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OBJECTIVES: To demonstrate the efficacy, safety, and pharmacokinetics 
of dexmedetomidine as a potential sedative for pediatric surgery patients 
in the ICU.

DESIGN: Phase 3, multicenter, open-label study.

SETTING: This study included 61 patients at 13 tertiary hospitals in Japan.

PATIENTS: Pediatric patients (≥ 45 wk corrected gestational age to < 17 yr)  
undergoing intensive care treatment with mechanical ventilation requiring 
greater than 6 hours estimated duration of sedation following elective cardiac 
surgery.

INTERVENTIONS: Dexmedetomidine was IV administered without a 
loading dose at age-specific dose regimens 0.2–1.4 (< 6 yr) and 0.2–1.0 
µg/kg/hr (≥ 6 yr). The primary endpoint was the percentage of patients 
who did not require a rescue sedative (midazolam) infusion during mechan-
ical ventilation or for the first 24 hours of a greater than 24 hours ventilation 
following the commencement of dexmedetomidine administration.

MEASUREMENTS AND MAIN RESULTS: Overall, 47 of the 61 patients 
(77.0%) did not require rescue midazolam. Adverse events were reported in 
53 patients (86.9%). Frequently observed adverse events were hypotension 
(47.5%), bradycardia (31.1%), and respiratory depression (26.2%). Most of 
these adverse events were mild, a few moderate, and none severe. Although 
serious adverse events occurred in four patients, including one cardiac tam-
ponade resulting in the withdrawal of dexmedetomidine, none of the adverse 
events resulted in mortality or were directly related to dexmedetomidine. The 
plasma dexmedetomidine concentration generally reached the target con-
centration of 0.3–1.25 ng/mL at 1–2 hours prior to completion of administra-
tion or immediately prior to the commencement of tapering.

CONCLUSIONS: The age-specific dose regimens of dexmedetomidine 
without an initial loading dose achieved an adequate sedation level during 
mechanical ventilation and caused no clinically significant adverse events 
in the intensive care pediatric patients. These effects were achieved within 
the therapeutic range of dexmedetomidine plasma concentration and were 
accompanied by minimal effects on hemodynamics and respiration.
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The establishment of ideal sedation and anal-
gesia has become the cornerstone of achieving 
favorable outcomes for patients in intensive 

care. Although benzodiazepines (midazolam) and opi-
oids (morphine and fentanyl) are the most commonly 
used conventional sedatives and analgesics in the PICU 
(1, 2), prolonged use of these drugs may induce drug 
tolerance, dependency, and withdrawal symptoms, in-
cluding delirium (3).

Dexmedetomidine is a potent and highly selec-
tive central α2-adrenergic receptor agonist, which 
can maintain the spontaneous breathing of a pa-
tient while providing easily arousable sedation (4, 5).  
Dexmedetomidine also provides a weak analgesic 
effect (5). Studies have shown that patients admin-
istered dexmedetomidine experience a significantly 
shorter duration of mechanical ventilation and less 
postoperative delirium compared with benzodiaz-
epines and propofol in adult intensive care patients 
(6–8). Furthermore, administration of dexmedetomi-
dine provides nearly spontaneous sleep that is arous-
able (9, 10) and maintains an anxiety- and pain-free 
state when sufficient sedation is achieved with con-
tinuous administration, which suppresses the devel-
opment of postoperative delirium (11). Therefore, 
dexmedetomidine is a favorable sedative that can be 
administered during weaning from mechanical ven-
tilation and following extubation. It has also been 
reported that dexmedetomidine produces a neuro-
protective effect in juvenile animal models of isoflu-
rane-induced neuroapoptosis (12, 13).

Dexmedetomidine is already approved for clin-
ical use in adults for intensive care patients and sur-
gical/procedural sedation globally; thus, the efficacy 
and safety of this drug are well established (6, 14, 15). 
However, dexmedetomidine had not been approved 
for use in pediatric patients in countries despite effi-
cacy in younger patients and high medical demand for 
another sedative for use in children (16, 17). Recent 
approval in Japan allows dexmedetomidine to now be 
administered to pediatric patients, based on the results 
of clinical trials involving pediatric patients undergo-
ing intensive care treatment, including mechanical 
ventilation following elective surgery or during med-
ical management. This study evaluates the results of 
patients undergoing elective surgery to determine the 
efficacy, safety, and pharmacokinetics of age-specific 
doses of dexmedetomidine in Japan.

MATERIALS AND METHODS

Study Overview and Ethics

This phase 3, multicenter, single-arm, open-label clin-
ical study was conducted concurrently at 13 tertiary 
hospitals in Japan between July 2016 and May 2017. The 
Institutional Review Board at each hospital reviewed 
and approved the final protocol, amendments, and in-
formed consent documentation. Written informed con-
sent was obtained from each patient or their guardian 
prior to commencement of this study. The study was 
registered prior to patient enrollment at ClinicalTrials.
gov (NCT02757625, Date of registration: May 2, 2016). 
The principal investigators and institutions are listed 
in the Acknowledgments section. This study was spon-
sored by Pfizer Japan Inc., Tokyo Japan, and Maruishi 
Pharmaceutical Co., Ltd., Osaka, Japan.

Study Design

The time course of clinical events and drug administra-
tion are shown in Supplemental Fig. 1 (Supplemental 
Digital Content 1, http://links.lww.com/PCC/B717). 
The study cohort consisted of pediatric patients (≥ 45 wk  
corrected gestational age [CGA] to < 17 yr) whose 
preoperative physical statuses were graded as class 
I–III based on the ASA guidelines (18), undergoing 
intensive care treatments, including mechanical ven-
tilation (> 6 hr estimated duration of sedation) im-
mediately following elective (scheduled nonurgent) 
surgery. Patients with neurologic disease, significant 
hemodynamic disorders, liver dysfunction, or severe 
infection were excluded from the study (Appendix A, 
Supplemental Digital Content 2, http://links.lww.com/
PCC/B718, which summarizes the inclusion and ex-
clusion criteria).

Dexmedetomidine Administration

Patients were admitted to an ICU with shared nursing 
staff, and baseline values, including sedation levels, were 
assessed, followed by commencement of the dexme-
detomidine infusion. The sedation level was assessed 
with the State Behavioral Scale (SBS) score (19). A load-
ing dose of dexmedetomidine was not permitted, and 
the exact infusion dose was determined based on the 
baseline body weight. The lowest starting dose for dex-
medetomidine infusion was 0.2 µg/kg/hr. The infusion 
rate was gradually adjusted within 0.2–1.4 µg/kg/hr for 
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patients less than 6 years old and 0.2–1.0 µg/kg/hr for 
patients greater than or equal to 6 years old to achieve 
the target sedative depth, which SBS score ranged from 
–2 to 0 during mechanical ventilation and –1 to 0 fol-
lowing extubation. If the investigator decided that the 
patient had not yet reached an adequate sedative state, 
the investigator increased the rate of the dexmedeto-
midine infusion by 0.1 µg/kg/hr (1.67 ng/kg/min) for 
at least 3 minutes per increase. For example, if the in-
vestigator increased the rate by a total of 0.4 µg/kg/hr,  
then the investigator kept the same rate for at least  
12 minutes. The SBS score was assessed at 10, 20, and 30 
minutes and 1, 2, and 4 hours and then every 4 hours 
following the initiation of dexmedetomidine infusion. 
When the infusion rate was changed, the level was 
assessed within 10 minutes prior to changing the in-
fusion rate of the study drug and at 3–30 minutes after 
changing the rate. At the time of extubation, the SBS 
score was assessed 10 minutes prior to extubation and 
at 5, 15, and 30 minutes and 1, 2, 4, and 12 hours after 
extubation. The maximum maintenance doses were set 
based on the dexmedetomidine weight-adjusted clear-
ance data from four previous pediatric studies (DEX-
09-08, Children’s Hospital of Philadelphia,  DEX-08-01, 
and DEX-11-01) (20, 21). The predicted steady state 
plasma dexmedetomidine concentrations in this pedi-
atric study population were similar to the steady state 
plasma drug concentration achieved with the approved 
maintenance dose for adults (0.2–0.7 μg/kg/hr).

Since postoperative agitation and delirium are fre-
quently observed during extubation and following this 
procedure (22), dexmedetomidine infusion was con-
tinued as necessary after extubation in the absence 
of severe adverse events (AEs). Cases that required a 
prolonged dexmedetomidine infusion greater than  
24 hours were gradually weaned off of this drug over 
4 hours or longer to prevent withdrawal symptoms. At 
the completion of dexmedetomidine infusion, the SBS 
score was assessed at the end of dosing and also after 
1, 2, and 4 hours.

During surgery, all the usual drugs were allowed, 
including those for sedation (midazolam), agitation 
(phenobarbital), analgesia (fentanyl), and anesthesia 
(inhaled anesthetics). However, during and until 24 
hours following dexmedetomidine administration, it 
was prohibited in this study to administer the follow-
ing drugs other than dexmedetomidine as study drug 
and midazolam as rescue drug: sedatives/analgesics 

midazolam, continuous infusion of muscle relaxants, 
or other adrenergic α2-receptor agonists such as cloni-
dine. Fentanyl was also prohibited; however, fentanyl 
could be used continuously for pain management 
without a dose change as a rule even after the start 
of dexmedetomidine, if fentanyl was continuously 
infused prior to the dexmedetomidine commence-
ment, and discontinuation of the infusion of fentanyl 
was considered likely to disadvantage the patients. 
Nonsteroidal anti-inflammatory analgesic drugs, such 
as paracetamol (acetaminophen) for pain control and 
fever and aspirin for the antiplatelet therapy, were also 
allowed for use after extubation.

If additional sedation was required to achieve the 
target sedative depth even under the maximum dose of 
dexmedetomidine infusion, the investigator could add 
midazolam as a rescue sedative at a dose of 0.05–0.2 mg/kg  
IV over a period of 2–3 minutes. However, if patients 
required rescue midazolam at greater than or equal to 
five doses per hour at the maximum dose of dexmedeto-
midine infusion, then those were discontinued from the 
study. An additional bolus administration of fentanyl 
(1–2 µg/kg) was also allowed as a rescue analgesic for 
pain management at the investigator’s discretion.

Efficacy of Dexmedetomidine

The primary endpoint was the percentage of patients 
who did not require a rescue sedative (midazolam) dur-
ing mechanical ventilation or for 24 hours if mechanical 
ventilation lasted greater than 24 hours following the 
commencement of dexmedetomidine administration 
(“the efficacy percentage”). The secondary endpoints 
were the percentage of patients who did not require a 
rescue analgesic (fentanyl) during the same period as 
the primary endpoint and the percentage of the patients 
requiring no rescue midazolam or fentanyl from  
24 hours to extubation in the patients who received 
greater than 24 hours mechanical ventilation. Additional 
outcomes were the percentage of the patients requiring 
no rescue midazolam or fentanyl during dexmedetomi-
dine administration after extubation (Fig. 1).

Measurement of the Plasma Concentration 
of Dexmedetomidine and Pharmacokinetic 
Analysis

Blood samples (0.5 mL) were collected, and the plasma 
dexmedetomidine concentration was analyzed using 
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a validated high-performance liquid chromatogra-
phy-tandem mass spectroscopy method. Sampling 
points were 1–2 hours and taken immediately prior 
to the completion of administration, then at 10 and  
30 minutes and 2, 4, and 6–8 hours after the com-
pletion. When dexmedetomidine was administered 
at greater than 24 hours and tapered to discontinua-
tion, blood samples were collected exactly at the com-
mencement of tapering, and at 0, 10, and 30 minutes 
and 2, 4, and 6–8 hours after completion of adminis-
tration (Fig. 1). Plasma samples were prepared, frozen, 
and sent to inVentiv Health Clinique, Inc. (Québec, 
Canada) for analysis. Population pharmacokinetic 
(PopPK) analysis was performed to evaluate the phar-
macokinetic of dexmedetomidine using the Cognigen 
PopPK model used by the previous dexmedetomidine 
pediatric studies in the United States (DEX-09-08, 
CHOP Study, DEX-08-01, and DEX-11-01) (20, 21).

Safety Evaluation

To evaluate the safety of dexmedetomidine, treatment-
emergent AEs (TEAEs) and other abnormal variations in 
the laboratory tests were collected. Of note, postoperative 
surgical site symptoms and operation-related abnormal 

clinical tests were not classified as TEAEs. The details are 
presented in Appendix B (Supplemental Digital Content 
3, http://links.lww.com/PCC/B719). TEAEs that occurred 
during and 24 hours after dexmedetomidine administra-
tion and all serious AEs (SAEs) that occurred from the 
time of informed consent to 28 days after dexmedetomi-
dine administration were required to be reported regard-
less of their relationship to the pharmacologic effects of 
dexmedetomidine. Any clinically significant symptoms 
related to surgery were also reported as TEAEs. Protocol-
specified TEAEs included hypotension below the refer-
ence limit of systolic blood pressure (SBP) (SBP < 70 mm 
Hg for age ≥ 45 wk CGA to < 1 yr; SBP < 70 + [2 × age in 
yr] mm Hg for age ≥ 1 yr to < 10 yr; SBP < 90 mm Hg for 
age ≥ 10 yr to < 17 yr) (23), bradycardia below the percen-
tile limit (≤ 10th percentile of heart rate [HR] for healthy 
children) (24), and respiratory depression below the per-
centile limit (≤ 10th percentile of respiratory rate [RR] for 
healthy children) (24). AEs after dexmedetomidine dis-
continuation were defined as AEs that newly occurred or 
those that worsened following the conclusion of dexme-
detomidine administration.

The severity of TEAE was graded as “mild” that does 
not interfere with subject’s usual function, “moderate” 
that interferes to some extent with subject’s usual 

Figure 1. Timeline for evaluation of drug efficacy. A, Condition in which mechanical ventilation was completed within 24 hr after the 
commencement of infusion, and (B) condition in which mechanical ventilation lasted for longer than 24 hr after the commencement 
of infusion. Arrowheads represent times of blood sampling for pharmacokinetic measurements. The asterisk indicates the period of 
efficacy evaluation for the primary endpoint. DEX = dexmedetomidine. 
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function, or “severe” that interferes significantly with 
subject’s usual function.

Statistical Analysis

The sample size for the primary efficacy analysis was 
determined using the following information: the ex-
pected efficacy percentage of dexmedetomidine was 
assumed to be 60%, and an efficacy threshold value 
was defined to be 40% based on information from 
the previous dexmedetomidine studies for U.S. Food 
and Drug Administration applications on children 
(DEX-08-05 [25]) and adults (W97-245 [26, 27], 
W97-246 [28], and J-DEX-99-001 [29]). Assuming 
the 60% efficacy percentage, 48 patients would pro-
vide greater than or equal to 80% power to detect ef-
ficacy compared with the threshold value of 40% via 
the two-sided binomial test with a 5% significance 
level. Thus, the required number of patients for effi-
cacy analysis was estimated to be 60, including pos-
sible dropouts. To examine the effects of age, the 
patient population was to include at least eight infants  
(≥ 45 wk CGA to < 12 mo), 16 toddlers (≥ 12 to < 24 mo),  
16 preschoolers (≥ 2 to < 6 yr), and eight schoolchil-
dren (≥ 6 to < 17 yr). The elective surgery patients who 
received dexmedetomidine were evaluated as efficacy 
and safety sets in this article. The efficacy percentage 
and 95% CI were calculated for the efficacy analysis set. 
The lower limit of the 95% CI based on the Agresti-
Coull method was compared with the threshold value. 
All elective surgery patients who received dexmedeto-
midine for greater than 6 hours and whose plasma 
concentrations were measured more than once were in-
cluded in a pharmacokinetic analysis set. At least eight 
patients were required in each age subset to estimate 
the primary pharmacokinetic variables.

All statistics were performed using commercially 
available software (SAS Version 9.2; SAS Institute, 
Cary, NC).

RESULTS

Patients

A total of 63 patients were registered in this study. 
Sixty-one of these patients received dexmedetomidine 
following elective surgery for the efficacy and safety of 
dexmedetomidine; the remaining two patients without 
surgery were excluded from analysis in this article. 
Dexmedetomidine administration was discontinued 

in two male preschoolers of the 61 patients due to 
SAE and the investigator’s judgment. Furthermore, 
one preschooler was excluded from laboratory evalua-
tions due to missing data following dexmedetomidine 
commencement.

The demographic characteristics of the patients in 
each age subset are shown in Supplemental Table 1 
(Supplemental Digital Content 4, http://links.lww.
com/PCC/B720). Many patients (53/61 patients) 
exhibited an SBS score of –3 at the start of dexmedeto-
midine infusion. The mean (sd) of dexmedetomidine 
infusion time was 21.09 (13.10) hours from the start to 
the end and that included 6.91 (5.11) hours of venti-
lation. Two infants (3.3%) received dexmedetomidine 
for longer than 24 hours. The mean (sd) of the expo-
sure dose was 0.726 (0.278) µg/kg/hr.

Surgeries were all heart surgeries, and the major 
types were ventricular septal defect closure (49.2%) 
or atrial septal defect closure (21.3%). During surgery, 
midazolam for sedation and fentanyl and acetamino-
phen for pain control were commonly used. Following 
surgery, fentanyl was continuously used in most of the 
patients (91.8%). Concomitant use of acetaminophen 
was allowed by the protocol, and it was used for pain 
control or fever reduction after extubation (31.1%), 
including two cases (3.3%) of protocol deviation (ad-
ministration before extubation).

Efficacy

The primary analysis indicated that 47 of the 61 
patients (77.0%, the efficacy percentage) did not re-
ceive rescue midazolam during mechanical ventila-
tion (or for 24 hr) if ventilation was continued for 
greater than 24 hours mechanical ventilation follow-
ing the commencement of dexmedetomidine admin-
istration (Fig. 2A). The lower limit of 95% CI for the 
efficacy percentage was greater than the prespecified 
threshold value of 40%. The median SBS score at 
extubation was –1. The mean percentage (sd) of time 
within the target sedation range (SBS score –2 to 0) 
was 55.11% (29.32) of the 61 patients. Each age subset 
exhibited the lower limit of the 95% CI greater than 
40%, and the lowest limit for toddlers was 43.6%. A 
post hoc exploratory analysis was performed for the 
dichotomous variable of rescue midazolam use; how-
ever, no difference was found for potential risk fac-
tors (Supplemental Table 2, Supplemental Digital 
Content 5, http://links.lww.com/PCC/B721).
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Two patients required dexmedetomidine infusion 
more than 24 hours because of long mechanical venti-
lation. However, none of these patients received rescue 
midazolam after 24 hours infusion of dexmedetomi-
dine until weaning from the ventilator. A total of 60 
patients continued to receive dexmedetomidine infu-
sion following extubation regardless of the infusion 
time, and 55 patients (91.7%) did not receive rescue 
midazolam during the period from extubation to the 
completion of dexmedetomidine administration. 
These results indicated that dexmedetomidine was 
effective as a sedative in pediatric patients.

The secondary endpoint 
results related to rescue fen-
tanyl showed that 54 of the 61 
patients (88.5%) did not require 
rescue analgesic fentanyl dur-
ing the same specified period as 
the primary endpoint (Fig. 2B). 
All the patients who received 
rescue fentanyl were those 
who continued infusion of fen-
tanyl following their surgery, 
and in the subsets by age, more 
patients in the schoolchildren 
subset received rescue fentanyl. 
Dexmedetomidine was admin-
istered for greater than 24 hours 
in two patients under mechan-
ical ventilation. Neither of the 
two patients who were admin-
istered dexmedetomidine for 
greater than 24 hours under 
mechanical ventilation had re-
ceived rescue fentanyl after 24 
hours infusion of dexmedeto-
midine until weaning from the 
ventilator. Furthermore, of the 
60 patients who continued to 
receive dexmedetomidine in-
fusion from extubation to the 
end of dexmedetomidine infu-
sion, 59 (98.3%) did not receive 
rescue fentanyl.

Plasma Concentration of 
Dexmedetomidine and 
Pharmacokinetic Analysis

Although the plasma dexmedetomidine concentrations 
in each age subset varied over a wide range, overall, they 
reached the target concentration range of 0.3–1.25 ng/mL 
derived from the pharmacokinetic data in adults (30) at 
1–2 hours prior to the completion of administration or be-
fore the commencement of tapering (Fig. 3). Thereafter, 
no significant differences in the plasma dexmedetomi-
dine concentrations were observed at any of the sampling 
points among the age subsets (data not shown).

Based on the PopPK analysis, the mean estimated 
body weight-adjusted clearance was 1.15, 0.99, and 
1.07 L/hr/kg in the three younger age subsets of infants, 

Figure 2. Percentage of subjects who did not receive rescue midazolam (A) or fentanyl  
(B) during mechanical ventilation during the study period. Error bars indicate 95% CIs.
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toddlers, and preschoolers, respectively. The value in 
schoolchildren was 0.83 L/hr/kg, which was lower than 
that found in the other age subsets. A similar trend was 
observed in the body weight-adjusted volume of dis-
tribution at the steady state (2.52, 2.26, and 2.21 L/kg 
vs 1.79 L/kg, respectively). These variables appeared 
to decrease with increasing age and to approach the 
values expected in adults (Table 1).

Safety

A total of 124 TEAEs occurred in 53 of the 61 patients 
(86.9%); however, none of the TEAEs were clini-
cally significant in severity. Common TEAEs were 
only the protocol-specified TEAEs hypotension 
(47.5%), bradycardia (31.1%), and respiratory depres-
sion (26.2%) (Supplemental Table 3, Supplemental 
Digital Content 6, http://links.lww.com/PCC/B722). 
Dexmedetomidine-related TEAEs were observed 
in 14 patients (23.0%) and included hypotension 
(4.9%), bradycardia (11.5%), and respiratory depres-
sion (3.3%). Most of these dexmedetomidine-related 
TEAEs were mild, a few moderate, and none severe. 

Among these cases, hypotension required additional 
medication, and one case of respiratory depression 
required a dose reduction of fentanyl. Notably, these 
TEAEs disappeared immediately following completion 
of the dexmedetomidine infusion. The most common 
features of AEs after dexmedetomidine discontinua-
tion were vomiting (11.1%), nausea (7.9%), and brad-
ycardia (6.3%). However, no delirium was observed 
during the study period.

Four SAEs occurred in four patients; however, none 
were related to dexmedetomidine. Among the SAEs, 
cardiac tamponade in one preschooler led to discontinu-
ation from the study for this patient. The other SAEs car-
diac tamponade, pericardial effusion, and postoperative 
wound infection (one each) occurred following com-
pletion of dexmedetomidine administration. No deaths 
occurred. The relationship between the plasma dexme-
detomidine concentration and percent change from the 
baseline in SBP, diastolic blood pressure (DBP), HR, 
and RR at discontinuation were evaluated using simple 
linear regression analysis (Fig. 4). Although no obvious 
changes in DBP and RR were observed within the wide 
range of dexmedetomidine plasma concentrations, the 

Figure 3. Plasma dexmedetomidine concentrations 1–2 hr before the completion of dexmedetomidine administration or before the 
commencement of tapering. Circles represent individual values. The box plot represents the median and 25%/75% quartiles with 
whiskers to the largest or lowest point within 1.5 times the interquartile range. The lines drawn at 300 and 1,250 pg/mL indicate the 
therapeutic range of plasma dexmedetomidine concentration derived from the previous dose-ranging study in adults (30).

http://links.lww.com/PCC/B722
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SBP and HR appeared to decrease as the dexmedetomi-
dine concentration increased.

There were no abnormalities found in the laboratory 
variables, vital signs, or the electrocardiogram within the 
infusion rate of dexmedetomidine used in this study.

DISCUSSION

The purpose of this study was to break away from 
off-label use and obtain approval. The main objectives 
were to show that dexmedetomidine as a single agent 
could be used in pediatric patients as an effective and 
safe sedative in intensive care and to present a recom-
mended protocol for individual age group. Therefore, 
it was not significant to show noninferiority compared 
with midazolam, and we decided to examine the use-
fulness of dexmedetomidine in a single-arm, open 
study. Following consultations with the Japanese regu-
latory authorities, we prepared a new protocol of drug 
dosing, which reflected their ideas and concerns.

There were three major findings of this study. First, 
dexmedetomidine alone achieved adequate sedation 
levels that did not require rescue midazolam during and 
after mechanical ventilation in the pediatric intensive 
care patients. Second, the pharmacokinetic data dem-
onstrated that the dose settings of dexmedetomidine 
that we introduced achieved the targeted therapeutic 
range of plasma concentration in the pediatric popu-
lation as reported in adult patients. Third, although 
dexmedetomidine caused some TEAEs, such as brady-
cardia and hypotension due to its innate pharmacologic 
effects, severe TEAEs or withdrawal symptoms, such as 
delirium, did not occur throughout this study.

Accordingly, 77.0% of the pediatric patients did 
not require rescue midazolam, and the efficacy per-
centage for the entire trial (and each age subset) was 
higher than the threshold value of 40% at a 95% lower 

confidence limit. The sedation level quickly reached to 
adequate levels after commencement of dexmedetomi-
dine infusion partly because most of the patients had 
an SBS score of –3 at baseline, probably the anesthet-
ics and sedatives used in surgery remained immedi-
ately after ICU admission. Taken together, with the 
assumed efficacy percentage of the placebo (around 
20%) derived from previous clinical studies (25–29), 
dexmedetomidine itself was at least in part, considered 
an effective sedative, achieving adequate sedation in 
pediatric patients under intensive care after elective 
surgery. Furthermore, efficacy was maintained during 
mechanical ventilation and after weaning in most of 
the patients. This feature was a plausible aspect in favor 
of dexmedetomidine over midazolam, which should 
generally be discontinued during the ventilation wean-
ing period due to the potential respiratory depression, 
and the discontinuation of midazolam often causes 
sudden agitation (31).

In this study, we introduced two different dose set-
tings of dexmedetomidine infusion via age subset and 
allowed titration to achieve adequate sedative levels 
without an initial loading dose that sometimes cause 
acute hemodynamic deterioration. Possible remaining 
effects of anesthetics and sedatives used in surgery may 
help avoid the use of the initial loading dose. As a fact, 
this protocol enabled us to achieve both effective sedation 
and a plasma concentration of dexmedetomidine within 
the therapeutic range of 0.3–1.25 ng/mL (derived from a 
previous dose-ranging study showing a minimal effective 
plasma concentration of 0.3 ng/mL [20] and the pharma-
cokinetic data in adult patients [30]) in all age subsets. 
Therefore, titration of the dexmedetomidine infusion rate 
by precise evaluation of the sedation level could achieve 
efficacy. Based on PopPK analysis, the mean estimated 
weight-adjusted clearance and weight-adjusted volume 
of distribution at the steady state were higher in the three 

TABLE 1. 
Estimated Clearance and Volume Distribution in Japanese Pediatric Patients by Age Subset 
Based on Population Pharmacokinetic Analysis

Variables, Mean (sd)

Infants

(n = 11)

Toddlers

(n = 16)

Preschoolers

(n = 11)

School Children

(n = 8)

Body weight-adjusted  
clearance (L/hr/kg)

1.15 (0.29) 0.99 (0.26) 1.07 (0.19) 0.83 (0.12)

Body weight-adjusted volume of  
distribution at steady state (L/kg)

2.52 (0.40) 2.26 (0.34) 2.21 (0.25) 1.79 (0.24)
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youngest age subsets (infants, toddlers, and preschoolers) 
than in schoolchildren, which supported a study regimen 
of higher doses in younger age subsets.

In addition, although the data used in the analysis 
were limited to the end of the infusion, the results have 
shown that there was no significant correlation between 
hemodynamic and respiratory variables and the plasma 
concentration of dexmedetomidine in this study. The 
relationship had not been clearly shown in previous pe-
diatric studies either (20, 21). With the age-specific reg-
imens we used in this pediatric study, modest decreases 
in SBP and HR were the two most frequent TEAEs as 
acknowledged in adult populations (28, 32). These he-
modynamic changes were acceptable because of the 

basic pharmacologic α2-adrenergic receptor agonist 
action of dexmedetomidine. These negative impacts 
of dexmedetomidine on the hemodynamics did not 
lead to discontinuation or dose reduction in this study. 
Taken together, the overall safety profile on the he-
modynamics in the pediatric population in the post-
surgery ICU management appeared to be comparable 
with that of adults. Respiratory depression was another 
frequently reported AE in this study, although without 
any worsening of the blood-gas analysis. This probably 
occurred due to one of the following two reasons: the 
protocol-specific criteria for respiratory depression 
as described in RR were strict for the postoperative 
patients; any decrease in RR from baseline observed 

Figure 4. Percentage changes from baseline in blood pressure, heart rate (HR), and respiratory rate (Resp. Rate) at various plasma 
dexmedetomidine concentrations at discontinuation of infusion. Circles represent observed individual data. The black solid line in each 
graph represents regression between each vital sign and the plasma concentration of dexmedetomidine. The shaded area in each graph 
represents the predicted 95% CI of regression. The two dashed lines in each graph represent the 95% upper and lower prediction 
limits. DBP = diastolic blood pressure, r = correlation coefficient, SBP = systolic blood pressure.
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during continuous monitoring of vital signs, even if it 
occurred once, was reported as an AE, and RR-setting 
of the mechanical ventilator settings was also counted 
as RR. In fact, no patients required reintubation after 
weaning from the mechanical ventilation, even with 
dexmedetomidine administration.

There were several limitations to this study that 
should be addressed. First, this study did not have a 
placebo control group, thus making any definitive 
conclusions difficult. However, our findings supported 
that dexmedetomidine was a plausible sedative that 
reduces uses of previous sedatives, such as benzodiaz-
epines and opiates that often cause various suffering 
AEs (33). Second, the small sample size was inadequate 
to draw definite conclusions regarding safety; how-
ever, the safety profile of this study was equivalent to 
that of previous adult studies with larger sample sizes. 
Third, the plasma concentrations of dexmedetomidine 
during hemodynamic and respiratory events were not 
measured. Therefore, an association between the two 
could not be drawn. Last, the study population was 
limited to postsurgical patients. Therefore, we could 
not show whether our dexmedetomidine protocol was 
also effective for PICU patients with other different 
complex backgrounds, such as encephalopathy, respi-
ratory disorder, and sepsis. However, at least, in part, 
dexmedetomidine could be one of the plausible seda-
tives and used in a combination with other sedatives 
even in pediatric patients other than postsurgical cases.

CONCLUSIONS

The age-specific dose regimens of dexmedetomidine 
without an initial loading dose could achieve an ad-
equate sedation level during mechanical ventilation 
without clinically significant TEAEs in the pediatric 
patients under intensive care after elective surgery. 
The therapeutic range of the plasma dexmedetomidine 
concentration achieved with this protocol may mini-
malize the effects on hemodynamics and respiration.
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