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Background: Dexmedetomidine is a highly selective central a,-agonist used as a sedative in pediatric intensive care unit
(PICU). However, little is known about the relationship between dexmedetomidine dose and its plasma concentration
during long-term infusion. We have previously demonstrated that the sedative plasma dexmedetomidine concentration
is moderately correlated with the administered dose in adults (r = 0.653, P = 0.001). We hypothesized that there would be
a similar relationship between the sedative dexmedetomidine concentration and administered dose in infants.

Methods: All patients admitted to the PICU at Nagoya City University Hospital, Japan, between November 2012 and
March 2013 were eligible for inclusion in the study. Plasma dexmedetomidine concentration was measured by ultra-
performance liquid chromatography coupled with tandem mass spectrometry.

Results: We measured the plasma dexmedetomidine concentration in 203 samples from 45 patients. Of these, 96 samples
collected from 27 patients < 2 years old were included in this study. All patients received dexmedetomidine at 0.12-1.40
pg/kg/h. The median administration duration was 87.6 hours (range: 6-540 hours). Plasma dexmedetomidine concentra-
tion ranged from 0.07 to 3.17 ng/ml. Plasma dexmedetomidine concentration was not correlated with the administered
dose (r = 0.273, P = 0.007). The approximate linear equation was y = 0.690x + 0.423.

Conclusions: In infants, plasma dexmedetomidine concentration did not exhibit any correlation with administered dose,
which is not a reliable means of obtaining optimal plasma concentration.
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Introduction

Dexmedetomidine is a highly selective central a,-agonist with
anesthetic and analgesic properties used in critically ill pediatric
patients [1,2]. Dexmedetomidine has been used in children with
heart disease [3-6], those undergoing mechanical ventilation [7],
and as part of an early extubation strategy [8]. A long duration
of administration may be required [5]. However, dexmedetomi-
dine causes bradycardia, hypotension, and hypertension [9,10];
it was reported to be responsible for sinus arrest in a healthy
young adult volunteer [11] and bradycardia followed by asystole
in a 52-year-old woman undergoing thymectomy [12]. In chil-
dren, the extent of these hemodynamic variations was reported
to be related to the serum dexmedetomidine concentration [13].
A comprehensive understanding of the pharmacological, phar-
macokinetic, and pharmacodynamic effects of dexmedetomi-
dine, and the best means of maintaining optimal plasma dexme-
detomidine concentration, are critical for its safe and efficacious
use in pediatric perioperative and critical care settings [14].

The recommended dose of dexmedetomidine for children in
the pediatric intensive care unit (PICU) is intravenous infusion
of 0.12-1.4 ug/kg/h. There are no methods for simulating blood
dexmedetomidine concentration. We have shown previously
that a dexmedetomidine dose of 0.20-0.83 ug/kg/h achieved ef-
fective sedation in adults, with a plasma dexmedetomidine con-
centration of 0.22-2.50 ng/ml; dexmedetomidine concentration
was moderately correlated with the administered dose (r = 0.653,
P <0.01) [15]. The relationship between dexmedetomidine dose
and plasma concentration during long-term infusion in criti-
cally ill children is not completely understood [16,17].

Our primary aim was to investigate whether the correla-
tion coefficient between the sedative dose of dexmedetomidine
and its plasma concentration in infants would exceed 0.5. We
conducted a prospective observational cohort study of infants
admitted to the PICU at our institution.

Materials and Methods
Ethical considerations

This study was conducted in the PICU of Nagoya City Uni-
versity Hospital, Japan. The name of the registry site was the
University Hospital Medical Information Network Clinical Tri-
als Registry (unique trial number: UMIN000009115). Ethical
approval for the study was provided by the Ethics Committee
of Nagoya City University Hospital, Nagoya, Japan, in July 2012
(chair Professor Y. Fujii, reference number 688). The require-
ment for written informed consent from participants’ parents
or caregivers was waived by the Ethics Committee, as we used
blood samples < 0.5 ml that would otherwise have been discard-
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ed after routine blood gas analysis every morning. Nevertheless,
we explained the study to the infants’ parents or caregivers and
recorded their agreement to participate in the medical records.

Participants

We recruited consecutive children < 2 years old admitted to
the PICU of our institution between November 2012 and March
2013. We excluded infants in whom the dose of dexmedetomi-
dine was changed within 6 hours. Dexmedetomidine was not
administered to patients with a history of intolerance to dex-
medetomidine, or with significant metabolic, hematological, or
endocrine disease.

Patients received continuous intravenous infusion of dexme-
detomidine (Precedex™; Hospira Japan, Osaka, Japan) at 0.12-1.4
ug/kg/h without a loading dose. Dexmedetomidine was admin-
istered based on clinical need, and all other standard PICU care
needs were met. Standard care included intravenous administra-
tion of fentanyl or morphine as an analgesic, potentially supple-
mented by midazolam as a sedative. The oral sedative-hypnotic
agents diazepam, triclofos, clonidine, and phenobarbital were
also used in selected patients at the discretion of the supervising
physician. Sedation was assessed using the Richmond Agitation-
Sedation Scale (RASS) as follows: +4, combative; +3, very agi-
tated; +2, agitated; +1, restless; 0, alert and calm; —1, drowsy;
—2, light sedation; —3, moderate sedation; —4, deep sedation;
—5, unarousable. Arterial blood gas analysis was routinely
performed (once daily between 05:00 and 07:00). Blood that
would otherwise have been discarded was collected immediately
in EDTA tubes. Samples were stored at 4°C and centrifuged.
Plasma was frozen at —80°C after separation and stored until
analysis.

Measurement of dexmedetomidine concentration was per-
formed by a single blind method. Arterial blood samples were
numbered and no clinical information, including on whether
dexmedetomidine had been administered, was provided to the
investigators performing the assays. We have established a meth-
od to measure dexmedetomidine concentration using only 10 ul
of plasma [18]. Briefly, dexmedetomidine was quantified using
the original stable dexmedetomidine-d; for electrospray ioniza-
tion-tandem mass spectrometry (ESI-MS/MS) in the selected
reaction monitoring mode. A rapid, ultra-high-performance
liquid chromatography technique was adopted using ESI-MS/
MS with a runtime of 3 minutes. Samples were prepared using a
solid-phase extraction technique with an OASIS-HLB cartridge.
Recovery values ranged from 99.8% to 100.3% for the intra-day
(relative standard deviation [RSD] 0.9-1.3%) and inter-day (RSD
0.9-1.5%) assays. A stable test was defined as having recovery
values in the range 97.8-99.7%, with an RSD 1.0-1.9% for the
process/wet extract, bench-top, freeze-thaw, and long-term tests.

427



Dexmedetomidine concentration in infants

We judged that an efficacious plasma concentration lay in the
range 50 pg/ml to 5 ng/ml. The lower limit of quantification was
5 pg/ml.

Statistical analysis

Power analysis was calculated for the primary endpoint, the
correlation coefficient between dexmedetomidine dose and
plasma dexmedetomidine concentration. Our preliminary data
(sample number = 43) estimated the correlation coefficient to
be 0.42. A total sample size of 48-82 was judged to be neces-
sary to obtain a correlation coefficient of 0.35-0.45 and detect
the primary outcome with statistical significance, assuming a
two-tailed type I error of 5% and type II error of 10%. The Kol-
mogorov-Smirnov test was used to assess the distribution of
data. Data are presented as means + SD for normally distributed
variables, the median [interquartile range, IQR] for non-nor-
mally distributed variables, or S the number (proportion, %), as
appropriate. The relationship between dexmedetomidine dose
and its plasma concentration was determined by linear regres-
sion. The correlation coefficient was calculated with Pearson’s r
or Spearmans p, according to the type of distribution. All P val-
ues are two-tailed. In all analyses, P < 0.05 was taken to indicate
statistical significance.

We also assessed the relationship between dexmedetomidine
dose and its plasma concentration in a variety of subgroups:
patients undergoing single- or two-ventricle cardiac surgery;
patients stratified according to Risk Adjustment in Congenital
Heart Surgery (RACHS-1) score (comparing those with RACHS
scores of 1-3 to those with scores of 4-6); and patents grouped
according to the curative or palliative surgical strategy and age.
Finally, we measured the correlation coefficient in patients from
whom more than five samples were obtained.

All statistical analyses were performed using SPSS software
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(ver. 19.0; SPSS Inc., Chicago, IL, USA).
Results
Participants
After exclusions, we collected 96 samples from 27 patients;
plasma dexmedetomidine concentration was measured after

assay failure in four specimens (Fig. 1). The demographic and
clinical characteristics of the patients are shown in Table 1. All

Table 1. Patient Characteristics

Infant
Number 27
Age (months) 8.0 [0.5-23]
M/F 11/16
Weight (kg) 5.9 +1.75 (2.6-9.4)
Main reason for ICU admission, n (%)
Medical 0 (0%)
Surgical 27 (100%)
Cardiac disease
VSD 7 (25.9%)
DORV 4 (14.8%)
TAPVC 4 (14.8%)
TOF 3(11.1%)
CAVSD 3(11.1%)
TGA 2 (7.4%)
SRV 2 (7.4%)
SLV 1(3.7%)
PDA 1(3.7%)

Values are mean + SD (range), median [interquartile range] or number (%).
ICU: intensive care unit, VSD: ventricular septal defect, DORV: double
outlet right ventricle, TAPVC: total anomalous pulmonary venous
connection, TOF: tetralogy of Fallot, cAVSD: complete atrioventricular
septal defect, TGA: transposition of the great arteries, SRV: single right
ventricle, SLV: single left ventricle, PDA: patent ductus arteriosus.

Fig. 1. Flow of participants from assess-
ment to enrollment in analysis.

Enrollment Assessed for enrollment (samples = 203 from 45 patients)

Failed to measure (samples = 4)

Excluded
(samples = 103)

Age > 2 (patients = 12, samples = 20)

Age < 2 and No dexmedetomidine (samples = 82)

Dosage changed within 6 hours (sample = 1)
Eligibility | Assessed eligibility (samples = 96 from 27 infants) |
Analysis | Analysis (samples = 96 from 27 infants) |
428
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Table 2. Details of Administered Dexmedetomidine and Sedation

In 96 samples of 27 infants

Drug treatment

Duration of infusion (h) 60 [12, 108]
(6-276)
Plasma concentrations (ng/ml) 0.86 + 0.65
(0.07-4.68)
Dosages (pg/kg/h) 0.63 [0.40-0.71]
(0.12-1.40)

Combined administration

No drug (only dexmedetomidine) 11 (11.5%)
22 (22.9%)
49 (51.0%)
14 (14.6%)
71 (74.0%)
51 (57.3%)
74 (77.1%)

1 drug (with fentanyl or morphine)
2 drugs™
3 or more drugs '
Fentanyl
Midazolam
Management with artificial ventilation

RASS

21 0 (0%)

0 10 (10.4%)
-1 12 (12.5%)
-2 45 (46.9%)
-3 20 (20.8%)
-4 6 (6.3%)
-5 3(3.1%)

Values are mean + SD (range), median [interquartile range] or number
(%). Mechanical ventilation: respiratory management with mechanical
ventilation when obtaining sample. *One sedative and one analgesic drug,
"> 3 sedative and analgesic drugs. RASS: Richmond Agitation-Sedation
Scale.

patients received dexmedetomidine at 0.12-1.40 pg/kg/h (Table 2)
and all patients had cardiac disease: 24 had undergone cardiac
correction surgery, and the remaining 3 had undergone non-
cardiac surgery after previous cardiac repair. Of those that had
undergone previous cardiac surgery, one patient underwent
Nissen fundoplication having previously undergone the Jatene
procedure for complete transposition of the great arteries, one
underwent surgery for imperforate anus having undergone the
Glenn procedure for double-outlet right ventricle, and the other
underwent cleft lip repair after ligation of a patent ductus arte-
riosus.

Dexmedetomidine dose and plasma concentration

The dexmedetomidine dose had not been changed for at
least 6 hours before all samples were collected. The median
(range) duration of administration was 60.0 (6-276) hours.
Dexmedetomidine concentration ranged from 0.07 to 3.17 ng/
ml. Dexmedetomidine concentration was not correlated with
the administered dose (r = 0.273, P = 0.007). The approximate
linear equation was y = 0.690x + 0.423 (Fig. 2). The RASS score
ranged from 0 to -5 (Table 2).
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Fig. 2. Relationship between dexmedetomidine dose and plasma
dexmedetomidine concentration in infants. Plasma dexmedetomidine
concentration was weakly correlated with the administered dose (r =
0.273, P = 0.007). The approximate linear equation was y = 0.690x +
0.423.

Subgroup analyses

Subgroup analyses indicated that neither single- or two-ven-
tricle repair, RACHS-1 score, nor surgical strategy influenced
the relationship between dexmedetomidine dose and plasma
concentration (Table 3). There was also no significant correla-
tion when only the data of patients with five or more samples
were analyzed (Table 3, Fig. 3). Finally, age did not influence the
strength of the relationship between dexmedetomidine dose and
its plasma concentration: the correlation coefficient was 0.325 in
those aged < 1 year (sample number = 72, P = 0.005), compared
with 0.310 in those aged > 1 year but < 2 years (sample number
=24, P = 0.140).

Concomitant drugs administered

The median [IQR] doses of co-administered drugs were
as follows: fentanyl, 1.35 [0.66-2.56] pg/kg/h; morphine, 9.80
[6.00-15.39] pg/kg/h; midazolam, 0.16 [0.10-0.33] mg/kg/h;
diazepam, 0.41 [0.38-0.48] mg/kg/day; triclofos, 42.6 [11.0-64.1]
mg/kg/day; clonidine, 13.2 [9.90-16.0] pg/kg/day; and pheno-
barbital, 2.94 [2.94-2.94] mg/kg/day.

Discussion

We found that plasma dexmedetomidine concentration
ranged from 0.07 to 3.17 ng/ml in critically ill children under 2
years old administered a dose of 0.2-1.40 ug/kg/h. There was no
relationship between plasma dexmedetomidine concentration
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Table 3. Subgroup Analysis of Correlation Coefficient between Plasma Concentration and Dose of Dexmedetomidine

Subgroups Sample (n = 96) Patients (n = 27) Correlation coefficient P value

Single- or two-ventricle

Single ventricle 8 4 0.643 0.085

Two ventricle 88 23 0.082 0.450
RACHS-1

1-3 81 23 0.162 0.149

4-6 15 4 0.149 0.597
Curative repair or palliative operation

Curative repair 79 17 0.118 0.300

Palliative operation 17 10 0.196 0.451
The same patient with several samples

A: VSD closure 12 0.583 0.047

B: curative repair for cAVSD 11 0.844 0.001

C: curative repair of TAPVC 7 0.477 0.279

D: curative repair of cAVSD 7 0.612 0.144

E: curative repair of cAVSD 6 0.655 0.158

F: VSD closure 6 0.928 0.008

Values are number of patients. RACHS-1: Risk Adjustment in Congenital Heart Surgery, VSD: ventricular septal defect, cAVSD: complete
atrioventricular septal defect, TAPVC: total anomalous pulmonary venous connection.

and the administered dose, even in specific subgroups, in con-
trast to our previous study in adults that identified a moderate
correlation [15]. In our cohort of critically ill infants, adminis-
tration of the recommended dose of dexmedetomidine did not
reliably achieve an optimal plasma concentration. A recent sys-
tematic review reported that while 57.6% of PICU patients were
optimally sedated, 10.6% were under-sedated and 31.8% were
over-sedated [19]. Our findings may explain the high propor-
tion of PICU patients that are not optimally sedated. Physicians
must therefore take great care when administering dexmedeto-
midine to infants.

Although the sedative concentration of dexmedetomidine
in infants is not known, the concentrations that we identified
were judged to be sufficient to achieve sedation in our cohort.
The range in our cohort corresponded closely to the sedative
concentration reported in adults (0.2-3.2 ng/ml) [20]. Chrysos-
tomou et al. [21] reported that after cardiac surgery in neonates
and infants, a higher maximum dexmedetomidine dose of 1.25
ug/kg/h was well tolerated and provided adequate sedation. In
addition, Vilo et al. [22] noted a trend toward a need for an in-
creased dexmedetomidine dose in patients younger than 1 year
old. Furthermore, when dexmedetomidine was administered
to our cohort with other analgesics and sedatives, we achieved
RASS scores from 0 to —5 and only 9.4% had scores of —4 or
—5, which are suggestive of over-sedation. Based on these find-
ings, our dexmedetomidine concentration range (0.07-3.17 ng/
ml) is likely to represent the sedative concentration in infants.

There may be several explanations for the absence of a rela-
tionship between dexmedetomidine dose and its plasma con-
centration in the present study compared to our previous find-
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ing of a moderate correlation in adults, some of which may be
a consequence of the study’s limitations. First, dosing regimens
were based on body weight, a greater proportion of which may
change during critical illness in infants compared with adults
(all participants in our cohort weighed < 10 kg). Furthermore,
body weight was measured before surgery or the onset of criti-
cal illness. Changes in body weight, and concomitant changes
in blood volume, may be responsible for the variation in plasma
dexmedetomidine concentration found here. Second, the phar-
macokinetics and pharmacodynamics of dexmedetomidine are
poorly understood and unpredictable in this population, par-
ticularly in infants with organ failure [23], and both may differ
substantially from those in critically ill adults due to differences
in protein binding, distribution, and clearance [24]. Third, our
cohort was recruited from a single center and all had undergone
cardiac surgery, which was performed during the same admis-
sion in the majority of cases. This population may therefore
not completely reflect typical PICU patients with regard to
hemodynamic status, disease severity, or neurodevelopmental
stage. Infants with normal cardiac anatomy may exhibit a differ-
ent relationship between dexmedetomidine concentration and
dose. Although a high proportion of participants in our previ-
ous study in adults had also undergone cardiac surgery [15],
the nature of cardiac disease and comorbidities are substantially
different in infants. Fourth, the sample sizes in our subgroup
analyses may have been too small to reliably detect a significant
relationship between dexmedetomidine dose and its plasma
concentration. Future studies should include larger samples of
participants with specific cardiovascular disorders, and partici-
pants with non-cardiac diseases. Furthermore, as dexmedeto-
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Fig. 3. Subgroup analyses showing the relationship between dexmedetomidine dose and plasma dexmedetomidine concentration in: (A) ventricular
septal defect closure; (B, D, and E) curative repair of complete atrioventricular septal defect; (C) curative repair of total anomalous pulmonary venous
connection (Table 3); (F) five patients with more than five samples. In (A, B and F) the correlation coefficients were statistically significant; however,
there was a wide range of slopes of the approximate linear equations (0.676, 0.826, and 1.729, respectively). It is difficult to definitively conclude that
there was a significant correlation between dexmedetomidine dose and plasma dexmedetomidine concentration in these subgroups. The approximate
linear equations were: (A) y = 0.826x + 0.031; (B) y = 0.676x + 0.277; (C) y = 1.295x + 0.352; (D) y = 2.544x — 0.543; (E) y = 3.596x — 0.274; (F) y = 1.729x -
0.312.
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midine is increasingly used to sedate children outside the PICU
[25,26], it will be important to determine its pharmacodynamic
and pharmacokinetic properties in other clinical settings.

Our study had several other limitations. First, as its design
was observational, strategies for the administration of dexme-
detomidine and other sedative and analgesic drugs were tailored
to each infant at the discretion of the supervising physician and
other clinical staff. In future studies, consideration should be
given to administering other sedatives and analgesics accord-
ing to a protocol, titrated by sedation and pain scores. Second,
multiple samples were obtained from some patients, so we can-
not exclude the possibility that these may have influenced our
findings for all participants. Finally, we defined an infant as a
child under 2 years old, when typically the term is used to refer
to children under 1 year old. Unlike some institutions where
the youngest children are admitted to a neonatal intensive care
unit, we admit all critically ill children to our PICU from birth
onward. Consequently, including patients up to the age of 2
years more closely represents our routine clinical practice; fur-
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thermore, we found that age did not influence the correlation
coefficient.

In conclusion, a dexmedetomidine dose of 0.12-1.40 pg/kg/h
achieved a sedative plasma dexmedetomidine concentration of
0.07-3.17 ng/ml in critically ill infants under 2 years old. There
was no relationship between dexmedetomidine dose and its
plasma concentration. These observations suggest that adminis-
tration of the recommended dose of dexmedetomidine did not
reliably achieve the optimal plasma concentration in critically ill
infants.
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