Fundamental Study on Myocardial Protection
with Continuous Warm Blood Cardioplegia
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BERAWSRTOAEOHOEEFROLHHREED, EROHREREERLLLOT, T BILHRBHEH TS
5. IHACK LERFSEOERI TR ¥ -2 OBCHET5 2 LN TE R D LHRHOENOREFTHS. &
DY RIS CME I & BROIRE O KBIREN O OHFECBIE I 0N F RN OHRERFREEIME (continuous
warm blood cardioplegia, CWBC) T$ 5. AMgeTit, CWBC AR DERFEROMBMBELIC & 5 LHRERE (cold
crystalloid cardioplegia, CCC) & h @R ic L REDRE BT 502 O RS & OBIEOTE, LRET Lic. #ERHI 22
W, BABAMER T2 1205 O KBIRERT 2 1T - 7o KBIRER, CWBC B Ti37ComELHRER Y, LEIEEARIC
H ) AEEY 21+2mEq/l & LS 100ml OFET, MEIEFERICIE 12+£2mEq/l & LES 40ml OFET, KBIRER
I DB EA LR, —F, CCC TR 4 CORBYLHRER TOELYEAL, 205 MEOMMIE 5 TLE L 2R
L, RO RFeH LA L, OBl 4 Crfs L. KBIREN FRE005 O MEN G A ERC X 2 B#i Y
Fote. KEREN HOOBA ATP 4812 CWBC BT ABIIRIEETBIIARS &/ L~V THB Licat, CCC B TIRKBIIRE
KRR OB ERTET L. 05K ADP, AMP &1, CWBC BECTRBIREN R &/ LV Tho/eh, CCC FTIX
S BIIERT 120 112 F L F148.9%, 280.1% & ABucHin L. BoLHERIZ CWBC B T83%, CCCRTI3% IR D
Shte. BEREOLHEE, FEHEE, +dP/dt, —dP/dt OEHERIIV-Fhi CWBC BV AERICE > T\ iz, CWBC
CIREERE, SLEEAXEECETL, OREEIZKBIIRERFIED120% & HMIMERICDH -7z, L EOTHRBER» LRD
I Ik Lxt. CWBC BTROBO= X NF —BE - BBAFVARERhTE D, CCC BT =R F - HBHIEE
% FEo T B, DECEBECEE SR T o BRIFSEOE R OHRECOBECRFCESHTHD. 28MD
KEIRER IR LT CWBC 13463k CCC % £E A LfEEERYRT.
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BEE, BOMCRWTEL BubhTu B LHRERL, &
AV AR TEHEETHERLEMEOHRER (cold crystallo-
id cardioplegia, CCC) DRIRIM#E 5. L LIRATGH A HHET %
LOTHBE™. ZOLHRERT, BH Y VAR LI HRHEL
ik & FOMERFIC L A F= R X - B LAY ORE, BRIC
L BB DL F ¥ — RE OS], &k oRBHESC
IALHEEDCEYEAENELELDTHD. TOEA
RS R X DRI L. —F, FHRRR
DEEEEN, XD EEFOBROMAEIMLTVWS. Thbic
wHLT B -, Follette HY M DE-OEAFULIGHE, BERE S
EDBFIIESREN L, BIFOHIERBA ST ERD
WODEERVRIELA. LarLl, BRESE ToLHME T
RAFAZVARELL, =FAF-FEEERIMEL. Fi,
KEIRESFOMBROBRE 7 v A DRELHRAT ~ F—
VADRER, BERCEVCT=R ¥ —EAROET, LM
AP ADH LYY AL FVDRADRI O, Zh hOBEEED
ETORERREFEREINS, WHPLIENFEREENED
%, BERAEELYERL, BFi ¥ —SRtEHDEERR
THHTERMOMER Y Vv A OTERHER % KBRS E AT
COBICEN-T A RRFEOYE O REE (terminal warm

SR 5 EE12H 28 ARAT, SFRL64F 1 A25ARE

blood cardioplegia, TWBC) 2RI X 11, BIF/eEINRE I h
Tw3A%, I, BREFSEOEBLE AE=3 1 —HRR(LE
MR BIFCRETD L, FRO0BOBEREERITEIEMR
LR X DHBLDI0% E TR T A Z E BT ™,
Toronto AZEA IR ML R ERFG LRI E (continuo-
us warm blood cardioplegia, CWBC) 2MEMEZI R e, BIRT T
OERBARLE R - s, FHRMK % FFERERET S
BB LI HOBRMAE Uls\. B » TR M EERBEE
R Lip\iod, BEAMNSOHRHEELELDhS. LALHE
BT RREEY RO DITIZKED D Y v &5 52 K8 <
TR, ZOKBOH ) Y ANLHREHILET ", HRE
BAEFELRIETILNREIAD"Y. T TKRHE T,
4 ROBHEREF AR, CWBC OLHREDRL LT
Rt b OBEOME . S BTD CCC L hiiL, &
bizZ D CWBC MERBEIC5 X 28 e L.

HEBLVHE
1. =Ry

SEEAE)M & LC{RE Okg~26kg (T 12.813.9kg) DML
B %28FEA iV o, EEABIEIE MM O ERER O RRIE

Abbreviations : BP, blood pressure; CCC, cold crystalloid cardioplegia; CI, Cardiac index; CPB,
¢ardiopulmonary bypass; CWBC, continuous warm blood cardioplegia ; SVR, systemic vascular resistance
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iR Ao CWBC B &, BRSEHOHEEROMMNT
R L ODHRFGEEHE L CCC Bieyidiz. LifkEto
iz 838 (CWBC #4858, CCC BEAH), LEEOHIE20
B (CWBC #1280, CCC B 88 »HVTHE Liz.

I. RB1 XDEKR

BRY £ 1 v 20mg/kg OBHANEE X BREHEAK, <
v7e=va 0lmg/kg XBIRATE L, KERESTLT,
Harvard B %f &= A T ® %% (Bodine Electric Company,
Chicago, XE) # B\ CHEERIC X 2 BHIER LT » 7=, Pl
FBEHTLERE®=2— L. EXBHIR X » EHXBIRAK
WTF—-FUEBALBREY =%~ L. BESWECLD
ORYBEH Lict, ASEETHR, ETABIK, ETRBRD
I L7 — i, KOTHALE XV EERE, Bl
EFLOVEBRWI, DREI VEERACETRERIF—FT L%
WAL, ARE, £EFE, A2 e=2—-L%. LEN, B
WRE, EBE, EBE, EZEEIXHEY 7% 7~ 25 4 RM-6000
(BAXE, R AVCCRABERRTSE L. MBRES L »
Swan-Ganz #» ¥ — 5 /v (American Edwards Laboratories,
Santa Ana, kE) ¥*BAL, GECEALL »TF—FL L DE
AEBATEKEEALOEEERHIE L.

~oty v (300IU/kg) HEIRAE S Lictl, ETFREIRGM,
BHETBHIREMN L 2TLENERET - (R1). &+
v 7 & LTELOR Y7 (Sarns, Ann Arbor, XE) 28, AL
M B A THG (Sarns) 2/ Lz, R E LTHBY v
YA e T%NaHCO: x v 7c. ALODHimOo~< 2 ) v
b (Ht) 220~26%CHERFT 5 X 5, RERIEL, #m1 = &
DERI Lz M E 0 L. £SEIRIL CWBC BET37C,
CCCHTACE Lic. £HERBIFIEL b 120ml/kg L HER
Lic. #/HBERGHRI0SEICEM D M H A FHF T,
pH #7.4551812, PCO, A% 35~40mmHg, BE #i— 2 ~+ 21
B X SCHEME L, KERESICKBIRL - b H =2 —

Cardioplegia

Oxygenator

Heat
exchanger

Centrifugal Heart
pump Reservoir VG

Fig.1. Schematic diagram of the experiment. Cardiopul-
monary bypass was established by cannulation to the
superior and inferior vena cavae for venous return, and the
right subclavian artery for systemic arterial inflow. Ao,
aorta; PA, pulmonary artery; RA, right atrium; LA, left
atrium; SVC, superior vena cava; IVC, inferior vena
cava.

F

L (DLP, Grand Rapids, XE) #*&EB L, LHREROEAR
LOKBRESEOHEICHA V1. DBRERKIIe -5 — Ry
7 MBP-107 (RITER, R 2HAVCEBRICEA Lic. 88
= I AZ—F (HAXKE) ZORE1HOLBHEAIC R
L, DEFREYEFMNC =2 — Lic. OEBIOLGHRE
ROEMBEREZEMEAES 736-60E (B, BRI L h il
Bl TLMBHASHC MBS A SHEE 170
(Corning, ER) {EH L.

0. OEREROERZES ST

CCC BT, RIFRTRESROHREREB . Zo0
HERBEOERIZF + V¥ 4 4TmEq/l, %V ¥ 4 30mEq/l, &
EFE 380mOsm/l, pH7.5 TH 5", CWBC B0 MmO iR#
Rit, LEOGEMROHGERY D LR LEL. Z0RER
DEHGRERICT ARTEVEEA )Y A (7 AR5K, WO,
KER) xH% Lic, Stk fBERK, BRILIhEZALD
fifmz 1 @ A0F&es & 5 m 06 SR ESER
(BCD Advanced system, Shiley, Irvine, ¥E) # BVTEE L
o, BRI, MWEOHEREROH Y v ABEE, OEEEA
KR 20mEq/l OFH U v AL HRERIC, O IR
12mEq/l DEA ) v s MM OHERBRICD L 5 B L
(&2). oMW OUHRERLBTHRBCETZ LD,
HoRkERBECHE L.

V. LEHREHEDOEAFE

CWBC B0 MM OHh R 2 it O 5 % (R E R %
WITCI R LCERE L. CCC Mol aBl O RER +
KAKPIZE LR EBIZAR, 4CKEAEHNLTERALE.
CWBC B OB EEARIZIZ, B ) v AmEOBHRERY
4> 100ml ¢ 5 4y MIKXBIIRER X 0 IBTHICEHER L, OELL
ok, B0 v AmELHEREERYES 0ml TR
BN RETERE Lic. CCC B2, ABIIRER HEE BB LHEFE
#EH 10ml/kg 2200 B RESZE L. 58, RBIRETE

Table 1. Composition of crystalloid cardioplegia

NaCl 2.7 g/
KCl 2.24 g/l
Mannitol 10 g/l
0.5% NaHCO, 45 ml/l
Glucose 31 g/l
CaCl, 0.132 g/t
Na* 47 mEq/1
X* 30 mEq/1
Ca’ 3.6 mEq/l
Osmotic pressure 380 mOsm/!1
pH 7.5

Table 2. Composition of blood cardioplegia

Blood from CPB circuit 800 ml/l
Crystalloid cardioplegia 200 ml/t

Inducton of arrest

K added to crystalloid (200ml) 10 mEq/!
Maintain of arrest
K added to crystalloid (200ml) 2 mEq/!

Blood and cardioplegic solution are mixed automatically
in 4: 1 ratio by BCD Advanced system
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5 100mmHg /b k5w L. CCC ETIRT A Ay 71
LAOLFREGH YR LT, BEadO0HREI0OCU TR
rowliz.

V. AEEEB &REE

1. DERE

ML LOHRYIOSECERL, DHROHEBLHE .
2. BRE, BREFE, BRERE

CWBC BT ABIIRIENT 5 &, 104, 154, 30%, 604,
904y, 12058, (EREEER O Mk OHERERYERIRL, +
FUB A, AUT A, ALY ABERAIEL, O¥EOHEE
WOTFHME L EE Lz, g, AUERLenMOHER
#BOMEESEER, ERROOBESEELHEL, HEOH
BEBROMTRERER IV LHBREREYRAC L D XkD
1.

Table 3. Final concentration of blood cardioplegia

Predictive value

Na* 122 mEq/l
K* Induction 20 mEq/1

Maintain 12 mEq/}
Ca** 4.3 mEq/!

Actual value

Na* 11849 mEq/1
K* Induction 2142 mEq/l

Maintain 12+2 mEq/!
Ca*r 3.8+0.5 mEq/l
Osmotic pressure 362423 mOsm/!
pH 7.42£0.05
Hematocrit 20£3%
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- BRERE (ml/min) =M OBRERORREE R X E
SRR

- LDHBREEERE (m)/min/100g BER) = (O LHEE
W, EHIROERSHEEE) X ESERE/ LHRER X
100

3. LEpfH

KERAYER L, OBGEERC L HLEEYBLER, X8
WREERT6050 58, KEIRENT12008, BERI0SECOBEH
BEME W BRER L. OF AP ATP, ADP, AMP % #ilE Lic. 0
BRWELTIE, A A%AWTH Smm AOLBEYEE L Y
b, BLER{LERFCR UTHRAE Lic. BREAEE OH
E, MEORIGR, LTS, »oBELZT Tt
BHERATT o, ERRTE, EHEOHAYBTELLR,
k& L7z 0.6N @iERBY ML TLERML, 20~25CTT105
B L THRED L., Zhi3000EETIsoEOL, Bb
e EEXER L LTRMRERIEENE T ATP, ADP, AMP
DEREXT- 7. BOEERC L5 0HMROZELEREL,
O ATP, ADP, AMP &8, BEEYCh TIiIkL,
MEEL Y h TERLK. ATP,ADP, AMP DX hERLE
EEHOER100L L %5 L ThRMBIMHER 2 RE Lz,

4. DEEE
EAERBBMONTHELERCERE, £EBE, O
¥, KEIRIAEEIE (systolic blood pressure, sysBP), 5 KE)
RE, EEELORHEYREL, OFfK, coEEN, £2
HEEREERANHEHELE.

- DR (ml/min/kg) =OFBHE/1EE X 1000
RIS (dyne-s-cm™®) =(FHABIRE - ERE)/ LA
HE X80
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Fig.2. Changes in myocardial temperature before, during, and after the aortic clamp. Each point represents the mean®SD.

®. the CWBC group; B, the CCC group.
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Fig.3. Oxygen delivery activity of warm blood cardioplegic solution during the aortic clamp. Each data is expressed as the

mean+SD.
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Fig.4. Changes in myocardial oxygen consumption during the aortic clamp. Each data is expressed as the meanzSD.
Myocardial oxygen consumption declined gradually during the initial 10-minute of normothermic potassium-induced arrest. **,
P<0.01 compared to the data of later period by Dunnet procedure.
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Myocardial oxygen consumption
(ml/min/100g wet weight)
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- EELEAK (g-m/ke) =0LHEE/ORE X CFHXBIIR L LT —dP/dtmax ¥\ . A URTAMCIEMEL, €D
FE—ZRE)x0.0136/E R T, FO%K, BV VLR RERCERL, M
HrEmEe, FRPEHEE LCHAT, OEELIIEL

¥io, EREME L D ENFEEE dP/d) 2RDi. 2D fo. EAEBRITCA e &b 2 A0 R DA COLBELN
5, SAMINERIOREL LT +dP/dt max, HREDOIEE ELl., —EOWELRTHE, BIERELMB L. XBRE
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Fig.5. Changes in ATP contents during the aortic clamp and reperfusion. Each data is shown as the mean value of

percentage from those by the induction of cardioplegic arrest (the control). Shaded column, the CWBC group; White column,
the CCC group.
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Fig.6. Changes in ADP contents during the aortic clamp and reperfusion. Each data is shown as the mean value of
percentage from those by the induction of cardioplegic arrest (the control). Shaded column, CWBC group; White column, CccC
group.
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Fig. 7. Changes in AMP contents during the aortic clamp and reperfusion. FEach data is shown as the mean value of
percentage from those by the induction of cardioplegic arrest (the control). Shaded column, CWBC group; White column, CCC
group.

Wre 1205 BT, £ OH, MROFETLHREREEAL
7z, CCC BRI XB)IRBEMHEER D205 81A 5 A T.OMER M o
iE 2R L, BEMTAEBRERIC I AT DREMIR 237 Ciz Lo, *

EETHRE, BECOROBABEMELRE L. LEMBL *———l
Lo B, EBLCESNRME LT, ATLINERE -
PEZT9BMORTBOLE LD, A MmE
80mmHg # W1 72386, BRMELHR AR U, FHHER» S
Bl L7z, (RSB b OMEBICE L {ERADE- 2 mEER T
B Lie. KEBMIRENTAZERI0AHIC, B OASHERRAT & i
DEERHE L. SAERMOEBELREIC:S X 5 i
R L, SAERIECTH CHATORBIIRIGIE, &
MmEESR, ORK, EFEHER, £d4dP/dt max 2JEL, K
THEABERANBEY L L. MR OkEIIY, %40
FERAMES100& Lc@HERE BT,

5. MEHV Y LEE

DHRERE LTREIhICRP Y v o B L, KRBIRENSE
BEFOMmESD v v ABELTE LS L.

VI. #EHERBREE

BRIZTRTEY + EERE (meantSD) THRILE L. Fh
FhoOBOENBRITE DO FEEOZEDOREICIT Wilcoxon &
BRI RREL V7o, CWBC # & CCC BOEBERTR
W I & B, Mann-Whitney % 7.
P<005 #BERBEDH LUELR. 0

-
o
o

(0]
o
T

()]
(]
T

N
o
¥

Functional recovery time (min)
N
o
1

CWBC CCC

X ® Fig.8. Functional recovery time from dardiopulmonary
I, i B R OE R bypass. FEach data is expressed as the mean£SD.

N Shaded . column, CWBC group; White column, CCC
M¥CBERER ORERULF U v 4 118£9mEq/l, 2V ¥ & group. *, P<0.05 between the two groups by Mann-

21+2mEq/l, » A v & 3.8+05mEq/], BHEFE 362+23 Whitney U test.
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Changes in systolic blood pressure. A. Changes in individual data and the mean value in the CWBC group. Open

circle is represented as the mean®SD. B. Changes in individual data and the mean value in the CCC group. Open square is
represented as the mean+SD. ¢, P<0.05; w%, P<0.01 versus pre-CPB by Wilcoxon singled-rankes test.

mOsm/l, pH7.4240.05, Ht204£3% TH h, WTFh b FRE
SE<, MO EFRERENERE X o Tz — ol R o Mk
OHRERIEOh. (R3)

1. KEMREFHPOCHR

CWBC & CCC BEoLBEOHEBER 2IC/RL.
CWBC BT KEIRER, LR 359£1.0C Rich
fo. CCC BTROUBREREABTOHEIRT T 50, &s
BETHDLCETRIELETE6~9ICKHAET . LIk
ABEBID LR LD, REOHREEIMCIZIOCE#EL, 71
ARy 2 DBRCTOBHRIEFHIICI BRI,

M. i B ERER OB R EWRRE

M OHHREROBFERE O KBIRENPOHE LK 31T
Rl mMELHHREROHRSEELOEEEAS HHEIX
100ml/min T® v, FhLUEO.MEEHERFORIL 40ml/min T
Bote. ThreRBRLT, OEOHREROBFEREIRE
IREETBAMA 5 £ 10.6+0.7m]/min/100g (BER) TH Y,
Fh U 4.0£0.7ml/min/100g (BER) TH b, KEPIRER
@ L CURE—EDEY R,

V. CWBC #OLSBFHEER

CWBC B3 5 L0HBREREOHEB YR 4T T. X
BOIRIENT 5 SO ODEENE BT 1.55£0.10ml/min/100g
(BER) THo7c. ER0DE OLEFRREERE 0.97£0.18
ml/min/100g (REE) THD, ThUBEEELLTER
Mot., KBREHIOFLUEOEHLTBRERERER
0.9840.25ml/min/100g RER) TH -~ 7z, KBIRER 5 H#%
DLGEBENEEIFhUBOLTRREER I VERCHE
Thoiz. (P<0.01)
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Fig. 10. Systolic blood pressure after CPB. Each data is
shown as the mean=®SD of percentage from the pre-CPB
value (the control). Shaded column, the CWBC group;
White column, the CCC group.
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Fig. 11. Changes in systemic vascular resistance. A. Changes in individual data and the mean value in the CWBC group. Open
circle is represented as the mean+SD. B. Changes in individual data and the mean value in the CCC group. Open square is
represented as the mean®8D. v, P<0.01 versus pre-CPB by Wilcoxon singled-rankes test.

V. DB

1. ATP 0%

KERERTE2 T OEENED ATP OHBEYEEICRL
fz. CWBC BETLI ATP 8812, KEIIRERGSE T O
E%D104.5%, HEHT12058TI07.1% & RENIREN F & < #
HE3hTEh, BEMOSHEIZ0.6%THa7z. —F,
CCCEBETLI ATP &2, KBIREN60SH T OMEIEEED
87.4%, KBIIRMERTI2058 TTT.1% & ERr R« wH L.
B30 HITITTS. 4% THh - 1.

2. ADP D%

KENRERTF R IO BETRED ADP OHBAYR 6 RL
7o. CWBC B T.0f5 ADP &812, KEINRENG0SH <O
EH#D90.0%, WHT1209% T88.6%, FHIEMI0LH41286.4%
EHBL, ENFRIUBEREL ADP 0BERERA LR
pots. —F, CCC BTOLH ADP 8T, KEIIRERI604 4
TUOMEILE®D124.5%, KEHIRERT12006 T148.9% & KT
FRIZEI L. BRI X o TT3.7T% L{ETF Liz.

3. AMP DO##

KEJIRERTH 3 L O FHERE D AMP O#BYR TIZFRL
fo. CWBC B TLH AMP £8i3, KEIIRER6E058 T O
E#HD101.6%, EXFI200H TILT.0%, BERK X 5T
122.2% L B IR 3 & OB MI A #in L. CCC BT
O AMP 812, KBIIREMGSHE TOELEHDI104.0%
Loy e— T b btk o test, EH12044 TI2280.1%
LRI L, BER0SHL295. TR EBEDEET
%-’)7‘:.
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Fig. 12. Systemic vascular resistance after CPB. Each data
is shown as the mean+SD of percentage from the
pre-CPB value (the control). Shaded column, the CWBC
group ; White column, the CCC group.
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Fig. 13. Changes in cardiac index. A. Changes in individual data and the mean value in the CWBC group. Open circle is
represented as the mean®+SD. B. Changes in individual data and the mean value in the CCC group. Open square is
represented as the mean+SD. %, P<0.05 versus pre-CPB by Wilcoxon singled-rankes test.

CWBC #oBHTLMO B2 108 (83%) K@i,
CCC B2 8BHA 1 R (13%) 1z3isdic. CWBC i CCC B
HLTHCOHBERERERCEETS » = (P<0.01).

2. LBEREEIE RERE O L

KEIIREERT RG2S A EREEN ¥ T E Ll DB RE IR
i (functional recovery time) ¥ CWBC & 373199 4,
CCC ¥ 65.6+246 4 Thh, CWBC BEOMBICE LRI
CCC Bizth L, BRIEN D » 7z (P<0.05) (X 8).

3. KBRIMEHIE DZEL

CWBC Bizs\ T, KEMRIMIIE L E/IGERAT 168+
32mmHg » HHEAERE 117£28mmHg E HRICHP L
(P<0.01). CCC B R T, KBIIRIMEME L E/ATE R
146+ 16mmHg %> & A 4HEEH 101 +25mmHg & ABICEA L
7o (P<0.05) (K 9). xDEEERIL, ThEth CWBC ¥
80.11+13.6%, CCC #f 69.0+13.6% TH b, CWBC FHOE T H
P ER S - A EREIL e - 72 (K10).

4. BOEEROEL

CWBC Bz 5\ T, #HIEEIIIEIIERAT 594812253
dyne-s-cm™H 5 A EESE 3318+1670dyne-s-cm™ L HEIC
WA L1- (P<0.01). CCC BB\ T, FmEBRIZEAER
AT 3120+1302dyne s cm™ 2 HESTEERE 2259+602dyne-s-
em™S EWAEAIC D - e VEE TR o e (K1), TOEE
|IL, Fh¥h CWBC 2 57.14£18.2%, CCC % 82.2+33.2%
T, CWBC BTHABEREDETRREL > REEEIL
hote (K12). i

5. DEREOE(L

CWBC BieH\ T, OFREITAAEERET 141 2£47ml/min/
kg 7 BESHBERME 166255ml/min/kg & BEMERER LIcH,

160
140 }
120 }

100 |

80 [

60 |
40 b

Cardiac index (%)

20 |

CWBC CCC

Fig. 14. Cardiac index after CPB. Each data is shown as
the mean=+SD of percentage from the pre-CPB value (the
contral).  Shaded column, the CWBC group; White

column, the CCC group. *, P<0.05 between the two
groups by Mann-Whitney U test.
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Fig. 15. Changes in left ventricular stroke work index. A. Changes in individual data and the mean value in the CWBC group.
Open circle is represented as the mean+SD. B. Changes in individual data and the mean value in the CCC group. Open
square is represented as the mean+SD. , P<0.05 versus pre-CPB by Wilcoxon singled-rankes test.

BEEZRAEm 7. CCC BIEWT, LERITGAERY
215+69ml/min/kg 75 HAERE 161 £61ml/min/kg L EHE
A L (P<0.05) (K13). *0oEERIL, ThFh
CWBC # 120.8+33.3%, CCC B 80.0+27.0% TH b,
CWBC ik CCCHICH LERBRORROEERBIFTH - 1o
(P<0.05) (RK14).

6. EEMTERBOE(L

CWBC s\ T, EREHRBLESEERAT 1.2310.37
g m/kg 2 b EAERYE 1.08£057g-m/kg & WAEREF L
e, HEEITEA o7, CCC BB W TERTEFRBULES
THERAT 1.89+£0.71g-m/kg » 5 EABERHE 0.97+0.60g -m/ke
EEBREL Lz (P<0.05) (K15). FOEERIL, FREHL
CWBC % 88.1:1:26.4%, CCC B 54.0+32.1% ThH » 7= .
CWBC B2 CCC L LEBERRROBENFRICRIFT
H -t (P<0.05) (X16).

7. +dP/dt max DEHE

CWBC Bz ¥\T, +dP/dt max 124+ BB HT 2822+
610mmHg/sec 7 & FA1EER 2957 +806mmHg/sec & BT
IBIE~ETH o7z, CCC HIB\WT, +dP/dt max \X{EHE
ERAT 3472+£828mmHg/sec 2 HESERHE 2411£604mmHg/
sec LEBIZHEA L1z (P<0.05) (RILT). FOEERITFAEFH
CWBC # 105.04:20.7%, CCC $ 71.3+182% ThH - 2.
CWBC 12 CCC izl L +dP/dt max DEIENEEI B
TH -1 (P<0.01) (K18).

8. —dP/dt max DEE

CWBC BWH\ T, —dP/dt max X/ BR AT 2078+
589mmHg/sec S ESBERE 1877 +474mmHg/sec & WAME
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Fig. 16. Left ventricular stroke work index after CPB. Each
data is shown as the mean+®SD of percentage from the
pre-CPB value (the control). Shaded column, the CWBC
group ; White column, the CCC group. *, P<0.05 between
the two groups by Mann-Whitney U test.
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Fig. 17. Changes in +dP/dt max. A. Changes in individual data and the mean value in the CWBC group. Open circle is
represented as the mean®SD. B. Changes in individual data and the mean value in the CCC group. Open square is
represented as the mean®SD. %, P<0.05 versus pre-CPB by Wilcoxon singled-rankes test.

BERLER, BEERho7. CCCHIcR T, —dP/dt
max ‘B A TEERAT 2735+ 739mmHg/sec 2 S EATBERE
1714+662mmHg/sec E BB A L 72 (P<0.05) (K19).
—dP/dt max OEERL, ThEth CWBC # 92.8+17.2%,
CCC B 6234+1489% TH bh, CWBC Fix CCC EHwctkt L
—dP/dt max DEENEBICRIEFTH -7z (P<0.01) (X20).

VI. 58K LBEMEFEN) TLRE

OBFGRERE LTEEIRABR AV Y 28, KEIIREETER
BoOMmEs Y v aEER, CWBC #TEXhFhiZ 6318mEq,
6.2+1.0mEq/l T# b, CCC BT 28+10mEq 3.840.5mEq/|
THbH, CWBC BI1X CCCEBICEL LT, IiEH YV v A BEIXE
B EER R L (P<0.01). CWBC ##D 5 %H 240 (17%) ki
BAY Y AEES TmEq/l LEDED VY AMEZRLI.

£ =

FEEDDEABFHRREOH LRXFHRFHEORRDOLLDL
T, BB ERER T ENEREORR E, (DR RE
THLHRBEDRBOFETH L IABKE V. LFHRED
BEAWEMEL LTOHRE & =2 0¥ — OfER, DBEMREE
DOEEE, BIMKTHEOELN, BROBREOESLHIREE 2
Foh®, ThbrxWMBTrHENINETERSINTER.

19554 Melrose 5%z kb, KBIRE IR L2.5% 7 = VB
H YT AR INZ Ky KBIRER S, SEA LLEERESL
WEEENEA IR, ZOHER—FHERDOS < DR TFH
A& Rhi-. 19604F Helmsworth 5%, KERRNZ 7 = vEE A )
v ADHRC L Y DBEENRET DL RBREL, IOLE
EFHEEIER T o, ZOH, BRTERER L 5 05RES
Aubhicd, ODEOMBRLERIRLSFHL B DL
L, ¥R Llithote, £2T, BIEEFE2E2 0 HBINLE

% %k
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Fig. 18. +dP/dt max after CPB. Each data is shown as
the mean=+SD of percentage from the pre-CPB value (the
control).  Shaded column, the CWBC group; White
column, the CCC group. **, P<0.01 between the two
groups by Mann-Whitney U test.
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Fig.19. Changes in —dP/dt max. A. Changes in individual data and the mean value in the CWBC group. Open circle is
represented as the mean®SD. B. Changes in individual data and the mean value in the CCC group. Open square is
represented as the mean+SD. , P<0.05 versus pre-CPB by Wilcoxon singled-rankes test.

KBDIC X B0 IEEED T Rlz. L L, Buckberg BP0
MBI T CROARTICEMAREET S Z L 2EHL, LEMY
EOERRED L. ¥-EnS AT 2E50or, HEY
T RBIREN FELERERB I 5ot LaL, “hb
% DLHREE BRI E 2T B cn, BIRMZKL %
B Uishy o7z, 1973% Griepp 5942, L& M IFETF 1B
BB KEIRY Y L, SE4AEAEKE LEPICHT LD
ik RET 2 DERITAHEL AV, BEFLFEHRBELREEL
7o, B UL19734E Gay 5, SEEARI 100ml OFEH YV v A
(25mEq/l) Do Ik FI R L, 604 RIDE B XEIIREY © BT
TR HE Ui, B8 D Melrose 12 & A 0MEEEDL
BEEORRIEBEE G00mOsm/l UE)mEddDEEL
7z, 19774 Hearse 5™1%, F o MEHOERYBRH LR,
VU PLVERIZIRE A VY A, bk v e s, HEES e b A
¥ % 0 % 1= St. Thomas Hospital 2 #ME L, = h 2
Braimbridge 5% & O ERFWICIGH I WFRE L 2807 7.
Ligh, DB@HE D Y 72X B EEYEREHE R SHS
BROHHREE (CCC) BMOMBRBOERE LTl m o,
=7, =RAF-FE . HEA TV AOEAILARMEKIC
F VY %Nk fo MmO B R O T BBV 5 23 1978 4F
Follette 5" X D& T hiz. EHIRMKKE & A IFSEAHD
HEFFOBEEMEN S, RS A MY OB RER Y EER T
5, HESHOYE OHREERTHOALY. AMHEELG T
BBEEBRENS L, BRE2HVCE= 2 F— SRS DR
FER DI b MEIEREATS 2 EALBIECRFIC LW &
WEELDL, B Y v amEOHRERC XA REROE R
A (warm induction) 2MRIBE P, Btk D{ETFT L1
DA pH O, RHEEHOMNE, =3 F - s
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Fig.20. —dP/dt max after CPB. FEach data is shown as
the mean®SD of percentage from the pre-CPB value (the
control). Shaded column, the CWBC group; White
column, the CCC group. #*#*, P<0.01 between the two
groups by Mann-Whitney U test.
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WL, LBBROEEK I ALBREOHUETLRA D, K
BIREMBRENCERS Y Y v 20k LHFEERY EETE
ERTARKREEOE OHREERIRBEE LY, 1986%F
Toronto KFEh 5% O BIFILERBEENRE I .
FEERBOMEYRA > LTAmMOHRERTS, EE
BET TR~/ r CVOBRBEMROLIEH LD, O
DB~ OBREOBTRITRTHA. ¥ EERET TIRE
Rl =z ¥ —EERBRLRBCHS SR T, BEIhicE
FZOFFLRETHS. FLLFOBREEEITLCLEL
THZER L > CHELONXETHEAL, BRCLTHES
125 %WATHETC, LEBRFEEYRY ELHRFIRIE
Bt 5Z &b OROBESHBHIESLELETHIRFD
1B AAREV. ESHBBRIOMEIENELE e dh, KT
TEER LBOATEE LicWhWie b, OHXERICT 2 EH b
X, 2> TERZIALEEE P 1NBEIND I EnbM
WOHREBROERELENE X bh, Lichtenstein B 1%
CWBC ®#RIE L7z, E51, Kbk AWIBREIIR S 1 Al
TEREBYREL TS, ZORBMETEREOEEIT
FLOWSOTIRSWD, OEMEBRORE T TTbh Tl
B, ZhET—HRLLh ot =7, OMER X » TLH =
INF-FZEYRNBIZE ED, HROKLFRERTHZ L
CE b= A¥—EEEYFEFLLIS> L T5 CWBC X, L
By U, BRALOHEEETHS. Lrl, BRER
TTOMEILREBOMFIZIIKEOS )V ABENLETH
D, AV Y ACIAHLBEMHAERINDY. KFRTIE,
EER DO DEFEMR L E VTS R OEABERET AR BV,
CWBC iz X .0 EE LT, LHRBEOBECHEL LR
D CCC & sz L.
KFETOHREDOHBEORB L L BB OHRERIIE
EEREHIATHDLDT, BHY 721 L 5BELEHC
ik, BtV Y ABEEEC X AEBZEDILE, BT LA
VREIA7YF-v2A0BREEHNE L, MV T4
(A4TmEq/l) #1474 (3.6mEq/l) # ¥ # & (30mEq/1) DHERRA
BRHERDOLBERERTH D, —F, o OHHEERIZNK
BEATHH D, MRAREEROLHRERE . B0
BOHANLYY ADHARTALZ FHTH DI ELLLED A
Noy AEEREL LTV 39,
ODHREROFKXBICOBEAPLETHA 5 h I BEERED S
THRZER TV A8, ERREET CTEKTHA S DIRMm
MAEBRETHS. ERVHA LA OHEER - BRELS
BYODREROEROEECE VT, AL OBREYRL
TWA®, —F, BEXFALEALEXOND20CHEDOD
BRETE, LIRS RS - SBREAEHORFE, oKD
HREEO TP REEOHAERCHE L TRIFTHS®. Fiz,
M IBEREEC L 5MRFEECOTFHHR, 7 F-v A
TR ABEERCEEBROFFEAX AL TE D, mHED
HHREREOBAMEIIRELLRDLRA TV Y.
REROHRERDOERZSREICOVWT, HorrF -
BILEYWREOREL L, LHERMEVIZELTOREHRER
WEE L BTV A, Rosenfeldt 5% 13 B MOIHRER DD
HREDHRILOLHRNCUT TRES L, 220D
AR ACEETREMEVEERZWEREL TS, KE
BeiREROHRERORFEER4CLL, OHRERI0C
UFEFTHLEDITA ANy 7RER L. i, TEIRAN

Bl & 2.0 OB 28 LT3 cd it £ HERIRE220C &
L, XBRESBIOCERBCNY P 2EB LE. ¥hmehd
EIEERHERET A o GEE OHREROE SR 205H &
L. —7F, OlELHREROTSEEILFRE= V¥ —E
ERTHEFTL2E51, LHBREFEECESVLTREL
o, BROEETOLHEBFRHEE R 0.6~1.8mL/min/100g
(BEE) tHEIN T2, KFFRICHAGIEE 10kg B
b 15kg D4 X DLEEIT 100g FiETH Y, ECMBOBRRR
FMEEXERL, BREAMESYS ¥ TLHCBT T LEELY,
mELHREREOBREREY | SHBRE 3mL 2 BELL
fo. MEOHREROFREEES A0mL/min & LicBe, BER
HEFARIT 3.9420.7mL/min TH b, KEMRENTHOLH~DEE
RHRBEITHI TR EELBLRD. Z0LEDLGEEEH
B B2 0.98£0.25mL/min/100g GREE) Th- 7. FRT
CHEIEREZ T2 L, LBBRRHEEIDIOSH TAREER
¥ TRAWEAD T2, KR T KEIRERT 5 B0 L8
BRBEEY, ThBRch L TE» 7.

AR TILLHEGNRBOBEL LT, LA ATP, ADP,
AMP SBERAVc. LHHRO =XV F-HENELY
EoTW5%4, ATP 2E4 L, ADP, AMP 138835,
CWBC #ToOLHN ATP SERXBIREN T RIFICERF S
RTWie. FioEkiss ADP, AMP OBEFIZE LRk o7,
BHOERBGRERT, Lochner H%® iz & h ARV RE
EhTwb. CWBC LMBMHEROYECTREL L OBRKE
B BT, CWBC ¥ AWEETRLEN ATP S8 EL&#
feh, (OEIA ADP, AMP SEOBINIR bhich -~z L BE
EhY, CWBC TR =k ¥ — RS VANMREEATHBI L
ARBE i, CCC HTILLEHN ATP &L KB IR E K =
BARHA L, E100W ADP, AMP & 8£13 15860458 % T
Ravir—LEERETH e, EEF1205 % CRBUCH
mlic. BEEOBRERZ IR LICEE, KEHIREN OB
M ATP 4E2\ W4 L, ADP, AMP BT 5 = &6k
L OBEIRTLADOY = hit, BHYFV RS, KBk
W I by P 7O R A -EERN IR T
RN ERTRET A, EHEREOLEA ATP G812,
CWBC BET0% & RIFICRFE I h T iody, CCC BETIRTEY
EETFLT . &8, OEOHRERLES S L HEE THA
LicB4, BERBICODAN ATP 8B FTSWCEMLW-Z
LApaO® ThiEme, BERBHCI ta v FIT T
DFSEE= V¥ - BRLAHOELDESE T ERTYE
T5. EREL=FAF—EENT TS THIE, LHOEE
PR ET SR OBENELL, BORERCHBBRODENE
BAEUBERID. AFEOKERIZ, CWBC BT kBINRE
Wirh & LD =k ¥ —EANEE S, OB E MR B
bichotez ExRLE. CCCRHETIR, DHD= kL ¥ -4
MEAR LAY, OBHBICKRECH - &I,

B PRI 31T B DI RES R O IR EIL B M D ELH 7o DA
DEETHD. AFERIERICHLEEL T, £ERNTOLHE
BEME AT o 7o, HABEERET & R Ui AT T 0 RKBIRIE
[E, Dl E, £EitEE, +dP/dt, —dP/dt #Avk. ¥
7z, BEOHOBE MRS GERE F CoRB 2 OBIERF
D¥EL LTAVE. CWBC BTREMERBZ O LBEEITE
MEBIME L IVITRLETH - 1o, FOFRTLRRITEAER
ED120% L WINER TH - 7. Hearse 5213, BEOLHH
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W TGN LES BRI OE L 2 B OO O L
RO, IO e AEOLHEESL D LBIATWRZ L, ¥
EOKRBRFEROEERSIOE YLD 25 o P DR
HODRRTREL TS, BAERIEL » LORHERE
FiBEBRE LT, 1) DHRENBVCLE, 2) BAERIC X
HPHRRUST =5 1 YOKREBOBEYS, 3) BIMEBREOEL
EOFEABET SR 5. CWBC BETOhOEEADOEE
ET2¥Y 63mEq KK ISABDH ) v A DMEFRBIZR
ETHEIEROBEY 2, BRENMERETOBBSROER LI

LB LELZOND. CCC T, BIABEERE LM
HlEh, ToEERIE CWBC B LTEBCE -, &
o CCC HOLBIEEERIZ, HHOLOERM DA Xk
BOEERTORBRER" ERETH 2. 12000 kE
REWTES D OB BE DR AT 1L CWBC #2 CCC B L hEBh T
BY, TRIERFSEMEEMERESHEOELE VEBRT
WRHZEERTRLTWS. ZORFLOLEBEREYREEL T,
CWBC B TILE/MERMEN £ TORMA CCC R LTAHE
iEh e, CWBC BETRENEBERMMIE TEckd, &
NERC L 2 2B ~OHEY B/MNRICED bW BTSN RS
Ihic.

CWBC LB ERNRHE, CEEOE» L Eh o O FHEE
TH5HZERERNCEDbRLH, BRCERT D102
BONDHEBEENDB. FhT, 1) 2BOH ) v A REDR
R, XBIREWESEOME ) v ABERE 2 L9, 2) @
BERGETERZT 5 LDEMREI B w2 &, 3) JEF
M EIZKEIRS S 5 OFWAEZ 2T O RET 5F
MCREPENZETHD, HCmEY ) o 2 BERN TmEg/]
PhEcis otz 2 ik, #RiR% 32D, O e L RETOHE
BN TH 0, BHAEREE & TORMMBERERES, 90
& CWBC HoHTh, MEERIEHAED -7, LBIE
BV ACRETH L ORBIBBICL DT, FIRFOE
ARIna—2a—A4 vy ) YBEREDES Y v AMECS
THRBERET Z ERAFLEELRS. FLTLEYRELT
LR D — I SRR BT WEBIRIAD S O T
GRS LRI VBROBTOERCH LIS LD L Bbh
B,

S8, ChOOMBEEMkTHZLcLh CWBC i1, &
2WEIRISHER TR E Bbhic.

£ ]
CWBC & CCC DL IRESHRIC D TLE R 3 & VD
REMEIE D CRBIM A 1T - 7.

1. 1205 D KBHIRENT+ O OFH A ATP 4812 CWBC BT
FKBIIRENTRS & R Vs ichuicat, CCC BT KBIIR
HERTRFE DB D hIRA Lic. KBVIRIENT+ 0.LE K ADP,
AMP 8%, CWBC BT ABIIRERES & B L~V iR L
7oAy, CCC B TR R BHMREE BT IRFIZ b~ JCED IR 3 7 AR Bk i 1t
ThENLBME, 3L, CWBC B CiikBIIRE
Wreh b RIFRFRBEMRBMAE T T zs, CCC BTz
NF—EERBELER EE T,

2. DB BET B EAMEBRATH O LB, CWBC Bl
HMEREENEEFR S ERCEL b, OIEERRN L.
CCC M, FABREOLHMEE, EE4FERE, +dP/dt
—dP/dt RERIC(EME & a7, OB & o Lo E

Fid

REDORHE, ES{FE, +dP/dt, —dP/dt DEIFERIT,
CWBC #4 CCC Il LTHBIBIFTH » 1. B/ EER
Bi ¥ CORERNL, CWBC B CCC B LTHEBIZE D »
7.

3. 1200 HOXBIREMFCBREINIHBH Y v AR, K
BIRENTEIREEOMFE S V ¥ AEEIL, CWBC BETFhFh
63mEq, 6.2mEq/l, CCC # T 28mEq, 3.8mEq/l TH v, MiE»
Vo Al CWBC BT, CCCRIELTHEBREETH 7.

4. CWBCRBIEFLHGFELRL, TORBETH L HERF
KKEOELEOESM,SRENA. CWBC IREKGHCHES 2
EBbha.

& &

MERzswdicb, HEE, ARMYE D T Lol IET#SCg
EROHBYEFET. shEESHEYRD Y & Lo B Ee%
£, FHENABC O THBSLHEEYEbL D ¥ L SRAYEE
FHEB/EMKHRMCR BB LET. DHREROIERICHBD
VR E LeSBEAITAST EECEC R 2L e, B8
CARROZFT MBI EE ¥ L SRAEE— /B2 HE A £401C
BL{fArlsLEFET.
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Abstract

Present myocardial protection using cold cardioplegia is based on the fact that myocardial hypothermia significantly
reduces cardiac metabolism. From the metabolic point of view, normothermic aerobic arrest can provide an adequate energy
supply to the myocardium. On the other hand, continuous warm blood cardioplegia has the effect of providing myocardial
protection by utilizing this concept of normothermic aerobic arrest during the aortic clamp. This study was performed to
investigate the efficacy of continuous warm blood cardioplegia (CWBC), compared with cold crystalloid cardioplegia
(CCC), in regard to metabolism and cardiac function. Twenty-eight adult mongrel dogs were subjected to total
cardiopulmonary bypass (CPB) and the aorta was cross-clamped for 120 minutes, after which 90-minute reperfusion was
performed. The dogs were divided into two groups: the CWBC group and CCC group. The dogs in the CWBC group
received antegrade continuous warm blood cardioplegic solution (37°C) at 100 ml/min during the induction of cardiac arrest,
and at 40 ml/min during the period of cardioplegic arrest. The dosg in the CCC group received intermittent antegrade cold
crystalloid cardioplegic solution (4°C), which maintained the temperature of the myocardium at an average of 11°C.
Myocardial tissue contents for ATP as well as ADP and AMP in the heart protected with CWBC did not change during the
aortic clamp. However, the ATP contents in the heart protected with CCC decreased gradually during the aortic clamp, while
ADP and AMP contents increased at the end of the aortic clamp. The incidence of spontaneous beating in the heart after
reperfusion . was significantly higher in the CWBC group than in the CCC group (83% and 13%, respectively). Cardiac
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function was evaluated by cardiac index, left ventricular stroke work index, +dP/dt. These indices were expressed as a
percentage of those of the pre-CPB values used as the control. All parameters in the CWBC group were significantly
superior to those in the CCC group 90 minutes after reperfusion. Hearts protected with CWBC showed cardiac indices above
the control values. Systemic vascular resistance was significantly reduced in the CWBC group. From the results of the
present study, energy production in the CWBC group was equal to energy consumption, while energy production in the CCC
group did not match energy consumption. Normothermic aerobic arrest, which provided a continuous supply of oxygen and
nutrients to the myocardium, preserved cardiac metabolism during the aortic clamp and function after reperfusion. It was
concluded that, compared to CCC, CWBC was a superior method for myocardial protection.



