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HLGOEREE TR A SN EEOEORERT, EROERAENRCHEREECLS, REFKEOEECLD
KEIRGER H OO T eBRELHE L, DRBHEEO DBEEEIRFTHS. Lo LELMC W TENEE B L7
HE|EINABROEERLEOHEREE L, FREMC L ALHEECAIHIBEIND. AFETE, ERADHEERFB
LTOBERBEENE S IOEB~t ey « 3470 e VBERYERNETSZ L0k 0, DHOBRRAR S L O
BEBYER L, S50, Of=x¥—R%, OHBEERECE,» DERMEROEOHREEOREMERE L
fo. MEOREA XYV, HEGHEE, ABRENTIC, A BTRERLMOHERERD 5 HMOTRIKICHE X, BINE
IE% 104, B BT 5 S BORERICHE, B EY200MT v, ML LB LOEREEY SERDELL. O
ERMERANE S TUESi~T /ey - 1470 VIBER, TENRS I OEREEY SRR L, ¥ oREmEHgS
SOBEMEEATE, ~T/rEy - I47nvBERALRLTY S b —ICET S % CTORMIZ, A B CRIEERR
BLEho-OICRL, BETIR2, 3EE LEBNCEETAEAKCSD . Zhil B BETRENEEAREC & D EnE
EHA LR Ui LR ke, AN, DREEGRK, EREEEREOES HFE Lo GAERITEO OBEEI, A F
TRAEBELL e o fcdt, B BTRBMMEERET L. 1, 2, 3HEOLHERERTERENS & OKBIIRERTELR
BEWCOBAR 7 LA FEEXHIEL, $-O0BBMEEESYRRLE. DBRR 7 LA+ VERIZ, A BCTRREREREL
IR o 7ot B BTIRERNC ATP SEAETL, AMP 4B LA L, E=i A ¥ —#Bomgaistbhic. LHEHK
RS, A BTRBEMC X AELARD bRk »7odt, B BT 3EEOERBAREMCEMERE(LAFEE L, KBHIRE
WREREINCHEL, BIIC X 5 EREOMIMBEIARE L. UEOERNS, MRMERMEOHREEC BT D105 H
DEFAE L OBBREAS, L, LH=iAF—RY, DEBEEEEOENSZTEETHDH, 05 HOERERIZ
FOREC LY, EEMEORMOGEENIETS LEH TN, FIOERADHEC & 5 L EMREER AN EOWEILFK
REROEOHREEFOLTET= 2 —EL LTEDTERTH- .

Key words myocardial protection, intermittent warm blood cardioplegia, myocardial oxygen
metabolism, myocardial nucleotides, myocardial ultrastructure

BRLHTIC B\ COBARE A AMEER & BRI LER AR
BIFEBRTHD. Fw I, B OEILRRE, EmREE
bR, MERCERHTLOEBEEEAELhD L REETH
B, ChLEREICTAZ Lx Bl E LicLifR#EE 2, RE
FTRAKR, TERAMXL S TER. Melrose 5 (1955
&) PH Ty = vEEh ) Y Ak KBRER»SEAL, W
MOME L REETOFER L RIE Lo, Helmsworth 521 & H.0
BEE, FO¥EOESMBOFRIBEIh, TR LId-
7=. %O, Bretschneider 5% (19674F) O 7w & 4 v LFH R
¥, Kirsch 5% (19724F) O~ 7% v 7 A LHREREET,
Hearse 5° (19764E) D # ¥ ¥ A LHREEOREFC L 0, BE
SEROHREE ISR, RES ORRTOHRE
DEALLTHWDORTWS.

—f, MEAINC & ABBEERIER, 7Y F- v AT
BEER, BILOZC BT B2 Ay 7 ARAMGER, BER

SERTEI2A T BEAM, PRTFEIRATAZE

BEC X 5 MIEEO TS+ B, 197046 Buckberg
L PMER MM O REEOFHEELRERL, 2<HV-DIB
I Bzt 57, X512, Lichtenstein H2 (19915 K & h, &
RO RER L ERCEENT D 2 L1 X 0 g OE
T TFEHARSPHE L, KRR XOUBERC & 5 0HEE
FRHIET A E VO EFEHER MO REE (continuous
warm blood cardioplegia, CWBC) »3RE X h, # L\ D ER#E
BELTHEERBOUTLEY™, Lal, CWBCIZEFHENE
B B 5 TERBIR S A A AR T, EORELELD
RO BRERET Y — O ELTAHERS D, LHOF
BEOARES IR LY. £ TEROLEOHRERLITERC,
B e e A BRI E R O OB R (intermittent
warm blood cardioplegia, IWBC) #%19944E LIMRRFZE T g,
CWBC & FEaDIWHEEREIRTWASY, UL, EIf
EEHAEECE LTV ERERDS O, Rei@zlL Tty

" Abbreviations : CWBC, continuous warm blood cardioplegia; deCL, aortic declamping; Hb+Mb, tissue
hemoglobin plus myoglobin concentration; IWBC, intermittent warm blood cardioplegia ; Ro,, tissue oxygen
saturation rate; SD, spontaneous defibrillation; So. tissue oxygen saturation; VF, ventricular fibrillation ;
WBC, warm blood cardioplegia ; XCL, aortic cross-clamping



R B0 IR i M D B RSl ik DB 52 3

7eW® . Fotnd, IWBC % AV BLOMNC I HER O 5 R # %
ERTHOHEECHHLMPOHE=2 Y VIDBDLETH
5.
SEES L, DRASEEZFIB L COHERBRERATE
(tissue oxygen saturation, So;) ¥ X OB~ /ey - 34
7' e € vBE (tissue hemoglobin plus myoglobin concentrati-
on, Hb+Mb) ¥ BHERIET 2 Z &ic X b, IWBC f o LHEMR
BEAHS L OCMREESHEHAL, IHOBE, =%
nF— R, OTHBEMEEOE S IWBC DREMYRF L
7.

MEELVTFHE

1. EBRHY

EREM L L CHE 9~15kg (F# 11.0kg) MO A
2260 A\, ERBIFEROEOHRERD 5 5 HEEER
L0 EREIE Y 3EEVR L A B e, SoMEERLE
20 BEF LY SEHEIE LE B BIZH5i 7. So,
Hb+Mb X OWDEERIERIC 450 (A7, BHTH), L
BHRR 7 L7 FEEIIES L OO BEARERERIC12HE
(A 63, BE6R ¥AW.

I. RBEFILOMER

Ry 2 3 v (=3, BN 20mg/keg X HRANCEES, =
VEAALE = MY YA (HOEEK, KR) 30mg/kg B &
OCRvre=varm~s N (HEAALHF /v, ®IE) 0.1lmg/

SVC

RP= H \J
R Ao

RA

Heart

IVC
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Fig.1. Schematic diagram of the experiment. Cardiopul-
monary bypass was established by cannulation of the
superior and inferior vena cavae for venous return, and the
femoral artery for systemic arterial inflow. C, cardioplegic
solution ; RP, roller pump; H, heat exchanger, R, reservo-
ir; CP, centrifugal pump; O, oxygenator with heat
exchanger; Ao, aorta; SVC, superior vena cava; RA,
right atrium ; IVC, inferior vena cava; FA, femoral artery.

kg #BRACES L, SERBETIC Harvard BEERXAT
EEI% 2% (Bodine Electric Company, Chicago, (M) % vy, #
BRCIDAFERYT 7. FLRBRFFEV P ALY
F—=NF P YT ARBIRNCEINESE L, £FKREYHERFL
7o, MEFECLERYt=2—-L, EXBBRIOH»7—F
AEFBALBREY =4~ Lk, ERESIRE D Swan-Ga-
nz #15 — 5/ (American Edwards Laboratories, Santa Ana,
XE)EFAL, OHEE, EBE, MBRELAE L. #54
BWROZMAK, ERBERELBH L. EREHEIREC LD
DEZ T Ucth, ETARMIR, ETXBIROIECHIH L.
DWTHEUERI Y #F-FAREA, EBEE®®E=%—-1
o, OB, ABRE, WBIRE, 6FE, £EERIE) 77
7 v RF A RM-6000 (A AXRE, R W CRRERLCEL.

~RY VY s (REER, KR 30086 /kg & #IRA
BELH, ETABRNGL, ARBBRELC X DELEH
TERYEBE L (K1), S0y ACELAE VY 7 (Sarns,
Ann Abor, kE) %, ALHCIIIER A TH (Sarns) % B\,
EABERFTEKEE LTHBY v A% (KBR¥E, ER) &
7%NaHCO, (KIZHE) ¥ A\ 7o ATLM OBk ME RS E
% 200~300mmHg k725 & 5 ATHWRES A DBRREY H
L, BRENEIBIZI00XTH 7. g~ b2V y
RS RRIRICHERET A X 51T, SN X X OEM LR
fml7:. £FEFER3TC, EREL 80ml/kg, HEREI
60~80mmHg & L7z, KBIIREWIZA— b » = 2 —F (DLP,
Grand Rapids, XE) # 8B L, OHRER OFE A & KEIRE
HECHIECH .

I OCHRERDHERE S TEAFE

Mtk O (R #wE fE R B (BCD Advanced system, Shiley,
Irvine, XKE) #A\VT, BRIZER L T2 GBEEOBHRER
(F1) i, BRIELEALOMGZ 1 D 4 TREAL, IHICH
VY ABREXFEMLC, FEOBITARTITCICME Lz (F
2). r=35 =R 7 (RTER, B AV, FRLZOMEO
HiRERR &S 100m] TS5 5 RIAKBIRES X 0 IBTHICHEE

Table |. Composition of crystalloid cardioplegic solution

Na 73 mEq/l
K 30 mEq/1
Cl 102 mEq/I
HCO, 0.88 mEq/1
Glucose: 23 g/l
Mannitol 781
Osmotic pressure 374 mOsmy/1
pH 7.5

Table 2. Final concentration of warm blood cardioplegic

solution
Na 127 mEq/l
K (the first infusion) 20 mEq/l
K (the second and third infusions) ’ 12 mEq/]
Cl 100 mEq/1
pH 7.5
Hematocrit 20%

All values are predictive.
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1. EFfeE=2Y 7

SEARAMYE (T00~1200nm) (A EAB R L RIF e FE BN %
RTM, F I e—L e DFEFES~ES/mEY, (X7
BEVOEAELT 4 )V VEABE I - TRRIA, BILETT
IV FERLOBRIRARY PARRLDZENMORTWS, T
Dk RMEAFIH L, 700nm, 730nm, 770nm O 3 3 & OF #
AY¥EFHGT, So. 3 LT Hb+Mb 2 BFRAETTEETHS. &
FANIC X B Sop, Hb+Mb WEHERE (N FAF 4 AAv 1 =
VA, &R)IFESY (1994 I L DHRIhiz b0 T, Hik
WEETAHET THENTEL WOXEREEN S, UTK
FOBHEBRRS.

HROEE X S AS LcEE LoXiz, BERAEMLHER
TAEAORE X EE DIt HE L, EEROXOHEE
SAEEER LD, Y AOBBKZ, 7 AOBEOMET
e LW (F 2). OB HBEHIC /e b, Lambert-Beer
R X h BERAR D L.

—log {/ly=¢-C-d=K @ (¢, ~EFREV - IF 70"
CvOSTFRIEEE: C, BUEBIIhO~ETRE Y - 3
+7oCvEERE;d X &Y BosTsEEERE K, ~%7
BEY . IFT e vOREE)

~EZuE v iF e vORBBERTER (tissue
oxygen saturation rate, Ros) % Ro; (Ro,=S0,/100) & L, E&ft
~EZFBEY 1A VORTRERKYE &, BL~E
BEY . 3SR VvOSFREMEE & ETHEOKXED

K= {Ro;&+(l—Ro)-&} -C:d @

WE A A D~NEZREY - 31378 VvOREELR K,
Ki: L, BE A A DEBE~EZrE Y . 370 EVvOSF
EHFERE e, b, BIL~NEFREY « 34T EVOHTFR
WREE e, e ETHE@QRLD

Io |

Fig. 2. 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. o,
intensity of incidental light; I, intensity of transmitted
light. )

K1= {R02‘€l|+(1—R02)‘Eb|} -C-d @
Ko= {R02'£|Z+(1—R02)'5b2} .C-d @

®, @Xxbh C-d 2HEETHEL

Ro:=Ki-ee— Ko ew)/ {Kilew—eu) —Kilew—ew)} @
A LTEE AL Ay TRERAE DI,

Ro:=(Ki ews—Kis-ew)/ {Kslea—en)—Ki(ea—ew)} ®

WE AL An A WRITBEEDOHMT — 2% ki, ke ks & L,
~EFEEY, ISR EVERGVCEBBCEY K &T3
L, ERAEETREERCHL KIXELWEE XD T &4
<& 50T, K=k—K, Ke=k,—K,, Ks=ks—K. 285 h 372
Ea, Ebi Eazy Ebty Eapy E IZNE T B EVOLTFREEM, L DRD S
ZIHTEBDT, ®, ®RLH RouBIOKERDDZ &M
EEL D, El R BIVKARENE, @REH Cd %
RDOBZENTES.

F b 7\ — A aa RER{ LT DBSIZ 830nm T TR AR E
%, 800nm LI FOERER TIB{LETIC X 5 RIRE{Lidie
W2, Liedto T 700~800nm DORID 3EELB|INL, R
TIFEORBAERTLIE, 7 e —24 aa, DEEILLIC
~EFBEY . 1A rEVOBRERATE, ERBEYNET
B LANTEETHS. 112 L Hb+Mb i3 F DB AURT ML
RHKE, TRbLATHERTHEREEATHS.
~NEZREVE A8 VORI T DHRMARZ b
ARA—THH, MEELSTTHETAZLITTAETHD
AP, A e e VEBREREATRIAE DT,
Hb+Mb OIS EA E~NEZ B EVEBE, Thab bk
BILIBbDEEXDTLENTES.

sE R BTRMESTH, AERTEK S0, 3 X U Hb+Mb HIZE A
DFr—~(R3)¥EE L. AEEE EELHCEETS
IOEBLT, #BEEOBIL TRy 7T A7 s HEML, £
BTETT e -3 Thic\hwi 5 Lo h EOHRECEE
I ol

2. DkEE

HHAEREENONTHREEREFE, £FL, LR

A\

P}
D 2.5mm

Photodiode

Light emitting diode

Fig.3. Schematic presentation of the recording probe. The
distance between ‘the light emitting diode and the near
photodiode was 2.5 mm, and the distance between the
paired photodiodes was 2.5 mm.
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B, pUEHIME, FHnE, OHHERNEL, LHHER
¥, REOEER, FEAEEREZAX»LBH L. OB
HERE (ml/min/kg)=0AME/AE X 1000, K4 MmA& &R
(dyne-sec-cm™)=(EHmE—~ERBE) /LREE X80, £X
HEERE e m/kg=0RBE/OREXEHLE -ERF
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—EOWEX KT, TEESERE LU IWBC BB L
fo. KBWRENTREREECOROBABR LB L. LER
B e RBEREDCESHRME 21T - 1=, BAERIER
E¥E 2 TI09BRTH O E Lics, REHMmEH 80mmHg
P ES TEREYRACHL, SAERN SR L.
KBIRER AR BABRINOLFELAECLS L5
R R L, RAERN L RO OEBERIEY T - 70,

3. DBHARZ VAT FRERAE

1, 2, SEOLHFREREERER & KBHIRENFERE
B, BMESH4AEOGEERRL, ThEhoOHERA ATP,
ADP, AMP 4 B%HEL. A BTRZD4EYThFNE
HETF Au AL Ay Ase L, BEETIZB, B, By, B &Lz (K
4), DEBRBCELTE A AR AWTH Smm A0 2B T1E
YV ED, BELbRKILERFICB L TRE L. BRIUERA
3% OEERTE O FEERAL b B, »oBEEERZIT
WA BATIT -~ RRETH, BRELHHEFELL
%, K& L 06N BEREE ML T X EML, 20~25CT
109 RHELTREA L. Z ¥ 3000EEE 150 MEL L
Borhic LEYRB L LTEABREEERE T ATP, ADP,
AMP DEER{T-7. BOBEERC L5 0HMR0FEY %
BmL, LN ATP, ADP, AMP €83, ffER Y4 h Tk
e, MEEEY I TEELK.

4. DR BBRRHEE

DEFRR 7 LS FERBAEMCER LGERO % &0

biF, DHBREEEERERL Lz, DEBE&IZELHZ0T
CHEH LS LB T I~15mm AICHE L, 1 %27
E—NTATFe FRIVA% 57 14705k F (0.05M
7 = OAEREEE pH 74) T 4C, 805 MRTEER, 2 %MW
kA A I=w 4 (0.06M 2 O AEBEEK pH 74) 12T
T, 0 BEBBEER T 7o, PWT=&/ —ARIITHKL,

Cardiopulmonary bypass

Aortic cross-clamping
10 10 10 ‘ Group A
Ao Al A2 A3

Aortic cross-clamping
w W % W

Group B
Bo Bi B2 B3
u Near infrared monitoring of myocardium

T T T T T

15 30 45 60 75

Time (min)

O A

Fig. 4. Technique of intermittent warm blood cardioplegia.
The dogs received three 5-minute periods of warm blood
cardioplegia, interrupted by three 10-minute episodes of
ischemia in group A, or three 20-minute episodes of
ischemia in group B. MM, warm blood cardioplegia; [,
interruption.

TRV TERLE, RBHTI YL+ 5 b — AT 750~900A
DBHEYIHEIERL, 5 %EEBEY S=—N LD 2EREY
o, EABRZEY H600 HEFESBC CEHESE
2,000~10,000f% CHZ L 1.

FERFHO LR B, ETEBSERT R RBT 5 8H
MBETLOREAREERL L. TOXEELR UTRABN
5.

1) §baviyy

7V ASDORINVETCEEORB(LIEDOhit D%
( ), %Ekﬁ%ftt'a BL0% (+), BLL, EEORBILS

FTHBNBLDE (+ %WLE%L 70 AZDELWER

ik, R, %%%E@ﬁﬁ# Db BLDY (W) & L.
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Fig.5. Comparison of myocardial tissue oxygen saturation
measured in hearts receiving intermittent warm blood
cardioplegia in groups A and B. Graphs (A), (B) and (C)
show the first, second and third cardioplegic infusmns and
interruptions, respectively. So,, tissue oxygen saturation;
VF, ventricular fibrillation; XCL, aortic cross-clamping;
M. warm blood cardioplegia; deCL, aortic declamping;
SD, spontaneous defibrillation; @, group A; O, group B.
Each value represents ‘X £SD.
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EABEMECLOR (), 7V 2 -7 VEHALRDLA
fewd D% (i) & L.

4) MRarKE

BB,  ba v Py 7TRBREIILTVWE 0% (-),
BIEFI LTV ADBELRs DD b0 (+), KBIBICE
FILTWALD%R (), BREFNLTH250% () &Lk,

5) YV —a&

YV Y — ADEANRTD LD (—), BECEALT
WAHLDX (+), FEEREALTVWALO%R (), BEXL,
WA BHORE O () & L.

6) Tk, T &

B ask, T ROLEABDLAL VW DE (=), BEH
BLTWAL0% (+), FEECEELTCVWSL0% (), #F
B LC\WA D% () &Lk,

7) NER

NEEBRBEARDOh WL OY (—), BECER LALR
B0 (+), PEECHEERALRLLOR (1), ECE
B ABRBE L DF () & L.

V. SEtEROREE

ERITAR TP EERECRE L. ARt e=5Y
vy, DERRZ LAF FEBAICK B 3 HAETFOEDOR
B It—TEES BOEY, $ELEICIE Scheffe DY
i, AEEITEOOBIEDOZDRTITIL paired t RER
By, WThoBad p<005 2HEEDH LHE L.
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Fig.6. The time required to reach a plateau in myocardial
tissue oxygen saturation during the first (T)), second (T.)
and third (Ts) cardioplegic infusion. *, p<0.05 versus T,
by Scheffe’s comparison ; #, p<0.01 versus T, by Scheffe’s
comparison ; M, group A; ], group B; bar, SD.

H
B #®
I, BEFARE=ZGVY
1. So. JllzE

A, BiljE: & & EHEMT 36 X CHEME LI So, I RIFICR B &
h, EFERBEBTA L So it 8245% o, EHAEILTHE
60£2% Lixh, HERB I TERBLEERELTT>Th S
DEBIZEANCEDL LN o7, A, B WEICEITS So:ldsE
LHBABEERE, DEABBC LA LhH 59£3% B IV
614£3% %R Lic. ABIRZEN L, OB FERTIEN © B
+5E Sopi% 83+4% R LV 82£T% ¥ TLERL, 5 b -2
Bl FEHRELTSE S, 3EPAETLTIHTS
S F—EL, 60£2% B LUV 60+£2% E7o7: (K 5A). 2,
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Fig.7. Comparison of myocardial tissue hemoglobin plus
myoglobin concentration measured in hearts which
received intermittent warm blood cardioplegia in groups A
and B. Graphs (A), (B) and (C) show the first, second and
third cardioplegic infusions and interruptions, respectively.
Hb-+Mb, tissue hemoglobin plus myoglobin concentration ;
VF, ventricular fibrillation; XCL, aortic cross-clamping ;
B, warm blood cardioplegia; deCL, aortic declamp; SD,
spontaneous defibrillation; @, group A; O, group B.
Each value represents x £SD.
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SEIEDRER TIL, A BL 1 WA & BARCHEPH Il BT
LB ichs, B BIZER LBV ET L CEBBE LI ELT
THEAYR L., 3EEOTHERELLR TS, KEIRE
EERTAHE So, IHEBELLEHECERAL, A B So, 2
80+3% KELIRATLFABDOHOBARATRY b/, B
BZABICE T, So. At T8ET% WL L ZATHELHE
DEABRERD LA, IFATLEMBE D, BBy HE
L (®5B,C). 1, 2, 3MEAEDLGRMEETTIETBIED
B S, BMERL, 75 —ETHFCORMEEY T, Ty, Ts &
TH5E, ABTRET, o TIRARTEBCE/TH D,
BETIE T2 TITCERTEECEETDH -7 (X6).

2. Hb+Mb flE

A, B HED So AR, EHEM S L ONERELIZ Hb+Mb
CRFKRBE Rz, A B AEK S5 Hb+Mb 1352444}
BERE, CEMBEIC TR LR 4T7225mm-g/] 3 X O
470£65mm-g/l /R L. KEIIR% WEHT L, O HFERTIER
BMET 5 & Hb+Mb ik 638+£84mm-g/l ¥ X O 67676
mm-g/l ECLRL, 75+ —wCE L. BERYELTS &
Hb+Mb BE 22 E T LT, 349 TF5F—KkEL,
407+29mm- g/l ¥ X % 443+63mm-g/l &7z -7 (R TA).
2, SEEOEERTIZ, A BXIEBELABCERH L
Hb+Mb DOH§in% B2y, B BRI MIEE T 2 A
RLIC. 3EBOFEREELZKRTE, KBIIRENL EERT
5 & Hb+Mb it e b &EwEmLy: (B 7B, C). 1, 2,
3| E O LHRERTIENEG? S Hh+Mb LR L, 75

180 12
160- ¥ —_
= 104
140+ ) 10
)
g 120+ S 84
&2 1004 ‘é“
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g 804 =
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Fig.8. The time required to reach a plateau in myocardial
tissue hemoglobin plus myoglobin concentration at the first
(t), second (t;) and third (t;) cardioplegic infusion *,
p<0.05 versus t; by Scheffe's comparison; ¢, p<0.01
versus t, by Scheffe’s comparison; B, group A ; [], group
B; bar, SD.

Table 3. Comparisons of cardiac function

FoCETOETCORMY tt b ETBHE, ABTIR G, A
WIZHARTHBRCEETH D, B BT A LT TEE
BETH-7 (K8).

I. e

DL, A BTRAEELRE(LIZich ok, BETRER
KET L. PHERER, MHEELEELRZ2R b o7, I
FEEIME, A BTRANEREBETOERC S -4, FE
Eirleh otz BETRGNMEEESZTICET L. LBLEE
I, A BTRENMERE LROEPC S -2, BEER
ot B BCREBAMEREARWET L. RYEMmMEER
i, A BTREBNMERBETOER TS - dd, FESZ TR
Aolz. B ETRBAMERBERIC LA L. E2HEEGRK
12, A BTREERELIR e -2, BETIIENMBERES
BwET LR (&3).

I. 0BHAXILAF FERBAE

1. DA ATP 2B

A BEBTA0HN ATP §BREELE(LEREdh o
2. Bu Biie x50 K ATP €82 Fh Fh 72433
nmol/mg A, 2.1t1.5nmol/mg BETH Y, HEITELL,
Biiz#13 5 ATP 481X Bt REBEBTH - (B
9).

2. LM ADP &8

A Bz BT B.0HKN ADP 2R ERLE(L LRI b o
7o, B BIZRITA.0HK ADP 8%, ABLIRABCERERE
bxRE Ik -7 (K10).

AoBo  AIBi  A:B2z  A3B;

Fig. 9. Mpyocardial ATP content. Samples were taken
before the first (A, By), second (A, B)), and third (A, By)
cardioplegic infusions, and before aortic declamping (As,
Bs). *, p<0.05 versus B, by Scheffe’s comparison; WM,
group B; bar, SD.

Heart Left atrial Systolic Cardiac Systemic vascular  Left ventricular
Group Number of dogs rate mean pressure  blood pressure index resistance storke work index
(beast/min) (mmHg) (mmHg) (mV/min/kg)  (dyne-sec:cm—5) (g-m/kg)
A Before CPB 7 1441£16 8+2 148+15 178 £33 48421988 1.81£0.46
After CPB 7 153x15 8+2 143x15 187432 4201+583 1.72£0.39
B Before CPB 7 158+12 9+3 151424 177£18 4880557 1741027
After CPB 7 102415¢ 9+3 91£16* 75+21" 60771000 *

0.59+0.28 #

CPB, cardiopulmonary bypass; *, p<0.05 versus before CPB by paired t test; #, p<0.0005 versus before CPB by paired t test,
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A ATV B08 AMP §8i12ThE£h 2.1£0.6nmol/
mg &H, 3.5+1.6nmol/mg BATH Y, LRERERLLA
HEZAh 7. By, B EBITBHLEA AMP B3 ZIE
# 2.340.7nmol/mg BH, 6.9+2.6nmol/mg EHTH D, FE
CELL, Baiekird AMP €812 BIKE~EEICEMET
Btz (F11).

V. LB OBHREIE

DEOBBMEEY, A B BOBRARTFLALhIZOWT
LIFredRs,

1. A
BRI LEBABDO I Fa v F I 78R E
AT, KEKDOI +a v P 7TORBHESET LR
o, XEOBRBAL, 7V A2 OBBREDONRIh T, B2
rwFvENOSTTRIEE—T, 7Y a-rVERISEC
B bhic (B 12A).

2. A

B, 1 1avFY 7OBLRBEALRDBRMA o7, 3
Fa v R TR B R B ETI L, ARSI

_— =
e

ADP (nmol/mg protein)
N

v

0- T
AoBo A1B1 A2B2 A3B3

Fig. 10. Myocardial ADP content. Samples were taken

before the first (Aq Bs), second (A, Bi), and third (A, B.)

cardioplegic infusions, and before aortic declamping (As,

B)). There were no significant changes in group A or B,

by one way analysis of variance. B, group A; [, group
B; bar, SD.

H
BTGz, MEBROERMIZLL, MRAKELRD LA
Tk o7z (K] 12B).

3I.A

B, $tav FU 70 EAERDONh 1. 7

V- VERIZBRERD LT\, BREHE, (b=
THRRLHIZEII LTk Y, BEOCHRAKELZDLNT
(& 120).

4. A,

BECHMBPNKENED bR, &, I+tav NIV T7O%E
itz A ERDENIsh 1. NEBROBE, T ROl
o bhioh -t (K 12D).

5. Be

Bre<svBRRAE—IZS/HLTEY, I ba vy FITO
NS I RIch Tz, 7Y 2 -7y VBERREBEICHEE
LTwiz (K 13A).

6. B

B, $tav Py T7EEAER(LIBDORIA ST,
7V a—yvERIIED LT, filRRKERT/ N EE, T
ROIEITFRD B RIich -7z (K 13B).

il

AoBo A1Bi A2B2 A3B3

Fig.11. Myocardial AMP content. Samples were taken

before the first (Ay By), second (A, B)), and third (A, By

cardioplegic infusions, and before aortic declamping (A,

"By). *, p<0.01 versus By by Scheffe’s comparison; B,
group A; [, group B; bar, SD.

AMP (nmol/mg protein)

Table 4. The semiquantitative evaluation of ischemic change

Ultrastructural change ®

Organelle Group A Group B

Ao A1 Az As Bo B: B: Bs
Mitochondria - - = = - - 4+
Nucleus - - = = - - 4+ #
Glycogen granule - - 4+ 4+ - 4+ H
Intraceliular edema e s o - - 4+ +
Lysosome - = = = - - - -
Sarcoplasmic reticulum, T system - - - = - - 4+ +
Intercalated disk - - = - - - = -

The samplés were taken before the first (Ao, Bo), second (A1, B1), and third (Az , B2) cardioplegic infusions,

and before aortic declamping (As, Bs).

a) —, unchanged; +, mild; # , moderate; - , severe.
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Fig. 12. Electron micrograph of biopsy taken from the right ventricle in group A. (A) Before the first cardioplegic infusion (Ag).
The cristae and matrices of mitochondria are normal. The nuclear chromatin is-evenly arranged. There are normal amounts
of glycogen at perinuclear and perimitochonfrial sites (Xx7,000). (B) Before the second cardioplegic infusion (A,). The
mitochondriae have moderately danse matrices and a normal pattern of critae, and do not contain any dense granules (X 7,000).
(C) Before the third cardioplegic infusion (Az;). The amount of glycogen is slightly diminished and intracellur edema is seen.
The apperance is otherwise unremarkable (X7,000). (D) Before aortic declamping (A;). Apart from some depletion of glycogen
and intracellular edema, the appearance is normal (X7,000). .
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C D
Fig. 13. Electron micrograph kqf biopsy taken from the right ventricle in group B. (A) Before the first cardioplegic infusion (B).
The nuclear chromatin is evenly arranged. The mitochondriae have moderately dense matrices. There are normal amounts of

glycogen at perinuclear and perimitochondrial sites (X7,000). (B) Before the second cardioplegic infusion (Bi). Apart from
some depletion of glycogen, the appearances are normal (x7,000). (C) Before the third cardioplegic infusion (B;). The nucleus
shows disperision and some margination of chromatin meterial. The mitochondria are slightly swollen and the sarcolemma is
flattened (X7,000). (D) Before aortic declamping (B;). The chromatin margination in the nucleus is more striking and
mitochondrial changes are more advanced. In some mitochondriae, the cristae are disrupted. Intracellular edema is seen

(X7,000).
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7. B,

By e~ v BROBEEABD b, stav P70
BERLIARDSNARRBERIRREIAT . BEOH
RRARBERTH ek, T ROBILABD LN, MEBROEE
WX7eh -7 (¥ 13C).

8. B;

B2 m=srvEROBEL, BROYBEDSAL, (tay
FU7O—8BHEL TR D, EBEDOHRE(L, 7V A5 DFE
BRDLA. BEOMBAKERRD SRR, NMEROH
BiZ7ehs o7z (K 13D).

REEBFEARTFOLEEMFMEF LR L. BiET5
L, ABTIE, Ay AsTY Y a— U BN ORA, BEOHRE
HREEZBEDIZDRT, $ bav V) 7o BmEE(Le R
DI otz. B BT, B TRKERE(LLRDILD » Fo b,
B, TRz m=+ v DAL, I bayv KU THEDOEHL, B
EOMBRAKELZED, B.TRFALAVWTFI L MEFRIC
Bole, LI ->TBHTR ABRLERLD, BlIC L HER
HOMBENIRESD Z EARE I,

Z 3

CWBC i, B0 BEE FE S OHREETHD, F0
FRAMIEBOBEAY 212 Ld s LTRESCHBEIATL
B0 UL, CWBC wBiT2RIERD —KE LY =
IWBC TOEBEMIZ X5 UHEENBEIH, FOREED
HBREERTVS, EERIREORBA 2L HY, HHss
FELFE L ASBEANERNTEEE Y DECEA LT,
IWBC D So, 3 X ' Hb+Mb ¥ BHERIE TS Z L1k b0
HBBBRAHEEBAL, SHTOHEE, OF=r ¥Rk
IO EBMESEOE . 5 IWBC DRE%ERE L. 0
BR, EERTIZ, IWBC RO 10450 FEREILIIRLTH
B8, 205 HOTERE L IEREOLHGEELE LA LN
¥R Lte. F RSO Y% AV 72085 So, Hb+Mb 0 EiE
WE IWBC BBt =4—Eicd T LR EhT.

DEFREOELIZBLME & bicthE v, BEOLHRER
ORI B L DA B - 7. FEMEPRETOLEE
#3i%, Senning®™ (19524F) DHAER T LEMBEIEIC L H B»
THEEE S, L LZOFERLAE TR Mk & 8044
Bt~ isudod, ST iRAO TP T B mA SR X
RBZERREZIN, ZOFEROE TR X BFALEN
EDRREI TR T 5 —HOBELBICDOL A VSR TWS.
1960 RN, EMBE R B5 Db SEERERGIBEET T
REDIREEST & SR A 4 0B L, WAL 7 A BRI TRIX K
RN T 2 &\ ) BIRABIIREME S BIE L. 20Kk
EOBENMBIREEL 2D, WHRODBESTLADZEVHHE
BTER LA, To%, REBREN T aBERERLHRER
ZHEIRCHEER LCLEIE LB A LHREENEH -
0 B S IMBE AN X B 4 D% FE A 3 g A i
HOB R A BAFE S B,

R R B0 M O R v 0 B R B K B IR i & 7 B AL,
1) SEEMT 5 OHEERDO S U Y 2 BEH 20~30mEq/l &
‘Y, 2) BEREHGERT~< 2V o FOYEHRCER
ShTws, 3) TEME, BEREELFHCRETES, ©
SARTHS. 1) RRLEERHBESATHY, B2V v Ak
BB TOM O BRABIRAE L2 B 5k, MEL-LME)

DICHENOHOBRREBREL ZR TR D ENTES
Buckberg 5%, %R 37C) TREITHOLOBIHE ST
5.59ml/min/100g 0EF Td b, MELL T2 6.50ml/min/100g £
BTHHH, DENESHEBRNCELT I LBENERR
1.10ml/min/100g OEFCET L, FORETER 28C) T35
LBERBEIZI S 0.59ml/min/100g LHCETT2 &k
NS, ThabbLHREROHERIC X » TELHIBMRED
BB EALHRELIRIBEETHD™.

MXHBEROHREEDHSE, ThbbERIC L3 O0EE
RHERBEELY TR T2 BT, FiB 0% DHEER LN
CEER L, FEERBLHEFLOOMEROBIEYE2
CWBC 23 hic. IHICEMFETFYE B 7o b EiE
CHRER T BRI EER T IWBC ARIEXh. Lx
L, CWBC O—EHZ LR IWBC Tk, BRIt OEERE
HRED LD DNTOBBENNEL 7 5 7.

SEFEHL IWBC O LHERA#DE=2 — L LTER
S AR EFIFE L So EEEB & A1z, BAAITE 4R
Bkt LRIFIEEAEYETER, ~ErrevBIO it
REVOHERENT 2 VVEEE, S r—2 aa, DFBAE
Lo TRREN, BEETICL D X DWNERRALDZ LM
MEhTW5., ZORBRNLME % F A LT Chance® (1951
F) B 2WEARY PASKIEEBLEAR L, Jobsis® (1977
) IBERDHEC & BRARB RO MITHIE % 4 (S E G~
SALLE., ThUEZIOREBK L 24EEE=2Y v 73N, &
B, BH/LS O THKIEAEAY®, ERE TR N
RMEBVPUETEDEEE=2) v 7EEL L OFEREY
BUTWa, DIICE O TIX19904E6 & b Parsons 529 33F
A HEE AT, Bl RIGHEFE I >\C B Sy
fToTws., Ldrl, 6O L5 CHENEERT Tl O RS
WREEMNIC & 2 BSOS E LRETOLBBRAS, nEK
BEEBY AR ELA TR LRS- hE Tk
V. SELOERIBSS Lic 7 r — <2 ERE AV X < DB
BEETHRTCUENTETHE EVAFEN DD, F-TiE
WS Ol B IRRE, X S OB HERIC & I 2 fk
BTarZ Lt Th 5.

OHEBEERBHOMIILIN0EE L h is AW, B et dft
TTOLBOMERNEENTHE N, FOUEFEIER
HICEBRE EHRIAOBRBEREZYFET230CTH -
o, DEMBBOBEREE L 4~Tml/min/100g LT
hoe i OB R EETR T, DI EQNOBRE I
ELTW20THBIFICHNBEBERII M h /X,
0.6~1.8ml/min/100g OHHBE L HEINT LB, kP
DLBHEBDORWEMBE TILELABEME OE LR Hb+Mb 1%
400~450mm-g/l THB. BT R DOLEOKYQE BIZ80%
AL BREINTE D, KERIC BT 205880 Fi5¥e %
Rx, Wray b7 OBREEORE LA U BEZ M ERED
43UBLEEETHE, FHEBETHR LA Hb+Mb 12
3B~40g/l Lich . RBARD I AT v LERSERR
48mg/g WEBEBEZINTVWBDOTY Hb+Mb I8t % ¢
F7r € VEBEOEAIXI0~I% EFRIRE. M2 T, O
BRI B THIRMEEIBIR OB B H~I2 D 20 £ Y,
FTORER, FE= 200 So. DRIEMEILFDKRED %08
EBABIRIIC L > TwD LEZ B2 ENTED. AFETO
So, QREMER, ERBERHEBEBC BT 5 THIR MO
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FEHFE LB I FSK LT, EECIMER, BHEHRD
mEbHEeTHELTH b, BHROLOBREMEL D ESS
WZ ERTFHIERS.

FrreE—A ag ki bav Y TREHOKRKCAEL,
HEOKAREFYBES FCHET L TRLER DY, BT
P2 m— A an BEBEBCTEEHLTI v P T OEBERE
FRLEE, T7chd ATP £REDCETYERETH L bh5™.
B k2 v — s oaa, TUE, THhOBLETRHES BEELED
~eZuE Yo 1/10 LTFTH5. MEERYBRTEOH
DF + 7 a—n as OHRSTETH B, EREOLHEOWE
CENCIIHEREY B HLERDZY. 0L 5 RBhH»
HAEIORBTIZF b 7 = — A aa; DE{LET V<L OHIE R
ﬁbf'&?ﬁ‘o‘ﬁ:.

IWBC i 3V} 5 Vs o DI EE R A OME 1 b So.
JEsEEI IWBC o4k 5 BNEEREEO It E=2 — &
A AREM AR S . A BT s T Ty, Tk~
T, ¥ i te GIEENTHECEL , EOFERMMELHFR
W SEETIC Hb+Mb ORnsBE L, ThicttwOmE
BOBELLEBE L. ThiXoEBHER T O.OEME 20
HBAEY RS, DPRBNELEET 500, BONEER
Fe LRERRREELLIB®. ChIZRL B BTIX,
Ty, To T DIETEREL, t, t ts SEAKOEREZRLL. 7%
b, 2, 3EEOERK Hb+Mb ORMANEEL, £hic
PO BESEBRELDEENE U, 200HMoEREOORE
12, BEAEREOEERET e B ERBRECD - THE
MEERESENFE L, IEREPEORIEILL, Th
wE D EOEEFALAL, BERREVELDLDLELD
M e EEREE LR AERAEES £ U v
FOFERIBHEBECTLHREZI R TR D, Vaughan 5% 12
15% L UBSEDS » FBBEMITE\ T, BERROBRL~E
7m P ORIINAG4 BT T804 B M TBIE T B
ERRT5. '

APrgeiz IWBC OEERIGHE X 8E LT, SAERITIR TOL
BENER T -7, A BCRBAERE, EEHRERECS
BRI - 7o, IEHMINEET L, O ERENIEM
L, REMEEMETT2EECD 2. TOEEE LTI
SrERYETLEE (k0 IWBC 0 BIFeOBREHR L, HBENER
kA RRSMSIRENST b h A%, B #CILENHERE, X
L, OHMEEAKMET L, RELFESNERL, £
SEHEEREMET L. BEHEBROLELT TS, 200H
wE.SAEH 3 EOLHRERERE LOBEMEEYS| Sk

L, LR EAT B RIET RS iz, £2 T

OESEETOREREY LE =% A% — REHE X L HB RS
DE» HEE L.

SmEEELOEN ATP, ADP, AMP §E#WIEL, OFE
BHmE- LY -REYRHE L. LRSS =51
F BN ATP OELLFIADAS VY ADECEDIIZ-TH
D, BB BRI EREOELET LD ATP LR
BFL, chrKfapsEstEombicoins®. L LEN
B LI HIRE O AT HIIERT O ATP EEEBEL T2 L O®R
£4,5 0, ATP ORER, LHBMMRECELLBntD
TRIFED X 5 I R MBS E S BET 2 AL
CRA LD LD TRV . Jennings H™ VA = & /L ¥ — PR
DIEH) & EEEHEE OTE D b 2 B OO B DWW THRE

LTxbH, 15, 30, 40, 60 EOFREMIC BT 5 LHR
ATP S EIEROBO LA LR 35%, 9%, 1%, 5% THAH L
L, AR - OB 0BRE» b IS RO Ry
THHESE, 05 LB My RAHHEE SR L.
Tian 5 BEOOEIC IWBC 2 #if7 L, OEAESBHRY
e LTwRE, 105 HOERE L TLH = 5 v ¥ — GH
OE{LITBENOTHMNTH Y, EEETHEVZEETRL
fr. AWRICBWT, A BTILOLEHAR ATP @B RFCERF
Th, B X 5 OHEENFELTLTSBETHD LHN
Thic. 2hicK L B #TRERNL ATP SEOETE
AMP #BOEMARD bR, LHROE =5 ¥ — B0
BL, Zhi IWBC BOE/AERENREOBIEBCER P EY
BIFLIc LR E R, o TOB=2x A ¥-REOE»HR
7o IWBC i 8813 % eI 8 1L OR2BEREIZ1045 - TH b, 202
DEFEEIERTHHE V1S,
BT 5 BEFREKEY AV BRI EE L OBRE
2, JeiahieStc Jennings HERHOICE S ¥R T ERLO,
Fhbiw XbE, Bl 5~100%IITBMmEE EOELe L
TEFCIR L2V P 7ORRBENELL SV = — 5 VNS
BEEINTED, ENEERLICET A EEOHEMIEL R
Twh, BORDOHERER BT 5 OHEEREEOEIC
DUWTIZIIT0E R B RFFE 2 7 E R, CWBC B L T
Rainio 5% (19954F) NEENCBELRELeE LR, &
A AR TH D Z R RE Lic. IWBC iZFH LWL
BREOEATH D, IWBC HTRO.LHBEMEEDE? S
BlRe i bRl A RER I hETIcabhi
V. HEND E BERYIERAE ORISR & 5 LI EESR
EEERRLD, EONCEEOH RN X 5 OHEEDE
St EEL bR . KFRTE, A BT AAREB-T
7Y a—FVENOROERDILDOART, IV FITR
Biabh eSS EoBnEELRD bhich o 7.
Wi BETIR B TTTIR I Fav P 7TRREELRRDL
n, B e rh b oBmEELAEEL T, B OZ(LIX,
R OO EEER # 15~300 HEE LicRO%REL L A% T
Bok® THZhLOLEEMEEORRL, AT
IOMELEOERR 2 v FERORRESHALT L

L fo. DBEMHEELSS 5 BB, IWBC BT 5100 MO

HEFEIRIIRETHHA, 205 HMOERE EIEFEOMRR
BHET, IWBC K XA REHRN TR ERD I LATSh
. AR CREERELHEE Licd, BARLLEBILG TRE
W FSEARBME I L VEL LD LHENEIhS.
EFRADNERFIE Lz So OEMRIEL, BRICHT DM
WOGEEEOERALOG TS £~ & LTEF TR, S%0
MO RE R L > BN FEEREE O RES LM EREORE)
OOBRRBOMEER Y, BAVWERAMGIhS.

& £

WA KR FE LT Sop¥s X U Hb+Mb & #EfRAIET 2
zéw kb IWBC FOLBOBRERHE LCOREL S % #
L, X5OiEE, OF= ¥ —~38, LHBEEEED
Eh s IWBC o&eMr it L, KROBREE:.

1. ERASJE%FIA Lic So, Hb+Mb ORIERFIE %
OBEREWE OTLER, WS Sk Lic. ¥1-BER
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EERTAERCH -, BBETRENBERERIC & h 0
BEHAER L, So, Hb+Mb D LR AGEET 2 L HER I i,

2. BAERIMEOOBEEY IMIINE, MRHEEEK, X
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BT ATP €EXETL, AMP 2EX AL, B=%,
¥ — B OEERED bhi.
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VY 7TRBREELNRD b, ABIREMEREM%h
OABEL, B X A2EREOMBBBEIRIh.
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V7 REROEOGBREECSVWTERATh- . IEEER
W% IWBC OLRLTCHENE IERFRIZ104HTH b, 2057
DEFHEE LT OREC L H, ERUEOLHEENFETS &
i,

H 2

WMERazehich, Mgk, AEHLED ¥ LcEIETERCR
BLOBMELETET. FREEERELE D ¥ Uil #i,
EHRGCHLEDE, EErB 0 ¢ LoRRYS BB hmk#
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Abstract

Continuous warm blood cardioplegia prevents myocardial ischemia, reperfusion injury and side effects of hypothermia,
and facilitates good functional recovery. Intermittent warm blood cardioplegia (IWBC) has been proposed for better
visualization of the surgical field. However, it may result in warm ischemic injury. This experimental study investigated
myocardial oxygen metabolism during IWBC by near infrared spectrophotometry and investigated the safety of IWBC in
relation to cardiac function, myocardial nucleotide, and ultrastructure. Fourteen dogs were divided into two groups. During
cardiopulmonary bypass (CPB), the hearts received three 5-minute periods of warm blood cardioplegia, interrupted by three
10-minute episodes of ischemia (37°C) in group A (n=7) or three 20-minute episodes of ischemia in group B (n=7).
Myocardial tissue oxygen saturation (So,) and tissue hemoglobin plus myoglobin concentration (Hb+Mb) were measured by
near infrared spectrophotometry and revealed dynamic changes during coronary perfusions and interruptions. The time
required to reach a plateau level in So, and Hb+Mb during the first cardioplegic infusion was significantly longer than that
during the second or third infusion in group A. However, the time gradually became prolonged in group B. Cardiac
functions evaluated by systolic blood pressure, cardiac index and left ventricular stroke work index showed no change after
CPB in group A, but they were aggravated after CPB in group B. Myocardial ATP, ADP and AMP contents were measured,
and myocardial ultrastructures were studied in twelve dogs before the first, second, and third cardioplegic infusions and
before aortic declamping. Myocardial adenine nucleotides did not significantly change in group A, but the ATP content
decreased, and the AMP content increased gradually in group B. Only mild myocardial ultrastructural changes were
observed in group A, but cumulative ischemic changes occurred in group B. In conclusion, three 10-minute interruptions of
warm blood cardioplegia was safe with regard to cardiac function, myocardial oxygen metabolism, myocardial nucleotides
and ultrastructure. However, three 20-minute interruptions of warm blood cardioplegia caused a cumulative ischemic injury.
Continuous monitoring of So, and Hb+Mb using near infrared spectrophotometry is a promising new technique for
investigating myocardial oxygenation and ischemia during warm heart surgery.



