
716 www.anesthesia-analgesia.org September 2018 • Volume 127 • Number 3

DOI: 10.1213/ANE.0000000000003413

Dexmedetomidine (DEX) is a highly selective agonist of 
α-2 adrenergic receptors. DEX activity in the locus coe-
ruleus and spinal cord results in sedative and analgesic 

effects with minimal respiratory depression.1 These effects reduce 
postoperative agitation and analgesic requirements2–5; therefore, 
DEX usage may be beneficial in outpatient surgical procedures.

KEY POINTS
• Question: What are the pharmacokinetics and pharmacodynamics of dexmedetomidine in 

Mexican children?
• Findings: The pharmacokinetics of dexmedetomidine was explained by a 2-compartment 

model with a clearance of 20.8 L·hour−1 70 kg, lower than that reported in the literature in 
other populations, and an IC50 (ng/mL) for heart rate and mean arterial blood pressure of 
0.552 and 0.501, respectively.

• Meaning: The clearance of dexmedetomidine is lower in our population of Mexican Mestizo 
children, as compared with other populations, suggesting an adjustment in the dosage to 
obtain a target plasma concentration.

BACKGROUND: Dexmedetomidine (DEX) is an α-2 adrenergic agonist with sedative and anal-
gesic properties. Although not approved for pediatric use by the Food and Drug Administration, 
DEX is increasingly used in pediatric anesthesia and critical care. However, very limited informa-
tion is available regarding the pharmacokinetics of DEX in children. The aim of this study was 
to investigate DEX pharmacokinetics and pharmacodynamics (PK–PD) in Mexican children 2–18 
years of age who were undergoing outpatient surgical procedures.
METHODS: Thirty children 2–18 years of age with American Society of Anesthesiologists physical 
status score of I/II were enrolled in this study. DEX (0.7 µg/kg) was administered as a single-dose 
intravenous infusion. Venous blood samples were collected, and plasma DEX concentrations were 
analyzed with a combination of high-performance liquid chromatography and electrospray ionization-
tandem mass spectrometry. Population PK–PD models were constructed using the Monolix program.
RESULTS: A 2-compartment model adequately described the concentration–time relationship. 
The parameters were standardized for a body weight of 70 kg by using an allometric model. 
Population parameters estimates were as follows: mean (between-subject variability): clearance 
(Cl) (L/h × 70 kg) = 20.8 (27%); central volume of distribution (V1) (L × 70 kg) = 21.9 (20%); 
peripheral volume of distribution (V2) (L × 70 kg) = 81.2 (21%); and intercompartmental clear-
ance (Q) (L/h × 70 kg) = 75.8 (25%). The PK–PD model predicted a maximum mean arterial 
blood pressure reduction of 45% with an IC50 of 0.501 ng/ml, and a maximum heart rate reduc-
tion of 28.9% with an IC50 of 0.552 ng/ml. 
CONCLUSIONS: Our results suggest that in Mexican children 2–18 years of age with American 
Society of Anesthesiologists score of I/II, the DEX dose should be adjusted in accordance with 
lower DEX clearance.  (Anesth Analg 2018;127:716–23)
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Although DEX is not Food and Drug Administration–
approved for use in children, it is being increasingly used 
in pediatric anesthesia and intensive care.2–7 However, very 
limited information is available concerning the pharmaco-
kinetics (PK) and pharmacodynamics (PD) of DEX in chil-
dren, especially in the Mexican population. Information 
about the PK–PD behavior of DEX in this specific popula-
tion can contribute to the design of safer and more effective 
dosing regimens.

Therefore, in this study, we aimed to characterize the 
PK–PD of DEX in healthy Mexican children 2–18 years of 
age who underwent outpatient surgical interventions.

METHODS
Study Design and Patient Population
This study was approved by the local Institutional Review 
Board (#062/2014), and written informed consent was obtained 
from all subjects participating in the trial. After approval was 
granted, 30 children 2–18 years of age with an American Society 
of Anesthesiologists (ASA) physical status score of I/II who 
were scheduled to undergo outpatient surgical procedures 
were enrolled in this prospective study. Written informed con-
sent was obtained from the children’s parents after they were 
informed of the objectives and risks, and consent was obtained 
from children >9 years of age. Exclusion criteria were the use 
of drugs with an enzyme-inducing effect, history of arrhyth-
mias, delayed neurological development, or malnutrition. This 
manuscript adheres to the applicable Consolidated Standards 
Of  Reporting Trials (CONSORT) guidelines.

Electrocardiogram, pulse oximetry, capnography, and 
temperature were recorded continuously during surgery. 
Heart rate (HR) and systolic, diastolic, and mean arterial 
blood pressure (MAP) were recorded every 5 minutes dur-
ing surgery. A standardized anesthetic regimen was used, 
consisting of induction via inhalation of a mixture of sevo-
flurane and oxygen. On loss of consciousness, 2 venous 
catheters were placed: 1 for the administration of fluids and 
medications, and another in the contralateral arm for the 
collection of samples for DEX concentration measurements. 
After catheters were placed, fentanyl was administered, and 
endotracheal or laryngeal mask insertion was facilitated 
with intravenous (IV) propofol. Anesthesia was maintained 
with sevoflurane, which was adjusted according to surgi-
cal stimuli and patient response. At the end of the surgery, 
the patients were transferred to the postanesthetic care unit. 
Vital signs were recorded at admission, every 5 minutes for 
the first 30 minutes after admission, and then every hour 
until discharge. The patients were discharged after they met 
the following standard criteria of the unit: stable vital signs, 
no pain, awake, tolerating oral fluids, and Aldrete score >8.

Blood Sampling and Sample Handling
After insertion of an IV catheter, a control blood sample 
was obtained; thereafter, DEX (Precedex; Hospira, Inc, Lake 
Forest, IL) was administered as a single-dose IV infusion 
over 10–15 minutes (0.7 µg/kg). Venous blood samples  
(1 mL each) were obtained at the following time points after 
the end of the infusion: 5, 10, 15, 20, 30, 45, 60, 90, 120, 180, 
300, 420, and 600 minutes. Each child contributed 2–5 sam-
ples; sampling times were randomly assigned.

The heparinized blood samples were centrifuged within 
30 minutes of collection, and the supernatant plasma was 
stored in plastic vials at −80°C until analysis.

Determination of DEX Concentration
The plasma concentration of DEX was analyzed using a 
validated, sensitive, and selective high-performance liq-
uid chromatography-electrospray ionization-tandem mass 
spectrometry method as described previously.8 The assay 
exhibited a linear dynamic range of 55,000 pg/mL with a 
correlation coefficient above 0.9995. The lower limit of quan-
tification was 5 pg/mL with a relative standard deviation of 
<15%. The intraday and interday coefficients of variation 
ranged between 5.6% and 11.2%.

Population PK Analysis
A population PK approach with a nonlinear mixed-effect 
model was implemented using the software program 
Monolix (version 4.4, Lixoft, Antony, France, http://www.
lixoft.com/), which combines the stochastic expectation 
maximization algorithm and a Markov Chain Monte Carlo 
procedure for likelihood maximization.9,10

Model Building
Structural Model. The DEX concentration–time data were 
described using compartmental PK modeling. One- and 
2-compartment models with zero-order input and first-
order elimination were analyzed. The exact infusion time 
was recorded for each patient and was used as input to 
the PK model. The model’s fit was visually inspected by 
generating diagnostic plots. Models were further selected 
on the basis of the precision of the parameter estimates, 
decrease in the Bayesian information criteria (BIC), and 
between-subject variability (BSV).

Interindividual and Error Models. Interindividual variability 
in PK parameters was ascribed to an exponential model 
according to the equation θ θ ηj p j= × ( ) exp , where θj is the 
estimate for a PK parameter in the jth patient as predicted by 
the model, θp is the typical population PK parameter value, 
and ηj is a random variable from a normal distribution 
with zero mean and variance ω2, which is estimated. The 
covariance between 2 elements of η is a measure of the 
statistical association between the variables (eg, Cl–V1, 
Cl–Q, where Cl is clearance, V1 is central volume of 
distribution, and Q is intercompartmental clearance); its 
correlation was estimated from the elements of variance–
covariance matrix according to the following formula: 

R = +( ) covariance /
/

ω ωθ θ
2

1
2

2

1 2
. The likelihood ratio test 

including the log-likelihood, the Akaike information 
criterion, and the BIC was used to test different hypotheses 
with respect to the structure of the variance–covariance 
matrix for the BSV parameters. Residual variability, 
which includes intraindividual variability, measurement 
errors, and model misspecification, was estimated using 
additive and proportional error models C Pij ij= + ε  and 
C Pij ij p= +( )1 ε , where Cij and Pij are the observed and 
predicted concentrations of DEX for the jth patient at the 
time i, respectively, and ε and εp represent the error, a 

http://www.lixoft.com/
http://www.lixoft.com/
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random variable with normal distribution and zero mean 
and variance σ2 and σ2

p.

Covariate Analysis
Once the basic model was determined, we only evaluated 
the relevance of the covariates age and weight because they 
are the 2 primary factors affecting PK in children.11 The 
problems due to collinearity between these variables were 
addressed by using an allometric scale for the initial stan-
dardization of the parameters to the weight. Age was used 
later to explore a model of maturation of the clearance.12

The values of the parameters were standardized for 
a body weight of 70 kg by using the allometric model: 
θ θj std= × ( ) W Wi std

PWR
/ , where θj is the parameter in the 

jth individual, Wi is the weight in the jth individual, and 
θstd is the parameter in an individual with a weight (Wstd) 
of 70 kg. The parameter power exponent (PWR) was 0.75 
for elimination and intercompartmental clearances, and 1 
for central and peripheral volumes of distribution.11 Also, 
the following proportional weight model was analyzed: 
θ θj std= × ( ) W /Wi std , where θj is the parameter in the jth 
individual, Wi is the weight in the jth individual, and θstd is 
the parameter in an individual with a weight (Wstd) of 70 kg.

Population PK–PD Analysis
To construct the PK–PD models, we used a sequential 
approach that consisted of constructing the PK model 
first, and then keeping the PK parameters fixed to the indi-
vidual estimates, the parameters of the PD model were 
estimated.13,14

The mean arterial pressure and HR response MAP(t) and 
HR(t), were related to DEX concentrations by means of a 
maximal immediate response inhibition model (Imax):

Effect t   So  Imax IC( ) ( ) ( )( )= − +C t C t/ 50

Effect t   So  Imax IC( ) ( ) ( )( )= − +C t C tγ γ γ/ 50

Here, So is the basal effect (fixed to 1), Imax is the maxi-
mum decrease of MAP or HR expressed as a percentage of 
baseline values, IC50 is the concentration that induces 50% 
of the maximal effect on MAP or HR, and γ is the Hill expo-
nent that describes the steepness of the concentration versus 
effect curve.

Model Evaluation
The accuracy and robustness of the models were evaluated 
by applying the resampling statistical techniques of boot-
strapping and prediction-corrected visual predictive checks 
(pc-VPCs).15–17

Sample Size and Statistics Analysis
The sample size was considered based on criteria such as 
patient availability, number of patients included in previ-
ous studies, and available economic resources. However, 
it is important to have an a priori hypothesis because this 
allows calculate the sample size necessary to estimate the 
parameters of the model with an appropriate accuracy and 
precision. We estimated the power of our study a posteriori 
based on the size of our sample, applying the methodol-
ogy suggested by Ogungbenro and Aarons.18 Thus, with 
our sample size of 30 patients, >80% of the 95% confidence 

intervals included the sample population elimination clear-
ance value with 20% accuracy, which is considered by the 
Food and Drug Administration to be appropriate for popu-
lation pharmacokinetic  studies in children.19 We justify the 
selection of the elimination clearance to calculate the power 
of the study (a posteriori) because this parameter is the most 
important to establish an infusion dose regimen.

Hemodynamic changes at different time points were also 
analyzed to test the differences with respect to the baseline 
values, using a statistical model of 1-way analysis of vari-
ance for repeated measurements if Kolmogorov–Smirnov 
and Shapiro–Wilk test for normality were not significant, 
otherwise the nonparametric Friedman test was applied. 
Post hoc analysis was performed using Student t test or 
the Wilcoxon signed-rank test, with Bonferroni correction. 
A P value <0.05 was considered statistically significant. 
Statistical analysis was performed using SPSS version 21 
(IBM corporation, Chicago, IL).

RESULTS
Patient Data
Thirty children 2–18 years of age were enrolled in this 
study, and their clinical and demographic characteristics 
are shown in Table 1. The average patient age was 11 ± 5 
years (70% male and 30% female), and all had ASA score 
of I/II. The most frequent procedures were plastic, urology, 
and otorhinolaryngology surgeries. The average duration 
of the procedures was 45 ± 15 minutes. Administration of 
atropine or ephedrine was not required for any patient, and 
no adverse effects were reported that required hospitaliza-
tion or prolonging their stay in the recovery unit.

DEX PK and Model Validation
One- and 2-compartment models were used for the evalu-
ation of DEX PK. A 2-compartment open model with linear 
elimination described the temporal course of DEX con-
centrations better than a 1-compartment model (Bayesian 
Information Criterion [ΔBIC], 175) did. The PK parameters 
were clearance (Cl), central volume of distribution (V1), 
intercompartmental clearance (Q), and peripheral volume 
of distribution (V2). The parameter values were estimated 
for a standard body weight of 70 kg by using an allometric 
weight-normalized model and also a weight-normalized 
model. Introduction of allometric and weight-normal-
ized size standardization improved the objective function 

Table 1.  Demographic and Clinical Characteristics 
of Patients, Mean (± SD)
Variable Mean ± SD
Age (y) 11 ± 5
Weight (kg) 43 ± 19
Height (cm) 132 ± 42
Sex (F/M) 9/21
ASA (I/II) 28/2
Type of procedure  
 Urologic 6
 ORL 12
 Plastic 8
 General 4
Mean duration of anesthesia (min) 77 ± 15

Abbreviations: ASA, American Society of Anesthesiologists; F, female; M, 
male; ORL, otorhinolaryngology; SD, standard deviation.
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significantly: ΔBIC 57 and ΔBIC 54 respectively. The resid-
ual variability was best described by a proportional model. 
The introduction of patient age did not improve the value of 
the objective function (ΔBIC, 2.17) because it did not reach a 
probability value <5%. Table 2 shows the estimated parame-
ters of the final models. All parameters were estimated with 
good accuracy, as indicated by a standard error <20%. The 
final PK parameters were as follows: mean (BSV): Cl (L/h 

× 70 kg) = 20.8 (27%), V1 (L × 70 kg) = 21.9 (20%), V2 (L × 
70 kg) = 81.2 (21%), and Q (L/h × 70 kg) = 75.8 (25%) for 
the allometric model. The population and individual val-
ues of predicted versus observed DEX concentrations were 
judged acceptable, and the trend line was close to the line of 
the unit (Figure 1). The normalized prediction distribution 
error (NPDE) analysis revealed that the points were distrib-
uted symmetrically with respect to the zero line and that all 

Table 2.  Population Pharmacokinetic Parameters and Bootstrap Validation
Pharmacokinetic Parameters Allometric Modela Estimate RSE (%) Bootstrap (Median) 2.5th, 97.5th Percentiles

θCl (L·hour−1 70 kg) 20.8 10 21.0 20.5, 21.5
βCl 0.75 (fixed) NA — —
θV1 (L × 70 kg) 21.9 17 21.8 19.9, 24.1
βV1 1.0 (fixed) NA — —
θQ (L·hour−1 × 70 kg) 75.8 12 74.1 65.7, 80.4
βQ 0.75 (fixed) NA — —
θV2 (L × 70 kg) 81.2 9 81.7 79, 83.5
βV2 1 (fixed) NA — —
Interindividual variability     
 ω2

Cl (CV%) 0.275 17 0.275 0.259, 289
 ω2

V1 (CV%) 0.202 52 0.161 0.089, 0.263
 ω2

Q (CV%) 0.253 48 0.248 0.186, 0.289
 ω2

V2 (CV%) 0.218 35 0.218 0.199, 0.247
Residual variability (%)     
 σ2 proportional 14.2 13 14.5 13.9, 15.4

Pharmacokinetic Parameters Proportional Modelb Estimate RSE (%) Bootstrap (Median) 2.5th, 97.5th Percentiles
θCl (L·hour−1 70 kg) 21.6 10 21.1 19.6, 22.4
βCl 1 (fixed) NA — —
θV1 (L × 70 kg) 15.7 29 14.4 12.5, 16.5
βV1 1 (fixed) NA   
θQ (L·hour−1 × 70 kg) 66 17 66.4 60.7, 72.4
βQ 1 (fixed) NA — —
θV2 (L × 70 kg) 72 7 73 71.4, 75.1
βV2 1 (fixed) NA — —
Interindividual variability     
 ω2

Cl (CV%) 0.466 16 0.453 0.416, 0.493
 ω2

V1 (CV%) 0.801 29 0.835 0.724, 0.950
 ω2

Q (CV%) 0.520 23 0.495 0.450, 0.539
 ω2

V2 (CV%) 0.165 37 0.168 0.135, 0.197
Residual variability (%)     
 σ2 proportional 14.4 12 14.5 13.9, 15.4

Abbreviations: Cl, clearance; CV%, percentage coefficient of variation; NA, not applicable; Q, intercompartmental clearance; RSE, relative standard error; V1, 
central volume of distribution; V2, peripheral volume of distribution; Wt, weight.
aAllometric weight-normalized model: Cl Wt/70 0.75= × ( )θCl ; V1 Wt/70 0.75= × ( )θV1 ; Q Wt/70 0.75= × ( )θQ ; V2 Wt/70 0.75= × ( )θV2 .
bWeight-normalized model: Cl Wt/70= × ( )θCl ; V1 Wt/70= × ( )θV1 ; Q Wt/70= × ( )θQ ; V Wt/702 2= × ( )θV .

Figure 1. Population and individual predicted dexmedetomidine concentrations versus observed concentrations.
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points were between −3 and +3 units, as shown in Figure 2A, 
B. There was no evidence of bias because NPDE fits well to 
a symmetric distribution (Figure 2C). The pc-VPC plots for 
DEX concentrations are shown in Figure 3. Less than 10% of 
the observed concentrations fell outside the 10% and 90% 
confidence intervals of the simulated data. The median val-
ues and the 95% confidence intervals obtained by the boot-
strap method are shown in Table 2. There were no significant 
differences with respect to the parameters estimated in the 
original database, and the confidence intervals included the 
population values of the original base. These data support 
the stability of the model. The graphs for the proportional 
weight model are shown in Supplemental Digital Content, 
Figures 1S–3S, http://links.lww.com/AA/C362.

DEX Hemodynamics
The changes in HR and MAP are expressed as a percentage 
of the baseline MAP and HR values for each patient. HR 

and MAP decreased significantly from baseline in the first 
30 minutes after infusion of DEX. Subsequently, HR and 
MAP increased up to 90% of baseline values at 45 minutes 
after the end of infusion as shown in Supplemental Digital 
Content, Figure 4S, http://links.lww.com/AA/C362.

DEX PK–PD Model
Different functional forms, Imax and sigmoidal Imax, were 
tested, and a sigmoidal Imax model related to baseline was 
found to best describe the relationship between the changes 
in MAP and HR as a function of DEX concentrations. The 
changes are expressed as the percentage of the baseline MAP 
and HR values for each patient. The PK–PD model (Table 3) 
predicted a maximum MAP reduction of 45% (relative stan-
dard error [RSE], 17%) and BSV 3.4%, with an IC50 of 0.501 
ng/mL (RSE, 30%) and BSV 12%; a maximal HR reduc-
tion of 29% (RSE, 8%) and BSV 6.6%, with an IC50 of 0.552 
ng/mL (RSE, 10%) and BSV 9.7%. Supplemental Digital 

Figure 2. Results of the NPDE analysis for dexmedetomidine concentration: (A) the NPDE distributions over time, (B) against the observed 
concentrations, and (C) the NPDE histogram. NPDE indicates normalized prediction distribution error; pdf, probability density function.

Figure 3. pc-VPC for dexmedetomidine concentrations versus time in hours. Lines represent the 5th, 50th, and 95th percentiles of the 
observed concentrations. Color areas represent the 95% confidence intervals for the 5th, 50th, and 95th percentiles of simulated concentra-
tions. Circles represent the observed concentrations. pc-VPC indicates prediction-corrected visual predictive check.

http://links.lww.com/AA/C362
http://links.lww.com/AA/C362


       

September 2018 • Volume 127 • Number 3 www.anesthesia-analgesia.org 721

Content, Figure 5S, http://links.lww.com/AA/C362, 
depicts the results of the NPDE analysis for MAP and HR, 
and Supplemental Digital Content, Figure 6S, http://links.
lww.com/AA/C362, depicts the pc-VPC plots. The NPDE 
analysis revealed that the points were distributed symmet-
rically with respect to the zero line and that all points were 
between −3 and +3 units. Moreover, the NPDE adjusted 
well to a normal distribution, as shown in Supplemental 
Digital Content, Figure 5SA–B, http://links.lww.com/AA/
C362. The pc-VPC plots showed a reasonable fit within the 
5th and 95th percentiles of the simulated data.

DISCUSSION
DEX PK
A 2-compartment model with the first-order elimination 
best fitted our data, as has been reported previously.1,7 The 
DEX PK parameters obtained, except for the elimination 
clearance, were in agreement with those reported in previ-
ous studies in children.1,7,20

In our analysis using an allometric model, the DEX 
plasma clearance was 20.8 L × 70 kg and with the propor-
tional model was 21.6 L × 70 kg, both lower than the values 
reported in other populations.1,20,21 Although the allometric 
model showed a greater reduction of the objective function, 
the difference with the proportional model can be consid-
ered as trivial. So, quoting Fisher and Safer22: “There is no 
scientific justification for the view that human clearances 
are better described using weight0.75. These models should 
only be used when weight0.75 rather than weight1.0 provides 
a sufficient improvement in the pharmacokinetic model 
and dose calculation to justify the risk of calculation error.” 
Therefore, we reported both models. Population PK models 
play an important role in anesthesia for the design of dos-
age strategies, since they describe the behavior of a drug 
in a specific population, the variability expected between 
individuals and factors that explain part of this variabil-
ity. The use of this information in simulation programs 
facilitates the design of individualized dosing strategies, 
which can be easily implemented with the current infusion 

systems. An example is shown in Supplemental Digital 
Content, Table 1S, http://links.lww.com/AA/C362.

DEX is a highly lipophilic drug with extensive tissue 
distribution, which is consistent with the high volumes 
of distribution reported in adults and children. The esti-
mated steady-state volume of distribution in our patients 
was similar to that reported by Potts et al21 and Petroz et 
al1 in Canadian children, but lower than that reported by 
Petroz et al1 in South African children and by Liu et al20 
in Chinese children. In the blood, 94% of DEX is bound 
to plasma proteins, primarily albumin and α1-acid glyco-
protein. Decreases in the concentrations or affinity of these 
plasma proteins because of age, or genetic or pharmacologi-
cal factors, could increase the free DEX fraction and explain 
these discrepancies between study results.23,24 Supplemental 
Digital Content, Table 2S, http://links.lww.com/AA/
C362, shows the population pharmacokinetic  parameters 
reported in different studies in children as compared with 
those obtained in our population.

Because most previous studies were in children with con-
genital heart disease undergoing cardiac surgery, we expected 
a greater clearance in our population of healthy patients, in 
view of the reported relationship between cardiac output and 
DEX clearance.25 Unexpectedly, however, the clearance in our 
patients, allometrically extrapolated to a 70-kg adult, was sig-
nificantly lower than that in similar patients (ASA score of I/
II) in other studies. DEX is almost completely biotransformed 
by the hepatic enzymes uridine 5'-diphospho-glucuronosyl-
transferase (UDPG) and cytochrome P4502A6 (CYP2A6) to 
inactive metabolites, which are excreted in bile and through 
renal pathways. The expression and activity of these enzyme 
systems are related to age in children.26,27 In a study by Potts 
et al21 in 45 children 4 weeks to 14 years of age who received 
DEX after cardiac surgery, DEX clearance was 15.5 L/h/70 kg 
at birth and a maturational half-life of 47.5 weeks of postmen-
strual age, reaching 87.5% of the adult values at 1 year of age 
(39.2 L/h × 70 kg). This finding is consistent with the lack of an 
age effect on DEX plasma clearance in the present study. Thus, 
it is unlikely that the immaturity of the enzyme system caused 

Table 3.  Pharmacodynamic Models for Heart Rate and Mean Arterial Pressure and Bootstrap Validation
Hemodynamic Parameters Estimates RSE (%) Bootstrap (Median) 2.5th, 97.5th Percentiles
Heart rate     
 So 1 (fixed) NA — —
 Imax (%) 28.9 8 29.2 27, 36.6
 IC50 (ng/mL) 0.552 10 0.569 0.505, 0.834
 γ 1.86 17 1.65 1.19, 2.0
 ω2

Imax 0.066 73 0.066 0.033, 0.083
 ω2

IC50 (HR) 0.097 87 0.112 0.050, 0.150
 ω2 γ 0.38 39 0.350 0.290, 0.395
 Residual variability (%) 6.5 5 6.5 6.4, 6.5
Mean arterial pressure     
 So 1 (fixed) NA — —
 Imax (%) 45 17 48.3 16.1, 52.6
 IC50 (ng/mL) 0.501 30 0.539 0.363, 1.07
 γ 1.26 31 1.28 0.842, 1.58
 ω2

Imax 0.034 97 0.040 0.029, 0.05
 ω2

IC50 (MAP) 0.119 93 0.115 0.072, 0.151
 ω2 γ 0.242 45 0.210 0.116, 0.266
 Residual variability (%) 15 4.6 15.2 14.9, 15.3

Abbreviations: HR, heart rate; Imax, maximum inhibition; IC50, dexmedetomidine concentration producing 50% of Imax; MAP, mean arterial blood pressure; NA, not 
applicable; So, basal effect (fixed to 1); ω2

Imax, Imax between subject variability; ω2
IC50, IC50 between subject variability.
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the decreased DEX clearance in our population. Genetic fac-
tors, sex, and environmental factors may affect the metabolic 
activity of CYP2A6, an enzyme responsible for the aliphatic 
hydroxylation of DEX. In a study in critically ill adult patients, 
Kohli et al28 found no relationship between DEX clearance and 
metabolizing genotype (fast, intermediate, and slow metabo-
lizers) based on CYP2A6 allelic variants. However, the results 
are difficult to extrapolate to populations of different ethnic-
ity and age. In addition, the role of glucuronidation, which is 
a more important biotransformation pathway than aliphatic 
hydroxylation by CYP2A6, was not considered. Uridine 
5'-diphospho (UPD)-glucuronosyltransferases catalyze the 
glucuronidation of various endogenous and exogenous lipo-
philic substances, including environmental toxins and drugs, 
to produce water-soluble glucuronides. Direct glucuronida-
tion of DEX to G-dex1 and G-dex2 conjugates accounts for 
approximately 34% of its metabolism.28 Genetic variations 
in UDP-glucuronosyltransferases influence the activity of 
these enzymes28,29; however, no information is available on 
this enzyme’s activity on DEX. Polymorphisms and epigen-
etic variations could explain this phenotypic variation in DEX 
metabolism in our study population.

DEX Hemodynamics and the PK–PD Model
Previous studies in children have reported a dose-dependent 
effect of DEX on MAP and HR.1 In 1- to 7-year-old children 
requiring sedation for magnetic resonance imaging, adminis-
tration of 1 µg/kg DEX in 10 minutes followed by a 0.5 µg·kg−

1·hour−1 infusion resulted in maximal MAP and HR decreases 
of 16% and 15%, respectively.30 In 0.3- to 6-year-old children 
who required sedation for computed tomography or magnetic 
resonance imaging, 2 µg/kg DEX infusion boluses followed 
by 1 µg·kg−1·hour−1 infusions resulted in an 18% decrease in 
HR without changes in MAP.31 However, the cardiac index 
decreased and vascular resistance increased significantly, indi-
cating that the vascular response was important for maintain-
ing MAP. Thus, the use of inhaled anesthetics may accentuate 
the decrease of MAP by DEX due to its vasodilator effect. In a 
study by Deutsch and Tobias32 in 40 children 1–12 years of age 
anesthetized with sevoflurane, the maximum decreases in HR 
and MAP 15 minutes after administering 0.7 µg/kg DEX were 
24.6% (22.7%–28%) and 14.8% (12.6%–19.3%), respectively. In 
1- to 6-year-old children undergoing orchidopexia or inguinal 
hernioplasty who were premedicated with DEX and receiving 
anesthesia with sevoflurane and caudal block, HR and MAP 
decreased by 28% and 28.5%, respectively. At a dose of 0.7 μg/
kg, similar to that used by Deutsch and Tobias32 in sevoflu-
rane-anesthetized children, the HR and MAP decreases were 
greater in our patient population. Uncontrolled factors such 
as sevoflurane concentrations, hydration status, and type of 
surgical procedure could explain these differences. However, 
because we could not find studies reporting the IC50 of DEX in 
children to compare with our results, it is difficult to support 
the hypothesis of greater susceptibility.

Although a biphasic MAP response has been reported 
after bolus administration of DEX,33 we did not observe this 
effect in our patients, potentially because of the infusion 
time and coadministration of IV and inhaled anesthetics. 
Moreover, this effect is generally observed at concentrations 
higher than 1 μg/L,33 whereas DEX concentrations were <1 
μg/L in all our patients.

Limitations of the Study
A potential limitation of our study is the small sample size. 
Our study was considered by us as explanatory and as such 
without a clear hypothesis, so we do not initially estimate a 
sample size. However, as previously established, our sample 
size allows us to estimate the clearance with adequate power 
to suggest dosage recommendations in our population.

Another limitation of our study is that the PK/PD mod-
els for MAP and HR only describe the first 45 minutes after 
infusion, representing the interaction of anesthetic effects and 
surgical stimulation. However, these changes represent the 
expected response in a real-world clinical setting, wherein 
DEX is used as a coadjuvant. Finally, although the model was 
internally validated, external validation is still necessary.34

In conclusion, this is the first study to report a PK–PD 
model of DEX in a population of 2- to 18-year-old Mexican 
children with ASA score of I/II. The clearance, normalized 
to 70 kg with an allometric weight model and a proportional 
weight model, in this pediatric population was lower than 
that reported in other populations. These results suggest that 
the DEX dosage needs to be corrected in the Mexican Mestizo 
population because of the lower DEX clearance. In addition, 
the influence of ethnic or racial, genetics and epigenetic, dif-
ferences in PK/PD should be considered in future studies. E
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