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Abstract
Objectives: The objective was to determine the frequency of postreduction, hospital-level interventions
among children with successful reduction of ileocolic intussusception and identify factors that predict the
need for such interventions.

Methods: This was a retrospective cross-sectional study of children who underwent successful enema
reduction for ileocolic intussusception at a single emergency department. Hospital-level interventions
were included if they occurred within 24 hours of reduction and were further classified as either major
(recurrence or possible perforation) or minor (imaging for suspected recurrence or administration of
parenteral narcotics or antiemetics). Binary logistic regression was used to identify predictors for
hospital-level interventions.

Results: A total of 464 children underwent enema reduction. The median age was 1.7 years (interquartile
range [IQR] = 0.8 to 2.5 years), and 66% were male. A total of 435 (94%) were hospitalized with a median
hospital stay of 25 hours (IQR = 19 to 34 hours). Nineteen percent (95% confidence interval [CI] = 15% to
22%) needed postreduction interventions, including 6% (95% CI = 4% to 9%) who required major
interventions. The median time to any hospital intervention was 9.9 hours (IQR = 6.3 to 16.4 hours). We
identified two independent predictors for hospital-level interventions: duration of symptoms > 24 hours
(adjusted odds ratio [OR] = 2.1, 95% CI = 1.3 to 3.4) and location of the intussusception tip at (or
proximal to) the hepatic flexure (adjusted OR = 1.9, 95% CI = 1.1 to 3.3); the latter factor was also a
predictor of a major intervention. None of the children (95% CI = 0 to 1.0%) had an acute
decompensation after an initially successful enema reduction.

Conclusions: Clinical decompensation is rare and recurrence is relatively low after an uncomplicated
reduction of ileocolic intussusception. However, one in five children required hospital-level interventions
after reduction. Children with the intussusception tip at (or proximal to) the hepatic flexure, and those
with symptoms for longer than 24 hours, are more likely to require subsequent interventions. Although
outpatient management appears safe after a period of observation, caregivers should be counseled about
the risk of ongoing symptoms and recurrence.
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I leocolic intussusception is a common cause of pedi-
atric bowel obstruction with the potential complica-
tion of intestinal necrosis and perforation if not

treated expeditiously.1–3 Pneumatic or hydrostatic
enema reduction has become the standard of care for
treatment of intussusception in otherwise healthy chil-

dren, with operative management being reserved for
complicated cases (e.g., signs of peritonitis or suspicion
of perforation, hemodynamic instability, pathologic lead
point) or those who have failed enema reduction.4,5

Enema reduction has been shown by multiple studies to
have a success rate between 70 and 91%.3,6–9 However,
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this nonoperative reduction technique is not without
potential complications, including intestinal perforation,
peritonitis, and recurrence of intussusception after ini-
tial reduction.6,10,11 The recurrence rate for intussuscep-
tion has been estimated at approximately 10%, with an
early recurrence rate within the first 24 hours ranging
from 0% to 6%.11–15 Postreduction hospital-level care
includes diagnostic imaging for a possible recurrence,
managing a recurrence or complications of the initial
reduction, or administering pain medications or antiemet-
ics. The frequency of such interventions has not been well
studied but is an important factor in the disposition
decision after successful reduction.

The concerns for postreduction recurrence, as well as
the need for close hemodynamic and symptomatic mon-
itoring, have been stated as justifications for hospital
admission,16 yet some centers frequently discharge chil-
dren postreduction after a brief period of observation.17

Although not elucidated in the literature, clinicians may
consider factors such as duration of symptoms prior to
presentation, age, acidosis, bloody stool, or difficulty of
reduction. However, while certain features may seem
reasonable for justifying an admission, their actual pre-
dictive value has not been well documented.

Prior studies have investigated postreduction admis-
sion practices;10,11,14,16 these studies were limited by
sample size and had variable frequencies of recurrence
and complications. Moreover, the postreduction inter-
ventions among admitted patients were not well
described. Therefore, we sought to assess the frequency
of hospital-level interventions among children who
underwent successful air contrast enema reduction of
ileocolic intussusception and to evaluate variables asso-
ciated with the need for hospital-level care. With this
assessment of postreduction complications, we aim to
guide postreduction management, including the deci-
sion for hospital admission.

METHODS

Study Design
This was a retrospective cross-sectional study that was
approved by the institutional review board with a
waiver of informed consent.

Study Setting and Population
Children aged 3 months to 18 years with ileocolic intus-
susception who presented to the emergency department
(ED) of a single large urban pediatric tertiary care cen-
ter between October 1995 and June 2013 were eligible
for inclusion. Over this time period, the ED volume was
approximately 57,000 visits per year. Of note, during the
first 16 years of the study, children were routinely
admitted after enema reduction; we included all children
regardless of disposition from the ED.

We included children who had enema reduction of
ileocolic intussusception. Air-contrast enema was the
standard reduction technique throughout the study per-
iod. For proof of a successful reduction, contrast would
be observed passing into the ileum. We excluded chil-
dren who had prior episodes of intussusception and
children with unique medical conditions in whom
results might be less generalizable, such as cystic fibro-

sis and Henoch-Schonlein purpura. We also excluded
patients with negative air contrast enema studies (i.e.,
interval spontaneous reduction or false positive ultra-
sound study), failure of enema reduction, or immediate
recognition of postreduction complications such as per-
foration, immediate recurrence (appreciated while in the
radiology suite), or suspected intraperitoneal bleeding.

Study Protocol
For case identification we reviewed all emergency
physician (EP) notes, all ICD-9 diagnostic codes, and all
radiology reports of ED patients during the study per-
iod. This was performed in two phases. First, we cre-
ated a computer-assisted key word screening tool called
regular-expression matching to search the electronic
medical record and to identify potentially eligible ED
encounters. This technique provides a more compre-
hensive and inclusive search than keyword searching
by including abbreviated, misspelled, and mistyped vari-
ations of any keywords. During the early stages of tool
development, the search tool is “taught” to properly
classify cases; this is an iterative process performed
with several data sets and manual review for accuracy,
but allows a more refined search strategy. Through
detailed logical statements, the tool allows specific sec-
tions of the note to be searched for the diagnosis of
intussusception (rather than simply consideration in a
differential diagnosis or use of intussusception in the
history of present illness or past history) or reference to
an air-contrast enema reduction (both ED notes and
radiology reports). Second, we refined the output of the
search tool by manual medical chart review of all cases
identified by the search process.

We reviewed the complete medical records of all
study patients. A document hierarchy was created for
the purpose of reducing missing data elements and con-
sistency of data collection. When available, we reviewed
the EP note, radiology report, physician admission note,
discharge summary, and nursing notes. We abstracted
data in a hierarchical fashion, beginning with the ED
note. We used notes lower in the hierarchy to identify
data elements that were missing from notes given
higher priority in the hierarchy. If there were discrep-
ancies between the EP and trainee records, we
abstracted data from the attending physician’s docu-
mentation.

The complete hospital medical records within one
week of the index visit were reviewed by two study
investigators (EL and KM). The following factors were
abstracted: date of visit, patient demographics, duration
of symptoms, and relevant clinical features. Laboratory
databases were reviewed for laboratory studies, includ-
ing bicarbonate, blood urea nitrogen, and white blood
cell counts (chosen a priori as markers of acidosis,
dehydration, or stress). Type and duration of medical
treatment during the admission (including parenteral
analgesia, antiemetics, and antibiotic treatment) were
also recorded. We reviewed all imaging studies (abdom-
inal radiographs, abdominal ultrasounds, computed
tomography, and enema fluoroscopy studies) performed
within 72 hours of initial presentation to the ED. An
abnormality on an abdominal radiograph series (stan-
dard two views) was defined as any report noting
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paucity of gas, suggestion of intussusception, or an
obstructive bowel pattern, according to the final radiol-
ogy report from the attending radiologist. Location of
intussusception tip as visualized on the air contrast
enema was recorded. For ambiguous cases or cases
where no tip location was reported, image review and
interpretation was performed by an independent radiol-
ogist (AT) with no knowledge of prior interpretations or
clinical details. We defined recurrence as an intussus-
ception event leading to an intervention, either repeat
air enema or surgical reduction. We defined perforation
as any postreduction event associated with abdominal
free air or pneumatosis.

Outcome Measures
Our primary outcome measure was the rate of hospital-
level interventions, which were defined as postreduction
interventions within 24 hours that required inpatient
care and for which the need was not immediately
apparent after the enema reduction. Interventions were
further divided into “major” (management of intussus-
ception recurrence with either repeat enema or surgery
or possible perforation) and “minor” (repeat imaging to
evaluate for possible recurrence or administration of
parenteral analgesic or antiemetic medications). Of note,
the definitions of major versus minor interventions were
defined for study purposes and were not previously
established in the medical literature. For those children
who were discharged and had no further clinical docu-
mentation within 1 week of the index visit, we assumed
the absence of a need for inpatient level of care.

Kappa Analysis. A third researcher (AK) reviewed a
random selection of 15% of the medical records of
those patients who had enema reduction performed.
For each candidate predictor, a percent agreement and
a kappa value were calculated to assess inter-rater relia-
bility of candidate predictors. We included predictor
variables with at least moderate agreement (lower

bound of the kappa statistic 95% confidence interval
[CI] of 0.4) in the statistical analysis.

Data Analysis
Univariate analysis was performed for all candidate pre-
dictors. Categorical variables were compared using chi-
square tests. Continuous variables were compared by
using Mann-Whitney tests. We performed a logistic
regression multivariate analysis to identify predictors of
any hospital-level intervention and of major interven-
tions. We included as covariates in our model any can-
didate predictors that were associated with our
outcome on the univariate screen with a p-value of <0.2
and had >80% complete data. The Pearson goodness-of-
fit test was used to evaluate our models. The area under
the receiver operating characteristic (ROC) curve was
used to quantify the classification performance of the
final models. All analyses were conducted using the
STATA version 13.0.

RESULTS

During the study period there were 984,578 ED visits, of
which 464 met the study inclusion criteria, accounting
for less than 0.1% of all ED visits (Figure 1). The median
age was 1.6 years (interquartile range [IQR] = 0.8 to
2.5 years), 34% were female, and 94% were hospitalized
with a median hospital stay of 25 hours (IQR = 19 to
34 hours).

Eighty-six patients (18.5%) required hospital-level
intervention (95% CI = 15.1% to 22.4%), of which 27
were major interventions (5.8%, 95% CI = 3.9% to
8.5%). Patient characteristics and univariate analysis are
presented in Table 1. As previously noted, we included
predictor variables with at least moderate agreement
(lower bound of the 95% CI for the kappa statistic = 0.4)
in the statistical analysis (Data Supplement S1, available
as supporting information in the online version of this
paper).

Computer 
based 
search

Manual 
review

All ED visits                                                      N= 984,578

Intussusception and Air enema reduction      n= 577

Included patients                                                  n= 464

Excluded patients n= 113

Negative enema (possible spontaneous reduction) 38

CF/ HSP 27

Failed reduction -> operative management 24

Prior history of intussusception 19

Immediate complications (perforation/bleed) 5

Interventions      n= 86 No interventions  n= 378

Major Interventions n= 27

Figure 1. Identification of study patients.
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Of the 27 children requiring major interventions, 26
(5.6% of study population) had recurrence of intussus-
ception, including two patients who required surgical
reduction after failed air enema attempts. One child had
bowel wall pneumatosis confirmed on a radiograph
after signs of abdominal pain during admission; this
patient was managed conservatively with resolution of
symptoms. Table 2 shows the frequency of interven-
tions. None of the patients (0/464, 95% CI = 0 to 1.0%)
had acute decompensation requiring critical care or
emergent laparotomy after initial successful enema
reduction. The median time to any hospital intervention
was 9.9 hours (IQR = 6.3 to 16.4 hours); among those
children with recurrence, the median time to the first

intervention (minor or major) was 9.7 hours (IQR = 5.1
to 16.4 hours) with a median time for enema reduction
of 17.6 hours (IQR = 10.9 to 23.0 hours).

The results of a multivariate analysis to identify inde-
pendent predictors of hospital-level interventions are
presented in Table 3. The areas under the ROC curve
for the models predicting major intervention and all
interventions are 0.70 and 0.68, respectively.

DISCUSSION

In our large retrospective study of children undergoing
air-contrast enema reduction for ileocolic intussuscep-
tion, we identified an early recurrence rate of 5.6%,

Table 1
Study Patient Characteristics

Variable
No Intervention

(N = 378)

Any Intervention Major Intervention

N = 86
Significance
(p-value) N = 27

Significance*
(p-value)

Demographics
Age (yr), median (IQR) 1.7 (0.8–2.6) 1.6 (0.8–2.5) 0.78 1.6 (1.1–2.5) 0.97
Female sex 131/378 (35%) 26/86 (30%) 0.43 8/27 (30%) 0.48

History
Fever (≥38°C) 26/373 (7%) 7/85 (8%) 0.68 1/27 (4%) 0.47
Symptom duration > 24 hours 144/376 (38%) 48/85 (57%) 0.002 14/26 (54%) 0.19
Emesis 244/378 (65%) 57/85 (67%) 0.55 17/27 (63%) 0.83
Bilious emesis 18/377 (5%) 2/85 (2%) 0.32 2/27 (7%) 0.42
Bloody stool 37/376 (10%) 7/82 (9%) 0.72 1/26 (4%) 0.31

Physical exam
Lethargy 71/308 (23%) 19/75 (25%) 0.68 4/20 (20%) 0.71
Irritability 52/307 (17%) 18/74 (24%) 0.14 3/20 (15%) 0.69

Laboratory tests
HCO3 (mmol/L), median
(IQR); n

20 (18–22); 204 20 (18–21.5); 56 0.89 20.5 (19–22); 18 0.42

BUN (mg/dL), median (IQR); n 11 (8–14); 213 12 (8–15); 62 0.44 14 (11–16); 20 0.04
WBCs (9103/mm3), median
(IQR); n

11.9 (11.2–12.6); 225 12 (11–12.5); 70 0.99 12 (11–12.5); 24 0.83

Imaging
Any abdominal radiograph
abnormality†

131/147 (89%) 30/33 (91%) 0.76 7/7 (100%) 0.35

Intussusception tip distal to
hepatic flexure

150/375 (40%) 21/84 (25%) 0.01 3/27 (11%) 0.004

Denominators represent the number of cases with complete data for that specific item.
*Significance compared to the no intervention group.
†Defined in the text under Methods.

Table 2
Type and Number of Interventions: Interventions Are Not Mutually Exclusive

Type of Intervention Number of Interventions* Comments

Suspected perforation 1 Pneumatosis on abdominal x-ray
Recurrence and need for reduction 26 24 had successful repeat air contrast enema reduction and

2 had open/surgical reduction
Repeat imaging 83 Abdominal radiograph (43)

Abdominal ultrasound (17)
Abdominal radiograph and ultrasound (22)
Abdominal computed tomography (1)

IV antiemetics 28 All ondansetron
IV pain medication 25 Morphine (24)

Ketorolac (1)

IV = intravenous.
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with a single case of pneumatosis, diagnosed hours
after the procedure, and no cases of delayed perforation
or clinical decompensation requiring emergent treat-
ment. Postreduction perforation rates have been previ-
ously reported to be low, ranging between 0.14 and
0.75%4,10,18 with most appreciated during, or immedi-
ately after, the reduction.

Whether children need to be admitted for observation
after a successful reduction of ileocolic intussusception
remains a subject of debate. One factor to consider is
the rate and timing of recurrence. A 2014 meta-analysis
(based on 69 studies) estimated the rate of recurrence
for fluoroscopy guided enema to be 8.5% (95%
CI = 6.9% to 10.4%) with 26% of these occurring within
24 hours and 32% within the first 48 hours.19 Based on
this low rate of recurrence in the immediate postreduc-
tion period, the investigators of the meta-analysis con-
cluded that well-appearing patients can be safely
discharged home from the ED. In the current study, we
noted an overall recurrence rate of 5.6% within 1 week,
with approximately 50% of the repeat enema reductions
occurring within 18 hours after the initial reduction.
However, another factor to consider beyond the
recurrence rate is the need for hospital interventions.
Unfortunately, the frequencies of other postreduction
interventions (e.g., repeat imaging, pain medication,
antiemetics) were not previously well reported in the lit-
erature. Such interventions may be estimated by subse-
quent ED visits among patients discharged after
reduction for reasons other than recurrence. Lochhead
et al.8 studied 102 children who underwent air enema
reductions with subsequent observation in the ED for at
least 6 hours (mean ED length of stay was 11.4 hours);
of those who were discharged home, there was a 21%
return visit rate. In the current study, 18.5% of the chil-
dren required at least one hospital intervention, with
one-half of the interventions occurring more than
10 hours postreduction. Thus, although the recurrence
rate is relatively low, both studies have demonstrated
that one in five children required further evaluation or
treatment.

Of the previous studies recommending outpatient
care postreduction, the selection of candidates for dis-
charge has not been well described and the period of
postreduction observation has varied. In a study by
Le Masne et al.,20 54% of 92 children were managed as
outpatients after successful reductions, with no subse-
quent adverse events other than an uncomplicated
recurrence of the intussusception (16%). In another

study by Gilmore et al.,14 82% of 56 children were dis-
charged after a brief observation period of 7 hours and
also had no adverse events other than recurrence
(5.3%). Similarly Bajaj and Roback11 observed 65% of
their 78 patients in the ED for a mean time period of
7.2 hours (range = 0 to 21 hours) without any adverse
events and with recurrences occurring only after ED
discharge. Finally, Whitehouse et al.15 discharged 26%
of 186 children after enema reductions without any sig-
nificant adverse events. The authors recommended to
discharge children if they were afebrile, hemodynami-
cally stable, and tolerating oral intake (without a specific
recommendation of observation period). In the current
study, there was a wide distribution of the time to hos-
pital-level interventions (with a median time of almost
10 hours) that precludes using these data to recommend
a specific duration of observation.

In trying to decide which children might be the best
candidates for outpatient management, we investigated
predictors of hospital-level interventions after uncompli-
cated enema reductions. We found that a patient with
intussusception who presented with a history of symp-
toms lasting for 24 hours or longer had twice the odds
of requiring a hospital-level intervention. Although not
proven, we suspect that increased bowel edema or par-
tial bowel obstruction may play a role in developing
postreduction pain, vomiting, or recurrence. This find-
ing is somewhat corroborated by prior studies reflect-
ing a higher rate of enema failure or need for surgical
intervention in children with symptom duration exceed-
ing 24 hours.21–23 Furthermore, we determined that an
intussusception tip at, or proximal to, the hepatic flexure
was also predictive of hospital-level interventions,
including recurrence. While counterintuitive and never
studied previously, bowel wall edema may prevent the
intussusceptum from progressing into more distal
bowel, whereas less edematous bowel may easily slide
distally but allow for pressure reduction despite the
longer length.

LIMITATIONS

Our study had several important limitations. Our study
was retrospective at a single site, and the predictors
were abstracted by medical chart review. As is common
with retrospective reviews, details of the documentation
are not standardized and there may be errors of omis-
sion. To maximize data accuracy, abstraction rules and
inter-rater reliability were assessed. Furthermore, the
effect of inpatient care on rate of reimaging is unpre-
dictable, as it may be affected by having the patient
already present in the hospital, or by substituting repeat
imaging with clinical observation and serial examina-
tions. Similar considerations apply to pain medication
and antiemetics. Given the 18-year time span of the
study, trends in diagnostic evaluation and treatment
may have changed over the study period. Although we
suspect increases in ultrasound utilization and ondanse-
tron use, trends in these interventions were not studied.
Finally, we reviewed patient charts within 1 week of the
index visits, but some patients may have presented to
other area hospitals with recurrent symptoms or com-
plications. Finally, during the last 2 years of the study,

Table 3
Multivariate Analysis of Clinical Factors Associated With
Hospital-level Interventions Including the Subset of Major
Interventions

Clinical Predictor
Adjusted OR
(95% CI)

Major interventions
Tip at (or proximal to) hepatic flexure 5.1 (1.5–17.3)

All interventions
Duration of symptoms > 24 hours 2.1 (1.3–3.4)
Tip at (or proximal to) hepatic flexure 1.9 (1.1–3.3)
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when a limited number of patients may have been dis-
charged directly from the ED, the need for minor inter-
ventions may be missed among those discharged
patients, and the admitted patients would have likely
represented a generally sicker population.

CONCLUSIONS

After the uncomplicated enema reduction of an ileocolic
intussusception, clinical decompensation is rare and the
rate of recurrence is low (5.6%). However, approxi-
mately one in five children requires a hospital-level
intervention after the reduction. Children with more
proximal intussusception or symptoms for greater than
24 hours have twice the odds of requiring intervention
after reduction, and the proximal intussusception is
specifically associated with a fivefold increased odds of
recurrence. Based on these results, we believe that a
select group of well-appearing children can be safely
managed as outpatients after a period of observation, a
successful trial of oral intake, and proper counseling of
caregivers about the risk and signs of recurrence.
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Supporting Information

The following supporting information is available in the
online version of this paper:

Data Supplement S1. Inter-rater reliability for the
candidate predictors.
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