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6 B ] % 47 Lo i 1C Xt 3 % terminal crystalloid
cardioplegia O FHE Fhf.Ls i FEE RS IERRIC DT
isolated rabbit heart model % > TR % 17
72, 4 CPcold crystalloid cardioplegia % termi-
nal cardioplegia & L THWTIE, EEa> 7
TAT v AREERERE S LICBL CHEE (20C 0
crystalloid cardioplegia ¥ 58 8 L U'IEIR58E) I
WREEEZD > (R GEBREEZTRL 2, 251,
EDP-LVSPP Hi# T Frank-Starling %/ % » & ¥
EF (A GAVAR

L RFERE FMTEF O BHE FLERTIC 4 C D crystalloid
cardioplegia # & 59 % ik A3, FBHLLBEERTFD
SEGDH b A TCIRIL W ERIRIC A HATE S 1 B,

Summary

Calcium overload and oxygen derived free
radicals play an important part in reperfusion
injury. Initial reperfusion with warm hyper-
kalemic blood cardioplegia reduces reperfusion

injury. We hypothesize that similar benefits

may be obtained of initial reperfusion with
crystalloid cardioplegia with consequent im-
provement in recovery of myocardial function.

Fifteen rabbit hearts were removed and
mounted as a Langendorff preparation. After
six hours ischemia, they were divided into three
groups and reperfused. Group a (n=5) were
reperfused with physiological extracellular
buffered salt solution. Group B (n=5) and Group
C (n=5) were reperfused with cold (4'C) and
warm (20C) crystalloid hyperkalemic solution,
respectively. Left ventricular systolic peak
pressure (LVSPP) and developed pressure (LVDP)
in group B were significantly higher than in
group A or C. Left ventricular compliance and
the left ventricular end diastolic pressure
(LVEDP)-Left ventricular balloon volume re-
lationship in group B showed improved diastolic
function. Left ventricular function curves in
group B were maintained almost reaching pre-
ischemic levels of Frank-Starling effect. Coro-
nary flow in group B was significantly better
than group A or C. These results are due to the

high potassium concentration, high magnesium
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concentration and low temperature of the initial
reperfusion cardioplegic solution which reduced
calcium overload during the initial stage of
reperfusion. This may be a clinically useful

technique.
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DEFEREIC BT, BRI NL7OBOBEEIRFF
EIEMRIEHIEDS FRICE R EE2 525, 2N
WICRIBE L % 2 DRBELGOBEETH ), BRGK
RO C & 5.05EE - niBRERICET 25
EFREEDRE CHET S, LBBHEFMICLT -
TAITb N A LR ARTGE E LT3, LB AR R (initial
cardioplegia L) DIEA & Z tUC it KB BEMERE
DOHFRDY, BRBESIC BT 2RSS I - Fik
ELTEKRARTIRIZCAWS TS, L22L, 21
i it So)fﬁ'cﬁﬁﬁﬁﬁ‘ REfE 34~ 6BF R LI & FIBR A% &
Y] , Mz Tholt TIXFRE %GB O FHE bE
EVMBE LT > Twb, FEREEOMRICEL €
l2, FHEFHEATIC terminal cardioplegia i % &5
TAHEIRALNTEY, ZOAMEICET 2#
HLHMREN LD, ZOBRICHERAT % cardioplegia
BMOBBE L MBICOWTRERIIESLSN TV,
terminal cardioplegia (3 MIERAL T DB EEIZ LD K
I NBHY, ERIKAYIC I blood ca4rg§())plegia > F ik
5.9 % terminal cardioplegia % AT W
nTwb, L»L, crystalloid cardioplegia #
EEEE, By TLRELEICEL Tidwy
FLHMLTRETIRIIEIN T v,

4], #4513 terminal cardioplegia & L
TS % & % 7 \» hyperkalemic crystal-
loid cardioplegia % fv:, &ERRFED.LH
DFE FREER L3R ICET 2 EBRORT 2 R
HIzDTHRET 2,

HREELUHE
PO
ERIIKE3I ~4kgD— 21— —F> FHEH
BRRISTIZHERL 72,
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1 . Langendorff if ifiik

Xy b g—nF b )7 4 (40mg/kg, BRBR
N5 )ICCRRBEL, R[EYIR D%, 100%EF% T T
ANIMFR % 4T 5 72, 12508 fLn~s%1) > %5 4%,
WEERFYRTICT A GEEZHEL, wH
Krebs-Henseleit bicarbonate buffer #i (2L T KHB
M, % glucose 11.1, NaCl 1185, KCI 4.7,
MgSO4 1.2, KH2POs4 1.2, NaHCOs 25.0, CaCl:
2.5mmol/l IZ&EL 72, KR TKEIRAIZ 7 = 2
— U ## AL, Langendorff circuit(Fig. ) 1234
L7,

MR A =2 — Vv % EITKERICEZEL, Langen-
dorff i it % B A L 72, 1€ Hilnl#& I3 Fig. 11kl 72
EBNTHY, %A 100cmH0 ICEREL 72, i#
P R ) KHB % 95% 8 3% LU 5 % B fbix
FDIRE T AT HHICEEFRILLI7TCICHRIBHEFRFL 72,
F 72, RAGRF v >/ S—DEBRIIC pore size 1.2#m
D74 NE—F/HALINEBBBIET,

2 . TRIRBHRED HIE

3047 [l Langendorff i# i T/ A8 +rZ5E L
w121k, ERELDEZENICT Ty 7 A8
IN— M EDHT—TNERAL, EZERUZ
7D dp/dt, £ Z 4Lk KHIE (LVEDP) # pressure
transducer (Heulett-Packerd % Model 7758B)
WHERELAEL 72,

LA GFAE & L ToEMEIR T LVEDP »°

after load chamber

cardioplegic
solution

100cm

2
%

Y roller pump

coronary flow

Fig.1 Langendorff circuit. Left ventricular
function was measured with a latex intravent-
ricular balloon introduced through the left
atrium.
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OmmHg &% 3 L) IC " L—BFRBPHREL, £F
ACTIALTrRELT, KIS —F &% Oml
OIS 0Imlc %5 FT0Iml BV TEES
MmEe, AZEE, dp/dt, O EERIL:, A
FEE—7EL ) LVEDP 2B L 728 EEREE
(left ventricular developed pressure ; LVDP) &
L7z, 72, GBS 15EICREINSIBRELZTE
E s LRERMNIC205%FE TRIEL, BHDREE
L CEeskL 72,

JEBIE DT L 721%, 4 C P crystalloid cardio-
plegic solution (LA CCP#, #imK : Na* 147,
K* 20, Ca?* 2, Mg?* 16, THAM 3., procain
1 mmol/1) % 30ml, 60cmH20 O{F AE TKRENRH
L5 L TAMEILEE, ERL1IC4TCHIEE) >
WBICREL 0L 6 BERGRFL 72,
3. FHER A

g B 25 B O terminal cardioplegia ¥ 5 5 i
I N EUT o 3BEIC T 72,

A#®¥  terminal cardioplegia # &5 L %4 - 728

(n=5)

BR . 4 C CCP #% 30ml HigiBERTICHERE L
728 (n=5)

CE¥ 1 20C » CCP #i % 30ml HHiERERICEZS L
728 (n=5)

6RFRI DL R FI%, ABETIZESLIC, B, CTIZX
NLZND terminal cardioplegia % 30ml, 60cmH20
DEAFEIS TKENRA 5 25 L 72 7% Langendorff {&
AL, 305788 L 72k 5 T UL IRIRATHT & FER
ICTEIRBHEERIE # HifT L 72, TR B3 FHERBER

B TEIREN BRI E R A 5200 % F CHIEL 72, F
72, TRTOBEIKT Ltk LKy EE%8
EL72, LT HRIRE, BHICHFEL TRESELH
E LM%, LHZEZELBETHRISYE, BUBEL T
HERFAELL, LHKFTEEIIANL D KDz,

Lk Ed(%) = (REE-HEE)/BEE
X100

D ED#ERIZT N CFEAE + B R ZE TRCekL,
FEBHEMOAEEREICIZIANOVAEZZHWT
et 1T\, p<005%2L-> CHEZEHN & H
E L7z, AEBRICEEL, “Guide for the Care and
Use of Laboratory Animals” (The National
Institutes of Health Publication No. 85—23,
Revised 1985) IC#H#L L ghy» Z&a0ICH ) o 72,

] *

1. A%

A, B, CEEOLIAKIZI TN ZFNES 176112,
183+ 6, 181+ 9 M & EHMICABEZZOL -
72, F72, BEROBEDLZOLNHh -1,

2. KEv—7E (LVSPP)

A, B, CHOE—7FENHRITTablel iZ/RL
72 THBD, EHMEHELZEZABEYE
INN—CBBICBWTA, CEBLILELCAFE(DE
l2 Table 1IC/RL 72) Ic@fEZRL Tz,

3. EZ%4%E (LVDP)

A, B, CEOLVDP L \)L—>FRENDEE%
Table 22" F, BEELXKITXTHONL—FEICE

Table 1 Left ventricular systolic peak pressure of each group

Balloon Volume Group A p value* Group B Group C p value*
0.0 63.2+2.2 <0.001 78.842.2 67.8+2.2 <0.001
0.1 70.6+2.6 <0.001 88.0+3.2 75.4+3.9 <0.001
0.2 772+1.9 <0.001 932+3.3 84.445.0 0.001
0.3 87.6+2.6 <0.001 100.8+2.8 92.4+4.7 <0.001
0.4 92.8+1.8 <0.001 107.443.0 100.6 +5.0 0.004
0.5 102.6 +£2.5 <0.001 114.24+1.3 110.0+4.1 0.03
0.6 107.8+5.5 <0.001 120.0+3.0 114.44+3.6 0.04

*p value versus group B and group A, group B and group C.

(mmHg)
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Table 2 Left ventricular developed pressure of each group

Balloon volume Group A p value* Group B Group C p value*
0.0 60.0+2.5 <0.001 772422 64.8429 <0.001
0.1 66.4+2.0 <0.001 85.2+29 70.8+3.6 <0.001
0.2 70.8+2.2 <0.001 88.44+3.0 77.8+4.3 <0.001
0.3 76.84+2.2 <0.001 92.24+2.9 80.8+5.0 <0.001
0.4 77.8+2.2 <0.001 95.2+2.9 84.8+4.3 <0.001
0.5 79.8+2.9 <0.001 95.4+1.8 86.8+3.6 0.0002
0.6 79.8+2.9 <0.001 96.2+2.2 85.8+4.3 0.0001
. (mmHg)
p value versus group B and group A, group B and group C.
Table 3 Left ventricular max. dp/dt of each group
Balloon Volume Group A Group B Group C
0.0 723+78 873+53 721+£75
0.1 816 +88 882 +45 820+83
0.2 906 +95 925475 886 + 74
0.3 962485 1023+ 86 945+ 87
0.4 973490 1052+90 962 +75
0.5 956 +102 10754102 955458
0.6 963495 1065+ 54 9324102
(mmHg/sec)
Table 4 Coronary flow after store
Before store Group A Group B Group C
CFR10 79.3+1.9 61.2+6.2* 67.9+3.1 58.3+1.2*
CFR20 74.9+2.3 57.5+5.5* 63.0+3.2 57.8+1.3*
(ml/min)

*p <0.01 versus before store

WTREZRLTEY, EHEMOLETIIRIZN B
Bt 2 BEICHANTHEEIC (pfEIFERICRLE)
fExRL Tz,

. max dp/dt
FERMHENIEIE & L CHl5E L 72 max dp/dt D
£ % Table 312w L 724 dp/dt 2 B L T3 & BERT
BEZRREO LN LT,

=
2]
4

5. EZa>774T >R

LVEDP #*0 mmHg » s — > B L V#EL 72
EZBar774T7>RIEFA B, CETENLEN
0.41£0.04, 0.61+0.08, 0.49+0.06ml TH", B#
A, CEBECEATEIN AR (p<0.05) &EE R
L7,

F 72, LB OIRIRME % FHE 2 7200 2 IR
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£ (EDP)-.LZ N 3)L— > &% (balloon volume ) W72 ht, BETIIBAELRMIZEZDS ST, o2
2% Fig. 2oL 72, A, CEHETIZ \L—FBnN BEICHANTHEI (p<0.05) BVEZ/RL Tz,
BEMICHEWEDP IR E L ( LR LELFICRML T 6. FLEHeetR (Fig.3)
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Fig. 2 Relationship between balloon volume and end-diastolic pressure
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Fig.3 Plot of left ventricular systolic peak pressure vs. left ventricular end-diastolic pressure.
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EZHFE/MIC T 5 Frank-Starling 21 % # #&54
T o720, HrzRKICBITEE V- FERKD
LVSPP ¥ EDP & # 7w } L, best fit curve *
K> L aedh R % ER L 72, B#f Tl Frank-
Starling I R 7B EICBIFICRIZNL T 7205, A,
C TR ORI BEICL FHICRELL TEY
LHEREDTR T L 72 R BE 2 R L T w7z,

7. @i &E (Table4)

LR RIERBEI05 % B L U200 0B RE %
ZFNZFNCRFI0 RWFCRF20 & L T&bL7, A,
CHILLBAFAME L N AEIC (p<0.01) I&TL 72
Wiz, BEICBWINAREEZRRDOL L 12,
72, EHMETORABEEIIRD N L o172,

8. LKy EE

LKy &RIZARES6.110.47%, BEE85.7+
0.98%, CF85.1£0.76% TH» ", &HMTHEIL
DN Tz,

1 =

RS AE TR O FHE MR E X SRICBI L T,
R IERE AR A FHERIE T IC IS & 7172 blood cardio-
plegia % #% 5§ 2 HikdrARALNTH 4?:11)7( nNEH
BT A HMEIBMRINTIE V57 , cry-
stalloid cardioplegia & 7 A &hE < % 7 i 7 A%
DWW TIERIZ/LSN T2V, ZZ T, initial
cardioplegia & L C, FF+—/{MFIIEDBICERKIEGH
SN T3 CCP i #% terminal cardioplegia & L T
vz & %R A, terminal cardioplegia # A\ %
WAL DREBRIT- 72, S HISERBRDIREICD
WTH 4°C(BE)B L U20T(CHE) D 2 FHIZ D
THRL, 206 D0HIERBEERN EMHFRORET 21T
-7z,

B M FHERE D L RERE DR & L Tt £
RARBEN EF, A£ZEdp/dt DT, —EL.LHEE
DR FHZEITFoND, /2, EEI>7T74T >R
DIETR.08iEE, BORENME T2 2723223
MoENTEN, TNHLNDREZRETTLIEIZELLC
EZENASN—CHRICEDEEa LT I7A4T > ZHI%E
2TV, LHHIFEOIEE L L TOBKT 2% EIE
L7,

SR EEERHERICBITAERIZOVWTIR, BE

EABEX ORI TIIFHERREDERIBED 2 W IT LR
HBEHOKIEE (20 & 47mmol/l), BL U Mg i&E
(16 & 1.2mmol/1)H"&7% N, F72, BEH(4T)&C
F(20C) E oM Tl3, EREMBRIIFEL TH B DY,
CCPBRDIBEN R 5 Twvd, BN BT 5 6
WpH D& F & H" 4 4 > #Emiz LEEENER
LN, BHIKIER F I LHMBENIRENEE T
 MERE Y A B RR AR T4 A 22 ebi, MBI
mNagﬁﬁ,m%%«@Kmm&t%nu&éb
£ iFhE o FrCa DB AIC & 2 LEhBEE
&% B, CHTHEALZ-SKIEED termi-
nal cardioplegia |3 FHERBERICHET 2.0 HEEIC
o THET A F ANt 2Calt
DBELARNRALEHEBERKBIC LD £ L7208
MREOBRSMRIC L > TEA A > OB 2 151F, B
‘ig@_fﬁu?ﬁﬂ@(ﬁa A A+ > oMBNERE % 506§ 2168
H L1, BEFEEIHILEN2 LN E
Z b7z, F72, terminal cardioplegia ' & Mg
BEICOWTYL, MgA A odCaf A ERLA
FrFrFnEALOLGRRANEBEL, B
AT 5 :15%' i2 & - T CaA A > DMBAANGA % #h)
T22E ELnTEY, LHEERFICAENTH
S Ezbnt, 12720, LEKGEEL L AR
LB IFREDIKEEIC BB £ 7 { S RIDOKRET Tl
BorTld -7, 72, BEELCHELIIBITS
ERBEDOBENEZRICEYT 55T, 4CHCCP
T 1320°C O CCP ‘(ﬁ)t: HXTCBRHZ#R0Bon
72 Hearse 6 D#E T3 LHMIKED CaF x>~
ANDOEBRIZIREICKFETL L3N, CaF v 1
VKR T ClRFAKE T, MA~NCaf At
MARBBBETCIRRELZWEREIN TS, —7F,
B TTIZCaF v > AN L > THBAA~
NDCaAd A >WADAREE %), CaA 4> DMIEA
IFRIC L 2.0HEEN»ELIND, RO BHEC
HOLBRENEIZZNCaTF v > R NLDIREKFE
KB LD EEz bnte, 72, RO THFEIR

16)
|

CCPHBRNERICL 2LHEENE IWMEINT
W5,
crystalloid cardioplegia ¢ terminal cardio-

plegia & L THH KSR Z D iE fksO R BEER L
BRIZCOWTIE, 2N F THMLRE DL H - 72h5,
SRIDEGEHRICEAD L, EIC4THCCPHR
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% terminal cardioplegia & L TH W7 BHicB W
T, §XTCHON—CFHEICBITAEZEEY—7ER
CVEZEREEICMELKL CREICEEZRL 2,
¥ 72 EDP-LVSPP Hi#ic & 2 .OHRELLEL Tl B B¥IC
BT Frank-Starling %) A8 B IEH 12TV IR BE

TRz T 72,

¥7, EE/V—2FELEDP

EDBRD 513 3 MO L TLAEISLHENIL
DRI TE), MATEZI> 74T 2
VABEEZ L C(RfEEZTRL, LLEX ) CCPHK
# terminal cardioplegia & L Tk 5 L 7 HNOMHHE
CMIMBRICERCHBIC RIF 2 OHEEZ #EFL, 6
RO REERER M 14 L OB O B o JRoRAE %2 fRHF L
Twhze»mra3Inkz, zns &Y, crystalloid
cardioplegia ? terminal cardioplegia & L TH &

RAMAREHEI NG L &I,

F DIREDF DT &

L T3 crystalloid cardioplegia ¥ N & K g EiC &
L EFEA A OBBOFIERE, BLUOE Mg BE
ok B Cad A L nFEHICED CHELA Ca 18 A 1o
BHE#R, S o fgRPHICKRZ ROz i &
2CaF x> A NONEHLL EXELEREL T
HireonseEzz, 2NbDMRAIL cold crystal-
loid cardioplegia D RFFREILRTFL RIS X 2 BHE
BE LSRR Z L, 2oL EBBERED
terminal cardioplegia IEN#HT L WERIKIC A 12 1% 52D
LortBbnsg,

1.

»

6 FF R PR 770 B i X4 9 5 terminal crystalloid

cardioplegia O FHE FibF LB ER LR Fic D¢
isolated rabbit heart model %RV TRET#1T - 72,

2.

4 C PN cold crystalloid cardioplegia # termi-

nal cardioplegia & L THW/EHTIY, £EX—7
JE, EZRERE, EZa> 7747 2% XIcML
THBICH~NBEEL L > TR Z.OHERED BIEE
mEzmLiz, 612, EE/N—FE-EDP H#
TIEOHDOILEEI» BRIFICKZNTB Y, EDP-
LVSPP #i# Tl3 Frank-Starling i & A RIFE N C
W7z,

3 . Terminal crystalloid cardioplegia (23175
EREER BT L LT3, @KIEE (20mmol/l)
W& B EHEA A BB IEHR, SMgEE (16

mmol/l), iIE (4C)Ic kb CaA +HEHIER%E
BT sz ehEkdEEZ LN,

4 .

o i 7% 4 T 41 B ) FRIE TRIERTIC 4 'C ) CCP R

25T 5 RAIE, BHEOBERFFNE D 5 AT
terminal cardioplegia &~ 7 & 2\ B& IR It F A<
Fans,
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