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Half effective bolus dose of dexmedetomidine of children derived from the up-and-down experimental
data based on the analysis of nonlinear mixed effects model with allometric equation
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[Abstract] Objective:To explore the application of nonlinear mixed effects model based on the allometric equation on up-and-down data to determine
the half effective dose (ED,) in pediatric patients. Methods- Twenty-two pediatric patients aged 2 to 12 years with obstructive sleep apnea (OSA) who
were undergoing drug-induced sleep endoscopy (DISE) were enrolled. All patients received intravenous bolus S'-ketamine 0.5 mg/kg. At the same time, a
predetermined bolus dose of dexmedetomidine was infused continuously over 10 min for anesthesia induction. The bolus dose of dexmedetomidine was
calculated according to the Dixon up-and-down method with initial dose 1.0 pg/kg and step size 1.2 times. DISE was conducted 10 min after
dexmedetomidine infusion, and the response of the patients to the procedure was recorded. Dixon-Massey formula and nonlinear mixed effects model
fitting are used to calculate ED, . Results:There were 9 and 13 children with successful and failed sedation. The value of dexmedetomidine ED,, 1.9 ug/kg,
calculated by Dixon-Massey formula was similar to the fitting value, 2.0 pg/kg, of nonlinear mixed effects model. The introduction of allometric equation
significantly improved the model (P<0.05). After normalizing adults’ body weight to 70 kg, the ED, and ED , were 5.76x (body weight/70) pg/kg and
11.5x(body weight/70) pg/kg, and the slope (y) of the dose-response relationship of dexmedetomldme is 4.25. Conclusion - The experimental data from
the up-and-down method can be fitted with a nonlinear mixed effects model based on the allometric equation. Compared with the Massey formula, the
advantage is that the ED,,
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ED,, and y can be determined at the same time, and this method helps to determine the possible effect of covariates.
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FATHTI & P, BH ZE Y A AR 0T 02 BT 455 (obstructive sleep
apnea, OSA) HILZYi% BN S 55 < IE S (drug-
induced sleep endoscopy, DISE) ¥i#rhf, fEFLKER
R )25 45 2 2 LA A TS I R T 5 ), (R
LRFEKEMREBOCR . 5, A OSA BILFE AL 4
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A7 FEFEPR E R LG T A R B 1 wg/kg,  FR (D EE Ry
1245, BJLE A NEICAE AN IE IR 52 B DISE A5 A L
SEEERRT s WK AR AN/ % HLJGEA 5 A DISE K 2
PR R R A 18 LB R T B R M, R 1 41
ABLAT EHEPKE B ) Bt AR B i 20% (TR 31 1Y
4o 790 2 2 O B /NS 2 A DA e RS ) o
SN FB LB 43 YR e 3w U 0.5 mg/kg L% 3R A5 1
R ER IR DL A . L S AN B AR T 85% WU T
PFERAE IR 4 AR A O EITE (2~10 % JLE L <60
W/min, 10% Lk FJLE.CF<50 R/min '), T RT4E
A 0.01 mg/kg.
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M, A SEFERK e P HOA R far )
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P =D'/(D" + D) (1)
D'/(D" + 1/19D};)., (2)

AXOF, PAHBEFRERI) (KT P=1, K P=
0); HBFHEMTANX (2). DANHEFLKER R, D,
H1 Dy 53514 50% F195% B LB BT AR i, v ik
KAEMAWRIR, 5 THEASEY HMAITHE, RH
NONMEM A UE . itk Dy, Dy My 2550242507
TE SR 5 X Dy, BISZMART , B 5 R BT i hr i
M0 kg, HIUABTRELL (EFH/70) 070 (s AEKTr
) BIA LRA, HAbY A RROE R AR R A PR
AR . B, BlBE=1R, BERLE Hin
PR BICAE>3.84, U PME 18 X 25305 2 B0 52 A 4
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Dexmedetomidine dosage/(ug-kg™)
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Note: Hollow dots indicate failed sedation and solid dots indicate successful

sedation.
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Fig1 Administered dosage and sedative effect on patients

F1 HNHARBILH—RER
Tab 1 General condition of children included in this study

Ttem Success Failure Total
(n=9) (n=13) (n=22)
Age/year 5.0+2.1%Y 8.4+2 7.042.6
Weight/kg 20.7+7.2% 3274133 28+12.5
Height/cm 111.9£16.19  136£14.1  126£19.0
Sex (male/female)/n 3/6% 8/5 11/11
Dose of dexmedetomidine /(pwg-kg™) 2.1£0.5% 1.6£0.5 2.0+0.5

Note: 'P=0.001, *P=0.023, *P=0.001, “P=0.211, ®P=0.047, compared to
pediatric patients with failed sedation.
2.2 ML Rk oy fig

Qi 2, AR5 1] 2% Ik A AR LT 32 30 Bk A EE Al
(B TH R R BE 29 10% , O AR AR IR 290 15%  (CHTEE LA
i, ¥ P<0.05). Lo, Frfi LAY SpO, 3 4k +5 ¥ 93%
PLE (B AR WoR) o 7 DISE A6 4 9 1) A7 8 L& Az 0
gfy ik 28 0 BT AE A, B A RBROIL K AR T B I
il
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Note: Hollow dots indicate heart rate and solid dots indicate blood pressure. Op=
0.000, compared with beulavesa.
E2 B)LeETHIEMEMOCERHETL
Fig2 Variation in blood pressure and heart rate during examination
2.3 ARCE B

LR AR AR (1) WERILE2, K%
JE PR B TR AL ALA 1Y H AR R (Obj) R 25.144, &
JUHE A B2 i 0045 25 2R 5 K B LA BT 2 b oE A 2 A
70 kg PR BT i gl ABLRL, 14 W3 8% (AObj=-5.800,
P=0.016) , {H¢ 45 B8 E T 0.75 BOR AR, 1AL
YL BHE (3 P>0.05); KEILERPLE (8%)
MG g (130 em) 51 ABRL, $L4 0 B ok 3%
(FP <0.05), {F B w25 A v T i A% 75 ) et J32 IR 4% I
PRUEAL o R BT 50 ) AR RS . B R AR, A
R IR — 0% (1 P>0.05) . MR {4 5 4 £
BE L WA E AR LEFIE, PR AR AR
e S NESEE 2 B
F2 ERMATE
Tab 2 Model matching process

Run Covariate Obj Degree of Comparison  AObj

Freedom value

Runl N/A 25.144 - — - —
Run2 Sex 25.127 1 Runl -0.017  0.896
Run3” WT/70 19.344 1 Runl -5.800 0.016
Run4 (WT/70)*7  19.896 1 Run3 -0.448  0.458
Run5 (WT/70)° 18.983 2 Run3 -0.361  0.424
Runé AGE/8 18.908 1 Runl -6.236  0.013
Run7 HT/130 20.445 1 Runl -4.689  0.030
Run8  Run3+AGE/8 18.179 1 Run3 -1.165 0.250
Run6 -0.729  0.393
Run9 Run3+HT/130 18.309 1 Run3 -1.035  0.309
Run7 =2.136  0.144

Note: “The final pharmacodynamics model; ® the parameter needs to be fitted
and solved. WT—the child's weight; HT—height; AGE—age. The median
values of age and height of 22 children were 8 years and 130 cm.

OSA B LR A FEHLIKE Z A 0.5 mg/kg 3 Al R
PRI 5 52 it DISE A A i, 47 98 FG 0K 22 1Y ED,,. ED,,

EHSSR R R 2021, 4110 (@)



1316 | Llzm@ASSR (E2mR)

(AnARA) s 35 BT AR E 70 kg
Jii, JLE ED, M ED, fH 351 R 5.76% (K5 1/70) pg/kg
115 (fRFiHE/70) pg/kg, HRLE RRIR N 4.25,
A BRI, RS AR L TR A R AR B 15
) ED,, {H 2.0 pg/kg (95%CI 1.46~2.54 pg/kg) 5 b Fik
Dixon-Massey /A2 TS &5 B w L. WE 3, BIL
post hoc £ FEFEMKE ED, MAMEITHE  (F20 B 5 ALF-Fifi
AR TN, (H R T 5 70 kg bnifEfl (750 (8
#3 BEFHBSHMAER
Tab 3 Matching results of pharmacodynamics model parameters

Analysis model ED, /(png-kg™)

Dixon method 1.9 (1.4-2.6)
P=D/(D" + D)
Without a covariate

WT standardized 5.76x(WT/70)

2.0 (1.46-2.54)

2021,41(10)

SO JEEBCA SR AR RN R, R R
R B i A S R LR A 06, 15 AR TE G
FIA SR BEREA, SEMEFE, 95%CTE B A
] 4 ik 1028 A3 A MG R 0.5 mg/kg I, A7 EHTIKE
g7 ¥ i 5 2L DISE IR Z M 1 8 K & 5 ED,, M
ED,, 73 %10 2.0 wg/kg M14.0 pe/kg, W AEH TR T A4
SEOL A B T HE 25.1 kg BR HEAE R 70 kg BT SEAE
2.03 pgkg F14.12 pg/kg.

ED,,/(pg-kg™) Y
N/A N/A
4.47 (0.65-8.29) 3.67 (0.22-7.12)

11.5%(WT/70) 4.25 (1.47-7.03)

Note: Within the parentheses is 95% confidence interval. N/A—the value cannot be calculated; WT—the weight of the child.
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Note: The relationship between half effective dose and age (solid dot ~ subaxis)
disappeared after adult weight standardization (hollow dot).
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Fig3 Relationship between age and estimated post hoc dexmedetomidine ED, in

individual children
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Note: Hollow dots indicate failed sedation and solid dots indicate successful
sedation.
B4 E&IFAISAREN0.5 mg/kg B A EREWRE REFIES 2 ILDISE M INZEH
Figd Dose-effect relationship between dexmedetomidine loading dose and DISE
success rate in children combined with esketamine 0.5 mg/kg
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