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Abstract
Background  Young children requiring clinical magnetic resonance imaging (MRI) may be given general anesthesia. General 
anesthesia has potential side effects, is costly, and introduces logistical challenges. Thus, methods that allow children to 
undergo awake MRI scans are desirable.
Objectives  To compare the effectiveness of mock scanner training with a child life specialist, play-based training with a 
child life specialist, and home book and video preparation by parents to allow non-sedated clinical MRI scanning in children 
aged 3–7 years.
Materials and methods  Children (3–7 years, n=122) undergoing clinical MRI scans at the Alberta Children’s Hospital were 
invited to participate and randomized to one of three groups: home-based preparation materials, training with a child life 
specialist (no mock MRI), or training in a mock MRI with a child life specialist. Training occurred a few days prior to their 
MRI. Self- and parent-reported functioning (PedsQL VAS) were assessed pre/post-training (for the two training groups) and 
pre/post-MRI. Scan success was determined by a pediatric radiologist.
Results  Overall, 91% (111/122) of children successfully completed an awake MRI. There were no significant differences 
between the mock scanner (89%, 32/36), child life (88%, 34/39), and at-home (96%, 45/47) groups (P=0.34). Total function-
ing scores were similar across groups; however, the mock scanner group had significantly lower self-reported fear (F=3.2, 
P=0.04), parent-reported sadness (F=3.3, P=0.04), and worry (F=3.5, P=0.03) prior to MRI. Children with unsuccessful 
scans were younger (4.5 vs. 5.7 years, P<0.001).
Conclusions  Most young children can tolerate awake MRI scans and do not need to be routinely anesthetized. All prepara-
tion methods tested, including at-home materials, were effective.
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Introduction

The lack of ionizing radiation and the ability to obtain 
high-resolution images of soft-tissue structures make 
magnetic resonance imaging (MRI) a favorable choice for 
pediatric imaging [1]. However, MRI is very sensitive to 
motion; images can take several minutes to obtain, and an 
MRI scanner is loud and can be claustrophobic for some 
[1]. These factors can lead to difficulty (or perceived dif-
ficulty) in obtaining useful images in young children [2]. 
As a result, young children are often given a general anes-
thetic to undergo clinical MRI [3]. General anesthesia 
permits MRI images to be obtained without the worry of 
movement, providing high-quality scans. However, general 
anesthesia introduces a small risk of side effects [4, 5] and 
can be a scary procedure itself, and there is ongoing concern 
about the impact of general anesthesia in early childhood 
on neurological development [6]. Additionally, MRI scans 

requiring general anesthesia are more resource-intensive for 
the healthcare system, requiring much longer appointment 
times, more staff, and up to a tenfold increase in costs com-
pared to an MRI scan without sedation [7].

Thus, there is a need to develop and evaluate methods to 
allow young children to undergo MRI scans successfully 
without sedation. Pediatric neurodevelopmental research 
using MRI has necessitated the development of methods 
to help children tolerate awake MRIs [8], including the use 
of mock MRI scanners, which are similarly sized replicas 
of MRI scanners without functional magnets, but with the 
same mirrors, audiovisual set up, and sound effects (Fig. 1). 
Children can be given a training session in the mock MRI 
machine, often by a trained research assistant, child life 
specialist, or play therapist, which allows them to become 
familiar with the MRI environment and practice lying 
still while tolerating the MRI sounds [8]. Prior research 
has reported success frequencies of 88–96% using mock 
MRI protocols to prepare children for research MRI scans 
[9–11], with the most pronounced benefit in 3–8-year-olds. 
Two other studies retrospectively reviewed sedation fre-
quencies after instituting a mock MRI training program, 
finding 16.8% [12] and 34.6% [13] reductions in the need 
for general anesthesia. One prospective, randomized trial 
evaluated full instruction (MRI simulator and book) vs par-
tial instruction (book only) immediately prior to an MRI 
scan and found that general anesthesia was required for sig-
nificantly fewer children in the full instruction group (27% 
vs 47%) [14].

Despite potential benefits, there are barriers to using 
a mock MRI scanner for some centers, including cost, 
increased appointments for the patient, physical space 
for the mock scanner, and lack of appropriately trained 
staff. Other less resource-intensive methods of prepara-
tion for non-sedated MRI scans have also been shown to 
be successful, including the use of a photobook which 
reduced the need for sedation by 34% [13], a child-life 
consultation using low-tech materials prior to the MRI 
scan which resulted in a 15% reduction in the need for 
general anesthesia [15], the use of a teddy bear mock MRI 
machine which reduced anxiety and motion artifact [16], 
and educational videos, which reduced children’s anxiety 
(frequency of success not reported) [17, 18]. A recent sys-
tematic review and metanalysis that included any type of 
MRI training program found frequencies of success rang-
ing from 40 to 100% [19].

There is some evidence that preparation methods work, 
but prior studies have lacked appropriate comparison groups, 
used very small sample sizes, compared a limited scope of 
preparation methods, and/or focused only on specific popu-
lations. Given the paucity of systematic studies of the effi-
cacy of various preparation techniques for young children 
and clear motivation to reduce the use of general anesthesia, 

Fig. 1   Mock MRI scanner used to prepare children for their awake 
MRI scans. The mock scanner used in this study is an MRI Simula-
tor System (model PST-100355), from Psychology Software Tools, 
Inc manufactured in 2014. The mock scanner is operated with a small 
remote to move the bed in and out and uses a  personal computer to 
play movies and simulate MRI sounds using SimFx. MoTrak software 
was used for head motion tracking
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there is a need to evaluate different preparation methods to 
provide guidance to pediatric imaging centers and inform 
research studies. This study aimed to compare the effec-
tiveness of three different preparation methods for non-
sedated clinical MRI scanning in children aged 3–7 years: a 
mock scanner training session with a child life specialist, a 
play-based training session with a child life specialist, and 
a home book and video preparation performed by parents. 
We hypothesized that the mock scanner group would have 
the highest frequency of success in completing awake MRI 
scans.

Materials and methods

This study received institutional approval from the Uni-
versity of Calgary’s conjoint health research ethics board. 
The study design followed a prospective, randomized, open 
approach with three training arms.

Participants

Children who had been referred for a clinical diagnostic MRI 
scan were recruited from the Alberta Children’s Hospital 
Diagnostic Imaging department between March 2016 and 
September 2019. Inclusion criteria were: age 3–7 years, the 
child would normally receive general anesthesia for their 
scan, the child was referred for a low or medium priority 
clinical MRI scan that involved lying supine head-first in 
the MRI bore (so children could see the TV), MRI with or 
without intravenous contrast material, and child and at least 
one guardian who could speak and understand English. The 
3–7 year age range was chosen because it aligned with the 
age range of highest effects in prior studies [19], overlapped 
with the age range routinely sedated at the Alberta Chil-
dren’s Hospital at the time of study design, and excluded 
children too young to understand the preparation materials. 
Exclusion criteria were: high priority/urgent scans, orbital 
scans, previous awake MRI scans, scans requiring breath 
holds, significant developmental delays such that partici-
pants would not be able to understand training information, 
and scans where general anesthesia was not routinely used 
due to short duration. Eligible participants were contacted 
by a child-life specialist, informed of the study, and given the 
opportunity to consent to participate. We targeted a sample 
size of 120 participants (40 per group) based on 80% power 
to detect differences in frequencies of success of approxi-
mately 25% at alpha < 0.05.

Of 134 participants originally recruited to the study, 7 
withdrew from the study, 2 did not show up for their appoint-
ments, and 3 participants had their scans canceled before 
they occurred as they were no longer required; therefore, 
122 participants are included in this analysis.

Randomization and training groups

Enrolled participants were randomized into one of three 
treatment groups. Participants were randomized using covar-
iate adaptive randomization [20, 21] to balance age and sex 
among groups. An exception to random allocation was made 
for a small number of participants who lived more than a 
1-h drive from the study site, who were placed in the home 
training group for practical reasons.

Participants in all groups were provided with home train-
ing materials, which included links to online videos about 
MRI [22], audio files with scanner noises, and a children’s 
picture book about MRI scans [23], for parents to use at 
home to prepare their child (At-Home Group). One group 
also visited the hospital for a training session with a child 
life specialist prior to the MRI scan, but did not use the mock 
MRI machine (Child Life Group). The third group received 
the same at-home training materials and had an appoint-
ment with a child-life specialist prior to the MRI scan, which 
included a session on the mock MRI scanner machine (Mock 
Scanner Group) (Fig. 1). All training was conducted by one 
of two trained Child Life specialists (LC, 10 years’ experi-
ence; CS, 12 years’ experience) at the Alberta Children’s 
Hospital. Data regarding the amount of preparation time and 
resources used were collected at the training session for each 
participant in the Child Life and Mock Scanner Groups. The 
child life specialist made a prediction of success at each 
training session, which was recorded. A child’s self-report of 
functioning and a parent’s report of the child’s functioning 
were collected before and after the training session using the 
Peds QL Present Functioning Visual Analogue Scales (Ped-
sQL VAS). These scales ask participants to rank domains of 
fear, sadness/upset, anger, worried, tiredness, and pain/dis-
comfort from 1 (very much) to 5 (not at all) and include dia-
grams of faces to guide participants who cannot read [24].

The mock MRI machine was purchased from Psychology 
Software Tools, Inc. (Sharpsburg, Pennsylvania) and was 
manufactured in August 2014 (model # PST-100355). It is 
operated with a small remote control to move the bed and 
uses a PC computer to play movies and sounds. Use used 
SimFX for simulating MRI scanner noises and MoTrak for 
head motion tracking.

Diagnostic MRI sessions

Participants were booked for one MRI scan without general 
anesthesia and one with general anesthesia a week later, to 
ensure no substantial delay in receiving a clinically sufficient 
scan if the awake scan was unsuccessful. The child and their 
caregiver met with a member of the study team before and 
after the non-sedated MRI scan to complete study question-
naires. Prior to undertaking the scan, the MRI technologist 
made a prediction of scan success, which was recorded. 
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Data collected at the MRI scan appointment included demo-
graphic information, scan duration, number of sequences 
that required repeating, and the child’s self-report and parent 
report of child functioning before and after the scan using 
the PedsQL VAS [24]. Scans were performed on either a 
1.5 T or 3 T MRI. All participants watched movies or TV 
shows during their scan. After the completion of the scan, 
a board-certified pediatric radiologist or neuroradiologist 
(depending on the area of imaging) reported whether the 
scan was adequate for the clinical indication or needed to be 
repeated under general anesthesia; this was used as the final 
measure of the scan success. If the scan was deemed suc-
cessful, the general anesthesia appointment was canceled.

Statistical analysis

Collected data was collated and analyzed using SPSS (ver-
sion 24). Chi-square tests were used to test group differences 
in categorical data: sex, known developmental disorder, and 
scan outcome. A one-way ANOVA was used to compare con-
tinuous variables across groups: age, scan duration, number 
of repeated sequences, and child self-report and parent report 
Peds-QL VAS scores before and after the MRI scans. Data 
related to training sessions (training session duration, child 
self-report, and parent report Peds-QL VAS before/after 
training) was only collected from the child life and mock 
scanner groups, so a t-test was used to test group differences.

Additional analysis was conducted to compare children with 
successful vs unsuccessful scans. Chi-square tests were used 
to compare sex. T-tests were used to compare age, training 
duration, imaging duration, number of repeated sequences, and 

functioning scores for parent/child before and after the MRI 
scan. We also compared success rates across ages and between 
sexes. For predictions recorded by the child life specialists and 
MRI technologists, positive and negative predictive values and 
sensitivity and specificity were calculated, and a Chi-square 
test was used to determine statistical significance.

Results

Participants

A total of 122 children participated in the study, with 47 
participants in the At-Home Group, 39 participants in the 
child life group, and 36 participants in the mock scanner 

Table 1   Demographic data for study participants

χ2 denotes chi-squared statistic, T denotes t-statistic, and f denotes f-statistic resulting from ANOVA analysis

Variable Total At-Home Group Child Life Group Mock Scanner Group Significance

Number of participants (% of the 
total sample)

122 47 (38.5%) 39 (32%) 36 (29.5%) n/a

Sex—n (%) female 60 (49.2%) 22 (46.8%) 21 (53.8%) 17 (47.2%) χ2=0.50
P=0.78

Age (years; mean ± SD) 5.6 ± 1.2 5.6 ± 1.3 5.6 ± 1.2 5.5 ± 1.1 F=0.21
P=0.82

Training session duration (min) 55.9 ± 10.1 n/a 50.7 ± 8.9 61.0 ± 8.6 T=-4.90
P<0.001

Table 2   MRI scan success data

Variable Total At-Home Group Child life group Mock scanner group Significance

Scan outcome—successful 111 (91%) 45 (95.7%) 34 (87.7%) 32 (88.9%) χ2=2.18
P=0.34

Number of repeated sequences 
(n=106)

2.0 ± 2.1 2.1 ± 2.0 1.8 ± 2.4 2.10 ± 1.9 F=0.34
P=0.71

Fig. 2   MRI scan outcome by training group. All groups had high suc-
cess rates, which did not differ significantly by group. Overall success 
rates for all groups combined was 91%
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group (Table 1). Groups did not differ significantly in age or 
sex. The duration of training was significantly longer for the 
group which used the mock scanner (61 ± 8.6 min) compared 
to the child life group (51 ± 9 min; P<0.001). More children 

with a known developmental disorder (ADHD, speech delay, 
developmental coordination disorder, sensory processing 
disorder) were in the At-Home and child life groups (7 in 
each), compared to zero participants in the mock scanner 

Table 3   Child and parent-reported functioning scores pre- and post-
scan. The PedsQL visual analogue scale consists of 6 questions 
related to different emotions. Each item is scored 1 (very much) to 5 

(not at all), with a maximum possible total of 30. Higher scores indi-
cate better function and lower scores indicate more distress

Post-hoc analysis: * differed significantly from the At-Home group mean (p ≤ 0.05). ^ differed significantly from the Child-Life group mean 
(p ≤ 0.05)

Pre-scan Post-scan

At home Child life Mock scanner Group differences At home Child life Mock scanner Group differences

Total score-Child 26.8 ± 3.6 26.7 ± 4.5 28.0 ± 3.7 ANOVA
F=1.18
P=0.31

27.7 ± 4.2 28.89 ± 2.45 28.35 ± 3.26 ANOVA
F=1.20
P=0.31

Total score-parent 25.5 ± 3.9 25.7 ± 4.3 27.3 ± 3.0 ANOVA
F=2.79
P=0.066

26.7 ± 3. 7 27.26 ± 4.19 27.21 ± 4.30 ANOVA F=0.23
P=0.80

Specific questions – Child
  Q1: I feel scared or 

afraid
3.9 ± 1.3 4.1 ± 1.5 4.6 ± 1.0* ANOVA

F=3.22
P=0.044

4.6 ± 1.0 4.8 ± 0.8 4.8 ± 1.0 ANOVA
F=0.47
P=0.63

  Q2: I feel sad or 
upset

4.7 ± 0.8 4.5 ± 1.2 4.8 ± 0.6 ANOVA
F=1.09
P = 0.34

4.6 ± 0.9 4.7 ± 1.0 4.7 ± 1.0 ANOVA
F=0.13
P=0.88

  Q3: I feel angry 4.9 ± 0.3 5.0 ± 0.2 4.9 ± 0.4 ANOVA
F=0.11
P=0.90

4.9 ± 0.5 5.0 ± 0.2 4.9 ± 0.7 ANOVA
F=0.57
P=0.57

  Q4: I am worried 
about what might 
happen to me

4.3 ± 1.2 4.3 ± 1.3 4.6 ± 1.1 ANOVA
F=0.87 P=0.42

4.6 ± 1.0 4.9 ± 0.5 4.8 ± 0.9 ANOVA F=1.33
P=0.27

  Q5: I feel tired 4.3 ± 1.2 4.2 ± 1.3 4.3 ± 1.2 ANOVA
F=0.066
P=0.94

4.3 ± 1.2 4.5 ± 1.2 4.5 ± 1.1 ANOVA
F=0.44
P=0.65

  Q6: I feel pain or 
discomfort

4.8 ± 0.5 4.7 ± 0.9 4.8 ± 0.8 ANOVA
F=0.32
P=0.73

4.6 ± 0.8 5.0 ± 1.2 4.7 ± 0.8 ANOVA
F=2.45
P=0.091

Specific questions – Parent
  Q1: My child feels 

scared or afraid
3.7 ± 1.2 3.9 ± 1.2 4.3 ± 1.0 ANOVA

F=2.30
P=0.11

4.3 ± 1.1 4.5 ± 1.1 4.5 ± 1.0 ANOVA
F=0.52
P=0.60

  Q2: My child feels 
sad or upset

4.2 ± 1.1 4.3 ± 1.1 4.74 ± 0.61*^ ANOVA
F=3.31
P=0.040

4.4 ± 1.1 4.6 ± 0.9 4. 6 ± 1.0 ANOVA
F=0.47
P=0.63

  Q3: My child feels 
angry

4.9 ± 0.3 4.8 ± 0.4 4.91 ± 0.37 ANOVA
F=0.46
P=0.63

5.0 ± 0.2 4.8 ± 0.6 4.9 ± 0.2 ANOVA
F=1.86
P=0.16

  Q4: My child is 
worried about 
what might hap-
pen to them

3.7 ± 1.2 3.7 ± 1.2 4.31 ± 0.99*^ ANOVA
F=3.48
P=0.034

4.5 ± 1.0 4.6 ± 1.0 4.5 ± 1.0 ANOVA
F=0.12
P=0.89

  Q5: My child feels 
tired

4.2 ± 1.0 4.4 ± 0.9 4.23 ± 1.09 ANOVA
F=0.36
P=0.70

3.9 ± 1.4 4.0 ± 1.2 3.8 ± 1.3 ANOVA
F=0.14
P=0.87

  Q6: My child feels 
pain or discomfort

4.7 ± 0.8 4.7 ± 0.7 4.77 ± 0.49 ANOVA
F=0.25 P=0.78

4.7 ± 0.7 4.8 ± 0.6 4.7 ± 0.7 ANOVA
F=0.072
P=0.93
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group. Most scans (n=111; 91%) were of the brain/head and/
or spine regions; 11 scans were of other body areas (typi-
cally abdomen/pelvis).

Awake scan success

A total of 111 of 122 total participants successfully com-
pleted an awake MRI scan (91% success rate). Frequencies 
of success were 96% (45/47) for the At-Home Group, 88% 
(34/39) for the child life group, and 89% (32/36) for the 
mock scanner group; these did not differ significantly by 
group (Table 2, Fig. 2). The number of repeated sequences 
did not vary significantly between training groups.

Overall child self-report and parent report PedsQL 
VAS scores did not differ significantly between the child 
life and the mock scanner training groups before (P=0.33 
and P=0.053, respectively) or after training (P=0.397 and 
P=0.243). There were small differences in some subscale 
measures, with the child life training group generally report-
ing more emotions (lower scores) than the mock scanner 
group (Supplementary Table 1).

There were no significant differences in overall child-
reported functioning or parent-reported functioning between 
groups before or after the MRI scan (Table 3). On subscores, 
children in the mock scanner group reported lower fear prior 
to the MRI scan than the At-Home group (4.59 vs 3.85, 
P=0.044). Parents in the mock scanner group reported their 
children feeling significantly less sadness/upset and less 

worry prior to the MRI scan compared to both the At-Home 
and child life groups. There were no significant differences 
for PedsQL VAS scores following the MRI scan (P=0.306 
for the child report, P=0.796 for the parent report).

The positive predictive value of predictions by child-life 
specialists was 95.3% (correctly predicted success in 61 of 
64 participants following training, P < 0.01), and by MRI 
technologists was 94.1% (correctly predicted success in 96 
of 102 participants immediately before the MRI, P=0.015). 
The negative predictive values were lower, at 66.7% for child 
life (correctly predicted non-success in 6 of 9 participants) 
and 76.5% for MRI technologist (correctly predicted 13 of 
17 participants), respectively.

Children who had an unsuccessful awake MRI were on 
average 1 year younger than children who had a success-
ful scan (4.51 ± 1.17 vs 5.65 ± 1.14 years, P < 0.001). There 
were no significant differences in sex, training duration, or 
the number of repeated sequences (Table 4). There were no 
significant differences in functioning scores prior to the scan 
between successful and unsuccessful children (P=0.219 on 
the child report, P=0.086 on the parent report). Children 
who were unsuccessful had significantly lower functioning 
scores on both child and parent report following the MRI 
scan, compared to children who were successful (P=0.019 
on the child report, P < 0.001 on the parent report).

Children aged 3–3.99 years were less successful (69%;  
11/16) than the overall group average (91%; 111/122) 
(P=0.015); there were no significant differences in success 
for children aged 4 years or older (Fig. 3).

Table 4   Demographic and 
function data by scan success

* training duration only includes participants in groups that participated in organized training sessions (child 
life and mock scanner groups)

Variable Total Successful Unsuccessful Significance

Number of participants 122 111 (91.0%) 11 (9.0%) n/a
Sex—female (%) 60 (49.2%) 54 (48.6%) 6 (54.5%) χ2=0.14

P=0.71
Known developmental disorder 14 (11.5%) 13 (11.7%) 1 (9.1%) χ2=0.068

P=0.80
Age in years (mean ± SD) 5.6 ± 1.2 5.7 ± 1.1 4.5 ± 1.2 T=-3.16

P<0.001
Training duration in minutes (mean ± SD) (n=73)* 55.9 ± 10.1 55.8 ± 10.2 56.3 ± 10.6 T=0.12

P=0.91
Number of repeated sequences (mean ± SD) 2.0 ± 2.1 2.0 ± 2.1 2.8 ± 1.3 T=-1.18

P=0.24
Child functioning score pre-scan 27.1 ± 4.0 27.0 ± 4.1 28.6 ± 2.1 T=1.24

P=0.22
Child functioning score post-scan 28.3 ± 3.5 28.5 ± 3.2 25.5 ± 5.7 T=2.38

P=0.019
Parent functioning score pre-scan 26.1 ± 3.8 26.4 ± 3.7 24.1 ± 4.9 T=-1.73

P=0.086
Parent functioning score post-scan 27.0 ± 4.0 27.6 ± 3.2 20.9 ± 6.2 T=5.73

P<0.001
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Discussion

Overall, 91% of children aged 3–7 years in our study suc-
cessfully underwent a clinical MRI scan without general 
anesthesia following some sort of pre-MRI preparation. The 
frequency of success was high regardless of the type of train-
ing the child underwent before the scan. Performing fewer 
clinical MRI scans under sedation could lead to substantial 
cost- and time-saving in pediatric imaging centers and would 
help children avoid potential negative side effects of general 
anesthesia.

The frequency of success in our sample was similar to 
prior studies using mock MRI training for research scans 
that reported 88–96% success [8–10] and higher than prior 
studies of clinical scans which found only 15–34% of par-
ticipants avoided sedation after a variety of different prepa-
ration methods [12, 13, 15]. The frequency of success may 
vary with training methods but also likely depends on the 
hospital environment. All training and scans performed in 
this study were done in a major children’s hospital with a 
child-friendly atmosphere (including artwork covering one 
of the MRI scanners and the ability to watch a video while 
in the MRI scanner) by trained child life specialists, and all 
scans were performed by well-trained pediatric MRI tech-
nologists who are familiar with attempting non-sedated MRI 
scans in young children. This may have helped increase the 
frequency of scan success relative to prior clinical studies 
and may therefore suggest that specialized training for staff 
would help reduce sedation and non-dedicated pediatric 
sites.

An important finding of this study is the lack of signifi-
cant differences in the frequency of success between training 
groups (i.e., even most children who prepared exclusively at 
home were able to tolerate non-sedated MRI scans), which 
shows that preparation can be done without access to a mock 
MRI scanner. A prior randomized study found a lower fre-
quency of success in children who prepared immediately 

before their scan with a photobook compared to children 
who underwent a mock MRI training session [14]. How-
ever, that study defined success and decided whether to use 
anesthesia based on the children’s behavior prior to the scan, 
whereas our study allowed all children to attempt a non-
sedated scan and evaluated the resulting images to determine 
success. Success may also be more frequent in our study in 
part due to the wider range of at-home training materials 
given to parents (which included a video, children’s book, 
audio file of MRI noises, suggestions of games to play to 
practice lying still), as well as the fact that training for our 
study was done several days prior to the MRI scan poten-
tially allowing more preparation time and familiarization. 
Providing home training materials is a low-resource inter-
vention that helps address some of the barriers associated 
with mock MRI training, while still permitting children to 
have preparation in advance of an unsedated scan.

While all groups had similar frequencies of success, 
the PedsQL VAS scores suggest that training with a mock 
MRI scanner reduces a child’s worries and fears about the 
MRI scan. Children in the mock MRI group reported less 
fear than the At-Home group, and parents of children in 
the mock MRI group reported less upset/worry in their 
children compared to both the child life and At-Home 
groups. This suggests that the mock MRI scanner may 
reduce children’s anxiety prior to non-sedated MRI scans.

Child-life specialists and MR technologists were able to 
predict with great accuracy which children would be suc-
cessful or not successful at their non-sedated MRI scan 
(> 66% specificity, > 95% sensitivity). This information 
could potentially be used after a pre-scan training session 
with a child-life specialist to help inform the decision of 
whether to attempt an awake MRI scan or to use general 
anesthesia. We observed a non-significant trend towards 
lower parent-reported function scores pre-scan in the group 
of children that were unsuccessful. Together with prior work 
[11], this may suggest that parents are good predictors of 
their child’s comfort and ability to tolerate an awake MRI 
scan. Future studies could consider evaluating the parental 
predictive ability.

Children who successfully completed an awake MRI scan 
were on average 1 year older than those who were unsuc-
cessful. This is similar to other research suggesting that 
image quality during MRI scans generally increases with 
age [25–28]. Nonetheless, the frequency of success was still 
quite high (> 65%) for the 3-year-olds and did not improve 
substantially after 4 years. It would be useful to further study 
MRI training methods in the 3-year-old age group to see how 
training could be optimized for this age specifically. Some 
prior studies have shown higher motion and/or decreased 
scan quality in boys compared to girls [25, 28], but we did 
not see significant sex differences in this study. Prior stud-
ies have also noted associations between scan success and 

Fig. 3   Scan success stratified by age group; the 3-year age group had 
a significantly lower success rate (P = 0.015). 
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behavioral measures [11], which was not evaluated here, 
but suggests that a range of factors may help predict scan 
outcomes.

There are significant potential advantages to the child 
and family, as well as the healthcare system, when children 
can tolerate unsedated MRI scan. For the child and family, 
appointment times would be shorter, and the potential risks 
associated with general anesthesia would be avoided [4–6]. 
For the healthcare system, awake scans are substantially less 
expensive [7] and have shorter appointment times, reducing 
the demand on staff and resources. Particularly in healthcare 
settings where access to MRI scans is limited, these prepara-
tion methods may convey substantial advantages.

Study limitations

Children with significant developmental disabilities were 
not included in this study, so future studies of the efficacy 
of training in that population would be beneficial. Some 
children and parents specifically mentioned fear of the nee-
dles required for IV contrast material during the MRI scan. 
Many children report needle phobia [29], which may have 
influenced success with awake scanning and/or functioning 
scores in this study. However, the administration of general 
anesthesia typically also requires a needle poke, so would 
not avoid the needle anxiety. This should be considered in 
future studies and may be useful to incorporate in training 
methods as well. Data were not collected for time spent 
training at home; future studies attempting to better quan-
tify this could make clearer recommendations about how 
to optimize at-home training. It is possible that there was 
a selection bias where families who thought their children 
could not complete an awake MRI scan were less likely to 
consent to participate. Furthermore, the high frequency of 
success among groups may have limited our abilities to 
detect group differences. We powered our study to detect 
differences of ~ 25%, as seen in prior studies. Future stud-
ies with larger groups may help further refine preparation 
methods to train children more efficiently.

Conclusion

Overall, 91% of children aged 3–7  years were able to 
undergo non-sedated MRI scans after preparation, with no 
significant differences in scan success based on the type of 
training they received. This suggests that preparation materi-
als need not be resource intensive and can be administered 
by either child life specialists or by the child’s parent/car-
egiver at home. The use of a mock MRI scanner in training 
may reduce pre-scan anxiety. Institutions that conduct pedi-
atric imaging should consider re-evaluating their policies 

and procedures for the routine use of sedation in young chil-
dren requiring MRI scans and may want to adopt training 
protocols that permit children to attempt a non-sedated scan.
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