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[ Abstract] ;: Objective To investigate the effect of creatine phosphate sodium for injection ( CPSI) on myocardial ischemia—
reperfusion injury in patients undergoing the combined mitral and aortic valve replacement ( double valve replacement, DVR) with car-
diopulmonary bypass (CPB). Methods 60 patients with DVR were randomly divided into pre—conditioning group (n=20) , per—con-
ditioning group(n=20) and post—conditioning group (n=20). The sodium creatine phosphate 2.0 g was administrated intravenously
before CPB in the pre—conditioning group. The sodium creatine phosphate 1.0 g was added in the cardioplegic solution 500 ml with the
total dose of sodium creatine phosphate 2.0 g in the per—conditioning group. The sodium creatine phosphate sodium 1.0 g was added in
the membrane oxygenator at the moment after aortic clamp release and the sodium creatine phosphate 1.0 g was administrated intrave-
nously at the end of operation in the post—conditioning group. CPB time, aortic cross—clamp (ACC) time, CPB supporting time, ad-
ministration of dopamine and adrenaline, rate of cardiac automatic recovery, mechanical ventilation time, duration of ICU and hospital
stay, and 30-day death were observed and recorded. Blood samples were collected from internal jugular vein before CPB, at the end of
operation, 1 day and 2 days after operation for the detection of serum level of CKMB ,cTnl and BNP by the immuno—fluorescence meth-
od. Results There was no significant difference in CPB time, ACC time, CPB supporting time, cardioplegia perfusion volume and the

rate of cardiac automatic recovery among the three groups ( P >0.05); The mechanical ventilation time, ICU stay, hospital stay,
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CKMB, c¢Tnl and BNP levels at 1 and 2 days after operation and the cases using epinephrine in the first 24 hours after operation in the

post—conditioning group were significantly lower than those in the pre—conditioning group and the per—conditioning group ( P <0.05) ;

There was no significant difference in the levels of CKMB ¢TNI and BNP between the pre—conditioning group and the per—conditioning

group ( P >0.05). Conclusion The myocardial protection effect of CPSI post—conditioning was significantly better than that of pre—

conditioning and per—conditioning in patients undergoing DVR with CPB.
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1.1 —ERHFom 60 50 IERES IR & e A
BT 5 27 B, 4 33 Bl AR 29~72 B K 43~

71 kg, X Mo CT UL 0.68~0.93, 314 A
FEBE AR, 35 Ok P2 00 e 2 S 2K 45
Vg 15 B, 2R &K AR HAZE (left ventricular end
diastolic diameter, LVEDD) <70 mm # 31 f§i, 70 ~ 80
mm & 23 {1, >80 mm # 6 %, -1 (67.3£9.7) mm; /&
Z= B350 (1eft ventricular ejection fraction, LVEF) =
50% 39 1,30% ~49% 14 i, <30% 6 i ; &I b5
2180 21 )5 i 5 k72 1 > 40 mmHg & 16 441, >70
mmHg 7 6] ; 26 57 A M BE AR & 7 B, 3 ASTR 0 245
2y HILBE AL A3 A TRAL BRZH A5 A B S Ab PR
R4 20 B, WK1,

1.2 JikBfe CPB &5 JkR FAESh K . 30 & ik
ZEREAS W MAP CVP ECG LA K ik 4801 i
(Sp0,) E46 bR, FIKEFPIAM 1 mg/kg 25 KJE 5
ne/ kg AEFEIRE 0.1 me/ke BERIA S, SUE ST
HUBRAE =, Ta] 4 1 S5 R AT A 1% ~ 2% - Je
AR, R Stockert T AY A .0l BIL, W7 A R
LA A, CPB IR ERE 2 33~35C, YIIF ik
BT 10~15C 4 ¢ 10 = AA) 540 (20 mmol/
L) ¥ ML= 4E0, 1 CE 20 ml/kg, (AT B 30 min
T EE A I oK e I R, AT
FFIZHRH 100~200 mg BREREE 1 g, T FE bk
Je 2 B 5~ 10 wg/ (kg + min) FHERH M 3~5
pe/ (kg + min) LAAHE EBRE 0.05~0.1 pe/ (kg -
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AEW A CPB fff Bh A ], /B E PR D R de e | <4y
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1.3 T WAL E4] R FH VLA FR Ik i 5
CPSI( LR, B K A1) 2 g( ] 100 ml A= FEER K i
fift) 1AL FEZH A 500 ml A5 IMA CPSI 1 g,
/] 2 g J5 AL FRLATE F B BRI US BD 2018 N A
CPSI 1 g, IF TAREEHT PR IK TS 1 g,
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TS KBRS [a]  CPB % Bl s 8] (5 090 0 1 1 o0
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R ZHBE OSSR L (n=20)
mH Ak FELH AL B 2H S Ab B 2H F(X?)1H P1H
Y (S 46.5+9.2 49.6+12.5 48.6+10.4 0.65 0.43
B/4(n) 7/13 8/12 6/14 0.44 0.80
KRTE (kg) 51.8+13.5 50.1+8.9 52.4+11.9 0.21 0.81
O (%) 68.5+18.6 69.1+19.8 67.8+17.1 0.02 0.98
DIIFEM/ IV (n) 14/6 15/5 16/4 0.53 0.77
L EFEA /JE(n) 6/14 7/13 8/12 0.80 0.44
LG M%) 63.2+7.5 61.6+6.8 60.9+8.1 0.50 0.61
i 31 ik 5 J ( mmHg) 42.9+18.5 43.1220.4 44.6+17.3 0.95 0.05
FARIK
155 ARERR B AR (n) 20 20 20
ZRMHALGA (n) 6 4 7 1.15 0.56
7 B BYBE AR I BR A (n) 3 2 2 >0.05
ZEpiAfi @A (n) 2 2 1 >0.05
CPB Hf[A] ( min) 182.7 +38.0 173.4+37.5 186.2+39.5 0.60 0.55
F B ik BB ] ( min) 129.8 +26.4 126.3+26.1 128.7+25.9 0.09 0.91
CPB % it ] (min) 56.8+9.5 56.6+10.2 52.6+11.3 1.05 0.36
PR TE B (ml) 1353.4+156.3 1332.1£163.2 1272.7+149.5 1.43 0.25
FAREFE] (min) 249.3+ 41.3 247.9+ 38.2 253.3+ 37.5 0.10 0.90
OHEAZIEBEEn(%) ] 15(75.0) 14 (70.0) 16(80.0) 0.53 0.77
WAL S A (] (h) 24.5+4.2 23.8+3.9 20.8+3.9 4.82 0.01
Z U eAd
AJG 24 h(n) 20 20 20
ARJF 48 h(n) 9 8 6 0.99 0.62
B ERR M
AJG 24 h(n) 9 10 3 6.17 0.046
AJ5 48 h(n) 6 7 1 3.73 0.15
ICU {5 83 Bl (h) 43.2+13.5 42.4+14.0 36.4+12.7 4.17 0.01
fEBERE] (d) 15.3+3.5 16.1+4.1 13.1£3.6 4.59 0.01
B0 R S5 WL SCASE I [B]  TCU 5% B I Ja] A3 B e ] v =
130 d FET- %L, -
15 #rAfEfRMET TR ARG 1AM 21 Z4BF—FBEARLGRILEEL —Z4iE

2 d RAE BEAE BN ER K L, >R 9 O g5 A A
( Triage MeterPro, USA ) & I il &} BK ( brain natri-
uretic peptide, BNP) .0 JILIILE5 & F 1( cardiac tro-
ponin I, ¢Tnl) F LR 34 B [7] T B ( creatine kinase
isoenzyme , CKMB ) 7KF-

1.6 %ita At B SPSS 23.0 Gt AT 4
BT, IEA 9370 B GOk LSS B e bR v 22 (x2s) R,
A A) USRI A, ¢ A 36 5 A 0 e A T R R 21
PAIAS [i] P[] 51 B 5 FH o 52300 S 1) 07 22 20 A, [l
—Hsf (i) 52 8] LU AR T B ¢ A 3 5 THECHERE L AR
FH OXCHEI 5 S ORI LU BRI 36 (Z A5 )
P <0.05 NZERAGIHER L,

BRI MR AR LA SRR M DB RE R
Y522 R e 15 QN ) ) SR A I B N 1= W
CPB 8] | == 2y Jik BEL W Bsf (] . CPB i Bh B[] 45 4
WHEE B DA S E B M G427 (P>
0.05) ; JGAb A ARG 24 h 1 1 BR 2 00 5k I
WS RS ], ICU 455 B3 B[] A B sf (] 3420 T T b 22
FNSHEAL B 22 A ST (P <0.05) . Filkk
PR 1 BIARSS 20 d KA DBRERIEIET A0 He
4 0.92, HABPHA ICFET %l ( P >0.05) . W 1,

2.3 Z=%1 CKMB.cTnl #= BNP K-F b J5AbFIZ
TEAEE ARJ51d A2 d i CKMB  cTnl F1 BNP 7K
HH SR AP TR AL 2 A A B AH 25 S5 A e i
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( P <0.05) ; kb HHZH F{5=F5 A0 B 2H 78 K S5 45 B
B CKMB .cTnl F1 BNP HJ/KFEER TG ITTFHE L (P
>0.05), WFE2,

3 i R
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iR T CPSI, HoR J5 #9.0 WL 43 75 4% CKMB Al
cTnl WK PAEARIGRIZ] ARJE 1 d F12 d B
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43, TR A M B BE 2 M BE R 7 3 2% B g
TR, LA Ol B 7 R TR, RR IR ATP
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WFSE R B, AEA 0 T 3 v F 2 O LBRE 6 8 It BT
RESLIZ N RS AR 40 4n ATP L ADP  AMP F1 CP
0 g D LT PR My ATP Bk
Z I, CP ¥ FRERE IR SL e # 45 ADP ZE B ATP, MM
RIFFELEWRE R 0P, S 4l i i A 4 gt 75
MY B R IR B ThBE . Rk, V2 5250 Al
Il RAFFEIESE , % CPB R A7.0 N AL F AR B e K
PO ERL LT R 1 L R etk 36 ik 5%
P ARG B CPSI AT B Bt T 5
ok BEL 7 45 PR 28 5 B0 O WL A5, ELA — 2 0 LR

YEM

JUEAE e LR I A0 4.0 1/R 451453 4 3h 4 A
Y[ 2R S O WL i, 71 A BEAN S A B4 AT O %
O L/R #4155 (H i TR BE2E S5 5, TovEFE Il R -
RN, 52 BRI S 2 A B, A5 245 4 Ak 3
I b BRI BN B R BRI ST B8, RS SR IE
5, K AR FEFZR 259 B BA L ON VR
PR RIS T2 N5 IR Z5 3, s i H
TRIT O ML B 0 255 BT 2259 IR 25 9 . e
PEPDI ) | 2552 J5 s SR B IO AT 24 L K0
AL RE = 25 A5 Hoh DL RE ARSI CP-
SI AR BT E .

H T CPB . BT AR, DL LGk i & 25 1Y
B A5 R0 32 20 K BELIT A B 221, o] LUK TR 4 72
Sk < Gl LY L PRI Uiy - £ 7. CPB— = 3 Jik BEL Wt B
e it 44 . = 20 ik BH 7 5 — VB A5 R - S TR - 2
B K 30T 5 e 1T P8 3 458 493 399 < 3 sh kI Jic - CPB
SER-ARJE 1~2 d, R¥E LR = A0 259 kb 2
A3 R VAL BE 52 AL BRI S AL BETO DL 5T IR
52, TR A T R 5 19 CPST T4 45 24 ] fiff
ARJGHE 1 RS KW CP G FLIR M E U . CK-
MB 3 PE K T T ¥ B2 BH I BTG, 5 FH 22 120 Jie A i
R B AR 5 O S R RO DU ZE 1Y) &
HEREEAR (B L T M A CPSI
JFH T S 8 A R %) SR A A ] A RICR, (454
AR A ARG K CPST T S BRI UR 45 T,
ARG 1~5 d Kk CPSI1 g, IES: T CPSI
JE AL T/R 5305 0936 AR L SR, E R R
DA B B A B A AN [ 2500 1) LBt 5 i

R2 =B CKMB cTnl F1 BNP K HE (n=20,x=+s)
WiH A A AL PR PERAL 2 JE AL FRAH F1H P1ia
CKMB(U/L) AR AT 1.21£0.29 1.3520.35 1.36+0.27 1.51 0.23
AR 16.9+5.56 15.3£5.02 12.424.30% 4.18 0.02
RJg1d 43.57+16.21 40.28+17.51 28.09+12.25°%¢ 4.12 0.02
RJg2d 23.65+8.22 22.30+7.98 14.20+8.66° 7.91 0.002
¢Tnl( pg/L) AHf 0.230.06 0.25+0.07 0.28+0.06 7.14 0.051
ARE 6.76+0.91°¢ 7.52+1.10° 6.52+1.08" 4.23 0.02
AJF1d 7.65+1.02° 9.02+0.77° 6.27+0.56°* 6.71 0.002
AJF2d 7.02+1.17¢ 6.45+1.18° 6.02+1.20°* 3.60 0.034
BNP (ng/L) AR 122.6+21.3 113.1£19.8 125.4219.2 2.05 0.14
AREE 221.1£26.8° 236.3+25.9 229.5+21.4° 1.10 0.34
AJF1d 187.6+28.3° 198.2+29.8° 173.6+21.9% 4.21 0.02
AJF2d 161.3£25.7° 154.0+24.6° 136.6+21.4% 5.61 0.006

¥ : CKMB ; JULFR AR ) DO ; o Tl . O WUILES R 3 1; BNP JKERIK ;2 STRALBRZH HLES P <0.05;b SEALBRAE LA P <0.05;¢ 5ARATHEL P <0.05
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I RES R, G AL BRI J 24 h 48 h ' LR R
()51 850/ T i b 32 RN AL B2 ; 5 AL FRZH Y
W SCRFIS ] TCU 45 B B[] A3 g e i) 22 6 i ik 38
HAFHAL A | 22 A Gt 2# 5 L, MIEIR 2,
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LM 210t 2 AT o JUL AT M Y R
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I 28 1 R 2 A AL ok s 20 7 A A b ik R
O, SEAERE T2 RO L /R #i4,
X— S AR IR CPB L JIF V4 152 Bk 1 5 B A= B i
AR RRIRPE AT 56, AN [A] T 90 JULASE ZE 4 A TF AR 5 ik
L3 38 5 SR L /R #3450

KIFFEA LA R BRE, 58, AR50 b B 3 1
FEA AR /N, AS 2 LA R IEAS B AR SE T R &
R BRI R 25 AL , 75 R AR £ pun ifF 5T 45
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O MRV 455 k0o N LA TR B 3, = AS [ ) ] 7
F1 25 250002 /R 08O A R itk — 25 1 52 56 AN
I I 5 0 AR 5

SE 3k

[1]  Unger P, Lancellotti P, Amzulescu M, et al . Pathophysiology and
management of combined aortic and mitral regurgitation[ J]. Arch
Cardiovasc Dis, 2019, 112(6-7) ; 430-440.

[2] Boening A, Hinke M, Heep M, et al . Cardiac surgery in acute
myocardial infarction; crystalloid versus blood cardioplegia—an ex-
perimental study[ J]. J Cardiothorac Surg, 2020, 15(1): 4.

[3]  Torregroza C, Roth S, Feige K, et al . Perioperative cardioprotec-
tion —from bench to bedside: current experimental evidence and
possible reasons for the limited translation into the clinical setting
[J]. Anaesthesist, 2021. [ Epub ahead of print].

[4]  Jeong DS, Park PW, Sung K, et al . Determinants of late tricuspid
regurgitation after aortic—mitral double valve replacement[J]. Am
J Cardiol, 2017, 119(10) : 1643-1649.

[5] WangJ, Xue Z, Hua C, et al . Metabolomic analysis of the ameliora-
tive effect of enhanced proline metabolism on hypoxia—induced injury
in cardiomyocytes[ J |. Oxid Med Cell Longev, 2020, 2020, 8866946.

[6] Montalvo D, Perez—Trevino P, Madrazo—Aguirre K, et al . Under-
lying mechanism of the contractile dysfunction in atrophied ventric-
ular myocytes from a murine model of hypothyroidism [ J]. Cell
Calcium, 2018, 72 26-38.

[7] Santacruz L, Arciniegas AJL, Darrabie M, et al . Hypoxia decrea-
ses creatine uptake in cardiomyocytes, while creatine supplementa-
tion enhances HIF activation[ J]. Physiol Rep, 2017, 5(16):
el3382.

(5650 37 1)



