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Abstract

BACKGROUND: Dexmedetomidine is increasingly used off-label in infants and children with 

cardiac disease during cardiopulmonary bypass (CPB) and in the postoperative period. Despite its 
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frequent use, optimal dosing of dexmedetomidine in the setting of CPB has not been identified but 

is expected to differ from dosing in those not supported with CPB. This study had the following 

aims: (1) characterize the effect of CPB on dexmedetomidine clearance (CL) and volume of 

distribution (V) in infants and young children; (2) characterize tolerance and sedation in patients 

receiving dexmedetomidine; and (3) identify preliminary dosing recommendations for infants and 

children undergoing CPB. We hypothesized that CL would decrease, and V would increase during 

CPB compared to pre- or post-CPB states.

METHODS: Open-label, single-center, opportunistic pharmacokinetics (PK) and safety study of 

dexmedetomidine in patients ≤36 months of age administered dexmedetomidine per standard of 

care via continuous infusion. We analyzed dexmedetomidine PK data using standard nonlinear 

mixed effects modeling with NONMEM software. We compared model-estimated PK parameters 

to those from historical patients receiving dexmedetomidine before anesthesia for urologic, lower 

abdominal, or plastic surgery; after low-risk cardiac or craniofacial surgery; or during 

bronchoscopy or nuclear magnetic resonance imaging. We investigated the influence of CPB-

related factors on PK estimates and used the final model to simulate dosing recommendations, 

targeting a plasma concentration previously associated with safety and efficacy (0.6 ng/mL). We 

used the Wilcoxon rank sum test to evaluate differences in dexmedetomidine exposure between 

infants with hypotension or bradycardia and those who did not develop these adverse events.

RESULTS: We collected 213 dexmedetomidine plasma samples from 18 patients. Patients had a 

median (range) age of 3.3 months (0.1–34.0 months) and underwent CPB for 161 minutes (63–394 

minutes). We estimated a CL of 13.4 L/h/70 kg (95% confidence interval, 2.6–24.2 L/h/70 kg) 

during CPB, compared to 42.1 L/h/70 kg (95% confidence interval, 38.7–45.8 L/h/70 kg) in the 

historical patients. No specific CPB-related factor had a statistically significant effect on PK. A 

loading dose of 0.7 μg/kg over 10 minutes before CPB, followed by maintenance infusions 

through CPB of 0.2 or 0.25 μg/kg/h in infants with postmenstrual ages of 42 or 92 weeks, 

respectively, maintained targeted concentrations. We identified no association between 

dexmedetomidine exposure and selected adverse events (P = .13).

CONCLUSIONS: CPB is associated with lower CL during CPB in infants and young children 

compared to those not undergoing CPB. Further study should more closely investigate CPB-

related factors that may influence CL. (Anesth Analg 2019;129:1519–28)

Dexmedetomidine is used off-label in up to 30% of infants and children with cardiac disease 

during cardiopulmonary bypass (CPB) and in the postoperative period.1–5 As a central-

acting, α−2 adrenergic agonist, dexmedetomidine has sedative and analgesic properties and 

may help attenuate harmful neuroendocrine and hemodynamic responses to surgical trauma 

and CPB.1,2,6 Unlike other sedatives, dexmedetomidine is not associated with respiratory 

depression. It is therefore an ideal choice to facilitate early tracheal extubation, especially in 

children for whom positive intrathoracic pressure due to mechanical ventilation can impede 

passive pulmonary blood flow.7,8

Although potentially beneficial in infants with complex congenital heart disease, 

administration of dexmedetomidine has potential to cause harm. Dexmedetomidine can 

cause hypotension and bradycardia, necessitating cessation of infusion or decreased infusion 

Zimmerman et al. Page 2

Anesth Analg. Author manuscript; available in PMC 2020 November 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



rate.1,9,10 Therefore, to maximize benefits and minimize harm of dexmedetomidine in 

infants and young children with complex heart disease, optimal dosing is imperative.

Optimal dosing relies on knowledge of drug pharmacokinetics (PK), most commonly 

obtained via clinical trial. Unfortunately, clinical trials are difficult to conduct in children.
11,12 Techniques such as opportunistic sampling, population PK modeling, and dosing 

simulation can help overcome trial difficulties and provide vital information for off-label 

therapeutics such as dexmedetomidine.13 Accordingly, previous investigators characterized 

the PK of dexmedetomidine in children without CPB using a 2-compartment population PK 

model.3,14,15 Dexmedetomidine clearance (CL) increased with age until reaching adult 

values at 2 years of age.16–18

PK is expected to differ among infants undergoing CPB compared to those without CPB. 

CPB involves induced hypothermia, hemodilution of albumin, altered blood flow to target 

organs, potential adsorption of drug by CPB circuit materials, and marked inflammation, all 

of which are known to affect drug PK and pharmacodynamics.15,19–25 Accordingly, in a 

study of dexmedetomidine initiated in the post-CPB period for sedation of infants and young 

children, dexmedetomidine CL decreased and volume of distribution (V) increased with 

increasing duration of CPB.15 However, other investigators found no relationship between 

CPB and post-CPB CL or V.26 To date, dexmedetomidine PK during CPB has not been 

studied.

We present results of a pilot clinical trial conducted to do the following: (1) characterize the 

effect of CPB on dexmedetomidine CL and V in infants and young children; (2) detail 

experience regarding patient ability to tolerate dexmedetomidine and achieve sedation; and 

(3) derive preliminary dosing recommendations for infants and young children undergoing 

CPB. We hypothesized that CL would decrease, and V would increase during CPB 

compared to pre- or post-CPB states.

METHODS

Study Design

We conducted a single-center, open-label, opportunistic PK study of dexmedetomidine 

(Precedex; Hospira, Inc, Lake Forest, IL) administered to infants and young children (≤36 

months of age) who were receiving the drug per standard of care and undergoing CPB with a 

blood-primed circuit. Based on US Food and Drug Administration guidance regarding 

sample size requirements for precision in pediatric population PK studies that use 

opportunistic sampling, we targeted a total sample size of 18.27 This sample provides 

sufficient data to estimate CL with a 95% confidence interval (CI) within 60%–140% of the 

geometric mean, assuming a total between-subject variability (coefficient of variation) up to 

66%. We assumed each patient would provide at least 10 samples, with ≥5 during the on-

CPB period. This strategy allowed each patient to serve as his/her own control for each 

phase (pre-CPB, on-CPB, post-CPB) and for us to collect a number of samples within the 

range of other similarly sized pediatric population PK studies.28,29 We excluded patients 

with postmenstrual age (PMA) of <38 weeks and allowed participation in the study once for 

24 hours after CPB initiation. We obtained written informed consent for the study from the 
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parents or guardians of all patients before CPB. The Duke University Institutional Review 

Board approved all study protocols and documents. We conducted our study from March 

2014 to September 2014.

Study Procedures

Dexmedetomidine Administration.—At our center, infants undergoing cardiac surgery 

are initiated on dexmedetomidine via continuous infusion at 0.5 μg/kg/min, without an 

initial loading dose, unless already receiving dexmedetomidine before the operating room. 

Adjustment of dose occurs only after successful separation from CPB and when the patient 

is eligible for transfer to the pediatric cardiac intensive care unit for postoperative care.

Cardiopulmonary Bypass.—CPB equipment included Medtronic DLP arterial cannulas 

(8–10F; Medtronic, Minneapolis, MN), Edwards Thin-Flex venous cannulas (10–18F; 

Edwards Lifesciences Corp, Irvine, CA), and a CAPIOX FX 05 oxygenator (Terumo 

Cardiovascular Group, Ann Arbor, MI) with a hard-shell reservoir, integrated arterial filter, 

and biocompatible amphiphilic polymer surface coating (Xcoating; Terumo Cardiovascular 

Group, Ann Arbor, MI). Oxygenators for patients <5 and 5–12 kg had surface areas of 

0.22/0.5 and 0.38/0.61 m2, respectively (Supplemental Digital Content, Table 1, http://

links.lww.com/AA/C532).

Blood-primed circuits contained Normosol R (Hospira, Inc), packed red blood cells, heparin, 

sodium bicarbonate, 25% albumin, mannitol, Solu-Medrol (Pfizer, New York, NY), 

aminocaproic acid, fresh frozen plasma, and calcium gluconate according to the size of the 

circuit tubing and specific bicarbonate and calcium needs (Supplemental Digital Content, 

Table 2, http://links.lww.com/AA/C532). All patients experienced hypothermia and modified 

ultrafiltration during CPB. Only 2 patients underwent regional lowflow perfusion, and 1, 

deep hypothermic cardiac arrest.

Biologic Sample Collection.—We obtained blood samples from the patient via an 

indwelling catheter other than the site of dexmedetomidine infusion. Each sample was at 

least 0.2 mL of whole blood, and we attempted to align sample collection with routine blood 

draws within scheduled time intervals relative to dexmedetomidine initiation and CPB 

initiation and discontinuation (Figure 1). We collected all samples in human EDTA plasma 

tubes and centrifuged the samples at 3000g for 10 minutes within 1 hour of the blood draw. 

We then transferred the plasma into a second polypropylene tube and immediately froze 

specimens at −20°C. Specimens were transferred to a −80°C freezer within 8 hours. The 

maximum sample storage time at −80°C was 1 year and 7 months. Dexmedetomidine is 

stable in human EDTA plasma for >2 years under these storage conditions (M. Scheinin, 

University of Turku, Finland, personal communication, March 3, 2018; data on file).

Biologic Sample Analysis.—Concentrations of dexmedetomidine in plasma were 

determined with reversed-phase high-performance liquid chromatography with tandem mass 

spectrometric detection (Sciex API4000 System; Sciex, Concord, ON, Canada), with solid-

phase extraction and deuterium-labeled dexmedetomidine as the internal standard.30 

Calibration standards and quality control samples were prepared in drug-free human EDTA 
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plasma. The linear concentration range of dexmedetomidine (base form) was from 0.02 to 

5.0 ng/mL. The lower limit of quantitation (LLOQ) was 0.05 ng/mL, and the limit of 

detection was 0.005 ng/mL. The intra-assay accuracies of the quality control samples (0.06, 

0.15, 1.0, and 4.0 ng/mL) ranged from 98.5% to 108.1%.

PK Analysis and Model Development

To integrate PK parameter variability into the modeling process and provide tools to explain 

these variations based on different biological characteristics, we used nonlinear mixed 

effects modeling with NONMEM (version 7.2; Icon Solutions, Ellicott City, MD) and the 

first-order conditional estimation with interaction algorithm to analyze concentration data 

from our study cohort. We first attempted to develop a “de novo” population PK model with 

standard investigation of 1- and 2-compartment structural PK models, evaluation of bias 

introduced by below quantification limit (BQL) samples, and assessment of interindividual 

and residual variability for PK model parameters using standard techniques.31,32 We 

assessed interindividual variability using an exponential relationship and explored 

proportional, additive, and proportional plus additive residual error models.33

Parameter estimates from the de novo population PK model lacked adequate precision, 

presumably due to few quantifiable concentrations shortly after dexmedetomidine initiation 

and variability in sampling during CPB. We therefore identified a 2-compartment population 

PK model from the literature that was developed in infants and children in whom 

dexmedetomidine was initiated before anesthesia for urologic, lower abdominal, or plastic 

surgery; after low-risk cardiac or craniofacial surgery; or during bronchoscopy or nuclear 

magnetic resonance imaging.14 Using the literature model as a base model, we fixed the 

following population parameter values to estimates in the literature-based population: (1) 

drug CL in a healthy 70-kg adult (CL = 42.1 L/h); (2) maturation function (TM50=44.5 

weeks) and its slope parameter (Hill = 2.56); (3) central V (Vc = 56.3 L); (4) CL (69 L/h); 

and (5) peripheral V (Vp = 78.3 L).14

We then used the literature model with fixed parameters to predict concentrations at 

specified time points and to compare literature-predicted concentrations with our actual data. 

Literature-predicted concentrations were dissimilar to our data and showed a systematic 

bias, indicating differences in PK between the literature population and our population. To 

account for these apparent differences, we performed a covariate analysis, including a fixed-

effect parameter, Finf (scaling factor accounting for difference in Vc between CPB patients 

from our study and non-CPB patients from the pooled analysis), whose final value was 

estimated based on its ability to improve fit between literature-predicted concentrations and 

our data. To identify the impact of the on-CPB period compared to the pre- and post-CPB 

periods, we included the presence or absence of CPB as a covariant in our model. 

Subsequently, we evaluated the impact of CPB-related covariates on model fit and PK 

parameter precision. Evaluated covariates included temperature, flow rate, total time on 

CPB, and total time of aortic cross-clamp, on model fit and PK parameter precision.

We used forward inclusion and backward elimination to assess final model covariates, 

included covariates in the multivariable model that reduced the objective function value 

(OFV) by >3.84 (P ⪅ .05), and retained covariates in the final model that reduced the OFV 
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by >6.64 (P ⪅ .01).34 We also evaluated models based on successful minimization, 

goodness-of-fit plots, plausibility of parameter estimates, and precision of parameter 

estimates. We evaluated the precision of the final model using bootstrapping.35 During this 

process, 1000 datasets are randomly created based on the entire range of possible values of 

PK parameters as dictated by interindividual variability. The datasets are used to generate 

median and 95% CI for the PK parameter estimates.35 We generated visual predictive check 

plots to assess the degree of overlap between observed and predicted data.36 To evaluate the 

relationship between parameter estimates in our population and those in infants and children 

from whom the base model was obtained, we numerically compared parameter estimates 

and their CI between the 2 populations. Finally, to further evaluate relationships between 

parameter estimates for CL and CPB-related factors, we used a 2-sample Wilcoxon rank 

sum test. For this analysis, we dichotomized CPB-related factors based on the median values 

of temperature, flow rate, and total time of aortic cross-clamp within our study population. 

We dichotomized CPB duration at 200 minutes based on evidence of increased inflammation 

in children associated with CPB duration >200 minutes.37

Dosing Simulation.—Using the final PK model and parameter estimates, we simulated 

dosing in 2 typical patients of our cohort: (1) PMA of 42 weeks and 4 kg; and (2) PMA of 

92 weeks (≈2 years) and 10.3 kg. We defined PMA as the sum of gestational and postnatal 

ages. We chose our typical patients based on median age and weight in our cohort among 

neonates and infants, respectively. Based on simulated concentrations, we determined the 

optimal loading dose and maintenance dose for the pre-CPB, on-CPB, and post-CPB 

periods. We targeted a plasma concentration of 0.6 ng/mL based on prior safety and efficacy 

data14,38,39 and aimed to attain the target concentration by 5 hours after dexmedetomidine 

initiation, which correlated with the mean time from dexmedetomidine initiation to CPB 

initiation for patients in our study.

Evaluation of Sedation and Patient Ability to Tolerate Dexmedetomidine

We used the COMFORT Behavior (COMFORT-B) scale to evaluate sedation after 

dexmedetomidine administration.40 The COMFORT-B scale is a 6-question, 30-point scale 

used to assess alertness, agitation, respiratory response or cry, physical movement, muscle 

tone, and facial tension. We obtained COMFORT-B scores before surgery, on arrival to the 

pediatric cardiac intensive care unit, and 12 hours after discontinuation of CPB in patients 

who were not receiving neuromuscular blockers. The same investigator conducted all 

assessments and was not blinded. To evaluate patient ability to tolerate dexmedetomidine, 

we identified adverse events of special interest, including bradycardia or hypotension in the 

24 hours after study drug initiation. We defined bradycardia as a decrease in heart rate >30% 

of patient’s median baseline heart rate or requiring intervention, including administration of 

atropine, epinephrine, chest compressions, or decreased dose or discontinuation of 

dexmedetomidine infusion. We defined hypotension as decreased systolic or mean arterial 

blood pressure >30% from patient’s median baseline blood pressure or requiring 

intervention, including administration of a fluid bolus, or initiation or increase in 

vasopressor therapy (epinephrine, norepinephrine, vasopressin, dopamine, etc). Baseline 

heart rate and blood pressure were determined from the 6 hours before initiation of 

dexmedetomidine. Because patients were critically ill and subject to labile hemodynamics, 
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we classified each adverse event as definitely, probably, possibly, or not related to 

dexmedetomidine administration. The primary investigator (K.O.Z.) adjudicated events 

based on review of the patient’s medical chart and discussion with the patient’s primary 

medical provider.

RESULTS

Patient Characteristics

The 18 enrolled patients had a median age of 3.3 months (range: 0.1–34.0 months) and 

dosing weight of 4.8 kg (2.5–15.3 kg). Patients required CPB for a variety of conditions, 

including stage 2 palliation for single ventricle physiology, repair of ventricular septal 

defect, and heart transplantation (Table 1). Patients underwent CPB for 161 minutes (63–394 

minutes), and all patients except 1 received a dexmedetomidine starting dose of 0.5 μg/kg/h 

without a loading dose. One patient received dexmedetomidine for 48 hours before CPB, 

including 0.8 μg/kg/h for 12 hours before presentation to the operating room. 

Dexmedetomidine infusion rate did not change while on CPB. After CPB, dexmedetomidine 

infusion rates ranged from 0.2 to 2.0 μg/kg/h.

We collected 213 dexmedetomidine plasma samples from study patients, including samples 

pre-, on-, and post-CPB. We excluded 1 concentration due to concern that it was collected 

from the line with dexmedetomidine infusion. Eighteen samples (8%) were of insufficient 

quantity for analysis, and 28 samples (13%) were below the LLOQ, including 6 samples 

below the limit of detection. The median number of samples per patient was 10 (range: 4–

14), and dexmedetomidine concentration for non-BQL samples was 0.437 ng/mL (0.058–2.4 

ng/mL) (Supplemental Digital Content, Figure 1, http://links.lww.com/AA/C532).

For most patients, BQL samples occurred in the pre-CPB period and in the first few hours 

after initiation of CPB. The first sample above the LLOQ occurred at a median of 1.9 hours 

(range: 0.17–6.7 hours) after drug initiation and 0.5 hours (0.11–4.9 hours) after initiation of 

CPB. BQL samples in the post-CPB period reflected discontinuation of dexmedetomidine in 

the hours before sampling.

PK Model and Effect of CPB on Dexmedetomidine Exposure

During univariable analysis of potential covariates for our base model for CL, variables for 

the on-CPB and post-CPB periods each resulted in a significant decrease in OFV. On 

multivariable analysis for CL, simultaneous inclusion of variables for the on- and post-CPB 

periods resulted in a significant drop in OFV and precise parameter estimates. The effect of 

the on-CPB period and post-CPB period on other parameters, including Vc and Q, was 

tested but not included in the model due to high relative standard error in parameter 

estimates. No other CPB-related covariates (eg, flow rate, induced hypothermia) resulted in 

a significant drop in the OFV. After backward elimination, we retained only the variable for 

the on-CPB period. The OFV for the final model was 15.4 points lower compared to the 

base model. The interindividual variability of CL and Vc changed 5.6% and −4.1% from the 

base model to the final model. Residual variability dropped 2.5% from base to final model, 

while proportional residual error dropped 2.5%. In the final model, eta shrinkage for CL and 
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Vc was acceptable at 26% and 7%, respectively. The between-subject variability for CL and 

Vc was 41.8% and 51.0%, respectively. The proportional and additive within-subject 

variability was 31.6% and 0.03 ng/mL, respectively.

The final model was as follows:

CLi = CL × preCPB + postCPB + CLonCPB × onCPB
WTi
70kg

0.75

× PMAi
Hill

TM50Hill + PMAi
Hill × eηCLi

(1)

Vci = Vc × WTi
70kg

1
× Finf × eηci (2)

Qi = Q × preCPB + postCPB

+ Q × CLonCPB
CLstd

× OnCPB × WTi
70kg

0.75 (3)

Vpi = Vp × WTi
70kg

1
(4)

Vssi = Vpi + Vci (5)

where preCPB, postCPB, and onCPB in Equations 1 and 3 are variables (yes = 1, no = 0) that 

indicate time before CPB, after CPB, and during CPB, respectively. CLi is individual plasma 

CL, Wti is individual dosing weight in kilograms, PMAi is individual PMA, TM50 (Equation 

1) is the maturation factor to account for changes in CL with maturation, Vci (Equation 2) is 

individual Vc, Vpi (Equation 4) is individual Vp, Qi is individual intercompartmental CL, 

and Vssi (Equation 5) is individual total V at steady state; ηCLi (Equation 1) is a normally 

distributed random variable, with zero mean and variance ωCL2, accounting for the 

difference between the individual CLi and typical parameter estimate for CL in the 

population; ηVci is a normally distributed random variable, with zero mean and variance 

ωVc2, accounting for the difference between the individual Vci and typical parameter 

estimate for Vc in the population.

Compared to the base model for CL, incorporation of CPB improved the model fit without 

evidence of constant or proportional bias (Figure 2). The median of bootstrap fixed-effects 

parameter estimates was within 4% of population estimates from the original dataset for all 

parameters. The final model described the observed data adequately as indicated by 8.7% of 

observed concentrations outside of the 90% prediction interval in visual predictive check 

(Supplemental Digital Content, Figure 2, http://links.lww.com/AA/-C532). Our results for 

the median of bootstrap parameter estimates and observed concentrations compared to the 

prediction interval meet criteria commonly used to assess model fit.
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Based on the final population PK model, the median empirical Bayes estimate (EBE) of CL 

for the pre- and post-CPB periods for our study population was 0.80 L/kg/h (range: 0.32–

1.44 L/kg/h). The EBE for CL on CPB was approximately 70% lower, 0.25 L/kg/h (0.10–

0.46 L/kg/h). The population CL parameter during CPB was 13.4 L/h/70 kg (95% CI, 2.6–

24.2 L/h/70 kg) (Table 2), compared to 42.1 L/h/70 kg (95% CI, 38.7–45.8 L/h/70 kg) in 

historical patients. The EBE for Vss was 4.42 L/kg (3.39–15.32 L/kg). When we evaluated 

CL estimates according to dichotomous values in temperature, flow rate, CPB duration, and 

cross-clamp time, we identified no statistically significant differences (Table 3; 

Supplemental Digital Content, Figure 3, http://links.lww.com/AA/C532).

Preliminary Dosing Recommendations

According to dosing simulations for an infant with PMA of 42 weeks, a loading dose of 0.7 

μg/kg over 10 minutes in the pre-CPB period followed by infusion of 0.2 μg/kg/h through 

CPB led to target concentrations (0.6 ng/mL) by 5 hours. On discontinuation of CPB, a 

maintenance infusion of 0.4 μg/kg/h was required. In an infant with PMA of 92 weeks, the 

same loading dose was required, followed by infusion of 0.25 μg/kg/h during CPB and 0.6 

μg/kg/h after CPB (Table 4).

Ability of Patients to Tolerate Dexmedetomidine and Achieve Sedation

The majority of the patients (11/18, 61%) did not undergo post-CPB COMFORT-B 

assessments due to receipt of neuromuscular blockade. In the remaining 7 patients, scores 

ranged from 8 to 13 (COMFORT-B: ≤10, deep sedation; ≥23, inadequate sedation).

Eight of 18 patients (44%) developed study-defined hypotension in the postoperative period. 

For 3 of the 8 patients (38%), 2 had increase in epinephrine infusion and 1 received a fluid 

bolus. The remaining 5 patients with hypotension had epinephrine infusion increase. No 

episodes of hypotension were attributed to dexmedetomidine administration according to 

study adjudication criteria, with infusion rates maintained or increased for all patients with 

hypotension.

Three of 18 patients (18%) had bradycardia. In 1 patient, bradycardia progressed to pulseless 

electrical activity arrest requiring extracorporeal membrane oxygenation. Providers 

attributed bradycardia to the patient’s cardiac defect and recent surgical intervention. In a 

second patient, providers attributed bradycardia to primary graft failure and sinus node 

dysfunction but discontinued dexmedetomidine during persistent bradycardia.41 In the 2 

nontransplant patients with bradycardia, dexmedetomidine infusion rate was maintained or 

increased after the event. There was no difference in median maximum post-CPB 

concentrations of dexmedetomidine in those who developed hypotension or bradycardia (N 

= 8) compared to those who did not (N = 10): 0.59 ng/mL (range: 0.03–2.4 ng/mL) vs 0.94 

ng/mL (0.54–1.9 g/mL), P = .13.

DISCUSSION

In our small cohort of infants and young children undergoing palliation or repair of cardiac 

disease, we identified markedly decreased CL and increased V during CPB compared to 
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estimates from historical infants and children who had dexmedetomidine initiated in the 

perisurgical or procedural periods.

Reasons for lower CL during CPB are likely related to CPB-associated altered hepatic blood 

flow, hypothermia, and inflammation, and the CPB circuit. Dexmedetomidine is moderately 

extracted by the liver (extraction ratio = 0.71); therefore, drug CL depends on both hepatic 

blood flow and drug-metabolizing enzyme activity.22 CPB provides nonpulsatile blood flow, 

which can reduce hepatic blood flow by 20%–50% depending on the concurrent presence of 

hypothermia or low CPB flow.24,25 Hypothermia helps facilitate protection of organs during 

CPB, and inflammation results from hemolysis, ischemia, reperfusion, and exposure to 

foreign pump surface material. Both processes lead to decreased drug-metabolizing 

CYP2A6 activity and associated reduction in CL.42–44 Consistent with what is known about 

the effects of blood flow, temperature, and CPB on drug CL, we would expect that higher 

temperatures and flow rates during CPB and shorter durations of CPB and aortic cross-

clamp would result in increased CL. In our cohort, observed trends failed to achieve 

statistical significance.

In a pooled PK analysis of 4 trials of dexmedetomidine administered to those ≤15 years of 

age, CL estimates among those post-CPB (CL = 1.07 L/kg/h; 95% CI, 1.04– 1.11 L/kg/h) (N 

= 81) were similar to those who did not undergo CPB (CL = 1.1 L/kg/h; 95% CI, 1.05–1.13 

L/kg/h) (N = 43).26 The lack of CPB effect on CL in this trial differs from our findings. 

Reasons for these differing conclusions could relate to different patient demographics (ie, 

average age), timing of dexmedetomidine initiation (ie, before versus after CPB), patient 

diagnoses that are known to influence drug PK, or comparison populations (ie, elective 

surgical population [present study] versus intensive care unit population [pooled analysis]).
14–18 Dosing and drug interactions are unlikely to contribute to observed differences. In the 

studies, patients were administered similar dosing; PK of dexmedetomidine is linear in this 

dosing range, indicating that CL is a dose-independent parameter14,15; patients received 

similar concomitant drugs; and dexmedetomidine has no well-established PK drug 

interactions.38 Although neither analysis included patients with severe renal or hepatic 

dysfunction, more subtle differences in disease state and severity of illness between the 

populations may exist.

Patients in our study had a Vc that was approximately 5 times that of infants and children 

from Potts’ pooled analysis that served as the base population PK model for our study14 and 

>3 times that in studies of infants with dexmedetomidine initiated after CPB15,45 

(Supplemental Digital Content, Table 3, http://links.lww.com/AA/C532). Because our 

estimate of Vc is derived largely from on-CPB concentrations, such differences in Vc 

between our study and previous studies are consistent with a CPB effect. Specifically, CPB-

induced inflammation and capillary leak,46 adsorption of dexmedetomidine by the CPB 

circuit,47,48 and (to a lesser extent) addition of pump prime19 can contribute to increased Vc.

Based on population PK model and existing adult data regarding the dexmedetomidine 

exposure–safety relationships, preliminary dosing recommendations suggest the need for a 

loading dose followed by maintenance dosing that varies depending on patient PMA and 

whether the patient is pre-, on-, or post-CPB. The derived loading and maintenance doses 
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are well within the range of doses previously administered to critically ill infants post-CPB, 

but differ from prior standard-of-care dosing at our institution, which led to a high quantity 

of patients not achieving quantifiable concentrations at the time of bypass initiation.8,14 

Notably, dexmedetomidine was well tolerated in our population despite the majority of 

patients (12/18, 67%) exceeding our proposed dosing recommendations and concentration 

thresholds previously associated with safety events in adults. Such findings suggest that 

doses higher than proposed may be safely used in this population. These findings should be 

interpreted with caution given our relatively small sample size. However, the absence of 

definitive drug-related hemodynamic changes is consistent with several previous 

investigations that did not identify dexmedetomidine-related hemodynamic changes in 

excess of those routinely expected in the post-CPB period.8,49,50

Our trial is limited by its relatively small sample size that precluded extensive evaluation of 

covariates and identification of drug exposure–response relationships. In addition, some 

patients had fewer samples collected during CPB than anticipated, related to variable 

duration of CPB and the opportunistic sampling scheme. This variation in sampling resulted 

in wider confidence limits for CL than originally projected by our sample size calculation. 

Further, we were unable to adequately assess sedation in all patients or quantify changes in 

Vc and Vp during the transition from pre- to on-CPB periods. A larger PK trial is needed to 

better estimate the effect of CPB on Vc and Vp, to validate dosing recommendations, to 

better quantify the influence of CPB-related variables, and to further investigate the 

association between dexmedetomidine exposure and pharmacodynamic end points in this 

population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

• Question: What is the effect of cardiopulmonary bypass (CPB) on 

dexmedetomidine clearance (CL) and volume of distribution (V) in infants 

and young children?

• Finding: We estimated a CL of 13.4 L/h/70 kg (95% confidence interval, 2.6–

24.2 L/h/70 kg) during CPB, compared to 42.1 L/h/70 kg (95% confidence 

interval, 38.7–45.8 L/h/70 kg) in historical patients.

• Meaning: CPB is associated with lower CL during CPB in infants and young 

children compared to estimates in those not undergoing bypass; such findings 

may have implications for dexmedetomidine dosing during CPB.
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Figure 1. 
Scheduled dexmedetomidine sampling times. CPB indicates cardiopulmonary bypass.
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Figure 2. 
Final population pharmacokinetic model diagnostic plots: observed versus population 

prediction (A) and individual prediction (B), conditional weighted residuals versus 

population predictions (C), and time after last dose (D). The solid line in A and B is the line 

of identity. The solid line in C and D is a reference line at y = 0. The dashed lines in A, B, C, 

and D are smooth lines. A dose is defined as administration of a bolus dose of 

dexmedetomidine or change in infusion rate.
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Table 3.

Individual Empirical Bayesian Post Hoc Parameter Estimates of Clearance in Infants Stratified by CPB-

Related Factors

Variable N CL (L/kg/h) CL (L/h/70 kg)

Temperature (°C)

 ≥32 11 0.29 (0.18–0.46) 11.27 (6.61–17.53)

 <32 7 0.23 (0.10–0.45) 7.70 (3.51–15.65)

 P value .14 .11

Median flow rate (L/min/kg)

 ≥0.135 9 0.25 (0.17–0.45) 8.05 (5.62–17.35)

 <0.135 9 0.26 (0.10–0.46) 11.27 (3.51–17.53)

 P value .57 .51

Total time on CPB (min)

 ≥200 8 0.24 (0.10–0.45) 8.25 (3.51–15.65)

 <200 10 0.27 (0.20–0.46) 11.31 (6.86–17.53)

 P value .21 .21

Total time on CPB (min)

 ≥161 9 0.25 (0.10–0.45) 7.77 (3.51–15.65)

 <161 9 0.29 (0.20–0.46) 11.59 (6.86–17.53)

 P value .17 .10

Total time on cross-clamp (min)

 ≥68 9 0.25 (0.10–0.45) 8.73 (3.51–17.35)

 <68 9 0.26 (0.20–0.46) 11.02 (6.86–17.53)

 P value .63 .63

Data are median (range).

Abbreviations: CL, clearance (L/h); CPB, cardiopulmonary bypass.
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Table 4.

Preliminary Dosing Recommendations

Postmenstrual Age (wk)

Phase of CPB 42 92

Loading dose (μg/kg) 0.7 0.7

Maintenance pre-CPB (μg/kg/h) 0.7 0.8

Maintenance: on-CPB (μg/kg/h) 0.2 0.25

Maintenance: post-CPB (μg/kg/h) 0.4 0.6

Abbreviation: CPB, cardiopulmonary bypass.
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