (p=0.024). Bloody stools and a history of infection were
significantly more frequent in the non-recurrence group (p=0.001 and p<0.001, respectively).
On stepwise regression analysis, age >1 year at the time of presentation (odds ratio [OR], 4.79;
95% confidence interval [CI], 1.56-14.06; p=0.016) and no history of infection (OR, 0.18; 95%
CI, 0.06-0.58; p=0.004) were retained as predictors of recurrence.

Conclusion: Patients with intussusception who are older than 1 year at diagnosis, have an
elevated CRP level, a delay of 248 hours between symptom onset and the initial reduction,
an absence of bloody stools, and no history of infection should be closely monitoring for
symptoms and signs of a possible recurrence.
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INTRODUCTION

Intussusception refers to the invagination of part of the intestine into the distal bowel and
is the most common cause of acute intestinal obstruction in infants and young children [1].
Intussusception is an emergent condition, requiring prompt diagnosis and management, as
obstruction of the blood supply to the intestine may result in bowel infarction, perforation,
and even death [1].
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In most cases, intussusceptions are idiopathic in nature [2,3], however, recurrence is known
to be associated with specific pathologies, including Meckel's diverticulum, duplication,
polyps, and tumors, particularly in adults [2-5]. To date, definitive or reliable risk factors for
recurrence, other than anatomical features, have not been identified [6,7].

Awareness of the recurrence of intussusceptions and, therefore, early diagnosis, is often
challenging for pediatricians in a clinical setting. Accordingly, the aim of this study was
to identify the clinical features and risk factors of recurrent intussusception, beyond the
anatomical points previously identified, which would allow clinicians to identify patients
who are at an increased risk for recurrence after a primary episode. Providing a clinical
index for the risk of intussusception recurrence would allow pediatricians to plan a more
appropriate course of management and follow-up for these patients.

MATERIALS AND METHODS

We retrospectively analyzed the medical records of 137 pediatric patients who were diagnosed
with intussusception and treated at Dongsan Medical Center between March 2015 and June
2017. This study was approved by our Institutional Review Board (No. 2018-07-023).

In all cases, the final diagnosis of intussusception was confirmed by medical imaging,
normally using abdominal ultrasonography (USG), with abdominal computed tomography
(CT) and barium enema required in some cases. Once the diagnosis was made, informed
consent was obtained from the child's parents or guardians, before proceeding with the
reduction procedure.

The reduction was performed using a water enema under ultrasound guidance in most cases,
with a barium enema used in cases in which a water enema was not sufficient. Both water
and barium enemas were performed from a height of 100-120 cm above the procedure table.
A height 0f 100 cm yields an enema pressure of 84.4 mmHg and a normal saline pressure of
63.7 mmHg. In cases in which a reduction by pressure enema failed or if the patient showed
any signs of perforation or cardiovascular compromise, we proceeded with emergent surgery.

Recurrent intussusception was defined as recurrence of the invagination after the initial
reduction, regardless of the procedure used (water or barium enema, or surgery). These cases
were classified into the recurrence group. Cases of successful reduction without recurrence
were classified into the non-recurrence group, providing a control reference in our analysis of
risk factors for recurrence.

The demographic factors at baseline were compared between the non-recurrence and
recurrence group. The distribution incidence by month, the time interval between symptom
onset and the reduction, and the reduction method used were also compared between

the 2 groups. The rate of recurrence by age was also calculated in the recurrence group.

The presence or absence of the following clinical symptoms was also compared between

the 2 groups: vomiting, abdominal pain, irritability, hematochezia (or currant jelly stool),
and lethargy. The infection history was also investigated, including fever and respiratory
symptoms, such as coughing and rhinorrhea, and diarrhea. The size of the invagination

was measured by abdominal ultrasound or CT. Blood tests were performed at the initial
examination to determine the white blood cell (WBC) count, erythrocyte sedimentation
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rate (ESR), and levels of C-reactive protein (CRP), and albumin. The presence or absence

of pathologic factors was also evaluated, and the surgical method used, when needed,

was investigated. Descriptive statistics for continuous variables were reported as the
meanzstandard deviation, with categorical and dichotomous variables reported using counts
and percentages. Between-group differences were evaluated using a y test, Fisher's exact test
or Student t-test, as appropriate for the data type, and logistic regression was used to identify
independent predictive variables. A p-value of <0.05 was considered significant for all tests.

All statistical analyses were conducted using SPSS statistics 21.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Among the 137 total patients in our study, 80 were male (58.4%) and 57 female (41.6%), with a
mean age of 2.17+1.36 years (range, 0.18-10.1 years). Abdominal radiographs were performed
for all patients, with USG in 66 patients (48.2%), and abdominal CT in 4 patients (2.9%).

The mean interval time from symptom onset to the reduction was 25.64+24.39 hours (range,
2-168 hours). The interval time from the initial reduction to recurrence was 51.04+25.34
hours (range, 1-95 hours). In terms of reduction methods, a water enema was used in 69
cases (50.4%) and a barium enema in 64 cases (46.7%), with a surgical reduction being
required in 1 case (0.7%), and spontaneous reductions in the last 3 cases (2.2%). The most
frequent type of intussusception was ileocolic (n=136, 99.3%), with 1 case involving the small
bowel (n=1, 0.7%). No anatomical factors associated with intussusceptions were identified
during the surgical reductions (Table 1).

Comparison between the non-recurrence and recurrence group

A recurrent intussusception was identified in 23/137 patients (16.8%), with 8 of these patients
(6.0%) experiencing >2 episodes of recurrence. The age at diagnosis was significantly different
between 2 groups, 2.06+1.37 years for the non-recurrence group and 2.72+1.21 years for the
recurrence group (p=0.026). Of note, the recurrence rate for patients diagnosed at <1 year

of age was 3.1% (1/32 patients), compared to a rate of 21.0% (22/105 patients) for patients
diagnosed after the age of 1 year (p=0.018). When using the age of three as a cutoff, the rate

Table 1. Baseline characteristics of the patients

Variables Values
Sex

Male 80 (58.4)

Female 57 (41.6)
Age at the diagnosis (yr) 2.17+1.36
Time interval from the symptom onset to the initial reduction (hr) 25.64+24.39
Reduction methods

Water reduction 69 (50.4)

Barium reduction 64 (46.7)

Operation 1(0.7)

Spontaneous reduction 3(2.9)
Intussusception type

Ileocolic type 136 (99.3)

Small bowel type 1(0.7)
Time interval from the initial symptom onset to recurrence (hr) 52.17+25.74
Time interval from the initial reduction to recurrence (hr) 51.04+25.34

Values are presented as number (%) or mean=standard deviation.
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of recurrence was 12.1% (n=13) for patients diagnosed before the age of 3 and 43.5% (n=10)
for patients diagnosed after the age of 3 (p=0.006). Overall, the rate of recurrence increased
as a factor of age at the time of diagnosis (p=0.002; Table 2). When the time interval from
symptom onset to the initial reduction was dichotomized (<48 hours and >48 hours), the
rate of recurrence was higher for reductions performed at >48 hours (26.1%, 6/23 patients)
compared to <48 hours (8.8%, 10/114 patients; p=0.034). There were no differences between
the groups with regard to the distribution of sex, the method of reduction, intussusception
type, or enlargement of the mesenteric lymph nodes (LNs), as well as no differences with
regard to the size of the intussusception head observed by USG or CT scan (Table 2).

On laboratory analyses, the CRP levels were significantly higher in the recurrence (1.49+1.03
mg/dL) than in the non-recurrence (2.68+1.49 mg/dL) group (p=0.024), with no difference
in WBC count, ESR, or albumin levels between the 2 groups. Bloody or currant jelly stool
and history of infections were significantly more frequent in the non-recurrence (46/114,
40.4% and 72/114, 63.2%, respectively) than the recurrence (2/23, 8.7% and 5/23, 21.7%,
respectively) group (p=0.004 and p<0.001, respectively). Meanwhile, vomiting, abdominal
pain or irritability, and lethargy were not different between the 2 groups (Table 2). A
respiratory virus real-time polymerase chain reaction was performed in 29 patients with

a history of infection (29/77, 37.7%), with the following distribution of viruses identified:

Table 2. Univariate analysis of the non-recurrence and recurrence groups

Variables Non-recurrence group Recurrence group p-value
(n=114) (n=23)
Sex 0.792
Male 66 (57.9) 14 (60.9)
Female 48 (42.1) 9 (39.1)
Age (yr) 2.06+1.37 2.79+1.91 0.026
< 31(27.9) 1(4.3) 0.002
1-2 30 (26.3) 6 (26.1)
2-3 35 (30.7) 6 (26.1)
>3 18 (15.8) 10 (43.5)
Time interval from the symptom onset to the initial 0.034
reduction (hr)
248 10 (8.8) 6 (26.1)
<48 104 (91.2) 17 (73.9)
The methods of reduction 0.355
Water reduction 55 (48.2) 14 (60.9)
Barium reduction 56 (49.1) 8 (34.8)
Operation 1(4.3) 0(0.0)
Spontaneous reduction 2(1.8) 1(4.3)
Intussusception type 0.544
Ileocolic type 113 (99.1) 23 (100)
Small bowel type 1(0.9) 0 (0.0)
The head size on USG at diagnosis (cm) 3.21+0.97 2.79+0.82 0.095
LN enlargement 51(44.7) 15 (65.2) 0.073
Vomiting 57 (50.0) 8(34.8) 0.182
Abdominal pain or irritability 113 (99.1) 23 (100.0) 1.000
Bloody or currant jelly stool 46 (40.4) 2(8.7) 0.004
Lethargy 24 (21.1) 3(13.0) 0.566
History of infection 72 (63.2) 5(21.7) 0.000
WBC (count/uL) 12,034.0+3,894.9 11,696.0+4,420.8 0.751
ESR (mm/hr) 22.2+16.1 25.0+16.5 0.485
CRP (mg/dL) 1.49+1.03 2.68+1.49 0.024
Albumin (g/dL) 4.57+0.38 4.65+0.99 0.210

Values are presented as number (%) or mean=standard deviation.
LN: lymph node, USG: ultrasonography, WBC: white blood cell, ESR: erythrocyte sedimentation rate,
CRP: C-reactive protein.
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Fig. 1. Monthly distribution of intussusceptions.

rhinovirus (7/29, 24.1%), adenovirus (3/29, 10.3%), rhinovirus and adenovirus co-infection
(2/29, 6.9%), metapneumovirus (2/29, 6.9%), and bocavirus (1/29, 3.4%). No pathogens
were isolated from stool cultures (114/114, 100%). The rapid antigen tests for noro- and
rotaviruses were performed in 4 (2.8%) and 5 (3.5%) patients respectively, and the results
were all negative. Positive urine culture results were found in 5 (4.5%) patients, with specific
pathogens of Escherichia coli (n=2), Enterobacter aerogenes (n=1), Proteus mirabilis (n=1), and
Staphylococcus species (n=1).

The monthly distribution of intussusception incidence was investigated with a peak incidence
in May (20/137, 14.6%), followed by September (17/137, 12.4%), March (16/137, 11.7%), and
October (13/137, 9.5%). Analysis of the seasonal variation (Fig. 1) revealed the peak incidence
began in spring (March to May: 47/137, 34.3%), followed by fall (September to November:
36/137, 26.3%), and summer (June to August: 27/137, 19.7%), with the lowest incidence in

the winter (December to February: 27/137,19.7%). There was no significant difference in the
seasonal variation between the non-recurrence and recurrence group.

No anatomical factors (Meckel's diverticulum, polyp, or lymphoma) were identified and

enlarged LNs were noted in 66 patients (48.2%), without significant differences between
the non-recurrence (51/114, 44.7%) and recurrence (15/23, 65.2%) group. In addition, no
association between a history of infection and enlarged LNs was identified.

On stepwise regression analysis (Table 3), age >1 year at the time of presentation (OR, 4.79;

95% CI, 1.56-14.06; p=0.016) and a negative history of infection (OR, 0.18; 95% CI, 0.06—0.58;
p=0.004) were significant predictors of intussusception recurrence.

DISCUSSION

Recurrent intussusception was first reported by Clark and Bunts in 1900 and several
cases have been reported since then, with rates of ranging between 2% and 20% [6,8-10],

Table 3. A stepwise logistic regression model of the risk factors for recurrent intussusception

Variables OR (95% CI) p-value
Age>Tyr 4.79 (1.56-14.06) 0.016
History of infection 0.18 (0.06-0.58) 0.004

Values are presented as median (interquartile range) or number (%).
OR: odds ratio, Cl: confidence interval.
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and between 7.1% and 11% in Koreans, specifically [11,12]. Although the recurrence of
intussusceptions is considered to be spontaneous [13], specific predisposing factors have
been identified, including Peutz-Jeghers syndrome or Meckel's diverticulum, both of which
are associated with a relatively high recurrence rate [8,10]. Unlike in adults, intussusception
in infants and children is rarely associated with specific anatomical factors [4,14]. Still, little
is known about the factors associated with intussusception recurrence in infants and children
and reports have been widely inconsistent.

With regard to the effect of the method of reduction on recurrence, a rate of 1% to 3%

has been reported after open manual reduction [15], compared to 10% to 15% after non-
operative reduction [16]. It is likely that internal adhesions resulting from scarring after the
surgical procedure lowered the risk of invagination recurrence [16,17]. Among non-operative
methods, the rate of recurrence has been reported to be lower for reductions using air or
saline than for barium enemas [8]. However, in our study, we did not identify an effect of the
method of reduction on the rate of recurrence.

The intussusception type was also not associated with the recurrence of intussusception.

We found that most of the intussusceptions were ileocolic, with only 1 small bowel case.
Small bowel intussusception is known to be rare, representing about 1.68% to 17% of

all intussusceptions [18]. This agrees with our result, which showed only 1 small bowel
intussusception (0.7%) among all the cases. This could have resulted from the nature of the
small bowel intussusceptions, which tend to spontaneously resolve if they are small, and also
from the regional characteristic that intussusception patients would have been dispersed to
one of the many tertiary medical centers near our center.

In their review of 127 cases of recurrent intussusception in pediatric patients, Wang et al. [19]
reported the rate of recurrence to be higher for patients presenting with intussusceptions at
>1 year of age than those diagnosed at <1 year. Guo et al. [10] reported a rate of recurrence

of 67.5% among patients older than 1 year of age at the time of the first presentation with

an intussusception. These results are consistent with our findings of a higher rate of
recurrence among patients over the age of 1 year at the time of the first diagnosis (95.7%)
compared to those diagnosed before the age of 1 year (4.3%, p=0.018). We also identified the
recurrence rate to be higher among children older than 3 years of age at the first incidence of
intussusception (45.5%) compared to a diagnosis obtained before the age of 3 years (17.5%,
p=0.000). Therefore, across all studies, the rate of recurrence was higher among children who
first developed intussusception at an older age, with age >1 year identified as an independent
risk factor for recurrence in our study.

The clinical symptoms related to intussusceptions recurrence have previously been studied.
In their review of 85 cases, Bines et al. [20] reported the risk of recurrence to be higher for
cases of invagination on the right side of the abdomen, compared to the left. We did not
find an effect of the side of the lesion on the rate of recurrence nor of the size of the mass
measured by USG or CT. In their evaluation of 23 cases, Champoux et al. [21] reported

that, compared to patients in the non-recurrence group, symptoms among patients in the
recurrence group were milder and of shorter duration. Similarly, Guo et al. [10] reported
milder vomiting and shorter duration among patients in the recurrence group compared

to the non-recurrence group. Eklof and Reiter [22] also reported more striking clinical
symptoms in patients in the non-recurrence than the recurrence group, although they did
not report this between-group difference to be significant. These findings are consistent with
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ours, with fewer incidences of vomiting as an initial symptom in the recurrence than in the
non-recurrence group. A history of infection, which included symptoms and signs of fever,
coughing, rhinorrhea, and diarrhea, were also significantly higher in the non-recurrence
group than in the recurrence group in this study. Moreover, we found that the incidence of
hematochezia or currant jelly stool was significantly lower in the recurrence group than in
the non-recurrence group. Therefore, the severity of clinical symptoms or signs of infection
at the time of presentation may not be positively related to future recurrent intussusceptions.
As such, it is important for clinicians to educate parents (or caregivers) on the possibility of
recurrence after a successful reduction, even if presenting symptoms or signs are mild. It is
equally important for clinicians to be aware of the possibility for recurrence, despite mild
symptoms or signs.

Those findings, milder symptoms and a lower rate of previous infections in the non-
recurrence group, are thought to be related to the different age distributions between the
groups. There were more younger children, younger than 1 year specifically, in the non-
recurrence group in our study. Considering that gastrointestinal or respiratory infections are
more common in younger ages, especially in neonates and infants [23], it is reasonable that
the 2 factors, age >1 year and no infection history, identified as significant predictive factors
in our study, should be closely related to each other.

The different rate of infections according to age probably resulted from the natural
immunological development process in humans. The innate, adaptive immune system

and the intestinal function and environment, including gut microbiota, are weaker and
immature in neonates and infants, which make them susceptible to various infections [23].
And infections with some pathogens have been reported as causes of intussusceptions,

by creating a leading point of intestinal lymphoid hyperplasia [20,24-27]. The different
incidence of intussusceptions between the age groups could be explained, although
incompletely, by the theory of immune development status, infection rates, and lymphoid
hyperplasia, however, it doesn't completely explain why the recurrence rate is higher in
older age-onset intussusception cases without pathologic anatomical leading points.
Recently, some investigations into the pathophysiology of intussusceptions provided
experimental evidence that lipopolysaccharide-induced intussusception was mediated

by innate immunity, such as by toll-like receptor 4 and phagocytes, and by intestinal
hypomotility [28,29]. Those newer theories could provide clues to the different mechanisms
of intussusceptions, including the recurrence difference between ages, and further
investigations are warranted.

Few studies have examined the differences in blood test results between patients with and
without recurrence of intussusception. Ravitch [30] reported a WBC >10,000/mm? to be
predictive of an unfavorable prognosis. Considering that intussusception can cause edema
and inflammation due to stasis in the mesenteric blood flow, we evaluated 4 blood serum
markers: WBC count, ESR, CRP levels, and albumin. Of these, only the CRP levels were
different between the 2 groups, with higher levels found in the recurrence compared to

the non-recurrence group (p=0.024). CRP is an acute phase reactant which is found non-
specifically in inflammatory states (including infection and autoimmune diseases) and with
tissue damage (including trauma, surgery, myocardial infarction, and tumors). Within the
context of intussusceptions, inflammation and tissue damage could result from the stasis in
mesenteric blood flow. As such, it is logical that an increase in CRP would be detected with
recurrent intussusceptions.
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The time interval from symptom onset to the initial reduction was significantly longer (248
hours) in the recurrence than in the non-recurrence group in our study (p=0.034), suggesting
that a longer delay caused progression of the inflammation and mucosal edema at the site

of intestinal invagination. The local progression in inflammation and edema could increase
the time required to achieve a reduction, as well as increase the risk of an incomplete
reduction and elevate the ESR level, which is an inflammatory marker, in the >48 hours group
compared to the <48 hours group (13.83+12.35 mm/hr and 29.79+16.16 mm/hr, respectively;
p=0.031). Fallon et al. [31] reported that abdominal symptoms lasting more than 2 days

were significantly associated with the initial failure of an enema reduction and the need

for surgical management. For patients who delay more than 48 hours before seeking care,
clinicians should be more aware of possible difficulties during the reduction process, as well
as the higher risk of recurrence.

With regard to the underlying cause of intussusceptions, sub-serous lymphoid hyperplasia
has commonly been reported among cases reported to be idiopathic in nature, with this
hyperplasia possibly being an anatomical susceptibility for invagination [12]. In our study
group, enlarged LNs were observed on USG or CT in about half of our patients (n=66, 46.8%).
Although previous studies have reported an association between respiratory or enteric
infections and the incidence of intussusceptions [32-34], we did not identify a significant
association between isolated pathogens and enlarged LNs and no significant difference in the
presence of enlarged LNs between the recurrence and non-recurrence group. Since we did
not test for specific pathogens in all patients, some interpretations of our study are limited.
Similarly, although anatomical factors, such as Meckel's diverticulum, polyps, or lymphoma
have been associated with intussusceptions [6,16], we did not identify pathologic factors
(other than enlarged LNs) in our study group. Considering that the evaluations performed,
including CT, endoscopy, scintigraphy, or exploratory surgery, were not conducted routinely
in the recurrence cases in this study, conclusions about the association between pathologic
anatomical leading points and the recurrence of intussusception are also limited.

In conclusion, we identified that intussusceptions occurring after the age of 1 year, a delay
between symptom onset and initial reduction 248 hours, CRP levels >0.5mg/dL, the absence
of hematochezia or currant jelly stool, and no history of infection were factors significantly
associated with recurrent intussusceptions. Among these factors, age >1 year at the first
diagnosis and no history of infection were retained as independent predictors of recurrence
on multivariate analysis. Children with these risk factors require close observation and a
good educational program should be provided to parents to increase their awareness of a
possible recurrence.

REFERENCES

1. Bruce], Huh YS, Cooney DR, Karp MP, Allen JE, Jewett TC Jr. Intussusception: evolution of current
management. ] Pediatr Gastroenterol Nutr 1987;6:663-74.
PUBMED | CROSSREF

2. SakaR, Sasaki T, Matsuda I, Nose S, Onishi M, Fujino T, et al. Chronic ileocolic intussusception due to
transmural infiltration of diffuse large B cell lymphoma in a 14-year-old boy: a case report. Springerplus
2015;4:366.
PUBMED | CROSSREF

3. Dias AR, Lopes RI, do Couto RC, Bonafe WW, D'Angelo L, Salvestro ML. Ileal duplication causing
recurrent intussusception. J Surg Educ 2007;64:51-3.
PUBMED | CROSSREF

https://pghn.org https://doi.org/10.5223/pghn.2019.22.2.142 149


http://www.ncbi.nlm.nih.gov/pubmed/3320323
https://doi.org/10.1097/00005176-198709000-00003
http://www.ncbi.nlm.nih.gov/pubmed/26207197
https://doi.org/10.1186/s40064-015-1157-6
http://www.ncbi.nlm.nih.gov/pubmed/17320807
https://doi.org/10.1016/j.cursur.2006.09.003
https://pghn.org

Identifying Predictive Factors for the Recurrence of Pediatric Intussusception

Pediatric Gastroenterology, h n
Hepatology & Nutrition

https://pghn.org

4. Siminas S, Qasem E, Shukla R, Turnock R. Inflammatory fibroid polyp: a rare benign tumor of the
alimentary tract in children presenting as intussusception-case report and review of literature. European J
Pediatr Surg Rep 2014;2:16-9.

PUBMED

5. Kim KH, Kang KA, Lim JH, Lee KG, Kwon TJ. Inverted Meckel diverticulum as a lead point of small bowel
intussusception: misinterpreting case as a lipoma. Clin Imaging 2016;40:840-2.
PUBMED | CROSSREF

6. Daneman A, Alton DJ, Lobo E, Gravett J, Kim P, Ein SH. Patterns of recurrence of intussusception in
children: a 17-year review. Pediatr Radiol 1998;28:913-9.
PUBMED | CROSSREF

7. Lee YW, Yang SI, Kim JM, Kim JY. Clinical features and role of viral isolates from stool samples of
intussuception in children. Pediatr Gastroenterol Hepatol Nutr 2013;16:162-70.
PUBMED | CROSSREF

8. Esmaeili-Dooki MR, Moslemi L, Hadipoor A, Osia S, Fatemi SA. Pediatric intussusception in Northern
Iran: comparison of recurrent with non-recurrent cases. Iran J Pediatr 2016;26:€3898.

PUBMED

9. Ksia A, Mosbahi S, Brahim MB, Sahnoun L, Haggui B, Youssef SB, et al. Recurrent intussusception in
children and infants. AfrJ Paediatr Surg 2013;10:299-301.

PUBMED | CROSSREF

10. Guo WL, Hu ZC, Tan YL, Sheng M, Wang J. Risk factors for recurrent intussusception in children: a
retrospective cohort study. BMJ Open 2017;7:e018604.
PUBMED | CROSSREF

11. Kim SH, Kim BC, Choi WJ, Lee JM. A clinical evaluation of the pediatric recurrent intussusception. Ann
Surg Treat Res 1995;48:548-57.

12. Yoo ES, Seo JW, Lee SJ. The risk factors related to recurrent intussusception by ultrasonography. Korean J
Pediatr 1996;39:170716.

13. Orloff MJ. Intussusception in children and adults. Surg Gynecol Obstet 1956;102:313-29.
PUBMED

14. Carty HM. Paediatric emergencies: non-traumatic abdominal emergencies. Eur Radiol 2002;12:2835-48.
PUBMED

15. Buettcher M, Baer G, BonhoefferJ, Schaad UB, Heininger U. Three-year surveillance of intussusception in
children in Switzerland. Pediatrics 2007;120:473-80.
PUBMED | CROSSREF

16. Niramis R, Watanatittan S, Kruatrachue A, Anuntkosol M, Buranakitjaroen V, Rattanasuwan T, et
al. Management of recurrent intussusception: nonoperative or operative reduction? J Pediatr Surg
2010;45:2175-80.
PUBMED | CROSSREF

17.  Chen SC, Wang JD, Hsu HY, Leong MM, Tok TS, Chin YY. Epidemiology of childhood intussusception and
determinants of recurrence and operation: analysis of national health insurance data between 1998 and
2007 in Taiwan. Pediatr Neonatol 2010;51:285-91.

PUBMED | CROSSREF

18. Park MR, Lim MS, Seo JK, Ko JS, ChangJY, Yang HR, et al. Small bowel intussusception in children:
spontaneous resolution vs. surgical intervention. Korean J Pediatr Gastroenterol Nutr 2010;13:128-33.
CROSSREF

19. Wang Z, He QM, Zhang H, Zhong W, Xiao WQ, Lu LW, et al. Intussusception patients older than 1 year
tend to have early recurrence after pneumatic enema reduction. Pediatr Surg Int 2015;31:855-8.
PUBMED | CROSSREF

20. BinesJE, Liem NT, Justice FA, Son TN, Kirkwood CD, de Campo M, et al. Risk factors for intussusception
in infants in Vietnam and Australia: adenovirus implicated, but not rotavirus. J Pediatr 2006;149:452-60.
PUBMED | CROSSREF

21. Champoux AN, Del Beccaro MA, Nazar-Stewart V. Recurrent intussusception. Risks and features. Arch
Pediatr Adolesc Med 1994;148:474-8.
PUBMED | CROSSREF

22. EkI6f O, Reiter S. Recurrent intussusception. Analysis of a series treated with hydrostatic reduction. Acta
Radiol Diagn (Stockh) 1978;19:250-8.
PUBMED | CROSSREF

23. Simon AK, Hollander GA, McMichael A. Evolution of the immune system in humans from infancy to old
age. Proc Biol Sci 2015;282:20143085.
PUBMED | CROSSREF

https://doi.org/10.5223/pghn.2019.22.2.142 150


http://www.ncbi.nlm.nih.gov/pubmed/25755961
http://www.ncbi.nlm.nih.gov/pubmed/27179156
https://doi.org/10.1016/j.clinimag.2016.03.009
http://www.ncbi.nlm.nih.gov/pubmed/9880629
https://doi.org/10.1007/s002470050497
http://www.ncbi.nlm.nih.gov/pubmed/24224149
https://doi.org/10.5223/pghn.2013.16.3.162
http://www.ncbi.nlm.nih.gov/pubmed/27307967
http://www.ncbi.nlm.nih.gov/pubmed/24469476
https://doi.org/10.4103/0189-6725.125414
http://www.ncbi.nlm.nih.gov/pubmed/29150477
https://doi.org/10.1136/bmjopen-2017-018604
http://www.ncbi.nlm.nih.gov/pubmed/13311735
http://www.ncbi.nlm.nih.gov/pubmed/12439562
http://www.ncbi.nlm.nih.gov/pubmed/17766518
https://doi.org/10.1542/peds.2007-0035
http://www.ncbi.nlm.nih.gov/pubmed/21034940
https://doi.org/10.1016/j.jpedsurg.2010.07.029
http://www.ncbi.nlm.nih.gov/pubmed/20951359
https://doi.org/10.1016/S1875-9572(10)60055-1
https://doi.org/10.5223/kjpgn.2010.13.2.128
http://www.ncbi.nlm.nih.gov/pubmed/26169529
https://doi.org/10.1007/s00383-015-3726-8
http://www.ncbi.nlm.nih.gov/pubmed/17011313
https://doi.org/10.1016/j.jpeds.2006.04.010
http://www.ncbi.nlm.nih.gov/pubmed/8180637
https://doi.org/10.1001/archpedi.1994.02170050032006
http://www.ncbi.nlm.nih.gov/pubmed/654950
https://doi.org/10.1177/028418517801901B11
http://www.ncbi.nlm.nih.gov/pubmed/26702035
https://doi.org/10.1098/rspb.2014.3085
https://pghn.org

Identifying Predictive Factors for the Recurrence of Pediatric Intussusception

Pediatric Gastroenterology, h n
Hepatology & Nutrition

24.

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

Clarke EJ Jr, Phillips IA, Alexander ER. Adenovirus infection in intussusception in children in Taiwan.
JAMA 1969;208:1671-4.

PUBMED | CROSSREF

May AN, Piper SM, Boutlis CS. Yersinia intussusception: case report and review. ] Paediatr Child Health
2014;50:91-5.

PUBMED | CROSSREF

Minney-Smith CA, Levy A, Hodge M, Jacoby P, Williams SH, Carcione D, et al. Intussusception is
associated with the detection of adenovirus C, enterovirus B and rotavirus in a rotavirus vaccinated
population. J Clin Virol 2014;61:579-84.

PUBMED | CROSSREF

Nylund CM, Denson LA, Noel JM. Bacterial enteritis as a risk factor for childhood intussusception: a
retrospective cohort study. J Pediatr 2010;156:761-5.

PUBMED | CROSSREF

Williams K, Koyama T, Schulz D, Kaluza GL, Pautler RG, Weisbrodt N, et al. Use of fluoroscopy to study
in vivo motility in mouse pups. J Pediatr Gastroenterol Nutr 2011;52:679-85.

PUBMED | CROSSREF

Killoran KE, Miller AD, Uray KS, Weisbrodt NW, Pautler RG, Goyert SM, et al. Role of innate immunity
and altered intestinal motility in LPS- and MnCl2-induced intestinal intussusception in mice. Am J
Physiol Gastrointest Liver Physiol 2014;306:G445-53.

PUBMED | CROSSREF

Ravitch MM. The nonoperative treatment of intussusception: hydrostatic pressure reduction by barium
enema. Surg Clin North Am 1956;36:1495-500.

CROSSREF

Fallon SC, Lopez ME, Zhang W, Brandt ML, Wesson DE, Lee TC, et al. Risk factors for surgery in pediatric
intussusception in the era of pneumatic reduction. J Pediatr Surg 2013;48:1032-6.

PUBMED | CROSSREF

Smith JL, Helwig EB. Malignant lymphomas of the stomach. its diagnosis, distinction and biologic
behavior. Am J Pathol 1958;34:553.

Hasegawa T, Ueda S, Tazuke Y, Monta O, Sakurai T, Takahara N, et al. Colonoscopic diagnosis of
lymphoid hyperplasia causing recurrent intussusception: report of a case. Surg Today 1998;28:301-4.
PUBMED | CROSSREF

Bhisitkul DM, Todd KM, Listernick R. Adenovirus infection and childhood intussusception. Am ] Dis
Child 1992;146:1331-3.

PUBMED

https://pghn.org https://doi.org/10.5223/pghn.2019.22.2.142 151


http://www.ncbi.nlm.nih.gov/pubmed/4305625
https://doi.org/10.1001/jama.1969.03160090031007
http://www.ncbi.nlm.nih.gov/pubmed/23711231
https://doi.org/10.1111/jpc.12240
http://www.ncbi.nlm.nih.gov/pubmed/25464971
https://doi.org/10.1016/j.jcv.2014.10.018
http://www.ncbi.nlm.nih.gov/pubmed/20138300
https://doi.org/10.1016/j.jpeds.2009.11.026
http://www.ncbi.nlm.nih.gov/pubmed/21593642
https://doi.org/10.1097/MPG.0b013e31820a0e86
http://www.ncbi.nlm.nih.gov/pubmed/24407593
https://doi.org/10.1152/ajpgi.00264.2013
https://doi.org/10.1016/S0039-6109(16)35034-4
http://www.ncbi.nlm.nih.gov/pubmed/23701778
https://doi.org/10.1016/j.jpedsurg.2013.02.021
http://www.ncbi.nlm.nih.gov/pubmed/9548314
https://doi.org/10.1007/s005950050126
http://www.ncbi.nlm.nih.gov/pubmed/1415074
https://pghn.org

	Identifying Predictive Factors for the Recurrence of Pediatric Intussusception
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Comparison between the non-recurrence and recurrence group

	DISCUSSION
	REFERENCES


