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• Selective Alpha2-Adrenergic agonist (more selective than
Clonidine)

• Sedative properties

Dexmedetomidine



Dexmedetomidine Mechanism of action

Dexmedetomidie 8x more 
⍺2- selective than clonidine



Mechanism of action

Dyck S. Anaesth Pharm Review1993:1.



Mechanism of action



Dexmedetomidine: Pharmocokinetics

• Rapid redistribution: 6 min
• Elimination half-life: 2 h
• Protein binding: 94%

• Metabolism: Hepatic 
• Inactive metabolites
• 85% glucuronidation (UDPG)
• 15% cytochrome p450 (2A6)

• No accumulation after infusions: 12-24 h
• Similar in young adults and elderly

• Infants appear to clear more quickly than adults

Miller JW et al. Br J Anaesth.2018; 120 (5): 1056-1065 
Mahmoud M, Mason KP. Br J Anaesth 2015; 115: 171-82
Perez-Guille et al. Anesth Analg . 2018; 127 (3) 716-723



Administration Routes

• Intravenous
• Intramuscular
• Intranasal/Buccal
• Oral
• Epidural

Karaaslan D et al. J Clin Anesth 2006. 18: 589-93
Wang SS et al. Paediatr Anaesth 2014; 24: 275-81
Cimen ZS et al. Paediatr Anaesth 2013; 23: 134-8



Pharmacodynamics 

Kamibayashi T, et al. Anesthesiology. 2000;93:1345-1349

Kamibayashi T, et al. Anesthesiology. 2000;93:1345-



Non-CNS effects
Respiratory

• No effects on respiration

• Airway protecting reflexes stay intact



Biphasic effect on
blood pressure

T.J. Eber, Anesthesiology
2000; 93:382–94



High dose dexmedetomidine i.v.
Effect on heart rate (n=747)

children (<4% of total cohort) the lowest recorded
heart rate during sedation fell greater than 20%
below the lower normal limits. In several cases, heart
rates fell to less than 60 bÆmin)1 for children less than
1 year; these children were assessed by the supervis-
ing anesthesiologist and all had MAPs within the
normal range and oxygen saturations of 95% or
higher during bradycardia and no treatment was
given. Among the 120 children in whom bradycardia
occurred, the time of occurrence varied. In 15
children (13%), bradycardia occurred during bolus
in the MRI scanner, in 36 children (30%) bradycardia
occurred during bolus in the sedation room, in 53
children (44%) bradycardia occurred during infu-
sion, and in 16 children bradycardia occurred in the
recovery room. The time at which bradycardia
occurred was not associated with dexmedetomidine
dose. The precise etiology (sinus bradycardia, junc-
tional escape) of the bradycardia observed in this
analysis cannot be delineated as electrocardiographic
monitoring is not a standard for MRI, especially
because during the acquisition of imaging studies,
the electrocardiogram (EKG) is often neither reliable
nor interpretable. Thus, in the MRI environment, the
exact focus of the bradycardia (sinus, nodal, etc)
cannot be delineated. The recovery time of children
experiencing bradycardia was almost identical to
those who did not experience bradycardia.

Mean recovery time among the 120 children with
bradycardia was not significantly different than the
other 627 children in the study population without
bradycardia (34 ± 22 min vs 32 ± 26 min, P = 0.45,
Student’s t-test). In addition, no differences in
recovery time were observed between patients with
and without bradycardia in each of the dexmede-
tomidine dosing protocols (Table 4).

The distribution of heart rates is shown in Fig-
ure 2. The percentage of patients with heart rates
below the normal range was not related to dex-
medetomidine protocol (P = 0.10, chi-square test)
nor was it related to ASA level (P = 0.41, chi-square
test) or age (P = 0.22, t-test). However, when we
examined total dexmedetomidine dose for each
patient, there was a moderate inverse correlation
between dose and the lowest heart rate observed
(r = )0.34, P < 0.01) suggesting that a higher total
dose may be associated with lower heart rate.

We also analyzed the MAP values for the sub-
group of 120 children with heart rates below norms
(Figure 3). While many children were in fact outside
the age-specific normal ranges, none were beyond
20% of normal boundaries in either direction. All of
the 120 children with heart rates below normal range
had O2 saturations of 95% or higher and approxi-
mately 92% had O2 saturations between 97% and
100%.

Discussion

We have demonstrated that high dose dexmede-
tomidine can be used safely as the sole sedative
agent for successful acquisition of pediatric MRI
scans. Our findings are important, as previous
studies have shown that dexmedetomidine, albeit
at dosages significantly lower than ours does not

Table 4
Recovery times for patients with and without bradycardia
according to dexmedetomidine dosing protocol

Bradycardia n No. of bradycardia n P-value

Dose 1 38 ± 25 64 34 ± 29 352 0.25
Dose 2 30 ± 17 35 33 ± 21 129 0.56
Dose 3 24 ± 12 21 25 ± 20 146 0.75
All doses 34 ± 22 120 32 ± 26 627 0.45

Plus and minus values are mean ± SDSD (min).
Dose 1, bolus dose 2 lgÆkg)1, infusion rate 1.0 lgÆkg)1Æh)1; dose 2,
bolus dose 3 lgÆkg)1, infusion rate 1.5 lgÆkg)1Æh)1; dose 3, bolus
dose 3 lgÆkg)1, infusion rate 2.0 lgÆkg)1Æh)1.
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Figure 2
Heart rates for the 120 children below the age-specific normal
range. Boxes represent normal range and tick marks denote heart
rate values 20% below the normal range (16). Thirty children of
the entire cohort of 747 (<4%) were beyond the lower limit of
normal by more than 20%.

408 K.P. MASON ET AL.

! 2008 The Authors
Journal compilation ! 2008 Blackwell Publishing Ltd, Pediatric Anesthesia, 18, 403–411

Mason KP et al, Ped Anesth 2008;18: 403-411

Boxes: normal ranges heart rate
Horizontal lines: 20% below normal range



High dose dexmedetomidine i.v.
Effect on mean blood pressure

reliably provide sufficient sedation for pediatric MRI
(19). This is consistent with our experience wherein
the dexmedetomidine dosing protocol which had
proved efficacious for CT imaging (10) did not
provide consistently adequate sedation for MRI.

We have shown that the dosages of dexmedetom-
idine required to establish adequate sedation for
MRI are surprisingly high, and significantly greater
than those dosages that were approved by the Food
and Drug Administration. For example, the dex-
medetomidine dosing protocol which had been
implemented successfully for CT imaging by our
group proved to be inadequate for consistent success
for MRI (10). As a result, a protocol utilizing higher
doses of dexmedetomidine as the sole sedative agent
for MRI evolved over the ensuing 2 years.

The hemodynamic effects of dexmedetomidine
have been well described in healthy adults. There is
a biphasic response with an initial increase in
systolic blood pressure and a reflex decrease in
heart rate followed by stabilization of heart rate and
blood pressure below baseline (20). In adults and
children, the incidence of significant bradycardia
and hypotension is increased when dexmedetomi-
dine is administered in conjunction with other
medications which possess negative inotropic or
chronotropic effects (21). Sinus arrest has been
reported when dexmedetomidine has been admin-

istered in conjunction with potent anesthetic agents
as well as with digoxin (21).

During dexmedetomidine sedation, the majority
of children in our analysis maintained both a heart
rate and a MAP that fell within age-specified norms
(16). It is important to recognize, however, that age-
specified norms represent children who are in an
‘awake’ state. There are no established MAP and
heart rate norms for children during either natural
sleep or medication-induced sedation. Our data
suggest that the hemodynamic effects of dexmede-
tomidine on heart rate and MAP are similar to those
seen when propofol or inhalation anesthetics are
used alone to achieve anesthesia (22).

Although there was a 16% incidence of bradycar-
dia during dexmedetomidine sedation, the majority
of bradycardia patients had heart rates that fell
within 20% of the age-adjusted values of ‘awake’
children (16). More importantly, during these peri-
ods of bradycardia, the MAP of these patients was
always within 20% of age-adjusted values and the
oxygen saturation was always between 95% and
100%. A fluctuation in blood pressure of 20% from
normal ‘awake’ values is generally considered
acceptable and well within the range that occurs
during natural sleep. While the bradycardia seen in
a small percentage of patients is important and
potentially concerning, the overall effect on blood
pressure does not appear significant. Although heart
rate was relatively low, oxygen saturation was
always well maintained. These patients were all
carefully observed in recovery period and were
discharged per routine according to our established
guidelines utilizing a modified Aldrete score.

Our incidence of sedation failure with the initial
attempts at lower dexmedetomidine doses is similar
to that previously reported for dexmedetomidine
MRI protocols in pediatric patients using a
1.0 lgÆkg)1 bolus followed by an infusion of
0.5 lgÆkg)1Æh)1 (23,24). We have demonstrated that
when dexmedetomidine is used as the sole sedative
agent for acquisition of MRI studies, establishing a
low failure rate requires higher dosages than previ-
ously reported. By using dexmedetomidine as the
sole agent, one may reduce the need for adjuvant
sedatives and thereby minimize the risk of critical
adverse outcomes, particularly death and perma-
nent neurological injury (25). In the event that
pentobarbital is required as an adjuvant to the
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Figure 3
Distribution of mean arterial blood pressures (MAP) among 120
children who were below the age-specific normal range for heart
rate (16). Boxes represent normal range and horizontal bars denote
MAP values 20% below the normal range. All children were
within 20% of the lower normal limits.

DEXMEDETOMIDINE SEDATION FOR PEDIATRIC MRI 409

! 2008 The Authors
Journal compilation ! 2008 Blackwell Publishing Ltd, Pediatric Anesthesia, 18, 403–411

Mason KP et al, Ped Anesth 2008;18: 403-411

Boxes: normal ranges MAP
Horizontal lines: 20% below and above normal range



Contraindications (relative)

• AV node dysfunction/Heart Block
• Sinus node dysfunction
• Heart rate altering medications
• Beta-blockers
• Digoxin 

• Cerebral aneurysm, AVM, Moyamoya
• Severe ventricular dysfunction



Summary potential benefits of dexmedetomidine

• Unique “asleep-but-arousable” sedation

• Natural sleep pattern (does not influence
neurophysiology)

• No respiratory changes



Summary potential disadvantages of dexmedetomidine

• Arousability

• Bradycardia

• Decrease in blood pressure (low serum levels)

• Increase in blood pressure (high serum levels)



The use of dexmedetomidine for procedural sedation
in children

Indications:
• Sedation for non-painful or minimal painful* procedures such as
• CT-scan (i.n.)
• MRI-scan (i.v.)
• Other non-painful radiological imaging
• EEG (i.n.)
• As an alternative for nitrous oxide in very anxious children or 

mentallly disabled children who do not accept mask (i.n.)
• I.V. Catheter placement in very anxious children or mentally

disabled children (i.n.)

*combine with topical anestethic or analgesic (e.g. EMLA®, Rapydan®, Fentanyl)



Research OLVG, Paolo Valerio and Linda Schuiten
Sedation with dexmedetomidine i.v during MRI in children
• Nurse practioner led sedation, pediatrician supervisor
• Guidelines established - based on protocol established by Mason et al
Sept 2015 – okt 2019, 120 children

MAP
Succesful MRI 
Need of extra dose
Averse events
Hemodynamic complications (Hypotension with or without 
bradycardia) that required intervention
Respiratory complications
Duration of sedation
Recovery time



Nurse-led dexmedetomidine 
sedation for paediatric MRI 

scanning at Great Ormond Street 
Hospital for Children

Grant Stuart

GOSH sedation team: Amanda Cerullo, Amy Carrington, Richard Lin



X-ray

MRI

CT



What was in place pre-2016?
Well functioning single nurse-led MRI sedation service 

All patients assessed/consented by sedation team

Most required cannula

Standard G.A. fasting protocol

Chloral hydrate orally (Diazemuls IV for top up)

Limited to primarily younger patients (<15 kg)

Formal guidelines for contraindications and recovery (no bed 
model) 



Dex sedation for MRI at GOSH
• Nurse- led sedation team maintained

• Experienced and motivated staff recruited

• Guidelines established - based on protocol established by Mason 

et al

• Minimal disruption or change to existing sedation practices and 

pathways

• Patient/case selection vital



Patient preparation

• Pre-visit phone consultation and selection by sedation team

• On the day patient and family go to child friendly sedation 
room

• Reassess and consent patient – select sedation protocol

• Play therapists invaluable (especially if IV access required)

• Standardised pharmacy prescription based on weight

• Cool down/time out  period useful if child has been upset 
before starting sedation



Protocol 1: For > 5 kg children having scan with contrast 
or > 45 minutes scan without contrast

• Dexmedetomidine Intravenous

• Loading dose of 3 microgram/kg over 10 minutes then 

• 2 microgram/kg/hour as a continuous infusion until the end of 
scan

• A repeat loading dose may be required in the event of poor-
quality sedation





Protocol 2 : For > 5 kg children having < 45 minutes scan 
without contrast

• Dexmedetomidine Intranasal 4 microgram/kg (to maximum of 200
microgram)

• Administration: undiluted via a MAD® device

• In the event of failure administer 0.2 mg/kg of buccal midazolam (to
maximum of 10mg dose) post intranasal dose ONLY.



Protocol 3: For anxious children > 5 kg having scan with contrast or 
> 45 minutes scan without contrast

• Dexmedetomidine Intranasal 3 microgram/kg (to maximum of 200
microgram)

• Administration: undiluted via a MAD® device

• Insert cannula once asleep followed by 2 microgram/kg/hour
continuous infusion until the end of scan

• A repeat loading dose may be required in the event of poor-quality
sedation
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CASES



Case 1

• Boy 16 years old
• mentally and physically impaired
• MLCD syndrome
• mitochondrial DNA mutation
• Needs ear inspection and remove excessive earwax
• And dentist check-up, X-ray and physical examination



Case 2

4 yr old girl on E.D.
Laceration forhead, needs suturing
Very anxious
Didn’t accept mask for Nitrous Oxide on previous occasion.



Case 3

• 5-year-old with Kniest Dysplasia (short limbs/Joint 
deformity/Shortened trunk and neck, scoliosis, 
club foot, cleft palate)

• 10.3 kg
• Cervical spine stenosis – unstable and protection 

required
• Gastro-oesophageal reflux –on thickened fluids
• Cleft palate – difficult intubation / procedure 

abandoned (2019)
• 2 x sedations for MRI scan of C-spine with 

dexmedetomidine


