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What is the evidence for the alternatives?
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Abstract To achieve diagnostic images during MRI
examinations, small children need to lie still to avoid
movement artefact. To reduce patient motion, obviate
the need for voluntary immobilisation or breath-holding
and therefore obtain high-quality images, MRI of infants
is frequently carried out under sedation or general
anaesthesia, but this is not without risk and expense.
However, many other techniques are available for
preparing children for MRI, which have not been fully
evaluated. Here, we evaluate the advantages and disad-
vantage of sedation and anaesthesia for MRI. We then
evaluate the alternatives, which include neonatal com-
forting techniques, sleep manipulation, and appropriate
adaptation of the physical environment. We summarize
the evidence for their use according to an established
hierarchy. Lastly, we discuss several factors that will
influence the choice of imaging preparation, including
patient factors, imaging factors and service provision.
The choice of approach to paediatric MRI is multi-
factorial, with limited scientific evidence for many of
the current approaches. These considerations may enable
others to image children using MRI under different
circumstances.
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Introduction

High-quality imaging is increasingly in demand in modern
hospitals to aid diagnosis and treatment options and tomonitor
treatment response. Cross-sectional imaging such as CT and
MRI has seen a huge increase in demand over recent years, led
by the ability to create 3-dimensional imaging datasets in an
ever-decreasing time frame. However, despite the impressive
speed of CT, it is inherently limited in paediatric imaging by
the ionising radiation dose administered to the patient.

MRI can provide excellent image quality, superior soft-
tissue resolution to CT and does not impart ionising radiation,
and is therefore well-suited to cross-sectional paediatric
imaging. MR uses rapidly changing magnetic field gradients
and electromagnetic radiofrequency pulses to provide high-
resolution images predominantly based on proton spin
characteristics within the body [1]. MR is now the imaging
modality of choice in many paediatric circumstances, such as
neurological and musculoskeletal imaging, and is becoming
more widely used for thoracic and abdominal imaging.
Traditional MRI has developed around imaging static or
immobilised objects, such as the brain or joints, but chest or
abdominal imaging requires patient co-operation (typically
breath-holding or voluntary immobilisation), often for
several minutes at a time.

Applying these techniques to children is hampered by
the combination of patient co-operation, rapid or irregular
respiratory rate, and small-scale anatomy, meaning that
very small movements can create motion artefacts that
render images non-diagnostic. A variety of methods have
been developed to overcome this for young children; the
conventional approach is to use patient sedation or
anaesthesia, but this is not without risk and expense. The
intimidating design of MR systems, long duration of an
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entire examination and the noisy atmosphere can make
older children apprehensive, making it even more difficult
for them to co-operate fully.

In this article, we discuss the risks of using sedation or
anaesthesia and summarise the alternative methods avail-
able, including the current evidence for their effectiveness.
Although double-blinded randomized controlled trials (DB-
RCT) are the gold standard in research, according to a
simple hierarchy (Table 1) [2], there are very few RCTs
available from the imaging community regarding adequate
infant examination preparation. We have therefore tried to
summarise the level of evidence available regarding studies
evaluating effectiveness during imaging, and if none is
available, then studies evaluating the effectiveness in other
clinical situations (Table 2). These considerations may
enable others to image children using MRI under similar
circumstances.

Sedation / anaesthesia

Childhood sedation or general anaesthesia (GA) is widely
used around the world for many surgical and dental
procedures as well as in the emergency department [3–5].
Diagnostic imaging may require sedation or anaesthesia
where patient co-operation is required, particularly for a
prolonged period of time, such as MRI, or where the
radiation dose necessitates a single attempt, such as CT.
The requirement for imaging during a particular phase of
intravenous contrast medium administration may also
dictate a single opportunity to perform optimal imaging. If
awake imaging fails or is expected to fail, then general
anaesthesia or sedation is used to manage the procedure.

There are several levels on a spectrum of drug-induced
depressed consciousness. These range from minimal seda-
tion (anxiolysis), moderate sedation (conscious sedation),
deep sedation (analgesia) through to general anaesthesia,
determined by patients’ levels of ability to respond to
verbal commands, tactile and painful stimulation [6, 7].
Confusingly, several other descriptive terms have emerged
for deeper levels such as sleep sedation, safe sleep, light
anaesthesia and minimal anaesthesia, which will be avoided

here [8]. Children generally require sedation levels deeper
than moderate (conscious) sedation in an imaging setting
[9], in which they may require assistance in maintaining an
airway. Practitioners intending to produce a given level of
sedation should be able to rescue patients (using MR-
compatible resuscitation equipment) whose level of seda-
tion becomes deeper than initially intended, i.e. individuals
administering moderate sedation should be able to rescue
patients who enter a state of deep sedation [6].

An extensive choice of pharmacological agents is
available that have been reviewed fully elsewhere [8, 10,
11]. Ideally, a combined state of both amnesia and
immobility is achieved with the lowest dose and fewest
drugs possible. As sedation level is a spectrum, it is not
always possible to predict how an individual patient will
respond, and so the real skill of sedation / anaesthesia is
finding the optimal tolerance level of suitable immobility
whilst avoiding apnoea. Drugs used to induce sedation tend
to be weak and have a wide margin of safety (and therefore
do not always succeed), whereas those that induce anaesthe-
sia are potent but short acting with a narrower margin of
safety. Chloral hydrate or benzodiazepines are the most
frequently used sedatives in diagnostic paediatric imaging
with a low rate of side effects, although the highest relative
MR examination failure rate [12]. This article compares the
use of these drugs as a group versus other techniques.

There is no question that oral sedation for MRI in the
hands of experienced paediatric anaesthetists and intensiv-
ists is safe and successful [13]. Insufficient doctors for
imaging demand has led to several nurse-led sedation
programs for paediatric MRI, also demonstrated to be
largely safe and successful [8, 9, 14]. Even within sedation
programs, modernising sedation practice such as the pre-
sedation or drug administration route improves patient
outcomes [15]. However, establishing high success rates
largely depends upon the de-selection of children in whom
sedation is unsafe or likely to be unsuccessful, the
appropriate use and careful administration of drug doses,
and the comprehensive training of experienced staff in
immediate resuscitation [16]. Individual hospitals have
typically developed their own policy on who performs
sedation, and it is good safe practice to have written

Table 1 Hierarchy of evidence (adapted from [2])

Rank Source of research evidence

1 Strong evidence from at least one systematic review of multiple, well-designed RCTs

2 Strong evidence from at least one properly designed RCT of appropriate size

3 Strong evidence from well-designed trials without randomization, single group, cohort, time series or matched case-controlled studies

4 Evidence from well-designed, nonexperimental studies from more than one centre or research group

5 Opinions of respected authorities based on clinical evidence, descriptive studies or reports of expert committees

Evidence is graded from the strongest (1) to weakest (5)
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protocols concerning the management of patients, the
indications of sedation or anaesthesia, the minimum staff
requirement, and resuscitation / emergency procedures.

The main short-term risks of sedation / anaesthesia are
those of under-sedation or over-sedation. Under-sedation is
insufficient sedation to allow satisfactory imaging to take

Table 2 Summary of evidence available for each preparation strategy. A summary of the level of evidence during imaging studies is provided, as
well as studies evaluating the effectiveness in other clinical situations

Preparation Level
evidence

Imaging studies Level
evidence

Non-imaging studies

Sedation / general
anaesthesia

3 Retrospective study [9, 12, 16,
17, 19, 23, 79]

1 Systematic review of sedation during
paediatric dentistry [3]

Prospective study [13, 25] Retrospective study of sedation during PEG
insertion / ERCP [4]

Opinion [8, 10, 11, 51] Opinion of sedation during emergency
department procedures [5]

Pacifiers – None available 2 RCT during painful procedure, e.g.
venepuncture [26, 36, 37]

RCT during ophthalmology screening [27]

Consensus statement [30]

Sucrose – None available 1 Systematic review [29, 31, 34]

DBRCT during painful procedure, e.g.
venepuncture [28, 32]

RCT during painful procedure, e.g.
venepuncture [28, 36, 37]

Sucrose and pacifier
in conjunction

– None available 2 RCT during painful procedure [26, 36, 37]

RCT during ophthalmology screening [44]

Consensus statement [30]

Swaddling 5 Anecdotal evidence only 1 Systematic review of swaddling during
painful procedures [46]

Observation of swaddling during painful
procedure [40]

Trial of swaddling for normal sleep [41, 42]

Opinion on swaddling for neonatal
abstinence syndrome [43]

Consensus statement [30]

Feed and sleep/wrap 4 Retrospective study during MRI [52] – None available
Opinion / anecdotal evidence [50, 51, 53]

Sleep deprivation 4 Retrospective study of sleep deprivation
during MRI [55, 56]

5 Sleep deprivation during normal sleep [57]

Melatonin 2 DBRCT melatonin prior to sedation for MRI [61] 5 Opinion [58]
Observational study with sleep deprivation [59]

Hypnosis and
distraction

2 RCT hypnosis with sedation versus
sedation alone [66]

1 Systematic review of hypnosis for reducing
procedure-related pain [64]

Observational study of audio/
visual system [82]

Systematic review of hypnosis during
anaesthetic induction [63]

Observational study of watching DVD
during MR scan [54]

RCT of guided imagery for progressive
muscle relaxation [69]

Physical environment 5 Retrospective study of physical
environment [72]

– Anecdotal evidence only

Play therapy 3 RCT of photo book [77] 1 Meta-analysis of play therapy [73]

Retrospective study [71] Prospective study [74, 75]

Observational study [22] Opinion [76]

Practice MRI 4 Observational study of short training session [78] – None available
Observational study of MRI habituation [54]

Retrospective study of mock scanner [78, 79]

Parental involvement 5 RCT of photo book with parental involvement [77] – Anecdotal evidence only
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place, as judged by patient movement, repositioning or
premature termination of the examination. Under-sedation
is usually quoted in studies as the “failure rate” of the
acquisition of a diagnostic series of MR images. Children
who undergo sedation for MRI as opposed to GA
frequently have a higher failure rate, i.e. patient movement
leading to a non-diagnostic scan [17].

More concerning is the risk of over-sedation, respiratory
depression requiring intervention, potentially resulting in
the loss of protective reflexes and the ability to maintain an
airway. Cardio-respiratory monitoring is mandatory in deep
sedation / anaesthesia, but good clinical practice irrespec-
tive of conscious level. Adverse events typically occur
when using multiple sedating agents, particularly nitrous
oxide in combination with other medications, and when
administered by non-medically trained personnel [18]. In
younger infants or neonates, over-sedation is manifest in
desaturations or apnoeas. Sedation is more likely to cause
de-saturation in younger (preterm) infants, in those of lower
body weight and those with a history of apnoea [19]. A
sedation scoring tool, such as the Neonatal Pain, Agitation
and Sedation Scale (N-PASS), can be used to evaluate an
infant’s level of sedation and gestational-age-appropriate
pain levels [20]; similarly there are several age-dependent
scales available for older children [5]. Despite these
advances, little is known about the clinical effectiveness,
immediate toxicity or long-term effects after neonatal
exposure to analgesics or sedatives [21]. Techniques for
the induction of GA, mask or cannula, can also generate
fear and anxiety in the child [22].

Very few studies have been conducted regarding
medium to long-term adverse events after discharge
following sedation for an imaging study. A study of 80
children sedated for imaging studies with chloral hydrate
demonstrated sleepiness for more than 4 h after the
procedure, which is to be expected [23]. However, 29%
of children became hyperactive, 68% unsteady, and 15%
vomited, with normal activity resuming after 4 h in only
about half of the children studied [23]. A study of more
than 300 children receiving chloral hydrate for MRI with a
good success rate resulted in similar side effects including
motor imbalance (30%), gastrointestinal effects (23%),
agitation and restlessness (15%), and prolonged recovery
[17]. Audits reveal that sedation results in approximately
20% of children feeling drowsy the following day [16],
which may influence factors such as schooling.

There are clearly additional costs involved in safe
sedation and anaesthesia, such as more advanced monitor-
ing equipment, highly trained staff, access to inpatient
facilities or hospital day beds, additional time in the scanner
itself (or a preparation room) for anaesthetic induction,
managing routine recovery and adverse reactions including

resuscitation. Many studies have demonstrated that seda-
tion and anaesthesia lengthen hospital stay and lead to
increased costs in several different settings, but by how
much? Using oral midazolam in an emergency depart-
ment for laceration repair significantly increased both
emergency department length of stay (by 20 min) and
visit costs (by about USD 15), although this was
acceptable to most parents [24]. During pediatric MRI, a
recent study of 150 patients showed that an awake
patient’s average visit duration was 2.4 h, compared to
3.6 sedated and 4.1 h anaesthetised [25]. Visit costs for
sedated and anaesthetised patients were three and nine
times higher than those for awake patients, respectively,
which may be a significant factor for the paying patient
[25]. Drugs that give faster induction may seem tempting
(e.g. using propofol instead of chloral hydrate) but instead
may result in longer recovery times [12].

Alternative techniques

Reducing the need for sedation for MRI would therefore
improve patient safety and reduce costs within this
environment. To avoid the dangers associated with sedation
in infants, an obvious alternative is to conduct paediatric
imaging examinations without sedation, but is this at the
expense of diagnostic image yield?

Sucrose and pacifier

One of the most universal neonatal comforting techniques
is non-nutritive sucking (NNS), whereby an infant is given
a pacifier (dummy) with no fluid or nutrition being
delivered. It is a simple, readily available and cost-
effective way of reducing neonatal discomfort, and has
been shown in several RCTs to reduce crying, grimacing
and lowered behavioural pain scores in the newborn during
painful procedures (e.g., blood sampling) [26–28]. Dispos-
able latex-free pacifiers are commercially available specif-
ically for hospital use (Fig. 1). One of the potential
disadvantages of pacifier use in MR is that it may generate
rocking motion artefact of the jaw or whole head during
brain imaging, and so consideration may need to be given
to the body part being imaged.

Oral sucrose solution is now becoming a routine adjunct
to clinical paediatric care, and is used for its calming effects
in distressed newborns, and apparent pain-relieving effects
during invasive procedures (such as intravenous cannula-
tion or heel-lance blood sampling) in term and preterm
neonates. Its precise mode of action, whether mediated by
opioid or non-opioid mechanisms, is unknown. Two main
solutions are available: Sweet-Ease® (Inspiration-health-
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care, Leicester, UK; Fig. 2) and TootSweet® (Natus
Medical Inc., San Carlos, USA). Typically, 240–500 mg
(1–2 ml) of 25% sucrose solution is given orally to term
babies via a syringe, 2 min prior to a painful procedure,
with a lower dose of 120 mg (up to 0.5 ml of 24%) in
preterm infants [29, 30], although specific dosage guide-
lines and criteria may vary among hospitals [31].

There are several RCTs demonstrating that sucrose
administration is useful to reduce pain and anxiety in
children undergoing painful and non-painful procedures
[32–34], but none in an imaging setting. Curiously, sucrose
may not dampen nociceptive cortical activity (measured by
electroencephalography) leading some authors to question
whether the lack of clinical observational scores truly
correspond to pain relief [35]. However, the other anxio-
lytic properties of sucrose may still be of benefit during
non-painful radiological procedures. NNS can be more
effective than sucrose alone [28, 36], although the
combination of using pacifiers and sucrose together can
be the most soothing to a distressed infant [26, 36, 37].
Sucrose may be a useful adjunct to other non-
pharmacological techniques, as it has a short duration of
action (likely a few minutes) and administration can be
repeated. This means that it could be used to settle an infant
both at the beginning of an MR procedure prior to
intravenous cannulation (for contrast medium), as well as
being administered during imaging itself, which makes the
whole patient experience more tolerable.

Swaddling

Historically, swaddling involves wrapping bands of tight
material around an infant’s body to restrict movement [38].
More recently, gentle swaddling is widely used to reduce
infant pain and distress during painful procedures [39, 40].
Swaddling restricts an infants’ motor activity, reduces
crying and encourages sleep, although the effect diminishes
with increasing age [41, 42]. Swaddling is used as an
effective non-pharmacological technique to manage restless
and irritable babies in non-imaging settings, e.g., neonatal
abstinence syndrome [43] or during retinopathy of prema-
turity screening [44]. It is therefore widely used during
routine paediatric MRI (Fig. 3), although the evidence for
its effectiveness remains anecdotal.

Swaddling is sometimes used in conjunction with a
swaddle or cradle board. These keep the legs forcibly
extended and are popular in Native American, Far East and
other communities as a form of infant carriage [42, 45].
However, they may lead to an increase in developmental
hip dysplasia [46, 47]. Swaddling is therefore not recom-
mended for infants with confirmed developmental dysplasia
of the hip, and should be used with caution in infants at risk
of developmental dysplasia, for instance breech presenta-
tion or family history [48, 49].

Feeding

“Feed and wrap” or “feed and sleep”, whereby sleep is
induced in young children through feeding, warmth and

Fig. 2 Sucrose solution, e.g., Sweet-Ease® (Inspiration-healthcare,
Leicester, UK). Oral sucrose solution is used for calming and apparent
pain-relieving effects in neonatesFig. 1 Disposable pacifier, e.g., Wee Soothie® (Respironics Inc.,

Murrysville, Pennsylvania, USA). Non-nutritive sucking is a simple,
readily available and cost-effective way of reducing neonatal
discomfort
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comfort, is routinely used for MR examinations in infants
younger than 3 months of age [50, 51]. Feed-and-sleep in
conjunction with Vacuum fit beanbags enabled 32 out of
36 successful MR scans in infants younger than 12 weeks
of age without the use of sedation or GA [52].

Adjusting a feed schedule to ensure that an infant will be
fed at least 30 min prior to a scan can promote sleep [53]
whereas older infants may require the scan appointment to
be adjusted to fit in with their routine of feeding and sleep
[54]. Careful attention is clearly required to details such as
noise and light reduction, sensor placement to avoid
stimulation, warmth, swaddling, and positioning to mini-
mize movement.

Sleep manipulation

Sleep deprivation can reduce the need for sedation in young
children and infants [10]. This can mean keeping infants
awake during the night before the examination, as well as
restricting morning naps. In a retrospective study of more
than 1,000 patients younger than 2 years of age, sedation
failure rates in CT and MR were marginally improved by
sleep deprivation of less than 5 h sleep during the previous
night (4.2% and 4.7%, respectively) [55]. However, this
same study also demonstrated that sleep-deprived patients
required significantly more nursing care hours than their
non-sleep-deprived counterparts, which may have patient
cost and throughput implications [55]. A smaller study of
41 children suggests that sleep deprivation resulted in a
lower dose of sedation requirement [56], but the study
population age group was unclear.

Just as pharmacological sedation can cause sleepiness,
sleep deprivation may also lead to prolonged recovery and

drowsiness on the day after imaging. Sleep deprivation
prior to natural sleep in young infants may increase
obstructive sleep apnoea and arousal threshold [57]. In
older children, behavioural disturbances may persist for
over 24 h.

The practicalities of inducing sleep deprivation in a
young child may mean it is difficult to enforce. In-patient
sleep deprivation prior to radiological procedures involves
time-consuming preparation by health-care professionals,
which may not be universally accessible [55, 56]. The
obvious person to keep the child awake is the parent,
although this could also impact on the parent’s sleep
patterns. Outpatient examinations would require compliant
parents who understand and appreciate the benefits of
potentially avoiding sedation or reducing dosages of drugs
used. As sleep deprivation requires significant parental or
nursing effort and cooperation, and may decrease the
efficiency of the imaging unit, some authors conclude that
it is “not worth the effort” [55].

Sleep promotion could be an effective alternative to
deprivation. Melatonin is a naturally occurring hormone
that regulates the sleep-wake cycle, produced by the pineal
gland during darkness [58], and thus artificial melatonin
could be used to induce a “natural sleep” as an alternative
or adjunct to sedation. In a study of 40 children (ages
14 months–17 years) who received oral melatonin, 65%
went to sleep prior the MR examination, resulting in a 55%
success rate [59]. Melatonin in conjunction with sleep
deprivation in 17 children (ages 14 months–14 years)
resulted in a higher proportion of children going to sleep
prior to MR (76%) and a high success rate [59].
Interestingly, melatonin-induced sleep may result in more
acceptable childhood behaviour when compared to sleep
deprivation [60].

Melatonin prior to oral sedation has also been trialed in a
randomized double-blind study of 98 children [61].
Melatonin did not significantly change the speed of onset
or reliability of the sedation but did result in children taking
slightly longer to be discharged home [61]. Melatonin and
sleep deprivation may therefore increase the success rate of
un-sedated paediatric MRI, whether used separately or in
conjunction, but they have implications for parental and
nursing care requirements.

Hypnosis and guided imagery have a debatable role in
MRI in children. Hypnosis creates a state of focused
concentration and reduction in peripheral awareness, but
is highly variable among individuals [62]. Clearly, clinical
trials of hypnosis or distraction cannot be blinded or
placebo-controlled. However, hypnosis and alternative
therapies such as distraction may reduce anxiety in children
undergoing anaesthesia and painful-procedures [63, 64] and
are widely used as alternative therapies in symptom
management in children with cancer [65]. In a prospective

Fig. 3 Gentle swaddling to restrict motor activity can reduce crying
and encourage sleep. Here, a 4-kg male infant is swaddled in a
blanket, and placed inside a close-fitting adult-knee coil, to minimise
motion during thoraco-abdominal MRI
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RCT, hypnosis in conjunction with sedation reduced
clinical time and costs during interventional radiological
procedures, when compared to sedation alone [66]. “Guided
imagery” is similar to hypnosis in that attention is focused
upon pleasant images or sounds, referred to as a conscious
state of distraction [67]. Several small RCTs suggest that
post-operative pain and anxiety is lowered in children who
are taught guided imagery [68, 69], but none pertains to an
imaging setting.

Physical environment

The physical environment can make a significant difference
to children and their behaviour with a bright, colourful
room being more appealing than a standard clinical setting
[70]. The environment should clearly be adapted to the age
of the child: young infants may prefer a warm but darkened
room to facilitate sleep, but older children may prefer a
bright, lively environment thereby turning the MR exam-
ination into an adventure. Interacting with unsettled infants
within the MR bore, using plastic toys, books and mirrored
or reflective paper can enable them to be distracted from the
imaging process. Projecting moving colour images can be
equally effective at calming and distracting young children
during CT and US imaging (e.g., Snoeszelen; FlagHouse,
Hasbrouck Heights, NJ, USA) [71]. In a large retrospective
study of young children (<4 years) undergoing CT, when
children chose the environmental lighting, played with a
model scanner and projected images onto the ceiling during
the examination, there was a 28% reduction in sedation rates
[72]. Projecting images is more difficult to achieve in MR
due to the geometry of the bore, and typical projector
devices are not MR compatible, but could project through
the observation window.

Play therapy and practice MRI

Preparing a child for any procedure is vital to reduce
anxiety and ensure co-operation, and so play therapy is
used to aid the older child (typically over 4 years) to
understand clinical procedures. Play specialists can help to
inform and distract children and their parents prior to and
during MR scans. DVDs, storybooks or information sheets
can provide relevant information at an appropriate age,
using cartoons to guide characters [73–76].

Retrospective studies show that adequate play specialist
input prior to MR scanning can lead to very low failure
rates (in children ages 4–8 years) [22, 71]. However, one
randomized study evaluating educational materials prior to
MRI in 52 school-age children (ages 7–12 years) and their
parents, did not demonstrate a reduction in childhood or
parental anxiety levels [77]. Conversely, this study suggested
that preparatory material led to increased questioning by

the child and therefore an inadvertent increase in overall
anxiety [77].

Rehearsal of MR examination with a small-scale model
of the MR scanner can help children and their family to
understand and gain confidence about the procedure
(Fig. 4). Children’s playgrounds often involve tunnels and
cylindrical objects, and can be used as a reference for
comparison. Visiting an actual or true-size mock scanner at
a predetermined date prior to the appointment may be
useful (Fig. 5). In a study of 90 children (ages 3–14 years)
given a 5-min training session lying still in a full-size
replica scanner without magnets enabled 85 to lie still and
81 (90%) to be imaged successfully [78]. A retrospective
audit before and after the introduction of mock scanner
preparation gave a 9% decrease in GA rates (from 27% to
18%) in children ages 3–14 years [79], with the biggest
benefit (26% reduction) in the 4- to 5-year age group.
However, GA rates in 3-year-olds in this study were still
above 80% after the introduction of a mock scanner.

Fig. 4 a Paediatric play therapist with model MRI. A teddy bear is
placed in the actual scanner for comparison. b Close-up of model MRI
with movable table. Two-inch figurine provided for scale
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The level of detail involved in MR rehearsal may
determine its success. Practice MRI (PMRI) at one
institution involved routine patients reading story books
describing the procedure, experiencing the MRI procedure
at the child’s own pace, using headphones, DVDs and the
intended RF coil in a mock scanner, comfort positioning
and breathing strategies. A total of 75% of 291 children
older than 4 years of age passed an MR rehearsal and went
on to have a clinical MRI without GA [80]. In another
smaller group, there was a reduction in heart rate, and in
self-reporting of distress, in children who had undergone a
preparation session using a simulator [81].

Listening to the patient’s own CD or watching DVDs
during imaging can now be used to distract and occupy the
child, using equipment such as wall-mounted TV screens or
in-bore MR-specific goggles. A large study of over 1,000
children demonstrated that the introduction of video
goggles significantly decreased the need for sedation, cost
and scanning time in children older than 3 years of age
[82]. MR rehearsal kits enable children to become
accustomed to wearing earplugs and headphones, whilst a
CD replicating the acoustic noise generated during the
imaging process can help prepare the child [22, 54]. Ideally,
scanners or sequences with low acoustic noise would be
used for children. For instance, several MR system vendors
have produced systems with noise-reduction technology,
such as vacuum-sealed gradient chambers to dampen the
mechanical vibration, with evocative titles such as Pianissimo
(Toshiba) and Whisper (Siemens). However, audiovisual
distraction is nevertheless required to encourage an older
child to remain still for long time periods.

Parental communications—before, during and after

Awake infants need to be relaxed and settled within a
scanner to reduce both patient, parental and operator
anxiety and enable good-quality images to be obtained.
Infants take many of their cues from their immediate
surroundings, typically parents [83]; therefore keeping
parents relaxed and comfortable during the MRI of their
child is not only good clinical practice but has beneficial
implications for the child.

Family members or guardians frequently accompany
paediatric patients into the MR environment. Informing and
reassuring family members can have a positive effect on the
child in the scanner, enabling individual comforting
techniques to improve the MR experience and therefore
image quality. Poor parent compliance may be one reason
for failure in a mock scanner [79]. In certain groups where
co-operation may be difficult to predict (e.g., autism) [54],
parents can be crucial to the success of the examination, as
they can devise plans outside of the hospital environment as
well as comfort their child during the examination. Open
(vertical) magnets allow parents to be in closer proximity to
their child during the examination than a conventional
closed-bore system, but open magnets tend to have lower
static field strengths and may not provide optimal image
quality.

Talking to parents between sequences can be highly
beneficial, but requires communication equipment such as
two-way headphones or microphones built into the scanner
room. Explaining noise variations, duration of sequences
and methods to settle or distract their child can be useful, in
much the same way as if the adult were being imaged
themselves. Parents are reassured that you can see them and
their child through the observation window. Equally,
adequate debriefing afterwards may enable better prepara-
tion for subsequent examinations.

Factors that influence decision-making

The risks of imaging preparation must be balanced against
the need for high-quality diagnostic imaging. Many factors
will influence the choice of approach to paediatric MRI,
which are outlined here. Frequently, a single factor may
outweigh all others, such as the urgency of the examination.

Patient factors

Age plays a significant role in MR planning. Some
hospitals take the view that all children younger than
5 years will require additional MR intervention, and will
have adopted a sedation or anaesthesia policy that is age-
dependent [84]. Typically, this involves a “feed and wrap”

Fig. 5 The mock MRI scanner room is decorated in a child-friendly
manner, similar to the real scanner room, and if installed within the
department then also encourages familiarity with the hospital and
staff. As no magnetic coil is installed, MRI sounds can be played over
a stereo system to accustom children to the noise. Reproduced with
permission from [79]
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technique for children younger than the age of 1 year, oral
or intravenous sedation between 1 and 5 years, and
distraction therapies for >6 year olds. However, these ages
are arbitrary and individual assessment is required; many
hospitals limit GA to those that may need extended
examination time (e.g., oncology staging) and attempt un-
sedated imaging in the first instance. There are several
anecdotal cases of an adequately prepared 4-year-old
undergoing successful MRI without sedation.

There are some clinical conditions in which sedation
poses too great a risk to the child, i.e. either a full
anaesthetic or an alternative technique should be used. An
example of this may be Pierre Robin syndrome or other
potential airway compromise, thus the need to maintain an
airway in a difficult patient may override all other
decisions. Some establishments would choose to channel
these children towards an MRI under GA; others again may
prefer to try the other techniques available taking the view
that nothing is lost (from the child’s perspective), although
there may be a financial cost to failed MR time. Other
conditions would include the inability to understand the
need to lie still or comply with instructions, severe
developmental delay, learning or behavioural difficulties,
and should be tailored to the individual establishments’
sedationist or paediatric anaesthetist skills. More careful
preparation may be required in patients with attention-
deficit-hyperactivity-disorder, for instance, with ultimate
success dependent on adequate play therapy support.
Clearly many other factors such as general anxiety, culture,
gender, coping styles and previous medical experience may
also play a role.

Imaging factors

The body part being imaged may also be a large
determinant of the optimal approach. Limb and head
imaging may not only be more rapid than body imaging
in general, but it may also be easier for a child to keep a
limb or their head in a fixed position for the required length
of time (either voluntarily or with additional stabilisation)
without significant movement artefact. Abdominal imaging
that includes breath-holding or respiratory triggering may
be more difficult, and raises the possibility of requiring
further anaesthetic support earlier in the MR planning
assessment.

Previous negative experiences with medical or imaging
procedures may play a significant role. A previous negative
experience with cannulation may preclude intravenous
access for anaesthesia, although gaseous induction would
be an option; equally vice-versa [22]. Both of these may
deter the older child, who may be more inclined to
undergo un-sedated imaging in order to avoid the negative
preconceptions or experiences associated with anaesthesia.

Equally, forward planning is needed, e.g., if the patient
will require several cross-sectional imaging investigations
during the course of disease treatment and follow-up,
adequate evaluation should be given to the entire patient
journey rather than considering each imaging investigation
individually.

The urgency of examination may place undue pressure
on giving sedation or anaesthesia, though this would be
based on institutional availability. Baseline oncology
imaging often involves a lengthy examination time (over
several sequences, up to an hour) which may influence
choice in this regard. If we consider the clinical scenario of
a young child admitted one evening with respiratory
compromise from an abdominal tumour, who could start
urgency chemotherapy that night, some establishments may
be encouraged to provide out-of-hours MR, sedation or
anaesthetic cover for optimal MRI. Where this is not
feasible, others may try an un-sedated MR in order to
provide imaging within the required time-frame, or alter-
natively to try several other imaging modalities, e.g., US or
CT, with their accepted limitations. The balance of failing
sedation and waiting for the next sedation or anaesthesia
slot in the timetable must be weighed up against the
possibility of acquiring diagnostic imaging via other means,
including other modalities.

Service factors

There is clearly a cost involved in GA / sedation, anaesthetist
and recovery staff, hospital beds and imaging costs. However,
this must be balanced against the cost of, for example, a mock
scanner, educational play therapists, and the hidden costs of
aborted scans due to patient un-cooperation. There is no easy
way to compare all of these costs, and we have not attempted a
cost-evaluation analysis here; decisions are likely to be made
on a hospital-by-hospital basis.

In contrast to clinical and diagnostic MRI investigations,
most ethics committees will not allow sedation to be used
in research studies involving normally developing children,
and so researchers may be encouraged to try other
techniques before resorting to sedation.

Conclusion

We conclude that the choice of approach to paediatric
imaging is multi-factorial, with limited scientific evidence
for several of the discussed alternatives. Whilst some
institutions may prefer to fall back on the use of sedation or
anaesthesia because the advantages and disadvantages may
be better understood, others may be encouraged to investi-
gate other options on an individual or study basis. As magnet
technology improves and imaging times come down, it
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would be useful to revisit this in the future to evaluate the
effectiveness of new techniques, and the impact that they can
have on patient care and imaging efficiency.
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