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Abstract
Background Pediatric magnetic resonance imaging (MRI) can be stressful. MockMR scanners have been proven to be effective
in avoiding the use of general anesthesia.
Objectives We prospectively evaluated the impact of a teddy bear-scale model of a mockMR scanner on the anxiety experienced
by parents and their children during MRI without general anesthesia .
Materials and methods A 1-year prospective study before and after the installation of a mock scanner in a Pediatric Radiology
Department of a university hospital. Anxiety levels were self-estimated by children ages 4 to 16 years and by the parents with a
visual analogue scale (from 0, completely relaxed, to 100, extremely stressed) at three moments: in the waiting room, in the
preparation room after an explanation by the MRI technologists, and at the issue of the MR acquisition images. Two groups were
tested: one with a mock MR scanner, the other without. Analysis of variance (ANOVA) and Fisher exact tests were performed.
Motion artifacts were studied.
Results Ninety-one children and their parents were included. The median age was 8 years (standard deviation [SD]=2). In the
post mock period, the ambiance of the preparation room was considered by children as significantly more relaxing in 50% vs.
20% (P=0.004) and the anxiety level of children was significantly lower after the explanation, particularly in girls, but unchanged
for their parents. The anxiety levels at the end of the examination were significantly lower for parents. The motion artifacts rate
was lower (1.7% vs. 4.7%, P=0.04).
Conclusion Amock scanner was an efficient tool to improve efficiency of the explanation and to decrease anxiety in children and
motion artifacts in pediatric MRI.
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Introduction

Magnetic resonance imaging (MRI) is considered a safe and
precise imaging method in children. However, its accuracy
requires the absence of any movement and good compliancy
by the child during the examination. MRI can lead to mild to
severe anxiety due to the confined space, difficulty lying still
in the magnet, the eventuality of an intravenous injection, the
loud noises from the switching gradient and the overall length
of time necessary for the examination [1, 2].

To obtain the best image quality, children must be calm
and motionless [3, 4]. An efficient preparation of the child
before an MRI is crucial to reduce anxiety and ensure co-
operation [5]. Cahoon and Davison [6] reported that non-
compliance was related to child attention problems and to
poor adaptability. For neonates, a simple “feed and sleep”
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is enough to undergo the MRI examination. In older chil-
dren, a wide range from minimal sedation (anxiolysis),
moderate sedation (conscious sedation) and deep sedation
(analgesia) through to general anesthesia is available.
However, reducing the need for sedation for MRI would
improve patient safety and reduce the cost and risk of ad-
verse reaction to medications used for anesthesia or seda-
tion [7, 8]. To avoid these associated dangers, alternative
techniques already exist: sucrose and pacifier, gentle swad-
dling and practice MRI [9]. An oral explanation given by
the MRI technologist helps toward a better understanding
of the MRI examination. DVDs, storybooks or information
sheets can also provide relevant information at appropriate
ages, using cartoons to illustrate the workings of the MRI
[10, 11]. However, a study evaluating educational mate-
rials before MRI in 52 school-age children and their par-
ents did not reduce child or parental anxiety levels [12]. A
randomized controlled trial comparing the use of cognitive
behavioral therapy to standard care did not find any statis-
tically significant difference in the rate of sedation for the
clinical MRI [13]. Play-based therapy offers children an
explanation of their procedure. Practice MRI intervention
facilitated by educational play therapists is useful in help-
ing children cope with MRI without general anesthesia
[14]. Visiting a real-size mock scanner before the appoint-
ment may be useful and lead to a high rate of imaging
success: The scans of 81 out of 90 children were between
acceptable and excellent in quality following simulator
training sessions [15]. A Carter et al. [16] study reported
that mock MRI reduced the need for general anesthesia in
children with the greatest effect evident in children ages 3
to 8 years. However, in previous studies, no detailed study
on the anxiety level of children and their parents during the
different steps of the MRI examination was performed.

The aim of our study was to prospectively evaluate the
impact of an explanation helped with a teddy bear-scale model
of a mockMR scanner installed in a child-friendly preparation
room focused on the self-estimation of the anxiety level of
parents and their children who are having an MRI. Artifact
motions and image quality were studied as secondary
elements.

Materials and methods

Study population

This prospective controlled trial was performed from
March 2018 to March 2019. All children ages 4 to 16 years
who presented to our ambulatory tertiary center for an MRI
scan were included, provided that they had a normal level of
understanding expected for their age and had parents who
agreed to participate in the research. The study period was

divided according to the period following the installation
and establishment of the mock MRI (from March 2018 to
September 2018) and a comparable time thereafter (from
October 2018 to March 2019). These two time periods are
referred to as pre-mock periods and post-mock periods.

Children were excluded because of severe cerebral palsy,
severe attention deficit hyperactivity disorder or a lack of
communication skills. All participants provided written in-
formed consent after the study aims and procedures were fully
explained. The study was approved by the Local Ethics
Committee (RNI – 2019-019). The study complied with the
Declaration of Helsinki.

MRI data

There were no significant changes in scan techniques during
the study period. The length of examination, number of se-
quences, artifact motions and image quality were tabulated.
The time of preparation and explanation by the MRI technol-
ogist was determined as 5 min for every child and their par-
ents. The examination timewas determined as time on theMR
table between the beginning of the first sequence and the end
of the last sequence.

Mock MRI scanner

Our mock MRI scanner has been specially designed to
look like a toy, specially designed for use with young
children, adapted to easy handling both by its teddy
bear size and materials: wood, plexiglass and cotton
fabric. The mock MR was as realistic as possible, with
a removable head antenna, gentle contention and a ste-
reo system diffusing MRI sequence sounds to accustom
children to the loud noises (Fig. 1).

Procedures

In the pre-mock and post-mock periods, a written form
with adapted language was given to the child and their
parents to complete. The ambiance of the preparation
room was evaluated with a four-point Likert scale
(relaxing, neutral, frightening, scary). The anxiety level
was self-estimated with a visual analogue scale (from 0,
completely relaxed, to 100, extremely stressed) at three
different moments: in the waiting room, in the prepara-
tion room after an explanation by the MRI technologists
and at the issue of the MR acquisition images. Overall
appreciation of the MRI examination was collected at
the end of the procedure. Free comments were welcome.

The only difference between the two periods was the use of
a teddy bear-scale model of the mock MR scanner for the
explanation given by the MRI technologists. The intervention
pre/post mock was delivered by the same staff members
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composed of experienced MRI technologists. The preparation
script was identical in both conditions. We invited children to
take a teddy bear (MR compatible) into theMRI as they them-
selves would be able to do the same day in the real MRI
scanner. They also were encouraged to keep the teddy bear
in their arms during the MRI examination.

Statistical analysis

An MRI test was defined as successful when it yielded inter-
pretable results by a pediatric radiologist and did not require
general anesthesia. Median ages were compared between pa-
tient groups by the Mann-Whitney-Wilcoxon test. P-values
less than 0.05 were considered statistically significant.
Statistical analysis was performed using R software [17]
and Statistica®. The statistical analysis of the anxiety score
included a General Linear Model analysis of variance
(ANOVA) with repeated measures (Time factor=3 anxiety
scores: in the waiting room, after an explanation by the
MRI technologists and after the MR exam). The analysis
included two factors (gender [M or F] and mock [mock or
no-mock]) and a covariate (age). Two analyses were per-
formed: one for anxiety scores evaluated by parents, one for

anxiety evaluated by their children. Greenhouse-Geisser (G-
G) corrections were performed and the homogeneity of vari-
ances was verified by a Levene analysis.

Results

Study population

Ninety-one children (46 girls and 45 boys) and their parents
were included (44 in the pre-mock and 47 in the post-mock
period). Questionnaires were given randomly in 20% of the
cases. Participation rate was 95%. The two groups were com-
parable with no significant difference in age or gender. The
median age was 8 years (standard deviation [SD]=2).

MRI data

All MRI examinations were interpretable. Minimal sedation
(hydroxyzin) was prescribed by clinicians depending on the
attended compliance of children in 12 cases and 17 cases in
pre- and post-mock periods. The mean time of examination
was 28 min (SD: 7 min) in the pre-mock period and 24 min
(SD: 5 min) in the post-mock period. Three hundred thirty-
eight sequences were acquired in the pre-mock period and 343
in the post-mock period. Intravenous injection was required in
12/44 cases in the pre-mock period and in 7/47 in the post-
mock period. Motion artifacts were observed in 16 cases
(4.7%) and 6 cases (1.7%) in the pre- and post-mock periods,
respectively (Fisher exact test, P=0.04).

Questionnaires

The ambiance of the preparation room was considered by
children as significantly more “relaxing” in 50% in the post-
mock period vs. 20% (Fisher exact test P=0.004).

The ANOVA did not revealed any main effect on the anx-
iety level estimated by children but showed an interaction of
time x gender (dll=2, F=3.441, P=0.034, G-G adjusted
P=0.043) and an interaction time x mock (dll=2, F=3.441,
P=0.029, G-G adjusted P=0.037).

Post hoc tests (Scheffé) showed that the anxiety level esti-
mated by children was significantly lower after the explana-
tions in the post-mock period (P<0.0001) as compared to the
level estimated in the waiting room (no difference for waiting
room versus after explanation in the pre-mock condition). In
pre- and post-mock periods, a significant difference between
anxiety score in the waiting room and after the exam was also
observed (pre-mock period: P<0.001, post-mock period:
P<0.0000001).

Post hoc also revealed that the anxiety score after the exam
was significantly lower for boys (P<0.05) and girls
(P<0.0000001). Furthermore, a difference was also observed

Fig. 1 Photograph of our teddy bear-scale model of a mockMRI scanner
in the preparation room
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between anxiety score in the waiting room and the score after
explanation only in girls (P<0.05).

Concerning the score estimated by the parents, the analysis
only revealed a main effect of time (dll=2, F=5.166, P=0.007,
G-G adjusted P=0.08).

The anxiety levels of children and their parents are provid-
ed in Figs. 2 and 3, respectively. The anxiety level depending
on gender is provided in Fig. 4.

Children and parents gave free comments: Five people
thanked the department for this initiative. They also reported
that they understood the MRI device much better. One child
explained that he was still afraid of the possibility of having an
intravenous injection during the examination.

Discussion

The results of our prospective clinical trial suggested that a
teddy bear-scale model of a mock MR scanner helped MRI
technologists significantly reduce the anxiety level of the chil-
dren before undergoing an MRI examination and induce a
secondary benefit with a significant lower rate of motion arti-
facts, with a similar time of explanation during the prepara-
tion. Reduction in examination time was due to the fewer
repeated sequence due to motion artifacts. The efficiency of
the explanation was significantly greater with the mock MRI.
Our motion artifacts rate was also slightly lower than the 2%
previously reported in the Carter et al. [16] study. It could be
explained by a more relaxed child when being installed in the
MRI. As they were encouraged to take the teddy bear in their
arms, the toy kept them concentrated on a specific task and so
the children were distracted from the imaging process. It led to
greater confidence in the MR procedure. Reducing anxiety
during a medical examination has probably reduced its
short-term negative effects (crying, movements, lack of coop-
eration). It also should reduce its potential long-term impact:

post-traumatic stress syndrome, fear, avoidance of imaging
examinations. The residual anxiety level in our study could
possibly be explained by the suspected pathology correspond-
ing to the medical indication of the MRI and the fear about the
MR results. Contrary to previous studies [12], we did not
observe inadvertent increased anxiety levels after providing
an explanation. One child reported anxiety due to the possi-
bility of having an intravenous injection.

Although we did not observe a modification of the parent’s
anxiety levels after the explanation, we noticed that, contrary to
the Hartman et al. [12] study, their anxiety levels at the end of
the MRI examination were significantly lower. We could sug-
gest that parental anxiety was not caused by the technical part of
the images acquisition, but mainly by their child’s behavior
during the examination and also by the pathology of their child.

Advantages of our preparation procedure were its simplic-
ity and its rapidity. We do not need several training sessions to
decrease the anxiety level of the children. The use of a MR-
compatible teddy bear allowed children to use it with the
mock MR scanner, and then, keep it in their arms during the
real MRI examination. The teddy bear distracted the child
from the imaging process.

The strength of the present study was its prospective study
design, which compared outcomes of an MRI technologist’s
explanation with or without a mock MR scanner for children
and their parents. The high rate of participation has limited the

Fig. 2 Mean child anxiety level evaluation in the waiting room, the
preparation room and at the end of the MRI

Fig. 3 Mean parent anxiety level evaluation in the waiting room, the
preparation room and at the end of the MRI

Fig. 4 Mean anxiety level evaluation of girls and boys in the waiting
room, the preparation room and at the end of the MRI
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impact of the possibility that children or parents who chose not
to participate in the study were likely to be less anxious. The
absence of any statistically significant differences between both
study groups supports a lack of selection bias in our sample. Our
child population was representative of a general pediatric hos-
pital’s recruitment and our results could be useful for any radio-
logic center performing pediatric MR examinations.

The age range of children participating in this trial was 4 to
16 years. We acknowledge that only a few healthy children
ages 12 to 16 years old would require any sedation for an MR
scan [6], but they appreciated the clarity of the MRI technol-
ogist. Even children who had already undergone an MRI ex-
amination were more curious about the technical aspects and
asked questions they had not asked before the mock MRI.

A limitation would be the difficulty to obtain a fully ran-
domized control design study since the children received the
same information during a similar MR preparation script al-
beit delivered by potentially different MR technologists.

In the post-mock period, MR technologists and patients
were more aware of the effort to reduce anxiety in the prepa-
ration room. This phenomenon has clearly influenced the re-
sults, but we do not know by what magnitude.

Conclusion

Anxiety levels before the MRI examination were lower in
children after the installation of our teddy bear-scale model
of a mock MR scanner with a similar time of explanation
during the preparation without several training sessions.
Secondary benefits were a significant lower rate of motion
artifacts in MRI and reduced anxiety of the parents at the
end of the MR examination.
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