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Abstract 

 

A population pharmacokinetic model 

of intravenous dexmedetomidine after 

pediatric brain surgery 

 

In-Kyung Song 

Major in Anesthesiology and Pain Medicine 

The Graduate School 

Seoul National University College of Medicine 

 

Dexmedetomidine is a selective alpha-2 adrenergic agonist with concurrent sedative 

and analgesic effects, and it is being increasingly used in pediatric anesthesia and 

intensive care. This study aimed to investigate the pharmacokinetics of intravenous 

dexmedetomidine in mechanically ventilated children in the intensive care unit (ICU) 

after brain surgery.  

Pediatric patients aged 2–12 years, who were mechanically ventilated in 

ICU after brain surgery, were allocated into a low-dose (n = 15) or high-dose (n = 
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14) group. The low-dose group received dexmedetomidine at a loading dose of 0.25 

µg/kg for 10 min, followed by a maintenance dose of 0.25 µg/kg/h for 50 min, 

whereas the high-dose group received dexmedetomidine at a loading dose of 0.5 

µg/kg for 10 min, followed by a maintenance dose of 0.5 µg/kg/h for 50 min. Serial 

blood samples were collected for a pharmacokinetic analysis up to 480 min after the 

end of the infusion. The sedative effect of dexmedetomidine was assessed using the 

Bispectral Index and University of Michigan Sedation Scale. Adverse reactions, 

electrocardiography findings, and vital signs were monitored for a safety assessment. 

A population pharmacokinetic analysis was performed using non-linear mixed 

effects modeling.  

Dexmedetomidine induced a moderate-to-deep degree of sedation during 

infusion in both groups. The pharmacokinetics of dexmedetomidine were best 

described by a two-compartment disposition model with first-order elimination 

kinetics. The parameters were standardized for a body weight of 70 kg using an 

allometric power model. The population estimates (95% confidence interval) per 70 

kg body weight were as follows: clearance of 81.0 (72.9–90.9) L/h, central volume 

of distribution of 64.2 (50.6–81.0) L, intercompartment clearance of 116.4 (90.6–

156.0) L/h, and peripheral volume of distribution of 167 (132–217) L. No serious 

adverse reactions or hemodynamic changes requiring the discontinuation of 

dexmedetomidine were observed.  

In conclusion, dexmedetomidine had increased clearance in mechanically 

ventilated children in ICU after brain surgery, thereby indicating the need for 

frequent dosing to maintain a target plasma concentration.  



iii 

 

 

Keywords : pharmacokinetics; dexmedetomidine; child; deep sedation; intensive 

care units 

Student Number : 2013-31141  



iv 

 

Table of Contents 

 

Abstract ...................................................................................................................... i 

List of Tables ............................................................................................................. v 

List of Figures .......................................................................................................... vi 

1. Introduction ........................................................................................................... 1 

1.1 Dexmedetomidine ........................................................................................ 1 

1.2 Current use of dexmedetomidine in children ............................................... 1 

1.3 Necessity and importance of this research ................................................... 2 

2. Study methods ....................................................................................................... 3 

2.1 Study design and participants ...................................................................... 3 

2.2 Study protocol .............................................................................................. 3 

2.3 Blood sampling and drug assays for pharmacokinetics ............................... 5 

2.4 Efficacy and safety assessment .................................................................... 6 

2.5 Population pharmacokinetic analysis ........................................................... 7 

2.6 Statistics ....................................................................................................... 9 

3. Study results ........................................................................................................ 10 

3.1 Overall........................................................................................................ 10 

3.2 Efficacy and safety ..................................................................................... 10 

3.3 Pharmacokinetics ....................................................................................... 11 

4. Discussion ........................................................................................................... 18 

5. References ........................................................................................................... 24 

국문 초록 ............................................................................................................... 31 



v 

 

List of Tables 

 

Table 1. Patient characteristics and perioperative variables of the study participants

 ................................................................................................................................. 13 

Table 2. Parameter estimates and standard error in the final population 

pharmacokinetic model ........................................................................................... 14 

Table 3. Overview of previously published pharmacokinetic estimates of 

dexmedetomidine in the pediatric population ......................................................... 24 

  



vi 

 

List of Figures  

 

Figure 1. The observed plasma concentrations of dexmedetomidine, Bispectral Index, 

mean blood pressure, and heart rate over time by dose group ................................ 15 

Figure 2. The goodness-of-fit plots for the population pharmacokinetic model ..... 17 

Figure 3. The linear and log-linear plots of the visual predictive check of the 

population pharmacokinetic model for dexmedetomidine by dose group .............. 18 

 



1 

 

1. Introduction 

1.1 Dexmedetomidine  

 

Dexmedetomidine (Precedex®, Hospira, Lake Forest, IL, USA) is a selective alpha-

2 adrenergic agonist with concurrent sedative and analgesic effects, only approved 

by the U.S. Food and Drug Administration for the sedation of mechanically 

ventilated adults in an intensive care unit (ICU) and the procedural sedation of non-

intubated adults. In adults, the dosing regimen of dexmedetomidine comprises a 

loading dose of 1 µg/kg for 10 min, followed by a maintenance infusion of 0.2–1 

µg/kg/h [1]. 

 

1.2 Current use of dexmedetomidine in children 

 

Currently, dexmedetomidine is not approved for use in children. However, 

dexmedetomidine is commonly applied in children as a premedication for anxiolysis, 

as a sedative for non-invasive or invasive procedures, and as an adjunct for analgesia 

[2]. Considering the unique properties of dexmedetomidine, such as minimal 

respiratory depression [3], it may be used in pediatric patients in the ICU as well as 

in the emergency and interventional rooms. Therefore, a significant increase in the 

use of dexmedetomidine is expected. Nevertheless, most studies performed on 

children are underpowered interventional studies or small observational studies of 

limited methodological quality [2]. Moreover, previous studies have used different 

dosages because the dosing regimen of dexmedetomidine in pediatric patients has 
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not been established. The loading dose ranges from 0.05 to 6 µg/kg, whereas the 

maintenance dose ranges from 0.05 to 1.4 µg/kg/h [4–11]. 

 

1.3 Necessity and importance of this research 

 

According to the manufacturer’s prescribing information for dexmedetomidine, the 

dosage should be individualized and titrated to the desired clinical effect based on 

the patient’s body weight [1]. However, considering that the degree of maturation of 

various organs differs among children, over- or under-dosing may occur, which can 

lead to serious complications, side effects and a lack of expected therapeutic effects 

[11]. Therefore, the inter-individual differences affecting the pharmacokinetic (PK) 

profiles of dexmedetomidine in children must be identified to optimize the dosing 

regimen. To date, the PKs of dexmedetomidine in children have been investigated in 

some studies [4–14]. Nevertheless, information about the use of dexmedetomidine 

in children after brain surgery is limited. Thus, the present study aimed to 

characterize the PKs and safety of intravenous dexmedetomidine in mechanically 

ventilated children in the ICU after brain surgery. 
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2. Study methods  

2.1 Study design and participants 

 

This randomized, patient-blinded trial was approved by the Seoul National 

University Hospital Institutional Review Board (3 June 2014, IRB No. 1403-073-

564). After obtaining a written informed consent from all parents and a written assent 

from children older than 7 years, pediatric patients aged between 2 and 12 years, 

having an American Society of Anesthesiologists physical status classification of 1 

or 2 and who were scheduled for brain surgery and postoperative ventilator care for 

less than 4 h in the ICU, were enrolled prospectively. The exclusion criteria included 

patients with an altered mental status prior to surgery, a history of drug allergy and 

cardiovascular, hepatic, or renal disease, a body mass index ≥ 35 kg/m2, as well as 

those with hypovolemia, those on a chronic use of any medications, those undergoing 

hemodialysis, and those with a planned treatment for patient-controlled analgesia 

with opioid use. The study was registered at cris.nih.go.kr (KCT0001150). All 

procedures performed in this study were in accordance with the Declaration of 

Helsinki. 

 

2.2 Study protocol 

 

The patients were stratified according to age: 10 in each age group (2–6, 6–9, and 9–

12 years). The patients in each age group were randomly assigned to the low- or 

high-dose group by the Medical Research Collaborating Center of the Seoul National 
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University Hospital. The randomization was sequenced into blocks of 2 and 4. The 

low-dose group received dexmedetomidine at a loading dose of 0.25 µg/kg for 10 

min, followed by a maintenance dose of 0.25 µg/kg/h for 50 min. The high-dose 

group received dexmedetomidine at a loading dose of 0.5 µg/kg for 10 min, followed 

by a maintenance dose of 0.5 µg/kg/h for 50 min. The dosing regimen was based on 

previous studies conducted on the pediatric population receiving intravenous 

dexmedetomidine for ICU sedation [4,10]. 

An intravenous route was established before transporting the patient to the 

operating room and no premedication was administered. The standard monitoring in 

the operating room included electrocardiography, pulse oximetry (SpO2), non-

invasive blood pressure, invasive arterial blood pressure, Bispectral Index™ (BIS; 

Covidien, Mansfield, MA, USA), train-of-four (TOF; neuromuscular transmission, 

S/5TM Anesthesia Monitor, E-NMT module, Pediatric MechanoSensor, GE 

Healthcare, Datex-Ohmeda, Chicago, IL, USA), and esophageal temperature. All 

patients underwent an institutionalized general anesthetic procedure that included 

induction with 0.02 mg/kg of atropine, 2–3 mg/kg propofol, and 0.5–1 µg/kg of 

sufentanil; neuromuscular blockade with 0.6 mg/kg of rocuronium; and tracheal 

intubation, followed by mechanical ventilation with an air–oxygen mixture. During 

the maintenance of anesthesia, propofol was infused with the target-controlled 

infusion software (Asan pump, Bionet Co., Ltd., Seoul, Republic of Korea) using 

Kim’s model [15], and sufentanil was continuously administered starting from 0.5 

µg/kg/h to maintain BIS values between 40 and 60. No additional neuromuscular 

blocking agents were allowed intraoperatively because of the electrophysiological 
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monitoring during brain surgery. The administration of sufentanil was discontinued 

1 h prior to the end of surgery, and the propofol infusion was stopped at the end of 

the surgery. At the end of the surgery, all patients received an ultrasound-guided scalp 

nerve block with 0.25% ropivacaine [16]. 

After the surgery, all patients were transferred directly to the ICU without 

reversing the neuromuscular blockade. The intravenous infusion of 

dexmedetomidine was initiated in the ICU 30 min after arrival from the operating 

room. Once the patients arrived at the ICU, electrocardiography, vital signs including 

the mean blood pressure (MBP), heart rate (HR), SpO2, and respiratory rate (RR), 

and BIS were continuously monitored for all the patients and automatically recorded 

during the study period. The use of dexmedetomidine was discontinued after 60 min 

of infusion and weaning from mechanical ventilation was attempted. The PKs of 

dexmedetomidine were evaluated up to 480 min after the end of the infusion and a 

safety assessment was conducted up to 24 h after the end of the infusion. During the 

infusion of dexmedetomidine, the administration of any other sedatives or analgesics 

was not allowed. After discontinuing the dexmedetomidine infusion, the patients 

were managed by the attending surgeons. 

 

2.3 Blood sampling and drug assays for pharmacokinetics  

 

One milliliter of arterial blood was sampled into ethylenediaminetetraacetic acid-

containing tubes for the PK analysis just before the initiation of the infusion, 10, 30, 

and 60 min after the initiation of infusion and 15, 30, 60, 120, 240, and 480 min after 
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the end of the infusion. All samples were centrifuged at 252× g for 10 min, and the 

plasma samples were stored at −70 °C until the assay.  

The plasma concentration of dexmedetomidine was determined using a 

validated liquid chromatography/tandem mass spectrometry (LC-MS/MS) method 

with tolazoline as an internal standard [17,18]. In brief, dexmedetomidine and 

tolazoline were extracted from 100 μL of human plasma with methyl tert-butyl ether 

and 5 N of ammonium hydroxide. The samples were dried in a SpeedVac, 

reconstituted with 75 μL of a methanol:water mixture (1:1, v:v) with 0.1% formic 

acid, and injected into the LC-MS/MS (Agilent 1260 Infinity Binary LC (Agilent 

Technologies, Santa Clara, CA, USA) and API 4000 QTRAP system (AB Sciex, 

Framingham, MA, USA)). Chromatographic separation was achieved using the Luna 

CN column (2.1 × 100 mm, 3 µm, Phenomenex, Torrance, CA, USA) and distilled 

water and acetonitrile containing 0.1% formic acid (40:60, v/v) as the mobile phase. 

Dexmedetomidine and the internal standard were monitored in the positive 

ionization mode using the multiple reaction monitoring method with the transitions 

of m/z 201.16 → 95.03 and 161.11 → 91.10, respectively. The lower limit of 

quantification (LLOQ) for dexmedetomidine was 0.005 ng/mL, with a quantitation 

range of 0.005–2 ng/mL. The between-run coefficient of variation was < 9.052%, 

and the accuracy was 91.63%–108.0%. 

 

2.4 Efficacy and safety assessment 

 

The sedative effect of dexmedetomidine was assessed using the BIS and University 
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of Michigan Sedation Scale (UMSS) according to the time course [19–22]. The BIS 

and UMSS scores were measured consecutively after collecting the PK blood 

samples. The investigator categorized the UMSS score from 0 to 4: 0, awake and 

alert; 1, minimally sedated, tired/sleepy, appropriate response to verbal conversation 

and/or sound; 2, moderately sedated, somnolent/sleeping, easily aroused with light 

tactile stimulation or a simple verbal command; 3, deeply sedated, deep sleep, 

arousable only with significant physical stimulation; and 4, unarousable. 

Adverse reactions, laboratory test results, electrocardiography findings, and vital 

signs were monitored for the safety assessment. The adverse reactions and laboratory 

results were followed-up until 24 h after the end of the infusion, and all the observed 

and reported adverse reactions were recorded. Vital signs, including the mean BP 

(MBP), HR, RR, and SpO2, were measured after collecting the PK blood samples 

and were considered abnormal when they exceeded preoperative baseline values by 

± 20%. The relationship between adverse reactions and dexmedetomidine was 

graded as not related, probably not related, possibly related, probably related or 

definitely related by the investigator. 

 

2.5 Population pharmacokinetic analysis 

 

The PK modeling was conducted using NONMEM® (version 7.3; ICON 

Development Solutions, Ellicott City, MD, USA) with the ADVAN 6 subroutines 

and first-order conditional estimation with interaction. 

To build the structural model, one-, two-, and three-compartment models 
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were fitted to the dexmedetomidine plasma concentration data. The PK parameters 

of children (p) were standardized for a body weight (BW) of 70 kg using the 

allometric model as p = Ppop × (BW/70)n, where Ppop was the parameter of a person 

weighing 70 kg, and n was the allometric weight exponent, which was 0.75 for 

clearance and intercompartment clearance, and 1 for volume of distribution [23,24]. 

Exponential terms following a log-normal distribution were assumed for 

the description of the inter-individual variability in the PK parameters as Pi = θ × 

exp(ηi), where Pi was the parameter of the i individual, θ was the typical population 

value of the parameter, and ηi was the inter-individual random effect assumed to have 

a mean of zero and a variance of ω2. An additive, constant coefficient of variation, 

and combined additive and proportional variance models were applied for the 

residual error during the model-building process. 

The covariate effect on the PK model was assessed using a forward 

selection, in which a variable contributing to a significant decrease in the objective 

function value (OFV, decrease of at least 3.84 (α = 0.05)) was selected. Eight 

covariates (age, height, weight, body surface area [25], lean body mass [26], ideal 

BW [27], body mass index, and body fat percentage [28]) were evaluated using the 

exponential model (individual parameter = population parameter × {individual 

covariate value (median covariate value−1)}θ). 

Plasma concentrations below the LLOQ (BLQ) before the first time point 

above the LLOQ were discarded, and in the elimination phase only the first data 

point of BLQ was substituted with LLOQ/2 (= 0.0025 ng/mL) and subsequent BLQ 

points were discarded [29]. 
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The goodness-of-fit of each NONMEM analysis was investigated using 

plots of predicted plasma concentrations versus measured plasma concentrations and 

versus weighted residuals. The bootstrap resampling method was used to evaluate 

the stability and robustness of the final PK model. Resampling with a replacement 

generated 1000 bootstrap data sets, and the final population PK model was fitted 

repeatedly to each of them. Moreover, 95% confidence intervals for the final 

parameters were obtained from the bootstrap empirical posterior distribution. A 

visual predictive check (VPC) was used to evaluate the predictive performance of 

the final PK model. The observed data points were overlaid with the 5th, 50th, and 

95th percentile curves of 1000 datasets simulated using the parameter estimates in 

the final model. 

 

2.6 Statistics  

 

A statistical analysis was performed using IBM® SPSS® Statistics 23 (SPSS Inc., 

IBM Corporation, Armonk, NY, USA). The continuous variables were analyzed 

using the Mann-Whitney U test, and the categorical variables were analyzed using 

the Fisher’s exact test. The data were presented as medians (IQR) or numbers 

(percentage). A p value of < 0.05 was considered statistically significant.
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3. Study results 

3.1 Overall  

 

From September 2014 to August 2015, among the 31 patients enrolled, 29 were 

randomly assigned to one of the two dexmedetomidine regimen groups. Two patients 

were excluded before allocation because of changes in the postoperative 

management plan. No significant group difference was observed in terms of the 

baseline and clinical characteristics (Table 1). The median (interquartile range, IQR) 

interval between the end of surgery (discontinuation of propofol) and the start of the 

dexmedetomidine infusion was 30 (30–31) min. 

 

3.2 Efficacy and safety  

 

Dexmedetomidine induced a moderate-to-deep degree of sedation during the 

infusion in both groups [median (IQR); BIS 76 (62–91) and UMSS 2 (0–3) in the 

low-dose group; BIS 73 (55–92) and UMSS 2 (1–3) in the high-dose group]. There 

were no differences in the median BIS (p = 0.650) and UMSS (p = 0.685) values 

between the groups. The time courses of the observed plasma concentrations of 

dexmedetomidine, BIS values, MBP, and HR in each group are presented in Figure 

1. 

Among the 29 participants who received dexmedetomidine via an 

intravenous infusion, no serious adverse reactions requiring the discontinuation of 

dexmedetomidine were observed. Overall, 11 (38%) patients presented with adverse 
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reactions; however, the relationship between adverse reactions and 

dexmedetomidine was graded as probably not related. In detail, four patients (three 

from the low-dose group during and after infusion and one from the high-dose group 

during infusion) presented with tachycardia, two (one from each group) with 

bradycardia during and after infusion, and five (three from the low-dose group and 

two from the high-dose group) with both tachycardia and bradycardia during and 

after infusion. Furthermore, one patient from the low-dose group experienced 

hypertension during and after infusion. All patients who had adverse reactions did 

not require any intervention to resolve such events. No clinically significant 

abnormalities were observed in the laboratory test results. 

 

3.3 Pharmacokinetics  

 

Of the 264 plasma samples obtained from 29 participants, 19 were BLQ (< 0.005 

ng/mL), of which four were discarded and 15 were substituted with the LLOQ/2 for 

the population PK analysis. The time–concentration profiles of dexmedetomidine 

were best described using a two-compartment disposition model with first-order 

elimination kinetics. The final parameter estimates standardized for a BW of 70 kg 

using the allometric model are summarized in Table 2. No other covariates had a 

significant influence on the weight-adjusted PK parameters. 

The goodness-of-fit plots indicated that the population PK model fitted well 

with the observed data (Figure 2). Most data were within the 5th and the 95th 
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percentiles in a VPC, which indicated that the model had an acceptable predictive 

performance for dexmedetomidine PKs (Figure 3). 
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Table 1. Patient characteristics and perioperative variables of the study participants.  

 

Low-Dose Group 

(n = 15) 

High-Dose Group 

(n = 14) 

Age, years 8.0 (5.0–10.0) 7.0 (3.3–10.3) 

Sex, boys 6 (40) 8 (57) 

Height, cm 121.9 (108.0–136.0) 128.0 (104.0–138.8) 

Weight, kg 22.0 (19.5–30.5) 23.0 (16.5–37.8) 

Body surface area, m2 0.9 (0.8–1.0) 0.9 (0.7–1.2) 

Lean body mass, kg 18.2 (14.4–24.4) 21.5 (12.3–30.2) 

Ideal body weight, kg 23.5 (17.8–31.1) 26.5 (16.4–32.9) 

Body mass index, kg/m2 16.1 (13.8–17.6) 16.2 (15.1–19.7) 

Body fat percentage, % 20 (17–22) 20 (17–23) 

Types of operation   

Craniotomy & tumor removal 12 (79) 14 (100) 

Encephaloduroarteriosynangiosis 1 (7) 0 (0) 

Foramen magnum decompression 1 (7) 0 (0) 

Endoscopic transsphenoidal surgery 1 (7) 0 (0) 

Duration of operation, min 265 (240–300) 295 (268–321) 

Laboratory results   

Plasma albumin, g/dL 4.4 (4.3–4.4) 4.5 (4.1–4.6) 

Plasma bilirubin, mg/dL 0.5 (0.4–0.6) 0.5 (0.3–0.5) 

Plasma creatinine, mg/dL 0.41 (0.32–0.45) 0.45 (0.32–0.52) 

Values are the median (interquartile range) or number (percentage).  
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Table 2. Parameter estimates and standard error in the final population 

pharmacokinetic model. 

Parameters Estimate 
RSE 

(%) a 

Bootstrap Median 

(95% Confidence 

Interval) b 

Structural model    

Allometric clearance of central 

compartment c (CLpop, L/h) 
81.0 5.5 81.1 (72.9–90.9) 

Allometric volume of central 

compartment c (V1pop, L) 
64.2 12.6 63.7 (50.6–81.0) 

Allometric clearance of peripheral 

compartment c (Qpop, L/h) 
116.4 13.1 119.2 (90.6–156.0) 

Allometric volume of peripheral 

compartment c (V2pop, L) 
167 12.5 167 (132–217) 

Inter-individual variability    

CL (CV%) 27.1 26.6 26.4 (18.5–34.2) 

V1 (CV%) 60.0 27.6 57.4 (41.8–75.0) 

Q (CV%) 46.7 55.0 44.7 (12.7–65.7) 

V2 (CV%) 60.7 36.3 59.5 (39.0–81.9) 

Residual error    

Additive error (µg/L) 0.0227 81.5 0.0245 (0.0179–0.0515) 

Proportional error (%) 42.7 14.2 42.0 (33.4–47.6) 

a RSE, the relative standard error was estimated using the following equation; RSE (%) = 100 

× standard error/parameter estimate. b 95% confidence interval estimated by applying the 

final population pharmacokinetic model to 1000 resampled dataset. c Allometric weight-

normalized model (WT = body weight in kg): CL = CLpop × (WT/70)0.75; V1 = V1pop × 

(WT/70); Q = CLpop × (WT/70)0.75; V2 = V2pop × (WT/70). 
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Figure 1. The observed plasma concentrations of dexmedetomidine (a, b), Bispectral Index 

(BIS; c, d), mean blood pressure (MBP; e, f), and heart rate (HR; g, h) over time by dose 

group. Time after dose: time after starting the loading dose of dexmedetomidine. 
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Figure 2. The goodness-of-fit plots for the population pharmacokinetic model. (a) The 

observed concentration vs. the population predicted concentration; (b) the observed 

concentration vs. the individual predicted concentration; (c) the individual weighted residual 

vs. the individual predicted concentration; (d) the weighted residuals vs. the time. The black 

lines = the line of identity in (a) and (b) and the line y = 0 in (c) and (d). The red line = 

smooth line with locally weighted regression. 
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Figure 3. The linear (upper) and log-linear (lower) plots of the visual predictive check of 

the population pharmacokinetic model for dexmedetomidine by dose group. Circles = 

observed data; red solid line = median observed data; blue solid lines = 5th and 95th 

percentiles of the observed data; red area = 95% confidence intervals (CI) for the median 

simulated data; blue area = 95% CI for the 5th and 95th percentiles of the simulated data. 
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4. Discussion 

 

In this study, we developed a population PK model of intravenous dexmedetomidine 

in a single population of patients aged 2–12 years who were under mechanical 

ventilation in the ICU after brain surgery. The PK estimates of dexmedetomidine in 

pediatric patients, as previously reported in the literature, are summarized in Table 

3. Similar to previous studies of children with the PK characteristics of 

dexmedetomidine using a two-compartment model [4,8,9,11,14,30], our data 

indicated an increased clearance and analogous volume of distribution compared to 

those in the previous reports. Therefore, frequent dosing should be considered when 

administering intravenous dexmedetomidine in this population.  

The population PK models are essential in determining drug dosage 

because they describe the behavior of a drug in a specific population and the 

variability expected between individuals and factors that explain this variability [14]. 

Children vary in terms of size, body composition, and maturity of organs, primarily 

due to age, and all these factors affect the PK behavior of a drug via the processes of 

input, distribution, and elimination [23]. Thus, the importance of an adequate PK 

model in children is emphasized. Considering the difficulty of performing PK studies 

on the pediatric population, our data may provide useful information about the use 

of dexmedetomidine in children. After an appropriate validation, our PK model can 

be implemented in daily clinical practice and can further help in developing a 

population pharmacokinetic–pharmacodynamic model for the use of intravenous 

dexmedetomidine in this population. 
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We applied the allometric power model, and the population PK parameters 

were scaled with the BW, which was the primary covariate that was used in our 

analysis to compare adult and pediatric estimates. There is a strong theoretical basis 

for using allometric scaling to account for the influence of the body size on the PK 

parameters, especially in children [31]. Apart for weight, other covariates did not 

have a significant influence on the weight-adjusted PK parameters. The PK model 

that was presented might be useful for individualized dosing and for the target-

controlled infusion of dexmedetomidine in this population. 

Dexmedetomidine clearance is mainly determined by the liver blood flow 

[32] because this drug is primarily metabolized in the liver via glucuronidation by 

uridine 5′-diphospho-glucuronosyl-′ transferase and via hydroxylation by 

cytochrome P450, with less than 5% of the drug remaining in the unchanged form 

afterward [33]. The clearance in this study, allometrically extrapolated to a 70-kg 

person, was higher than that of previous reports on children [8,9,11,14,30]. There are 

several possibilities for this result. The first is that our study participants were 

relatively older, with no critical illnesses such as hepatic or renal failure. Second, the 

general condition of the patients and changes in the hemodynamic variables could 

have affected the dexmedetomidine clearance. Third, although this is not clear yet, 

Korean children may have genetic variations regarding drug-metabolizing enzymes 

such as CYP2A6, which may affect the dexmedetomidine clearance. Chinese 

children showed a similar clearance but showed a larger volume of distribution and 

a longer terminal half-life compared to Caucasians [8]. Further studies in children 

with different ethnicities is needed to solve this issue. Finally, the ontogeny of the 
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major organ functions, body composition, endogenous functions that process drug 

transfer and disposition influence the drug disposition and effect [34]. Considering 

that the clearance determines the frequency at which a drug must be delivered to 

maintain the desired plasma concentration [35], increased clearance means that the 

dosing interval should be shortened.  

Dexmedetomidine, a highly lipophilic drug, is extensively distributed, 

readily crosses the blood–brain barrier and penetrates extravascular sites, resulting 

in a large apparent volume of distribution [9]. Since 94% of dexmedetomidine is 

bound to plasma proteins, mainly albumin and α1-acid glycoprotein [33], a lower 

protein concentration will result in a higher unbound fraction and, correspondingly, 

in larger volumes of distribution. The estimated central volume of distribution in our 

patients was similar to that obtained from the pediatric population, ranging from 21.9 

to 106.0 L per 70 kg [8,9,11,13,14,30]. Knowledge of volume of distribution can be 

used to determine loading doses of drugs required to reach target concentrations and 

to predict expected drug concentrations produced by loading doses [35]. If the 

estimated central volume of distribution is large, increasing the loading dose should 

be considered. 

In this study, we aimed to induce a moderate degree of sedation, assessed 

by BIS and UMSS, by administering dexmedetomidine, because the optimal 

sedation in the ICU has been described as a state in which the patient is somnolent, 

responsive to the environment but untroubled by it, and without excessive 

movements [36]. Therefore, if the desired effect of dexmedetomidine is to be 

changed, the dosage adjustment should be different. 
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This study was initially designed to build a combined pharmacokinetic-

pharmacodynamic model of intravenous dexmedetomidine. However, we could not 

build the model because of one issue; all patients underwent brain surgery under 

general anesthesia. Even though we stopped sufentanil infusion one hour before the 

end of surgery and the median interval between the end of surgery (discontinuation 

of propofol) and the start of dexmedetomidine infusion was 30 min, residual 

anesthetic effects, particularly in the early phase, cannot be differentiated from the 

actual effect of dexmedetomidine. Therefore, it was difficult to create a clinically 

acceptable and pharmacologically convincing pharmacodynamic model.  

According to the package insert for dexmedetomidine, the most common 

adverse reactions are hypotension and bradycardia, with the highest reported 

incidence rates being 56% and 42%, respectively. Data about the safety profile of 

dexmedetomidine in children are limited [37]. In two retrospective studies, 

hypotension, hypertension, and bradycardia were the most common adverse effects 

[38,39]. In our study, the types of adverse reactions were similar to those found in 

previous reports, and the incidence rates were lower in children than in adults. 

Furthermore, all adverse reactions were self-limiting and resolved without any 

treatment. Under close monitoring, dexmedetomidine is tolerable in mechanically 

ventilated children in the ICU. 

The current study had several limitations. First, the external validation of 

the PK model using target-controlled infusion was not performed in a separate 

population. Second, although we did not administer any additional sedative or 

analgesic during the dexmedetomidine infusion, confounding drugs, such as the sub-
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therapeutic levels of anesthetics or analgesics, might have had some effects. Third, 

we only enrolled pediatric patients who received postoperative ventilator care and 

did not have severe comorbidities; therefore, our model may not be applicable to 

critically ill children in the ICU. 

In conclusion, our population PK model of dexmedetomidine for 

mechanically ventilated children in the ICU after brain surgery showed an increased 

clearance, thereby indicating the need for frequent dosing to maintain a target plasma 

concentration.
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Table 3. Overview of previously published pharmacokinetic estimates of dexmedetomidine in the pediatric population, 

standardized for a body weight of 70 kg using the allometric model.  

 

N 
Age 

(year) 

Weight 

(kg) 
Dosing regimen Population Model 

Pharmacokinetic parameters 

 
CL 

(L/h) 

V1 

(L) 

Q 

(L/h) 

V2 

(L) 

This study 29 
7  

(2–12) 

22  

(11–58) 

0.25, 0.5 µg/kg for 10 min 

followed by 0.25, 0.5 µg/kg/ h 
ICU 2-comp 81.0 64.2 116.4 167.0 

Potts  

(2008) 
45 

3.4  

(0–14) 

15.1  

(3.1–58.9) 
1–4 µg/kg for 10 min ICU 2-comp 39.2 36.9 69.9 68.2 

Potts  

(2009) 
95 

3.8  

(0–14.4) 

16.1  

(3.1–58.9) 

1–6 µg/kg for 5–10 min 

or 0.2 µg/kg/ h 

Pooled 

analysis 
2-comp 42.1 56.3 78.3 69 

Wiczling 

(2016) 
38 

5.8  

(0.1–15.7) 

18.5  

(4.7–60) 
0.8 µg/kg/ h ICU 2-comp 41.6 56.8 52.0 70.4 

Liu  

(2017) 
36 

3  

(1–9) 

14.3  

(10–27) 
1.0, 1.5, 2.0 µg/kg for 10 min Surgery 2-comp 36.2 84.3 82.8 114.0 

Greenberg  

(2017) 
20 

0.1  

(0–0.6) 

4  

(2–6) 

1 µg/kg/h continuous infusion 

(0.5 µg/kg bolus as needed) 
ICU 1-comp 48.2 106.0   

Pérez-Guillé 

(2018) 
30 11 ± 5 43 ± 19 0.7 µg/kg for 10–15 min Surgery 2-comp 20.8 21.9 75.8 81.2 

Values are median (range) or mean ± SD. CL, clearance of central compartment; V1, volume of distribution of central compartment; Q, 

clearance of peripheral compartment; V2, volume of distribution of peripheral compartment; ICU, intensive care unit.
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국문 초록 

 

배경: 덱스메데토미딘은 진정과 진통 효과를 동시에 갖는 선택적 알파-2 

아드레날린 수용체 작용제로, 최근 소아 마취와 소아 중환자 관리에 많

이 사용되고 있다. 본 연구에서는 뇌수술 후 중환자실에서 기계 환기를 

하고 있는 소아에서 정맥 주입 덱스메데토미딘의 약동학에 대해 알아보

고자 하였다. 

방법: 뇌수술 후 중환자실에서 기계 환기가 예정된 2-12세 소아들을 무

작위로 저용량군과 고용량군으로 배정하였다. 저용량군에서는 덱스메데

토미딘을 부하 용량으로 10분 동안 0.25 µg/kg 투여 후, 유지 용량으로 

50분 동안 0.25 µg/kg/h 정맥 주입하였다. 고용량군에서는 부하 용량으로 

10분 동안 0.5 µg/kg 투여 후, 유지 용량으로 50분 동안 0.25 µg/kg/h을 투

여하였다. 약동학 분석을 위해 약물 투여 종료 후 480분까지 혈액 샘플

을 수집하였다. 덱스메데토미딘의 진정 효과는 Bispectral Index와 

University of Michigan Sedation Scale을 이용하여 평가하였다. 안전성 평가

를 위해 약물 이상 반응, 심전도 소견 및 활력 징후를 지속적으로 감시

하였다. 집단 약동학 분석에는 비선형 혼합 효과 모델링을 사용하였다. 

결과: 두 군 모두 덱스메데토미딘이 투여되는 동안 중등도에서 깊은 진

정 상태를 나타냈다. 덱스메데토미딘의 약동학은 1차 제거 동역학을 갖

는 2구획 배치 모델에 의해 가장 잘 설명되었다. 매개 변수들은 
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allometric power model을 사용하여 체중 70kg의 성인으로 표준화되었다. 

체중 70kg으로 표준화된 집단 추정치(95% 신뢰구간)는 청소율 81.0 

(72.9–90.9) L/h, 중심구획용적 64.2 (50.6–81.0) L, 구획간 청소율 116.4 

(90.6–156.0) L/h, 말초구획용적 167 (132–217) L로 나타났다. 덱스메데토미 

딘 투여를 중단해야 하는 심각한 부작용이나 혈역학적 변화는 관찰되지 

않았다. 

결론: 뇌수술 후 중환자실에서 기계 환기를 받는 소아에서 덱스메데토미

딘을 정맥 주입했을 때, 증가된 청소율을 보였으므로 목표 혈장 농도를 

얻기 위해서는 투약 간격을 짧게 해야 한다.  

 

주요어 : 덱스메데토미딘; 약동학; 소아; 진정; 중환자실 
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