Fundamental Study of Myocardial Protection with
Terminal Warm Blood Cardioplegia
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OB 5 0 EIEROCHREEIIBVTROFERFEIRIFZ I E0TELY., ZOBEREEL&ET )
BE L TREEIRMME R E (terminal warm blood cardioplegia, TWBC) %@ % %%, TWBC .0 B 31C 83 &
T, KT, RS IEEE BT LR EE 3% S B (tissue oxygen saturation, So,) 38 L UHH#A~NE 7 o v
¥ - 3% 71 ¥ g (tissue hemoglobin plus myoglobin concentration, Hh+Mb) # #fEMIET A Z & 12X Y, BIFEERED
LHBREAHICBLIZTTWBCOMRLMHA L, SOILHE, OB, LHERBEBLOCULERZ LI F FOHE,S

TWBCOEBERELRET L2, BBAA X THVES

ROMEBR T ICREIR 2 0T L, RS E LR (cold crystalloid

cardioplegia, CCC) 12 & %603 B DL RER 1T 72, ABE (n=6) TIIREIIRUERT % HAMEE L2, BEE (n=6) TIZABIRER
BEERATIZ A ) 7 AR FE12mEq/10 TWBC #E15ml/kg#%, #EiESOmmHg G145 MR L7z, CEE (n=6) TWBELFAE®D
TWBC i % it E60mmHg CH2.55 MR HER L 72, F /-DEE(n=6) T1230ml/kg? TWBC i %, MEMHE60mmHg THISH T
WEM % 1T o 72, o f5S0,, Hb+Mb IZ{AYMEBRATIZ & 4 82+4%, 602+35mm-g/1 ¢, CCC DEIMMIZ56+4%, 325+45mm-

gL BT R o 7. FHER

F, ARETIL So,, Hb+Mb 13794%, 589+£32 mm-g/INE BRI EH L722S, 0BG 4 I2E

TL So, 7375% % T 5 & EFIANLEMBI & % o /2. BEETIE TWBC #EHii & 1 So,, Hb+Mbid & IZ L& L72a%, KERE
Wiz fRid 2 LR T LABIASLEMBI & e o /2. —JF, CEETIZ TWBC ##i7% So., Hb+Mbid & 4#35+8, 4710 CHIVME
WATE~, DRETIX37+10, 65238 CHIVMBIRAEICAER L, KBIRENTGRE VETEFRASICE L2, LFHRE, A
BT EERMGD 51422265, BETIZ10.0:3.2%, CEETII5.0+-1.6%, F7-DETIZ33+1.15T35CIZ#L, C, Di
TOLHEROBIEIHE BITED o 72, CHEEOIE T AIMERE, HIBLE, SHLERE, FEAFERBIIABL D
HEIVET L7225 C, DETETHEILLVEMIZHY, ﬁkﬂi)’]&’éé&fﬂfiiic DEETIHET LA o7z, M b oKz
TIEIMEBRZIZ LA U725, A, BRI C, DETIEIAERIKETH -7z LHX 7 LAF FEETIE, KEIIRMERER
30D HDATPHABE TR T L72OAT, ADP, AMP i3A, CH& I EMHERNEBECEERLELIIRE b o7z, BEIS,
EFITIEE X 208 So, OWER, BIMFERMOLHEERMET= Y — L LTHAT, TWBC L UHEEZAH O MEHE,

BERGEOERR, OHBEOEBEICAEDTH Y, 26050 RKELHENTIZ2.55 M £ TWBC WlHEILETH b & i

Shie.

Key words myocardial protection, reperfusion injury, terminal warm blood cardioplegia,
myocardial oxygen metabolism, near-infrared spectroscopy
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B, BRI Melrose 50D 7 = L EEH U T LG Y,
Bretschneider 520 7' T # 4 LG REH < Kirschb YD~ 7 %
T AL R R R T, HearseH DA ) w7 LS RETRICTS
L, KRS CHRER (cold crystalloid cardioplegia,
CCO) IZHIEL  Dflidk T LMHREROERE LTHEHEAT
WA, F 7z Buckberg ©ME M IS & 5 B3R E MR R 41
TERICE D &, RIBIMMEGHIREROFT MM REL, ek
WEATIA L NERIBA SN TVE, ZhE OB RS
T EIGHREFROMRERATThI TS, —J, 1991
4E, Lichtenstein 512 X 0 {Kifds & OB ML FERZ & 5 0515
EEHIET A HNT, HRNEIRLECHREE (continuous

TR 8 E11H26H %4, FR 94 1 H16H 28

warm blood cardioplegia, CWBC) AS£ME & /-8, MiFH U
LNBEO RR, BMESHRESRE R 2, OE SR
Fra&nb - oMM OEREIL T LR RS % LU 5ER
W EOMEAH B, F 7, 199440 D%, H i ik 05 i
W% P ARE TR T B B A IO E IR P L A R R K
(intermittent warm blood cardioplegia, IWBC) A%ff4e &L T\

#, i&iﬁ{%’-lh%@'@ﬁ%ﬁfﬁ MEL EEEPELSh Twiw, £
DF%, BIEO BRI BT 5 O R LR L8 R0
B FE B AS £ 22 B CH B A, ThODLEHREETE
M ML % P 1B 2 83 B 2 & 45T & %\, Follette 5”13 KB
WRAE TR BRI AT 28 C D V) 7 4 ML % g § 5 Z £ T
BIEERkE S, TORICOHBED AL F— AR HELE
M5t L 7= EE 2 PR 5 3 2 & T R R OO

Abbreviations | CCC, cold crystalloid cardioplegia; Hb+Mb, tissue hemoglobin plus myoglobin concentration; Sox
tissue oxygen saturation; TWBC, terminal warm blood cardioplegia; VF, ventricular fibrillation; XCL, aortic cross

clamping




MR E I U RS PR3 Ik O 5% 117

BEEB-LME L. &6 1ZLazar b A TRHET LG E OB,
FEME LTHERS S ) Y A% S HER 3§ 5 MR U Rt
LR (terminal warm blood cardioplegia, TWBC) % %P8
L, #0t TWBC OF AN HRE L TWE, Lal,
TWBC HETRF O LAIEERAH Iz oWV TR 2+ s
TESHT, TWBC ORI RMLEREIIPVWTIREE - L BE
WL,

FITAMERE, TRV OO AR 3 S
J& (tissue oxygen saturation, So,) B L HIfi~E7OE Y - 3
+7 0¥ EE (hemoglobin plus myoglobin concentration,
HbMb) MBMSET 2 2 L 12 5T, MLEEBASO L
feti e TWBC ORR ML, &5 LBEEOHIER S
iz aliEgEE, X 7LFFFOERVOERD
TWBC Eiftik xRy L 7=,

WHRE L VHE

[. EERENMD

LB & L CRE10~13kg (11.5+2.2kg) @ K HAA365H %
Wi, EETEL CCC 12 & 2600 B0 0MEILEIT, ¥ bR
-hE L TREIR % AL ERT R L2 b 02 AREL L, KB
IRERT R E AT O TWBCO #iift 530128, C, DRSS 72,
S0, Hb+MbB X ULGARFEHIE 122450 (B H6TH), L5
WX 7 LA Naraillag Al 121258 (ARE6TE, CHE6EE) % Av /-,

I. EREFILOER

Ry 2y (23, ) 20me/ke % AR 5%, ~
YMRLES—F Ny A (HEBEE, KIR) 30mg/kegd &
FnRrosaz=ya7a<A N (HRF VT />, )
0.1mg/kg % #ARPNZIR S L, SEMNIFE T I Harvard BIfE &3
AT 23 (Bodine Electric Company, Chicago, USA) # F\»,
MEEEIC L DWEIFR AT 72, WUEGHEIC LV LBREES

Cardioplegia

Near-infrared
monitor

Y=L, HREEIRI VA F—FLE2BALBRTEEE= ¥ —
L7z, § 724 #IR & Y Swan-Ganz W 7 — 5 )V (American
Edwards Laboratories, Santa Ana, USA) %4 A L, [ &,
HEE, MEIREZ #E L7z, SOVESin A 2 KRBk %
BHL, GREHEDEICTOREEL L%, L TRER, £
TTRBIROIEIZHBE, F—E 7L LB, KBWRE, M
BIRIE, FET, EEEIIRY 572 AF 5 RM-6000 (HA
B, BE) 12 TR L.

AR YF )L (REER, RE) 300 BAL/ kg% #HIRA
WE Lok, FTREIRED, Z2KBEIRSMmIZ X 55 ahst
TEREZFBLA (W1). FZmR Y 7I2IEE LR > 7 (Sarns,
Ann Abor, USA) % A LIt i3 A A TR (Sarns) & vy, 4441
BERAEMWME LTARY » 7P Vi (RERIE, HEH)
T%NaHCO, (RIFHUIR) # 7z, AL o0 3% M i 5243 7 43
200~300mmHg & 7 5 & 5 12 NTIRE A A D FRisEE %
L7z, ROMERP O BREEIE30CE &3 &) HIRY
(Sarns) VAL, KEMRGERTFERRERTIZ35CERB L
AR L 72, F 2R B IRIETT B 1380ml/min/kg, #EEIE70
~90mmHg& L7z, KEJR#EL V- P H=2—5 (DLP,
Grand Rapids, USA) %%/ & U LFREEOEA & KBIRFEEE
DFEIZ .

. DHEREROMER EEAFE

LR /R E % (BCD Advanced system, Shiley, Irvine,
USA) 2 HWT, FRERICHERALTWACCC (B1) #4CIzn#H
L7=t%, #E15ml/kg, 20 H 12 10ml/kg 2045 F5 2 #E
LB0A M D LEL %47 -7z, B, C, DEETIZCCCEMFELL
AL E 1 0 A TRAEL, 365U TLBEY
12mEq/NZFRET L T, B D #ZEHE T37TIZMiE L 72TWBC
(F2) %, U—7—K>r7 (RLER, | % HVRHET L
7z. BEETIX15ml/kg# i iiES0 mmHg TH#14rR, CRETIIB
fE & [ & 7 R 60mmHg TH2.59-/, F7-DITI330ml/kg
% BV 60mmHg TS MRS £ 17 - 72,

V. BEgEE cAEsE

LiERsEE=%1 27

W ARHE (700~ 1200nm) % FISH L 7205 #14So,, Hb+Mb Il

Table 1. Composition of crystalloid cardioplegic solution

Fig.1.  Schematic diagram of the experiment. Cardiopulmonary
bypass was established by cannulation of the superior and

A

Na 73  mEg/t
K 30 mEg/t
al 102 mEq/l
OXygenator HCO, 0.88 mEq/l
Centrifugal Glucose 23 g/l
pump Manitol 7 gl
Osmotic pressure 374 mOsm/l
7.5

Table 2.

Final concentoration of terminal

cardioplegic solution

warm blood

inferior vena cavae for venous return, and the femoral artery Na 127 mEg/l
for systemic arterial inflow. A probe for monitoring of
1 . . K 12 mEq/l
myocardial tissue oxygen and hemoglobin plus myoglobin a 100 mEq/l
concentration is touched to the surface of the right ventricle. e
Ao, aorta; RA, right atrium; LA, left atrium; SVC, superior vena pH 7.5
Hematocrit 20 %

cava; IVC, inferior vena cava; FA, femoral artery.
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EEE PSA-IIN US4 F AT 4 INFA A, &IR) eV,
FELRHMEERAE R, BAEMEIZE v — %% LIEN» 5
HEFIC b ) B E T o 72, SRIERTHW L T —F
& (PSP-15R, /SAF A7 4 ANH AL 2R) I3/ (152),
700nm, 730nm, 770nm®3iEE O ARG E HLRRIRTE |2 BT
L, MBPICEELL 20— BRE»0 55 HHEZ BV
ERTEHL, FOWEEEL b &iZLambert - BeerDEHI % b
LICHEESR M E ) T 0Se,3 & UHb+MbE O #i Xl &
BRTHETHILNTHLY, UTICEEL L UHEGNE T
£

BI3D & A IO A LR 2 Okl A O EEESA
s & HUII BRI 2 5. o THRSADQEOEE KDL

AMMErEOBELEL A IZE Ly, FEICsHOBEBIER A (3thT

DEEL L A ZE L. 28R TR TR gsHOBEEA A 2K
HBENT, ZhidpsHEOWIEEA A Lp-qEl OBEEA X DE
NP

UPURDRRURS /7 SN /7 SEN /7 SR
A2 A =AzA —A1 X =log Ton log I =log 73 @
£IAT, BEOBHIERMEOBIE & MO %\ AU
DWIEEDHTd % DT,

Ai-22 = car-Ca-d+ ebA-Co-d+Ata e @
=L,

cad | BEAEFOE Y I F T O OSTREREK
cbd L BEAESFOE Y- IF 7Y YOS5 TR
Ca . B{Ifl@d7-h) OBt~NEFOE -3 F7BE D

BER
Ch : B Y)DOBBTAESOEY- 3478 E D
EE

7 - as FOFERRE
At4 LR A DI BB H OB EEE
ZOo0EE L, A, LOXERVEE, @QREENED LD

IZFEbhE5.
Ar2di=cian1 - Cord+ ena1Cood+Ata e (€))
Arzdz= ez Co-d+ emiz-CordtAtie = @
Ar-223= c30i3 - Co d+ eniz-Co -d+Atas e o)
{ 1
Photodiode —
, 2.5mm

Light emitting diode

Fig.2. Schematic presentation of the recording probe. The

distance between the light emitting diode and the near

photodiode is 2.5mm, and the distance between the paired
photodiodes is 2.5mm.

EARAEE LT, 700~830nmD I HEFADO =00 % Hun
LE, EHELZERDIDIC, MIEE & E L MO A0
FEDZIZIFFIZNE L,

Atu=Atie= Atz L 5175,

T, B)-@), @W-OEkDBLE,

Ar-221— A2 2= (e1ai1— €20:2)Ca - d+ (103 1— €212 Cs *d

LY, MHE S E MO A O ALA) R RS 5 -
EHTEL, FITE) MAOEITHER LM CCa-d, Cbr
dzRkoz L, BARXOLEIED.

___(szzﬂl"Az—zAz)( e2i2— £30 d 3)-(Ar-2A2—A1-223) (e A 1~ en k2
(end 2— enlda)-(emd 2~ eawAs)-(e2aAz— €343 (emd 1~ emd)

u

‘__(A1-2/11~A1-2/19)(emu— €20 A 2-(Ar-221—A1-242) (enA 2~ exnla)
(endz— e2A2-(emd 2= emAs)-(endz— end3) (emd 1~ end2)

a

FEOR L D Hb+Mb Bt Ca-d + Cbh-d, F7:So.dCa-d/
“Hb+Mb BX100%) TRO LI ENTEDL. NEFOEE
I 7y OERNSEIITBRINANRS PVIEFER—-TH
D, MEESTCHET S EIEIRTERTSH LY, M4y
OV BIERETIEAEL DT, H+Mb OBRIZIEL AL
ANETOVVIRE, THALLIMERIILAbNEEZD LN
T&3,

2. LR

DB LERBIC2IGH LGIRE T T —NERI L, 48
b E R S B T, HilERIEsaMETEL, £
DOHEFE % 7.

3. LoHgE

HAMEBERAT O AT B AR LB S AR IE, EEL, LK,

Fig.3. Schematic presentation of light absorption. The heart
is nearly homogeneous and the intensity of reflected light
obtained from the heart surface is almost the same as that of
transmitted light at the same distance. Io A, intensity of
incidental light at wavelength A; L1 A, intensity of transmitted
light at the point of q and r; I2 A ,intensity of transmitted light at
the point of s and t ; d1, distance between p and g; d2, distance
between p and s
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TGRSR, (I W L, O BRE, AN,
FEHBERRHERR SO BH L.
SO BRI (ml/ 5 /ke) = LT E/RE X 1000
- KR ME L (dyne -sec-em ) = CPHREIRIE-FHET)
LA E X80
CEEABREE m/ke) = AR LB X CEYABIR
E-ERH) X0.0136, k&
370, FEFEMB LY IENREREdP/dY E kD7, F0)
5, SRR OEE & L TR AN EE (+dP/dt max),
RO L L TRAIRERE (dP/dt max) & Vw72, —
OWER T %, WIMEREBMGL /2. AT KBIDR %80 L,
4B b CCC IS TO0L M D LR AT o 7. KBVIR MW7 B
%, BOOHOBERERARE LB LA, LEMBIE o8 s
i1, BHICERNEABEIT- 7. RIMERERE LT LI
15 EZET B & Lth, INHEEA80mmHg % i 2 7235 4,
ERETHAI CAIMER» SBEEL L, R85 D & BERL -
TR AR THB LA, S ST RGBT 155015,
BAEIRRTE L AR OEFEE 25 X 5 (TR oo &M 2
Z, IR, SRR, RS, AU IR,
BRI 564 3 & 5 L &3 CIROMBIRAT & ol L 7.
4 M R S TORE
BMEERIC X 2 0 HE0REL LT, BIMERE, K8
TR BT I B SRR B B U I b O R = 2 T(ng/ml) % SeyElE F4t
kiEE AV CRE L.
5.0 LAF K
KENGERTERT, SRR AT, W30, Wmiie0s5
BIZUDES 2 FRELL, O A5HLELN ATP, ADP, AMP % il L7:.
ERLIE, 16GOEME Z HWCLEM* SR EICER (R
WML, EHICHAEERE I ANEE L7z, 20 B LFEOIRIH
ALIEAT B OEREGERAL & 1 5 iclih, poEELZIT VLW

90

BT R BATIT o7z, KRR TR, SO EFRE LR,
ke L7-06NBEIEZEMEE A T CBML, 20~25CT105HE
B L CH&A L7z, 243000885 C155 M0 L, B 54
72 bEE AT A L L CRIMRIOERE il % CATP, ADP, AMP®
EEEIT-o7, RBEERORE*ZELLHAX 2 L F R
BB EEY ) TR, RER YY) CERLL.

V. BEHRRTER

RRIETNTE HEEFETRILL, FRENOEDFN
TBIRAM B OFHEOMRE 21T paired-t MEE BV, FilHEO
L ESHE) O 54 B D 25 ORE 121 Fisher O E#EMESRE:Z AV
7o S BHOBANTOEOREICII—TRESHSTEE,
%8 L2 1L Scheffe DFREE FV 72, WM OBE $P<0.05
rHEEDY L LI

134 &

[. EFHNFEEZRVLT

1. LB So, il

S0, Dl E TIF4HE L b FAMERATII82 4% T, FBI L L=
HUEN I TOIL5%IZML T L, 604 Mo LM ik i id56E4% 2P 72
7o (M4) . FHEMEFCDWTA B &, AR TIZRBIIRERT IR
R & D So it I 8 L83 12F TT79-4% TREHE 2%
L7 DBE4CIET LRy, FEERBEED 5145136507
I LEMBIE 2 Y, FORETSoE75% LT & 2 o7,
TELHTE B Al B 1% S0, i T US 8 LG R84 12 AR Y MEERBIE & 1]
U81+2% 123 L7z, BEETIX TWBC BEHiBMAH & b So.ld &
W ER LIS HAM THIMERFIE L V) &\ 861£5% T 7 b —1IC
EL, #1510 TWBC O#ROMZFOEEME L. Lol
TWBC #E# T HRBIIRER % R T2 &, Soidw-< Nk
T LD, KBRS B I 7288 £ 2555 TS0,1375 5% 2% b,
GO AR AT LS MB 1 A o 72, OEMENCER S %o 72261

80
.70 |
X
(8]
[@]
? 60 -

50 - TWBC (group B)

TWBC (group C)
CC
10 'rfC ‘TWBC (gro|up D)

3 4 5

Time (min)

Fig.4.  Comparison of myocardial tissue oxygen saturation during cardiac arrest and after reperfusion. - So,, tissue oxygen saturation; VF,

ventricular fibrillation; XCL, aortic cross-clamping;

, TWBC (15 ml/kg) perfusion at 80mmHG; il , TWBC (15ml/kg) perfusion at

60mmHg; M, TWBC (30ml/kg) perfusion at 60mmHg; O, group A; 4, group B; 4, group C; @, group D. Each value represents 8D
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L=

LEREASW- DRSPS, Soldfi4 iz L LD K
TONRE T 8 B > & 140 £ 15F0 B FL AR ORI 2 TERH L 7. s D
E o 14 T BRMBEIRIZSo BB AICER LGS,
2452 36FS TR ARHM B BRATMEIC/E L /2. 60mmHg D FE Tk L
7zC, DEETIX, TWBC #ithltaTk, % 435+8%), 37108 T
So I AL TEBRATIE & 12 ZFED81+3%, 81£2%T7J b—
1L, KREREMMMREZD IILALKT LA, -7, CHE
TILE TR R 254 £ 2180 T, DEETII88:27TH THAR LI % T

B L bR 7z,

2. LB Hb+Mb il

Hb+Mb (348 & b So. & MO ELZ R L, FIMEEIII
602435 mm-g/1TdH h, LEMENRFIZIZ568+456 mm-g/lizfk
TL, 605 M .8 L HIE325+45 mm-g/NW R 7z h 7> (5).
ABE T TR # OHb+Mb® EFI3#% 27> TI7 + 198 T589+
32 mm-g/ITHREIGE L EDOBRIELIIRT L, &6ldhg
MEh & o7, EEKRMEIZHb-MbIZH O L& LoD, ki

700
VF
600 J]l ) .’A“A.A-A-A.AA_.“,;_A_._-A_-‘_—‘—‘__A_ : _
% g SRR ==
G q > 4’0/
e 500 | 1
E
o!
= 400
o)
I
300 - TWBC (group B)
TWBC (group C)
200 - TWBC (group D)
2 3 4 5
Time (min)

Fig. 5.

Comparison of myocardial tissue hemoglobin plus myoglobin concentration during cardiac arrest and after reperfusion. Hb+Mb,

tissue hemoglobin plus myoglobin concentration; VF, ventricular fibrillation; XCL, aortic cross-clamping; [, TWBC (15ml/kg) perfusion
at 80mmHg; B , TWBC (15ml/kg) perfusion at 60mmHg;ll, TWBC (30ml/kg) perfusion at 60mmHg;

N
o

w
($)}

W
o

N
o

Myocardial temperature ()
N
[8)}

TWBC (group B)
TWBC (group C)
TWBC (group D)

10 15 20

Time after reperfusion (min)

Fig. 6. Mpyocardial temperature after reperfusion.

]l , TWBC (15ml/kg) perfusion at 80mmHg; B , TWBC (15ml/kg) perfusion at 60mmHg; B, TWBC (30ml/kg) perfusion at 60mmHg;

O, group A; A, group B; A, group C; @, group D. Each value represents X+SD
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G T T T
Group A GroupB GroupC Group D
Time required to reach myocardial temperature of
* p<0.05 versus group A by Scheffe’s F test. [, group
, group B; @l , group C;M, group D; bar, SD.

Table 3. Comparisons of cardiac function

121

IR JHE T R PR 49 643 5 125854125 mm-g/IiZ# L 72, BEETI
TWBC #itRata7 &£ » Hb+Mb 3 &80 5 L31+58 ¢kt
TRERAIME & D BV 645+36mm-g/IT7F F— 2B L, HI5H
DTWBC DR O EDME % M L7z, Lo LRBIIRE W7
Kk, Hb+Mb 13f& 4 1T Uil UMMk 102 42250 T &
KEICEL, BE®- () LR LD, JMEWFHRH%286+33%
T551+23mm- g/IT—EfH & 2 »72. C, DEETIZ TWBC #ik
FaG%, & 2471080, 65+23% THb+Mbid A4 1581 ATME &
1ZI2FED600+38 mm-g/1, 596+35mm-g/IT7 S5 b — (2%
L, KEDRERTERRE D HbeMb XL ALKTT L & d 2
oz (BU5). £BET Hb+Mb DFE BT D 2EIZSe,n L &
[B] LAE) % 7R L 722%, So,lZ HSHERRAY 12 2 2B A 5 1 H A5 A4
Y (a8

I. Ospl

L ILREOCHRIEPEEOEFEH L RIS HOERA TS
Bl& B ISCHBITMA N, B4 B 235°C £ TR T

Heart Left atrial Systolic

Cardiac  Systemic vascular Left ventricular

Group mfn;lbel: rate mean pressure blood pressure  index resistance stroke work index +dp/§t t/nax -dp/s g[ m_ax
ot dogs (beat/min) (mmHg) (mmHg) (ml/min/kg) (dyne-sec-cm’s) (g' m/kg) (mmHg/sec) (mmHg/sec)
A Before CPB 6 151£10 91 16112 160+9 5529250 1.77£0.13 2372£209 1533+135
After CPB 6 92 £ 9 9=+1 108 14%% 732 10%* 7387+ 1052%* 0.8040.10%* 1792 164%* 857+ [74+*
B Before CPB 6 1537 8*1 153+6 1597 5164£257 1.63£0.11 2208275 15774335
After CPB 6 101 £ 6%* 8+1 102 £ 7%% 84k 9%k 6176 1306* 0.75%0.10%*% 1658 £ 111%* 1115+£249*
C Before CPB 6 148+%8 31 15612 164112 49451392 1.75£0.14 2203£282 16221182
After CPB 6 135 8** 9+£1 141 £ 9%* 139£8%*% 4450475 1.22£0.19% 2060160 1416+248*
D Before CPB 6 151+9 8+1 158£12 156£12 5188164 1.70+0.13 21824240 1467£205
After CPB 6 142 £ 7%+ 911 124 4 9% 14719%%  4742+363 1.46+£0.09% 2135176 1493+236
Values are expressed as X3 SD. CPB, cardiopulmonary bypass.
*P<0.01, ** P<0.001 versus before CPB by paired t test.
5
80
€ 704 4+
£ =
o 60] £
()]
5 Ea.
£ 50 %k * -
2 £
- 2 c ol
- 40 s 2
= | L=
E 30 £
ha 14
¢ 20-
3
1s 101 OJ———— -
0 : , , Pre Post Pre Post Pre Post Pre Post
Group A GroupB GroupC  Group D GroupA GroupB GroupC GroupD
Fig.8. Functional recovery time from cardiopulmonary Fig.9. Serum troponin-t concentration hefore cadiopulmonary

bypass. * p<0.05 versus group A by Scheffe’s F test. CPB,
cardiopulmonary bypass; [J, group A; group B; B , group
C; W, group D; bar, SD.

* p<0.05 versus
group B; M,

bypass and after 3 hours after reperfusion.
group A by Scheffe’s F test. [, group A;
group C; M, group D; bar, SD.
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B ZETLEmIF23.0:1.8CITEIR L 72 (M6). Fiifitg, A
BT 4 ISOHIRIE EA L 1422265 T35CI2#E L 72, BH#f
WETWBCHETL B 4G & R IZ @Iz L&/ L, f~'~ﬂﬁ‘®i¥§ﬁi’€“
33.2+04°CE L 2. KEMGEMTHERE D > < ) EH L35TIC

T 5 ETI0.0320% B L7z, —HCRETII255-M D TWBC
BT OmRII34.2218CETEL, WHIRREZ S SIZEAL

-
N

ATP (nmol/mg protein)

ADP (nmol/mg protein)

L ()
1 1

AMP (nmol/mg protein)
N

PN

Pre CPB Before 30 min 60 min
reperfusion reperfusion reperfusion

Fig. 10. Chnges in myocardial ATP, ADP and AMP contents
during cardiopulmonary bypass. Each deta is shown as the X
+SD. * ,p<0.05 versusvalues before cardiopulmonary bypass
by Scheffe’s F test. CPB, cardiopulmonary bypass; [], group
A; B, group C; bar, SD.
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Abstract

Terminal warm blood cardioplegia (TWBC) facilitates early myocardial metabolic restoration and minimizes reperfusion
injury after ischemia. This study investigated myocardial oxygen metabolism during reperfusion with TWBC as well as the
optimal method of perfusion with TWBC in relation to myocardial temperature, cardiac function, serum troponin-T and
myocardial nucleotides. Under cardiopulmonary bypass (CPB), 24 dogs underwent a 60-minute period of hypothermic
ischemic arrest with cold crystalloid cardioplegia. The dogs were divided into 4 groups; group A (n=6) received normal blood
reperfusion, group B (n=6) recieved TWBC (15 ml/kg) at 80 mmHg for 1 minute, group C (n=06) received TWBC (15 ml/kg)
at 60 mmHg for 2.5 minutes, and group D (n=6) received TWBC (30 ml/kg) at 60 mmHg for 5 minutes. During ischemic
arrest and reperfusion, myocardial tissue oxygen saturation (So,) and the hemoglobin plus myoglobin concentration (Hb+Mb)
were measured by near-infrared spectroscopy. During ischemic arrest, myocardial So, and Hb+Mb were kept at 56+4% and
325+45 mm-g/l, respectively. In group A, receiving normal blood reperfusion, So, increased slowly to 79+4% and then
decreased gradually below 75%, resulting in ventricular fibrillation (VF) in all 6 dogs. In group B, So, was maintained at
86+5% during TWBC perfusion, but it decreased gradually after aortic declamping and VF occured in 4 dogs. In groups C
and D, So, was maintained at 82+4% duriung TWBC perfusion and also after aortic declamping. Myocardial temperature Was
kept around 15°C during ischemic arrest and was recovered more rapidly after reperfusion in groups C and D. Cardiac
functions evaluated by systolic blood pressure, cardiac index and left ventricular stroke work index were reduced after CPB in
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all 4 groups. The rate of reduction in these parameters was smaller in groups C and D than in group A. The maximal rate of
contraction and relaxation of myocardium (+dP/dt max) was reduced in groups A and B after CPB, but not in groups C and D.
After CPB, serum troponin-T levels were significantly lower in groups C and D than in groups A and B. Myocardial
nucleotides did not show any significant changes during ischemia and reperfusion, except for a decrease in ATP in group A 30
min after aortic declamping. It was concluded that TWBC accelerated recovery of myocardial oxygen metabolism and
myocardial temperature, minimized reperfusion injury and inhibited reperfusion arrhythmia. After a 60-minute period of
hypothermic ischemic arrest, TWBC perfusion for over 2.5 minutes is neccessary.



