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Abstract

Background: The concept of effect-site concentration in anesthetic agents is important. The effect
compartment model can be explained the concepts of the effect-site concentration and the effect-site
equilibration rate constant (ko). The effect-site equilibration rate constant can be calculated by

measurement of the time-to-peak effect (£, of muscle relaxants.

Methods: Eighty patients administered general anesthesia were divided into the succinylcholine,
rocuronium, atracurium, or vecuronium groups. Priming doses of muscle relaxants were administered.
The effects of muscle relaxants were quantified by recording the twitch response of the adductor pollicis
muscle after stimulating the ulnar nerve. The time to peak effect was measured at the lowest train-of-
four value. The effect-site equilibration rate constant was calculated by using the measured time-to-peak

effect.

Result: The effect-site equilibration rate constants of the succinylcholine, rocuronium, atracurium and
vecuronium groups were 0.076 + 0.030 /min, 0.228 + 0.122 /min, 0.062 + 0.011 /min and 0.077 %

0.019 /min.

Conclusion: Estimation of the effect-site equilibration rate constant by measurement of the time-to-peak

effect of muscle relaxants during general anesthesia induction is possible.

Key words: Effect-site equilibration rate constant, General anesthesia, Muscle relaxants, Time-to-peak

effect, Train-of-four
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Table 1. Patients characteristics

Succinylcholine

group (n=20)

Rocuronium

group (n=20)

Atracurium

group (n=20)

Vecuronium

group (n=20)

Age (yr)

Gender (M/F)
Body weight (kg)
Hight (cm)

BMI (kg/m?)

48.0 £ 17.0
13/7
64.7 £ 131

163.7

I+

10.6

239 + 29

472 + 16.3
13/7
655 + 147

162.5

I+

11.6

246 = 39

48.2 + 16.5
14/6
65.8 = 83
1649 = 7.3

241 = 2.2

51.0 + 10.8
7/ 13
64.2 £ 125
160.0 + 8.3

249 £ 3.6

Values are expressed as mean

BMIL: body mass index.

P < 0.05

+ standard deviation (SD).
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Table 2. Comparison of the time-to-peak effect (7, and the effect-site equilibration rate constant () in

each muscle relaxants

tpe (mm) keO (/mm)

Measured Estimated  p-value | Presented Estimated p-value
Succinylcholine

22 £ 04 23 0.127 0.058 0.076 £ 0.030 0.013
group (n=20)
Rocuronium

51 £ 17 6.3 0.005 0.127 0.228 + 0122  0.002
group (n=20)
Atracurium

96 £ 15 8.7 0.013 0.068 0.062 £ 0.011  0.027
group (n=20)
Vecuronium

96 £ 21 84 0.020 0.085 0.077 £ 0.019 0.066
group (n=20)

Values are expressed as mean + standard deviation (SD).
References of the presented ko (/min): succinylcholine®, rocuronium’, atracurium?®?, vecuronium*
fe (min): time-to-peak effect

keo (/min): effect-site equilibration rate constant
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Table 3. Pharmacokinetic parameters for muscle relaxants

Succinylcholine Rocuronium Atracurium Vecuronium
: Roy et al.? : Wierda et al.1° . Kitts et al.t? : Sohn et al.*?
(2002) (1991) (1990) (1986)

k10 (/min) 50 £ 26 0.1 0.166 0.099 + 0.049
k72 (/min) 29 + 3.9 0.21 0.217 0.23 + 0.18
k7 (/min) 16 £+ 04 0.13 0.123 0.19 + 0.12
ki3 (/min) - 0.028 - 0.086 + 0.024
k37 (/min) - 0.01 - 0.013 + 0.007
Vi (L/kg) 0.009 + 0.003 0.045 0.032 0.048 + 0.02
V5 (L/kg) 0.016 0.073 0.068 0.054 + 0.031
Vs (L/kg) - 0.126 - 0.38 + 0.22
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Fig. 1. A: Graphic representation of the induction-course of a rocuronium-induced non-depolarizing
neuromuscular blockade in one patient. Measured £, is obtained the time-to-peak effect derived by
using train-of-four (TOF).

B: Concentrations and time courses of plasma and effect-site. Estimated & is the value calculated using

the measured time-to-peak effect.
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Fig. 2. Comparison of the time-to-peak effect (¢,) and the effect-site equilibration rate constant (k.) of
muscle relaxants.

*: P < 0.05 compared with rocuronium group.

t: P < 0.05 compared with rocuronium group.

# P < 0.05 compared with rocuronium group.
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