KRR Eit 22 8 H 6%
. 22, No. 6. December. 1989

A u].a] _9_014 O]

jal

A}
— AAMlelti Aotu|2zt MEnt

%
Z oA

— Abstract —

Influence of Osmolarity of Cardioplegic Solution
in the Myocardial Function

— Comparison between the YUMC" and the St.
Thomas Hospital Cardioplegic Solution—

Meyun Shick Kang M.D.", Kyung Jong Yoo, M.D.", Bum Koo Cho, M.D."

Using an isolated Rat heart preparation of the Sprague Dawley strain, the YUMC cardiople-
gic solution & the St. Thomas Hospital Cardioplegic Solution were compared in the non
woking & working heart perfusion systems by evaluating the hemodynamics, (bio) chemical,
and light microscopic finding

The heart rate & coronary flow of the two groups in the 20 minutes post ischemic recovery
time were 288.6%6.5vs 283.7£12 and 21.3+1.0 vs 19.01.7 respectively with no statistical
significance existing. However the aortic systoic pressure, aortic overflow, cardiac output
which were 81.7+£42vs 784% 1.8, 183%1.1 vs 13.0£2.5 and 36.9+0.9tvs 32.0+3.2 respec-
tively with P<0.01 indicate that the comparison of these three parameters is statistically
meaningful.

The amount of CPK extracted in the 20 minutes post 120 minutes of ischemia was compared
for the two cardioplegic solution, the results of which turned out to be similar, light microsco-
pic findings were also found to be similar.

It is thought that the YUMC cardioplegic solution provided better results than the St
Thomas hospital solution because of the differing composition of the two solution such as
glucose, mannitol, albumin were put only in the former solution enhancing osmolarity of the

cardioplgic solution & providing better hemodynamic results.
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(YUMC cardioplegic solution) 4 st~ 1 Al n}y)
&8 (St. Thomas Hospital cardioplegic solution)&*
3x 2] %418 o] &4l Nonworking & working He-
art Perfusion System.22 4l2-¢] &-z%4 (Hemo-
dynamics), 4§ #}sba, Aetav A A 43¢ w3}
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2 Aol 28 FES A AHEA FAE 300
—400 g o]9l.em oA olaf Aluku] &R (YUMC CPS)
3 AErksad gl o] L8 (St Thomas CPS)el] #
Z+ 7ete) 4 14vhe] & ARgstglel, R s AP 24]
7y AR AAxg o, phenobarbltal sodium (Nem-
butol) 5mg/100 g& H7ZWH Foisle] ohd 4] 7]%]
Heparine 100 unit/100 g2 A& AN & S T4pgt
+ ASAHEFEA g3 AA AE: F4] 4°C Kre-
bs-Hensleit solution (K-H solution)sl] w70 Aluk%
A o T8 3} 2}l Aell Ababsle] 37°C2] K-H
solution®] £-3Fsl= 2] 9 53l 3| 2ol o A}k,
AF 100em H:0 Folato wjaeld w28 15%
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% (Aortic overflow), H il 5= +F7|qf, Aab73
< &4 shole olwf AlMbErt -9 2503 o 4,
5 hE o Fe] ik 15mle] A, A B3 5
7lore]l 75 mmHg oj4kal 74 $ollal Ag@Fo 8 A48
st om, AT Alvpu] &S of §obe] 241 7HE
ok Alvbu] & A1zl et, Advtelgq-& 29 cm HO iol“
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% CPK %&%% T3k 442 gram dry weight®
ghAkS | AxgeFe A4S 3 i"” A A

100°C dry ovenoﬂ “l 24*‘] 7J' 3_31 A7l Tﬂ]

A1 A)

10 % -8 ] “‘:chﬂ 4 DW]' H- E(Hematoxylme Eo-
sin) o 4 3}o] ek 'i“] Hog AlTAH L E£A{FT
£ datat= Chi-Sguare test® A

el 2 Rel4d sl

2 A&l 4 2183t modified Krebs-Hensleit buffer
solution 1000 mIWdl+= NaCl 118 mM, Kcl 4.7 mM,
CaCl: 2 H:O0 2.5mM, MgSo« 7 H:O0 1.2mM, K-
H:POs 1.2 mM, Na-EDTA 0.5 mM, NaHCOs 25 mM,
Glucose 11.1 mMo| £§ 5lof gl om, F3k4] 44
of of AbsbrbAVE 95:52] W& 4lql B3 AE Y
ko 24 pH 7.51%0.06, PO.7} 400 mmHg o} 4 PC
0.7} 35+3 mmHg ¥ % ¢k
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2 Ao 4 ARgak ol o Al ebu) e 2} o) 2
o R o] &3t HEulie] vty gole] 4L Ta
ble 13k el ad Al & o Alnfw] 8ol 2 of d o) st F
o) zhal @Al A AlEFh Alnte] 8ol 0 R4 20 %
mannitale] 25 ml/L, 25% albumine®] 100 ml/L X
gelo} glo] 4 4bFglo] 340 mOsm/L24 A &ErpA
Hy4e] Axel o o] drh slakddl A FHAF A
LLzs]- Al u}ﬁ]%ou 0] AL O} O 7 o];{g] ol Az

ojt}l, HCOs+X 30 mml/L24 A Eol2wigl) A(10

Table 1.
YUMC St. Thomas®

Na’ (mml/L) 140 100
K* (mml/L) 19.0 16
Ca*™" (mml/L) 0.6 1.2
HeO* (mml/L) 30 10
Mg' ' (mml/L) 0 16.0
pH . 7.6 7.8
glcosnlg/L) 5

20 % man .itol(ml/L) 25 0
25 % albumin{ml/L) 100 0]
osmolarity(mOSm/L) 340 285—300
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£ A13H4] 30& o] ulof] xped Aldbg ZH 7} (spontaneous
heart beat)7} dojntos, 2ol 4 +3ho 2 upr-9l-g
‘ﬂl % group 5 204 AFE of 22 e} fARRE 4 A

& Holrirt 304 7 zbFoll= A3 3] 5 siglo
5 groupZbe| 352 Aok FAIEAH o442 ¢

AP =0.462)(Table 2).
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S P=0.473)(Table 4).

1 e & ¥
4 Wl Table 5). F groupZtell &=
A A Fol4S el e(P<0.01).
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g8 -g Ah&ab group®] ¢ AlvkelF 5E A4l goR4, F groupite] Aluhyl 74 o A= FA 8
238 HFEA)(81.6+2.7) Heb ¥ HA(83312.9) 2B Fod 2s}b gadon, 12087 AlnbuF 2telAl
Table 2. Recovery of Heart Rate after 120 minutes of Ischemia

Cardioplegic Control Post ischemic recovery t ime (minutes)

solution (beats/min) 5 10 0 25 30

St. Thomas 2914188 2154%21 241.3£21 2629 +26 283.7t12 286.2%137 293.1%x54

YUMC 2943159 20271+248 25041267 274571149 2886+65 293.1%x 52 2954%52

Table 3. Recovery of Aortic systolic pressure after 120

minutes of Ischemia

Cardioplegic Control Post ischemic recovery t ime (minutes)

solution (mmHg) 5 10 0 25 30

St. Thomas 83.4+37 80.6%+3.5 79.7+41 78.7+2.8 78.4+238 789134 77.7£29
YUMC 81.6x27 83.3%+29 82.0x4.1 81.6+3.9 81.7+4.2 81.1£4.0 81.0x39
Table 4. Recovery of Coronary flow after 120 minutes of Ischemia

Cardioplegic Control Post ischemic recovery t ime (minutes)

solution (ml/min) 5 25 30

St. Thomas 196+1.5 184125 19.1£23 19.0+2.4 19.0%+1.7 190%1.4 19.1+1.8
YUMC 216105 20.1+0.9 21.0+0.8 21.3x05 21.3+1.0 21.4+1.0 210106
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Table 5. Recovery of Aortic Overflow after 120 minutes of Ischemia

Cardioplegic Control Post ischemic recovery time (minutes)

solution (ml/min) 5 10 15 20 25 30
St. Thomas 19.1+21 14.1£36 13.7£26 133+26 13.0+25 13.0+2.8 12.1£3.1
YUMC 180+1.0 18.7+0.8 18.1£0.9 18.1+1.1 183+1.1 17.7+£0.8 17.7+1.1
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o vlah BAAE kA E B o} a2 o] Almfu] gl
o] 7% oA w3k Azbge] of A eF frabal A A
% el eh(Table 6). 5 groupztel = EA &4 2]
42 veble(P<0.01).
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AzharA A Abe 12072 Alebel 3 2ol 53k 30
w59 +E3= CPK F3& T3l 432 gram
dry weight® Z4bslich. AJEvtaygd Alvebs] g4
3087+ & CPK #£%-2 54,0180 IUA L o4 2ol
Alopu] 8o} 3087+ & CPK #%&%-& 50.
drh 5 groupztel EAIEA &

0.457).
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Table 6. Recovery of Cardiac Output after 120 minutes of Ischemia

Cardioplegic Control Post ischemic recovery t ime (minutes)

solution (ml/min) 5 0 1 0 25 30

St. Thomas 387+29 326%39 329%38 32.3x37 320x32 324+3.1 31.3%£3.7
YUMC 396109 38.9+0.9 39.2+0.9 394104 396%09 392407 38.7x1.3
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A zh5o] Agdol| o] &3k 5 Alupu] LR 2] T4 AE
2 ofFzke| Ao} Aol glom welA] T groups 41wkl
LB fol] Tkl ARl wlel wla FG e}

Na* FE+ dd9a Alvkagd o] 140
mmol/L, 4 Esb= A upu] &l ol 110 mmol/L 2 A
A 2ol & ol glrh, Nat-g 4 ol Ealdle
Na*—K* pumpell ¢a AlE W2 o] EF3sted whebd
K¥o]uh ATP 2.9 o} & Alell A 550 58 o] b
<tk

FAAZ Nat 2o Alobu Ak A £3h4) Al 24
o) £ARS HuE Aoz A AE Y A AN A A
who] gl 2] 2143 Na® 5ol afsi A= 2 b
gleh 22l Hearse 59 4+

—
=
°

Sapeoll 4 G B

itof) &)ste Almjw) k] CPK #4%& 438 &5¢+

a*t® FE4 100—110 mmol/Lelz R malm ¢le
Y oo] R Ahabeioll A 9] A A slo| T 95 ohE
A Ao FrwstE 1ol g2 dolnR A4
el A= ga|getn & + & Heoloh

AA = A P%% Ao &5 7P 10°C2] -4k o]
od A o] e 4l upu] gof &

‘}%5} groupoll A 54| &4 %9] AL gevt & CPK

=k "‘4"4‘4 a2 F group?l Na* FE o]
7h AxpEe] A@ Al E JiFe FUL Ao 4
75 2| ?%-1“’-1 04317};(] Azl v Al &
5, Alopu)Lof o] AbRabale] Al & st AHA

g Nat Fxol w3t ad77F ojeixdol & Holr},
*o FEE A4 al Alntul g 19 mmol/L. 4
Ents Alotu]gle] 16 mmol/L2 F4}8tch. K72
AlZA Tl A b g A d 2 FEE Al 2t
off ZA 5l Nat—K* pumpell 2s A xlch, Ao}
o g ol Eghsl K72 whg Alvhul & f-43hedl
7 T a3k A A 24 A Euh-g depolarizationA] 7|
T AT EE 2 EA ] o] sk bl 2 f2) A e,
22} Melroseell ! ©]all K* 4lapu] gl o] g 44
= ol 2 A ek Al A ofAE ekl of4t
ol=d Gay'”+s 37 mmol/L, Bulkely5!%'-&
2530 mmol/L +¥'e  15mmol/L,

o] 5|z

Engelmans

Buckberg&?®' 28—30 mmol/L7} A Adslctn Bas)
o] o}k o 4}b4l-e of A whaluie}l e} KT E
R I R S = S I A e e A R

o2 YAE e, 5 group BF FARRE BEE A,

= gek,

o2 Ad gl Aol @ g K S5 el
A daAsel 2 dgs FUL Ao 4
7zH5] =] ?_6%\:].‘

Ca™t2 TE Ao AlopuLedo] 06

mmol/L, 4ErtA Avbu]gele] 1.2 mmol/LE B2
atol & Mol glvh Ca™* & A& F%ol Fadt
A2-g sh ey 24 Alebu)gldlel Ca ' T
7t AA 2ol de S, ol 28a Cat 7Y FE
£ Ak A Aepel & 3} AlZo o= T
744 7 eba °LE411 Je}? e Cat T E o
Al A 3h vbaksb) 8 4l npa] ol 2] A A gkl o
M= wuke| dAe] HI 9l2m  Yamamoto,
Braimbridegeg-oll**’ o] &}wl Ab-g4befoll 4 Almpu] &
M Ca*t H%7} 1.2mmol/LollA 743 F& Al
B3 &3k& Jepleln B3 k3 ek 28] Bre-
tschneider 41 v}u] -84 2] 7- Ca* "ol £gts]o] 9l
o Lees 2l 2-gAtefoll 42 Al UPHI%"“Q H}

AAY B o o5ty F£L AxE Wol gr),
Junge5-&'" Bretschneider 4l upu]8-o8¢] 37°C 4 —S—
el A= AAFRE I3/ ¢gle le® By e A
2.2 o] Aol 4 ARGl A Cat e F
Z7h gl e 2 BakE vebficta ¥ 5 gl
¢ Aoleh 2ol Jungesoll'” olébwl Ca*To] 23
o] x1Y-& Kirschyb Bretschneider 4lvpu] g4
Yehe Cat ol ksl Alnpul geolo] of -4
B35 F 35 Vel B ezl o g v Re] e}
wlgol ol & Ca**ol s Aol Fom ohx 2
F5d wel ATH I Goe] Y xd zolrt & A
o2 Azsich AqaEe] dfAsdd = Catt RO
zpo) 7t A A sbol] F FgFg FHUE A2 YA
[ER=t

Bicarbonate = ¢} pHe A4l elt] Alvfu) golo]
30 mmol/L, 7.6 olgl® A EvtA Alupn]falo] 10
mmol/L, 7.8 et 197611 Hearses-2%’ buffering
agent® bicarbonates AH8E4] Almpe]god 4
Ractate7t F&5 = 728} Alepul$ o 50 ¥ &
A 3188 ok A7t w3 kg ot 1981 9
B3te)) 3 o5t bicarbonate?] buffering capacity2}
pH2l Fa4dl el ot A7t = wake] =7} et

qu o

r}i

@ 4
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B s gt Almpe) £l ol buffering agents7t
A4 2% 5 pHoE ks A9 Alebu| 4] Sk A
b pH #|8ke} Alebu]$ @714 o) Aol

ofa] kg sl o ARA AFZo] Al sl
/{‘l %Ql {—AOLOI }v;! 3” I b= OI g '6‘3'_]-0]—7] ] 8]-] /Kcll u}_u]
fol o okyle]l obzlte|dlst 2RI FHoT duAy
Aek

Zeivk A A gkel| o s A o} A 7bx] ko] of &b
o= aebd =" pHe Bicarbonate?]
ofell el A= & v ATt olejKiol & Aol A
2pEe] A Azt df = A2 Alnpr] gy ol
AEntx Avpulged ¥l of 453 A 9§ Q& Al
e} 3l 4] Bicarbonate®t pHE 4™ 37l o]H$ A2
2 A7

Mg* T2 4 Ent2 Alepu] L8 o] 16mM/L7F X
tslo] glont oAl g)u) Alwbu] 8ol Holl = ks o]
ol=] ¢k Mgtte AZAE el A K+& Al 93}
e shA gko]l EAlshE ol o2 ATPS 43kl
A5k Al 53t o]l A3, AIAX
2} energy ©)& 239 cofactor® Z&sh= AR
A gk weba Mg++°l 234 Als|E Al el
A vebe A2 Fapge] Wake A zue] KT
&3 Cat T fUE —7P"]7l Mg*"e 5%
AaA A A Ehell 4 dolvke Heskx g
cofactor® 4 2HE3sk= Mgt el 7]l A stE Al
Zhah Bayel 3 4 F4E ARG fur g ook 6hglon
A2 gk 4l obul S 4ol Mg* el 15 mM/Le}i st
ook, zeiv A=) AgAzt o4 2 Alrpe] g

o] FaL

4 A3 groupol Al F-AMS doF] o lel T
glalom, AEnts Alupu)gel-g; ARE3L group°ﬂ A
= sgteh

o] p 7L AjAl L. Mg++ ] Alobu) 4] AR 3 G
7 glont Mg*+ol Tahsl Al oh lalolal 4wt &
Aol 4] ¥ F& ATE A AFAZ 6] Fo] Mgt Fol
Aopo)gol ol Teksl K¥, Na®, Ca* 53k 42 4
BAA S AT G QA 9 oh 4l o] Gl vl
ji ]_/- xlu},u _g_on _y_r/} prHx-l o7 _‘r_O Na K+

S £ Ca BEL A M o) A
o Alepegelel 4| T AT A F UGS AL
= 4=

Glucose®} mannitol, albumin-& <34 & o] Al vhu} &
Aol &= F3hE e} 9l ot AEnPA Alnku] ol o
= & o] gz rl. Glucosesb AFR 3 E 3ol

Hojstes 714 B @A o4 Aol 4 fAEt
oy Z]ﬂ—"—i x-23l7, ATPase system# Na®—K

*2] membrane transfer systemell 4} o] §-3l= Kt /%
4 ol Na™= K*2] 42X E {35k, Alntu] &
o] AHEorS FIEAA Al TA 2] BFE ubA)E 5
Aelal ez e,

22 Hearse5-& glucosert @714 w4} Aol
Aozl o2 o) L=lml 45 E lactate Soll 23k
A4 ARE o 2 qla) edlE AT £4E S AF
TE 9okz Bman glep,

v odA e Alrbel gl uell =
agentsq] Bicarbonater} 41 Ernl2Alvhu}golol] u]a)
F235 2g5]o] 9lov 2 glucosedl] 9|7k AlZ£A4E
& kx| "Hg olg AR YAE, Hearse §X%

& doAdge o dz4d

T7F Bkl oa TR
Z

Buffering

glucoser} Al & £4F
o2 o] 51 Al
F3t7} 9d v =3 mannitolB.e} 28] A F ) 4]
3 A ek Rastn 9 e,

AlZRE Al u|AE o

LR

mannitol® albumino]

3o Aupulgel o] AhEorS FURAA AZA 2 L
Z 9 ubz| sl k. Willerson -2 mannitol©]
& ke] o] Aluboll 4 Al 27 5g FAI7| T AIAE

0>~

ekt = e S-T segment A58 24 A171H,
A A frekel B4 A4k dRaks SoA A
4 83 gr}® b9, Frega 520 A9 3187 &
ol reperfusion phenomenong glol lvtx B 3}
Ark. £ ATe olehi delslell A Frkx| Alek
J %52 steksl 2 o 2ad od A} oo Alw}
"l-@-""ol 2 244 glucose$t mannitol, albumin®)
Fdo 24 Ao AlgedlA energyd o2 9
%EJ Wk obu] el Alepu) gof W o) AbF-obel] e dte],
e gt ATRE Axks veblekn A ek
28 uh of A AR E Alubu] o 2] A3 ARFgkdl w3
At =gte] #ord Wildenthal® 52 v $& 4
Fobg Rt A2 s s @A wha| A Fot

E £48 9] 8 4 9o 400 mOsmS FFAMAE

ﬂlO

oH_O_ 3]7, pal

obxlcty B 13l ¢l Follette’®%-& 370 mOsm
o Alvpu] fof & <}gA| Al 22| E£4bo] glodvt BRI

SH ek, @ Weisfeldt 5257 &4 A-Fer-& 316
mOsm o] 4olejof gepm B wstn glof, oldl ot
AT A% oleldor & Aoz ARt
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odAldf g FHe s Aol ol A
4 AlZRIE Yl AEshs Alubv] &N (YUMC
cardioplegic solution)?t 453 Expr} del odeiAl
AEntAd 9] 4Alvle] £8& Langendorff ¥ Neeley
Soll ofa zmelxl 3z o] AHEF41AE o] &gk Aol A

Wl A Asledt 528 ol gt 442
WEhd, 4sd, AgaciAA 44E v o
e,

JEctaggl Alehi) g

3. A 2lf Alupu]gedo
AR} 47 AAE 8] o]l fv Aleke] 2] 2
gl oA 7k s "2 graleletr] Bobe ol g
of Alwpujgelolnl Fo{ 9+ glucose, mannitol,

»

albumin ol 28 A« 2lef Alwpu] L] 2] AbFqt
o] mrh ol WEeA Aol 4 Fel felah 44
kA orh FE=E o)
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