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D EXMEDETOMIDINE is often used during anesthe-
sia for neurosurgical procedures due to several unique 

properties. Dexmedetomidine is a selective α-2 agonist and 
induces sedation by reducing norepinephrine release from 
locus coeruleus.1 This relatively short-acting sedative agent 
is ideally suited for procedural sedation during neurosurgi-
cal procedures as patients become sedated yet arousable and 
cooperative when required. Undesirable brain swelling due 
to hypercapnea is avoided as dexmedetomidine causes mini-
mal respiratory depression compared with other anesthetic 
agents.2 Finally, dexmedetomidine has been shown to be 
useful during mapping of epileptic foci with general anes-
thesia as it does not suppress epileptiform discharges during 
electrocorticography unlike most other anesthetic agents.3,4

We have used dexmedetomidine extensively as part of our 
anesthesia technique during both awake and asleep surger-
ies for resection of epileptic foci in patients with medically 
intractable seizures. On the basis of our clinical experience, 
patients undergoing awake surgeries for resection of epilep-
tic foci require higher doses of dexmedetomidine to achieve 

adequate sedation compared with the doses required for the 
patients undergoing other awake neurosurgical procedures, 
such as for brain tumor resection. This clinical observation 
may be explained by differences in either the pharmacokinetic 

What We Already Know about This Topic

•	 Dexmedetomidine is used as part of an anesthetic technique 
for resection of epileptic foci in patients with intractable sei-
zures

•	 Anticonvulsant medications, such as phenytoin and carba-
mazepine, are potent inducers of cytochrome P450 drug–	
metabolizing enzymes

What This Article Tells Us That Is New

•	 The elimination clearance of dexmedetomidine was increased 
by 43% in subjects with seizure disorders taking phenytoin or 
carbamazepine

•	 Patients taking phenytoin or carbamazepine may require high-
er than normal maintenance doses of dexmedetomidine to 
maintain the desired level of sedation/anesthesia
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ABSTRACT

Background: Dexmedetomidine is useful during mapping of epileptic foci as it facilitates electrocorticography unlike most 
other anesthetic agents. Patients with seizure disorders taking enzyme-inducing anticonvulsants appear to be resistant to its 
sedative effects. The objective of the study was to compare the pharmacokinetic and pharmacodynamic profile of dexmedeto-
midine in healthy volunteers with volunteers with seizure disorders receiving enzyme-inducing anticonvulsant medications.
Methods: Dexmedetomidine was administered using a step-wise, computer-controlled infusion to healthy volunteers  
(n = 8) and volunteers with seizure disorders (n = 8) taking phenytoin or carbamazapine. Sedation and dexmedetomidine 
plasma levels were assessed at baseline, during the infusion steps, and after discontinuation of the infusion. Sedation was 
assessed by using the Observer’s Assessment of Alertness/Sedation Scale, Ramsay Sedation Scale, and Visual Analog Scale and 
processed electroencephalography (entropy) monitoring. Pharmacokinetic analysis was performed on both groups, and differ-
ences between groups were determined using the standard two-stage approach.
Results: A two-compartment model was fit to dexmedetomidine concentration–time data. Dexmedetomidine plasma clear-
ance was 43% higher in the seizure group compared with the control group (42.7 vs. 29.9 l/h; P = 0.007). In contrast, distribu-
tional clearance and the volume of distribution of the central and peripheral compartments were similar between the groups. 
No difference in sedation was detected between the two groups during a controlled range of target plasma concentrations.
Conclusion: This study demonstrates that subjects with seizure disorders taking enzyme-inducing anticonvulsant medications 
have an increased plasma clearance of dexmedetomidine as compared with healthy control subjects. (Anesthesiology 2014; 
120:1118–25)
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or pharmacodynamic profile of dexmedetomidine in the epi-
leptic population.

The pharmacokinetic profile of dexmedetomidine may 
be altered in patients taking antiepileptic medications. Dex-
medetomidine undergoes extensive biotransformation by 
the liver and the cytochrome P450 enzyme complex, and 
patients with liver dysfunction have decreased clearance of 
dexmedetomidine.5,6 Because anticonvulsants such as phe-
nytoin and carbamazepine are potent inducers of P450 
enzymes, patients taking these medications may exhibit 
increased clearance of dexmedetomidine. Anticonvulsants 
are known to interact with many other drugs through this 
mechanism.7 Conversely, patients with seizure disorders 
may have alterations in their pharmacodynamic response to 
dexmedetomidine. Seizure activity activates the sympathetic 
nervous system and may result in persistent autonomic dys-
regulation.8 As dexmedetomidine is a sympatholytic drug, it 
is possible that seizure disorders may impact the pharmaco-
dynamic profile of dexmedetomidine.

Neither the pharmacokinetics nor pharmacodynamics 
of dexmedetomidine has been investigated in patients with 
seizure disorders taking anticonvulsant drugs. Our objective 
was to compare the pharmacokinetic and pharmacodynamic 
profile of dexmedetomidine between healthy volunteers 
and volunteers receiving enzyme-inducing anticonvulsant 
medications.

Materials and Methods
This study was conducted after obtaining approval from the 
Institutional Review Board of the University of California 
San Francisco (approved on September 15, 2010) and was 
performed with written informed consent from all volunteer 
subjects (ClinicalTrials.gov identifier NCT01116700). The 
study was conducted under a Federal Drug Administration 
Investigational New Drug Application (109627).

Study Population
We enrolled a total of 16 volunteers between the ages of 
18 and 45 yr. The seizure group (eight subjects) included 
patients with a history of seizures who were taking P450 
enzyme–inducing anticonvulsant medication (phenytoin or 
carbamazepine). The control group was comprised of eight 
volunteers of similar age and weight. We excluded individu-
als who had any of (1) a history of cardiac, hepatic, or renal 
disease; (2) a history of alcohol or drug abuse; or (3) greater 
than 130% of ideal body weight. Volunteers in the control 
group taking any prescription medications other than oral 
contraceptives were excluded. All volunteers were fully fasted 
and asked to abstain from alcohol and coffee for 24 h before 
the study day.

Study Protocol
During the 6-h study period, all subjects rested supine on a 
padded operating room table, in a quiet, temperature-con-
trolled study room and were covered with blankets during 

the study. On the morning on the study, a peripheral intra-
venous catheter was inserted to administer fluid and dexme-
detomidine (Precedex®; Abbott Laboratories, Abbott Park, 
IL). Lactated Ringer’s solution was administered at a rate of 
approximately 200 ml/h during the first hour of the study 
(during the dexmedetomidine infusion), and at 50 ml/h 
thereafter until the study was completed. With local anes-
thetic infiltration, a cannula was placed into the radial artery 
to permit continuous measurement of arterial blood pres-
sure and intermittent arterial blood sampling. Subjects were 
monitored with continuous electrocardiography and pulse 
oximetry on the distal phalanx of an index finger (LNCS 
Adtx-3 Spo2 Sensor; Masimo Corp., Irvine, CA). An acous-
tic respiration sensor (RAS-125; Masimo Corp.) was placed 
on the subject’s neck to permit continuous respiratory rate 
monitoring. After cleaning the skin of the forehead with an 
alcohol swab and slightly abrading the skin, an entropy sen-
sor (GE Entropy Sensor; GE Healthcare, Helsinki, Finland) 
was placed on left forehead as recommended by the manu-
facturer for processed electroencephalography and facial 
electromyography monitoring.

After all monitors were applied, subjects rested for 10 to 
15 min followed by the intravenous administration of dex-
medetomidine in four progressively increasing intravenous 
target-controlled doses. A computer-controlled infusion 
pump (Harvard Apparatus 22; Harvard Apparatus, South 
Natick, MA) was used to infuse dexmedetomidine (1 μg/
ml) to target plasma concentrations of 0.3, 0.6, 1.2, and 
2.4 ng/ml. The duration of each infusion step was 15 min. 
The pump was controlled by STANPUMP software, which 
adjusted and recorded the rate of infusion every 10 s, based on 
available pharmacokinetic data for dexmedetomidine (i.e., a 
central volume of distribution of 0.427 l/kg and elimination 
and distributional rate constants of k10 = 0.0212 min−1, k12 
= 0.0744 min−1, and k21 = 0.0264 min−1). The target plasma 
concentrations were selected based on previous studies and 
to ensure a wide range of sedation.9,10

Pharmacodynamic Data
The study flow chart is illustrated in figure 1. The escalat-
ing target-controlled infusion steps were designed to provide 
a range of dexmedetomidine concentrations to characterize 
the pharmacodynamic profile (sedation) of dexmedetomi-
dine. We assumed that any potential difference in rate of 
dexmedetomidine elimination would have a minimal effect 
on dexmedetomidine plasma levels during the 15-min tar-
get-controlled infusion steps. Sedation was measured using 
both objective and subjective measures of sedation. Subjects 
were assigned sedation scores using the Ramsay Sedation 
Scale (RSS) and Observer’s Assessment of Alertness/Seda-
tion (OAA/S) Scale followed by a subjective assessment of 
sedation using a Visual Analog Scale (VAS). The RSS is a 
six-point scale (1, patient is anxious and agitated or restless 
or both; 2, patient is cooperative, orientated, and tranquil; 
3, patients responds to commands only; 4, brisk response 
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to a light glabellar tap or auditory stimulus; 5, sluggish 
response to a light glabellar tap or auditory stimulus; and 6, 
no response to a light glabellar tap or auditory stimulus) and 
the OAA/S is a five-point composite assessment of respon-
siveness, speech, facial expression, and eyes (five least sedated 
and one completely sedated).11,12 Subjects were asked to pro-
vide a score on a VAS to determine their level of sedation  
(0 = completely awake to 10 = cannot stay awake). A VAS 
score of 10 was assigned if the subject was unresponsive.

Response entropy (RE) and state entropy (SE) were 
monitored continuously using Datex-Ohmeda S/5 Anesthe-
sia Monitor with an Entropy Module (Datex-Ohmeda; GE 
Healthcare).

Pharmacokinetic Data
Five milliliter of arterial blood samples were collected using 
the intra-arterial cannula at baseline, the end of each dexme-
detomidine infusion step, and 7, 25, 180, and 300 min after 
the end of the dexmedetomidine infusion. Blood samples 
were immediately placed on ice and plasma was subsequently 
separated in a refrigerated centrifuge. Plasma samples were 
stored at −70°C until analysis.

The dexmedetomidine assay was performed by Dr. Mika 
Scheinin, M.D., Ph.D., Department of Pharmacology, Drug 
Development and Therapeutics, University of Turku, Turku, 
Finland. The analysis method for the determination of con-
centrations of dexmedetomidine was modified from previous 
reports.13,14 Concentrations of dexmedetomidine (reference 
standard: dexmedetomidine hydrochloride, Fermion Oy, 
Oulu, Finland) in human EDTA plasma were determined 
with high-performance liquid chromatography tandem mass 
spectrometry after solid-phase extraction with Sep-Pak®tC18 

96-well extraction plates (Waters Co., Milford, MA) with 
2H6-medetomidine (ORM-14385; Orion Pharma, Espoo, 
Finland) as an internal standard. The sorbent was activated 
with methanol and stabilized with water before pipetting the 
plasma samples, mixed 1:7 with 0.1% formic acid, into the 
wells. Elution was with 1 ml of a mixture of methanol and ace-
tonitrile (1:1, v/v). The extract was evaporated with nitrogen 
and the residue was dissolved in 0.05 ml of the mobile-phase 
solvent. Separation was performed with a Gemini® column 
(2 × 150 mm, 5 μm; Phenomenex, Torrance, CA) with iso-
cratic flow (0.3 ml/min) of a mobile phase consisting of two 
parts of 0.1% formic acid in water and one part of a mixture 
of methanol and acetonitrile (1:1, v/v). Quantitative detec-
tion was performed in multireaction monitoring mode with a 
triple quadrupole mass spectrometer (API 4000; MDS Sciex, 
Concord, Ontario, Canada). For dexmedetomidine and the 
internal standard, the precursor ions (m/z) were 201.2 and 
208.2. The precursor ion m/z 208.2 was selected from the ion 
pattern of deuterated dexmedetomidine. The fragment ions 
(m/z) monitored and used for quantitation were 95.1 for dex-
medetomidine and 97.1 for the internal standard. The chro-
matograms were processed using Applied Biosystems/MDS 
Sciex software (Analyst 1.4.1; Concord, Ontario, Canada). 
Calibration standards with eight nonzero concentrations and 
quality control samples with three different concentration 
levels (low, medium, and high) were included in all assays. 
Calibration standards and quality controls were prepared in 
drug-free human EDTA acid plasma. The linear concentra-
tion range was from 0.02 to 10.0 ng/ml. The interassay accu-
racies of the quality control samples (0.03, 0.9, and 8.0 ng/
ml) were 89, 89, and 101.5%, respectively. This assay has a 
lower limit of detection of 20 pg/ml and coefficient of varia-
tion of 5.7% in the relevant concentration range.

Hemodynamic and Respiratory Data
Systolic and diastolic blood pressures and heart rate were 
monitored continuously using Datex-Ohmeda S/5 Anes-
thesia Monitor with E-PRESTN hemodynamic module 
(Datex-Ohmeda; GE Healthcare). Percent oxygen satura-
tion and respiratory rate were recorded continuously using 
a Rad-87 Pulse oximeter (Masimo Corp.) and an acous-
tic respiration sensor (RAS-125; Masimo Corp.). Hemo-
dynamic and respiratory data were recorded at each time 
point before the pharmacodynamic assessments and blood 
sampling (fig. 1).

Pharmacokinetic Analysis
We used a standard two-stage approach to compare popula-
tion parameters between healthy volunteers and volunteers 
on anticonvulsant medications. For our pharmacokinetic 
analysis, we chose to use a two-compartment model as prior 
experience by us15 and others16,17 has found it adequate to 
describe the pharmacokinetics of dexmedetomidine. The 
dexmedetomidine dose was entered into the pharmacoki-
netic model as four separate infusion steps consisting of a 
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Fig. 1. Study flow chart illustrating the timeline for dexme-
detomidine infusion and data collection. Data were recorded 
in the following order: hemodynamic (HEMO) and respiratory 
(RESP) data, entropy data, Ramsay Sedation Scale (RSS), 
Observer’s Assessment of Alertness/Sedation (OAA/S) 
Scale after which the patients were asked for a Visual Ana-
log Scale (VAS) score, and last an arterial blood sample was 
drawn to determine the plasma concentration of dexme-
detomidine (DEX).
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cumulative dose applied over the infusion interval. Four 
infusion steps were required as the infusion rate of each 
step differed. A two-compartment model was fit to individ-
ual plasma concentration–time data using SAAMII v1.2.1 
(Saam Institute, University of Washington, Seattle, WA). 
This fit to the two-compartment model was performed 
using the Bayesian estimation feature in SAAMII. Pharma-
cokinetic parameters from our previous analysis were used 
as the prior in the Bayesian estimation.15 This involved 
estimation of each individual’s individual pharmacokinetic 
parameters followed by calculation of mean and variance 
of each group and exploration of relationships between 
covariates and parameters.18 Mean parameter estimates are 
presented as the estimate followed by the standard devia-
tion (SD). Student t tests were used to determine differ-
ences in the pharmacokinetic parameters derived for each 
group. Relationships between pharmacokinetic parameters 
and weight were determined using a Pearson correlation 
coefficient. Student t tests and correlation analyses were 
performed using GraphPad Prism V4.02 (GraphPad Soft-
ware Inc., San Diego, CA).

Statistical Analysis
A sample size of eight subjects per group was chosen based 
on previous, similar studies on dexmedetomidine in which 
the pharmacokinetic parameters were derived from small 
volunteer populations.15,19,20 We used a repeated-measures 
two-factor ANOVA to determine both the effect of dexme-
detomidine on measures of sedation (RSS, OAA/S, VAS, 
RE, and SE) within the groups at different timepoints and 
differences in sedation scores between the two groups over 
time during the infusion steps. If a significant difference 
was found using repeated-measures ANOVA, we performed 
between-group comparisons with a Student t test and 
within-subject comparisons using a paired t test and finally 
a Bonferroni correction to adjust for multiple comparisons. 
A similar analysis was used to determine the effect of dexme-
detomidine on the hemodynamic and respiratory measures 

and differences between the two groups. All statistical tests 
were two-tailed and a P value of less than 0.05 was con-
sidered statistically significant. The analysis of pharmacody-
namic, hemodynamic, and respiratory data was performed 
using STATA 12.1 (StataCorp, College Station, TX).

Results
All 16 subjects completed the study and were included in 
the analysis. The two groups were similar with respect to age, 
weight, height, and sex (table 1). Two subjects in the seizure 
group were taking phenytoin at total doses of 460 and 800 mg 
daily. Six subjects were taking carbamazepine (median total 
daily dose, 1,000 mg; range, 800–1,600 mg). All seizure sub-
jects had been taking carbamazepine or phenytoin for a mini-
mum of 3 months. In the seizure group, five patients were 
taking additional medications. One patient was taking leveti-
racetam, two patients were taking lacosamide, one was taking 
zonisamide and lacosamide, and one patient was also taking 
losartan, propranolol, ranitidine, and topiramate.

Total cumulative dexmedetomidine doses were 0.27, 
0.68, 1.4, and 2.8 μg/kg at the end of the 0.3, 0.6, 1.2, 
and 2.4 ng/ml target plasma dexmedetomidine steps, respec-
tively. Measured plasma dexmedetomidine concentrations 
were consistently higher than the predicted plasma con-
centrations during the target-controlled infusions but not 
after discontinuation of the infusion (table 2). There were 
no significant differences in the measured dexmedetomidine 
plasma levels between the control and seizure groups during 
the target-controlled infusion steps.

Pharmacokinetics
A total of 144 plasma samples from 16 individuals were 
included in the population pharmacokinetic analysis. The 
dexmedetomidine plasma concentration versus time data 
for both study groups is provided in figure 2. The data were 
best described using a two-compartment model. With the 
exception of plasma clearance, all pharmacokinetic param-
eters were similar between the seizure and control groups 
(table  3). Plasma clearance was significantly higher in the 
seizure group compared with the control group at 42.7 and 
29.9 l/h, respectively (difference of −12.8 l/h; 95% CI, −21.5 
to −4.0; P = 0.007).

Weight showed a weak but significant correlation with 
the volume of distribution of the central and peripheral 
compartments on data pooled from both groups of patients 
(r = 0.37, P = 0.012 and r = 0.46, P = 0.004, respectively) 

Table 1.  Subject Characteristics in the Control and Seizure 
Groups

Control (N = 8) Seizure (N = 8)

Male, % (n) 62.5 (5/8) 50 (4/8)
Age, yr (median, range) 26.5 (20–40) 28.5 (20–41)
Height, cm (median, range) 175 (155–190) 170 (120–183)
Weight, kg (median, range) 75 (50–92) 73 (56–97)

Table 2.  Actual Plasma Concentrations of Dexmedetomidine during and after a Target-controlled Infusion of Dexmedetomidine

Group
TCI  

0.3 ng/ml
TCI  

0.6 ng/ml
TCI  

1.2 ng/ml
TCI  

2.4 ng/ml
7-min  

Postinfusion
25-min 

Postinfusion
180-min  

Postinfusion
300-min 

Postinfusion

Control 0.52 (0.08) 1.02 (0.14) 2.22 (0.43) 4.87 (1.15) 2.46 (0.69) 1.55 (0.39) 0.61 (0.23) 0.39 (0.19)
Seizure 0.50 (0.10) 1.04 (0.25) 2.03 (0.32) 4.56 (0.60) 2.08 (0.34) 1.28 (0.27) 0.35 (0.12) 0.19 (0.09)

All results are reported as mean (SD).
TCI = target-controlled infusion.
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but not with plasma clearance or distributional clearance  
(r = 0.021, P = 0.94 and r = 0.035, P = 0.90, respectively).

Pharmacodynamics
Pharmacodynamic results are shown in table  4. Baseline 
VAS, RSS, and OAA/S scores did not differ between the 
groups. Sedation increased significantly (VAS, RSS, and 
OAA/S scores) in both groups compared with baseline with 
increasing dexmedetomidine doses during the target-con-
trolled infusion steps. Two control group subjects and three 
seizure group subjects were unarousable at the end of the 
2.4 ng/ml dexmedetomidine plasma target level. There were 
no significant differences in the OAA/S, RSS, or VAS scores 
between the seizure and control groups (table 4).

There were no differences in baseline SE or RE values 
between the groups. SE and RE values decreased significantly 
in both groups compared with baseline with increasing dex-
medetomidine doses during the target-controlled infusion 
steps (table 4). SE values were lower in the seizure group com-
pared with the control group (P = 0.029) (table 4). However, 
the post hoc Student t test with correction for multiple com-
parisons did not find significant differences between the two 
groups for any of the dexmedetomidine infusion steps. The 
baseline electroencephalography of one subject in the seizure 
group had significant amount of slow-wave activity. This sub-
ject had baseline RE and SE values of 39 and 28, respectively.

Hemodynamic and Respiratory Data
There were no differences in baseline hemodynamic or 
respiratory variable values between the groups. Systolic and 
diastolic blood pressures, heart rate, percent oxygen satu-
ration, and respiratory rate did not differ between the two 
groups at any time point (table 5). No vasoactive medica-
tions were administered. Although several subjects snored 
while sedated, none of the percent oxygen saturation values 
declined less than 90%. None of the respiratory rates were 
less than 8 breaths/min during the study.

Discussion
Our data show that plasma clearance of dexmedetomidine 
is increased by 43% in subjects with seizure disorders taking 
enzyme-inducing anticonvulsant medications as compared 
with healthy control subjects. Although the pharmacoki-
netic interactions of enzyme-inducing anticonvulsants with 
other medications such as neuromuscular blockers have long 
been recognized,21–23 this effect has not been described with 
dexmedetomidine. In contrast, dexmedetomidine pharma-
codynamics (sedation) did not differ between subjects taking 
enzyme-inducing anticonvulsant medications and healthy 
control subjects exposed to similar plasma concentrations of 
dexmedetomidine. Overall, the increased clearance of dex-
medetomidine observed in the seizure group may explain 
our clinical observations that higher dexmedetomidine infu-
sion rates are required in patients taking enzyme-inducing 
anticonvulsants. By using the pharmacokinetic parameters 
derived from our study population, we simulated plasma 
concentrations of dexmedetomidine after a loading dose of 1 
μg/kg over 10 min and at an infusion rate of 1 μg kg−1 h−1 for 
5 h (fig. 3). An increase in the infusion rate by 30% would 
be required in seizure subjects to achieve similar plasma con-
centrations to control subjects. The results of the simulation 
are consistent with our clinical experience.

The pharmacokinetic parameters derived in our control 
group are consistent with those published previously. Plasma 
clearance of dexmedetomidine in Korean subjects (33.7 l/h) 
and in another study of healthy male volunteers (26.7 l/h) was 
comparable with that in our control subjects (29.9 l/h).17,19 
In comparison, plasma clearance in our volunteers taking 
enzyme-inducing anticonvulsants was 42.7 l/h. In contrast 
to previously published dexmedetomidine pharmacokinetic 
values, weight correlated significantly with the central and 

Fig. 2. Observed mean dexmedetomidine plasma concen-
tration versus time plot for control and seizure groups. The 
squares (connected by a solid line) and triangles (connected 
by a dashed line) represent observed mean (±SEM) dexme-
detomidine concentrations in control and seizure groups, re-
spectively.

Table 3.  Pharmacokinetic Parameters of Dexmedetomidine in Control and Seizure Groups

Pharmacokinetic Parameter Control (N = 8) Seizure (N = 8) P Value* Difference (95% CI)

Plasma clearance (Cl) (l/h) 29.9 (8.9) 42.7 (7.3) 0.007 12.8 (21.5–4.0)
Distributional clearance (Cld) (l/h) 77.4 (25.5) 67.2 (13.0) 0.33 −10.2 (−11.6 to 31.9)
Central compartment (V1) (l) 21.1 (6.7) 22.5 (4.2) 0.62 1.4 (−7.4 to 4.6)
Peripheral compartment (V2) (l) 65.3 (10.7) 61.3 (10.0) 0.44 −4 (−7.0 to 15.1)

All values shown are mean (SD).
* Using a Student two-sample t test to compare control and seizure groups.
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peripheral volumes of distribution in our study although the 
clinical significance of this finding is unclear.10,16,17

The increased elimination of dexmedetomidine among 
patients receiving anticonvulsant medications may be 
explained by a clinically significant cytochrome P450–medi-
ated drug–drug interaction. Carbamazepine and phenytoin 
are known to be potent inducers of multiple P450 enzymes 

as well as uridine 5'-diphospho-glucoronosyltransferase and 
epoxide hydrolase.7,24 Although some of the seizure sub-
jects were taking additional medications, none are known to 
induce the cytochrome P450 enzyme complex. Dexmedeto-
midine undergoes extensive glucuronidation and hydrox-
ylation in the liver with minimal excretion of unchanged 
drug. P450 enzymes implicated in the biotransformation 

Table 4.  OAA/S Score, RSS Score, VAS Score, and Entropy Values during a Step-wise Target-controlled Infusion of 
Dexmedetomidine in Healthy Controls and Seizure Subjects

Group
0 min  

(Baseline)
15 min  

(TCI 0.3 ng/ml)
30 min  

(TCI 0.6 ng/ml)

45 min  
(TCI 1.2 ng/

ml)

60 min  
(TCI 2.4 ng/

ml) P Value†

OAA/S (1–5)
 � Control 5 (5–5) 4 (3–5)* 3.5 (3–4)* 2.5 (2–4)* 2 (1–3)* 0.53
 � Seizure 5 (5–5) 4.5 (4–5) 3.5 (3–4)* 3 (2–4)* 2 (1–3)*
RSS (1–6)
 � Control 2 (2–2) 2 (2–5) 4.5 (4–5)* 5 (4–5)* 5 (5–6)* 0.78
 � Seizure 2 (2–2) 2 (2–4) 4 (3–5)* 5 (3–5)* 5 (5–6)*
VAS (0–10)
 � Control 0.5 (0–3) 6 (3–8)* 7 (5–9)* 8.5 (8–9)* 10 (8–10)* 0.17
 � Seizure 1.5 (0–3) 4.5 (1–7) 6.5 (3–10)* 7.5 (6–10)* 10 (6–10)*
Response entropy (0–100)
 � Control 97.5 (97–99) 94 (58–98) 60.5 (26–95)* 26.5 (14–85)* 23 (11–29)* 0.055
 � Seizure 96 (39–99) 65.5 (33–97) 41.5 (17–66)* 22 (17–44)* 19 (9–32)*
State entropy (0–91)
 � Control 88 (85–91) 84 (45–89) 53 (25–82)* 24 (13–77)* 20 (10–26)* 0.029
 � Seizure 85 (28–89) 57.5 (25–87) 32.5 (16–52)* 21 (17–40)* 17.5 (9–31)*

All values shown are median (range).
* P < 0.05 compared with baseline using paired t tests with a Bonferroni correction for multiple (4) comparisons. † P value for comparison between seizure 
and control groups over time using repeated-measures ANOVA.
OAA/S = Observer’s Assessment of Alertness/Sedation; RSS = Ramsay Sedation Scale; TCI = target-controlled infusion; VAS = Visual Analog Scale.

Table 5.  Blood Pressure, Heart Rate, Percent Oxygen Saturation, and Respiratory Rate during and after a Step-wise Target-
controlled Infusion of Dexmedetomidine in the Control and Seizure Groups

Group
0 min 

(Baseline)

15 min  
(TCI  

0.3 ng/ml)

30 min  
(TCI  

0.6 ng/ml)

45 min  
(TCI  

1.2 ng/ml)

60 min  
(TCI  

2.4 ng/ml)

7-min 
Postinfu-

sion

25-min 
Postin-
fusion

180-min 
Postin-
fusion

300-min 
Postin-
fusion

P  
Value†

Systolic blood pressure
 � Control 134 (9) 113 (12)* 104 (8)* 113 (13)* 129 (11) 117 (12) 112 (11)* 103 (7)* 112 (9)* 0.92
 � Seizure 131 (5) 114 (6) 106 (6)* 111 (15) 127 (19) 116 (21) 108 (18)* 101 (11)* 117 (8)
Diastolic blood pressure
 � Control 69 (6) 60 (6) 58 (8) 64 (7) 77 (10) 69 (9) 65 (9) 55 (9)* 60 (6) 0.15
 � Seizure 69 (6) 61 (6) 58 (3) 61 (9) 72 (9) 66 (9) 59 (9) 54 (8)* 63 (6)
Heart rate
 � Control 64 (8) 60 (5) 56 (5) 54 (7) 51 (10)* 55 (8) 54 (7) 53 (6) 57 (8) 0.42
 � Seizure 67 (10) 66 (10) 62 (9) 61 (8) 57 (7) 60 (8) 60 (9) 60 (10) 67 (9)
Percent oxygen saturation
 � Control 99 (1) 98 (1) 98 (1)* 98 (1) 98 (1) 98 (1)* 98 (1) 98 (1) 99 (1) 0.93
 � Seizure 98 (1) 97 (1) 97 (1) 97 (1) 98 (2) 97 (1) 97 (1) 98 (2) 98 (2)
Respiratory rate
 � Control 12 (5) 13 (4) 14 (3) 14 (2) 15 (2) 15 (3) 14 (3) 12 (2) 13 (2) 0.31
 � Seizure 14 (2) 11 (2) 13 (1) 14 (2) 15 (2) 15 (2) 14 (2) 13 (2) 13 (1)

There were no significant differences between the two groups. The shaded column represents the termination of the target-controlled infusion of dexme-
detomidine. All values shown are mean (SD).
* P < 0.05 compared with baseline using paired t tests with a Bonferroni correction for multiple (8) comparisons. † P value for comparison between seizure 
and control groups over time using repeated-measures ANOVA.
TCI = target-controlled infusion.
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of dexmedetomidine include CYP2A6 (predominantly), 
CYP1A1, CYP 2E1, CYP2D6, and CYP2C19.6 Our study 
results are consistent with a hypothesis that enzyme induction 
caused by anticonvulsant medications such as phenytoin and 
carbamazepine could result in an increased metabolic clear-
ance of dexmedetomidine.

The pharmacokinetic dexmedetomidine data set used for 
the target-controlled infusion in this study resulted in higher-
than-predicted plasma dexmedetomidine concentrations. 
Although the measured concentrations have exceeded the 
predicted concentrations of dexmedetomidine during target-
controlled infusions in previous studies,2,15 our data demon-
strated a consistently higher overshoot that we did not expect 
and cannot explain. We chose to use this dexmedetomidine 
pharmacokinetic data set because of our previous experience 
with the sedation levels and hemodynamic responses associ-
ated with this protocol. For the pharmacodynamic part of the 
study, we chose four plasma target dexmedetomidine concen-
trations that would provide us with a wide range of sedation. 
We achieved our targeted sedation levels that ranged from 
minimal to deep sedation. At the end of the first dexmedeto-
midine infusion step, the subjects became slightly sedated, 
but remained easily arousable. At the highest sedation level, 
four of our volunteers were unarousable and the rest required 
significant verbal and tactile stimulation to be aroused.

Similarly, the duration of each infusion step used in the 
study allowed us to examine pharmacodynamic differences 
between the two groups. We chose to use 15-min dexme-
detomidine infusion steps to have enough time to reach a 
stable level of sedation at each step, while minimizing the 
effect of potential differences in dexmedetomidine clearance 
on plasma dexmedetomidine concentrations. We achieved 
similar plasma dexmedetomidine concentrations between 
the two study groups during the four dexmedetomidine 
infusion steps, allowing for a direct comparison of the phar-
macodynamic parameters between the groups.

Our study did not demonstrate a difference in seda-
tion between the two groups as measured by the OAA/S, 
RSS, and VAS sedation scores during a controlled range 
of target plasma concentrations. Thus, our results make 

it unlikely that resistance to sedation with dexmedetomi-
dine in patients with epilepsy is due to altered pharmaco-
dynamics. Our results may be difficult to extrapolate to 
the clinical setting because our subjects were sedated in 
a quiet study room without noxious stimuli. Higher dex-
medetomidine concentrations are likely needed to achieve 
equivalent levels of sedation in the typical surgical setting. 
Finally, our study was designed to detect differences in 
dexmedetomidine pharmacokinetic parameters between 
the groups and, thus, may be underpowered to detect dif-
ferences in other variables.

We included entropy measurements as an objective surro-
gate measure of sedation. Entropy values declined consistently 
with increasing dexmedetomidine doses in all subjects. At the 
highest dexmedetomidine dose level in most subjects, entropy 
values decreased into the low 20s and this was consistent with 
clinically observed deep sedation. RE values did not differ 
between the groups. Although ANOVA showed a potential 
difference (P = 0.046) in SE values between the groups, our 
post hoc test did not find differences between the groups at any 
time point. One of the subject’s RE and SE data in the seizure 
groups were a clear outlier. This volunteer had unusual slow-
wave electroencephalography activity that resulted in very low 
RE and SE values at baseline and during sedation. It is pos-
sible that the underlying electroencephalography abnormali-
ties associated with refractory epilepsy do not allow a reliable 
estimation of sedation using existing algorithms.

The hemodynamic and respiratory responses to dexme-
detomidine exhibited by our study subjects were consis-
tent with previous reports.2,19,25 As typically observed with 
administration of dexmedetomidine, blood pressure initially 
decreased at low plasma dexmedetomidine concentrations 
but then increased back to baseline values at higher plasma 
dexmedetomidine levels, and then decreased again after dis-
continuation of the infusion.25 Despite significant levels of 
sedation, we did not observe arterial hemoglobin desatura-
tion or apneic events also consistent with previous studies.2,25

Our study has limitations. Our small sample size and 
number of data points may have limited the precision of our 
pharmacodynamic analyses. Two of the scores of sedation 
(OAA/S and RSS) were assigned by unblinded investigators 
and may have introduced bias. Although we demonstrated 
an increased clearance of dexmedetomidine in patients tak-
ing enzyme-inducing anticonvulsants, we did not specifi-
cally prove that these anticonvulsants caused the increased 
clearance. Furthermore, we cannot make inferences regard-
ing potential effects of anticonvulsants other than carba-
mazepine or phenytoin on the pharmacokinetic profile of 
dexmedetomidine.

Conclusion
Our study demonstrates that patients with seizure disor-
ders taking the enzyme-inducing anticonvulsant medica-
tions have increased clearance of dexmedetomidine as 
compared with healthy control subjects. These findings 

Fig. 3. Simulation of dexmedetomidine plasma concentra-
tions after a loading dose of 1 μg/kg over 10 min followed by 
an infusion rate of 1 μg kg−1 h−1 for 5 h in control (solid line) 
and seizure (dashed line) subjects.
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account for our clinical impression and hypothesis that this 
patient population requires higher-than-normal dosing of 
dexmedetomidine. In contrast, the objective and subjective 
measures of sedation were similar between the two groups 
during a controlled range of target plasma concentrations, 
suggesting that the difference in sedation is related to 
altered pharmacokinetics, rather than pharmacodynamics. 
Further studies would be useful to clarify the clinical sig-
nificance of our findings.
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