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Protective effect of cold autologous blood cardioplegic solution on the heart of infants
with cyanotic congenital heart disease

MA Chao, SHEN Ding-Rong, ZHANG Qing, MENG Xiang-Chun, WANG Yuan-Xiang, PENG Le, MENG Bao-Ying. Cardio-
vascular Center, Shenzhen Children’s Hospital of China Medical University, Shenzhen, Guangdong 518026, China ( Email .

mexsm@ 163. com)

Abstract: Objective To study the protective effect of cold autologous blood cardioplegic solution on the heart of infants
with cyanotic congenital heart disease (CCHD). Methods Ninety-six infants with CCHD who underwent cardiopulmonary
bypass (CPB) were randomly and equally divided into three groups: histidine-tryptophan-ketoglutarate (HTK) solution, cold
non-autologous blood cardioplegic solution, and cold autologous blood cardioplegic solution. The right auricular tissues were
taken before aortic cross-clamping and at 30 minutes after aortic declamping, and ATP level and energy charge (EC) in the
myocardium were measured. Venous blood was collected before and immediately after CPB, and the serum levels of creatine
kinase (CK)-MB and cardiac troponin I (¢Tnl) were measured. The clinical parameters, such as the re-beat time and re-
beat rate during CPB, cardiac index, dependence on positive inotropic agents, and left ventricular ejection fraction ( LVEF)
at 2 hours after CPB, the incidence rate of arrhythmia within 24 hours after CPB, and postoperative complications and
mortality, were recorded. Results At 30 minutes after aortic declamping, the three groups showed significantly decreased
ATP and EC levels (P <0.05), and the cold autologous blood group had significantly higher ATP and EC levels than the
other two groups (P <0.05). Immediately after CPB, the three groups showed significantly increased serum levels of CK-MB
and ¢Tnl (P <0.05), and the cold autologous blood group had significantly lower serum levels of CK-MB and ¢Tnl than the
other two groups (P <0.05). The cold autologous blood group had significantly better outcomes than the other two groups in
terms of the re-beat time during CPB and the dependence on positive inotropic agents and LVEF at 2 hours after CPB ( P
<0.05). Conclusions Cold autologous blood cardioplegic solution is superior to HTK and cold non-autologous blood
cardioplegic solutions in preserving myocardial energy and reducing myocardial injury in infants with CCHD who undergo
CPB, thus providing a better protective effect on the heart. [ Chin J Contemp Pediatr, 2013, 15(6) 453 —457 |
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VEHL 2008 4F 1 H % 2011 4F 1 A AFHOfT1k
AMIEIRA (AR 12 S HLITF ) B S RS KA R
Jpa ke JL 96 ], HEBR B Dhfe S s 55 5 I e, H:
FREE YR PUBRAE ( Tetralogy of Fallot, TOF) 79 {4, K 3
kB G T S B S Bl o 3 1], 45 2 0 H 5 I
RENKELAL 4 1], 5 FF Il sl IR (19 56 4 i ik S
S 4 B I B B D Re M L0 & 3 ), A7
SISk 3 B, SR PR IEZR b UE,
WA N TR v S e £ B I , FH B LA 7 3%
P53 M 3 41, B HTK y 4 (HTK 41) A B AR 15
WAL (AR B RAL) T AR AT R 4 ( BARdL) ,
2H 32 f),3 HEEA TR LR 1, 3 B LA EH
EATHIKE A 2SRRI, oH [F)— 20 B2 A= RS MG ER I
TEHMIGHE (25 ~30°C) T 98O N AL TA .

1.2 7

12,1 wwhfedpgegdies)  HTK i (HTK ZH]) -
K181 Koehler 23w i HTK ¥ ; 3E A (AW A5
(AEARA) A A HEA M A 4: 1 L)
TRABCH M ; B AR A5 ( B R4 H) -
PRIMIE IR AR T GA I, 28 32 Sl BRAR R 4% M 5 b A
4 1R L PR A B 30 s, fRAsE 3 Bl kol 4 e K
F45F 50 mm Hg, [ AR A6 25 J5 48 3 8h ik
BRI 7 AR . 2541 KTk BEEY
20 mmol/ L, =2 AVKJE W il B 4°C VA=A 5 H
1.2.2 iz 3 HEEE AT A AR
PREE4C , T EBIBKHEE , 1 E S IKARERHEA, B X

Fg 30 mL/ kg, Fe W) ORFFHE TR 40 mm Hg 7oA, PR
TRE T 220 L FRL 7% S L S D, [ T T
30 mm Hg, 4EHf 6 min; [H]fF 30 min H52—UGHEH, 46
ZUGREECE
1.2.3  SMBMERAET ® S IAE EZBKEH K
FAIF KT 30 min A0 H- 20 ~40 mg, A PR
HGHABRAET, -80CIRIF
1.2.4 #4542 75 % (1) B o AR ) 7
% FESOR AR 15 (high performance liquid chroma-
tography , HPLC) ;U0 JULZHZH v ATP 119 35 &t M g
i %% (energy charge, EC) fy{E [ EC = (ATP +0. 5
ADP)/ (ATP + ADP + AMP) |, izt &0 H ma s d ik
Y LREWEIERT, BT AN AR 2 55 [ Waters 2% 7] 2695 #Y
HPLC %, HALER Ny OB G, A 4°C 1Y)
0.5 mol/L &% 1 mL BFFE]3K,4°CF 20000 rpm
> 15 min, IEHIRT pH{HZE 6.5 ~7.0 Z ], A
BP0 5 B ETE W S0 wl #E4T HPLC, DL & 7€ {E.
(2) WS GFEFR ARSI - DA i35 JUBR e ) T ( CK-
MB) FLOHUILESE T T(cTal) SO ONURGRTERR, 73
AHEASMEARTFIA 5 B2 KL 3 mL, T2 h 4
1244000 rpm 50> 10 min JSHUMYE & - 20°C vkFAIR-AE;
CK-MB 7E4x A gl A=A A I 6, 1 FHSE [ Beck-
man A TG, IEHSH(H 0 ~25 U/L; ¢Tnl 1550 &0W
H [ Simens 24w, R FHTEE Simens 42 5 3l &6 55
IR BRI RO GIE , 2250 0 ~0.06 ng/L,

() AR BARJFIC R AR5 - 18 KA 1 2 B[]
(RPN = 3l Bk FF T 200 R 52 9k B Sk 552 1 3 A
i]) Bk RS 2 h 2R JE 5 - 3000 JTo A i ji 2
IR 22 52 8 25 M I 22 RS O I B (CTD
FIEPENL 259 MO B0 | L8 R 400 4 75
Simpson MG 2 h 22055 5350 ARG 24 b
QTR g el W R W) PO 11, R
WoLL b p5 28 1% S B . 28 M 1L & ) kA R
(% ) AJG I KAE MFET RN
1.3 FitESH

K SPSS 16. 0 et B fF 3 Bt AT 48 11743
BT, T BORHTIE = il 2E (x £5) FoR, 2 L
BRI 2257 Hr (BRI F R 55 ) , 41 8] 79 7 L AR
LSD-¢ k35 5 THECFERE LA LUAE 58 F 40 3208, 4l L
BORMIRITKS:, P <0.05 Ry A geitrm .
2 #HR
2.1 3 HiE—#RIaRF IR

AR HTK 20 1 5] 28 L PR 57k 18 P8 0487 P € 1l i
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SRS RARBOL LS . Hor 95 Bl LET B A
Giit, HARJG 24 h WICSE TR B, 3 48 )Ll R R
PR, 22 3 A (P >0.05) o WK 1,
2.2 3 HEgEYRFOBRGRERI LR

2.2.1 seERfMtdsr 3 AL ALAIZ ATP FI
EC & & 75 3 3 bk BH W7 A 22 5 2 B 40 it 2 8 X
(P>0.05). 3 4LONLALZ ATP F1 EC 5 & 1E £ 50

JIkFF 7% 30 min 53 B EFER(P <0.05) . EhKIF
Ji30 min j5 ATP Fl EC & 7E B {R4] . HTK 2 FE
HIRA R L 22 F ¥ A ST E L (P <0.01),
Hrp [ k4]l ATP F1 EC & & B 3% /T HTK 40 4k
HIR41 (P <0.05) , HTK 20 FIE B A4 EC & &1
F 8 Pk ¥ 30 min 22 K IR Gt B L (P
<0.05), WFE2,

F1 3HEBILGKARBILLE

15 i B/ K hE e Lo IIRE Ze RS EﬁWfEﬂ“l_‘ﬂ
() (xxs,H) (v xs,kg)  (TOF/HAt, %) M/M/NVH)  (x+5,%) (% £s,min)
HTK 4 31 20/11 8+3 6+3 26/5 10/19/2 62 +6 88 17
El=Er | 32 19/13 7+3 6+3 28/4 11/18/3 63 +7 90 +19
A A 32 21/11 7 %2 63 25/7 11/19/2 62 +7 87 18
X/ (F) i 0.31 (0.34) (0.03) 1.02 0.44 (0.17) (0.23)
PE 0.86 0.71 0.97 0.60 0.98 0.85 0.80
F2 3AFTHAKEMRIEREEW R ATP FIGEEMEE (EC) R  (v=9)
ATP ( wmol/mg) EC
251 %k
3= 2y Bk BH Al F kI 30 min F= 3 BKBH AT FBKFF 30 min
HTK 4 31 1.38 £0.27 0.52 +0.09° 0.55 +0.08 0.31 £0.01°¢
E[HERLNAE| 32 1.39+0.18 0.51 £0.15¢ 0.57 +0.06 0.29 +0.04
ERLSE 32 1.37 £0.29 0.80 +0.22%"° 0.54 £0.09 0.40 +0.02%"°
FAH 0.11 26. 84 1.11 135.94
PAE 0.89 <0.001 0.34 <0.001

a: 5 HTK 4 HEE, P <0.05:b: S5k AR LA, P <0. 05 ¢ 57 TS IRBHITHT LA, P <0. 05 5d: A F 3 JRBEWTRG Lo %L, P <0. 01

2.2.2  SIUHAG A5 AR 3 ZH[a] CK-MB FI c¢Tnl Ifi
THWRBE TEARSME A AR AT 22 R TG 3 L (P
>0.05), ARJGRIZ| 3 41 CK-MB F1 cTnl I 3 1 i
BIRFEER (P <0.05) . ARJ5 3 4[] CK-MB
A Tl IF L 22 R A Gt % L (P <0.01),
Hor R AR G M3 CK-MB Fl ¢Tnl ¥ 535 2 A%
F HTK A HEE A R4L(P <0.05) ,HTK 41 Fidk A {4
2 Tl IME W EE AR A G B2 22 5208 e il2%
MY (P<0.05), W3,

®3 3AGNMERRAFONRGIENR CK-MB f1

cTnl PEEEE (xxs)
CK-MB(U/L) Tni( ue/L)
45 B
ARui ARJGRIZ) A ENEEE
HTK 41 31 33+9 66+8° 0.08 +0.06 0.60 +0.37°
JEEkg 32 34+9  68+10°  0.09%0.05 0.78 £0.35%¢
Ak 32 3310 52+9%b¢ 0.08+0.07 0.41+0.28%"¢
F 1§ 0.09 29.33 0.11 9.94
P4 0.92  <0.01 0.89 <0.01

a: 5 HTK 4L, P <0.05;b: 5 B R4 LA, P <0.055¢: 5
AR 32 2l kBT UL, P < 0. 05

2.2.3 R PAEKREIZEHF =8 S EP
100% 420 52 Bkt e) B 21K+ HTK 41 FndE B 14
(P <0.05) ,HTK 4 HEE [ R4 L2 R eS|+
(P >0.05);K)52 h CL7E 3 MRG0+
BL(P>0.05) 5 FARLIEPE LS 25 P48 2 0 g A%
T HTK ZHF19E A R4 (P <0.05) ,HTK 2 F9E 3 4
ML ERF TG FE L (P>0.05); HAHAR G
2 h A i oy BT 2 s T HTK AR B R4 (P
<0.05) ,HTK HFHE B IR L & R LG 245 X
(P>0.05) ;KJ5 24 h DERFE &A% AL HTK 414
1 BIARSG 5 h B KRR YO shid 0 3 41t
BZERITGIT2HE X (P >0.05) ;3 4 WA G IHEAE
RAERZESTGEIFE L (P>0.05) ;K5 HTK 4]
1 PR OHET ARG 37 h 36T, dE AL 1 A
Ja B HIRE B TENT, TG 42 h LT 28 B
Wil H3 HEREGITH#E L (P>0.05), I
%4,
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F4 3AFEMERRPRARFIERIEREE
RJE 2h I ARJE2h ARJE2h N
31 % STkt 2k (s IEHENLS A0S 24 h NEEI -2
B (v xs,s) [#(%) ] L/m'in_;lz) 7L oI DR H [HI(%)] [HI(%)]
[#1(%) ] (vxs) [#1(%) ]
HTK 4 31 100 +38 31(100) 2.82£0.29  15(48) 44 +6 1(3) 4(13) 1(3)
EAkg 32 101 +35 32(100) 2.83+0.34  16(50) 44 +6 0(0) 5(16) 1(13)
Epr i 32 67 £21%" 32(100) 3.01 £0.42 6(19)*P 51 +6%P 0(0) 3(9) 0(0)
X (F){E (7.59) — (2.25) 8.30 (12.87) 2.26 0.58 1.67
P <0.01 — 0.11 0.02 <0.01 0.32 0.75 0.44
a: 5 HTK 41 [b3L, P <0.05 ;b 5k B R4 b, P <0. 05
St I 500 ULZEL 23 r v R ol 1 B DA 11 T R L DL

AN

3 e

5
Wy IR AR LB LR AR IR UL, 780 L
R e (0I5 5 00 B L SR 4 A R 52 7 TR L UL 24
S BRSO JULN Bl i B 4R 1 T 2 2
65, SR 20 oK IR B0 LR J5 0 B REK & fiE 1 23
5§50 0 EARLENT I O U A I TR M B i TR
0 L2 R ik 4 7™ 7 A JE L0 Sh RE S5 15 4% ]
ARG K HE I R E R AL 5 AR i O LR P R A
57 BT WA SMIE BR AR B S PO U 5 49 9
LA 1k R0 5O JULFEE TR 345 , R AR S 3T R 1
KA RIT R

I T A0 G A T UL 5 A
DAFEGE g HTK (538 00 A v I A 1 oy F20
o HTK (54 0 LR A MR PR 1 8 2 5, v
M5 AR & D ML 5 (H R 2 A Al
AR fil, SRR O LI R, g
PR T4, A O TEASMIEER AT 28 25 3h ik e L
A0 L PR B RV I A0, B e T
SR U M S RS B i 68 U 52 495 1 02 P ) £
A B nE M P A A A AL
TR A T B AR AT LI s i 7 i
BRI, i 10 JULAS 48 30 A0 TG S A R 13t
JERER . ASHIFSE U 3 X S8 24 750 o R LR A
SRV JULES A3 B S0 ) F81 BE SREFR T 11 RV IO A
TR A A

ABFFERIL3 4 ATP Hl EC 75 3= 3 KR
2T RA G4 X, EFIBKTFL 30 minj5 ATP A0
EC 7 3 410 LS & B4 B FEAT, 220 3 3l ik
FEHCG O L BT e L T 145 %, HTK 211 EC
Frin R TR A AR 5 AL, E R
FEWRZEL R ATP F1 EC &5 352 Tk B R i
WS HTK 4, O T AR e ik L i BT

I W TR A SR AR 00 D BE ATP A 2 450 UL 240 A7
T P ME— R U, BB AN 2 SO 2 i 17 R S A i
HE—25 i EE O JL ) B S0 40 L PN R PP R, AT T
ZyEEO LA A A4, K ATP A1 EC &0 L
20 B 57 A BT g RN AR 0 T e 1) T R e LA
JIT LA DNRE S ARG A FE R PEAN - X T S5 2 A0 Ik AR
JL,HTK VAR FAE A AR A58, 1 B A9 145
FIR M THE B ARV A5 HTK W,

AHIEFE B0 LA A F8 B A 0 2 B 1L 7 CK-MB
A Tl PV EAERIMEAR ARG 3 2 [H 2 55
THE R S HB M T IS S50 [, uEW S48 oG
o9 LA AN R R B o WL s RIS RIZ 3 4
LR35 b CK-MB Al ¢Tnl ¥ 8 2 715, £
TCe F TR, A SR PR AR X 5% 0 L ™
it . HARJERIZ] HTK Y20 Tl (9 I35 W 2 b 2
FCFAE A AR MR, 1 A R4 CK-MB A
cTnl ¥ 3 18 I8 FIE A R4l 5 HTK 41, =9
HTK 2 UG5 RR BE AR TR AR, i 3 AR 4.0
W R FEAR T B R4 5 HTK 41,

FEFE— L AR AR 5 1O BE DI REIE b &
B, SR IE] E PR L) 25 AR DL R ) 2 h 2
NSRBI S HTK 41 JE B R a] b 2%
SEIE GRS, I 3 FiEhRAE HTK 41 F1E A
IR 2 R TG 25 L. L TEIE M RE = 1Y A
JEE A 2 A L2 453 455 00 IR T BB AR 1) A B SR T
B, X T2 A TR G0 L, HTK i 7 — e R b
PETFAE B ARV A4, 1 B AR A R AR TR
B ARV IR A HTK 3

AR AR UL F HTK % 0T 585 HTK i
DASRAL I R A B R A O, BUAAR R A RF
PR CAMFR RN, AR MR EE %
SRS fE LI AR B LR O T B ARV i
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