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ABSTRACT

Objective The aim of this study was to assess the
frequency of clinical features and pathological lead points
in recurrent intussusception, with a special focus on the
risk factors that lead to recurrent intussusception.
Design This is a retrospective cohort study. A 5-year
retrospective study was performed between January
2012 and July 2016 in the Children’s Hospital of
Soochow University, Suzhou, China, to determine the
clinical features and pathological lead points of recurrent
intussusception.

Setting This is a retrospective chart review of recurrent
intussusception cases in a large university teaching
hospital.

Participants The medical records were obtained for
1007 cases with intussusception, including demographics,
clinical signs and symptoms, imaging and recurrence
times if available.

Interventions Univariate and multivariate logistic
regression analyses were used to measure significant
factors affecting recurrent intussusception and recurrent
intussusception with pathological lead points.

Results There were 481 total episodes of recurrence
in 191 patients. Among these, 87 had one recurrence
and 104 had multiple recurrences. After comparing
recurrent and non-recurrent intussusception cases
using univariate analysis, it was determined that the
factors associated with recurrent intussusception were
age (>1year), duration of symptoms (<12 hours), the
lack of bloody stool, paroxysmal crying or vomiting, the
mass location (right abdomen) and pathological lead
point (P<0.05). Age (>1year), duration of symptoms
(«12hours), the absence of vomiting, mass location
(right abdomen) and pathological lead point were
significantly independently predictive of recurrent
intussusception. The factors associated with recurrent
intussusception with lead points present were vomiting
and mass location in the right abdomen (P<0.05).
Vomiting and mass location (left abdomen) were
significantly predictive of recurrent intussusception with
lead points.

Conclusions Age (>1year), symptom duration
(<12hours), the absence of vomiting, mass location
(right abdomen) and pathological lead points were
significantly predictive of recurrent intussusception.
Vomiting and mass location (left abdomen) were
significantly predictive of recurrent intussusception with
lead points.

Strengths and limitations of this study

» A retrospective cohort study was carried out in our
hospital over a 5-year period. A relative large number
of 191 recurrent intussusceptions was analysed. A
stepwise logistic regression analysis of 1007 cases
was performed to assess the independent predictors
of recurrent intussusception.

» Age (>1 year), symptom duration (<12 hours), the
absence of vomiting, mass location (right abdomen)
and pathological lead points were significantly
predictive of recurrent intussusception.

» This study has several limitations. First, the current
study is subject to its retrospective design and
potential selection bias. Also, the conclusions are
based on observations from a single children’s
centre so a prospective, multicentre study is needed
to further evaluate factors that predict recurrent
intussusception.

INTRODUCTION

Intussusception is one of the most frequent
causes of intestinal obstruction in infants and
children, and most intussusception cases are
idiopathic. Previous studies have reported
that pathological lead points, such as Meck-
el’s diverticulum, duplication, polyp and
tumours, can lead to recurrent intussuscep-
tion in children."™ Once intussusception has
been detected, an air enema or hydrostatic
reduction can be used to reduce the intussus-
ception, with an excellent outcome.’

The recurrence of intussusception is rela-
tively common regardless of the method
of reduction.” Some authors have reported
that approximately 10% of patients (range:
8%-15%) suffer from recurrent intussus-
ception.®? Clinically, the early diagnosis and
management of recurrent intussusception
is challenging to paediatricians, radiologists
and paediatric surgeons. Although a previous
study reported that lead points can precipi-
tate recurrent intussusception, reliable risk
factors for most cases of recurrence have not
been identified."
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Figure 1 Distribution of recurrent episode times of
intussusceptions (45.5% had one episode of recurrence).

To date, very few studies have focused on the risk factors
for recurrent intussusception. Therefore, a 5-year retro-
spective study was performed between January 2012 and
July 2016 in the Children’s Hospital of Soochow Univer-
sity, Suzhou, China, to determine the clinical features and
pathological lead points of recurrent intussusception,
with a special focus on the risk factors for intussusception
recurrence.

METHODS

Study design

This retrospective study included the medical records and
radiographs of 1007 paediatric cases with intussusception
who presented to the Children’s Hospital of Soochow
University between January 2012 and July 2016. The final
diagnosis was made by ultrasound or air enema. Once the
diagnosis of intussusception was made, informed consent
was obtained from the parents or designated guardians of
each child, and air enema reduction was used to manage
the intussusception. The air enema reduction procedure
was performed under fluoroscopy by experienced paedi-
atric radiologists in the Children’s Hospital of Soochow
University. None of the patients were sedated before the
air enema, which had incipient pressure of 6Kpa, and
the upper limit was 12Kpa. If the air enema reduction
failed three times, the patients then underwent surgery.
Demographic data, medical history, clinical signs and
symptoms, and images were collected for each case when
available. Recurrent cases were identified by ultrasound
or air enema confirmation and combined by medical
history of air enema or surgical reduction.

Study groups

Recurrent intussusception was defined as the recurrence
of intussusception after air enema reduction or surgery.
Non-recurrent intussusception was defined as the cases
that were successfully reduced after air enema or surgery
without recurrence. Cases of non-recurrent intussuscep-
tion were used as the control group when analysing the
risk factors for recurrent intussusception. A total of 1007
cases with intussusception (113 cases requiring surgery)
were separated into two groups according to age (0-12
months and >1year), gender, symptom duration, bloody

stool, paroxysmal crying, vomiting, the location of the
mass and the pathological lead points were analysed.
All of the information was obtained at the time of the
first reduction by air enema or surgery. Every case was
followed up for 1year from the time of the first episode.

Patterns of recurrence
Single-recurrent intussusception was defined as the cases
that recurred only once after air enema reduction or
surgery. Multiple-recurrent intussusception was defined
as the cases that recurred at least twice after air enema
reduction or surgery.

Recurrent intussusception with lead points present
Recurrent intussusception with lead points present
was defined as the cases after air enema reduction with
confirmed lead points by surgery. Recurrent intussuscep-
tion with lead points unknown was defined as the cases
after air enema reduction or surgery in which lead points
could not be found.

Mass location

The mass location in the right abdomen was defined as
the cases in which the mass was on the right side of the
spine. The left abdomen was defined as the cases in which
the mass was on the left side of the spine.

STATISTICAL ANALYSIS

Data are presented as numbers (n) and percentages.
Univariate comparisons were made using non-parametric
one-way Wilcoxon’s rank sum, X2 and Fisher’s exact tests
depending on the statistical distribution. The factors that
contribute to recurrent intussusception using air enema
or surgery were analysed using logistic regression anal-
ysis with Statistical Analysis Software (SAS) V.8.1. P values
<0.05 were considered to be statistically significant.

RESULTS

Clinical characteristics of recurrent intussusception cases
There were 481 total episodes of recurrence in 191
patients. The median age of the 191 patients was 2 years
(range: 80 days—11 years). A total of 117 of the 191 patients
were male (61.26%). Among the recurrent cases, 87 had
one episode of recurrence, 51 had two recurrences, 24
had three recurrences, 11 had four recurrences, 7 had
5 recurrences and 11 had more than six recurrences
(figure 1). Sixty-five cases of recurrence occurred within
24hours, 28 occurred between 24hours and 1week,
14 occurred between 1week and 1month, 63 occurred
between 1 month and 6 months and 21 occurred between
6 months and lyear (figure 2). The baseline characteris-
tics and procedural details of the patients are shown in
table 1.

Predictors of recurrent intussusception
Table 2 shows the clinical characteristics of the recurrent
intussusception cases. When recurrent and non-recurrent
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Figure 2 Distribution of recurrent episode time points among four age groups (74.3% recurrent cases are below 2 years old).

intussusception cases were compared using univariate
analysis, the factors associated with recurrent intussuscep-
tion were age (>lyear), symptom duration (<12hours),
mass location (right abdomen), pathological lead point,
the absence of bloody stool or vomiting (P<0.05). There
were no significant differences in gender and paroxysmal
crying between the two groups (P>0.05). Logistic regres-
sion analysis was performed to assess the independent
predictors of recurrent intussusception among the 1007
intussusception cases. Age (>lyear), symptom duration
(£12hours), the absence of vomiting, mass location (right
abdomen) and pathological lead points were significantly
predictive of recurrent intussusception (table 3). The
logistic regression model was consistent with findings
reported by Hosmer and Lemeshow using the goodness
of fit test (P=0.8643).

Predictors of recurrent intussusception with lead points

Table 4 shows the clinical characteristics of recurrent
intussusception cases with lead points. Among the recur-
rent intussusception cases with lead points, four were
cases with Meckel’s diverticulum, eight were cases with
duplication, four had polyps and three had tumours.
When recurrent cases with and without lead points were
compared using univariate analysis, the factors associ-
ated with recurrent intussusception with lead points were
vomiting, bloody stool and mass location (left abdomen)
(P<0.05). There were no significant differences in age,
symptom duration and paroxysmal crying between the
two groups (P>0.05). Logistic regression analysis was then

performed to assess the independent predictors of recur-
rent intussusception with lead points among 191 intussus-
ception cases. Vomiting and mass location (left abdomen)
were significantly predictive of recurrent intussusception
with lead points (table 5). The logistic regression model
was consistent with findings reported by Hosmer and
Lemeshow using the goodness-of-fit test (p=0.6422).

Patterns of recurrence

There was no seasonal pattern of recurrence, and the
early recurrence rate (recurrence within 24hours) was
6.2%. Table 6 shows the clinical characteristics and the
numbers of recurrence in the recurrent intussusception
cases. Using univariate analysis to compare single and
multiple recurrence intussusception cases, there were no
significant differences in age (>1year), symptom duration
(12hours), mass location (right abdomen), pathological
lead points and the absence of bloody stool, paroxysmal
crying and vomiting (P>0.05).

DISCUSSION

General findings in recurrent intussusception

Recurrent intussusception is relatively common. Delays in
the diagnosis of intussusception and reduction can lead to
serious complications, including bowel ischaemia, perfo-
ration and peritonitis. However, the early diagnosis and
management of recurrent intussusception is challenging
to paediatricians, radiologists and paediatric surgeons.
Previous studies have noted that the rate of recurrence

Table 1 Age and sex distribution of recurrence cases from January 2012 to July 2016

Age group (years) Total Sex

Epidemic seasons 0-1 (R/1) 1-2 (R/l) 2-3 (R/1) >3 (R/1) (R/1) Male (R/I)
2012 21/156 18/86 6/23 5/19 50/284 26/178
2013 14/123 14/40 5/22 5/21 38/206 23/130
2014 15/98 17/56 5/18 3/19 40/191 25/133
2015 7/85 6/26 6/11 4,17 23/139 16/91
2016 (January to July) 5/58 25/88 6/26 4/15 40/187 27/123
Total 62/520 80/296 28/100 21/91 191/1007 117/655

I, allintussusception cases; R, recurrentintussusception.
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Table 2 Comparison of recurrent with non-recurrent intussusceptions

Recurrent group

Non-recurrent group

Variables (n=191) (%) (n=816) (%) 2 value P value
Gender (male) 117 (61.3) 538 (65.9) 1.4876 0.2226
Age (>1year old) 129 (67.5) 359 (44.0) 34.3505 <0.0001
The duration of symptoms (<12 hours) 154 (80.6) 468 (57.4) 35.5053 <0.0001
Bloody stool 9 (4.7) 112 (13.7) 11.8937 0.0006
Paroxysmal crying 89 (46.6) 439 (53.8) 3.2189 0.0728
Vomiting 37 (19.4) 311 (38.1) 24.0367 <0.0001
Right abdomen 179 (93.7) 719 (88.1) 5.0365 0.0248
Pathological lead points present 19 (9.9) 20 (2.5) 67.5643 <0.0001*

*Fisher’s exact test.

of intussusception ranges from 8% to 15%,%? which is a
little lower than the current results. A possible reason for
this difference is the high rate of surgical reduction in
their studies.” Daneman et al reported 69 recurrent intus-
susception cases over 17 years. They compared patients
with recurrence that underwent air enema and barium
enema, and they found that the rates and patterns of
recurrence did not change with the different manage-
ment strategies. Furthermore, they emphasised that the
presence of pathological lead points should always be
considered in children with recurrent intussusception.'’
Champoux et al reported 23 recurrent intussusception
cases and attempted to determine the risk factors asso-
ciated with recurrent intussusception. They found that
although recurrent intussusception cannot be predicted
by presenting features or symptoms, operative reduction
after failed reduction using a barium enema reduced the
risk of recurrent intussusception.'' However, the sample
size in the above studies was smaller than in the present
study. Therefore, a 5-year retrospective study was under-
taken to determine the risk factors that influence intus-
susception recurrence in children.

Factors for detecting recurrent intussusception

To investigate the factors that might influence recurrent
intussusception, the clinical characteristics, mass location
and pathological findings of children with intussusception

Table 3 The stepwise regression model of risk factors of
recurrent intussusception

Variables OR 95% ClI P value
Age 2117 1.476t0 3.035 <0.0001
The duration of 2.868 1.929 1o 4.262 <0.0001
symptoms

Vomiting 0.500 0.324100.770 0.0016
Right abdomen 2.076  1.047 t0 4.113 0.0364
Pathological lead 6.308 2.972 10 13.387 <0.0001

point present

Hosmer and Lemeshow goodness-of-fit test: y2
value=2.5382, P=0.8643.

were described. Univariate analysis indicated that patient
age, symptom duration, bloody stool, vomiting, mass loca-
tion and pathological lead points may affect the recur-
rence of intussusception in children. Multiple logistic
regression analysis confirmed that age, symptom dura-
tion, vomiting, mass location, and pathological lead
points were independent factors for predicting the recur-
rence of intussusception in children.

Patients with intussusception who are older than 1year
of age may be more likely to experience the recurrence
of intussusception. In the present study, 67.5% of the
recurrent cases were aged >1year. Wang et al reported 127
cases of recurrent intussusception, and they found that
the rate of recurrence was lower in patients aged <l year
than in those aged >1year.'? This is similar to the current
results. Esmaeili-Dooki et al reported 38 recurrent cases,
and they found that nearly 50% of the children with
recurrent intussusception were younger than 1year at the
first episode, and recurrent intussusception decreased
to 7.9% in older children.” These results differ from the
current results. A possible reason for this is that the rate
of surgical reduction in children aged <1year was higher
in the study by Esmaeili-Dooki et al than in the current
study, and the risk of recurrence is lower in children
receiving operative reduction compared with non-oper-
ative reduction.® Another reason is that the current study
used multiple factor analysis and had a relatively large
number of recurrent cases. We believe that the current
study will have a significant impact on efforts to find novel
strategies for patients aged >1year with intussusception.

Some clinical characteristics are associated with
recurrence. In the present study, symptom duration
(<12hours), the absence of vomiting and mass location
(right abdomen) were independent predictors of recur-
rent intussusception. Justice et al reported 85 cases of
recurrent intussusception and found that the incidence
was higher in patients with a mass location in the right
side of the colon compared with the left side of the
colon.” Champoux et al reported 23 recurrent intussus-
ception cases, and they concluded that patients who expe-
rience recurrent intussusception have fewer symptoms
with a shorter duration."" The current study also found
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Table 4 Comparison of recurrent intussusception with or without pathological lead points present in recurrent cases

With pathological lead

With pathological lead points

Variables points present (n=19) (%) unknown (n=172) (%) y?value P value
Gender (male) 11 (57.9) 106 (61.6) 0.1005 0.7513
Age (>1year old) 15 (78.9) 114 (66.3) 1.2525  0.2631
The duration of symptoms (<12 hours) 5(78.9) 139 (80.8) 0.0328 0.2279°
Bloody stool 3(15.8) 6 (3.5) 5.7662 0.0480°
Paroxysmal crying 7 (36.8) 82 (47.7) 0.8068 0.3691
Vomiting 8 (42.1) 29 (16.9) 6.9813 0.0142*
Right abdomen 15 (15.8) 164 (95.3) 5.2797 0.0210°

*Fisher’s exact test.

that recurrent cases have a lower incidence of vomiting
and a shorter duration than non-recurrent cases, which is
similar to the above results.

Factors for detecting recurrent intussusception with
pathological lead points

Intussusception cases caused by pathological lead points
might more easily lead to recurrence. In this series,
pathological lead points were detected in 9.9% of the
patients, in 3% of the children who had one recur-
rence and 6% of the children who had multiple recur-
rences. Multiple logistic regression confirmed that the
location and pathological lead points are independent
factors for the recurrence of intussusception in children.
Daneman et al reported that pathological lead points
were present in 8% of all of the children with recurrent
intussusception, in 4% of the children with one episode
of recurrence and in 14% of the children with multiple
recurrences.'’ Niramis et al reported 1340 intussuscep-
tion cases and 75 recurrent intussusception cases, and
they found that pathological lead points were noted in
7 (9.3%) of the 75 patients with recurrent intussuscep-
tion compared with 48 (3.8%) of the 1265 patients with
intussusception that did not recur. This represented an
approximate threefold increase in the incidence of lead
points in children with recurrent intussusception.® The
above study is similar to the current results. However,
Fisher et al reported that the rate of pathological lead
points was similar among patients with one, two or three
or more episodes of intussusception.'* The epidemiology
of lead points may depend on the exposure to infectious
diseases, and thus may differ substantially between Asia
and North America.'” Therefore, based on the present

Table 5 The stepwise regression model of risk factors
of recurrent intussusception with pathological lead points
present

Variables OR 95% CI P value
Vomiting 3.004 1.056 to 8.548 0.0393
Right colon  0.165 0.043 t0 0.638 0.0090

Hosmer and Lemeshow goodness-of-fit test: y?value=0.2591,
P=0.6108.

study, which combined univariate and multiple logistic
regression analysis, it appears that the recurrence of
intussusception is a risk factor for harbouring patho-
logical lead points. In addition, the current study found
that recurrent intussusception cases with pathological
lead points may more often experience vomiting and a
mass in the left abdomen. Multiple logistic regression
analysis also confirmed that vomiting and mass location
were independent factors for predicting the recurrence
of intussusception with pathological lead points in chil-
dren. This has not been reported previously and has not
yet been confirmed.

Patterns of recurrence

A total of 45.5% of the recurrent cases experienced
only one recurrence, and 54.5% experienced multiple
recurrences. Univariate analysis showed there were
no significant differences in age, symptom duration,
bloody stool, paroxysmal crying, vomiting, mass location
and pathological lead points between the single and
multiple recurrence intussusception groups. In addi-
tion, there was no seasonal pattern of recurrence, and
the early recurrence rate (recurrence within 24 hours)
was 6.5%. Gilmore et al reviewed 117 paediatric patients
with intussusception during a 15-year period, and they
found that the early recurrence rate was 5.3%,'® while
McDermott et al reported that the early recurrence
rate was 7%."” The above studies are consistent with
the present study, suggesting that intussusception cases
should be carefully observed during the early period
after air enema reduction.

LIMITATIONS

The greatest limitations of the current study are its
retrospective design and potential selection bias, as
some of the cases with pathological lead points were
not detected during the observation period. Also, the
conclusions are based on observations from a single
children’s centre so a prospective, multicentre study is
needed to further evaluate factors that predict recur-
rent intussusception.
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Table 6 Comparison of different recurrence numbers of intussusception

Single recurrence group

Multiple recurrence group

Variables (n=87) (n=104) y?value P value
Gender (male) 55) 62 0.2591 0.6107
Age (>1year old) 56 73 0.7330 0.3919
The duration of symptoms (<12 hours) 67 87 1.3382 0.2474
Bloody stool 6 3 0.9222 0.3369*
Paroxysmal crying 47 42 3.5410 0.0599
Vomiting 21 16 2.3239 0.1274
Right abdomen 84 95 2.1802 0.1398
Pathological lead points present 5 14 3.1471 0.0761
*Fisher’s exact test.
CONCLUSIONS ERENCES

In conclusion, a logistic regression analysis was
performed to assess the independent predictors of
recurrent intussusception among 1007 intussusception
cases. Age (>lyear), symptom duration (<12hours), the
absence of vomiting, mass location (right abdomen)
and pathological lead points were significant predic-
tors of recurrent intussusception. Vomiting and mass
location (left abdomen) were significantly predictive of
recurrent intussusception with lead points. No signifi-
cant clinical differences were found between the single
and multiple recurrence intussusception cases.
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