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The Experimental Study of Myocardial Protection by Using
Cold Blood Potassium Cardioplegia in Open Heart Surgery

Dong Jun Lee M.D.*

We attempted to evaluate the effectiveness of cold blood potassium cardioplegia (Group B) compared

with that of intermittent aortic cross clamp with topical hypothermia(Group A} in each six dogs.

The studies were performed under the extracorporeal circulation with moderate hypothermia by

using Mongrel dogs.

1. In Group A(6), it was difficult to mairtain the temperature below 20°C. but in Group B(6), it was

possible.to maintain the temperature.

2. In blood pressure and myocardial recovery ability, Group B was more excellent than Group A.

3. There was no significant difference in Na+, Ca*, and Ci- between both groups, but in K* level,

Group A was mild decreased and Group B was nearly normal ievel.

4. in serum LDH level, Group A was higher than Group B, but in SGOT level there was no signific-

ance between both groups.

5. On electromicroscopical study, Group A showed severe change in mitochondria, but Group B was

nearly normal view.

Thus we suggest that cold blood potassium cardioplegia would be more effective than intermittent

aortic cross clamp with topical hypothermia for myocardial protection in open heart surgery.
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OB HE A9 ertE 29 dade OO B2
FERBY) O ORMEINIBMN) @OBENSH Del-
ectrical activity 8] #F @EFBEMBEORR Fog
¥E= 2 gl

EEHE o8 OHREEP B #%R% wM pota-
ssium OMEIEKS AT Bl MO ABIREE B
FrSHIES BT B BB dalA FRAA
B EES s

I.R®5=®

12 9k2] 9] AFK(10~16kg)& FAH oo =¥ th-
jopental Sodium (%F 30mg~ kg)& BIRM ZEAT
oR4d MEREE dolAn 100% BES FASIS B
Boz ATMWS Az

ATOMEEE Rygg-Gyvsgaard, rotary pumpo]=
ALfiE+ BOS—10% A BB, &8, 0888
o BEE BrEEFE flEd -t

FERRIR O] MBAERES FEE-> 1100mlE slu
ICHEW 2 heat exchanger & E3l+= 400ml-& &3
1500m! & st oo 2 W £.2 Hartman % 43 5
% TEHNe ¥R ste MK (HEFRANA i), Ma-
mnitol (0.8 gm,“kg), Heparin(Ilmg-kg), 7.5% Sodi-
um bicarbonate(3m!,/100me blood), Calcose (0.8%)
5m1/100 cc blood, Ampicill in 2.0gm %% H7lsl
dor KMo HrbE v MEES 875+ Het EE
30%7F A #Ee o} ( Table 1),

Table 1. Composition of Priming Solution

&

Total Priming Volume : 1500 ml.

1) Hartman sol.: 5% D/W(2:1)

2) Blood collection in Blood bag containing
ACD off other dog.

3) Mannitol(0.8 gm/Kg)

4) Heparin(1l gm/Kg)

5) 7.5 % Sodium bicarbonate(3 cc/Blood 100 cc)

6) Calcose (5 cc/Blood 100 cc)

7) Ampicillin(2.0 gm)

Desired Hematocrit: 30 %

# 2 Polyethylene catheter & XERBIfR# HOE
o Yol KENREY AULGFIRES HIES 3 HiF i
Brye g FAN

KBRS EFREFIRA 712t @7 EHalol hep-
arin(2mg/kg) & HOFEA EASIL A£0FY BAMK

€ 719 vent & OAFel $o] 50~100mlin
HEZ A Y o

HABMBE-S FAs e BIR7IEetE 12~16FT,
AEBIR7LFele L4inch tygon 7EetE 2f M
Bt HMKES 75~95ml kg /min 2 slglow EEE
AL EHREY 1.5~2/52 st BETES & 200
mmHg & #&A k. BIRME-S 70 ~100mmHg 2 3
2 PEEERES FAY (28T).

Mgk e 2 mwinel BERMBEE EHA7) 7 e B
FB (L4 inch, 9m, & 450ml)E FREoLE B
WA A 0~4C LEE LTl EFA Al o &
I wme BEE 6~10Cd ch(Fig 1),
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Fig. 1. The circuit used for cold blood potassi-
um cardioplegia is shown.
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e

12ute] & A#E3 BEfo 2 vFe AEN(6)E HEA
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1. DEhE BEY Wik

ARl A v FHES OEHRRBES 20CUTE #
Bl Ao ouyg 224 1°CE #iEEd o BEkel A
= AR 2R 20CUTFER Bl #85T + Ao
( Table I)

2. i B B (b

Ty KGIRES ROBIRES F0A &, kol &%
HiE=G oH FHEE MBS 70~100mmHgs #ERF
sl A8l OSSR MRES Ao T £
By ol A4 MES T 5 dsdt.

mEEe] ik ARl A~ FHWRT ARBETFAA 109 =
3.4 mmHg, FHitk 86.512.6mmHg e}, BEdAE
FHH HB Fol 110+ 3.8mmHg FH# 97.044.26
mmHg & JEely g (Table ) (Fig 2).
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Fig.2. Blood Pressure of Group A vs. Group B
during Extracorporeal Circulation.

3. Dbk BE 8BS

A.B Mgt A (ELiL# BiEfstY EBRBES 30C
T AHEEEE 32 CUEAA OB SEgEhe BR
stsledl ABr 2fldl 4 GREFES 260 A de-
fibrillotor ¢} =W 9 A2 A% #FHFE=d oo 24
ol 4 & fRHEe] HEH ok

BEA A+ 3fel4 EREFESIT 3F A 19
2[EY defibrillotor A2 2F gESA )

Table . Group A and Group B. Myocardial preservation: Analysis of Septal temperature, LVS:

P, Recovery and Serum enzymes,

Septal LV peak systolic Recov- Hemoglobin LDH(Wreblewski SGOT(Reitmann- Biop-
Temp. pressure ery Unit) Frankel U) sy
During Con- End ChangeEnd Contr- End Contr-End ChangeCont- End Change
Crossc- trol Cross (%) Cross ol Cross ol Cross (%) rol Cross (%)
lamp clamp clamp clamp clamp clamp
1 23.5 98 - - Death 12.7 9.5 84 158 88 25 80 220 -
2 24.5 108 80 26 Spont. 13.0 9.7 66 226 242 18 98 444 +
i 3 25.5 110 92 16 D.C. 13.5 10.2 44 178 304 37 110 197 +
24 225 115 - -  Death 14.2 - 57 - - 52 - - -
G 5 23.5 103 83 19 D.C 12.5 8.9 77 193 150 21 121 476 -
6 23.5 121 91 25 D.C 14.5 10.0 80 248 210 40 125 212 +
23.8 109.0 86.5 21.5 13.4 9.7 68 201 200 32.2 107 310
+0.4 +3.4 +2.6 £2.4 +0.33 +0.22 +6.3 +16.2 37 +5.07 £8.17 +62
1 1620 113 110 3 Spont. 13.7 10.4 78 128 64 35 60 71 +
2 17-22 107 92 14 D.C 13.5 9.8 71 100 41 38 140 268 -
;:2 3 16-20 102 ~ -~ Spont. 13.1 9.4 54 - - 50 - - -
E 4 17-21 98 85 13 D.C 12.9 10.1 86 145 69 40 75 88 +
© 5 16-19 123 98 20 D.C 14.1 9.9 82 152 85 24 105 338 ~
6 17-20 116 102 12 Spont. 14.4 9.8 59 121 105 20 125 525 +
18.4 110 97 12.4 13.6 9.9 72 129 73 34.5 101 258
+0.3 +3.79 +4.26 +2.73 +0.23 +0.14 +5.2 +9.2 #+11 +4.48 +14.9 *84.12
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4. MpEEe W

A,B#&Bfo) 4 MAEME Nat, K*.Ca",Cl'¢ F
Mol BREREY Nat,Ca,Cl 8 MEEAe gx
K* skl ABtlA <719 HLE 2olx BEIAE A
o B wolA Wkrh(Table IV).

5. fA Hb, Hetflel #Wi

Mol Hb3l Hct {f+ Table Vel 4 r & ulopzr
o] A,BE Z5 Ao TR & ffel 717H v} (Table V).

6. MmikEIFKS M

FHiaTaL 2] LDHSF SGOTS MEES ALEsig
J8h R FHEIRE A ERE wadvh SGOT
= @B A Aol E xolxl ohsle LDH: BEfo] o
ol ##HE 3 g oh(Table 11, 1M).
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7. RYEREN AR

FHTTH OB K —FE MBS Y 4 A,
B Mgl A %% 39te]® By ERHA 2% osm
ic acidol BEEMN A BMmiES K3 OEHHEEES BER

g : N ‘ - ,l:f
Fig. 3. Preoperative Myocardial Biopsy(Original
Magnification X 14,000)

Table [V. Changes of Serum Electrolytes(mEq/
L)

Group A Group B
Before OP, After OP. Before OP. After OP.
Na 136.4+0.9 134.7+3 136.040.8 137.5+2.0
K 3.940.2 3.1+0.3 3.840.3 3.7+0.2
Ca 4.940.3 4.84+0.3 4.8+40.1 4.740.4
Cl 104 +1.0 90.5+1.4 103.6+0.9 91.6+1.8

Table V. Changes of Serum Hb(Gm/ 100 mL)
Group A
Before OP. After OP. Before OP, After OP.
13.6+0.23 9.9+0.14
40.8 29;7

Group B

Hb 13.4-+0.33 9.7+0.22
Hct 40.2 29.1

&F BTHEMBTAA BHEslgdoh, BE AR 24 A
EE=e]oby Pkiol #4dk, *zrel #Ee Clearing 3}
crista o RS Joil Mol AY R 77 RS 2
A2 Fig 3—-B) ABfol A+ H3l B85S Clearing 3
A% #ESE dogcl(Figd-A).

Crystolysis

Fig. 3A. Postoperative Myocardial Biopsy of Gr-
oup A :severe matrix clearing, cristoly-
sis and severe edema( X 10,000)

Table . Comparision of findings in Group A and Group B(intermittent X-clamp VS blood

potassium cardioplegia)

X-clamp Septal LV peak systolic pressure LDH(% SGOT (%
Group No. ime (Min) T Cont ECC cont. VS cont, Vs
time 1n emp. nt. . end X-clamp end X-clamp
A 6 = 40 23.8 109.0 86.5
+ 0.4 + 3.4 +2.6 200 -+ 37 310 + 62
B 6 = 40 18.4 110.8 97.0
* 0.3 + 3.8 + 4.3 73+ 11 258 + 84
P <0.005 N. S P<Co.1 P<0.025 N. S.

+ 5 mean SE N.S; not significant
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A 127l RS BEE KBIIREETE BT
WHES RSt OEIEE 4o AR Bl K-
Bk BERHES RSt MEIEE 4o BREY
A BE DEMEEE Hete BRsta & FRE
od g e}

1. ABdl A OMREE A8 OEHBREBEE 20°7C L
TR #ERsls] ou ¢ " BRI A= 20CUTR 4
Al #eEE = AsiHh

2. [MPESE) BRAERE SOl Aol A= ABtucl BEtel A
o 3 HRE LY

3. MFHEPR EARES mMILE S WAl 4 Bt ¢
3L oclak K*nubol Bl OMFILR R HAT 2FdA
sk BRI ABfelA e o7 E RS o

4. MiFESBFEANA = BBl A+~ LDHE7 2 435
g wyrh,

5. BTEMEMNCE AL vsgoeely By #
fte mad sl Bl 4w Ao EHEC A Sz
o BHE ¥

% #

BOMH DEREs FWNEE OHHEEA Hi 4
2 #EE e B ORI SRS = Ry
ol GAESES L.oA FET7] = Folvh

BRI O ERAE ] TIRERY MRS ABIIR EEwHT

Postoperative Myocardial Biopsy of Gr-
oup B: mild granule loss, mild matrix
clearing and nearly no disruption of cr-
istae(x 14,000)

EREBERN 16577, PEEOESHE 305, 20C MER
HEF 6057, OB IEK K OOBEHEE 12077, HELRE
R REAR BT 1200 Ll bolch. Fr@uoRARENARVE R
ol R E BEY Aol xul MG A HHE
(L RENRAES )3 Qe MgEsty QFHin
BE BiHsly] o Tol A AR &3 8l 120
U A Fibiel WY A v RFe mRss O
kS BEASl A BRGNS MEfrste e, B Foll-
ette’ EFE@EM O 2 FWY TREBRGHES 4850 o

LY Sl w2 BT OMMEET Lo waw o

DLl WK Tyers'® %3k Engedal 13, Follette4) 2 o
RENREFR OHRERD Y BES AUomRES
10C WA 20CE WEBAGIA 71 = Aol 2 4ol @i
Eikme] BERS @ Energy i ORBHHKEMNY HE
@ ER (ischemia, AEK) @OZEMMEII Ok HERS
ojeti ¥ oo Behrendt!®':= Ktz [MEibike BRD
ol LR EEItlT Yok, LS HAEAR o
4 BEMBRES BOAY 2 A#Ee AslA44 gly-
colysis, ATPFIAR S M3l lactatel®?] FERL
Biibsh A medufil #sl Ee) Aol Yrbe BES
EYE & k. OBHEES 10C UTE BHd«de
DN BAMES EREE RisRERe] 25 3l
a Preh 28 FRERCAA 5C ®In Potassium
OEIETES 0% EE&) A =} # 3te)  Indirect Coo -
mb’s test & ol Bffo)slon o) SHHREL FF
e m#s4 s Mannitol fER LR PHiEE 4 igiep)
o) EEHHZ2) Hq) ol 2880 LR BE
MBS H skt Aoz OHfB BEMERe o
sle Mgl PEERHR(28C) P £OoEY Co-
mpliance A BHHE= Bl =sirf, 22T A
2 25C 2 LIF7F =l ofoF Subnormal 2 Compliance
thnet Contractibility 7F BAE o Eo=Y OVHHR#E
b Ao, BFROENHI ischemic arrest®S #FH
gl HEMB ] ol AlSHD T HEREAYAE LR
Eo) & doivtel, el %I Potassium (CME IR
+ RS EAEE T2 Dol ks ks
Helend 2043 WA 3053 OIEERMBYS) W Elgteh, o)
oFo] EEFA i SEAsl Mol ksl ol ORI
ZR ol OMEEREAR 205 WA 3090 el (RS
o] el 2 Mol Collateral Circulationsl 4
;A DK BES s & Felrl,  TEsld 20
A W= 30437het OMEIEER S BEA ] ER o

WOV IER 0 KRB A B MO kR e 2
= 4 . Laks®y= ¥ Potassium (& ik#Eel B
Lo bR ot BES S BEE BRAA i
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gl cl. Barner &'+ B REER A ¥ifl Potassiumi+S
tkige] 7k F2 LEREY MRV A om Trge]
BiatoEibEg o B IER(K 288) 3@
d BFAS B EERRY EKEe A FEAE o
fbBer M b2 ¥ 24, Potassium, Magn-
esium , calcium, Procaine(eidocaine) o] Ff=lT
Aot s de| =T e A2 potassium o] ¢},
Potassium chloride= 5] Melrose(1955)7t ZBE
K#(245mEq,/1)& AP o GEFEB EHA
ks ow 2% 1974 HESH KEES BAIS 242028
29,300 5#R# S anoxic arrest & FH 1~2850 €
= 99t} Potassium? EEPVS Qo tr-
ansmembrane potential 2 EDEje] B2 MR
S BioiERER st TEA A LS WERES ab
o), &EMo = A Energylo] SHEY = A
Fe| A el A oldl v ol g7l el B HiFFShool HEID
MRS Energy ute® Fosich, 2ejze (H, BE
4%, energy Byt BEs WA EFKEY an-
oxic arreste] a4 LS KREY + At OK
BIRSET S Brkes OEE) ] ASS BRMNCE = HE
EEN A B ol 2o ggo w4 LRERE
7b 2ch, @EMSBMo R fvEIER R vt Hifel A«
@ potassium FEAH Hlfe] = 5548 jhiffe] 7] =
Toll Fifishsl b Folstet, Ellis®’9} Weisfeldt ¥ %
£ potassiume] 5mEq/1 9 7€ BEEAE THE
b o) thi 8.0 1 410,16,19,20,31,32,34,35) K a3 o 20~ 4y
mEq/1 & @EfNox 40mEq/( LLbS @FAS st
3 9leh, Potassium o] 40mEq/! £l ko] =w Cal-

ciume} HIMEAE Aol FHEstA energy ER& o]
HhnstZ] ol ok,

BT e M-S Bifel (10C) 25mEQ/1 #1#4 po-
tassium T BEY OEEK] OFHE MY A RE
th3 ghopll,14,20,36,37)

potassium o] BA=A ¥ BfuE OHMELERLZ
GRS FIEE DOl BELA RBE Fiks
ol 7l e Fof (M7 B — energy phosphate®] 4k o]
gl CPKigmmel ATPS KR ¢ieh. @ Mmooz
Bife BEATeR el BEBRLE 2@ OF
kol = RHgsta OEFY ATP(920%) 29 2 #FEE +
deh(FHE EET KEIKERl FiB 157 o] xat olaf
£ ATP & A#7 448 @ Mk BBELE O
#he] aerobicmetabolismol Yol vbzl wlFoll A&l A
MFEf o2 %ol insulin B WRY S ¢l
th., @ ERWoR MELERE BEAT A AMKE

& BRES & do. @ BmBRELERE XX MHF
Ergel9l 7] o Fol IER osmotic pressure & #HEFFT

SH(ALFE 78 A manitol, Albumin, dextan < ¥ /4
o doh. @ BAME Fikirh 53 ¥ AL O
b AA €oh @ KBIIREHA EAY o fHs)
T RSsheh. '

Kclol ANIEE WHABE LKL Mo B
W o energyREEZ #EY T Avtn s elect-
romechanical activity 7} Bii¢ BE== ischemic
fibrillatim ¢} deivtA 45% REE S energy HESY
o8 a2 v HEEE (b el Kcl(25mEq/ )&
gk OBIEK-S AT o8 MBSt electrom-
echanical activity7} 4= 7] o ol LB &
energy phosphate & #%&-& T 10%LLFolr}, Fol-
let3% Blumgart®®% Jennings*’% Jennings® &
2 Kclo] REE&% mOos kRS FAY & ischemic
damage o) EEHK S B KA 4 O
mechanical activity 7} B4 {kstox §ieb. @i
lbwgel KCl &+ @&4914 Bidfo K3 oHEAdS
Bibe 4 9le}. = aortic cross clampE# KCi 7t
A& %Y HOOEEES EAY & OR#F] BY
%t A %sle] & energy phosphate o} BAFEHE) B
sl A Fhs OEHEEe] oxgk KCl &= BiluiE
IEWEE TEARS HIRG = B3] MELEZE 27 o Fl
% energy phosphate o} BFEMEZ B4 OAEE
e R

% energy phosphateE#E : (fffo] IEEMIQ HFRE
REER ol A= B BEFEST M=ol & energy pho-
sphate (ATP)7} £Es . H HEMd BEEHH
o HEEAsRiERe ) L Mol glucose, lactate, acetate,
acetoacetate, pyruvate, °tvl x4k, Fol  H)RMIFE A
aet RS FEFRERETY 4% glucose 1ko)
H—sl HEEF HouE A& + At HHoI 2
BREA AR FRIERBY 5.6 %] ATP S 4R
v}, ol ehpte] FHFREREBAAE G2 & ele-
ctromechanical activitye &4 AR A= gl-
ycolysis &) o #l 2 creakine phosphate(C,P)7t &
DE I ATPEES Bl = #lasa mdel A5
ATPfEM el GtE=lol 33 ATP®EE EF= . Br-
etschneider )= ATP 9] critical level & 4 #mole
/gm wet tissue EUF=tR 3o ofjwl= ,MFol is-
chemic tolerance & oA KEIREES MEKEE O
e BEEe] B MES o HFEMSEFHRE BY
S 7 2448, o] M= glycogenolysis® HY
b2 glycogene] MIEMAA &8 Hdstzl wl Folrh.

&elld 2l phosphate o A= B &% 1 KBIRAEBTATS
glycogen3 ATPE& @EKESZ Rrgstn o2
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SR ERSES WElste Aol EEsleh, 2w A4 Sc-
heuer?) %-& KEIIRERATA F KRB 4 glucose
T W@ A ATPE frlEA Aok @cla $icl, Butch-
art*8)e} ChandlerF%’ e KENWREHERT O K
2 A7) % ( pacing : JRIE> 150 /43, isoproternol
) GRS S = 54 #ibvlze s ofik
SABfel MRS Bel U< phosphatert ¥ el (O
R#EA 2 geon @k 28 KlokeS0%5e s
oproterenol & ¥ sl BEFRMHERES BPEY S
z MESX gedx B = glucose & ATPR
E JAI &= preischemia= [MS1E7F BB = 53
43 $jof o,

Buchart®®'= b ® & A% =ets anoxic arr-
est B O lciEC) MM A& A anoxic arrest 7} &
#8p8 A 4== hypoglycemia A#87} catecholamine
o e EMmAAA KBS oS REQCT TR
ek, Braunward® &= O energy 9 EBEME
sl TS @basal metabolism (IE% (O\E8RE
EBFEMES 20%) @ Contractibility @ heart rate
@ DN KRBT GEBETRRIE(OE RS K A
AF AL FHOEY BEEBRE oF 25% #H
HAe})., GO OEER(EC Vent2 DREel weolglox
IEEEECME el BEMES 50 %)olztx ).

energy §t#4: Butchart®'= B EEo A O ILK
& A% ¥ anoxic arrest BIBIAR glucosed] KHES
120mg/100ml & #5312 ischemia % OJEHEEE
o] FAZEE Mm-S % e, B anoxic ischemia®l
o BIRM glucose 52 FH WS 2 U boR ik
84 ischemia arrestd H—s3}A RFPHE= B
g 4 Y+ glicosed wle] 4 HHEEE Aol

Schever’2)%. el A4 catecholamine & KE
st glycogen A &g HpnAlZl 8 ischemicrr AT-
PEES A534 a1 »ofd, Austen®%2 5
ol KEMRS EHIE B o] BERS WEMel 200ml o) 5
(/3 20%EEH 2/3% MEMID % mm)
& BEAYL = FEEAY TEF(2mg to 3gm/ 100
ml)e Befw &% ischemia ol (OEEIWE(perfo-
rmance)ol FEH G kT ot HearsePVE L # L
o] anoxia ¥ [(MBilkrh 35 3% HHEAZHEAY ATPX
AL HFYU ot gheh

E7 8 O TEDS BEsE OHREES RME
S {RHEA 155, Aol Al TRl AW £EHAES F
o] A M glycogen KAEE A 2 YW ischemia®,
DEHEEE] WEHG G, U LEe Al 24 ischem-
iatk OHEHE 2¢" ischemia HEHRTREA 7t

A EEsI®), B ischemia 8ol @ energy I8 &
M A E g4 contractibility & sk Gen-
ergylRel RS HalA SEdA s HAoloh O
12l energy SF FErF Wol MERA RRBAA LB
Holvh oW g (MFILIK-E FReb® OMfdl EE Bt
2t}. metabolic supply/demand index 7} 4,5 %
t} 4 class Iebx &bw), 4.5 W=l 159 &= Cl-
ass 0, 1,584 Fd o} & Class Moz ¥ AgsE 4
o9, o) index o AXE  BRAEEHE - (Cross
Clamp — L.V, asystole interval) x L.V, dp/dt ¢}
ot

ischemia ] =92 120 g /100mlLlEos &
4 4 g9lch. cross-clampinterval — L. V. asystol
interval & H#E Potassiume] &I (MBS
2 23] BilkAY A B —EfEelrh 1382 is-
chemia Contractibility$] Bifie]l =te}4 indewt
2=l m 2 o] Contractibility 7} 7} BEE#l ok, isc-
hemia #% &% Performance & #MEEH HBE A0

% Stroke Workel wte} o-&3l o] FEY Ags
Aep, FvE Stroke Work 7F 20% LR A4l 6%

Class I(Good function), 20 =l 50% 44 & Cla-
ss [T (Moderated depressed), 50% LAt A4l & )
class HUI(Severely deppressed)& gtc}.

22 Hearse’®)& #%¥E, Manitol, insuling 4
ol AR E A o8 FEShx ERA. B H
B A Bol HEMBY-l ischemia & OHE
7} egton I Bol B&TE (50mm/1) LBHEE
o BE Afd. 1 FEAET WEREd ORH#RT
% OBHERT o Folck. AHEL FEFRHY glycolysis
Win FEiFEsE ATP 4v 180, Cytoplasm A proton
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