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Abstract
Aim: This systematic review and meta-analysis evaluated the effectiveness of intra-
nasal dexmedetomidine as a sole sedative during paediatric procedural sedation out-
side the operating room.
Methods: Relevant literature identified by PubMed, Scopus, ClinicalTrials.gov, 
ScienceDirect and Cochrane Library up to 31 December 2019 was systematically 
reviewed. Randomised controlled trials that compared intranasal dexmedetomi-
dine with another sedative or placebo during paediatric procedural sedation were 
included. Trials that studied intranasal dexmedetomidine as a premedication before 
anaesthesia were excluded. The primary outcome was the success of the planned 
procedure.
Results: We analysed seven randomised controlled trials of 730 patients: four trials 
with 570 patients compared dexmedetomidine with chloral hydrate and three tri-
als with 160 patients compared dexmedetomidine with midazolam. The incidence 
of successfully completing the procedure did not differ between dexmedetomidine 
and chloral hydrate, but dexmedetomidine had a higher success rate than midazolam. 
The incidence of hypotension, bradycardia or respiratory complications did not differ 
between the sedatives used. Nausea and vomiting were more common in children 
treated with chloral hydrate than in those treated with other sedatives.
Conclusion: Intranasal dexmedetomidine was a safe and effective sedative for minor 
paediatric procedures.

K E Y W O R D S

chloral hydrate, dexmedetomidine, intranasal sedation, midazolam, procedural sedation

1  | INTRODUC TION

Unavoidable medical procedures often cause discomfort and fear 
in children during hospitalisation.1,2 The most fearful patients often 

require analgesics and sedative medication, because nonpharma-
cological care is frequently insufficient to ameliorate their pain and 
anxiety.3 Sedative premedication is also commonly used in imaging 
studies, such as magnetic resonance imaging, computed tomography 
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and transthoracic echocardiography to ensure good-quality images 
are obtained. Most sedative drugs can be administered intranasally 
and these have a more rapid and profound sedative effect than orally 
administered drugs.4,5

Short-acting midazolam is a benzodiazepine that is most com-
monly used as premedication for paediatric patients. It has anxiolytic 
and amnesic properties, but it does not provide analgesia. Intranasal 
or intravenous administration of midazolam has a more anxiolytic 
effect than oral administration.6 Combining midazolam with other 
medication is recommended to achieve sufficient sedation, although 
it may increase the risk of adverse effects.7

Chloral hydrate has been used as a sedative premedication in the 
paediatric population because it has a relatively good sedative ef-
fect and safety profile. The most common adverse effects of chloral 
hydrate are a paradoxical reaction to sedation, vomiting and respi-
ratory depression.8 Concerns have been raised about the potential 
carcinogenic, neurotoxic and neuroapoptotic effects of chloral hy-
drate, especially when treating children who are younger than three 
years of age.9,10

Dexmedetomidine is a novel drug with anxiolytic, sedative and 
analgesic effects, and it has been shown to diminish the need for 
other pain medication during medical procedures.11,12 It can be used 
in varying doses, from 0.5 to 4 µg/kg, depending on the level of se-
dation required, and it has been shown to provide more profound 
and longer sedation at higher doses and in younger patients.13-15 
Less frequent adverse respiratory events have been reported 
during dexmedetomidine premedication than for most other seda-
tive drugs.16 However, some evidence exists that dexmedetomidine 
suppresses respiratory responses to hypoxia and hypercapnia.17 
Although rapid intravenous administration of dexmedetomidine may 
initially cause elevated blood pressure, cardiovascular responses are 
mainly bradycardic and, to some extent, hypotensive.18,19 Previous 
meta-analyses have revealed that intranasal dexmedetomidine was 
a more effective preoperative sedative drug than other traditional 
sedatives.16,20,21 Intranasal dexmedetomidine is expected to be a 
feasible and effective alternative to chloral hydrate and midazolam 
and have a better safety profile, especially due to its potential neu-
roprotective properties.22

The purpose of this systematic review and meta-analysis was to 
investigate whether intranasal dexmedetomidine, administered as a 
sole sedative agent, was superior to other sedatives in facilitating 
the successful completion of minor paediatric procedures that did 
not require intravenous sedation. The safety and clinical pharmaco-
kinetic profiles of dexmedetomidine were evaluated.

2  | METHODS

2.1 | Search strategy and selection criteria

This systematic review was performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta-analysis guide-
lines.23 Two researchers (MT, OP) conducted independent searches 

of PubMed, Scopus, ClinicalTrials.gov, ScienceDirect and Cochrane 
Database of Systematic Reviews electronic databases for relevant 
studies published from their inception until 31 December 2019. The 
search term dexmedetomidine was used for the database search. 
The search was limited to the English language. Additional studies 
were searched for by examining the reference lists of all the iden-
tified papers (Figure 1). No ethical approval was necessary, as this 
study was a review of the previously published literature and a meta-
analysis of previously published data.

2.2 | Inclusion and exclusion criteria

All randomised controlled trials that compared the efficacy of intra-
nasal dexmedetomidine with another sedative administered through 
intranasal, buccal, oral or rectal routes during minor paediatric 
procedures with blind assessment of the outcomes were included. 
Animal studies and trials that studied the use of intranasal dexme-
detomidine as premedication before surgery were excluded. Trials 
that included the routine use of intravenous sedatives were also 
excluded to rule out the effect of additional sedatives on the dura-
tion of sedation and adverse outcomes. In addition, one of the fol-
lowing outcomes was required in full-text papers: the success of the 
procedure, recovery time, time to discharge, emergence agitation, 
haemodynamic variables, respiratory depression or possible side ef-
fects (Figure 1).

2.3 | Data extraction and risk of bias assessment

A standardised record form was used to extract data from the in-
cluded studies. Three authors (MT, TP, OP) independently evalu-
ated the inclusion criteria, risk of bias and data extraction using 
the criteria of the Cochrane Handbook for Systematic Reviews of 
Interventions.23 Three authors (MT, TP, MK) rates quality of evidence 
using the Grading of Recommendations, Assessment, Development 

Key Notes

• This systematic review and meta-analysis assessed the 
efficacy of intranasal dexmedetomidine as a sole seda-
tive agent during paediatric procedures, using data from 
seven randomised control studies.

• Dexmedetomidine and chloral hydrate were equally 
successful when it came to completing the procedure 
without nausea or vomiting, but dexmedetomidine was 
superior to midazolam.

• The incidence of bradycardia, hypotension or adverse 
respiratory events did not differ between the sedatives 
used.
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and Evaluations (GRADE).24 The Cochrane Collaboration tool25 was 
used to assess the risk of bias in the studies included in the meta-
analysis. Possible disagreements were discussed, and consensus 
was reached. Original data were collected from the included studies 
without any modifications. If the relevant data were not reported in 
the papers, the principal investigators were contacted for the miss-
ing data.

The primary outcome was the success of the procedure. This was 
any successful procedure reported by a study, because the proce-
dure had been completed without any additional sedatives or the 
clinicians had achieved the desired level of sedation after admin-
istering the study drug. The secondary outcomes were the onset 
time and duration of sedation, time to discharge and occurrence of 

adverse events, such as nausea or vomiting, haemodynamic events 
and peripheral oxygen desaturation. Adverse haemodynamic and 
respiratory events were defined as a change in heart rate, blood 
pressure or oxygen saturation that required any intervention.26 The 
primary and secondary outcomes were determined before the data 
extraction.

2.4 | Statistical analysis

Given the high chance of the primary outcome, which was the suc-
cess of the planned procedure, the relative risk (RR) and its 95% 
confidence interval (CI) were calculated for the combined effect. 

F I G U R E  1   Flowchart of the systematic review and meta-analysis
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Statistical heterogeneity was evaluated with Cochran's Q test and 
Higgins’ I2 quantity test.27 For the primary outcome, the findings 
were as follows: Cochran's Q test (P = .259) and Higgins’ I2 (25.4%) 
in the midazolam control group and Cochran's Q test (P = .0185) and 
Higgins’ I2 (66.5%) in the chloral hydrate control group. The criti-
cal level of significance was 0.10 in Cochran's Q test and ≥50% in 
Higgins’ I2 test. As funnel plots showed no noticeable asymmetry, 
publication bias was considered unlikely.

Event rates of secondary outcomes were infrequent, and no het-
erogeneity was detected. Thus, only the fixed effects model was 
used to calculate the combined effect. For dichotomous outcomes, 
the combined odds ratio (OR) and its 95% CI were calculated. For 
continuous outcomes, the mean difference and its 95% CI were cal-
culated. If only the median, range and size of the trial were reported 
in a paper, the mean was estimated according to the formula pre-
sented by Wan et al28 and the standard deviation (SD) was estimated 
according to the formula in the Cochrane Handbook.23 For dichoto-
mous outcomes, in which the event number was zero in both of the 
comparison groups, continuity correction was used in the analysis.29 
Publication bias could not be reliably evaluated, due to the small 
number of included trials. The meta-analysis was performed using 
Comprehensive Meta-Analysis software (Biostat) and StatsDirect v3 
(StatsDirect Ltd.).

3  | RESULTS

The initial search was conducted on 3 February 2020 and it iden-
tified 5,705 studies using the search term dexmedetomidine. After 
we excluded unsuitable studies, seven studies were included in the 

meta-analysis (Figure 1). All the studies included in the final analysis 
were from the PubMed database: four studies compared intrana-
sal dexmedetomidine with chloral hydrate30-33 and the other three 
studies compared it with midazolam34-36 (Table 1). The overall risk of 
bias was assessed to be low and the detailed assessment is shown 
in Table S1.

The patients' ages varied from 3 months to 8 years in six stud-
ies30-35 and from 4 to 14 years in one study36 (Table 1). One of the 
studies included patients with congenital heart defects.31 Of the 
four studies that studied dexmedetomidine versus chloral hydrate, 
the indication for sedation was imaging, namely (transthoracic echo-
cardiography and computed tomography) in two,31,33 auditory brain-
stem response testing in one32 and an ophthalmic examination in 
one.30 The chloral hydrate dosage was 50 mg/kg in two studies,32,33 
70 mg/kg in one31 and 80 mg/kg in another.30 The indications for 
sedation in the three studies that compared dexmedetomidine with 
midazolam34-36 were dental treatment, computed tomography im-
aging including intravenous cannulation and laceration repair. The 
midazolam doses used in these three studies were 0.2 mg/kg intra-
nasally, 0.4 mg/kg intranasally and 0.5 mg/kg orally. The dexmede-
tomidine dose ranged from 1 to 3 µg/kg in all seven studies included 
in this analysis.30-36 Intranasal medication was administrated by a 
mucosal atomisation device in four studies30,32,33,35 and as drops 
from a syringe in three studies.31,34,36

3.1 | Primary outcome

All the studies that compared intranasal dexmedetomidine with 
chloral hydrate defined success as completing the procedure with 

TA B L E  1   Brief description of the randomised control trials included in the meta-analysis

Author, year (ref)
Country Indication Age Drug: dose

Patients 
number

Cao et al, 201730 Ophthalmic examination 3 mo-3 y dex:2 µg/kg 71

China CH: 80 mg/kg 70

Miller et al, 201631 Transthoracic echocardiography 3 mo-3 y dex: 2 µg/kg 50

dex: 3 µg/kg 50

USA CH: 70 mg/kg 50

Reynolds et al, 201632 Auditory brainstem response testing 6 mo-8 y dex: 3 µg/kg 44

USA CH: 50 mg/kg 41

Yuen et al, 201733 Computed tomography imaging 7 mo-5.8 y dex: 3 µg/kg 87

Hong Kong/China CH: 50 mg/kg 107

Ghai et al, 201634 Computed tomography imaging 1 y-6 y dex: 2.5 µg/kg 30

India oral mid: 0.5 mg/kg 29

Neville et al, 201635 Laceration repair 1 y-5.4 y dex: 2 µg/kg 20

USA i.n. mid: 0.4 mg/kg 18

Surendar et al, 201436 Dental treatment 4 y-12 y dex: 1 µg/kg 21

dex: 1.5 µg/kg 21

India i.n. mid: 0.2 mg/kg 21

Abbreviations: CH, chloral hydrate; dex, dexmedetomidine; i.n., intranasally; mid, midazolam.
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the given medication. In the studies that compared dexmedetomi-
dine with midazolam, procedural success was achieving a predeter-
mined desired level of sedation,34 a successful procedure36 or a calm 
patient at the beginning of the procedure.35 The incidence rate for 
successfully completed procedures did not differ between the use 
of intranasal dexmedetomidine and chloral hydrate, with a combined 
relative risk (RR) of 1.08 and a 95% confidence interval (95% CI) of 
0.98-1.19. The success rate was higher in children treated with intra-
nasal dexmedetomidine than in those treated with midazolam (com-
bined RR 1.52, 95% CI 1.19-1.94) (Figure 2). The overall success rate 
in children treated with intranasal dexmedetomidine was 83%. The 
quality of evidence for the primary outcome was moderate, accord-
ing to GRADE. This was because of the indirectness caused by the 
different dosages in the study protocols and imprecision due to the 
small sample size in the midazolam studies (Table 2).

3.2 | Secondary outcomes

The pooled estimate of the onset time of sedation was 16.9 ± 2.6 min-
utes, and the duration of sedation was 81.5 ± 4.8 minutes in the 
patients who received dexmedetomidine. The onset time was mar-
ginally shorter in patients receiving dexmedetomidine than chloral 
hydrate. However, the duration of sedation and time to discharge 
did not differ significantly between patients receiving dexmedeto-
midine and those receiving chloral hydrate. A meta-analysis of the 

onset time and duration of sedation between dexmedetomidine with 
midazolam could not be performed, as they were only reported in 
one paper. The time to discharge did not differ between the three 
sedatives used. Using GRADE, the quality of evidence for the time 
variables was assessed to be low, except for the duration of sedation, 
which was moderate (Table 2).

Although none of the studies provided a comprehensive de-
scription of bradycardia or hypotension, none of the bradycardic 
or hypotensive events required treatment. All the studies reported 
respiratory complications as events of decreased peripheral oxygen 
saturation. Oxygen saturation below 92%, the need for oxygen ther-
apy or the need for repositioning the patient occurred in two out of 
302 (0.7%) patients who received intranasal dexmedetomidine and 
2/268 (0.7%) patients who received chloral hydrate. None of the pa-
tients in the studies that compared dexmedetomidine with midaz-
olam experienced desaturation events (Table 2).

Nausea and vomiting were reported in 23/177 patients who re-
ceived chloral hydrate and occurred in most cases within 10 min-
utes of drug administration. In contrast, only one of the 394 patients 
who received dexmedetomidine experienced nausea or vomiting 
(Table 2). The risk of nausea and vomiting was 25-fold higher (95% CI 
3.2-201) among patients who received chloral hydrate than among 
those who received dexmedetomidine. Using GRADE, the quality of 
evidence for the adverse outcomes was assessed to be poor for hy-
potension and moderate for bradycardia, desaturations and nausea 
and vomiting (Table 2).

F I G U R E  2   Success of the procedures

A Chloral hydrate

B Midazolam
Model Study name Success/Total Risk ratio and 95% CI

Risk Lower Upper Relative Relative 
Dexmedetomidine Control ratio limit limit weight weight

Surendar 1µg, 2014 17/21 13/21 1.31 0.88 1.94 38.02 35.81
Surendar 1.5µg, 2014 18/21 13/21 1.38 0.95 2.02 41.36 37.72
Neville 2µg, 2016 11/20 5/18 1.98 0.85 4.60 8.31 11.00
Ghai 2.5µg, 2017 20/30 7/29 2.76 1.38 5.52 12.32 15.47

Fixed 1.52 1.19 1.94
Random 1.57 1.17 2.11

0.1 0.2 0.5 1 2 5 10

Failure Success

Cochran Q = 4.002, df = 3, P = 0.259, I2 = 25.4%

Model Study name Success/Total Risk ratio and 95% CI

Risk Lower Upper Relative Relative 
Dexmedetomidine Control ratio limit limit weight weight

Miller 2µg, 2016 50/50 48/50 1.04 0.97 1.11 47.92 29.56
Miller 3µg, 2016 48/50 48/50 1.00 0.92 1.08 34.64 28.02
Reynolds 3µg, 2016 39/44 27/41 1.35 1.05 1.72 3.71 10.89
Cao 2µg, 2017 61/71 45/70 1.34 1.10 1.63 5.64 14.22
Yuen 3µg, 2017 64/87 81/107 0.97 0.82 1.15 8.10 17.31

Fixed 1.05 1.00 1.10
Random 1.08 0.98 1.19

0.5 1 2

Failure Success

Cochran Q = 11.937, df = 4, P = 0.018, I2 = 66.5%

Miller 201631, 2 µg
Miller 201631, 3 µg
Reynolds 201632, 3 µg
Cao 201730, 2 µg
Yuen 201733, 2 µg

Surendar 201436, 1 µg
Surendar 201436, 1.5 µg
Neville 201635, 2 µg
Ghai 201734, 2.5 µg
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TA B L E  2   Summary of findings

Primary outcome Meta-analysis

No. of 
participants 
(studies)

Certainty of the 
evidence (GRADE) 
Comments

Dexmedetomidine Midazolam

Success 66/92 25/68 RR (95% CI)
1.52 (1.19 to 1.94)

160
(3 RCTs)

Moderate

Dexmedetomidine Chloral hydrate

Success 262/302 201/268 RR (95% CI) 1.08 (0.98 to 
1.19)

570
(4 RCTs)

Moderate

Secondary 
outcomes Meta-analysis

No. of 
participants 
(studies)

Certainty of the 
evidence (GRADE) 
Comments

Dexmedetomidine Chloral hydrate Effect size (95% CI) 570
(4 RCTs)

Low

Time to onset of 
sedation (minutes)

Pooled mean
16.9 ± 2.6

Pooled mean
19.5 ± 3.7

−0.2 (−0.4 to −0.07)

Duration of 
sedation (minutes)

81.5 ± 4.8 92.8 ± 5.1 −0.5 (−1.0 to − 0.05) 291
(2 RCTs)

Moderate

Time to discharge 
(minutes)

60.2 ± 5.2 71.0 ± 5.1 −0.2 (−0.4 to 0.1) 291
(2 RCTs)

Low

Drop in heart rate Pooled n/N
0/302

Pooled n/N
0/268

OR (95% CI)
1.03 (0.2 to 5.1)

570
(4 RCTs)

Moderate

Drop in blood 
pressure

0/202 0/218 1.04 (0.1 to 10.1) 420
(3 RCTs)

Low

Drop in oxygen 
saturation

2/302 2/268 1.04 (0.2 to 5.1) 570
(4 RCTs)

Moderate

Nausea and 
vomiting

0/158 23/177 0.04 (0.0 to 0.3) 335
(2 RCTs)

Moderate

Secondary 
outcomes Meta-analysis

No. of 
participants
(studies)

Certainty of the evidence 
(GRADE) Comments

Dexmedetomidine Midazolam

Time to 
discharge 
(minutes)

Pooled mean
24.4 ± 0.5

Pooled mean
28.1 ± 0.6

Effect size (95% CI)
0.05 (−0.5 to 0.6)

97
(2 RCTs)

Low

Drop in heart 
rate

Pooled n/N
0/72

Pooled n/N
0/50

OR (95% CI)
0.99 (0.1 to 9.7)

122
(2 RCTs)

Moderate

Drop in blood 
pressure

0/72 0/50 0.99 (0.1 to 9.7) 122
(2 RCTs)

Low

Drop in oxygen 
saturation

0/72 0/50 0.99 (0.1 to 9.7) 122
(2 RCTs)

Moderate

Nausea and 
vomiting

1/92 1/68 0.97 (0.2 to 5.7) 160
(3 RCTs)

Moderate

Note: Intranasal dexmedetomidine compared with midazolam and chloral hydrate during paediatric procedural sedation.
Patient population: Paediatric patients,
Intervention: Procedural sedation,
Setting: Meta-analysis of randomised controlled trials,
Study drug: Intranasal dexmedetomidine,
Comparison: Midazolam, chloral hydrate.
High certainty: We are very confident that the true effect lies close to the estimate of the effect.
Moderate certainty: We have moderate confidence 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 certainty: Our confidence in the effect estimate is limited. The true effect may be substantially different to the estimate of the effect.
Very low certainty: We have very little confidence in the effect estimate. The true effect is likely to be substantially different to the estimate of the 
effect.
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4  | DISCUSSION

According to the present meta-analysis, intranasal dexmedetomi-
dine appeared to provide safe and effective premedication for minor 
paediatric procedures when used as a sole sedative agent. It seems 
applicable to both nonpainful and painful procedures, with a suc-
cess rate of 83%. The success rate for completed procedures was 
similar for dexmedetomidine and chloral hydrate, but the use of dex-
medetomidine was associated with a significantly lower incidence of 
nausea and vomiting. Dexmedetomidine was superior to midazolam 
in facilitating the successful completion of procedures.

Six of the seven studies included in the present analysis used 
2-3 µg/kg of dexmedetomidine. This led to an insignificantly 
shorter onset time of sedation in the dexmedetomidine group 
than in the chloral hydrate group, but without any difference in 
the time to discharge between the groups. Greater doses of sed-
ative drugs produce a deeper level of sedation, which may lead to 
improved procedural success, but with an increased likelihood of 
adverse events. Although the onset time or duration of sedation 
could not be compared between patients receiving dexmedetomi-
dine and those receiving midazolam, one study reported a slower 
onset of sedation using intranasal dexmedetomidine than using 
oral benzodiazepines.21

Intranasal dexmedetomidine administered by an atomisation de-
vice was shown to be more effective than administration as drops by 
a syringe.37 In this meta-analysis dexmedetomidine showed superior 
sedative properties when compared to midazolam, even though only 
one of the three studies used an atomising device to administer the 
drugs.

The overall number of adverse events among children receiving 
procedural sedation was low. There was a trend towards a higher in-
cidence of vomiting in the chloral hydrate group, whereas dexmede-
tomidine did not cause any vomiting. The increased risk of vomiting 
after the administration of chloral hydrate is a known side effect, 
due to the bitter taste of the medicine. In contrast, intranasal dex-
medetomidine is odourless and tasteless15 and neither nausea nor 
vomiting has been reported in any published research on this drug.

The adverse cardiovascular and respiratory events in this me-
ta-analysis were defined as a change in a patient's condition that 
required intervention, as suggested in the consensus-based recom-
mendation for reporting sedation-related adverse events.26 None 
of the patients required treatment for bradycardia or hypotension, 
although mild bradycardia and hypotension have been reported to 
be associated with the administration of intranasal dexmedetomi-
dine.16,20 Bradycardia caused by intranasal administration has been 
reported to be mild, even at higher doses, and it did not usually 
require treatment.14 However, a case report of a formerly healthy 
paediatric patient who developed symptomatic bradycardia lasting 
two hours after intranasal dexmedetomidine sedation has been 
published.38 The occurrence of adverse respiratory events did not 
differ between the sedatives used. All the reported events were 
mild, mainly involving slight desaturation requiring position change 

or the administration of supplemental oxygen. These results were in 
line with previous paper that also reported that dexmedetomidine 
appeared to suppress the respiratory responses to hypoxia and hy-
percapnia.17 Thus, respiratory monitoring is necessary when using 
intranasal dexmedetomidine sedation.

4.1 | Relationship to other reviews

The findings of this meta-analysis were similar to those of a meta-
analysis by Lin et al, which was published in 2020 and compared 
dexmedetomidine with other sedatives during nonpainful paediat-
ric procedures.39 However, our aim was to evaluate the safety and 
efficacy of dexmedetomidine administered solely by the intranasal 
route, as it does not require much co-operation and is less invasive 
than the intravenous route. Lin et al also included studies where 
dexmedetomidine was administered orally or intravenously, thereby 
adding heterogeneity as intravenous, intranasal and oral routes 
have different pharmacokinetic, safety and efficacy profiles.40-42 
Previously published meta-analyses on the use of intranasal dexme-
detomidine as a premedication before surgery also revealed similar 
results on the superiority of intranasal dexmedetomidine premedi-
cation in comparison with benzodiazepines.16,20,21

Sedating children outside the operating room during therapeutic 
and diagnostic interventions is continuously increasing. Traditional 
sedative drugs are often insufficient to provide sedation and anxi-
olysis in paediatric procedures when used as a sole sedative agent.7 
Combining multiple sedatives often increases the sedative effects, 
but tends to also increase the adverse effects.43 One of the advan-
tages of intranasal dexmedetomide appears to be that supplement-
ing other sedatives is only rarely needed to successfully perform the 
planned procedure.

Children have an increased risk of complications. In particular, 
respiratory complications, such as desaturation, apnoea and laryn-
gospasm during procedural sedation, and severe cardiovascular 
complications related to sedation have been reported.43 Procedural 
sedation outside the operating room has been reported to be 
equally safe when provided by different paediatric specialists.44 
However, to ensure patient safety, procedural sedation outside 
the operation room must conform to the established guidelines for 
paediatric care and must only be performed by experienced spe-
cialists with adequate skills.45 Further studies on paediatric pro-
cedural sedation with relevant patient outcomes, such as patient 
comfort and pain scale, together with standardised reporting of 
adverse events are needed.

4.2 | Strengths and limitations

The data collection in our meta-analysis was systematic and thor-
ough. The cardiovascular and respiratory side effects of proce-
dural sedation were carefully analysed. The findings reinforced the 
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perception that dexmedetomidine had minimal impacts on the res-
piratory drive, heart rate and blood pressure.

A major limitation of this meta-analysis was the overall heteroge-
neity of the data in terms of drug dosing and the indications for se-
dation in the individual studies. In addition, the determination of our 
primary outcome, successful completion of the procedure, was het-
erogeneous in studies comparing intranasal dexmedetomidine with 
midazolam, which included both nonpainful and painful interven-
tions like laceration repair. Finally, many studies in our meta-analysis 
presented their outcomes using median values, suggesting a skewed 
distribution in their outcomes. We used mean values by converting 
the median values in all our analyses, which may have diminished the 
effect of the treatments.

5  | CONCLUSION

This meta-analysis found that intranasal dexmedetomidine was a 
safe and effective sedative drug during paediatric procedural seda-
tion outside the operating room. It had similar procedural success 
rates to chloral hydrate but seemed to be superior to midazolam. 
Clinically relevant adverse events associated with intranasal dexme-
detomidine were rare.
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