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Abstract

Intussusception is one of the most common causes of intestinal obstruction in young chil-
dren. We report a retrospective, observational study of the epidemiology of intussusception
in South Korea using the National Health Insurance Service-National Sample Cohort (NHIS-
NSC). A cohort of newborns born between 2002 and 2008 was selected. The primary objec-
tive was to assess the incidence of intussusception in the pediatric population of Korea. The
secondary objectives were to describe the basic epidemiological characteristics of intussus-
ception and to identify risk factors. A total of 362 children were identified. The highest inci-
dence of intussusception (2.6 per 1,000) was observed in children aged 1-2 years. A total of
58.8% of the children were male, and there was no significant difference in incidence
according to the birth year (P = 0.804). Most of the children diagnosed with intussusception
underwent air reduction, while only 0.6% had surgery. In all, 82.3% of the children were
admitted to the hospital, 0.8% of them had to be admitted to the ICU, and the 6-month mor-
tality was only 0.3%. In this retrospective, observational study, the incidence of intussuscep-
tion was highest among children between 1 and 2 years of age. Most of the children
underwent air reduction.

Introduction

Intussusception is one of the most common causes of intestinal obstruction in infants and
young children. It is a condition in which the proximal portion of the intestine invaginates
into the more distal portion|[1, 2]. The symptoms of intussusception include cyclic abdominal
pain, vomiting, and bloody stools. It is usually diagnosed by radiologic means, such as ultraso-
nography (US). A delay in the diagnosis of intussusception can result in bowel ischemia, perfo-
ration and even death([1, 3].

Various previous papers have examined the epidemiology of intussusception. In some
nationwide studies, the reported incidence of intussusception in the pediatric population was
30-60 cases per 100,000 child-years in North America, Europe, and Australasia[2, 4-7], while
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Insurance Service-National Sample Cohort (NHIS-
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FST_IN_PAT_DT; Dataset name: T30 DB, Field
name: KEY_SEQ, SEQ_NO, RECU_FR_DT,
CLAUSE_CD, ITEM_CD, DIV_TYPE_CD, DIV_CD;
Dataset name: T40 DB, Field name: KEY_SEQ,
SEQ_NO, RECU_FR_DT, DSBJT_CD, SICK_SYM;
Dataset name: T60 DB, Field name: KEY_SEQ,
SEQ_NO, RECU_FR_DT, DIV_TYPE_CD, DIV_CD.
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a higher incidence was reported in Vietnam, China, and Singapore[8-10]. After the introduc-
tion of rotavirus vaccines, other studies evaluated the risk of intussusception associated with
vaccination, and these studies revealed somewhat conflicting results[3, 4, 11, 12].

We report a retrospective, observational study on the epidemiology of intussusception in
South Korea. Our primary goal is to estimate the incidence of childhood intussusception in
the nation and describe the epidemiology of intussusception in the pediatric population,
including demographics, management, and outcomes. To date, this is the first study of intus-
susception using the National Health Insurance Service-National Sample Cohort.

Methods

The institutional review board of Seoul National University Bundang Hospital approved the
analysis and provided a consent waiver because the data were analyzed anonymously. (IRB X-
1801-447-911)

Data source

The data source was NHIS-NSC 2002-2013, released in 2015, which includes information on
approximately 1 million people and comprises 2.2% of the total eligible population in South
Korea.[13] South Korea has had a single universal health insurance coverage system for all citi-
zens since 1989, and NHIS has been the single insurer since 2000. The total eligible population
was stratified with proportional allocation according to age, sex, region, health insurance type
and household income. Within each stratum, systematic stratified random sampling was con-
ducted using the individual’s total annual medical expenses as a target variable for sampling to
ensure representativeness. The NHIS-NSC contains information about the patients’ age, sex,
and type of insurance; a list of diagnoses based on the International Classification of Diseases,
tenth revision (ICD-10); the medical costs claimed; prescribed medications; treatments cov-
ered by the National Health Insurance; and hospital facility information. The cohort popula-
tion is refreshed annually by adding representative samples of newborns each year as
preexisting patients’ eligibility is disqualified by death or emigration. The institutional review
board of the study hospital approved the analysis and provided a consent waiver.

Definitions used to define newborn cohorts and primary study outcomes

A cohort of newborns for whom claim information was available from birth to the age of five
years was selected (from all neonates born between 2002 and 2008). Low birth weights and
preterm births were determined based on the presence of ICD codes (P07.0x or P07.1x for the
former and P07.2 or P07.3x the latter). The occurrence of the primary outcome, a new event of
intussusception, was defined as the new appearance of a claim record with intussusception
(K56.1x) as the principal or the first additional discharge code, combined with a treatment
code for air reduction (G0300, G0310, M6781 or M6782) or surgery (general anesthesia:
L010x, L050x, L6x or L7x) without the same preceding event within a week prior to the event.
Because the NHIS-NSC cohort does not provide the exact date of birth, we assumed that the
age of each child advanced on New Year’s Day instead of on his or her birthday. For example,
if a child as born in 2003, the child was defined as 0 years old in 2003 and turned 1 year old on
Jan 1, 2004.

Statistical analysis

Categorical variables were reported using frequencies and proportions, while continuous vari-
ables were reported using medians and interquartile ranges (IQRs). Wilcoxon’s rank-sum test,
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the chi-square test, or Fisher’s exact test was performed as appropriate for comparisons
between groups.

We calculated the age- and sex-specific and age-sex standardized incidence of intussuscep-
tion. We used the direct standardization method based on the population structure of the 2005
Korean census data. A seasonal difference in the number of intussusception events was tested
using the Friedman test. A pairwise comparison among seasons was conducted using the pair-
wise Wilcoxon test with Bonferroni correction. To identify risk factors for intussusception,
including any seasonal effects, we determined the presence of any intussusception event in
each season for each patient’s consecutive age period from ages 1 to 5 and performed a mixed-
effect logistic regression with random intercept using the seasonal observational units. The
seasonal observational units at age 0 were not included in the analysis because the NHIS cohort
does not provide exact birth dates.

P-values < 0.05 were considered significant. All data handling and statistical analyses were
performed using the R package version 3.3.2 (R Foundation for Statistical Computing, Vienna,
Austria).

Results

A total of 63,722 newborns were identified from the cohort and included in our study (Table 1
and S1 Fig). A total of 362 (0.6%) children were diagnosed with intussusception at least once
during the study period and underwent either air reduction or surgery (Table 1). Although
there were slightly more boys in the total cohort population, the proportion of male children
was higher in the intussusception group (N = 213, 58.8%) than in the no intussusception
group (N = 32831, 51.8%; p = 0.009). Other covariates, including birth year, low birth weight,
preterm birth and household income level, were not significantly different (p = 0.084, 1.000,
0.713 and 0.507, respectively). Most of the study population (63,646, 99.9%) was observed fully
until the age of five without death (76, 0.1%), and there was no significant difference in mortal-
ity between the fully observed and partially observed groups (0.3% vs. 0.1%, respectively;

p = 0.917). The most common age of onset was 1 year, and recurrence was rare (15/362, 4.1%).

A total of 382 intussusception events were identified in the study cohort (Table 2). The
most common age at occurrence was 1 year; 167 events (43.7%) occurred at that age. The most
common season of occurrence was summer (n = 111, 29.1%); however, there was no signifi-
cant seasonal difference between groups (p = 0.129, Fig 1). Pairwise comparisons with the Bon-
ferroni correction also did not show any significant differences between any pairs. All
intussusception cases (382/382, 100%) were treated with air reduction at least once, and two
cases were treated with additional surgery (0.5%). In 315 (82.5%) cases, the patients were
admitted to the hospital, and 3 (0.8%) cases were treated in the ICU. There was one case of
6-month mortality (0.3%). The primary cause of death was Burkitt lymphoma, which was first
diagnosed in the outpatient setting after the patient was discharged after air reduction for
intussusception. The median length of admission was 3.0 (IQR, 2-4) days, and the median
cost per case was 375,240 (IQR, 261-478) USD.

We calculated the age- and sex-specific incidence of intussusception (Table 3). We also cal-
culated the age-sex standardized incidence of intussusception using the direct standardization
method. The overall crude and standardized incidences from birth to age 5 were 1.09 (95% CI,
0.98-1.21) and 1.02 (95% CI, 0.92-1.12) per 1000 person-years, respectively. The incidence
was highest at age 1 (2.62; 95% CI, 2.24-3.05 per 1000 person-years) in both males (2.63; 95%
CI, 2.11-3.25 per 1000 person-years) and females (2.61; 95% CI, 2.07-3.24 per 1000 person-
years), and the incidence decreased gradually until age 5.
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Table 1. Baseline characteristics of the study cohort.

Intussusception No intussusception P
(N =362) (N = 63360)
Sex 0.009
Male 213 (58.8%) 32831 (51.8%)
Female 149 (41.2%) 30529 (48.2%)
Birth year 0.804
2002 47 (13.0%) 9499 (15.0%)
2003 59 (16.3%) 9360 (14.8%)
2004 54 (14.9%) 9246 (14.6%)
2005 53 (14.6%) 8480 (13.4%)
2006 43 (11.9%) 7807 (12.3%)
2007 59 (16.3%) 9653 (15.2%)
2008 47 (13.0%) 9315 (14.7%)
Low birth weight 2 (0.6%) 380 (0.6%) 1.000
Preterm birth 2 (0.6%) 552 (0.9%) 0.713
Household income level 0.507
Low 42 (11.6%) 8269 (13.1%)
Middle 200 (55.2%) 33185 (52.4%)
High 120 (33.1%) 21906 (34.6%)
Age at first presentation
0 (at birth year) 54 (14.9%)
1 160 (44.2%)
2 77 (21.3%)
3 44 (12.2%)
4 20 (5.5%)
5 7 (1.9%)
Number of recurrences
0 (no recurrence) 347 (95.9%)
1 11 (3.0%)
2 3(0.8%)
3 1(0.3%)
Complete censoring until age five years (due to death) 1 (0.3%) 75 (0.1%) 0917

https://doi.org/10.1371/journal.pone.0219286.t001

We performed random intercept logistic regression using seasonal observations of new
events of intussusception (Table 4). Male sex (OR, 1.36; 95% CI, 1.08-1.70; p = 0.008), younger
age (OR, 20.78, 10.26, 6.13 and 2.50; 95% CI, 10.22-42.24, 4.96-21.20, 2.90-12.94 and 1.10-
5.68; p-value <0.001, <0.001, <0.001 and 0.028, respectively, for ages 1, 2, 3 and 4, relative to
age 5) and summer season (OR, 1.44; 95% CI, 1.05-1.97; p = 0.023 relative to winter) were
identified as independent risk factors.

Discussion

In this study, we assessed the epidemiological characteristics of childhood intussusception in
Korea. Male children were affected more than females. The most common age at first presen-
tation was 1 year, and recurrence was rare (4.1%). Most of the cases (82.5%) were treated in
the inpatient setting with air reduction (100%), and the likelihoods of surgery, ICU admission
and 6-month mortality were very low (0.5%, 0.8% and 0.3%, respectively); even the one mor-
tality case observed was not directly caused by the condition. The incidence of childhood
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Table 2. Characteristics of intussusception cases.

Age®
0 (at birth year) 56 (14.7%)
1 167 (43.7%)
2 82 (21.5%)
3 49 (12.8%)
4 20 (5.2%)
5 8(2.1%)
Season
Spring 90 (23.6%)
Summer 111 (29.1%)
Autumn 104 (27.2%)
Winter 77 (20.2%)
Intervention
Air reduction 382 (100.0%)
Surgery 2 (0.5%)
Admission 315 (82.5%)
ICU admission 3(0.8%)
Six-month mortality 1 (0.3%)
Whole cost, KRW (IQR) 375,240 (280,270-512,140)
Length of hospital stay, days (IQR) 3 (2-4)

IQR, interquartile range
?. Age is 0 at birth year and increases by 1 every New Year’s Day.

https://doi.org/10.1371/journal.pone.0219286.t1002

intussusception was 1.02 cases per 1,000 person-years in general. The highest incidence rate
was observed at 1 year of age, with 2.62 cases per 1,000 person-years, and the incidence
decreased gradually until age 5 years. Lastly, we identified three risk factors for childhood
intussusception: male sex, younger age and the summer season. To the best of our knowledge,
this is the first population-based epidemiological study of childhood intussusception in Korea.

In previous studies, the incidence of childhood intussusception varied among countries
and over time([3, 14]. In one literature review, the mean incidence of intussusception world-
wide was 74 per 100,000 (range: 9-328) among children <1 year of age[3]. In other studies
conducted in Asia, the annual incidence of intussusception varied from 32 per 100,000 to 296
per 100,000 for infants under 1 year old([8, 10, 15, 16]. In our study, the incidence was calcu-
lated based on birth year and not exact age, so the results may not be completely comparable.
Nevertheless, South Korea seems to have a relatively high incidence of intussusception com-
pared to the average worldwide and in other countries in Asia. However, our results showed a
slightly lower incidence rate compared to the previous study performed in South Korea (106
per 100,000 among children aged <5 years), although the previous study only represented one
province[17].

The distribution of intussusception by age may appear different from previous studies. In
most of the studies, the highest incidence was observed before 1 year of age[7, 10, 16, 18, 19].
However, in our study, in which the age group was defined based on birth year and not the
exact birth month of the child, the highest incidence was observed in the 1-year-old group.
This group included most of the children younger than age 1, and the actual age distribution
did not differ greatly from that of previous studies.

There was no clear seasonality except that slightly fewer cases occurred in the winter and
more cases occurred in the summer; in previous studies, similar results were observed
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Fig 1. Incidence of childhood intussusception per season.

https://doi.org/10.1371/journal.pone.0219286.9001

regarding seasonal variation regardless of whether the country’s climate had dry/wet seasons
or had four distinct seasons[10, 17]. The absence of seasonality suggests that the occurrence of
intussusception is likely not related to rotavirus gastroenteritis, which is highly seasonal.

Most of the cases were treated with air reduction, a rate that was slightly higher than that
observed in previous studies[7, 20]. It is known that in many developing countries, the
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Table 3. Age- and sex-specific incidence of intussusception.

Male

Female

Both

#1 . . .
Age™ -specific incidence

0 (at birth year)#2

1.70 (1.12-2.44)

1.82 (1.22-2.64)

1.76 (1.32-2.28)

1

2.63 (2.11-3.25)

2.61(2.07-3.24)

2.62(2.24-3.05)

2 1.51 (1.12-2.00) 1.04 (0.71-1.47) 1.29 (1.02-1.60)
3 1.15(0.81-1.58) 0.36 (0.18-0.64) 0.77 (0.57-1.02)
4 0.48 (0.28-0.79) 0.13 (0.04-0.33) 0.31 (0.19-0.49)
5 0.09 (0.02-0.27) 0.16 (0.05-0.38)

Crude incidence

1.22 (1.07-1.39)

0.95 (0.81-1.11)

1.09 (0.98-1.21)

Standardized incidence™

1.14 (1.00-1.31)

0.88 (0.75-1.03)

(
(
0.13 (0.05-0.25)
(
(

1.02 (0.92-1.12)

PY, person-year; CI, confidence interval

*1, Age is 0 at birth year and increases by 1 every New Year’s Day.

2, The average follow-up duration at age 0 was assumed to be 0.5 years.

#3, Standardized annual incidence based on sex-age distribution in the 2005 Korean census.

https://doi.org/10.1371/journal.pone.0219286.t003

predominant treatment modality is surgery[14, 21], and even in the same country, larger facili-
ties tend to have a lower operative risk.[22] The high rate of air reduction suggests the high
degree of proficiency with the air reduction technique in South Korea. In addition, this finding
may reflect relatively easier access to hospitals in South Korea because most of the population
is covered under National Health Insurance. In a previous study in the United States, children
with insurance had better access to hospitals and had a reduced surgical risk[22].

Furthermore, the low mortality of childhood intussusception reflects South Korea’s rela-
tively accessible medical system and high standards of medical care. In developed countries,
the mortality rate related to intussusception is lower[14]. In addition, in previous studies, late

Table 4. Random intercept logistic regression model of intussusception occurrence.

Odds ratio P
Sex, male Sex, male 1.36 (1.08-1.70) 0.008
Age ™! 1 20.78 (10.22-42.24) <0.001
2 10.26 (4.96-21.20) <0.001
3 6.13 (2.90-12.94) <0.001
4 2.50 (1.10-5.68) 0.028
5 Reference
Season Spring 1.35 (0.98-1.86) 0.065
Summer 1.44 (1.05-1.97) 0.023
Fall 1.14 (0.82-1.58) 0.448
Winter Reference
Household income level Low 0.92 (0.65-1.30) ‘ 0.634
Middle Reference
High 0.98 (0.77-1.24) 0.842
Low birth weight Low birth weight 1.44 (0.27-7.74) 0.673
Preterm birth Preterm birth 0.60 (0.11-3.20) 0.547

Note: The observational unit is a seasonal observation of the occurrence of intussusception for each child.

1. Age is 0 at birth year and increases by 1 every New Year’s Day. Observations at age 0 were not included because

seasonal observation could not be defined.

https://doi.org/10.1371/journal.pone.0219286.t1004
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presentation to the hospital was related to mortality[7, 16, 18], so it is possible that parents in
South Korea tend to visit medical facilities early. However, there was only one case of 6-month
mortality in our study, and the death was not directly related to intussusception or its compli-
cations. A review of the data revealed that this child had Burkitt lymphoma and died from the
cancer.

This study has its limitations. The most notable limitation is that the children’s age was not
sufficiently detailed. The cohort did not include actual birthdates, so the age grouping is inevi-
tably inaccurate. For example, a 0-year-old group could include babies as young as 1 day old to
364 days old. Since childhood intussusception peaks before 1 year of age [7, 10, 16, 18, 19], fur-
ther discrimination of age into months would have been meaningful for identifying high-risk
age groups.

Additionally, this study did not consider the effect of rotavirus vaccination. In South Korea,
rotavirus vaccination was introduced in 2007, but this vaccine is not covered by the National
Health Insurance. As some studies consider rotavirus vaccination a potential risk factor for
intussusception|3, 11, 23], analyzing and comparing intussusception rates before and after the
introduction of the rotavirus vaccination in a further study would be meaningful. However,
because the rotavirus vaccination is not covered by the National Health Insurance, it would be
difficult to obtain information on nationwide rotavirus vaccination coverage. Second, this
study did not use a complete enumeration but a sample cohort (NIHS-NSC). The actual popu-
lation of South Korea is provided in the supplementary data. However, in our opinion, this
national cohort sample appropriately reflects many aspects of the population structure of
South Korea and has advantages over single- or multi-center studies.

Conclusion

In this retrospective, observational study of the epidemiology of intussusception in South
Korea, the incidence of intussusception was highest between the ages of 1 and 2 years. There
was no significant seasonal variation, and most of the children underwent air reduction.

Supporting information

S1 Fig. Identified newborns from the cohort included in our study.
(PDF)
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