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=Abstract=
Comparative Study of Prolonged Preservation Methods in
Rabbit Heart for Transplantation

Hyung Gon Cho, M.D.*, Soo Hyun Kim, M.D.*, Song Myung Kim, M.D.*

The successful cardiac transplantation depends partly on the donor heart preservation by a solution that
will ensure recovery of myocardial function. The purpose of this study was to perform the evaluation of
various preservation solutions and to accumulate the data on the requisites for ideal preservation solution.

The experimental setup was the constant pressure Langendorffs perfusion system. Isolated rabbit hearts
were perfused for 20minutes with warm Krebs-Henseleit solution, stored for 4 hours in cold preservation

solution after cardioplegia, and then were reperfused for 20minutes.

The 4 experimental groups were prepared : Hartmann’s solution group({group I, control), modified
Euro-collins solution group{group I, MEC), modified University of Wisconsin group (group [, MUW),

and CK solution(made by the author) group (group IV, CK).

The parameters for assessing the preservation ability were levels of enzymes in freezed myocardial
tissues (lactate, creatine kinase-MB and adenosine deaminase), coronary flow, left ventricular developing

pressure and dp/dt.

In conclusion, the ability of preservation for isolated rabbit heart was excellent in CK solution and
modified University of Wisconsin solution, and poor in modified Euro-collins solution, compared with
Hartmann solution. CK solution has low potassium concentrations(34.2mEq/L) and includes various
substrates to be salutary on myocardial preservation. This fact may indicates the necessity of further

refinements in selection or composition of electrolytes and substrates.

(Korean J Thorac Cardiovasc Surg 1997;30:1-10)

Key words: 1. Organ pervation
2. Myocardial ischemia
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Table 1. Experimental groups

Groups No. of cases
I Control group(Hartmann solution) 6

I Modified Euro-Collins group(MEC) 10

I Modified University of Wisconsin 10

group(MUW)
IV~ CK solution group (CK) 10
Total 36
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Table 2. Composition of experimental storage and

cardioplegic solutions

Component H/S MECMUW CK CPS
Sodium (mM/L) 130 10 150 1417 120
Potassium (mM/L) 4 115 119 342 160
Chloride (mM/L) - 15 - 342 160
Bicarbonate (mM/L) - 10 10 30 10
Phosphate radical (mM/L) 1.5 58 25 - -
Calcium (mM/L) - - - - 1.2
Magnesium sulfate  (mM/L) - 5 5 5 16
Glucose (mM/L) - 35 - 35 7.8
Lactobionate (mM/L) - - 50 - -
Raffinose (mM/L) - - 15 - -
Hydroxyethyl starch (gm/L) - - 50 50 -
Mannitol (gm/L) - 180 — - -
Allopurinol (gm/L) - - 36 0.1 -
Adenosine (gm/L) - - 1.3 1336 -
Glutathione (gm/L) - - 09 09 -
Heparin (1U) - - 10000 - -
Selenium (mg/L) - - - 926 -
Histidine (gm/L) - - - 3.084 -
Glutamine (gm/L) - - - 3.8 -
Tryptophan (gm/L) - - - 3264 -
L-arginine (gm/L) - - - 0.69% -
pH 74 13 74 7.6 78
Osmolarity (mOsm/L) 220 335 338 370 280

H/S : Hartmann solution, MEC : modified Euro-Cliins’ solution, MUW
- modified university of Wisconsin solution, CPS : cardioplegic solution.
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Fig. 1. Experimental model. This figure represents exper-

imental model. The oxygen and carbogen gases were supplied
into Krebs-enseleit buffer solution in column. The circuit is
regulated with constant temperature regutator. The pressure is
recorded on physiograph and differentiator for dp/dt.

Krebs-Henseleit (0] 8} K-H) 2+&H-& =8 columns
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Fig. 2. Experimental protocol min.:minutes, CPS:cardio-
plegic solution, C.F.:coronary flow, LVDP : left ventricular
developing pressure, CK—MB :creatine kinase-MB, ADA:
adenosine deaminase.
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Table 3. Body and heart weight of each group{(Mean +SD)

Group No. of Body weight* Heart weight**
cases (Kg) {(gm)
[-Control 6 2.240.24 6.1+2.46
II-MEC 10 2.0x£0.12 3.940.69
MI-MUW 10 2.1+0.22 5.7%+0.69
IV-CK 10 1.8+£0.28 5.4+1.62
1.99 +£0.247 5.3+1.40

Total 36

SD : standard deviation, MEC : modified Euro-Collins™ solution.
MUW : modified university of Wisconsin solution.
*p = 0.20m ** p=0.0004
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ative Energy Attenuation, Abbott Lab., USA) lactic acid
assay system 2] & o] -&3}e] AeF A s}t
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CK-MBal& &4 vAglat = =44 (Enzyme
microparticle immune test, EMIT)2] 2] & o]&3}o
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el o} A FFA 719 Zh2h 1085 202 ER S H 7 E
A& sl hEuEH= F90 ]&A(total max
dp/dy), Fd FZ719F v]E2)(+max dp/dt), FH o] 2]
ot v] &%) (-max dp/dt) 2 #3s}e] BA 5193}
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9. Al EHZET(cardiopreservogram)
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1S Saste l e HAE FU1RE vhiel M2 4073
2 509 AEE o] FEF w3t AAdvitt 7h7}+e] scale
+ B Ao A Aozl AAES At s
iR %"ﬂﬁi $5ol 9t wEA, HA 5718 9]
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slo] 712 rlo)E Ao g A3 H dF2 “‘“P‘* a
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F4¢ W) Z71hES stk AR o) aexg 44
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10. SHIEHA X2

Zrael AH8E AlRe
SAEA 45 98} 574] -Er A Al (Statistical analy51s
system, SAS)E o]&3te] wbE FAb B9} Student
t-test® & 8-35)5d 0w, pgte] 0.057]7rel A2 Fol Ao
A A2 Atk

EERAR EASH

24 II_I.
7 2] A2 2H 9] §443, CK-MB), ADAX & 3
GRS e SH P& AFES vl A

7+ o] A F-& [Ee] 2.2+0.24kg, [17-E 2.0+0.12kgo]
o, (1S 2.1+0.22kg, 185l [VES 1.8+028kglo &
3 1.99+0.247kgol sl -2 7t F7ke] FAIA ] A&
ol cHP=0.20). Wet heart®] FA+ -2 6.1 +2.46gm,
IS 3.94£0.69gm, IIT-S 5.7+£0.69gm, [V 54+1.
62gme. g, B 5.3+ 1.40gmo] I tHP=0.0004, Table 3).
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Fig. 3. Left ventricular devetoping pressure. Eq. : equilib-
rium, Rp. : reperfusion, min. . minutes,
" p<0.051l, IV vs. |, I1.
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4% A2 =AW CK-MBAE vlas] XA 17o]
11.2+7.68ng/gm, 115-°] 4.4+2.84 ng/gm, 1lIxe] 8.0+
3.40ng/gm, “18] 3 A 1ViFe] 7.2+3.44ng/gm o & o] 11
Toll vl froletA T F2E B Ip<0.007), 112
IVi-& v 52819 2} Il uls)] A i)
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Table 4. Recovery percentage of C.F.,
(mean+SD, %)

LVDP and dp/dt

Group| CF* ] LVDP | Total dp/dt| -+dp/dt —dpldt

I 85641819 157.2422.17 | 68.9£24.83 | 78.5£30.51 | 58.7£19.58
I ]63.7+40.82 i 7843853 ‘ 73.4+29.59 | 74.6£28.21 | 68.7£36.57
I 135443.5 199.4+36.44 1107.9+40.21106.0 £28.21|150.3£99.94
v 174 l +?7 S ‘104‘1 +33.88113.2+49.56/107.1 +£39.26(108.4£52.28

ANOVA p<0 001

p<0.05 p=0.0670 | p=0.0506 | p=0.066}

C.F. {coronary flow, LVDP : left ventricular developing pressure,
SD : standard deviation, ANOVA : analyis of variance,
*p<0.05 TV vs, 11

8.29IU/L, AMIVTS 48.5+18.08IU/LE yepsto) [5
Hl & 1ol A @A et ot 5 7bel] A s ol 2}
o= 9L, NI} IV-ell e E9k o, IVire| el
off ulal fo Al F(p<0.0001) BAHEE 2= Hlog
ey},
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cH3 Ak 10837 2082 LVDPA &= [T
7k7} 444255, 47+22.8mmHg, I10] 24+12.4, 31+
SmmHg, 11%°] 46+20.7. 58+209mmHg, V9]
+11.7. 48+ 11.6emmHgs 2 =}z, A 7471 10
203-of = 130} 7+7z}; 26+9.7, 24+10.5SmmHg, 11+
o] 2342.6, 21+55mmHg, Ill17°] 44+11.2, 53+14.
SmmHg. IVio] 47+14.7, 48+ 14.4mmHg& ielytoh
HLIVZo] LI e vl &) 6-93hAd =& ofad S welor}
(p<0.05), HLIVZ-ZFol] =&t LIIE7 ol = S48l #}o]
7F AL, 2] A 74171 20%-2) ko] 2 741 7]
105-2] ab=dof wlal f-o]3bA] A5l vip<0.0021). ¥
FHAAE 20832 AF{FA7] 2098 HAIA HHE vl
slod 2 AdAIgte] 3] E-E& Alaksle] ¥ AR, 1 57%,
T8 78.4%, HIT0] 99.4%, IVIo] 104.1% =, 1
V2] 3] 2-g-0] 98} tH(p(0.05)(Fig. 3, Table 4).
SRS 1] HEREE HY At A 47164,
45+8.5ml/mino] g c}7} A B 7)ol = 59462, 39+11.
Oml/min 2 Vel 1172 32+8.7, 29+ 10.1ml/minel} 4]
21 +8.5. 17+10.7ml/min & €}itel] u)}ed g2la}A] 7}3
He PAFES B om(p(0.05), IIT-S 34+8.4, 34+
10.5ml/mino} 4] 46+12.8, 43+11.2ml/min®) Q2 IVF-&
36+13.7, 35+ 11.4ml/minol| 4] 47+13.9, 41 +7.5ml/min2
I3 1V-e] W37} fabsbed ol LIl A 2) 35-4] 7]
1043} 20372 FBFFo] Fo zle]d velfisct
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Fig. 4. Coronary flow of each group.

Rp‘_20 (min.)

Ep. : equilibrium, Rp. : reperfusion, min.
"p<0.051, 11, IV vs. 11,

. minutes,

(p<0.0001). LVDPY] 3 E-§ AAz} & wpjoz i
F-ako) 3| B85S el vl B, IS 85.6%, I+
63.7%, I 135%, Vo] 124% 2, I3} 1vEe] 3
HFEF 3 EEo] HTo vl 234 =4rHp(0.001)
(Fig. 4, Table 4).

2 0IZXI0] 2=E  H3Ade) 2082 A #57F 2022
T2 5 v gk 9 v 2] 3552, 1] 68.9%, 11T
o] 73.4%, 1IT°] 107.9% 18] [VTo| 113.2% 824 I+
off vlaf) MIT [ViEe] 3] 8- Eoich FHo) 379}
u| B¢} 2 o]}t w]EH ] 3EEFL, [ 27t
78.5% 3} 58.7%, 1I-o] 74.6% 3 68.7%. lIT-e] 106% 3}
150.3%, IVZ°] 107.1% 3} 108.4% 2.4 173} 11574 1] sl
I3 [VEe) 3 EEo] Mubd o g Zobc} [[[7e] 4] =
FHof o]7|3} w9 3] HEo] H} s o, IV
AN A= Fot A ] s E-Eo] F9km Hu 5573} v
28] FEEF A o)t UHXH 3 E-go] v
&t x5 29dtHTable 4).

¢

6. A= (cardiopreservogram)

BHEZ= fAH] 5999 Al #5032 AEE
o} WAo] 28.19ci 2 ZFrAE o] )l ot F-9-Ze] WA
Frabstdch IS AAH ez *,JE}—E% Hofe] 4
)9 3(18.81cmd), IIT-S A REX $229] mAo)
Z 7H =2 7A(64.81cn)E Ko ’§J71 1“49] B
o] it on, #3& g Az BE
o} v &3k [V $& ododo) 62.23cn 2 III—TL
Frabgh BoFg MojwA WA 7t Foha, H &S
ai_o_»} %‘524% 93.47ci 2 11172} 8] 5=
248 1.000.2 sl e} &
A 7] n)§L A %s}oq vlss) B, [ 0.67, 11T
& 335, V¥ 3.328 vH(Fig. 5).
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Fig. 5. Cardiopreservogram of each group.
LVDP : left ventricular developing pressure, CF : coronary flow

ADA : adenosine deaminase, CK-MB : creatine kinase-MB
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