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Abstract

Background Ileocolic intussusception occurs when the terminal ileum “telescopes” into the colon. We observed that ileocolic
intussusception lengths are similar regardless of location in the colon.

Objective To examine the uniformity of ileocolic intussusception length and its relationship to colon location, symptom duration
and reducibility.

Materials and methods We retrospectively reviewed ultrasound-diagnosed pediatric ileocolic intussusceptions initially treated
with pneumatic reduction at the Mayo Clinic or Texas Children’s Hospital. We recorded demographic, imaging and surgical
findings including age, gender, symptom duration, location of the ileocolic intussusception, reducibility with air enema and, if
fluoroscopically irreducible, surgical findings.

Results We identified 119 ileocolic intussusceptions (64% boys), with 81% in the right colon. There was no significant relation-
ship between ileocolic intussusception length and colon location (P=0.15), nor ileocolic intussusception length and symptom
duration (P=0.36). Ileocolic intussusceptions were more distal with increasing symptom duration (P=0.016). Successful reduc-
tions were unrelated to symptom duration (P=0.84) but were more likely with proximal versus distal locations (P=0.02).
Conclusion Ileocolic intussusception lengths are relatively uniform regardless of location along the course of the colon where
they present. Our findings suggest that most of the apparent distal propagation of ileocolic intussusceptions is not caused by
increasing telescoping of small bowel across the ileocecal valve but rather by foreshortening of the right colon. This implies poor
cecal fixation and confirms fluoroscopic and surgical observations of cecal displacement from the right lower quadrant with
ileocolic intussusceptions. The movement of the leading edge of the ileocolic intussusception during reduction is first due to
“relocating” the cecum into the right lower quadrant after which the reduction of small bowel back across the ileocecal valve then
occurs.
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Introduction

>4 Larry A. Binkovitz
binkovitz.larry @mayo.edu Ileocolic intussusceptions are common pediatric abdominal
emergencies with a defining role for pediatric radiologists.
The ability to safely and effectively reduce ileocolic intussus-
Mayo Clinic, ceptions with a therapeutic enema is an essential feature of
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[1-3]. This condition is often described as a telescoping of
variable lengths of the distal ileum (intussusceptum) through
the ileocecal valve and into the colon (intussuscipiens), and
the farther the intussusceptum extends into the colon, the more
telescoping of the distal ileum is thought to have occurred.
This idea of telescoping as the mechanism of intussusception
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fits well with what pediatric radiologists observe during fluo-
roscopic ileocolic intussusception reductions. The leading
edge of ileocolic intussusception could be encountered any-
where in the abdomen and could be seen to move from distal
to proximal along the expected course of the colon during
reductions. However there are reasons to suggest that
telescoping does not fully explain what is happening. In
1984, Gilsanz [4] identified cecal and appendiceal displace-
ment out of the right lower quadrant with ileocolic intussus-
ceptions on radiography. This displacement results in an emp-
ty right lower quadrant and has been termed Dance sign. For
this sign to be present, the cecum and ascending colon must be
mobile [5, 6]. In 1911 Waugh [7] first associated incomplete
fixation of the right colon with intussusception. Brereton et al.
[8] later stated that “mal-fixation of the ileocecal mesentery is
a leading factor in allowing the terminal ileum to pass into the
cecum.” Moreover, cecal displacement out of the right lower
quadrant in ileocolic intussusception is a consistent surgical
[9] and imaging finding (Fig. 1).

With the use of US for the pre-enema diagnosis of
ileocolic intussusceptions, pediatric radiologists have the
opportunity to confirm the findings of cecal and ascending
colon displacement in ileocolic intussusceptions and refine
our understanding of this disorder. If the traditional dogma
for ileocolic intussusception is true, then more distal
ileocolic intussusceptions should imply increasing lengths
of telescoping small bowel into the colon and should result
in longer ileocolic intussusception measurements compared
to proximal ileocolic intussusceptions. However we have
observed the relative uniform length of ileocolic intussus-
ceptions with ultrasound (US) regardless of their abdominal

Fig. 1 Coronal CT in a 3-year-old girl demonstrates ileocolic
intussusception with cecal displacement from the right lower quadrant
to the right upper quadrant (arrow)

location. The objective of this study was to confirm this
observation and explore its implications.

Materials and methods

We conducted a retrospective review of the medical records
and imaging findings of children younger than 18 years diag-
nosed with ileocolic intussusception at the Mayo Clinic from
2008 to 2016 and at Texas Children’s Hospital from
December 2016 to October 2017. Our institutional review
boards approved this study, which complied with the Health
Insurance Portability and Accountability Act. We recorded
demographic, clinical and imaging data including age, gender,
symptom duration, and location of the ileocolic intussuscep-
tion based on the US findings.

The US studies were performed using a combination of
curved and linear transducers to optimize intra-abdominal vi-
sualization and were performed by dedicated pediatric
sonographers at both institutions. The studies consisted of
transverse and longitudinal imaging of all four quadrants
and in the midline with static images and cine clips
documenting full coverage. If an ileocolic intussusception
was encountered, multiple images and cine clips in orthogonal
planes would be obtained.

We included all children who underwent US for the diag-
nosis of ileocolic intussusception at the two institutions; spe-
cifically, none was excluded because of difficulty obtaining
ileocolic intussusception measurements. The length of each
ileocolic intussusception was retrospectively measured sepa-
rately by four pediatric radiologists at the Mayo Clinic
(L.A.B., with 25 years’ experience, A.B.K., with 5 years’ ex-
perience, N.C.H., with 1 year of experience, and P.G.T., with
7 years’ experience) and two pediatric radiologists at Texas
Children’s Hospital (R.C.O., with 9 years’ experience, and
N.F.M., with 7 years’ experience), who reviewed all US im-
ages and clip stores. These measurements included the bowel
wall as well as the invaginated mesentery. The measurements
were taken from the single image or cine frame demonstrating
the greatest length. If the ileocolic intussusception was curvi-
linear, several line segments were drawn approximating the
arc of the ileocolic intussusception and the separate lengths
were added together (Fig. 2). We used the average length
measurement for statistical analysis.

Based on the location of the transducer on the abdominal
wall indicated by the sonographer, the ileocolic intussuscep-
tion location was recorded within one of five colonic segments
as follows: 1 = right lower quadrant—cecum/proximal ascend-
ing colon, 2 = right upper quadrant-hepatic flexure, 3 = right
upper quadrant/left upper quadrant—transverse colon, 4 = left
upper quadrant-splenic flexure, and 5 = left lower quadrant—
descending/sigmoid colon. Group statistics were expressed as
mean + standard deviation (SD) for continuous variables and
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Fig. 2 Transverse US image of a
6.3-cm right lower quadrant
ileocolic intussusception in a 1-
year-old boy. The arc of the
ileocolic intussusception has been
approximated using three line
segments that were combined
from the ultrasound image to give
the total length of 6.3 cm

n (%) for categorical variables. Group comparisons were
made using a Student’s #-test for continuous variables and
chi square/Fisher exact test for categorical variables.
Relationships between length and other variables were
assessed using a general linear model. Significance level
was set at P<0.05. Statistical analyses were performed using
SAS (SAS Institute, Cary, NC).

Results

We identified a total of 119 ileocolic intussusceptions, 64 at
the Mayo Clinic and 55 at Texas Children’s Hospital in 57 and
53 unique children, respectively. Sixty-four percent of
ileocolic intussusceptions occurred in boys. The mean age of
the children at the Mayo Clinic was 21.8 months
(£16.9 months), whereas at Texas Children’s Hospital the
mean age was 15.6 months (£13.5 months), P=0.03. Ninety-
six (81%) ileocolic intussusceptions were encountered in the
proximal colon, locations 1 or 2. Ileocolic intussusception
measured longer for children at Texas Children’s Hospital,
with a mean length of 5.2 cm, whereas at the Mayo Clinic
the mean length was 4.6 cm (P=0.002), and intussusceptions
were smaller as the age of the patients increased (P=0.002).
Excluding two cases where there was spontaneous reduction
before the air enema, the colon location of the ileocolic intus-
susception at fluoroscopy was within one colon segment, as
was indicated with US in 91% of the ileocolic intussuscep-
tions. In the remaining cases, there was progression or regres-
sion of two colonic locations. Table 1 lists the intussusceptions

according to location and the mean and range lengths by colon
segments. Because of the low numbers of cases in segments 4
and 5, we combined these two locations for statistical analysis.
The duration of symptoms averaged 33 h for both groups.
Inter-observer agreement for measurement of ileocolic intus-
susception lengths was excellent for both groups of children
(kappa=0.88 at both sites).

There was no statistically significant relationship between
ileocolic intussusception length and colon location for the
entire study group (P=0.15), nor for children 3 years or youn-
ger (P=0.17; Fig. 3), nor was there a statistically significant
relationship between ileocolic intussusception length and
symptom duration (P=0.36; Fig. 4). Ileocolic intussusceptions
were encountered more distally along the course of the colon
with increasing symptom duration (P=0.002; Fig. 5).

Of the 119 ileocolic intussusceptions, 90 were pneumati-
cally reduced (76%), two reduced spontaneously prior to
pneumatic reduction, and 27 could not be reduced pneumati-
cally and required surgery. Of the surgical cases, 11 were
irreducible, with a total of 8 lead points (5 Meckel diverticula,
1 perforated appendicitis, 1 small bowel polyp and 1 case of
lymphoma). The three remaining cases that were irreducible
did not have lead points but required resection because of
necrotic bowel. There were no perforations related to pneu-
matic reduction. The reduction rates were similar for both the
Mayo Clinic and Texas Children’s Hospital, 77% and 76%,
respectively (P=0.54). Neither symptom duration nor ileocolic
intussusception length had an effect on pneumatic reduction
success (P=0.84 and P=0.63, respectively), but successful re-
ductions were more likely with proximal ileocolic

Table 1 Ileocolic intussusception
length by colon location

Segment/location and number of intussusceptions

Mean+SD (cm) Minimum (cm) Maximum (cm)

1 Ascending colon n=36
2 Hepatic flexure n=60

3 Transverse colon n=8

4/5 Descending/sigmoid colon n=15

43+£1.2 2.0 7.0
4.9+1.1 2.8 8.0
4.5+1.1 32 6.4
5.4+1.3 42 8.5

SD standard deviation
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Fig. 3 Box plot demonstrates no statistically significant relationship
between ileocolic intussusception length (cm) and colon location. /CI
ileocolic intussusception, LLQ left lower quadrant, LUQ left upper
quadrant, RLQ right lower quadrant, RUQ right upper quadrant

intussusception (colon locations 1 and 2) versus distal loca-
tions (colon locations 3—5; odds ratio [OR]=3.9 [1.5, 10.4];
P=0.02).

Discussion

The observation that ileocolic intussusception length is rel-
atively constant and is independent of the location where it
is encountered along the course of the colon has several
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Fig. 4 Box plot demonstrates no statistically significant relationship
between ileocolic intussusception length (cm) and symptom duration
(hours). ICI ileocolic intussusception
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Fig. 5 Box plot demonstrates a statistically significant relationship
between symptom duration (hours) and ileocolic intussusception
location. LLQ left lower quadrant, LUQ left upper quadrant, RLQ right
lower quadrant, RUQ right upper quadrant

implications that dispute traditional teaching. Given this
relatively constant length of ileocolic intussusceptions, it
is likely that most displacement of the ileocolic intussus-
ception from the right lower quadrant is not from increased
small-bowel telescoping in to the colon. Our data suggest
that after the initial telescoping of a relatively short length
of'ileum in ileocolic intussusception, the apparent propaga-
tion of the intussusception distally is caused by the colon
shortening upon itself like an accordion, or invagination of
the proximal colon into the more distal colon, like a sock
being turned inside out by the toe (Fig. 6). This explanation
better matches what is encountered during surgical [10] and
fluoroscopic ileocolic intussusception reductions. Initially,
there is frequently rapid movement of the ileocolic intus-
susception proximally toward the right lower quadrant, of-
ten in discrete “jumps” as if the colon is elongating haustra
by haustra. This rapid movement of the ileocolic intussus-
ception is likely caused by unfolding and elongation of the
colon rather than retrograde movement of the telescoped
ileum through the ileocecal valve. When the colon has fully
lengthened and the cecum has been replaced to the right
lower quadrant, the actual reduction of the ileum through
the ileocecal valve occurs, and is often more difficult, re-
quiring higher intraluminal pressures. It is likely that the
foreshortening and invagination of the colon does not result
in sufficient bowel wall thickening to be noticeable with US
because we have not observed this on pre-enema ultrasound
studies. If it were, the overall length of the ileocolic intus-
susception would increase the further along the course of
the colon the ileocolic intussusception was encountered,
but this has not been the case.
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Fig. 6 Schematic demonstration
of Dance sign. a Initial position of
ileocolic intussusception in the
right lower quadrant with early
invagination of the colon. b
Further propagation of the leading
edge of the ileocolic
intussusception to the splenic
flexure with increasing
invagination and shortening of
right colon behind the ileocolic
intussusception. (Used with
permission of © [2018] Mayo
Foundation for Medical
Education and Research. All
Rights Reserved)

Our data do not support the classic teaching that ileocolic
intussusceptions become more distal the longer the child is
symptomatic. We found no significant relationship between
symptom duration and colonic location. However we did find
that distal ileocolic intussusceptions, locations 3—5, were more
difficult to reduce than proximal ones, locations 1 and 2. The
relationship between symptom duration and the likelihood for
successful pneumatic reductions is unclear. Lampl et al. [11]
found that radiologic reductions were less successful and sur-
gical intervention more likely with increasing symptom dura-
tion. However we are in agreement with Tareen et al. [12] and
Flaum et al. [13], who found that increasing symptom dura-
tion did not correlate with irreducibility. With this observation,
we agree with previous authors [ 14, 15] that in clinically stable
children whose initial pneumatic reduction attempts failed, it
is safe to repeat the enema after a brief waiting period. The
lack of a relationship between irreducibility and symptom
duration leads us to speculate that ileocolic intussusceptions
do not become irreducible with increasing symptom duration
but might be either reducible or irreducible from their onset or
shortly thereafter.

There are two major limitations of our study. First, we
retrospectively measured ileocolic intussusception length
from the US images. Because of this, the length could have
been underestimated, especially for ileocolic intussusceptions
that were longer than a single US frame. However, this is
unlikely because sonographers at both institutions were
instructed to fully document the ileocolic intussusception with
clips stores in both the transverse and longitudinal planes and
this allowed for retrospective measurements. Second, the
length of time children have an intussusception cannot be
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precisely known. Thus symptom duration is an estimation
based on the clinical notes stating, at times imprecisely, the
start of the child’s symptoms that led to the emergency depart-
ment visit.

Conclusion

The traditional understanding of ileocolic intussusception as
telescoping of a variable length of ileum into the colon was
based on fluoroscopic observations. The US findings of
ileocolic intussusceptions indicate that the amount of ileum
that crosses through the ileocecal valve is relatively constant
and independent of the location where the ileocolic intussus-
ception is encountered in the abdomen. Most displacement of
the ileocolic intussusception is not caused by telescoping but
by shortening and invagination of the mobile right colon. Our
findings dispute the traditional teaching that ileocolic intus-
susceptions become less likely to be reducible the longer the
child has been symptomatic. Although speculative, our find-
ings imply that ileocolic intussusceptions do not become irre-
ducible with time but are either reducible or irreducible at or
shortly after their onset.
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