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Abstract: [ Objective] To investigate the effects of gene polymorphism on the pharmacokinetics of sufentanil (SUF)
in children with congenital heart disease undergoing interventional cardiac surgery.[Methods] A total of 168 ASA grade I
patients aged 6~72 months and scheduled for interventional cardiac surgery were enrolled into the study. Anesthesia was in-
duced by using propofol 2 mg-kg™, SUF 0.3 pg-keg™ and cisatracurium besilate 0.2 mg-kg™". Propofol 8 mg-kg™" -h™ was
administered to maintain anesthesia. Blood samples were collected at 5, 10, 20, 30, 45, 60, 75, 90 min after administra-
tion of SUF by dilution sampling method. Plasma concentration of sufentanil was determined by UHPLC-MS/MS method

1

and pharmacokinetic parameters were calculated by Phoenix Winnonlintm™ software. The genotypes were detected by ma-
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trix—assisted laser desorption ionization—time of flicht mass spectrometry (MALDI-TOF MS). The genotypes and pharma-

cokinetic data were analyzed by SNPStats software and the model with the smallest value of Akaike information criterion

was chosen as the best model. [ Results] Thirty single nucleotide polymorphisms (SNPs) in 9 genes possibly involved in

pharmacokinetics, pharmacodynamics related targets, metabolic enzymes, transporters and pathways of SUF were exam-
ined. ABCG2 152054576 and OPRM1 rs4870266 were found to be related to area under the curve (AUC) (P<0.05).
OPRM1 152236257 was correlated with the apparent volume of distribution (V,) (P<0.05). CYP3A4 rs2246709, OPRM1
152236257 and rs4870266 were associated with the drug clearance rate (CL) (P<0.05).[ Conclusion] Gene polymorphisms
of ABCG2 1s2054576, CYP3A4 152246709 and OPRM1 rs2236257, rs4870266 could significantly affect the pharmacoki-

netics of SUF in children undergoing interventional cardiac surgery.
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Table 1 Subjects’ characteristics and adverse vents
[v+s, n(%)]

Characteristics n=168
Age /month 33.9+19.2
Gender /(Male/Female) 72/96
Weight /kg 12.623.7
Height /cm 89.7+15.4
Diagnosis (ASD/PDA/VSD, n) 47/61/60
Albumin /g-L." 45.2+3.4
Hematoidin /pwmol - I.” 4.242.0
Creatinine /wmol + I 242473
Urea /mmol - L 43£1.0
Alanine aminotransferase /- L™ 17.5%7.5
Aspartate aminotransferase /.« L™ 35.0+8.4
Hypertension /n 5(3.0%)
Hypotension /n 12(7.1%)
Tachycardia /n 10(6.0%)
Bradycardia /n 12(7.1%)

ASD: atrial septal defect; VSD: ventricular septal defect;

PDA : patent ductus arteriosus.

152054576 1 OPRM 1 14870266 5 SUF (1) AUC, ., .
HAHXAE . ABCG2 152054576 Bt i (LR hy i
PERIH, AG FERI A AUC, , B35 T AA B 5 GG
% (P<0.05) . OPRM]I rs4870266 i 1) 35t 14 1 5 kg
Ba ksl AA B[R AUC, , S E MR T GG RS
AG 1 (P<0.05) . OPRMI 152236257, 1s4870266 5
SUF fy V, LG A EE . OPRMI rs2236257 5 Al it
TR A B PR, CC R R V, i 3 3 T GG 1Y
5 CG A (P<0.05), OPRMI 14870266 fi Al 15 {4 45
R B AR AA SE IR V, B & & T GG LS
AG I (P<0.05) . CYP3A4 rs2246709, OPRMI
12236257, rs4870266 Fl P2RX7 rs77593826 5 SUF
B CLEAFEYE, CYP3A4 152246709 B Al i AL 45
R B PERRL GG R CL B F KT AA Y5 AG Y
(P<0.05) . OPRMI rs2236257 fe A it A% 455 50 Hy 4
WHERRL CC AR CL B KT CC S GG A (P<
0.05) ; OPRM1 vs4870266 H {1 18t 1% A5 K1y ek 45
B AA IR CL 2 25 % T GG BRI AG B (P<0.05) ;
P2RX7 1577593826 iz i 18t f4 455 H Sy P A AL, TT
AU CL R KT CC UM CT A (P<0.05;£2) .
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Table 2 Effect of gene polymorphism on SUF pharmacokinetic parameters [M(Py~P,)]
AUC, v, CL
Gene SNP Genotypes P Genotypes P Genotypes z P
(pg-h™'-mL™) (L-kg™) mlL-kg ' +min™")
155.21 16.08 19.25
ABCBI  1s4728709  AAXGG AAXGG GG
(111.70~206.46) (12.05~22.62) _1.54 0.12" (14.24~28.43)  _1 680.09?
-1.12 0.26"
162.75 14.66 16.74
AG AG AGXAA
(122.09~212.99) (8.09~22.54) (12.90~28.42)
157.64 15.92 18.41
ABCBI  rs4437575  AAXAG AAXGG AAXAG
(118.55~205.94) (10.57~22.75) _105 0.29" (13.97~28.44)  _(530.60"
-0.37 0.71%
163.98 17.35 17.45
GG AG GG
(84.41~195.72) (12.39~23.10) (9.93~27.48)
157.64 16.07 18.11
ABCBI rs77976438  AAXAG AAXGG AAXGG
(118.56~205.35) (11.28~22.35) _942 0.68" (13.85~28.04)
-1.75 0.08" -0.660.51"
232.62 15.15 21.06
GG AG AG
(167.52~198.36) (11.47~25.69) (13.73~32.96)
157.23 16.21 18.35
ABCBI  1s1202178  AAXGG AAXGG AA
(119.67~210.97) (11.82~22.43) _p38 071" (13.77~28.42)  (.110.912
-0.50 0.62"
161.21 15.63 18.11
AG AG AGXGG
(112.75~195.57) (10.71~23.41) (13.83~28.71)
159.36 15.57 18.40
ABCBI  rs4148749 cC CCXCG CCXCG
(127.10~193.56) (11.17~21.32) _102 0.31% (13.83~27.43) _0 24081
-0.37 0.71%
160.02 17.35 17.57
CGXGG GG GG
(116.49~215.17) (11.75~23.87) (13.50~30.64)
159.90 16.23 18.36
ABCG2  rs2622624  CCXCT CCXCT CCXCT
(119.91~210.22) (11.83~23.18) _139 0.16" (14.10~28.56) _(.880.38"
-0.80 0.42%
151.68 13.06 17.00
TT TT T
(115.34~177.47) (10.69~19.46) (13.03~27.38)
151.68 15.94 19.01
ABCG2  1s2054576  AAXGG AA AA
(110.74~201.11) (11.47~23.99) _067 0.50” (14.53~29.31) _1.370.17>
-2.08 0.04"%
166.53 16.08 17.71
AG AGXGG AGXGG
(135.26~215.54) (10.95~20.35) (13.49~24.02)
157.53 16.06 18.40
ABCG2 1s72554040  GGXAG AAXAG AG
(116.54~205.82) (11.53~23.41) (13.77~27.04)
-0.52 0.60" -0.33 0.74" -0.530.60”
166.95 16.22 17.98
AA GG AAXGG
(140.65~207.97) (10.81~21.23) (14.05~29.21)
154.09 16.38 18.77
ABCG2  1s2622629 cT CCxXCT CCxXCT
(116.40~193.51) ~120 023" (12.37~23.64) _150 0.13" (13.99~29.21) _.700.48"
162.61 15.99 17.96
CCXTT TT TT
(118.56~212.70) (10.58~20.20) (13.77~24.91)
157.34 15.77 18.30
ABCG2  rs1564481 CCXTT cc CCXCT
(123.41~200.72)  _924 0.81" (10.71~20.20) 130 0.19% (13.77~27.67) _0.510.61>
163.04 18.07 18.01
CT CTXTT TT
(100.66~218.55) (11.64~24.59) (14.73~35.06)
157.23 -1.41 0.16" 16.21 -1.93 0.05” 18.61 -1.060.29”
COMT  rs6269 AAXAG AAXAG AAXAG

(116.40~205.20)

(11.82~23.39)

(13.85~29.02)
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AUC, v, CL
Gene SNP Genotypes P Genotypes P Genotypes z P
(pg+h™-mL™) (L-kg™) (mL-kg™"+min™")
176.01 13.03 15.54
GG GG GG
(136.00~224.56) (7.49~19.66) (13.82~25.18)
155.21 17.33 18.57
COMT  rs165895 CCXTT TT CCXTT
(119.40~203.10)  _0.76 045" (13.00~22.38) _131 0.19% (14.55~27.67) _(.950.34>
166.09 15.01 17.78
CT CTxCC CT
(112.00~227.19) (10.05~24.45) (12.79~29.06)
157.23 16.07 18.89
COMT  1s933271 CTXTT CTXTT CT
(115.56~20581)  _099 (.32" (11.21~2339) _077 0447 (14.13~28.90) _1 020312
166.95 16.23 17.51
CC CC CCXTT
(139.49~215.81) (11.83~19.24) (13.03~27.35)
159.49 15.77 18.17
COMT  rs3788319 AAXAG AAXGG AA
(120.12~205.89)  _0.76 045" (11.58~22.40) _p93 0.35" (14.04~27.46) _0.040.97>
147.91 16.08 18.29
GG AG AGXGG
(106.45~205.39) (11.14~23.13) (13.73~28.37)
155.95 16.38 17.21
CYP2D6  rs1080985 GGXCG CCxGG CCxGG
(116.40~205.96)  _039 0.70" (11.29~23.13) _163 0.10" (13.71~28.45)  _1730.08"
143.30 20.40 24.63
€ CG CG
(50.86~181.10) (13.08~27.50) (15.50~32.64)
157.34 16.21 18.81
CYP3A4 152246709 AAXAG AAXAG AAXAG
(116.46~207.47)  _063 0.53" (12.01~23.18) _1.94 0.05% (14.31~28.77)  _2.640.01>*
168.49 11.94 14.14
GG GG GG
(132.19~203.05) (9.40~20.55) (10.63~20.62)
157.23 17.31 18.84
CYP3A5 153800959 AAXGG AAXAG AAXAG
(116.40~207.97) -0.61 0.55" (11.53~22.33) _045 0.65% (14.37~28.42) _050.96"
177.43 15.18 17.62
AG GG GG
(138.82~206.07) (11.01~25.27) (13.70~29.40)
157.44 15.99 18.23
NTRKI  rs2768764 TTXAT TT TT
(118.54~205.81) -0.58 0.57% (11.47~22.54) _p23 0.82% (14.05~28.32) _(.190.85>
196.55 17.35 18.77
AA ATxAA ATxAA
(88.27~296.62) (11.04~24.01) (13.14~28.67)
157.34 15.01 18.36
NTRKI 1s11264572  GGXAG AAXGG GGXAG
(118.55~205.85)  _0.98 0.33" (10.93~20.80) _1.46 0.14" (13.83~28.37) _(.640.52"
196.55 18.41 15.39
AA AG AA
(130.77~249.17) (12.23~24.13) (13.86~23.92)
155.63 16.07 18.29
OPRMI  rs648893 AAXGG AAXAG AAXAG
(118.05~205.89) -0.54 0.59" (11.3175~22.58) _0.60 0.54° (13.83~28.37) _1350.18 "
165.76 34.11 32.71
AG GG GG
(121.40~195.17) (9.01~43.39) (15.38~35.48)
159.77 15.99 18.89
OPRM1  rs2236257 GGXCG GGXCG CCXGG
(120.15~205.84)  _123 0227 (11.19~22.34) 12 0.039% (14.64~29.51)  _5 04 0.04"%
136.40 22.79 17.20
Cc CG

(84.43~211.06)

(14.37~49.49)

(12.91~24.54)
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AUC, v, CL
Gene SNP Genotypes P Genotypes P Genotypes z P
(pg-h™'-mL™) (L-kg™) (mL-kg™"'-min™")
156.70 16.65 19.13
OPRM1  rs9397685 AAXGG AAXGG AAXGG
(121.03~213.52) -0.95 0.34" (11.98~22.66) _132 0.19" (14.22~30.72)  _0.580.56"
155.21 20.12 18.35
AG AG AG
(110.60~194.26) (13.58~27.58) (14.37~33.01)
158.95 15.99 17.96
OPRM1 1517277929 TTXCT TT TT
(118.57~205.86)  _136 0.18" (10.99~21.28) _173 .08 (13.74~27.35)  _1.920.06>
112.51 21.28 24.08
C(C CTxCC CTxCC
(59.75~125.96) (12.99~27.56) (15.20~35.05)
159.77 15.94 17.98
OPRM1  rs4870266 GGXAG GGXAG GGXAG
(120.15-20591)  _49 001" (11.19~22.41) _500 0,057 (13.78-28.32)  _5,020.04
96.04 25.48 30.11
AA AA AA
(81.49~117.84) (20.36~32.14) (25.63~36.09)
149.69 15.90 19.42
P2RX7 rs11065445 (C{c CCXCG ClC
(118.54~20240)  _| 14 026" (1129~22.46) _go4 0357 (15.17~28.44) _| 51013
163.73 18.77 17.33
CGCxXGG GG CGXGG
(121.24~209.69) (11.81~23.56) (13.36~26.48)
157.34 16.07 18.36
P2RX7 1577593826 CCxXCT CCxCT CCxCT
(118.05~205.35)  _1.72 0.09” (11.53~22.79) _1.54 0.12° (14.01~28.42)  _5 150.03"
214.34 9.98 10.32
TT TT TT
(195.72~231.52) (6.84~9.37) (7.45~9.83)
157.44 15.92 18.36
P2RX7  1s523977 TTXCT TTXCT TTXCT
(115.98~203.80)  _145 0.15" (11.37~22.34) 960 0.55" (14.05~28.67)  _1.500.14%
176.02 18.68 16.01
C(C CC CC
(137.55~230.54) (9.84~23.64) (10.99~23.48)
158.95 16.07 18.29
P2RX7 15208296 AG GGXAG GGXAG
(115.34~202.26) (11.64~22.54) (14.09~27.46)
-0.46 0.65" -0.50 0.62" -0.380.70”
157.64 13.08 18.56
AAXGG
(123.18~209.72) (8.63~26.80) (11.06~33.40)
SNP: single nucleotide polymorphism; AUC,_ : Area under the curve; V,: apparent volume of distribution; CL: clearance rate; 1) : overdominant
model;2): dominant model; 3): recessive model. 4) P<0.05 is statistically significant.
- — Az e . —
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VAR T 6.2% ) CLAMAZ 5 (F%3) . rfdan

CL=11.00-5.29XCYP3A4 rs2246709( 1=AA+AG,
2=GG)+8.91XOPRMI rs4870266(1=GG=AG,
2=AA)+7.08x OPRM 1s2236257(1=GG+CC,
2=CG)

AUC, ., = 202.32+19.84XABCG2 rs2054576

(1=AA+GG,2=AG)-61.85XOPRM 1 rs4870266
(1=GG+AG,2=AA) (3)
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Table 3 Multiple linear regression analysis of gene polymorphism and SUF pharmacokinetics

Pharmacokinetic parameters Variables b S, b’ t P
(Constant ) 202.32 35.31 5.73 0.00
Area under the curve (AUC, ) ABCG2 1s2054576 19.84 10 0.16 1.99 0.05
(1=AA+GG,2=AG)
OPRM1 rs4870266 -61.86 30.18 -0.16 -2.05 0.04
Apparent volume of distribution (V) (1=GG+AG,2=AA)
(Constant )
OPRM1 152236257 1.13 4.84 0.23 0.82
(1=GG+CG,2=CC) 17.12 4.54 0.29 3.77 0.00
Clearance rate (CL) (Constant ) 11.00 7.70 1.43 0.16
CYP3A4 rs2246709 -5.29 2.57 -0.16 -2.06 0.04
(1=AA+AG,2=GG)
OPRM1 154870266 8.91 5.19 0.14 1.72 0.09
(1=GG+AG,2=AA)
OPRM1 152236257 7.08 4.26 0.13 1.66 0.10

(1=GG+CC,2=CG)

3 it

ARAGEAE ST SUF 2454 8h 7 2 A AL i i I
R HE N 22 25 P o Al £ 80 2 Ko JE s L #
SUF 25 /% 3h i 2 iy 2 i . & 3 3 ) ABCG2
152054576 Fll OPRM 1 rs4870266 5 SUF 1 £ F ifi 1L
2 s OPRM I 12236257 5 SUF 26 W 43 A 25 LA
X 3 CYP3A4 152246709, OPRMI 152236257,
154870266 5 SUF 25935 B 2 A0 5 , A JLZE SUF 2}
R 3h 3 2 s A% PR 22 1 S0 FTORS o FH 245 5 S 4 it T
FHIS LA

SUF 5 HABBT F 2 245 W A Lo BA T s i 4
PEFIA RO, R AE LR 4 B RR R 2 O 1L 45
ARREEF 2 0 . OPRM1 LR 45 % SUF 18
B w2 B 1, BB L2 52 W SUF (1411 PRRYT RN
RIMEF & AR Hi A58 & B rs1799971 1 58
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PR 3% RN 7 AL EE i SUF B934 #E 58' . De Capraris
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BB ARG BN S, 7 A R A A B RO . Mamie

1S4
o
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TRZ5 Y035 s, Fe 208 SUF 19 AUC JHi . CYP3A4
TR B L2 2 ) BRI, O SUF 1) 32 22415
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