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Abstract
Background Dexmedetomidine is currently off-label for use in pediatric clinical care worldwide. Nevertheless, it is fre-
quently prescribed to pediatric patients as premedication prior to induction of anesthesia or for procedural sedation. There 
is ample literature on the pharmacokinetics, efficacy and safety of dexmedetomidine in this vulnerable patient population, 
but there is a general lack of consensus on dosing. In this project, we aimed to use the standardized workflow of the Dutch 
Pediatric Formulary to establish best evidence-based pediatric dosing guidelines for dexmedetomidine as premedication 
and for procedural sedation.
Method The available literature on dexmedetomidine in pediatrics was reviewed in order to address the following three 
questions: (1) What is the right dose? (2) What is known about efficacy? (3) What is known about safety? Relevant litera-
ture was compiled into a risk–benefit analysis document. A team of clinical experts critically appraised the analysis and the 
proposed dosing recommendations.
Results Dexmedetomidine is most commonly administered via the intravenous or intranasal route. Clearance is age depend-
ent, warranting higher doses in infants to reach similar exposure as in adults. Dexmedetomidine use results in satisfactory 
sedation at parent separation, adequate sedation and a favorable recovery profile. The safety profile is good and comparable 
to adults, with dose-related hemodynamic effects.
Conclusion Following the structured approach of the Dutch Pediatric Formulary, best evidence-based dosing recommenda-
tions were proposed for dexmedetomidine, used as premedication prior to induction of anesthesia (intranasal dose) and for 
procedural sedation (intranasal and intravenous dose) in pediatric patients.

1 Introduction

Despite the fact that dexmedetomidine is not licensed for 
use in pediatrics, its use in pediatric clinical care is rap-
idly increasing [1]. Dexmedetomidine is a highly selective 
α2-adrenoceptor agonist providing sedation, anxiolysis and 
sympatholysis. Also, the drug has an analgesic-sparing effect 
[2]. Compared with other more traditional sedative agents 
such as barbiturates, midazolam and propofol, dexmedeto-
midine use is associated with minimal depression of respira-
tory function [3–5]. Several animal studies show evidence 
of dexmedetomidine being neuroprotective, which is impor-
tant as neurotoxicity remains a significant concern because 
of children’s ongoing brain development. Also, there is a 
growing concern of the possible toxicity of anesthetics in 
particular as they may induce apoptosis and interfere with 
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neurogenesis. Dexmedetomidine may alleviate brain damage 
induced by anesthetics [6, 7].

In a recent, large international survey, 70% of nearly 
800 anesthesiologists from four international societies who 
responded to the survey use dexmedetomidine in pediatric 
clinical practice. The drug is most commonly prescribed 
for procedural sedation of non-intubated patients (68%), 
premedication (46%) and/or ICU sedation (46%). The other 
30% of the respondents stated that the absence of a protocol 
and a lack of consensus for dosing were the main reasons 
for not prescribing dexmedetomidine. This, together with 
the observation that there is a large variability in the doses 
being prescribed by physicians, highlights the need for best 
evidence-based, easily accessible dosing recommendations 
[8].

To aid decision making for pediatric drug dosing, espe-
cially for off-label use, the Dutch Pediatric Formulary (DPF) 
was developed. This web-based formulary provides pedi-
atric dosing guidelines for all drugs used in children in the 
Netherlands (approximately 800 drugs, both on-label and 
off-label) and is the official dosing guideline for pediatrics 
in the Netherlands. The dosing recommendations are estab-
lished based on careful selection and appraisal of relevant 

registration data, investigator-initiated research, professional 
guidelines and expert opinion [9]. The creation or revision of 
a drug dosing recommendation is initiated based on medical 
need as expressed by healthcare professionals. For dexme-
detomidine, the DPF received several requests over the last 
year to establish a uniform dosing recommendation for dex-
medetomidine use as premedication and/or for mild sedation 
during short painful procedures (in combination with local 
analgesia) or during medical imaging procedures.

In this project, we aimed to establish a best evidence-
based dosing recommendation for dexmedetomidine for use 
as premedication or procedural sedation in pediatric clinical 
care, using the stepwise approach of the DPF.

2  Methods

The DPF aims to close the gap between scientific research 
output and the implementation of best evidence-based dos-
ing recommendations in clinical practice [9]. The stepwise 
approach to establish dosing recommendations is visualized 
in Fig. 1.

The formulary uses a standard operating procedure (SOP) 
to search, select, appraise and summarize available literature 
to compile a dosing recommendation, with the following 
three questions in mind:

1) What is the right dose from a pharmacokinetic (PK) 
perspective?
Review of PK parameters is essential to elucidate the 
relationship between the dose and published target con-
centrations.
2) What is known about efficacy (benefit) and how does 
it relate to PK properties (the right dose)?
Original literature on the efficacy of the use of the drug 
in the intended population is reviewed.
3) What is known about safety (risk) and how does it 
relate to PK properties (the right dose)?
Literature is reviewed to identify potential harm of the 
drug. The relationship between dose and adverse effects 
is appraised.

Fig. 1  Workflow of the Dutch Pediatric Formulary

Key Points 

Dexmedetomidine is frequently used for sedation and 
analgesia in pediatric patients worldwide, despite the 
lack of approved pediatric labeling and consensus on 
dosing.

The Dutch Pediatric Formulary aims to close the gap 
between scientific research output and the implementa-
tion of dosing recommendations in clinical practice.

With ample literature on pharmacokinetics, efficacy and 
safety of dexmedetomidine in the pediatric population, 
we were able to establish best evidence-based dosing 
recommendations for dexmedetomidine in pediatric 
clinical care.
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The following data sources were used: (i) Registration 
documents were reviewed to extract information on the 
registration status and corresponding dosing recommenda-
tions, PK and safety (e.g. contraindications, warnings and 
precautions). (ii) The PubMed database was used to care-
fully screen scientific literature and extract information on 
PK, efficacy and safety in pediatrics. The search query can 
be found in the electronic supplementary material (ESM_1). 
All relevant available literature was summarized in a risk-
benefit analysis (RBA) document, which can be found in 
ESM_2. In addition to systematic reviews and meta-anal-
yses, which provided valuable information about the over-
all effect of dexmedetomidine for its use as premedication 
and/or procedural sedation, original studies were carefully 
examined and included in the RBA. The evidence level of 
all relevant individual studies was graded according to their 
quality (ESM_3). A different grading system was applied for 
studies on pharmacokinetics versus studies on effect. Both 
systems encompass five categories. A dose recommenda-
tion was synthesized based on available evidence. The RBA 
document and the proposed dose recommendation were sent 
to an international multidisciplinary expert team of pharma-
cists, pediatricians, clinical pharmacologists, medical spe-
cialists, etc., and complemented with clinical experience. 
All team members critically appraised the RBA. Questions 
or comments and remaining uncertainties were discussed 
during a multidisciplinary meeting. The meeting was held 
online, so all international team members could attend and 
provide input. The RBA document was complemented with 
comments from the meeting and the definitive RBA docu-
ment with the final dosing recommendations was distributed 
among the members of the expert team.

3  Results

Establishing a best evidence-based pediatric dosing recom-
mendation for dexmedetomidine requires a careful assess-
ment of available scientific literature. An RBA was per-
formed following a stepwise approach.

3.1  What is The Right Dose?

3.1.1  General Considerations

3.1.1.1 Elimination Hepatic metabolism, mainly N-glucu-
ronidation, plays a major role in dexmedetomidine elimi-
nation. Also, N-methylation and oxidation by cytochrome 
P450 (CYP) enzymes (CYP2A6, CYP1A2, CYP2E1, 
CYP2D6 and CYP2C19) contribute to dexmedetomidine 
metabolism. Approximately 95% of dexmedetomidine is 

excreted as metabolites via urine with an additional 4% 
being excreted via feces. Less than 1% is excreted unchanged 
via urine [10].

3.1.1.2 Formulation Dexmedetomidine is only available 
as solution for infusion [11]. The registered formulations in 
Europe do not contain toxic excipients contraindicated in 
the pediatric population. The dexmedetomidine intravenous 
(IV) fluid (100 µg/mL) can also be used, off-label, for intra-
nasal administration [12]. In case of intranasal administra-
tion, a large left-over volume in the atomizer may result in 
underdosing, so larger volumes may be needed. This may 
be dependent on the kind of vaporizer syringe that is used.

3.1.2  Adults

The mean estimate of the terminal elimination half-life (t½) 
is approximately 1.9–2.5 h (min 1.35, max 3.68 h) and the 
mean estimate of the volume of distribution (Vd) at steady 
state is approximately 1.16–2.16 L/kg. Plasma clearance 
(CL) has an estimated value of 0.46–0.73 L/h/kg [11].

The US Food and Drug Administration (FDA) and the 
European Medicines Agency have licensed dexmedetomi-
dine for use in adults [13, 14]. For adult procedural sedation 
(sedation of non-intubated patients prior to and/or during 
diagnostic or surgical procedures requiring sedation, i.e. pro-
cedural), a loading infusion of 1 µg/kg is given over 10 min 
followed by a maintenance infusion of 0.2–1.0 µg/kg/h. The 
maximum dose of 1.4 µg/kg/h should not be exceeded [11]. 
The target plasma concentration depends on the required 
level of sedation, ranging from 200 to 1250 pg/mL. Most 
frequently, the target plasma concentration is 300–600 pg/
mL [10, 14–16].

3.1.3  Pediatrics

Knowledge on age-dependent dexmedetomidine PK is of 
eminent value when carefully establishing a dosing rec-
ommendation for specific pediatric age groups. Literature 
review revealed that PK studies do not necessarily restrict 
inclusion of subjects to one single indication for which dex-
medetomidine could be prescribed. For instance, pediatric 
patients undergoing urologic surgery, low-risk cardiac sur-
gery, plastic surgery, craniofacial surgery, bronchoscopy, 
nuclear magnetic resonance imaging or cardiac surgery were 
all included in the pooled analysis of Potts and colleagues 
[17]. Studies investigating the PK of dexmedetomidine for 
indications other than premedication and/or procedural seda-
tion are also taken into consideration as this knowledge is 
of value for carefully establishing adequate age-appropriate 
dosing recommendations.
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3.1.3.1 Intravenous Administration—Pharmacokinetic 
Information We identified a population PK (PopPK) analy-
sis of four PK studies as part of an FDA submission file 
[18]. Despite the fact that the company performed pediat-
ric trials, the FDA did not grant a pediatric license, as the 
evidence to support efficacy and safety in pediatrics was 
deemed insufficient mainly due to issues with study design 
and patient recruitment. We decided to include the PK data 
in our evaluation, as these are qualitatively sound.

Table 1 shows the reported PK parameter estimates as 
geometric mean with 95% confidence interval (CI), by age 
group. Children received an IV loading dose of 0.05–1 µg/
kg and a maintenance infusion of 0.05–2 µg/kg/h postopera-
tively after cardiac surgery or for sedation in the intensive 
care unit (ICU) [18].

Weight-adjusted CL values, stratified for age, are some-
what higher than reported by the study of Potts et al. [17], in 
which PK data of four studies were combined. The PopPK 
analysis of the FDA included more patients than Potts et al. 
(n = 131 vs n = 95, respectively) and fewer postcardiac 
surgery patients. Both simulation studies indicate immature 
clearance in neonates and higher bodyweight-corrected 
clearance in infants compared with older children and adults. 
A lower clearance in neonates is also supported by findings 
of Chrysostomou et al., Su et al. and Greenberg et al. [13, 
19, 20]. Interestingly, van Dijkman et al., using extrapo-
lated doses from the Potts study, found approximately 25% 
higher clearance in neonates and thereby underexposure. 
The number of patients is, however, low. Covariate analysis 
to better understand this variability was not possible yet [21]. 
Therefore, without adjusting the dose for neonates, a higher 
steady-state plasma concentration  (Css) can be expected, and 
the opposite for infants [17, 18].

The FDA submission file (for pediatric registration) also 
included a simulation study of dose-normalized Css upon 
1 µg/kg IV loading dose (over 10 min followed by a mainte-
nance infusion of 0.7 µg/kg/h [18]. This dose corresponds to 
the dose recommended in the label for use in adults. For this 

analysis, two PK studies were used. The study of Su et al. 
investigated PK of children (n = 36) after cardiac surgery 
[13]. To the best of our knowledge, the study results of the 
second PK study involving children receiving dexmedetomi-
dine for sedation in the ICU (n = 58) were not published in 
a peer-reviewed journal. The results of this simulation study 
are shown in Table 2.

Interestingly, the resulting Css is relatively high compared 
with the most frequently used target plasma concentration 
in adults (generally 300–600 pg/mL). It is important to 
note that a target plasma concentration for pediatrics is not 
formally defined and it is assumed that the optimal target 
range in pediatrics is similar to that in adults, but obviously 
depends on the level of sedation that is required [17].

A simulation study by Potts et al. suggested that plasma 
concentrations between 400 and 800 pg/mL are required to 
achieve mild to moderate sedation in children, which roughly 
aligns with the recommended target in adults. To achieve the 
target concentration of 600 pg/mL, age- and indication-spe-
cific dosing recommendations were suggested [17] (Table 3).

3.1.3.2 Intravenous Administration—Procedural Seda‑
tion Loading dose A systematic review and meta-analysis 
by Rao et al. showed that loading doses ranging from 0.5 
to 2.5 µg/kg in 10 minutes have been applied in a total of 
10 studies (with varying indications) in children, and the 
model by Potts et al. suggests using a loading dose of 0.6 µg/
kg in 10 minutes to quickly reach steady state concentra-
tions sufficient to achieve mild to moderate sedation [17, 
22]. No association between dexmedetomidine exposure 
and adverse events was found with the use of small load-
ing doses of 0.1–3 µg/kg, followed by maintenance doses 
of 0.1–2.5 µg/kg/h [20]. If a loading dose is not used, onset 
of sedation may be extended, due to the relatively long dex-
medetomidine elimination half-life. Based on PK data, a 
loading dose for procedural sedation of 0.5–1 µg/kg in 10 
minutes seems appropriate.

Table 1  Pharmacokinetic parameters of distinct pediatric age groups

Results are given as geometric mean point estimate with 95% CI
Data are derived from the FDA Pediatric Submission File [18]. Num-
ber of subjects per age group is indicated in parentheses
CL clearance, Vd,c volume of central compartment

Age CL (L/h/kg) Vd,c (L/kg)

< 1 month (n = 28) 0.93 (0.76–1.14) 0.83 (0.72–0.95)
1 to < 6 months (n = 14) 1.21 (0.99–1.48) 0.76 (0.57–1.00)
6 to < 12 months (n = 15) 1.11 (0.94–1.31) 0.99 (0.75–1.31)
12 to < 24 months (n = 13) 1.06 (0.87–1.29) 0.72 (0.55–0.95)
2 to < 6 years (n = 26) 1.11 (1.00–1.23) 0.96 (0.76–1.21)
6 to < 17 years (n = 28) 0.80 (0.69–0.92) 0.80 (0.61–1.04)

Table 2  Dose-normalized steady-state Css following 1  µg/kg over 
10 min and 0.7 µg/kg/h

Data derived from the FDA Pediatric Submission file [18]
Css plasma concentration at steady state
a The adult  Css is derived from the label according to this FDA report 
(could not be retrieved)

Age Css (pg/mL)

1 to < 6 months 606
6 to < 12 months 719
12 to 24 months 696
2 to < 6 years 789
≥ 6 to 17 years 1203
Adulta 1370
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Maintenance dose A higher bodyweight-corrected CL 
was found in children compared with adults. Taking into 
consideration all studies included in the study Rao et al., 
a maintenance dose between 0.1 and 2 µg/kg/h is applied, 
with most studies using dose of, or close to, 0.5 µg/kg/h [22]. 
Therefore, based on PK data combined with target concen-
trations associated with sedation, as well as safety data, we 
propose a maintenance dose of 0.1–1.4 µg/kg/h for children 
aged ≥1 month for procedural sedation. The dose depends 
on the required level of sedation and can be titrated based 
on effect up to a maximum dose of 2.5 µg/kg/h, if hemody-
namically tolerated.

3.1.3.3 Intranasal Administration—Premedication and Pro‑
cedural Sedation For premedication or when an IV access 
is not in place yet, intranasal (IN) administration is the pref-
erable route. Dexmedetomidine IN may be preferred over 
IV use to avoid pain and distress caused by IV cannulation 
or in case obtaining IV access is difficult. To study PK upon 
intranasal administration, 18 children aged 6–44  months 
received a single intranasal dose after elective cardiac sur-
gery. Atomized intranasal administration of 1 µg/kg resulted 
in a plasma concentration of approximately 100 pg/mL (low 
end reported for sedative efficacy) within 20 minutes (peak: 
199 pg/mL in 46 min) while this concentration is reached 
within 10 minutes with a dose of 2 µg/kg (also, approx. 2 × 
higher maximum concentration  [Cmax]). The typical bio-
availability, simulated with PopPK modelling, was 83.8% 
(95% CI 69.5–98.1). The  Cmax and time to  Cmax  (tmax) 
(median with range) found are shown in Table 4 [23].

A meta-analysis of 13 randomized controlled trials on the 
use of dexmedetomidine as premedication prior to induc-
tion of anesthesia showed that a wide range of IN doses are 
being used, from 0.5 to 4 µg/kg [24]. Three other recently 
published large systematic reviews on the use of dexmedeto-
midine for procedural sedation or premedication showed us 
that a single IN dose of 1 µg/kg is most commonly used and 

we therefore recommend this dose to be used for premedica-
tion or procedural sedation [25–27].

3.1.3.4 Cardiac Surgery Children who underwent cardiac 
surgery may have a lower dexmedetomidine CL immedi-
ately postoperatively. This observation can be explained by 
a reduced cardiac output following cardiac surgery. Reduced 
clearance can be attributed to hepatic hypoperfusion. The 
effect is transient however, as hepatic perfusion increases 
again during the first few days post-surgery [17, 20].

3.2  What is Known About Efficacy?

3.2.1  Indication: Premedication (Prior to Induction 
of Anesthesia)

3.2.1.1 Intranasal Use Between 2009 and 2020, 49 sys-
tematic reviews/meta-analyses were published on dexme-
detomidine in pediatrics of which five focused on the use 
of dexmedetomidine as premedication [24–26, 28, 29]. 
Because of substantial overlap of included studies in these 
systematic reviews/meta-analyses, the three most recently 
published reviews of Jun et al., Feng et al. and Pasin et al. 
were used for the RBA [24–26]. All three reviews assessed 

Table 3  Suggested dosing regimens for distinct pediatric age groups

Target plasma concentration: 600 pg/mL, as reported by Potts et al. [17]

Age Weight (kg) Loading dose (µg/kg), over 
10 min

Maintenance dose (µg/kg/h), 
general sedation

Maintenance dose (µg/kg/h), 
postoperative cardiac infusion

Neonate 3.5 0.6 0.33 0.24
3 months 6.0 0.6 0.40 0.29
6 months 7.5 0.6 0.46 0.34
1 year 10 0.6 0.51 0.37
2 years 12 0.6 0.53 0.39
5 years 20 0.6 0.49 0.36
8 years 25 0.6 0.47 0.34
20 years 70 0.6 0.36 0.26

Table 4  Pharmacokinetic parameters after intranasal (IN) and intra-
venous (IV) administration

Results are given as geometric mean point estimate with 95% CI
Data reported by Miller et al. [28]
Cmax maximum concentration, tmax time to  Cmax

Dose

1 µg/kg IN 
(n = 6)

2 µg/kg IN 
(n = 6)

1 µg/kg IV 
(n = 6)

Cmax (pg/mL) 182 (163–251) 324 (229–597) 783 (460–1030)
tmax (min) 46.5 (31–62) 45.5 (32–65)
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the quality of the included randomized controlled trials by 
assessing the risk of selection bias, performance bias, detec-
tion bias and reporting bias using the Cochrane risk of bias 
tool. A potential risk for selection bias was most frequently 
reported, but overall the risk of bias was considered to be 
very low. While Feng et al. and Pasin et al. only performed 
statistical analyses on the outcome (reporting risk ratios 
with 95% confidence intervals and  I2 test for heterogene-
ity), Jun et al. also assessed the quality of the evidence for 
the effect of dexmedetomidine on the outcomes of interest. 
However, the GRADE approach showed that the overall 
quality of evidence was low or moderate and that inconsist-
ency and imprecision play a major role [24–26]. Statistical 
analyses of the studies showed that dexmedetomidine use 
is associated with satisfactory sedation at parent separation 
and that there is less need for postoperative rescue analge-
sics upon preanesthetic use of dexmedetomidine. All three 
studies showed that these effects were statistically signifi-
cant (p  <  0.05). Most commonly, dexmedetomidine was 
given IN, with doses ranging from 0.5 to 2 µg/kg and given 
30–60 minutes before surgery. A single IN dose of 1 µg/kg 
is most frequently used. Based on efficacy studies, an IN 
dose range of 1–2 µg/kg seems rational for dexmedetomi-
dine use as premedication.

3.2.2  Indication: Procedural Sedation of Non‑Intubated 
Patients

3.2.2.1 Intranasal and Intravenous Use The majority of the 
49 systematic reviews/meta-analyses focused on the pediat-
ric use of dexmedetomidine for procedural sedation and its 
frequent use in the prevention of postoperative side effects. 
Based on the publication date and the number of included 
studies, the systematic reviews/meta-analysis of Lian et al. 
and Rao et al. were selected to assess the efficacy of dexme-
detomidine for procedural sedation and evaluate the effect 
on postoperative recovery. Rao et  al. focused on the pre-
vention of emergence agitation and delirium primarily, and 
Lian et al. evaluated several outcome parameters related to 
the success of sedation [22, 27]. Of the 58 randomized con-
trolled trials included by Rao et al., 19 trials were assessed 
to be of high quality as the risk for selection bias, perfor-
mance bias, attrition bias and reporting bias was found to 
be low. For most of the moderate- to low-quality studies, 
there was a risk for selection and performance bias. The 
meta-analysis showed that dexmedetomidine effectively 
reduces the incidence of emergence agitation and delirium 
(p < 0.05). Interestingly, the route of administration differs 
between studies in Rao et al. (IV: n = 39, IN: n = 12, other: 
n = 12). Various dosing strategies are being used for IV dos-
ing: a single IV dose is being used in 20 trials, a loading 
dose plus maintenance infusion in 10 trials and only mainte-
nance infusion in 6 trials. An overview of high-quality stud-

ies included by Rao et  al. is given in the RBA document 
(ESM_2) [22]. In case a single IV or IN dose is given to pre-
vent emergence delirium, strict timing is not deemed to be 
necessary because of the relatively long duration of action 
[30]. Lian et al. reported a high success rate of sedation with 
dexmedetomidine. Also, dexmedetomidine is effective in 
reducing the incidence of postoperative vomiting, crying 
and/or resisting. In general, pediatric dexmedetomidine use 
is associated with adequate sedation and it has a favorable 
postoperative recovery. It should, however, be noted that 
9 out of 15 studies included in this systemic review/meta-
analysis scored relatively highly with respect to the risk of 
bias (≥4 of the 7 aspects of bias scored as unknown or high 
risk) [27]. Based on efficacy studies, an IN dose of 2–3 µg/
kg and an IV loading dose of 0.5–2  µg/kg in 10 minutes 
followed by a maintenance dose of 0.5–1.5 µg/kg/h seems 
rational for procedural sedation.

3.3  What is Known About Safety?

3.3.1  General Information

In general, the use of dexmedetomidine in children appears 
to be safe. In a study by Greenberg et al., with 20 children 
with a postmenstrual age ranging between 33 and 61 weeks, 
no association between dexmedetomidine exposure and 
adverse events was found [20]. Despite the fact that safety 
issues may not be of major concern in the case of short-term 
dexmedetomidine use as premedication or for procedural 
sedation, a description of the potential risks is essential to 
make well-informed dosing decisions. Adverse events are, 
generally, not indication specific.

3.3.2  Cardiovascular Effects

Dexmedetomidine is an α2-agonist and side effects are 
mainly cardiovascular. Many studies report no adverse 
events, a few studies have reported cases of hypotension 
and bradycardia leading to discontinuation of dexmedeto-
midine and in some cases requiring resuscitation measures 
[13, 19, 31]. Hauber et al. reported that the hemodynamic 
effects of dexmedetomidine are related to the rate of infu-
sion and to the dose used—bradycardia and a biphasic arte-
rial blood pressure response characterized by a transient 
initial increase followed by a decrease upon dexmedetomi-
dine administration [32]. This effect was similar to what 
has been observed in adults. While one study shows that 
premedication with atropine could be used to prevent dex-
medetomidine-induced bradycardia, it should be noted that 
the adverse effects of anti-cholinergic treatment, character-
ized by a considerable increase in systolic blood pressure, is 
likely to outweigh the potential benefits (preventing brady-
cardia) [33, 34]. The incidence and risks of bradycardia in 
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dexmedetomidine-treated children is small and no cases of 
pharmacologic treatment have been reported [6]. In addition 
to bradycardia, a study in male healthy volunteers showed 
a biphasic response of the mean arterial pressure (MAP) 
on dexmedetomidine plasma levels, with a high plasma 
concentration resulting in an increased MAP and a lower 
plasma concentration resulting in a decreased MAP [11, 35]. 
It is, however, important to note that despite these effects, 
hemodynamic collapse and/or the need for pharmacologic 
intervention have not been described [6, 36].

3.3.3  Contraindications and Warnings

The label states that the use of dexmedetomidine in adults 
with advanced heart block (grade 2 or 3) is contraindi-
cated, unless patients have a pacemaker. Also, patients with 
uncontrolled hypotension or acute cerebrovascular condi-
tions should not use dexmedetomidine. In addition, cardiac 
monitoring of patients using dexmedetomidine is essential. 
Despite the minimal risk of respiratory depression and 
apnea, respiratory function should be monitored, also in 
non-intubated patients [11].

Lin and Ansermino reported a list of conditions warrant-
ing precaution when using dexmedetomidine in children 
[36], comprising (i) the use of rapid bolus of dexmedeto-
midine with high blood concentrations of volatile anesthet-
ics, (ii) cardiac conduction abnormalities, (iii) symptoms of 
septic shock or diagnosed septic shock, (iv) use of digoxin, 
β-adrenergic blockers, calcium channel blockers, monoam-
ine oxidase (MAO) inhibitors or other agents that predispose 
to bradycardia or hypotension as comedication, (v) current 
hypertension and (vi) hepatic abnormality.

3.4  Review By the Expert Team

The PK, efficacy and safety of dexmedetomidine has been 
explored in many studies, where it was used as premedica-
tion, for procedural analgosedation and/or the prevention of 
post-operative emergence of delirium, nausea and vomit-
ing. Members of the expert team confirmed that dexmedeto-
midine is used as an add-on agent to other drugs inducing 
anesthesia to mitigate any negative effects of these drugs. 
Dexmedetomidine is not used as an analgesic drug during 
surgical procedures in an emergency setting. Indications 
for use were defined as premedication prior to induction of 
anesthesia and procedural sedation. With conflicting dos-
ing strategies reported in the literature, we aim to provide 
harmonized best evidence-based dosing recommendation for 
these indications.

First, IN dosing of dexmedetomidine was discussed. 
Dexmedetomidine can be administered intranasally prior to 
induction of anesthesia, as premedication or can be used for 
procedural sedation. A deeper level of sedation is required 

when dexmedetomidine is used during certain procedures as 
compared with its use as premedication. Too little informa-
tion from scientific literature is available to provide a spe-
cific dose for a particular level of sedation. Therefore, an IN 
dose of 1–2 µg/kg is recommended when dexmedetomidine 
is used as premedication and 2–3 µg/kg dexmedetomidine 
is proposed for procedural sedation. With respect to the lat-
ter, when dexmedetomidine is used in pain management as 
a co-analgesic, lower doses are needed, while doses at the 
upper range are more appropriate when the drug is used 
for sedation (based on expert opinion). Norwegian experts 
indicate that higher doses, up to 4 µg/kg, are being used, but 
this is not widely supported by literature. The expert team 
decided to exclude children <6 months of age for the IN 
dose recommendations for both indications because of (i) 
the lack of a good indication as neonates are rarely sedated 
with dexmedetomidine outside the ICU setting, (ii) the lack 
of safety and efficacy data in neonates and (iii) practical 
issues (low volumes to administer).

Secondly, the expert team discussed IV dosing of dex-
medetomidine for procedural sedation. While some stud-
ies and experts suggest that only a single IV dose can be 
used, others indicate that a loading dose must be followed 
by a maintenance infusion. Also, some indicate that only a 
continuous infusion is appropriate. Clinical experts clarify 
that the decision to use a loading dose and/or maintenance 
dose depends on the expected severity of post-operative pain 
and the duration of the procedure. It is not a one-size-fits-
all approach. Considering the relatively long half-life of the 
drug, a loading dose is rational to attain timely steady-state 
concentration in prolonged sedation. To mitigate the hemo-
dynamic effects of a loading dose, it is suggested to follow 
the 10-min infusion time for a loading dose according to the 
label for adults. Based on PK and efficacy data, a loading 
dose of 0.5–0.1 µg/kg in 10 min followed by a maintenance 
dose of 0.1–1.4 µg/kg/h (max. 2.5 µg/kg/h) was proposed. 
Taking into consideration the evidence reported by Rao 
et al., with loading doses ranging from 0.15 to 2.5 µg/kg 
and maintenance doses of 0.1–2 µg/kg/h [22], the expert 
team agreed upon a loading dose of 0.5–2 µg/kg in 10 min 
followed by a maintenance dose of 0.5–1.5 µg/kg/h. In addi-
tion, the expert team decided to include a single IV dose 
recommendation of 0.5–1 µg/kg for the prevention of post-
operative agitation and/or delirium, based on the studies of 
Hauber et al. (0.3–1 µg/kg), Tsiotou et al. (≥ 0.5 µg/kg) and 
Song et al. (1 µg/kg) [32, 37, 38].

At this stage, it was decided not to include a dosing rec-
ommendation for neonates. Outside the operating room and 
ICU, neonates are rarely sedated for a minor procedure due 
to a higher risk for complications. If, in the near future, a 
dosing recommendation for sedation in the ICU is estab-
lished, neonates can be included. It is important to note 
that neonates are highly susceptible to the cardiac effects of 
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dexmedetomidine and therefore its use can only be recom-
mended in this vulnerable patient population if continuous 
cardiac monitoring can be guaranteed and if facilities for 
cardiac resuscitation are available. With respect to IN dos-
ing of dexmedetomidine, Bua et al. describe the favorable 
safety and efficacy profile of dexmedetomidine in neonates 
undergoing MRI [39]. The expert team, however, indicated 
that the lack of an adequate age-appropriate formulation and 
uncertainty about the dose delivered by the atomizer device 
hinders the inclusion of this age group in the dosing guide-
line that is yet to be established. This does not only hold 
true for neonates, but for pediatric patients below the age 
of 6 months. For this reason, and supported by the meta-
analyses of Li et al., it was decided to exclude intranasal use 
for neonates and infants younger than 6 months of age [40].

3.5  Identified Risks and Benefits

3.5.1  Benefits

Compared with other more traditional sedative agents, dex-
medetomidine use is associated with minimal depression 
of respiratory function as it induces a natural state of sleep. 
Several studies show evidence of dexmedetomidine being 
neuro-, reno- and cardioprotective [6]. Also, a reduced inci-
dence of dysrhythmias following cardiac surgery has been 
reported [41, 42]. High-quality studies confirm the efficacy 
of dexmedetomidine as premedication (i.e. satisfactory seda-
tion at parent separation, reduced need for rescue analgesics, 
better acceptance of mask induction), for analgosedation 
during diagnostic or surgical procedures and in mitigating 

the negative effects of other agents (i.e. prevention of post-
operative nausea and vomiting and emergence agitation and/
or delirium).

3.5.2  Risks

Hemodynamic side effects are most frequently reported. 
Administration under close cardiac monitoring (ICU, oper-
ating theater) is essential to identify side effects at an early 
stage. In addition, respiratory function should be monitored 
in non-ventilated patients. A loading dose is associated with 
a higher risk of hypertension in adults. There is limited clini-
cal experience with the use of dexmedetomidine in the neo-
natal population in the Netherlands.

4  Final Dose Recommendation

Based on the review of scientific evidence, we have estab-
lished an IN dosing recommendation for dexmedetomidine 
used as premedication in pediatric patients aged between 
6 months and 18 years of 1–2 µg/kg once prior to induc-
tion of anesthesia. For procedural sedation, an IN dose of 
2–3 µg/kg/dose can be used for pediatric patients between 
6 months and 18 years of age. The dose can be repeated if 
needed, with a maximum total dose of 200 µg. Also, an IV 
dose is now provided for procedural sedation; for patients 
between 1 month and 18 years of age, a loading dose of 
0.5–2 µg/kg can be given over 10 minutes followed by a 
maintenance dose of 0.5–1.5 µg/kg/h. The dose depends 
on the required depth of sedation. For the prevention of 

Table 5  Dexmedetomidine dosing recommendations

DR dosing recommendation, PK pharmacokinetics

Indication Administration Proposed DR based 
on PK

Proposed DR based 
on effect

Final DR—age and dose References

Premedication 
(prior to induction 
of anesthesia)

Intranasal 1 µg/kg 1–2 µg/kg 6 months to 18 years
1–2 µg/kg
Once, prior to induction of anesthesia

[24–26, 28]

Procedural sedation Intranasal 1 µg/kg 2–3 µg/kg 6 months to 18 years
2–3 µg/kg/dose
May be repeated if needed, max. total 

dose: 200 µg

[22, 27, 40]

Intravenous Loading dose:
0.5–1 µg/kg in 10 min
Maintenance dose:
0.1–1.4 µg/kg/h
(max. 2.5 µg/kg/h)

Loading dose:
0.5–1 µg/kg in 10 min
Maintenance dose:
0.1–1.4 µg/kg/h
(max. 2.5 µg/kg/h)

1 month to 18 years
Loading dose: 0.5–2 μg/kg in 10 min
Maintenance dose: 0.5–1.5 μg/kg/h
For procedural sedation in non-intu-

bated patients, the higher dose range 
may be needed, for analgosedation 
during surgery the lower dose range

For the prevention of postoperative agi-
tation and/or delirium, a single dose 
of 0.5–1 μg/kg can be given before 
the end of anesthesia

[22, 33, 38, 39]
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postoperative agitation and/or delirium, a single IV dose 
of 0.5–1 µg/kg can be given before the end of anesthesia. 
An overview of the dosing recommendations is provided 
in Table 5.

5  Conclusion

Dexmedetomidine is one of the many drugs that is not 
licensed for use in pediatrics but used on a daily basis in 
clinical practice [43]. Despite the fact that there is a substan-
tial body of evidence on dexmedetomidine use in pediatrics, 
including almost 50 systematic reviews and meta-analyses 
(last searched January 2021), studies focusing on finding and 
explicitly stating the most optimal doses in different pediat-
ric age groups are scarce. Frequently, physicians prescrib-
ing the drug to the patient are not in a position to review all 
available literature and stay up to date. It is clear that there is 
an urgent demand to bridge the gap between sound scientific 
evidence and clinical practice. The work described herein 
represents an important step towards implementation of 
evidence-based dosing recommendations into clinical prac-
tice. Recently, the BRAvO (Benefit and Risk Assessment for 
Off-label use) framework was published describing whether 
and how to perform a benefit–risk analysis for off-label pedi-
atric prescribing [44]. This framework, encompassing eight 
critical elements, will pave the way towards a standardized 
and thorough assessment of benefits and risks to ultimately 
ensure safe and effective pharmacotherapy in pediatrics.

From our example, it can be learned that establishing dos-
ing advice for a specific drug requires a tailored approach 
and a solid and structured framework; template documents 
and SOPs are essential in order to compile all relevant infor-
mation and to present the findings in an efficient and trans-
parent manner to a team of experts.
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