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Drug administration
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k. k
k1o “1
v
Effect
compartment
(Vy)
I(t)
k1 > Central kis >
Rapid peripheral compartment
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Figure 1. Effect compartment (compartment 4 in upper panel or e in
lower panel) linked to central compartment (compartment 1) by
first—order kinetics. Kij, mirco—rate constant from compartment 7
to compartment j. Vi, volume of distribution of compartment 7. Here,
=1, 2, 3, 4 (upper panel) or /=1, 2, 3, e (lower panel). e, effect
compartment. keO=kel [37].
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Figure 2. The solid line represents the plasma concentration after a
bolus of a hypothetical drug. The dotted lines represent the effect—
site concentration of the drug, assuming different keO. As t1/2keQ
increases, the time to reach the peak biophase concentration

increases [37].
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Table 1. Group description

Lock—out
Groups N Dose (ug/kg) time
(minute)
Group 1
(High dose — long lock—out 10 0.2 3
time)
Group 2
(Middle dose — short lock—out 10 0.1 1
time)
Group 3
(Low dose — short lock—out 10 0.05 1
time)
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Figure 3. Flow chart for heart rate (HR) measurement.
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Table 2. Dexmedetomidine model parameters [19].

Variance CV (%)

V1 (1) =1.78x (WT /70) x " x & nl (interindividual) 0.0356 19.0
n2 (interoccasion) 0.2730 56.0
V2 () =30.3x (WT /70) n3 (interindividual) 0.0635 25.6

V3 (1) = 52.0x (WT /70) x & n4 (interindividual) 0.0276  16.7
= 52.0x x €

CL (1/ min) = 0.686 (WT/70)%7x "
Q2 (1/min) = 2.98 (V2/30.3)"7

Q3 (1/min) = 2.0.602 (V3/52.0)%7

nl are normally distributed random variables with a mean of O and variances as
shown in the table.

CL = elimination clearance; CV = coefficient of variation; Q2—-Q3 =
intercompartmental clearances between compartment 1 and 2 or 3, respectively;
V1-V3 = volume of corresponding compartments; WT = subject weight.
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Box 1. MATLAB code example for KeO calculation

KeOPeakcal.m
peaktime = [50, 60, 60, 60, 53, 56] ./60 % & W O= vl
ptinfo=readtable ('dexpieegtime.csv');
ptID= string (ptinfo.ptID);
k=16 % 16W 4 %2}
wt = ptinfo.wt(k) % x| A=

KeO_list =[]
for peakt = peaktime

fun = @ (x) fdex(x, wt, peakt); % function
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x0 = [0.00001 10]; % initial interval
keO = fzero (fun,x0)
KeO_list = [KeO_list, ke0]

End

fdex.m

function y = fdex (KeO, wt, tpeak)

V1 = 1.78 * (wt /70);

V2 = 30.3 = (wt /70);

V3 =52.0 % (wt /70);

Cll = 0.686 * (wt /70)70.75;
Cl2 = 2.98 = (V2/30.3)70.75;
CI3 = 0.602 = (V3/ 52.0)70.75;
V=[V1, V2, V3l;
Cl=[Cl1,CI2,Cl3];

[A, Lamda] =f_PKVolCl3Com (V,Cl) %37& °kzd w Wl

y=(0

( KeO * A(1)/(KeO —Lamda(1))) * (Lamda(l) * exp(—Lamda(1l) *

tpeak) — KeO * exp(—KeO * tpeak)) + ...

(Ke0 = A(2)/(KeO —Lamda(2))) = (Lamda(2) * exp(—Lamda(2) =*

tpeak) — KeO * exp(—KeO * tpeak)) + ...

(KeO * A(3)/(KeO —Lamda(3))) * (Lamda(3) * exp(—Lamda(3) =

tpeak) — KeO * exp(—KeO * tpeak)) ...
);
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Table 3. Demographic data of each group

Group 1 Group 2 Group 3 Total
ota
(High (Middle (Low p value
(n = 30)
bolus) bolus) bolus)
Gender (M:F) 7:3 8:2 7:3 22:8 0.86
Age (year) 24.7 (3.3) 28.6 (9.5) 28.2 (9.8) 27.2 (8.0) 0.72

Height (cm) 171.7 (9.0) 170.0 (10.4) 171.4 (9.5)171.0 (9.3) 0.91

Body weight
(kg)

BMI (kg/m?) 24.1 (6.8) 25.1 (5.00 24.5 (2.9 23.7 (5.2) 0.24

63.3 (21.8) 72.8 (17.0) 72.6 (13.2)68.5 (17.6) 0.40

BMI, body mass index.
The values are expressed as the mean (standard deviation).

33 A 21



Table 4. Comparison of total number of bolus infusion doses and

time
Group 1 Group 2 Group 3 Total
. . p value
(High bolus) (Middle bolus) (Low bolus) (n = 30)
Numb f 14.7
HIDEROL 27 (28)x 167 (4.9 19.6 (3.1)+ <0.05
doses (6.3)
D
OSABE DL 439 (3.7 7.9 (27 3.5 (0.7)+ 8.4 (5.1) <0.05
bolus (ug)
Total
67.9 97.9
infusi 100.3 (20.4 123.4 (30.5 < 0.05
HHsion (20.1 (B05) g3+ (32.5)
doses (ug)
Total
infusion
d
0Ses 1.4 (0.3) 1.7 (0.4) 1.0 (0.2)* 1.5 (0.9) <0.05
per body
weilight
(ug kg)

The values are expressed as the mean (standard deviation)

An asterisk mark (*) indicates a group that is significantly different

from the other two groups (p<0.05).
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Figure 4. Heart rate (HR), Bispectral index (BIS) and concentration in blood (Cp) during

bolus injection.
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Table 5. Changes of KeO, time to peak decreased heart rate after
bolus injection, and decrement of heart rate response to the

different bolus groups

Group 1 Group 2 Group 3
(High (Middle (Low Total  pvalue
bolus)  bolus)  bolus)

N 55 123 127 305

0.38 0.49 0.49 0.47
Ke0 017 (0.12) (0249 (019 9001

Time to peak decreased
heart rate after bolus 64.95 55.61 53.23 56.30

injection (15.82) (12.55) (12.87) (13.93) <0001
(second)
Decrement of heart rate -11.25 —=7.39 —-5.59 —-7.34 <0.001

(beats/min) 6.02) (5.11)  (3.80)  (5.19)

The values are expressed as the mean (standard deviation).
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Figure 5. Heart rate responses to the change of concentration in

blood (Cp). Changes until 50 second from injection is colored in

orange, and green color indicates the changes after 50 seconds.

Case result of 17™ participant in high dose group.
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Table 6. Changes of heart rate at bolus injection and effect—site

concentration at bolus injection response to the different bolus

groups
Groups
(n = 305, KeO = 0.47+0.19) »
High bolus Middle bolus Low bolus value
n =55 n=123 n=127
H t rat t
eart rate a 69.31

bolus injection 63.05 (8.47) 64.08 (11.83) 0.393
. (9.28)
(beats/min)

Effect—site
concentrationat ) .4y (5 48y 1.09 (0.59) 0.92 (0.93)  0.005
bolus injection

(ng/mL)

The values are expressed as the mean (standard deviation).
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Figure 7. Decreased heart rate response to different bolus dose

groups.
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Figure 9. Decreased heart rate response to the different effect—site

concentration at bolus injection levels and bolus dose groups.
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Table 7. Effect of bolus size and HR start group on decrement of heart rate

Group 1 Group 2 Group 3

(High bolus) (Middle bolus) (Low bolus) Significance

Groups of
initial heart

rate at the
50-60 60-70 70-80 >80 <50 50-60 60-70 70-80 >80 <50 50-60 60-70 70-80 >80

start of G H I
n=26 n=21 n=3 n=5 n=10 n=48 n=45 n=21 n=3 n=20 n=24 n=43 n=27 n=9

bolus

injection

(beats/min)

Decrement of
heart rate -854 -12.20 -11.30 -21.00 =590 -3.92 -598 -7.52 -12.00 -5.80 -6.33 -5.95 =959 -14.00 <0.001 <0.001 0.163
(4.25) (5.46) (9.07) (2.07) (7.00) (2.39 (3.53) (3.27) (1.00) (3.75) (3.47) (4.20) (6.21) (4.81) ' ' '

(beats/min)

The values are expressed as the mean (standard deviation)
G, effect of group; H, effect of HR starts group; I, interaction.
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Figure 10. Linear regression analysis for the heart rate responses
to the levels of effect—site concentration at initial heart rate bolus

injection. Case result of 10® participant in low dose group.

45 -":rx E "";i' 1_-“



AA e H 3 AFs —7.42 £ 3.74 (3]/3%)/(ng/mD)°] o,
Vgl =731 + 5.10 (3]/3)/(ng/mD), FiH&FTo] 581 +
2.94 (3]/%)/(ng/mD, AEZFol —9.16 £ 9.85(3]/%)/(ng/mD &
Yetolth d3Fd8ZFe] A717F e Al 9] 39 Alg Batels

F2A 9l Aol= FEE A ¢t (p=0.534) [Table. 8].

Table 8. Slope coefficients response to bolus dose groups

Group 1 Group 2 Group 3 Total
(High bolus)  (Middle bolus) (Low bolus) p value!
n=10 n=10 n=10 n =30

Slope? —=7.31(5.10) —5.81(2.94) —9.16(9.85) —7.42(3.74) 0.534

[95% [-7.91, [-7.91, [—16.20, [—9.86,
CI] -3.71] -3.71] —2.11] —4.98]

The values are expressed as the mean (standard deviation)
'P—value indicates mean comparison among three groups.

“Slope, heart rate (beats/min) / effect—site concentration at bolus
injection (ng/mL).

CI, 95% confidence interval (Lower CI, Upper CI).
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Abstract

Calculation and analysis of Ke0 of

dexmedetomidine related to heart rate

decrease during patient-controlled sedation
using dexmedetomidine

Minjae Lee

Program in Dental Anesthesiology

Department of Dental Science

The Graduate School

Seoul National University
Abstract

Background :

Dexmedetomidine is an alpha-2 adrenergic receptor agonist, characterized
by having almost no respiratory suppression compared to other sedatives.
This drug provides effects such as sedation, anti-anxiety, and pain relief. It
also induces a state of consciousness similar to natural sleep, allowing
patients to be easily awakened. Because of these properties,
dexmedetomidine has various clinical applications. It can be used as a
preoperative sedative, for anesthesia, sleep induction, and pain relief.
However, dexmedetomidine tends to reduce the patient's heart rate and can
induce bradycardia, especially depending on the dose, the patient's basal

heart rate, and surgical time, the risk can increase. This study aims to
60 H =T}



calculate the effect-site equilibration rate constant (KeO) related to the
decrease in heart rate caused by the administration of dexmedetomidine,
after calculating the blood concentration of dexmedetomidine using the
known pharmacokinetic formula in a self-titration method. We aim to
evaluate the decrease in heart rate based on the calculated Ke0O and to see
how the degree varies depending on the dose. In addition, we aim to find out
how the decrease in heart rate varies depending on the heart rate at the time
of administration and the effect-site concentration based on the calculated
Ke0. This research can help establish dose adjustment strategies to reduce
the risk of bradycardia when using dexmedetomidine, and to observe

changes in vital signs due to sedation.

Method :

This study was conducted based on the data of a clinical trial
(KCT0004359) registered with the Clinical Research Information Service
during the same period for the development of a self-titration method for
dental treatment at Seoul National University Dental Hospital. The study
was conducted on 30 healthy adult volunteers over 20 years old, and the
acquired data were analyzed. The mother study (KCT0004359) constituted
three groups with different doses and lockout times of the dexmedetomidine
drug and implemented self-titration. The first group was the low-dose group
with a single dose of 0.05 pg/kg and a lockout time of 1 minute, the second
group was the high-dose group with 0.2 ug/kg and 3 minutes, and the third

group was the medium-dose group with 0.1 pg /kg and 1 minute. The blood
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concentration of each participant was calculated over time using the study
by Hannivoort et al. The time taken to reach the point where the heart rate
was most reduced (Tpeax) after drug administration was calculated, and the
KeO related to heart rate was calculated. The effects on heart rate reduction
according to the bolus dose, heart rate at the time of administration, and
effect-site concentration at the time of administration were analyzed based
on the calculated effect-site concentration. Also, the relationship between
the effect-site concentration and heart rate reduction was investigated

through regression analysis.

Results

The time it took for the heart rate to reach the most reduced point (Tpeak) in
the entire patient group was 56.3 + 13.93 seconds. The Ke0 value for heart
rate reduction was 0.47 + 0.19. The KeO values of the high-dose group,
medium-dose group, and low-dose group were 0.38 + 0.17, 0.49 + 0.12, and
0.49 + 0.24, respectively (p=0.001). In the case of heart rate reduction
according to the dose, the high-dose group, medium-dose group, and low-
dose group showed 11.25 + 6.02 beats/min, 7.39 + 5.11 beats/min, and 5.59
+ 3.80 beats/min, respectively (p<0.001). Based on Ke0, when calculating
the effect-site concentration, the lower the effect-site concentration at the
time of administration, the greater the decrease in heart rate (p<0.01). When
the heart rate was high at the time of administration, the decrease in heart
rate was greater (p<0.001). As a result of regression analysis on the change

in heart rate according to the effect-site concentration, regardless of the
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bolus dose, the effect-site concentration and heart rate showed a linear
decrease, and the regression coefficient was -7.42 + 3.74

(beats/min)/(ng/ml).

Conclusion

The KeO value for heart rate reduction during dexmedetomidine sedation
was 0.47 £ 0.19. Also, the greater the dose, the higher the heart rate at the
time of administration, and the lower the effect-site concentration at the time

of administration, the greater the decrease in heart rate.

Keywords: Patient controlled, Dexmedetomidine, Dental sedation, Effect-

site equilibration rate constant (Ke0)

Keywords : Patient-controlled sedation, Dexmedetomidine, dental
sedation anesthesia, Ke0
Student Number : 2020-36372
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