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Abstract Intussusception is relatively uncommon, occur-
ring in 0.5 to 2.3 cases per 1,000 live births in the USA.
Radiology residents, therefore, have few opportunities to
participate in intussusception reduction during training, and
practicing radiologists encounter it infrequently. Training is
essential, as successful reduction avoids surgery. The
judgment involved in reducing an intussusception is best
gained with experience. We developed a training device
that simulates fluoroscopic intussusception reduction with
air. The device consists of a doll that contains a cylinder
with similar stress and strain characteristics to the human
colon. The trainee pumps air into the cylinder through a
rectal tube using a standard hand-held air reduction pump.
A sensor measures the pressure within the chamber and
transmits readings to a computer, which displays images
from actual intussusception reductions based on the
pressure maintained within the device. A random compo-
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nent in the software gives the user a new experience each
time and models uncertainties in the actual reduction
process, including perforation. This intussusception reduc-
tion simulator can enhance resident education, giving
residents the opportunity to practice this technique before
employing it on a real patient. The simulator can also help
practicing radiologists become more comfortable with
intussusception air reduction.

Keywords Intussusception - Reduction - Teaching model -
Education - Simulation - Children

Introduction

Intussusception is an important cause of acute abdomen in
infancy and childhood. The incidence of intussusception is
estimated to be 0.5-2.3 cases per 1,000 live births in the
USA [1, 2]. However, it is likely that the incidence is
actually higher, as some cases resolve spontaneously before
being confirmed either radiographically or surgically [3].
The relative rarity of this condition limits radiology
residents’ opportunity to gain supervised experience in the
non-surgical reduction of intussusception. A recent survey
found that 22% of senior radiology residents have had no
experience in reducing intussusception, while 21% have
been involved with only one case during their entire
residency [4]. However, Meyer et al. [5] demonstrated that
a radiologist must be involved in at least four air
intussusception reductions to become skillful with this
technique.

Nonsurgical reduction of intussusception is the preferred
method of treatment, and both air and liquid reduction have
been shown to be safe and effective [6]. Hence, it falls
squarely on the radiologist to be familiar with and
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proficient at performing this procedure so that patients
avoid unnecessary surgery. Since the judgment, confi-
dence and skill involved in reducing intussusception are
best gained with experience, radiology residents—and
any other practicing radiologists who might be asked to
treat a patient’s intussusception—will benefit from the
training tool we describe here to supplement their
caseload. Simulation tools such as this intussusception
reduction simulator constitute a major revolution in
medical education [7].

Description

This was a collaborative effort among radiologists and both
student and faculty engineers at the UC Davis College of
Engineering and was reviewed and approved by our
institution’s IRB. We developed an interactive teaching
device to simulate reducing an intussusception with air
under the guidance of an instructor. During the simulation,
the instructor controls the ease of maintaining pressure
within the device and thus the speed of the reduction, while
coaching the trainee. The interaction between the instructor
and the trainee is essential to the learning process.
Our goals in developing this teaching device were to:

(1) Help the trainee recognize the progression and
reduction of intussusception.

(2) Simulate complications such as perforation that the
trainee should detect immediately.

(3) Monitor the fluoroscopy time with the intention of
improving technique to lower radiation dose.

(4) Allow the instructor to control the trainee’s success at
maintaining adequate pressure, so that the trainee
develops awareness of the importance of the rectal
“seal.”

(5) Create a compact, portable device that can be easily
assembled and that has a user-friendly interface for
both trainee and instructor.

The resulting device (Fig. 1, “Lucy”) consists of an air-
tight cylindrical chamber made from polyvinyl chloride
pipe, housed inside a baby doll and accessible via a zipper.
An input port protrudes through a small incision in the
fabric at the expected region of the anus, allowing the
trainee to pump air into the chamber. The trainee uses a
standard hand-held aneroid gauge and bulb insufflator to
pump air into the chamber through a plastic tube. The
instructor can manipulate a release valve incorporated into
the tubing to control the difficulty of maintaining pressure,
forcing the trainee to consider causes of air leaks. The
chamber contains a spring-loaded piston at one end, allowing
the chamber to expand and contract similar to a human colon.
A second plastic tube connects the chamber’s output port to

Fig. 1 Plastic tubing with the instructor’s external release valve
(arrow) connects the aneroid gauge and bulb insufflator to the cylinder
within the doll. Additional tubing extends from the doll to a pressure
sensor and is transmitted via USB cable to a computer

a pressure sensor (Extech Instruments; Waltham, MA, USA).
The sensor measures the air pressure in the chamber every
0.5 s and delivers the data to a computer over a standard USB
interface. The trainee can monitor the pressure inside the
chamber by reading the pump’s built-in gauge, the pressure
sensor screen or the computer screen.

A computer program written in MATLAB (The Math-
works; Natick, MA, USA) records the pressure data and
calculates the probability of successfully progressing
toward reduction, the probability of regressing, and the
probability of perforation during each 0.5-sec interval
(Fig. 2). The probability of progression at each pressure is
an estimate based upon review of the literature [5, 8—11]
and our personal experience (RSW) with numerous
intussusception reductions. The computer generates a
random number from 0 to 100 during each 0.5-sec interval
and compares it to the calculated probabilities. If the
calculated probability for a particular event is higher than
the random number, the simulated procedure progresses,
regresses or perforates accordingly. If none of the proba-
bilities is high enough, nothing happens and the computer
moves to the next cycle. A flowchart of the computer
program can be seen in Fig. 3.

The trainee using this simulator device can usually
reduce the intussusception in about 5 min if he or she
maintains pressure of approximately 120 mmHg, and
sometimes succeeds with lower pressures. If he or she does

@ Springer
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Fig. 2 Probability of the four
possible events as a function of
achieved pressure. The proba-
bility of perforation increases
rapidly after reaching

140 mmHg (diamond). Regres-
sion (square) is more likely at
low pressures. Early on in the
procedure (triangle), probability
of progression, or reduction of
the intussusceptum, is relatively
high, but as the duration of the
procedure increases the proba-
bility of reduction (x) is much
lower
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not maintain sufficient pressure, the intussusception often
fails to reduce and can regress. If the trainee delivers too
much pressure, the chance of perforation increases. The
simulation progresses much more quickly than a real-life
intussusception reduction in order to limit instructor and
trainee fatigue. In addition, because it is critical that a
trainee learn to recognize pneumoperitoneum, the probabil-
ity of perforation is higher than in real life. This gives the
trainee opportunities to discuss and simulate management
of tension pneumoperitoneum. The simulation progresses
quickly and with lower pressures in the earlier stages of
reduction, as is common during actual procedures.

The computer program has access to a library of images
from actual intussusception reductions, each image
corresponding to a particular stage in the reduction,
including a preliminary radiograph (Fig. 4), numerous
images during the procedure (e.g., Fig. 5) and finally a

Padvance
Calculate
Measure Pretrogress Compare
Pressure [probabilities
Pperforate

Fig. 3 Flow chart of the MATLAB algorithm. The pressure sensor
transmits readings to the computer every 0.5 s. Based on the pressure
and the stage of reduction, the computer calculates the probability of
advancing to the next stage, retrogressing to the previous stage, and

@ Springer

fluoroscopic image demonstrating complete reduction of the
intussusception (Fig. 6). At any point, the user can take a
simulated fluoroscopic image via an external joystick trigger
that simulates the ergonomics of a fluoroscope. When the
trainee presses the trigger, the computer calls up the image
corresponding to the current stage of reduction and displays
it on the screen. The image remains on the screen until the
next time the trainee presses the trigger, simulating image-
hold technology used in most modern fluoroscopes.

An inverted, modified radiographic image of a different
patient with pneumoperitoneum (Fig. 7) is included in the
library, as we have not yet encountered pneumoperitoneum
as a direct result of intussusception reduction and therefore
can provide no fluoroscopic image of this entity. The image
of an abdomen with free air is displayed whenever the
probability of perforation is higher than the random
number, which is usually at high pressures but occasionally

Advance stage

Do nothing

Random [Determine

Number

outcome

Fall back a stage

Perforate

perforating the bowel. The computer then compares these probabilities
to a random number and decides what event, if any, will occur. The
process then repeats for the next pressure reading
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Fig. 4 Supine pre-procedural radiograph of patient with intussuscep-
tion demonstrates a soft-tissue mass in the right upper abdomen and
several mildly dilated loops of bowel

occurs during an otherwise uneventful attempt at reduction.
Trainees are expected to recognize the free air and state that
they would assess for tension pneumoperitoneum and then
simulate treating it by inserting an 18-gauge needle just
above the umbilicus. Additionally, the simulator tracks the
number of times the trainee triggers the fluoroscope—a
proxy for radiation dose—in order to train the user in
minimizing radiation dosage to the patient.

Videos of a trainee and instructor reducing an intussus-
ception and of the trainee encountering a perforation are
available as electronic supplementary materials 1 and 2.

Fig. 5 Fluoroscopic image of patient during a reduction procedure.
Air now fills most of the colon, and the soft-tissue mass of the
intussusceptum is now in the ascending colon

Fig. 6 Fluoroscopic image of a patient immediately after successful
reduction of intussusception demonstrates absence of soft-tissue mass
and gas filling multiple small bowel loops

Discussion

George M. Retan described fluoroscopically guided hydro-
static reduction of intussusception in 1927, making it one of
the first interventional radiological procedures [12]. It was
subsequently popularized by Ravitch and McCune [13] in
their experimental study in 1948. Since then, fluoroscopi-
cally guided reduction has been considered the initial
management of choice for most uncomplicated cases of
childhood intussusception. Although US has been used
effectively to guide the reduction of intussusception [14,
15], fluoroscopic monitoring is preferred among general
and pediatric radiologists in the United States. A survey
performed among pediatric radiologists in European teach-
ing hospitals showed that more than 90% of respondents
preferred fluoroscopically guided reduction [16].

Fig. 7 Inverted modified radiograph of a patient with perforation
demonstrates gas outlining bowel loops, liver and spleen

@ Springer
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Both air and liquid are commonly employed for
intussusception reduction, but there is a growing trend
among pediatric radiologists to shift from hydrostatic to
pneumatic reduction [17, 18]. Air reduction is a quick and
clean technique that is easy to learn [17] and is associated
with smaller perforations with less fecal peritoneal contam-
ination than liquid enemas [19]. The filling speed with air is
also about seven times faster than fluid, facilitating a higher
force of reduction [20]. In comparison to fluoroscopic
hydrostatic reduction, pneumatic reduction requires less
radiation exposure because of shorter fluoroscopic times
and lower kilovolt peak and mA settings [5, 21]. Because
of these advantages coupled with its greater mechanical
simplicity, we chose to develop a model that would use the
pneumatic technique.

We attempted to simulate experiences that are commonly
encountered in intussusception reduction. (1) Air leak
occurs when the instructor releases a valve in the tubing.
The trainee must recognize that the intussusceptum has
stopped reducing or has even regressed and then consider
what could be causing the insufflator to cease transmitting
pressure. The trainee should carefully assess for pneumo-
peritoneum, as a sudden pressure drop can occur when the
bowel perforates. The trainee might also note a sudden
inability to maintain previous pressure levels. (2) The
program allows reduction to occur at various speeds,
sometimes requiring the trainee to apply pressure for
sustained periods without appreciable change in intussus-
ceptum position. Although reduction success correlates
with pressure, the use of a random number generator
simulates the inherent uncertainty in the process of
reducing an intussusception. (3) Some of the images are
difficult to interpret because of poor contrast and over-
lapping air-filled bowel loops, as well as differing orienta-
tion depending on whether the patient is supine or prone.
The trainee must quickly decipher the images and decide
whether reduction is progressing or complete. (4) With
excessive pressure—and sometimes with pressures less
than 120 mmHg—perforation can occur; the trainee must
instantly recognize this complication and discuss treatment
of tension pneumoperitoneum. There is no specific trigger
for perforation, however, as even at pressures as high as
300 mmHg perforation occurs in only 5% of patients [22].
Because it is important to recognize this complication,
pneumoperitoneum is more common in this simulation than
has been reported in actual cases [5]. As in a real
intussusception reduction, the trainee must multitask during
this procedure by simultaneously controlling the insufflator,
monitoring the pressure, ensuring a tight grip on the
buttocks, delivering radiation, interpreting fluoroscopic
images and springing into action if perforation occurs.

One intrinsic weakness of this device arises from the fact
that the statistical likelihood of progression or regression of

@ Springer

reduction at multiple specific pressures is apparently not
established, with success reported at different pressures that
vary among researchers [5, 8—11, 21]. Therefore the values
we have chosen are estimates, based on empirical testing of
the device, our own experience and literature review. If
there is sufficient interest in this device, we will improve it
by correlating the patient’s clinical presentation with the
ease of intussusception reduction. When using this device,
the trainee experiences a shorter version of what can be a
very lengthy procedure, as we found that both trainees and
instructors fatigued when the reduction proceeded at rates
often encountered in routine clinical practice. When faced
with a real intussusception reduction, the trainee might
therefore think that his or her attempt at reduction is
unsuccessful if it does not progress as rapidly as it does in
this simulator; the instructor must make this clear during
the simulation. In addition, the image showing perforation
is from a different patient from that in the initial
radiographs, making it easy for the resident to recognize
that this complication has occurred; however, we have no
pneumoperitoneum image occurring during an intussuscep-
tion reduction in our practice to date. In order to better
simulate the actual reduction experience, the device could
include a recording of a crying child. Finally, the
experience could have been enhanced by allowing the
trainee to deliver continuous fluoroscopy (so that they
could use excessive radiation more easily, increasing the
opportunity for instruction about appropriate radiation
delivery), but this proved to be technically challenging. If
there is widespread interest in this device, we will work
with a commercial partner to make it available and also
develop an instructor’s manual delineating essential feed-
back and other points the instructor should emphasize.

Although air reduction has many advantages over liquid,
many practicing radiologists were trained with liquid
reduction and are uncomfortable with air. This device can
help these practitioners transition to using the air reduction
technique, enabling them to offer their patients the
advantages that air reduction provides. Air reduction is
considered easy to learn, but it is difficult to learn in a
vacuum.

In conclusion, most radiology residents and general
radiologists have limited hands-on experience in reducing
intussusception. Although some children with intussuscep-
tion are treated at pediatric hospitals—and thus by radiol-
ogists with a great deal of experience with reduction—many
patients present to smaller community facilities, and the
success of their reduction depends on a radiologist who may
never have performed this procedure, either during training
or afterward. Failed reduction in the community often
necessitates transfer to a tertiary care facility, and the
resulting delay can diminish the likelihood that a repeat
attempt at reduction will succeed. Since judgment and
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confidence are best gained and refined by experience, this
simulator helps compensate for the rarity of intussusception
by simulating important components of air reduction.
Residents, fellows and even nervous attending radiologists
may, after practicing pneumatic reduction with this device,
develop the necessary skills and confidence to successfully
reduce their next case of intussusception.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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