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ABSTRACT

Aim To compare the outcome of sole dexmedetomidine or with
other sedative drugs in paediatric patients during magnetic reso-
nance imaging (MRI).

Methods Literature was obtained from PubMed and Science-
Direct from 2010-2020 using key words: sedation, paediatric,
dexmedetomidine, ambulatory, MRI, ketamine, propofol, midazo-
lam. The literature selection was based on Participant, Interventi-
on, Comparators, Outcomes (PICO) analysis. All English full-text
and peer-reviewed articles were included. The primary outcome
was hemodynamic stability, respiratory compromise, and recovery
time. The risk of bias analysis was assessed using Cochrane colla-
boration Risk of Bias (RoB 2.0).

Result Of 106 studies, 17 studies were included with a total 3.430
paediatric patients undergoing MRI. Dexmedetomidine alone pro-
vides a more stable hemodynamic but longer recovery time than
ketamine, propofol or midazolam. The combination of dexme-
detomidine and ketamine provides more stable hemodynamics,
especially in the incidence of hypotension and bradycardia, and
does not significantly reduce airway configuration more than sole
dexmedetomidine or ketamine. Intranasal dexmedetomidine is
more recommended than its combination with midazolam. Com-
bining dexmedetomidine with ketamine, propofol or midazolam
provides a shorter recovery time.

Conclusion A combination of dexmedetomidine with other seda-
tives such as ketamine, propofol and midazolam is better than sole
dexmedetomidine for paediatric sedation during magnetic reso-
nance imaging.
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INTRODUCTION

In paediatrics discomfort is mainly felt during
invasive and non-invasive medical procedures.
Pain becomes the main complaint in an emer-
gency condition. Because of that, sedation has
become essential in paediatric management. Se-
dation is also commonly used in imaging, such
as magnetic resonance imaging (MRI), computed
tomography or echocardiography to ensure pati-
ents remain calm and still (1-3).

MRI is a diagnostic tool often used to visualize
precise tissue differentiation using a magnetic
field (4). The patients movement must be under
control to provide a good quality image. In pae-
diatrics this procedure is challenging because so-
metimes paediatric patients cannot cooperate (3).

The American College of Emergency Physicians
(ACEP) has defined Procedural Sedation and
Analgesia (PSA) as a technique in administering
sedative or dissociative agents with or without
analgesic to induce a state that allows the pati-
ent to tolerate unpleasant procedures while ma-
intaining cardiorespiratory function (5). The aim
of this procedure is different in adults because,
in paediatrics this procedure controls the beha-
viour and keeps the patient cooperative during
the procedure. Sedation also aims to provide pa-
tient safety, minimalize discomfort, anxiety and
physiological trauma (6). However, in cooperati-
ve paediatric patients, non-pharmacological mo-
dality might help reduce the need for sedatives
(5). Before sedation, it needs to be considered
whether the procedure will provoke pain or not.
If the pain is not adequately managed, the physi-
ological and behavioural response will affect
long-term nociceptive developments in paedia-
tric patients (7).

There are several sedation modalities for MRI.
The most common sedation includes inhalation
and intravenous sedation. Some intravenous se-
datives are often used such as propofol, ketami-
ne, chloral hydrate and dexmedetomidine. Sevo-
flurane is commonly used in inhalation sedation
(8). In 2005 studies related to dexmedetomidi-
ne as premedication in paediatrics during MRI
emerged. Dexmedetomidine is less frequently
used causing respiratory depression. However,
dexmedetomidine potentially causes cardiovas-
cular depression and must be put into conside-

ration. Dexmedetomidine dose-dependent poten-
tially lowers blood pressure through adrenergic
alpha-2 receptor agonists in the sympathetic
ganglion. Besides, dexmedetomidine also needs
more prolonged onset (9).

The aim of this study was to compare the outco-
me of sole dexmedetomidine and a combination
of dexmedetomidine with other sedative drugs
in paediatrics during magnetic resonance ima-
ging (MRI).

MATERIALS AND METHODS

Materials and study design

This systematic review was done in the Depar-
tment of Anaesthesiology and Reanimation,
Faculty of Medicine, Airlangga University /Dr.
Soetomo Hospital Surabaya, Indonesia, in the
period December 2021-January 2022. The Pre-
ferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) method was used
to analyse current evidence from studies compa-
ring the sedative effect of dexmedetomidine ver-
sus the combination of dexmedetomidine with
ketamine, propofol, midazolam in paediatric
patients undergoing magnetic resonance ima-
ging (MRI). Article searches were conducted on
PubMed and ScienceDirect, using key words se-
dation, pediatric, dexmedetomidine, ambulatory,
MRI, ketamine, propofol and midazolam.

Methods

The selection criteria used the Participant, In-
tervention, Comparators, Outcomes (PICO) fra-
mework. Participants: research subjects were
paediatric patients aged 1 day — 18 years who
underwent a magnetic resonance imaging (MRI)
procedure with sedation. Intervention: subjects
received sedation between dexmedetomidine
and dexmedetomidine combined with ketamine,
propofol and midazolam. Comparator: paedia-
tric patients undergoing MRI using sedative sole
dexmedetomidine compared with subjects seda-
ted with a combination of dexmedetomidine with
ketamine, propofol, midazolam. Outcome: pae-
diatric hemodynamics (blood pressure and pulse
rate), the occurrence of respiratory depression,
recovery time. All full-text peer-reviewed studies
comparing sedation outcomes using dexmedeto-
midine and other sedatives in paediatric patients
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age 1 day — 18-year were included. The articles
were only in English. Abstracts and conference
proceedings were excluded. Research articles
that met the inclusion criteria for evaluation were
determined based on the evidence-based level on
categories from the National Health and Medical
Research Council (NHMRC). For RCT research,
quality and risk of bias were assessed using the
Cochrane Collaboration Risk of Bias (RoB 2.0)
(10). The final assessment was scored as follows:
low risk of bias, moderate risk of bias/multiple
considerations and high risk of bias, as described
in the Cochrane manual (10). For case studies
with a control group, quality and risk assessments
were done using guidelines from The National
Institutes of Health (NIH) quality assessment
tool for case-series studies (Interventional) (11),
while case studies without comparisons for con-
trol groups used guidelines from The National In-
stitutes of Health (NIH) quality assessment tool
for before-after (pre-post) study with no control
group (11). The final assessment was scored as
good, moderate and poor. For case reports, there
are no guidelines for assessing quality reports.

Articles were managed using the Mendeley refe-
rence processor (version 1083). The articles were
identified based on the evaluation of titles and ab-
stracts. After screening for duplicate articles, the
full text of the articles was finalized for eligibility
for inclusion in the study. After screening, feasi-
bility, quality assessment and risk of bias, data
extraction from all selected articles was carried
out, and important findings from the article were
written based on the data extraction process. Data
extraction includes: general characteristics of the
study design and level of evidence according to
NHMRC, study group, type of surgery, number
of samples and baseline characteristics of the stu-
dy samples; quality and risk of bias from research
articles; assessment of the outcomes - hemodyna-
mics (blood pressure and pulse rate of paediatric
patients), the occurrence of respiratory depressi-
on, recovery time.

RESULTS

From the flow chart of systematic review, 106
potential studies were obtained. After the scree-
ning of duplicate articles, titles and abstracts, 66
studies were excluded due to duplication and did
not meet the inclusion criteria. From the rest of
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Figure 1. PRISMA diagram of systematic review

potential studies (N=40), full text screening fo-
und that 23 studies did not meet the inclusion cri-
teria and did not provide full text. Therefore, 17
studies met the criteria and were further investi-
gated with the total number of research subjects,
3,430 paediatric patients (Figure 1). The studies
consisted of retrospective studies, retrospective
reviews, systematic reviews, prospective studies,
randomized controlled studies, and non-randomi-
zed controlled studies.

Olgun et al. (12), showed that the success rate of
sedation using intranasal dexmedetomidine was
96.2%. The median effective dose (ED50) of in-
tranasal dexmedetomidine increases with age for
the first three years of life. Intranasal dexmede-
tomidine and intravenous ketamine may be the
best choices as sedative agents in children with
risk factors for alpha-mannosidosis (12). There
have been several comparative studies between
dexmedetomidine and its combination with other
sedatives. Intranasal dexmedetomidine is better
at reducing anxiety and produces a higher level
of sedation at the time of induction than intra-
nasal midazolam (13). However, a retrospective
review of 244 paediatric patients showed that in-
tranasal dexmedetomidine combined with mida-
zolam was an effective regimen for sedation (14).
Buccal dexmedetomidine with or without mida-
zolam provides adequate sedation with minimal
side effects but has a failure rate of almost 20%
(15). Low-dose dexmedetomidine bolus (0.5
mcg/kg) can be used as an adjuvant to reduce the
need for propofol in sedation (16). Combination
of dexmedetomidine and ketamine superior to
ketamine and dexmedetomidine alone (17).
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Several studies discussed the hemodynamic chan-
ges in using different sedatives in paediatric pati-
ents who underwent MRI. In general, dexmede-
tomidine is better in maintaining hemodynamics
than other sedatives. Abulebda et al. (18) stated that
dexmedetomidine has more stable hemodynamics
than propofol. However, dexmedetomidine has a
longer recovery time (19). Research by Eldeck et

al. (20) and Tammam et al. (17) stated that dexme-
detomidine provides adequate sedation in most
children without hemodynamic disturbances com-
pared to ketamine. Meanwhile, the combination
of ketamine and dexmedetomidine did not cause
significant hemodynamic changes (21) (Table 1).

The use of dexmedetomidine alone or in combina-
tion with other sedatives did not cause significant

Table 1. The sedative effect of dexmedetomidine compared to the combination of dexmedetomidine with ketamine, propofol and

midazolam on blood pressure and pulse rate

Outcome

Research design, sample size, variables,
References £n, samp ’ ’

Airway configu-

statistical analysis Dose X Hemodynamic Recovery time
ration
Design: Retrospective review . .
L . IV P fol 1 k D tomi-
Sample: 105 paediatric patients (Group D 56 V Propofol 1 mg/kg (maXl,m um e(xmﬁde omt
. ) of 50 mg), followed by continuous dine is better
subjects, Group P 49 subjects) . . . . L
Abulebda . . . infusion of 83 mcg/kg/min in maintai-
Variables: demographics, hemodynamic . NA . NA
etal. (18) L IV Dexmedetomidine 2 mcg/kg 10 ning stable
changes, sedation time . . .
- . . minutes followed by maintenance hemodynamics
Statistical analysis: T-test, Wilcoxon test, infusion of 1 mea/ke/h than propofol
ANOVA u gk prop
Design: a prospective study Ketamine after
lo: 2 o . N L
. Sample: 25 paedlfimc patlent§ . IV Dexmedetomidine 2 mcg for 10 de)fmedeti?mlfilne
Variables: demographic characteristics, . . did not signifi-
. min followed by dexmedetomidine
Mylavarapu hemodynamics, outcomes . . cantly decrease  No hemodyna-
. . . . infusion 2 meg/kg/h . . NA
etal.(21) Statistical analysis: paired t-test, Wilcoxon . upper airway confi- mic changes
. . D IV Ketamine 2 mg/kg .
signed-rank test, descriptive statistics, linear guration compared
mixed-effect models to dexmedetomidi-
ne alone.
Design: a retrospective review L .
. . IV D t 2 / D tomi-
Sample: 966 patients (Group D 544 patients M exmedé omidine 2 meg Aexmede omt
. . kg over 10 minutes followed by ... dine has longer
received dexmedetomidine) group P 452 . . Dexmedetomidi- .
. . infusion of 1 mcg/kg/h . recovery time
Ahmed patients received propofol) ne provides sta-
etal.(19)  Variables: heart rate, respiration rate, blood NA ble hemodyna-
’ ) » [esp . IV Propofol 2 mg/kg over 2 mi- . Y Propofol has a
pressure, oxygen saturation Lo mics
L . nutes followed by infusion of 83 faster onset and
Statistical analysis: Student t-test, Mann- mee/ke/minutes recovery time
Whitney rank-sum test, Fisher exact test gk Y ’
Design: a double-randomized prospective
study
Sample: 60 paediatric patients (Group D 30 Intranasal
subjects, Group M 30 subjects) IN Dexmedetomidine 1 meg/kg dexmedetomi-
Gupta . . . . L
et al.(26) Variables: demographics, parental separati- NA dine maintains NA
’ on, hemodynamics, sedation level, median IN Midazolam 0.2 mg/kg better he-
sedation modynamics
Statistical analysis: unpaired t-test, paired
t-test, 2
Design: Randomized prospective trial IV Dexmedetomidine 1 mcg/kg
S . o . . L '
ample 11'0 paediatric patients '(group D 55 followed by continuous infusion of  Dexmedstomi-
subjects, group K 55 subjects) 0.5-0.75 meg/kg/h Dexmedetomidine . .
Eldeek . : R . . . dine provide no
Variables: sedative, hemodynamic, respira- provide no respira- . NA
etal. (20) . . . hemodynamics
tory effects, and complications. IV Ketamine 1mg/kg followed by tory compromise chanee
Statistical analysis: one-tailed test, ANOVA, continuous infusion 10-15 mcg/ s
t-test 2 test kg/min
Design: a blinded randomized comparison Dexmedetomidi-
study IM Dexmedetomidine 3 meg/kg ne and ketamine
Sample: 162 children (group D 54 subjects, combination
Tammam group K 54, group DK 54 subjects) IM Ketamine 4 mg/kg has more stable
. . . . NA . NA
etal. (17) Variables: section onset, sedation failure rate, hemodynamics
hemodynamic stability Dexmedetomidine 1.5 meg/kg + than ketamine or
Statistical analysis: One-way ANOVA, ketamine 2 mg/kg dexmedetomidi-
Pearson, and y2 tests ne alone

NA, not applicable; IV, intravenous; IM, intramuscular; IN, intranasal
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Table 1. (continued) The sedative effect of dexmedetomidine compared to the combination of dexmedetomidine with ketamine,
propofol and midazolam on blood pressure and pulse rate

Outcome
References Research design, sample size, variables,
statistical analysis Dose Airway configuration Hemo: Rec.overy
dynamic time
D ot compntve sy IV Dexmedetomidine
X P Y Low 1 mcg/kg/h; High 3 meg/kg/h  Both Dexmedetomidi-
Sample: 60 patients (Dex group 30, Prop
Mahmoud ne and Propofol have
group 30) .o NA NA
etal. (22) . . IV Propofol no significant change
Variable: Airway morphology . . L. . .
. . Low 100 mecg/kg/min. High 200 meg/  in airway dimensions
Analysis: Wilcoxon sum-rank test, two-sam- Ke/min
ple t-test, Wilcoxon test, ANOVA &
Design: Randomized controlled blind study
Sample: 40 children IV Dexmedetomidine 1 meg/kg 10 mi- .
. . . . . There was no differen-
Variables: demographics, procedure time, nutes followed by infusion of 0.1 mg/kg L
. . ; . .. = cein airway collapse
cine measurements, anaesthetic level, spoi- midazolam (IV), then dexmedetomidine R K
Watt . . . . between sedation with
led chart airway volume measurements infusion 1 mcg/kg/h continued . NA NA
etal. (23) ; dexmedetomidine and
diet (SPGR) ropofol after sevoflu:
Analysis: Paired and unpaired t-test, IV Propofol 300 meg/kg/min for 10 P };ane induction
Wilcoxon test, Mann Whitney test, ANOVA  minutes, reduced to 250 mcg/kg/min ’
test
Design: a systematic review Propofol
Sample: 6 randomized controlled trials (415 has a shorter
paediatric patients) recovery time
Tang Variables: recovery time, patient discharge ~ Propofol 300 mcg/kg/min — 3 mg/kg NA NA and faster
et al. (24) time, failure of sedation, desaturation, IV Dexmedetomidine 0.3 — 2 meg/kg induction of
Pediatric Anesthesia Emergence Delirium sedation than
scale (PAED) dexmedeto-
Statistical analysis: PRISMA midine
IV Propofol 3 mg/kg initial dose
followed by 100 mcg/kg/min
continuous infusion of mean dose 97.9
mcg/kg/h
2 mg/kg and followed by continuous
infusion of 200 mecg/kg/min
a single dose of 1 mg/kg
infusion at 300 ug/kg/min for 10 mins
2 kg/mi
Design: a systematic review and reduced to 250 meg/ ke r_nm Propofol has
: . . 1 mg/kg bolus followed by continuous
Sample: 6 studies with 368 subjects . . . faster onset
. . . infusion of 100 ug/kg/min
Zhou Variables: sedation onset, recovery time, se- - and recovery
Lo . . IV Dexmedetomidine. NA NA R
et al. (25) dation time, MRI time, MRI quality, PAED L. . time than
.. . 1 meg/kg initial dose followed by conti-
Statistical analysis: PRISMA and meta- . . dexmedeto-
. nuous infusion of 0.5 ug/kg/h L
analysis . . . midine
continuous infusion of mean dose 1.8
ug/kg/h
2 meg/kg followed by continuous infusi-
on of 2 meg/kg/h
single dose of 0.3 mcg/kg
1 meg/kg followed by 1 meg/kg/h
infusion
2 mcg/kg for 10min followed by conti-
nuous infusion of 1 mcg/kg/h
Design: Non-randomized controlled study
Sample: 88 patients received initiation,
35 patients received dexmedetomidine,
38 patients received propofol, 15 did not Propofol
p . Propotol, IV Dexmedetomidine 1 mcg/kg for 10 has faster
receive the drug .
Balasubra- Variables: Demographics, the success rate minutes recovery
manian C STaphucs, - TV ketamine 1 mg/kg NA NA time than
of MRI, quality of MRI, continuity of MRI,
etal. (13) . . . IV propofol 1 mg/kg dexmedeto-
side effects, recovery time, and duration of .
midine and
treatment i
ketamine

Statistical analysis: %2 test, ANOVA,
unpaired t-test, Kruskal-Wallis, and Mann
Whitney

NA, not applicable; IV, intravenous; IM, intramuscular; IN, intranasal

11
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changes in airway configuration. Mylavarapu et al.
(21) found that adding ketamine after dexmedeto-
midine did not significantly decrease the airway
configuration compared to dexmedetomidine alo-
ne. Mahmoud et al. study (22) also stated that the
use of dexmedetomidine or propofol did not cause
changes in airway configuration in patients with hi-
story of obstructive sleep apnoea (OSA). The study
of Watt et al. (23) stated no difference in airway
between sedation using dexmedetomidine and pro-
pofol after sevoflurane induction (Table 1, 2).

Propofol has a shorter recovery time than dexme-
detomidine or ketamine. Ahmed et al. (19) found
that propofol has a faster onset and recovery time
than dexmedetomidine. Tang et al. (24) and Ba-
lasubramanian et al. (13) found that trial sequen-
tial analysis (TSA) recommended propofol over
dexmedetomidine because of shorter recovery
time and faster onset. Propofol is recommended
for paediatric patients undergoing MRI because
it has a better sedative effect, faster onset and re-
covery time, also lower side effects of delirium
than dexmedetomidine (25) (Table 1).

An analysis of potential bias found that no articles
had potential bias on selective reporting points, in-
complete outcome data and blinding of outcome
assessment. More than 75% of the studies did not
have the potential for bias on the points of alloca-
tion concealment and blinding of participants and
personnel. As many as 50% of the studies had no
potential for random sequence generation bias, and
12.5% had a high potential for bias (Figure 2). The
limitation of this study is that there was no meta-
analysis of the outcome. Further meta-analyses
might be done as the continuity of this study.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incoplete outcome data (attrition bias)

Selective reporting (reporting bias)

1

0% 25% 50% 75% 100%

| I Low risk of bias [JUnclearrisk of bias [l High risk of bias

Figure 2. Risk of bias: review of authors’ judgements about
each bias risk item presented as percentages across all in-
cluded studies

DISCUSSION

Procedural sedation and analgesia (PSA) as pre-
medication in paediatrics before undergoing MRI
examination has several side effects and risks.

Monitoring is needed, especially in hemodyna-
mic stability, respiratory depression and reco-
very time. Several sedatives prescribed for PSA
include propofol, ketamine, chloralhydrate, and
dexmedetomidine in paediatrics (16).

In this systematic review, dexmedetomidine was
able to maintain hemodynamic stability in pae-
diatric patients. Studies conducted by Abuleb-
da et al. (18) and Ahmed et al. (19) stated that
dexmedetomidine could maintain hemodynamic
stability better than propofol. A retrospective re-
view by Ahmed et al. (19) found that hypotension
and bradycardia were more common in the pro-
pofol group.

There was no significant difference in hemodyna-
mics between dexmedetomidine and midazolam
(24). The level of sedation of intranasal dexme-
detomidine is higher than midazolam, thus giving
the patient more peace when separated from their
parents; 80% of patients in the dexmedetomidi-
ne group achieved satisfactory sedation (OAA/S
score > 4) (26).

The use of ketamine provokes some adverse
events, including nausea, vomiting and dyspho-
ria (18). However, the combination of dexme-
detomidine (1.5 mg/kg) and ketamine (2 mg/kg)
intramuscularly gives better results in terms of
hemodynamic stability (16). Based on the result,
dexmedetomidine is the best choice over pro-
pofol, midazolam and ketamine in terms of he-
modynamic stability (16-18, 24).

Intravenous dexmedetomidine administration
has a high incidence of hemodynamic instability
and a high rate of sedation failures, also requires
additional supplemental sedation (IV midazolam
titration 0.05mg/kg every 4 minutes) (16). The in-
tramuscular administration has been shown to pro-
vide better hemodynamic stability even though the
onset of sedation is lower than the intravascular
administration (16). Intranasal administration can
be used as an alternative to MRI premedication
because it does not significantly affect hemodyna-
mics. In addition, intranasal sedation is non-inva-
sive and easy to perform (26) and can be used as
an option for sedation in paediatrics with alpha-
mannosidosis (27). The median effective dose
(ED50) of intranasal dexmedetomidine includes:
0.4 mg/kg in children 1-6 months of age, 0.5 mg/
kg at 7-12 months of age, 0.9 mg/kg at 13-24
months of age, and 1.0 mg/kg in children aged 24-
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36 months (28). Meanwhile, according to Sulton
et al. (14) a dose of 3 mg/kg intranasal dexmede-
tomidine is recommended for paediatric patients
aged 14 months, and the study of Olgun and Ali
(12) stated that at a dose of 4 mg/kg dexmede-
tomidine is effective in paediatric patients un-
der one year of age. In school-aged children, the
buccal route is preferred over the intranasal route.
Dexmedetomidine given by the buccal route with
or without the addition of oral midazolam does not
cause serious adverse events, but the percentage of
failure reaches 20% (15).

There is no significant respiratory depression
in paediatric patients who receive propofol or
dexmedetomidine who were previously given
inhaled sevoflurane (20). In obstructive sleep
apnoea patients undergoing sedation using
dexmedetomidine or propofol, upper airway
morphology did not experience significant chan-
ges. However, Mahmoud et al. (22) showed that
23% of paediatric patients in the propofol group
required additional airway support. The admini-
stration of dexmedetomidine alone or the combi-
nation of dexmedetomidine and ketamine in pa-
ediatric patients undergoing general anaesthesia
did not cause a significant difference in the upper
airway diameter (19).

The comparison of dexmedetomidine and pro-
pofol shows that propofol has a faster onset than
dexmedetomidine (22). Ahmed et al. (19) also
showed that dexmedetomidine onset was longer
(13.6+4.58 minutes) than propofol (2.0 +0.00 mi-
nutes). Dexmedetomidine needs a longer induc-
tion duration due to the slow infusion rate (more
than10 minutes) to avoid unwanted hemodyna-
mic impairment. Dexmedetomidine has a longer
discharge time (92 minutes) than the propofol
group (37 minutes).
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