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Abstract

Purpose Pediatric sedation is commonly required to obtain high-quality images in magnetic resonance imaging (MRI). We
performed a systematic review and meta-analysis to assess the effects of dexmedetomidine sedation for MRI in children.
Methods A systematic review was conducted to find all randomized controlled trials concerning dexmedetomidine sedation
for MRI in children. We searched databases using the Ovid platform in the Cochrane Controlled Trials Register, MEDLINE,
and EMBASE. This study was registered in the PROSPERO database: CRD42020198368.

Results Seven studies and 753 participants were included. Dexmedetomidine sedation showed a significantly delayed onset
time [weighted mean differences (WMD) =8.13 min, 95% confidence interval (CI)4.64 to 11.63, I’=98%] and recovery
time (WMD =5.22 min, 95% CI 0.35 to 10.09, 2= 92%) compared to propofol, ketamine, and midazolam sedation. There
was no difference in quality of sedation [risk ratio (RR)=1.25, 95% CI 0.92 to 1.69, I?=89%], or incidence of sedation
failure (RR = 1.39, 95% CI 0.53 to 3.66, I>=83%) between groups. Although a significantly decreased heart rate (WMD = —
17.34 beats/minute, 95% CI — 22.42 to — 12.26, 12=96%) was observed, bradycardia that required treatment was not
increased (RR =8.00, 95% CI 1.02 to 62.64, I>=0%). Dexmedetomidine sedation had a lower incidence of desaturation
events (RR =0.42, 95% CI 0.20 to 0.86, I>=4%). However, there was no difference in incidence of postoperative vomiting
(RR=0.42,95% CI 0.15 to 1.17, 1>=17%) between groups.

Conclusions Dexmedetomidine sedation provided a similar sedation quality with a reduced incidence of desaturation events.
However, the delayed onset and recovery times were drawbacks. The clinical significance of bradycardia is considered to
be low. GRADE assessment revealed the quality of the evidence in this meta-analysis ranged from very low to moderate.
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Introduction

Magnetic resonance imaging (MRI) is a non-radiative and
painless examination that produces detailed visualization of
the organs and structures. Although its role is expanding
in diagnosis of pediatric diseases, it is difficult for infants
and young children to remain still for the duration of the
MRI exam due to loud noises, the narrow space, and immo-
bilization [1]. Therefore, sedation or general anesthesia
is requested with increasing frequency to obtain qualified
images in children, and a recent survey conducted by the
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pediatric committee of the Society of Cardiovascular Mag-
netic Resonance showed that 64% of children younger than
8 years underwent general anesthesia for MRI, while 23%
underwent sedation [2].

The aim of MRI sedation is not only to obtain high-
quality images, but also to achieve maximum patient safety.
However, sedation comes with a risk of airway collapse and
hemodynamic instability [3]. Furthermore, despite many
studies on MRI sedation in children, the most appropriate
sedation method has not been established [4].

Among the sedative drugs, dexmedetomidine is a spe-
cific and highly selective alpha-2 adrenoreceptor agonist
with both analgesic and sedative effects [5, 6]. Although
it has the advantage of less respiratory depression, its sym-
patholytic effects have the risk of dose-dependent brady-
cardia [7, 8]. The overall effectiveness of dexmedetomidine
sedation compared with other sedation methods for MRI in
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children remains incompletely evaluated [9, 10]. Therefore,
we performed this systematic review and meta-analysis of
randomized controlled trials on dexmedetomidine sedation
compared to other sedation methods to assess the efficacy
and safety of dexmedetomidine sedation for MRI in children.

Materials and methods

We used a systematic approach to locate publications that
evaluated the efficacy and safety of dexmedetomidine
sedation for MRI in children. This systematic review and
meta-analysis is performed according to the guidelines in
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) and the Cochrane Review Meth-
ods [11]. This study was registrated in the PROSPERO data-
base: CRD42020198368.

Data sources and literature sources

The OVID platform was used for examining the relevant
literature. We searched MEDLINE In-Process and Other
Non-Indexed Citations, Ovid MEDLINE (R) Daily, and
Ovid MEDLINE (R) from 1946 to the present (OVID plat-
form); the Cochrane Controlled Trials Register (OVID
platform), the Cochrane Database of Systematic Reviews
(OVID platform), and EMBASE (from 1974) (OVID plat-
form) from inauguration to July 22, 2020. We additionally
searched all the relevant literature in the Web of Science,
KoreaMed databases, and Google Scholar. The main key-
words were dexmedetomidine, magnetic resonance imaging,
MRI, nuclear magnetic resonance, child, and randomized
controlled trial. The detailed search strategy for MEDLINE
is described in Supplementary Table 11. These search strate-
gies were modified for the EMBASE and the Cochrane Data-
base of Systematic Reviews.

Study selection

Two reviewers (JYK and DWK) independently identified
all the studies using predefined selection criteria. A third
reviewer (KNK) arbitrated disagreements in primary study
selection. Studies were included in this meta-analysis if
they fulfilled the following criteria: (1) Literature type:
randomized controlled trials in any published international
journals in the English language; (2) Subjects: patients aged
younger than 20 years undergoing sedation for MRI exami-
nation; (3) Interventions: studies evaluating the efficacy
and safety of dexmedetomidine sedation; (4) Outcomes: the
primary outcomes were sedation onset and recovery times;
secondary outcomes were quality of sedation, sedation fail-
ure rate, hemodynamic changes during sedation, and adverse
effects such as incidence of hypotension, bradycardia,
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desaturation, nausea, and vomiting. The outcome variables
were mean differences or the incidence of events between
groups. The exclusion criteria were as follows: (1) patients
aged older than 20 years; (2) patients with developmental
delay, psychological disorder, cognitive impairment, or
severe central nervous system disorder; (3) combination
regimen with other sedative agents that might influence the
sedation effects.

Data extraction

The data were independently extracted by two reviewers
(JYK and DWK) using a specific pre-designed data extrac-
tion form. The extracted data were verified by the third
reviewer (KNK). The following variables were extracted:
(1) number of patients and patient characteristics; (2) details
of the sedative method and drug dosage used as the interven-
tion; (3) means and standard deviations of the outcome data
or incidence of events; (4) time points at which outcome data
were assessed; and (5) incidence of adverse events for each
method. If any of these data were not described in studies,
we requested the data via email.

Assessment of methodological quality

Assessments of the risk of bias were performed indepen-
dently by two reviewers (KNK and JYK) using the Cochrane
risk-of-bias tool [11]. The methods for generating random
sequences, allocation concealment, blinding of participants
and personnel, blinding of outcome assessments, incom-
pleteness of outcome data, selective reporting of outcomes,
and other possible sources of risk of bias were evaluated to
assess the quality of randomized controlled studies.

Quality of the evidence

The grade of the outcome evidence was evaluated using the
Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) assessments [11]. Two review-
ers (KNK and JYK) independently estimated the quality of
each outcome. The five categories of GRADE quality assess-
ment are limitations of design, inconsistency, indirectness,
imprecision, and publication bias. A “GRADE summary of
findings” table was presented by the GRADE profiler (GRA-
DEpro) and included the following outcomes: (1) sedation
onset time; (2) sedation recovery time; (3) quality of seda-
tion; (4) mean arterial pressure; (5) heart rate; (6) incidence
of desaturation; and (7) incidence of postoperative vomiting.

Statistical analysis

Continuous data were presented as mean difference and their
associated 95% confidence interval (CI). They were analyzed
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using weighted mean differences (WMD) determined via
the generic inverse variance method. Binary outcomes were
presented as a risk ratio (RR) with 95% CI. Heterogeneity
between studies was evaluated using the y? test and the I
statistic [12]. An I? statistic > 50% and a )(2 test with a P
value < 0.10 were considered to indicate statistical heteroge-
neity. When significant statistical heterogeneity was detected
without small-study effects, we used random-effects models.

We performed a subgroup analysis according to sedation
regimens to assess the efficacy and safety of each sedation
method. If the number of included studies was greater than
10, we used funnel plots to assess the publication bias of the
studies included in this meta-analysis. All statistical analyses
were conducted using the Cochrane Collaboration Review
Manager software (RevMan version 5.4.).

Results
Identification of studies

Initial database searches identified 501 publications. After
241 duplicate articles were removed, we additionally
excluded 229 publications by screening their titles and
abstracts which did not satisfy the selection criteria. For
the remaining 31 publications, review of the full manu-
scripts was performed, and 24 were excluded because of
different study designs (13 articles), combination inter-
ventions involving other drugs (nine articles), a retracted
publication (one article), and inappropriate outcome data
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Fig. 1 Flow diagram of the literature search strategy

@ Springer



528

Journal of Anesthesia (2021) 35:525-535

(one article). Consequently, seven studies [13—19] and 753
participants were included in this meta-analysis (Fig. 1).

Study characteristics and patient populations

The included articles were published between 2005 and
2018 in five different countries: USA (1), China (1), India
(1), Turkey (2), and Egypt (2). Four studies [13, 14, 16, 18]
compared the effects of intravenous dexmedetomidine with
those of intravenous propofol. One study compared intrave-
nous dexmedetomidine with ketamine [15], and one study
compared intramuscular dexmedetomidine with ketamine
[17]. One study compared intravenous dexmedetomidine
with intravenous midazolam [19]. Table 1 summarizes the
characteristics of the included studies.

Quality of included studies

Although all included studies used a random allocation
method, two did not describe in detail the specific random
method [13, 16]. Allocation concealment was explained in
detail in one study [15], and four studies [16—19] minutely
described their blinding methods. The risk of allocation con-
cealment and blinding was unclear in the other studies. The
risks of incomplete outcome data, selective reporting, and

other bias in the included studies were low. Supplementary
Fig. la and b presents the risk-of-bias graph and summaries.

Sedation onset and recovery time

The onset time was defined as the time from administration
of sedative to achievement of adequate sedation (Ramsay
sedation score 4-6). Our meta-analysis revealed a signifi-
cantly delayed onset time with dexmedetomidine sedation
compared to other sedation methods (WMD =8.13 min, 95%
CI 4.64 to 11.63, P <0.00001, I>=98%) (Fig. 2a). A sub-
group analysis comparing dexmedetomidine with propofol
revealed a significantly delayed onset time in dexmedetomi-
dine sedation compared to propofol (WMD =6.05 min, 95%
CI3.13 t0 8.97, P<0.0001, I>= 92%) and a delay compared
to ketamine (WMD =11.05 min, 95% CI 8.90 to 13.21,
P <0.00001, I>=87%) (Fig. 2a).

There was significantly delayed recovery time between
dexmedetomidine sedation and other sedation methods
(WMD =5.22 min, 95% CI 0.35 to 10.09, P=0.04, I>=92%)
(Fig. 2b). A subgroup analysis comparing dexmedetomidine
with propofol revealed a significantly delayed recovery
time (WMD=10.10 min, 95% CI 2.93 to 17.27, P=0.006,
1=79%) (Fig. 2b).

Table 1 Characteristics of the included randomized controlled trials evaluating dexmedetomidine sedation

Study Year ASA Sedation evaluation Intervention Induction method Maintenance method N Age (y) Weight (kg)
Eldeek 15 2016 LII Ramsay sedation scale DEX 1 pg/kg IV injection for 0.5-0.75 pg/kg/hr 55 5 14
10 min
Ketamine 1 mg/kg IV injection 10-15 pg/kg/min 55 5 14
Kamal 14 2017 LII  Ramsay sedation scale DEX 2 pg/kg IV injection for 1 pg/kg/hr 30 5.2 13.4
10 min
Propofol 1 mg/kg IV injection 100 pg/kg/min 30 42 14.9
Koroglu 18 2006 LII  Ramsay sedation scale DEX 1 pg/kg IV injection for 0.5 pg/kg/hr 30 4 14
10 min
Propofol 3 mg/kg IV injection for 100 pg/kg/min 30 3 14
10 min
Koroglu 19 2005 LII  Ramsay sedation scale DEX 1 pg/kg IV injection for 0.5 pg/kg/hr 40 4 14
10 min
Midazolam 0.2 mg/kg IV injection for 6 pg/kg/min 40 4 14
10 min
Tamman 17 2013 LII  Ramsay sedation scale DEX 3 pg/kg IM injection 54 38 15.3
Ketamine 4 mg/kg IM injection 54 38 15.6
Wu 16 2014 LI DEX 2 pg/kg IV injection over 2 pg/kg/hr 46 4.2 17.9
10 min
Propofol 2 mg/kg IV injection 200 pg/kg/min 49 39 15.4
Yang 13 2018 LII Ramsay sedation scale DEX 1 pg/kg IV injection not 1 pg/kg/hr 120 34 13.6

less 10 min

Propofol

2.5 mg/kg IV injection for
10 min

80-100 pg/kg/min 120 3.2 12.6

ASA American society of anesthesiology, DEX dexmedetomidine, /V intravenous, /M intramuscular, N patient number, y year
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A

Dexmedetomidine Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.1.1 Dexmedetomidine vs Propofol
Kamal 2017 7 174 30 342 1.34 30 20.4% 3.58[2.79, 4.37] -
Koroglu 2006 11 4 30 4 1.94 30 19.8% 7.00 [5.41, 8.59] B
Wu 2014 242 484 46 16.3 5.54 49  19.2% 7.90 [5.81, 9.99] —
Subtotal (95% CI) 106 109 59.5% 6.05 [3.13, 8.98] <
Heterogeneity: Tau? = 6.04; Chi? = 24.80, df = 2 (P < 0.00001); I> = 92%
Test for overall effect: Z = 4.06 (P < 0.0001)
1.1.2 Dexmedetomidine vs Ketamine
Eldeek 2016 15 3 55 5 1.54 55 20.4%  10.00[9.11, 10.89] -
Tammam 2013 16.8 4.5 54 46 15 54 20.1% 12.20[10.93, 13.47] o
Subtotal (95% CI) 109 109 40.5% 11.05[8.90, 13.21] -
Heterogeneity: Tau? = 2.11; Chi?=7.76, df = 1 (P = 0.005); I* = 87%
Test for overall effect: Z = 10.06 (P < 0.00001)
Total (95% Cl) 215 218 100.0% 8.13 [4.64, 11.63] —~—
Heterogeneity: Tau? = 15.39; Chi2 = 179.22, df = 4 (P < 0.00001); I> = 98% i 1 5 5 5 5 1‘0

Test for overall effect: Z = 4.56 (P < 0.00001)
Test for subgroup differences: Chi? = 7.28, df = 1 (P = 0.007), I> = 86.3%

B

Favours [Dexmedetomidine] Favours [Control]

Dexmedetomidine Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Dexmedetomidine vs Propofol
Kamal 2017 9.02 299 30 3.52 1.07 30 26.0% 5.50 [4.36, 6.64] -
Koroglu 2006 27 19.05 30 18 4.72 30 17.0% 9.00 [1.98, 16.02] I
Wu 2014 399 288 46 21 9.95 49 14.2% 18.90[10.12, 27.68] — =
Subtotal (95% CI) 106 109 57.2% 10.10 [2.93, 17.27] e
Heterogeneity: Tau? = 30.80; Chi? = 9.62, df =2 (P = 0.008); I = 79%
Test for overall effect: Z =2.76 (P = 0.006)
1.2.2 Dexmedetomidine vs Ketamine
Eldeek 2016 20 465 55 21 5.22 55 25.4% -1.00 [-2.85, 0.85] =
Subtotal (95% CI) 55 55 25.4% -1.00 [-2.85, 0.85] <
Heterogeneity: Not applicable
Test for overall effect: Z = 1.06 (P = 0.29)
1.2.3 Dexmedetomidine vs Midazolam
Koroglu 2005 24 17.6 40 25 132 40 17.4% -1.00 [-7.82, 5.82 - T
Subt%tal (95% ClI) 40 40 17.4% -1.00 [[-7.82, 5.82]] et
Heterogeneity: Not applicable
Test for overall effect: Z = 0.29 (P = 0.77)
Total (95% CI) 201 204 100.0% 5.22[0.35, 10.09] e
Heterogeneity: Tau? = 23.40; Chiz = 49.87, df = 4 (P < 0.00001); I = 92% _2’0 i 1 o o 1‘0 2‘0

Test for overall effect: Z=2.10 (P = 0.04)
Test for subgroup differences: Chi? = 8.67, df = 2 (P = 0.01), ?=76.9%

Favours [Dexmedetomidine] Favours [Control]

Fig.2 The effects of dexmedetomidine sedation for MRI in children. (a) Impact on onset time of sedation; (b) Impact on recovery time of sedation

Sedation quality and incidence of sedation failure

Sedation quality was assessed based on the number of
high-quality images obtained from MRI scanning or the
number of instances of no movement during the MRI
scan. There was no difference between dexmedetomidine
sedation and other sedation methods in quality of seda-
tion (RR=1.25, 95% CI1 0.92 to 1.69, P=0.15, I>=89%)
(Fig. 3a). In subgroup analysis, dexmedetomidine seda-
tion showed a higher quality of sedation compared to
midazolam sedation (RR=4.00, 95% CI 2.11 to 7.58,
P <0.0001) (Fig. 3a). There was no difference in incidence

of sedation failure between groups (RR=1.39, 95% CI
0.53 to 3.66, P=0.50, 1>=83%) (Fig. 3b).

Hemodynamic variables

This meta-analysis demonstrated that mean arterial pressure
did not differ between dexmedetomidine sedation and other
sedation methods (WMD =2.22 mmHg, 95% CI — 8.71 to
13.15, P=0.69, 12:99%) (Fig. 4a). In terms of heart rate,
dexmedetomidine sedation significantly decreased heart rate
(WMD = — 17.34 beats/minute, 95% CI — 22.42 to — 12.26,
P <0.00001, I?=96%) (Fig. 4b). All subgroup analyses of
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A

Dexmedetomidine Control Risk Ratio

Risk Ratio

M-H. Random, 95% CI

Study or Subgrou Events Total Events Total Weight M-H. Random, 95% Cl
1.3.1 Dexmedetomidine vs Propofol

Kamal 2017 20 30 19 30 18.8% 1.05[0.73, 1.53]

Koroglu 2006 19 30 20 30 18.8% 0.95 [0.66, 1.38]

Yang 2018 108 120 84 120 25.0% 1.29[1.13, 1.47]

Subtotal (95% CI) 180 180 62.6% 1.16 [0.96, 1.41]

Total events 147 123

Heterogeneity: Tau? = 0.01; Chiz =3.10, df =2 (P = 0.21); I? = 35%
Test for overall effect: Z = 1.53 (P = 0.13)

1.3.2 Dexmedetomidine vs Ketamine

Eldeek 2016 49 55 51 55 25.2% 0.96 [0.85, 1.08]
Subtotal (95% CI) 55 55 25.2% 0.96 [0.85, 1.08]
Total events 49 51

Heterogeneity: Not applicable

Test for overall effect: Z=0.66 (P = 0.51)

1.3.4 Dexmedetomidine vs Midazolam

Koroglu 2005 32 40 8 40 12.2% 4.00[2.11, 7.58]
Subtotal (95% CI) 40 40 12.2% 4.00 [2.11, 7.58]
Total events 32 8

Heterogeneity: Not applicable

Test for overall effect: Z = 4.25 (P < 0.0001)

Total (95% ClI) 275 275 100.0% 1.25[0.92, 1.69]
Total events 228 182

Heterogeneity: Tau? = 0.09; Chi? = 35.08, df = 4 (P < 0.00001); I = 89%
Test for overall effect: Z=1.42 (P = 0.15)
Test for subgroup differences: Chi? = 20.05, df =2 (P < 0.0001), I> = 90.0%

Dexmedetomidine
Study or Subgroup Events Total

Risk Ratio
M-H, Random, 95% CI

Control
Events Total Weight

R E—

R S

>

44

-

0.5 1
Favours [Control]

0.2

Risk Ratio

2 5

Favours [Dexmedetomidine]

M-H. Random, 95% ClI

1.4.1 Dexmedetomidine vs Propofol

Kamal 2017 9 30 5 30 17.8% 1.80 [0.68, 4.74]
Koroglu 2006 5 30 3 30 15.3% 1.67 [0.44, 6.36]
Wu 2014 15 46 1 49 11.3% 15.98 [2.20, 116.17]
Subtotal (95% CI) 106 109 44.4% 2.91[0.84, 10.11]
Total events 29 9

Heterogeneity: Tau? = 0.71; Chiz = 4.91, df = 2 (P = 0.09); I> = 59%
Test for overall effect: Z = 1.68 (P = 0.09)

1.4.2 Dexmedetomidine vs Ketamine

Eldeek 2016 6 55 4 55 16.2% 1.50 [0.45, 5.02]
Tammam 2013 15 54 12 54 19.7% 1.25[0.65, 2.42]
Subtotal (95% CI) 109 109 35.8% 1.30 [0.73, 2.32]
Total events 21 16

Heterogeneity: Tau? = 0.00; Chi? = 0.07, df =1 (P = 0.79); I = 0%
Test for overall effect: Z = 0.90 (P = 0.37)

1.4.3 Dexmedetomidine vs Midazolam

Koroglu 2005 8 40 32 40 19.8% 0.25[0.13, 0.47]
Subtotal (95% CI) 40 40 19.8% 0.25[0.13, 0.47]
Total events 8 32

Heterogeneity: Not applicable

Test for overall effect: Z = 4.25 (P < 0.0001)

Total (95% Cl) 255 258 100.0% 1.39 [0.53, 3.66]
Total events 58 57

Heterogeneity: Tau? = 1.12; Chi? = 28.65, df = 5 (P < 0.0001); I* = 83%
Test for overall effect: Z = 0.67 (P = 0.50)
Test for subgroup differences: Chi? = 19.42, df = 2 (P < 0.0001), I> = 89.7%

?

0.005

0.1 1
Favours [Dexmedetomidine]

10 200

Favours [Control]

Fig.3 The effects of dexmedetomidine sedation for MRI in children. (a) Impact on the sedation of quality; (b) Impact on the incidence of seda-

tion failure
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A

Dexmedetomidine Control

Mean Difference Mean Difference

Study or Subgrou Mean D Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

1.5.1 Dexmedetomidine vs Propofol

Koroglu 2006 75  9.06 30 70 8.69 30 16.4% 5.00 [0.51, 9.49] e

Wu 2014 78.5 5.3 46 57.5 246 49 16.8%  21.00[19.32, 22.68] -
Yang 2018 77.2 6.8 120 692 76 120 16.8% 8.00[6.18, 9.82] -

Subtotal (95% CI) 196 199 50.0% 11.45[1.18, 21.72] e ——
Heterogeneity: Tau? = 80.11; Chi? = 123.40, df = 2 (P < 0.00001); I? = 98%

Test for overall effect: Z=2.19 (P = 0.03)

1.5.2 Dexmedetomidine vs Ketamine

Eldeek 2016 75  7.53 55 92 9.34 55 16.6% -17.00[-20.17,-13.83] -

Tammam 2013 61 4.22 54 65.83 4.77 54 16.8% -4.83 [-6.53, -3.13] —

Subtotal (95% CI) 109 109 33.4% -10.84 [-22.76, 1.09] o —————

Heterogeneity: Tau? = 72.37; Chi? = 43.97, df = 1 (P < 0.00001); I? = 98%

Test for overall effect: Z=1.78 (P = 0.07)

1.5.3 Dexmedetomidine vs Midazolam

Koroglu 2005 72 8.1 40 71 75 40 16.6% 1.00 [-2.42, 4.42] -

Subtotal (95% CI) 40 40 16.6% 1.00 [-2.42, 4.42] ’

Heterogeneity: Not applicable

Test for overall effect: Z = 0.57 (P = 0.57)

Total (95% Cl) 345 348 100.0% 2.22[-8.71,13.15] ’—
Heterogeneity: Tau? = 184.40; Chi? = 676.66, df = 5 (P < 0.00001); I = 99% _2‘0 i 1 p 0 1‘0 2’0

Test for overall effect: Z = 0.40 (P = 0.69)
Test for subgroup differences: Chi? = 7.75, df = 2 (P = 0.02), I = 74.2%

B

Favours [Control] Favours [Dexmedetomidine]

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 Dexmedetomidine vs Propofol
Koroglu 2006 97 13.69 30 104 9.26 30 14.5% -7.00 [-12.91, -1.09] -
Wu 2014 75.7 4.5 46 100.1 4.1 49 17.7% -24.40[-26.13, -22.67] -
Yang 2018 86.7 115 120 1012 95 120 17.2% -14.50[-17.17,-11.83] —
Subtotal (95% CI) 196 199 49.4% -15.65[-24.79, -6.50] —el—
Heterogeneity: Tau? = 61.61; Chi? = 58.81, df = 2 (P < 0.00001); I? = 97%
Test for overall effect: Z = 3.35 (P = 0.0008)
1.6.2 Dexmedetomidine vs Ketamine
Eldeek 2016 92 0.75 55 120 8.59 55 17.4% -28.00[-30.28, -25.72] -
Tammam 2013 85.17 2.94 54 104.28 4.97 54 17.8% -19.11[-20.65, -17.57] -
Subtotal (95% Cl) 109 109 35.2% -23.51 [-32.23, -14.80] —l—
Heterogeneity: Tau? = 38.53; Chi? = 40.13, df = 1 (P < 0.00001); I* = 98%
Test for overall effect: Z = 5.29 (P < 0.00001)
1.6.3 Dexmedetomidine vs Midazolam
Koroglu 2005 9% 122 40 104 10.5 40 15.4% -8.00 [-12.99, -3.01] -
Subtotal (95% ClI) 40 40 15.4%  -8.00 [-12.99, -3.01] i
Heterogeneity: Not applicable
Test for overall effect: Z = 3.14 (P = 0.002)
Total (95% CI) 345 348 100.0% -17.34 [-22.42, -12.26] i

. 2= . Chiz = = .12 = 089 } + + +
Heterogeneity: Tau? = 37.18; Chi? = 127.11, df =5 (P < 0.00001); I> = 96% 20 10 0 10 20

Test for overall effect: Z = 6.69 (P < 0.00001)
Test for subgroup differences: Chi? = 9.72, df = 2 (P = 0.008), I* = 79.4%

Fig.4 The effects of dexmedetomidine sedation for MRI in children
(beats/minute)

dexmedetomidine sedation compared with propofol, keta-
mine, and midazolam demonstrated a significantly decreased
heart rate (Fig. 4b).

Incidence of adverse events

The incidence of adverse events of hypotension, bradycar-
dia, desaturation, nausea, and vomiting was evaluated in this
meta-analysis. Hypotension and bradycardia were defined as
reduction greater than 20% from the baseline level. There
was no significant difference in hypotension (RR =0.83,

Favours [Control] Favours [Dexmedetomidine]

. (a) Impact on mean arterial pressure (mmHg); (b) Impact on heart rate

95% CI 0.01 to 88.62, P=0.94, I’=81%) or bradycar-
dia (RR=8.00, 95% CI 1.02 to 62.64, P=0.05, I’=0%)
(Supplementary Fig. 2). All included studies reported no
instances of clinically significant hemodynamic instability
that required intervention. The incidence of desaturation
was defined as SpO2 < 90-93%. Dexmedetomidine sedation
showed a reduction in desaturation events compared to other
sedation methods (RR=0.42, 95% CI 0.20 to 0.86, P=0.02,
I>=4%) (Supplementary Fig. 3A). A subgroup analysis of
the comparisons with propofol also showed fewer desatu-
ration events (RR=0.16, 95% CI 0.03 to 0.88, P=0.03,
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1>=0%). There was no significant difference in incidence of
postoperative vomiting between groups (RR=0.42, 95% CI
0.15 to 1.17, P=0.10, I*=17%) (Supplementary Fig. 3b).
Although patients who received dexmedetomidine sedation
experienced a significantly lower incidence of postoperative
vomiting compared to ketamine (RR=0.16, 95% CI 0.03 to
0.86, P=0.03, IZ=O%), there was no difference in a sub-
group analysis comparing dexmedetomidine with propofol
(RR =1.40, 95% CI10.28 to 6.99, P=0.68, I*=0%).

Quality of evidence

The grade of outcome evidence was evaluated using the
GRADE assessment, and the GRADE summary of findings
is presented in Table 2. The overall quality of the evidence in
this meta-analysis ranged from very low to moderate. Most
studies had problems with inconsistency and imprecision.
Because the number of included studies was fewer than 10,
publication bias was not evaluated.

Discussion

This meta-analysis demonstrated that dexmedetomidine
sedation for MRI in pediatric patients resulted in delayed
sedation onset and recovery times and decreased heart rate.
There was no difference in sedation quality, incidence of
sedation failure, or mean arterial pressure. Dexmedetomi-
dine sedation was also associated with a lower incidence of
desaturation events.

There were two previous meta-analyses that compared
dexmedetomidine with propofol [9, 10]. These studies
included all relevant publications regardless of study design
and included one retracted article and retrospective stud-
ies. In addition, studies that used inhalation anesthesia with
sevoflurane were included. Use of inhalation anesthetic can
affect sedation onset and recovery times, hemodynamic
changes, and airway obstruction. The use of invasive air-
way devices such as laryngeal mask airway is considered as
general anesthesia [20], and studies that used such devices
should be excluded when assessing the effects of dexmedeto-
midine sedation. All studies in which sedative drugs other
than dexmedetomidine were used were excluded to increase
the reliability of the current meta-analysis.

The ideal drug characteristics for sedation are rapid onset
and recovery. Our meta-analysis revealed a 8.13-min delayed
onset with dexmedetomidine sedation. Compared to the
rapid onset times of ketamine (1-3 min) [21] and propo-
fol (10-50 s) [22], dexmedetomidine has a relatively slow
average onset time (8.6 min) due to the required slow drug
injection over 10 min [23]. Considering that rapid onset of
sedation is necessary for efficient MRI, delayed onset is a
drawback of dexmedetomidine sedation.

@ Springer

Dexmedetomidine, a potential alpha-2 agonist, dose-
dependently decreases blood pressure and heart rate 2°. In
this meta-analysis, children who underwent dexmedetomi-
dine sedation showed a 17.34 beats/minute decrease in heart
rate. However, clinically significant bradycardia that required
treatment was not observed. Mason et al. reported that dex-
medetomidine sedation in pediatric MRI procedures for 747
children lead to 97.6% success in imaging, with bradycardia,
which was seen in 16% of the cases, never exceeding a 20%
deviation from standard values [23]. Although the risk of
bradycardia should always be considered as a predictable
physiological response of dexmedetomidine sedation, the
decreased heart rate was less clinically relevant and did not
usually require treatment [24, 25].

Desaturation event caused by respiratory depression is
a common adverse effect during sedation. Interrupting the
MRI exam to secure the airway is sometimes required to
correct the desaturation, and this inefficiency leads to an
increase in cost. Propofol frequently causes dose-dependent
respiratory depression, including apnea, hypoventilation,
and airway obstruction [26-28]. As described earlier, dex-
medetomidine sedation, which induces hyperpolarization of
norepinephrine receptors in the locus coeruleus, is similar
to natural sleep [6, 29]. The locus coeruleus plays a pivotal
role in modulation of respiratory controls and sleep [30].
Consequently, dexmedetomidine sedation maintains airway
patency and respiratory drive; several studies have demon-
strated these advantages [23, 31, 32]. Our meta-analysis also
revealed that the incidence of desaturation events was sig-
nificantly lower with dexmedetomidine sedation.

The incidence of postoperative vomiting was significantly
decreased with dexmedetomidine sedation compared with
ketamine sedation. However, there were no differences
between dexmedetomidine and propofol, which also has
antiemetic properties (RR=1.40, 95% CI 0.28 to 6.99,
P=0.68, I’=0%). Binding to the alpha-2 presynaptic inhibi-
tory receptors in the locus coeruleus in the brain decreases
noradrenergic activity, and the alpha-2 adrenoreceptor
agonist effect of dexmedetomidine results in its antiemetic
properties [33, 34]. In addition, since high catecholamine
concentrations may induce nausea and vomiting, a decrease
of sympathetic tone could explain the antiemetic effect of
dexmedetomidine [35].

This meta-analysis has some limitations. First, there was
significant heterogeneity among studies. Clinical heteroge-
neity, such as in sedation drug, and sedative route was identi-
fied. Therefore, we performed a subgroup analysis according
to sedation regimen. Second, only a relatively small number
of patients were included in this meta-analysis. The effects of
the intervention can be overestimated in small clinical trials
if allocation sequence generation, allocation concealment,
and double blinding are not ensured [36]. Third, according
to the result of GRADE assessments, the overall quality of
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Table2 GRADE summary of findings table

Outcomes

Studies (n) Patients (n)

Anticipated
absolute effects”
(95% CI)

Relative effect
(95% CI)

Quality of evi-
dence (GRADE)

Sedation onset
time

Sedation recov-
ery time

Quality of seda-
tion

Mean arterial
pressure

Heart rate

Incidence of
desaturation

Incidence of
postoperative
vomiting

5 RCTs

5 RCTs

5 RCTs

6 RCTs

6 RCTs

6 RCTs

5 RCTs

Dexmedetomi-
dine
215

201

228/275 (82.9%)

345

345

8/255 (3.1%)

4/289 (1.4%)

Control

218

278

182/275 (66.2%)

348

348

22/258 (8.5%)

11/289 (3.8%)

Risk with dex-
medetomidine

Sedation onset
time with dex-
medetomidine
was 8.13 min
longer (4.64
higher to 11.63
higher)

Sedation
recovery time
with dexme-
detomidine
was 5.22 min
longer (0.35
higher to 10.09
higher)

165 more per
1,000 (53
fewer to 457
more)

Mean arterial
pressure with
dexmedeto-
midine was
2.22 mmHg
higher (8.71
lower to 13.15
higher)

Mean heart rate
with dexme-
detomidine
was 17.34
beats/minute
lower (22.42
lower to 12.26
lower)

49 fewer per

1000 (68 fewer
to 12 fewer)

22 fewer per
1000 (32 fewer
to 6 more)

Risk with
control

662 per 1,000

85 per 1,000

38 per 1,000

RR 1.25(0.92 to
1.69)

RR 0.42 (0.20 to
0.86)

RR 0.42 (0.15 to
1.17)

D000

VERY LOW ¢

SOOO ERY

LOW®*

SDOO
LOW*P

SIS @)

MODERATE?*

SDDO

MODERATE*

SIS @)

MODERATE®

SO0

MODERATE?

Risk in the intervention group (and its 95% confidence interval) is based on assumed risk in the comparison group and relative effect of the inter-
vention (and its 95% CI). CI: confidence interval; RR: risk ratio; RCTs: randomized controlled studies

GRADE Working Group grades of evidence. High quality: we are very confident that the true effect lies close to the estimate of the effect.
Moderate quality: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there
is a possibility that it is substantially different. Low quality: our confidence in the effect estimate is limited: the true effect may be substantially
different from the estimate of the effect. Very low quality: we have very little confidence in the effect estimate: the true effect is likely to be sub-
stantially different from the estimate of effect

“Downgraded by 1 level due to inconsistency

"Downgraded by 1 level due to imprecision

“Downgraded by 2 levels due to inconsistency
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evidence in this meta-analysis ranged from very low to mod-
erate owing to problems with inconsistency or imprecision.
Lastly, since randomized controlled trials establish their own
inclusion and exclusion criteria and have a predefined inter-
vention protocol, the incidence of unusual clinical events
such as adverse events can be underestimated. Therefore,
although we only included randomized controlled trials in
this meta-analysis, caution must be taken when interpret-
ing our results, and well-controlled randomized studies are
needed to evaluate the effect of dexmedetomidine sedation
for MRI. In addition, additional research is needed to con-
firm the incidence of complications from dexmedetomidine
sedation.

Conclusions

In conclusion, this meta-analysis provided evidence that sig-
nificantly delayed onset and recovery times were drawbacks
of dexmedetomidine sedation. Dexmedetomidine sedation
did not differ from other methods in sedation quality, or
incidence of sedation failure for MRI exams. Dexmedeto-
midine sedation was also associated with a lower incidence
of desaturation events. Since bradycardia that required treat-
ment was not observed, the clinical significance of lower
heart rates following dexmedetomidine sedation is consid-
ered to be low.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00540-021-02946-4.
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