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Experimental Study of Isolated Canine Heart Preservation
for 24 Hours at 4°C
—~A Portable Continuous Hypothermic Perfusion System -

Chong Kook Lee, M.D., Ph.D.", Kil Dong Kim, M.D."
Eun Gi Kim, M.D.”, Bum Koo Cho, M.D., Ph.D."

After 24 hours of preservation under 15 mmHg perfusion pressure the recovery rates of
isolated canine hearts were determined. Preservation was performed in a cold room maintained
at 4C with 4 different types of perfusates bubbled with a mixture of 95% O, and 5% CO. using
a modified perfusion unit designed in our institute. The perfusates used were as follows; Group
1. Krebs-Henseleit solution, Group 2: Krebs solution added by albumin and PGE,. Group 3:
Modified Wicomb’s solution, Group 4: Modified Collin's solution.

The extent of myocardial recovery was evaluated using a modified isolated cannine perfu-
sion model by measuring heart rate, systolic arterial pressure, left atrial pressure(LAP) and
cardiac output. In addition to the above hemodynamic parameters, biochemical and enzymatic
assays from perfusates and electron microscopic changes of the myocardium were also studied.
The results were as follows;

1) The heart recovery rates were 41.6%, 53.4% and 108.9% in groups 1, 2 and 3, respectively,
and group 3 elicited the best result(p<0.001). The heart beat was never recovered in group 4.

2) Recovered systolic arterial pressures(immHg) were 63.3% in group 1, 94.9% in group 2 and
94.3% 1n group 3.

3) LAPs(mmHg) were 20 in group 1, 13.5 in group 2 and 11.2 in group 3, which suggested
that the best myocardial preservation was elicited in group 3(p<0.05).

4) Cardiac output, the sum of aortic stroke volume and coronary leakage, were 69.1% in
group 2, and 90.7% in group 3, but these were not statistically significant(p=0.24). No aortic
stroke output was measured in group 1 and 4.

5) The degree of myocardial edema increase was 17.5% in group 1, 24.6% in group 2, 20.9%
in group 3 and 55.3% in group 4. But there were no statistical differences in each group(p=
0.08).
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6) CPK-MB(U/L) levels were increased 750% and 332%(p<0.05), glucose levels(mg/dl)
60.5% and 78.2% and SGOT(U/L) levels 523% and 333%, in groups 2 and 3, respectively.

Biochemical and enzymatic assays could not be performed in group 1 and group 4, because of

poor recovery of heart beat.

7) Electron microscopic findings in the myocardium of most groups revealed slight to

moderate muscle cell and mitochondrial edema. But all these findings were within the limits of

reversible change.

From these above results, it is suggested that modified Wicomb’s solution seems to be the

most useful physiologic salt solution for preservation of the heart. We propose that after further

study and improvement, our portable continuous hypothermic perfusion system will contribute

to the development of a better preservation method for donor hearts for human heart trans-

plantation.
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Fig. 1. Schematic view of 4C heart preservation
chamber using an air lift pump. Heart cham-
ber was placed in refrigerator at 4C
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Experimental time course

Hearts were perfused in a Langendorff mode
between A and B (10 minutes), were con-
verted to a working preparation between B
and C(30 min), were subjected to coronary
infusion of cardioplegic solution between C
and D, and were translated to 4C hypothermic
perfusion chamber with low pressure between
D and E(24 hours). Hearts were reperfused at
point E initially as Langendorff
preparation(20C) for 10 minutes and rewarm-
ing started. Dopamine’ (5 £ g/kg) was injected
into reservoir after heart beating at 30C.
Hearts were converted at point F to a working
preparation for 30 minutes.



Table 1. Compositions of 4C perfusates

Group Group 1 Group 2 Group 3 Group 4
Perfusate Krebs-Henseleit Sol. Krebs+ Albumin+ PGE, Wicomb’s Sol. Collin's Sol.
NaCl 6.896 gm/L 6.896 gm/L 6.76 gm/L — gm/L
KCl 0.35 0.35 - 1.118
KH.,PO, 0.163 0.163 1.12 1.769
MgS0O,7H,0 0.296 0.296 3.48 0.739
NaHCO3 2.10 2.10 2.1 0.840
Na-EDTA 0.168 0.168 - -
CaCl,2H,0 0.367 0.367 0.16 -
Glucose 2.0 2.0 2.0 25.042
K.HPO, — — — 6.967
Chloropromazine - - 0.005 -
Sucrose — — 2.5 —
Glycerol — - 12.6 -
Taurine — - 0.5 -
Procain HCI - - 0.27 -
Albumin - 5.0 - -
PGE, — 10.0 rg — —
37C 7 5| Al 8r3 A AbA & e 7} 25 W (20~30  Krebs-Henseleit $8-2 43 3| ol &s)) 7= #
5 7 3}) Working heart perfusion model-% o} &3}o3 ghe 53 AACR Agrasd, dfc TS A
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A2 ZAAALE fd AlAAHS AR agey S 5 AR exd A AHEXNE FYSA olal
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Fig. 3. Modified isolated canine heart perfusion mod-
el(YUMC)

The dog heart was cannulated via the left
atrium and aorta and maintained in a thermo-
statically controlled chamber(Heart chamber).
In Langendorff perfusion, T2 and T3 were
opened and perfusion fluid entered the heart
via the aorta from the aortic reservoir located
100cm above the heart.

In the working model, taps T1, and T4 were
opened and perfusion fluid entered the heart
via the left atrium from an atrial reservoir 20
mmHg overflow system. The left ventricle
ejected perfusion via the aorta and an elastic-
ity chamber(pressure chamber) against a 80 cm
H,0 hydrostatic pressure to the aortic bubble
trap. The overflow of the aortic bubble trap is
aortic flow rate.

The coronary perfusion exited into the heart
chamber and collected for enzyme study and
measurement of coronary flow rate.

The entire perfusate was thermostatically
maintained by coil heat system of reservoir at
the temperature required for the study.
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Table 2. The composition of Krebs-Henseleit Solu-
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Table 3. Recovery of heart rate after 24 hours preservation at 4T

Perfusate control Post-preservation Recovery Time (min)

(beats/min) 10 30 60 n
Group 1 133.5%0.5 535+ 7.5 555175 — 2
(Krebs) (40.1+ 5.5) (41.6+55)
Group 2 122.0£8.0 695+ 55 65020 85.0% 8.0 2
(Krebs+ Alb) (56.9+ 0.8) (534+£1.9)" (70.4+11.2)
Group 3 1184+4.1 111.8+ 95 129.0+£6.3 1224+ 56 5
(Wicomb) (95.0£20.2) (108.9%3.4)* (103.6% 4.1)

Alb: Albumin

Hearts were subjected to 24 hours hypothermic perfusion(4C).

Control data was obtained from 30 minutes value of working perfusion.

The postpreservation recovery values were obtained 10, 30 and 60 minutes working mode after termination of post
preservation Langendorff perfusion. Value within parenthesis is meant percentage of recovery of the control value.
Values for all groups are the mean and standard error of mean is indicated.

Heart beat was not recovered in Group 4(Collin) and only atrial fibrillation was observed, so the group was
excluded from statistical comparison.

** P<0.001. Oneway ANOVA

* p<0.05. Scheffe procedure

Table 4. Recovery of peak aortic pressure after 24 hours preservation at 4C

Perfusate control Post-preservation Recovery Time (min)

(mmllg) 10 30 60 !
Group 1 116.0£2.0 735+15 735+ 35 - 2
(Krebs) (63.410.2) 633+ 1.9)
Group 2 109556 81.5+75 103.0+£14.0 1275+ 85 2
(Krebs+Alb) (74.3+3.1) (94.9+17.6) (117.1£13.6)
Group 3 1156.2+4.4 113.8+£5.2) 108.2+ 2.1 103.8%+ 5.1 5
(Wicomb) (99.2+5.1) (943 2.9) ( 90.8% 5.8)

Control data was obtained from 30 minutes value of working perfusion.

The postpreservation recovery values were obtained 10, 30 and 60 minutes working mode after termination of post
preservation Langendorff perfusion. Value within parenthesis is meant percentage of recovery of the control value.
Values for all groups are the mean and standard crror of mean is indicated.

* p<0.05, Oneway ANOVA, Scheffe procedure
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Table 5. Recovery of mean left atrial pressure after 24 hours preservation at 4C

Perfusate control Post-preservation Recovery Time (min)

(mmHg) 10 30 60 "
Group 1 8.0+0.5 215%15 20.0£0.5 - 2
(Krebs)
Group 2 7515 175+15 135+05% 2
(Krebs+ Alb)
Group 3 8.0+04 11415 11.2+£0.9*" 114+1.2 5
(Wicomb)

Control data was obtained from 30 minutes value of working perfusion.

The postpreservation recovery values were obtained 10, 30 and 60 minutes working mode after termination of post
preservation Langendorff perfusion. Value within parenthesis 1s meant percentage of recovery of the control value.
Values for all groups are the mcan and standard error of mean is indicated.

* p<0.05, Oneway ANOVA
+ p<0.01, Schetfe procedure

Table 6. Recovery of aortic flow aiter 24 hours preservation at 4C
Perfusate control Post-preservation Recovery Time (min)
n
(ml / min) 10 30 60
Group 1 790+50.0 — - — 2
(Krebs)
Group 2 810+30.0 325+155 545+ 125 - 2
(Krebs+ Alb) (40.9+£20.7) (66.81+12.9)
Group 3 766+14.0 6801+ 80.7 656+70.2 680£62.2 5
(Wicomb) (89.0+£10.6) (65.6+ 88) (88.9+ 8.1)

Control data was obtained from 30 minutes value of working perfusion.

The postpreservation recovery values were obtained 10, 30 and 60 minutes working mode after termination of
post preservation langendorff perfusion. Value within parenthesis is meant percentage of recovery of the control
value. Values for all groups are the mean and standard error of mean is indicated.

Difference of recovery rate between the group was statistically significant.

(p=0.29, Student t-test)
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Table 7. Recovery of coronary flow after 24 hours preservation at 4T

Perfusate control Post-preservation Recovery Time (min)
(ml / min) 10 30 60

Group 1 1250+ 5.0 925+ 75 925+ 25 -

(Krebs) 744+ 8.9) (74.2% 4.9)

Group 2 97.0+10.9 876+ 4.0 86.5+ 57 -

(Krebs+ Alb) (90.1% 4.4) (88.9% 3.3)

Group 3 114.0+£14.0 139.2+ 9.1 1348+ 96 134.0£10.3

(Wicomb) (127.7+14.5) (124.1%£15.3) (123.3£15.6)

Control data was obtained from 30 minutes value of working perfusion.

The postpreservation recovery values were obtained 10, 30 and 60 minutes working mode after termination of
post preservation Langendorff perfusion. Value within parenthesis is meant percentage of recovery of the control
value. Values for all groups are the mean and standard error of mean is indicated.

Difference of recovery rate between the groups was not statistically significant

(p=0.15, Oneway ANOVA)

Table 8. Recovery of cardiac output after 24 hours preservation at 4C

Perfusate control Post-preservation Recovery Time (min)

(ml / min) 10 30 60 !
Group 1 915£55.0 925+ 75 925+ 25 - 2
(Krebs) (10.2+ 1.4) (10.2+ 0.8)
Group 2 907+375 4124152 6311128 - 2
(Krebs-+Alb) (46.2+18.7) (69.1+£11.3)*
Group 3 880+25.1 819+854 790x77.1 814+705 5
(Wicomb) (93.9+10.6) (90.3+ 9.2)*" (93.1£9.5)

Control data was obtained from 30 minutes value of working perfusion.

The postpreservation recovery values were obtained 10, 30 and 60 minutes working mode after termination of post
preservation Langendorff perfusion. Value within parenthesis is meant percentage of recovery of the control value.
Values for all groups are the mean and standard error of mean is indicated.

+ p<0.01, Oneway ANOVA

* p<0.05, Scheffe procedure

Table 9. Changes of heart weight(gm) after 24 hours preservation at 4C

Control

Perfusate Wet heart weight 30 min Working After 24hr perfusion BXA % n
(A) (B)

Group 1 95.0£15.0 1125+125 1325+175 1756 25 2
Krebs
Group 2 725+ 75 85.0£10.0 105.0x 5.0 246t 88 2
Krebs+ Alb
Group 3 874+ 3.8 106.6x 3.8 1282+ 3.6 209+ 55 5
(Wicomb)
Group 4 7761125 925x125 130.0+25.0 5531169 2
(Collin)

Difference of means between the groups was not statistically significant.
(P=0.08, Oneway ANOVA).
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8+2.0mg/di(61%), Al 3704 92.2+3.3(78% )%
A 3Fol A o AL kA WHslE ek (pc0.05). &

ger Manheim C

A A

Table 10. Change of SGOT after 24 hours preservation at 4C

control Post-preservation  Recovery Time (min)

Perfusate (unit / L) 10 30 "
Group 1 37.5%£55 - - 2
(Krebs)

Group 2 225x15 107.5+ 95 1175+ 55 2
(Krebs+Alb) (477.1£10.4) (522.9%10.4)
Group 3 394166 958+ 7.6 1146+11.2 5
(Wicomb) (278.7%£722) (333.3+89.6)

Control data was obtained from 30 minutes value of working perfusion.

The postpreservation recovery values were obtained 10 and 30 minutes working mode after termination of post
preservation Langendorff perfusion. Value within parenthesis is meant percentage of recovery of the control value.
Values for all groups are the mean and standard error of mean is indicated.

Difference of means between the groups was not statistically significant.
(P=0.26, Oneway ANOVA).

Table 11, Change of CPK-MB after 24 hours preservation at 4C
control Post-preservation Recovery  Time (min)
Perfusate )
(unit / L) 10 30

Group 1 48.1+ 0.8 - - 2
(Krebs)
Group 2 209+ 55 98.1+ 58 151.5+£223 2
(Krebs+ Alb) (497.01£102.3) (749.9£89.1)
Group 3 53.8+14.0 1145+ 192 161.4+34.2 5
(Wicomb) (2269t 56.4) (332.1+96.2)

Control data was obtained from 30 minutes value of working perfusion.
The postpreservation recovery values were obtained 10 and 30 minutes working mode after termination of post
preservation Langendorff perfusion. Value within parenthesis is meant percentage of recovery of the control value.

Values for all groups are the mean and standard error of mean is indicated.
* p<0.05, Oneway ANOVA
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Table 12.

Change of Glucose after 24 hours preservation at 4C

control Post-preservation Recovery Time (min)
Perfusate n
(mg / dI) 10 30
Group 1 116.0+4.0 - - 2
(Krebs)
Group 2 1325+3.2 925+35 80.0x2.0 2
(Krebs+Alb) (69.91+4.5) (60.5+3.5)
Group 3 118.8+6.3 97.4+37 92.2+3.3 5
(Wicomb) (82.5+3.1) (78.2+3.8)

Control data was obtained from 30 minutes value of working perfusion.

The postpreservation recovery values were obtained 10 and 30 minutes working mode after termination of post
preservation Langendorff perfusion. Value within parenthesis is meant percentage of recovery of the control value.
Values for all groups are the mean and standard error of mean is indicated.

* p<0.05, Oneway ANOVA
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Myocardium of dog, control group. Muscle
cell shows intact structures of mitochondria
and muscle fibrils. M: mitochondria, N;
nucleus. Uranyl acetate and lead citrate,
X10000.

Myocardium of dog, control group. Muscle

cells demonctrates well preserved mito-
chondria and fibrils. M: mitochondria,
N: nucleus. Uranyl acctate and lead citrate,
X10000.
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Photo. 3. Myocardium of dog perfused with Kreb-
s-Henseleit solution. Muscle shows moder-
ate edema. Mitochondria are slightly swol-
len. Intracristal inclusions(arrow heads) are
present in the mitochondria. M; mitochon-
dria. Uranyl acetate and lead citrate,
X15000.

7&4 uk% eb7 Tk 2 2 gl

(Cardioplegia)-&

79 4~5A7FA E Al R Fo] st
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Photo. 5.
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FEel e 43aieln shelt. as
= AT AlE Bgol
o] & e} 20~30% ZHA A F9) ehi-
3l Oxygenated
o FL Aas o

gt Cardioplegia 24

Myocardium ot dog pertused with K-H-albu-
min solution. Muscle cell is slightly edema-
tous(*). Mitochondria show mild swelling-
(arrow heads). M; mitochondria, N; Nucleus.
Uranyl acetate and lead citrate, X10000.

Photo. 4.

Myocardium of dog perfused with Kreb-
s-Henseleit solution. Mitochondria reveal
mild edema and intracristal inclusions(ar-
row heads).

Muscle cell 1s markedly edematous. M;
mitochondria. Uranyl acetate and lead ci-
trate, X15000.
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Myocardium of dog perfused with K-H-albu-
min solution. Mitochondria are well pre-
served except mild swelling. Cytoplasm is
edematous(*). M; mitochondria. Uranyl ace-
tate and lead citrate, X12000.
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Photo. 7. Dog myocardium perfused with Wicomb’s
solution. Mitochondria demonstrate low-
amplitude swelling(arrow heads). Muscle
fibrils are intact in structure. M; mitochon-
dria, N; nucleus. Uranyl acetate and lead
citrate, X15000.

Photo. 9. Dog myocardium perfused with Collin’s
solution. The muscle cell is slightly ede-
matous. Mitochondria show focal vaculiza-
tion(arrow heads). M; mitochondria, N;

nucleus. Uranyl acetate and lead citrate,

X12000.

Photo. 8. Dog myocardium perfused with Wicomb’s
solution. Muscle cell is moderately edema-
tous(*). Mitochondria show mild swelling.
M; mitochondria. Uranyl acetate and lead
citrate, X15000.
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FAFUTh A2 4ol Al vebdoin shgirl PR,

o] Photo. 10. Dog myocardium perfused with Collin’s
solution. Mitochondria show slight ede-

ma(arrow heads). The muscle cell is mild

edematous. M; mitochondria. Uranyl ace-
Wicomb &2 ultoll A 2% o] %8 A e5s5imd tate and lead citrate, X15000.
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58 A1gsodof st ool

Jocob oo AAS dimethyl sulfo-
xide(DMSO)2} dimethyl sulfone &3t} 0 8 oF 24)
7F E3A AT —6T ~—-8T A oF 204 7+ B3ZS
A7bE AA A2 A 4ols 3180 k304# A
Sgod, 4% EiEEe
WAool 4] 2
A4 shal FEYE BEol Apgehcha sk el
A2 o A}

A, A

o & f”‘“

H oz
by
S+
A2
E:3
é
|r

o] &% F 2 + Allopurinal, Phe-
l

noxybenzamine, Magnesium, 3| %EJ 4
ticoid® & bV,

MgS0,2l E5& 222 o)A} a72 FaPoh e}
Alze] M ek o] EakAl Ao BESL AA L glo,
Webb 52 4l £t RERE T} o] 21 =9 7]
& AgARlet e sy e Mgt =4 Cal-
cium efflux& ¥hsh sl =8-S 7px)a 9 e}®, Hol-
land+ Procaine3t Magnesium-2 #5448 3t4
21755 Eyale o4} #l4lol Chlorpromazine-s-
H 74 Al 2383k kA 4, Mitochondria %% 744
2.2 Al x3ly, Lysosomal TE3 A T L3 E o
uhek Aol gl 31 el®). Kamiyama & 4C A 23t
MgSO, &4 AHgAl F A HE7)7HE whS R} 2

WA E gt slehm ahg el

glucocor-

Phenoxybenzamine-& « —receptor blocker4 &
74wl & ol kel Steroide A 2k Qb A, Lyso-

somal TaAfrelelu, i T4, Releln 2 AR

I 58 FFX B2 2k Als] B FEAFR] | o] £4] §
Al Zb ol 244) 2k Eo] Flgsteta i & s}
A 715379 A5 g5 mg/Ke) T8+
24 o] =3aol & o whals Eakok ool A e

2 Al&e] 10T Wel7b Absbef Ab= 50% 451,
2C7F 5= A 222 oF 5% AL et
Webb % Howard+ Tyrode 24w 10% & -4 713}
o] AAAE 4Coll 4 8417k WE A Esto] 7 o] 4
=3 Aadal 328 Agieta 819.0oM%)) Lower,

Shumway 5-& A4 A4S 2~4C Al d5u 4~7
_‘

4

Parssge 2ol 44 A2 Ak gl o

ol gl 71 5| o] £x ol o) A
; Agks]of Qleht
207, Lyons®} Feemsters LotALA g8 o
A2 hAAA A7 Walel] o] &% 4= gl
. Huntley 52 37]%}8} 2E4] A3 g 4
5 AAlshe A 3w b A Lo A 2
28 Al sl e o) glrha ¥ wshel e,
44 54| o]&4] Lillehei, Manax
e A X%%*u‘% pH 7.42] 2C Tris-U el 5%
orsl BEA] 244 7F, 8793
4847}, 157]9}3 PJ—IDH 724] 7k Bag Alaky) 5 34
S 98 4 e Ao o ol 4 Feleh Heel
79 Kondo® o] AlaH2 3~47] ksl 2~4Tol
Bha) 1241 7ke] qk W ES] A Q¥ Siskat 2
~3C Bretschneider A1 &5 3 AW gF¢] 779+ 1t
Abd o] 4] 244) 7k RESI T} SHA e} 190 BT
= = A W32 3719k, Al A 87) oFd) 484] 2 RE o]
AHsshela shg o, 2
ZAarstg el ol g3k o AWAY o ¥

fo
4 =

e
it

) P =R
L A= ;]_ gl 25 9u}
25k ol 85 Levy 52 7|8 ol TAksls & A&
ghed A A EAE 114]2E oAb AldkE §-x) |7 0m
1000 mkay o] F &i}ﬂ% o] & zias’_w:—%xl 30T 4 9
~114} 7k, 20~28Coll 4 12~144] 7}, 28C = 253}

Aoz PrAe i
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Webb -2 1983w 4l 2k4l Ao] 4 o] ‘é Fahol o
15 AL A3 A7l N3 4CE absel 14
7t AR AAFAA, ofwl) o] 47 Er] Lo o]

154 ek, Tago 52 A E 3R Z4
30~32Cell A 85~90 mmHgor o & +3ksted 20 fil-
tersh A A& eh2) (100~200 mg/100ml) 24 244
7b Fot FL A ZujHTE BES odglo ek H
Fub ebe. e A 2slel A ATl 4
A-gubo] M gz 9o Sludge, 3t s A&7 &

z

A4 2)A ) 25} H EILEN AbL A gte] 2l
AW fE 7t 2edsE s 5 oy rix g Se] T4 A
on? Aye sg_ﬁh;}; WA T 9 "4k shy el

7(
9]{5 _0_11;], ﬁazL\:Luuaqxqo] ol o] ‘___}- % 9l tlA o]

Feemster, Lillehei 58 A EFA B a4 18~24TC
223} dAaRto g 37]90]-& 2 d

o] 7H5slgi ot o)Al Ao HEL HEA ] A
E grobm shglep® %), el g ik BEel
HaetA T 2 A 2t ki dve A <l
FE Ao, 2474 d¥ul HrbAl Aksbabd
o Azl A Ao on 7 A A A E

2+ st okdl o}, Fluorchemical 8-°4-& A
i} 9le, Gollan & 54
AE7t Basie} Poo®, 2447k ol 2 EA

_‘é__TV_E]J’_. 9/1‘—/}'4'13)

-]
S
F

4
52 Az

T

4 A2 $olsh
= ol o] \,}. & zh7ko
sy aatol vk =S| A sh 2ok, a.a_ Fol AR F4
k%R 24N SR AL ARETAFA 1~64)
Zol] o] Faake A Fol vehdtp Y, A
23l BRFEEA RELEE 24417 HEA] 0~3T
23), 2'5°C18), 2~4°C9), 4oC27,28,33,57)’ 5°CS), 4~7C
24.29) g) 70 G0 B o BB 8T ol dke] Mg F
SEr S

g PH #2l& 7.2'7, 7.4%%, 6.85~6.95'%%
5% o] &3lg oyt Wicomb & A2 3 2X4
Aaafaadol TR T T34 d3S st=z2 pH
7t =& A (pH 7.2~8.0)ol 4+ Calcium depen-
dent ATPase7} # | € -Fo| v} 24 Y& 25523
wral shod Al EW K] ZHEErt S48 “Stone

heart”2 2 322 PHE 7.4l 4 Phosphate buffer
£ 0] £ 6.85~6.95% FF 22 AlLs = Alx P4
holl 4 M ZZFR-F2 AU A 4ulE Agetd b’
ol Fak-fol Aol 2gF A 2aFs} 244 7 AEFA 2

BEshE 7% aFole Wy Krebs-Henseleit -
12,14,30.33,43) O o]lin’s _%OE?,IS) % Wicomb's o4 16
9954 F2 o] g8l gl om H3 Krebs &4 A&
Al 30cm Hy0 ok o] & 94% 7]53] 81210,
A 7125 gm/L) 18~21 cm H,09F o] &-A]oll 484 k%
ol 4T L vakger

2 Ao 4= Krebs §°8 o] g2z
Alubggko] 2447kl oF 10% 3] 58131 .2v+ Albumin
H7e 5 gm/L ARl AlY-F olutE sl F A
Jet. & PGE, & 3572 ofsk 2t 808 A2 3}
2R ’"‘“éﬂ eld3hs A B At
=gk, Al T3t F4H3E Collin's §92 _T'_%‘—E_ Z
FHoR AlgRch ARREFA FEIHT, 10%
fluorocarbon @ ATP-MgCl, &7 AAEA4 244]
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7 BEF AubE4 2o 1208), AMETL 1L
17Kg A £ 7153 4ol Fgstebn sholeb?. 2
vk & A"l A 20417 REF 417153 82 Q)

Tl om Az Z A 7} EFS-H 2182 Bl Eukyl

om 4 BFo] AskAl vhebtonl Sado] of 3 wbukst

9t Wicomb 0] o] £3F ¥ EFo0-& 3Fale] 8

~10em Hy02 = $ A o] -B3led 244 H.Eo0] 7}

St om qlzkAl Ao Al 4] o] &3] 4l A T~17

A Z7A o) & FgFul, 2AY A4 H FFol FL
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p LY
F AR §F Ao B o) 4EF Y ESAc

A 3}_05 D}_IG 19)

£ 4ol 4% Wicomb §4 o] &4] Atz 3] 8
Fo| ok 90% % w]$ 431512 Dopamines 1%
TUEAS AA AAATE odF 5 ddE Ao}

A=
Wicomb -£-°42] glycerol% ALEAY WEHFA R
ol &5|gl o WEFRIAIE= i 20T ol 4 vl E
s E] o}. ix]-oﬂ r,H%}- _tﬂ_i_é’_j}_7} o] r;}.

Taurine TH-E&2 AZWolA UA= = Felot
o AbS] HHES At AL AF E£4E 2h4A] 7]
Magnesium-ATPasedll 25 d 37t 9lo= 24471 ®

&4l Aol 4 LDH frel 7k Azsbd et Mg*te
Calcium effluxE 93 sl= &% 7hx=, 5%
EFL ARl Fob9) G EF-—ZF I L 3

AA AW A F2E &EPB’.
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@ -receptor blocker2 4 @373 &g ol ubdlz Azte}
SRR B R R B

Chlorpromazine®| Lysosmal Membrane& Z &3t 4l
Euke] ok A 92 Mitochondria #-Fol Wt & s+ 5

o] 9»1 l_/]_16—19).

Procanine?}

Kondo+ Vesprin(triflupromazine )|
Chlorpromazine 2t} o 38 7j5¢] = A 2ot
skl ek,

£ A4+
o] -3 Zglch

3L Aok o] 8317 $)8l Dextran®, Mannitol®™
[6-19) 7,36) 16—19,36)
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40) , Sucrose

, Glycero , Glucose
Protein®’, Albumin®® %) %] o] &5l o 4%
ate] 313 mOsm®® %, 385 mOsm!'®'"!®), 410 mOsm

18 420 mOsm®’, 500 mOsm™ $.22 o] &= 9

e},
FFRENY K* 5T+ Athreya 52 9.6~9.8
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tyacid 5o| ZAFE L el

Tetrazolium bromide(TTB) # Ak+= Terasakiol] 9|
A 4519) 0

c
=

[¢]
14 )

AlAF 9l /lzbo] A4y o g

ol % Zmp s
o] Faoldgt 7l%ﬂ folak qbal 7h gls
ek, o) We 15 ofd fol et o
[o]

2 e 3l 7ZA A A

rir

2 Addl= A7l 3 E-4HE Langendorif?
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AFAL 4C A4 02 wELA T ol Bt
15 mmHgot o2 24417F B asgion MENS
Krebs-Henseleit -&°4 (Al 1), Krebs #<4o] Albu-
min ';' PGE, #7HA 27) Wicomb| &4 (A] 3
T), % Collin® -2 (A 4’55) °= ?’—kr’* AH-&-814] ot

o Aol 4g

4
sl o m 2447k ¥.EF Working heart perfusion~)
28 Zof| A Aol g A F shed Wty B AT 84
A AR A 31*04 E]"ri":4 722 AzbE Aok
Tol 41.6%5.5%, Al 2
108.9+3.4% 2 3] %3}
of A 3%01 ol felat 3 EEE 2odFschp
<0.001). 3t A 47-& AlvkE A5 A= %8+
cl,

2) %7 Fwet(mmHg)e A 1] 63.3%1.
9%, A 270 94.9£17.6%, Al 3] 94.3+2.9% =
A Al 3Eo] foldt Bl H4-8 2ol FoUvh(p<0.05).

3) kAl wbal(mmHg)-& Al 1o} 20.0+0.5 mmHg,

M 2%0] 13.540.5mmhg, A 3Fo] 11.2+0.9
mmHg® A 37¢] 23 A& F714S Hod Al
Ael 7} or 3 ke ioq;oq tH(p<0.01).
1

9%, zﬂ 3o}

o2 A 3ol 4 o Fakot o
4, A eHp= 024)

5) AlM.E0] M & = 244 7 MEZ A 15E0] 17.5+
2.5%, A 2°] 24.6+8.8%, A 3F¢] 20.945.6%,

— 440 —



A 47Fo) 55.3+16.9% 57F 3FH ond A7) §-9)

& abo| = glaleHp=0.08).

6) Asphd W Al A AL A7 S o o ubEek
5 ool-g A ololnl A 2, A 37k A she] 46}
o=, SGOT(U/L)el 7k Al 23Fo] 522.9%10.
4%, A 37°| 333.3489.6% 4 o2 2l gt 2ol
= g dcHp=0.26).

g CPK-MB(U/L)% F7b= & 2% 749+£89.
1%, #) 337 332.1+96.2%2 57t2 $97 o] =

Mol F9leHp<0.05). Glucose(mg/dl) #|+= A 2
60.5+3.5% ok A 3ol 4 of A (78.243.8%)
=5 3l ek (p<0.05).

7) Ao A AL 30 ~60+-7F Working heart

pertusion 14 ol 249 44 shsfead,

o A hade] 4 A 4702 o el 4] AT Al 2 73 @
S5 v EREe o) $ 34 L oEh ol sk

dabaio] 44 47 3| %ol slmar st el Haed
ool Al 1, 472 5| Laeko
o] slelar Ao Eds ),

ohe 48 Ak st LAl 4t A 20

ko] o

el sixle] £4

a4 Fo) Foll BT FEG ALE
g 7k Qo] QA e] Al gl 44l FEsk o] &

REFERENCES

1. Lower RR, Stofer RC, Hurley EJ, Dong E. Cohn,
RB.
plantation of canine heart after anoxic preserva-

Am ] Surg 104:302-306,

and shumway NE: Successful homotrans-

tion for seven hours.
1962.
. Webb WR, Sugg WL, and Ecker RR: Heart pre-
Am ] Cardiol

o

servation and transplatation.
22:820-825, 1968.

3. Pegg DE: The future of organ preservation.
Transplantation 16:147-148, 1984.

4. Wechsler AS, ABD-Elfattah AS, Murphy CE, Sal-
ter DR, Brunsting LA, Goldste in JP: Myocardial
protection. ] cardiac Surg 1:271-306, 1986.

5. Proctor E, parker R: Preservation of isolated heart

-

10.

11.

12.

13.

14.

15.

16.

— 441 —

for 72 hours. Brit Med J. 4:296-298, 1968.

. Cooper DKC: Resuscitation and canine cadaver

heart. J Cardiac Surg 70:896-908, 1975.

Humphries AL, Liu WP: Preservation media:
In karow AM, Abouna GJM, Hump-
gries AL(Ed): Organ preservation for transplanta-

perfusates.

tion. Boston: Little, Brown and Company, 1974.
p.110.

. Abouna GJM: Viability assays in organ preserva-

tion. In Karow AM, Abouna GJM. Humpgries
AL(Ed): Organ preservation for transplantation.
Boston: Little, Brown and Compnay, 1974. p.110.

. Abouna GJM: Perfusion technology. In Karow

Am, Abouna GJM, Humpgries AL(Ed): Organ pre-
servation for transplatation. Boston: Little, Brown
and company, 1974. p.239.

Turner MD: Metabolic inhibition. In korow Am.
Abouna GJM, Humphries AL(Ed): Organ preserva-
tion for transplatation. Boston: Little, Brown and
company, 1974. p.260.

Pitzele S: Heart. In Karow AM, Abouna GJM,
Humphries AL: Organ preservation for transplata-
tion. Boston: Little, Brown and company, 1974.
p.312.

Kawakami T, et al: Prolonged in vitro preserva-
tion of the isolated heart. JJATS 25:640-645,
1977.

Suzuki S, et al: Preservation of canine heart for 24
hours by retrograde coronary sinus microperfusion.
JJATS 33:139-146, 1985.

Oci SS: Experimental study on the myocardial
metabolism of the heart preserved by 4T
hypothermia coronary perfusion method. JJATS
27:874-886, 1979.

Hamada Y: The important factor in preservation of
cadavor heart JJATS 28:1654-1667, 1980.
Wicomb WN, Cooper DKC, Hanssoulas ], Rose
AG, Barnard CN: Orthotopic transplantation of
the baboon heart after 20 to 24 hours preservation
by continous hypothermic perfusion with an ox-
vgenated hyperosmolar solution. J Thorac Car-
diovasc Surg 83:133-140, 1982.

Wicomb WN, Cooper DK, Novitzky D, Barnard
CN: Cardiac transplantation following Storage of
the donor heart by a portable hypothermic perfu-

sion system. Ann Thoracic Surg. 37:243-248,



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

1984.

Wicomb WN, Cooper DKC, Lanza RP, Novitzky
D, Isaacs S: The effects of brain death and 24
hours storage by hypothermic perfusion on donor
heart function in the pig. J Thorac Cardiovasc
Surg 91:896-909, 1986.

Wicomb WN, Novitzky D, Cooper DKC, Rose AG:
Forty-eight hours hypothermic perfusion storage
of pig and baboon hearts. ] Surgical Research
40:276-284, 1986.

Wicomb WN, Rose AG, Cooper DKC, Novitzky D:
Hemodynamic and myocardia histologic and
ultrastrural studies on baboons from 3 to 27
months following autotransplantation of hearts
stored by hypothermic perfusion for 24 or 48
hours. ] heart transplantation 5: 122-129, 1986.
Novitzky D, Cooper DKC, Wicomb WN, Reichart
B: Hemodynamic changes, myocardial injury, and
pulmonary edema induced by sympathetic activity
during the development of brain death in the ba-
boon. Transplantation proceedings 18:609-612,
1986.

Novitzky D, Wicomb WN, Cooper DKC, Reichart
B: Evidence of myocardial and renal funtional re-
covery following hormonal treatment after brain
death. Transplantation proceedings 18:613-615,
1986.

Copeland JG, Mones M, Spragg R, Stinson EB: In
vitro preservation of canine hearts for 24 to 28
hours following by successful orthotopic trans-
plantation. Ann Surg 178:687-692, 1973.
Toledo-Pereyra LH, Shap HL, Condie '/RM, Chee
M, Lillehei RC, Najarian JS: preservation of
canine hearts after warm ischemia(zero to thirty
minutes) and one to two days of hypothermic stor-
age. ] Thorac Cardiovasc Surg 74:594-603, 1977.
Toledo-Pereyra LH, Shap M, Lillehe1 RC: Effects
of pulsatile perfusion pressure and storage on
Hearts preserved for 24 hours under hypothermia
for transplantation. Ann Thorac Surg 27:24-31,
1979.

Thomas FT, Szentpetery SS, Mammana RE,
Wolfgang TC, Lower RR: Long-distance trans-
plantation of human hearts for transplantation.
Ann Thorac Surg 26:344-350, 1978.

Swanson DK, Dufek JH, Kahn DR: Improved

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

— 442 —

myocardial preservation at 4C Ann Thorac Surg
30:519-526, 1980.

Warner M, Guerraty A, Alivizatos P, Choi SC, et
al: Assessment of myocardial subcellular function
after 24 hours of in vitro preservation and trans-
plantation. | Thorac Cardiovasc Surg 83:290-297,
1982.

Christlieb 1Y, Clark RE: Adequacy of the perfu-
sate: Its influence on successful myocardial protec-
tion. J Thorac Cardiovasc Surg 84:689-695, 1982.
Suaudeau J, Shaffer B, Daggett WM, Austen WG,
et al: Role of procanine and washed red cells in
the isolated dog heart perfused at 5C. J Thorac
Cardiovasc Surg 84:886-896, 1982.

Swanson DK, Myerowitz PD, Wis M: Effect of
reprefusion temperature and pressure on the func-
tional and metabolic recovery of preserved hearts.
J Thorac cardiovasc Surg 86:242-251, 1983.
Pennock JL, Root M, Ebersole TF, Waldhausen
JA: Preservation of high-energy phosphates during
24 hours of in vitro perfusion. Surg Forum
34:241-244, 1983.

Guerraty A, Bettex P, Beaudet RL, Porier N,
Doyle D, Corman J: Forty-eight-hour preservation
of the isolated canine heart prior to heterotopic
cardiac transplantation. Transplantation proceed-
ings 18:156-160. 1984.

Foreman ], Pegg DE, Armitage W]: Solutions for
preservation of the heart at OC. Thorac cardiovasc
Surg 89:867-871, 1985.

Kioka Y, Tago M, Bando K, Seno S, Shinozak: Y,
et al: Twently-four-hour 1isolated heart preser-
vation by perfusion method with oxygenated solu-
tion containing perfluorochemicals and albumin. J
Heart Transplant 5:437-443, 1986.

Bergren C, Mackenzie GH: Functional and histo-
logic evaluation of heart preservation solutions.
Transplantation proceeding 18:607-608, 1986.
Beeman SK, Shuman TA, Perna AM, et al: Inter-
mittent reperfusion extends myocardial preserva-
tion for Ann  Thorac Surg
43:484-489, 1987.

Kohno H, Shiki K, Ueno Y. et al: Cold storage of
the heart for transplantation. J Thorac Cardiovasc
Surg 93:86-94, 1987.

Arikawa K; Cadaver heart preservation and trans-

transplantation.



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

plantation. JJATS 28:1643-1653, 1980.

Lucas SK, Elmer EB, Flaherty JT, Bulkley BH, et
al: Mechanism of improved myocardial preser-
vation with hyperosmolar postischemic
fusion. Surg forum 31:305-307, 1980.
Casale AS, Bulkley BH, Flaherty JT, et al: Ox-

ygen free-radical scavengers protect the arrested,

reper-

globally ischemic heart upon reperfusion. Surg
Forum 34:313-316, 1983.

Jones JW, Gionis TA, Nichols RL, et al: Myocar-
dial preservation with fructose 1, 6-diphosphate:
energy without oxygen. Surg Forum 31:307-309,
1980.

Wisman CB, Waldhausen JA, Pierce WS, et al:
Preservation of myocardial high-energy phos-
phates during ischemia in the Isolated perfused
neonatal pig heart: A comparison of hypothermic
potassium cardioplegia with hypot hermia alone.
Surg Forum 315-316, 1982.

Largiader F, Manax WG, Lyons GW, et al: In
vitro preservation of canine heart and lung. Arch
Surg 91:801-804, 1965.

Wells PH, Phalakornkul S, Ramsey HW, et al:
Cardiac function after prolonged storage in an in-
termediate host. ] Thorac Cardiovasc Surg
62:869-878, 1971.

Mendler N, Struck E, Sebening F: Orthotopic
canine heart transplantation after 24 hours cold
perfusion. Trensplantation Proceeding 16:173-176,
1984.

Walpoth BH, Bleese NM, Modry DL, Jardetzky
NW, et al: Assessment of myocardial compliance
and energy reserves(NMR) after hypothermic stor-
age for 24 hours: A simple screening model for
cardiac preservation. Surg Forum 34:244-247,
1983.

Solis E, Tyce GM, Bianco R, et al: High energy
phosphates and catecholamine stores after pro-
longed ex vivo heart preservation. | Heart Trans-
plant 5:444-449, 1986.

Burt JM, Copeland JG: Myocardial function after
preservation for 24 hours. | Thorac Cardiovasc
Surg. 92:238-246, 1986.

Orita H, et al: Kinetic analysis of myocardial tis-
sue PCO, and evaluation of cardiac functional

recovery In experimental heart transplantation.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62

— 443 —

JJATS 35:943-947, 1987.
Lee Chong Kook: An experimental study on the
myocardial protection effects of the cardioplegic
solution. Koran J Thorac Cardiovasc
13:321-334, 1980.

Kao RL, Magovern G]J: prevention of reperfusion-

Surg

al damage from ischemic myocardium. | Thorac
Cardiovasc Surg 91:106-114, 1986.

Metzdorff MT, Grunkemeier GL, Starr A: Effect of
initial reperfusion temperature on myocardial pre-
servation. J. Thorac Cardiovasc Surg 91:545-550,
1986.

Kohno H, Toshima Y, nakamura Y, et al: Benefi-
cial effects of hypothermic reperfusion on metabo-
lic and functional recovery after cold storage of
the rat heart. | Heart transplant 6:49-53, 1987.
Spray TL, Watson DC, Roberts WC: Morphology
of canine hearts after 24 hours peservation and
orthotopic transplantation. J Thorac Cardiovasc
Surg 73:880-886, 1977

Billingham ME, Baumgartner WA, Watson DC, et
al: Distant heart procurement for human trans-
plantation: Ultrastructural studies. Circulation 62:
suppl. 11-19, 1982.

Bethencourt DM, Laks H: Importance of edema
and compliance changes during 24 hours of pre-
servation of the dog heart. J Thorac Cardiovasc
Surg 81:440-449, 1981.

Lurie KG, Billingham ME, Masek MA, Gingurg
R, Bristow MR: Ultrastructural and functional stu-
dies on prolonged myocardial preservation in an
experimentral heart transplant model. | Thorac
Cardiovasc Surg 84:122-129, 1982.

Tago M, Subramanian R, Kaye MP: Light and
electron microscopic evaluation of canine hearts
orthotopically transplanted after 24 hours of extra-
corporeal preservation. J Thorac Cardiovasc Surg
86:912-919, 1983.

Darracott-Cankovic S, Wheeldon D, et al: Biopsy
assessment of fifty hearts during transplantation. ]
Thorac Cardiovasc Surg 93:95-102, 1987.
Jamieson SW, Oyer PE, Biebewr CP, Hunt SA,
Billingham M, Miller J, Gamberg P, Stinson EB,
Shumway NE: Cardiac transplantation at Stanford.
Heart Transplant 2:243-244, 1983.

. Solis E, Kaye MP: The Registry of the Interna-



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

tional society for heart transplantation: Third Offi-
cial report-June 1986: ] Heart Transplant 5:1-10,
1986.

HH Chot, JS Chang. CK Lee: Prolonged aortic
cross-cramping time of open heart
200min). Korean ] Thorac
16:295. 1983.

Chong Kook Lee, Hyung Ho Choi: Perfusion tech-

surgery

Cardiovasc Surg

nigues using the modified i1solated working rat
heart model. Korean ] Thorac Cardiovasc Surg
13:338. 1980.

CK Lee, KD Kim, HK Kim, BK Cho: Isolated
working canine heart perfusion apparatus for cva-
luation of myoardial protection method. Korean [
Thorac Cardiovasc Surg 21:246, 1988,

Legallois C J: Experiences sur le Principe de la
vie. Notamment sur Celuides Movements du Coeur
dt sur le Siege de ce Principe: Suivies du rapport
Fait a la Premiere Classe de L lInstitut sur Cells
Relatives aux Mouvements du Coecur. Paris: D
Hautel, 1812. cited by No.1l

Ringer S: Concerning the influence exerted by
each of the cinstituents of the blood on the con-
traction of the ventricle | Physiol(Lond) 3:380,
1881.

Langendorff O: Untersuchungen am uberlebenden
Saugethierherzen. Pfluegers Arch Ges Physiol
61:291, 1895.

Brodie TG: Perfusion of surviving organs. ] Phy-
siol(Lond) 29:266, 1903.

Daly IB, and Thorpe WV: An isolated mammalian
heart preparation capable of performing work for
prolonged periods. | Physiol(Lond) 79:199, 1933.
Carrel A, and Lindbergh CA: The culture of whole
organs. Science 81:621. 1935.

Carrel A, and Lindbergh CA: The Culture of
Whole Organs. New York: Hoeber, 1983.

Carrel A, and Guthrie CC: The transplantation of
veins and organs. Am med 10:1101, 1905.
Pitzele S. Charrette EJ, Dobell ARC, and maclean
LD: Method and apparatus for functional evalua-
tion of isolated hearts. Surg 64:308, 1968.
Pitzele S, and Dobell ARC: Functional evaluation
of isolated heart at normothermia and following
8-hour preservation at 30C. In JC Norman(Ed):

organ Perfusion and Preservation. New York: Ap-

76.

77.

78.

79.

80.

81.

82.

83.

84.

87.

88.

89.

— 444 —

pleton-Century-Crofts 1968. p.513.
Jacob SW: Studies in organ preservation by actual
freezing and reduction of the freezing point.Cryo-
boiology 1:176, 1964.

Karow AM: Jr Biological effects
rotectants as related to cardiac cryopreservation.
Cryobiology 5:429, 1969.

Karow AM, Jr. and Shlafer M: Ultrastructural and

functional effects of freezing rat hearts to-10T

of cryop-

and-20°C without a cryoprotectant. Trans. AM Soc
Artif Intern Organs 17:53, 1971.

Karow AM, Jr Webb WR, and Stapp JE: Preserva-
tion of hearts by freezing Arch Surg 91:572. 1965.
Luyet B, A review of research on the preservation
of hearts in the frozen state. Cryobiology 8:190,
1971.

Rapatz G, Some problems associated with the
freezing of hearts. Cryobiology 7:157. 1970.
Webb WR, Jones FX, and Sugg WL: Magnesium
and transmembrane potential. Fed Proc 27:579.
1968.

Webb WR, Wax SD, Jones FX, Kamiyama T,
Sugg WL, and Ecker RR: Metabolic Inhibitors in
Preservation. In JC Norman(Ed); Organ Perfusion
New York: Appleton-Cen-
tury-Crofts 1968 p.121.

Holland WC: Action of anesthetic agents on loss

and Preser vation.

of potassium from isolated guinea pig auricles. ]
Pharmacol Exp Ther 111:1, 1954.

. Eyal Z, Manax WG, Bloch JH, and Lillehei RC:

Utilization of chlorpromazine in heart storage and
its combined use with hyperbaric oxygen and
Obstet  120:1237.

hypothermia. Surg Gynecol

1965.

. kamiyama TM, Webb WR, and Ecker RR: Pre-

servation of the anoxic heart with a metabolic ing-
ibitor and hypothermia. Arch Surg 100:569, 1970.
Feemster JA, Idezuki Y, Dietzman RH, Lillehei
RC, and Manax WG: The use of hypothermia,
hyperbaria and metabolic inhibitors in organ pre-
servation. Vasc Surg 4:141. 1970.

Webb WR, and Howard HS: Restoration of func-
tion of refrigerated heart. Surg Forum 8:302, 1957,
Claveland R], and Lower RR: Transplantation of
canine cadaver hearts after short term preserva-

tion. Transplantation 5:904, 1967.



90.

91.

92.

93.

95.

96.

97.

98.

99.

100.

101

Lower RR, Stofer RC, Hurley EJ, Dong E, Jr
Cohn RB., and shumway NE: Successful homot-
ransplantation of canine heart after anoxic preser-
vation for seven hours. Am J Surg 104:302, 1962.
Lyons GW, Dietzman RH. and Lillehei RC: On
mechanism of preservation with hupithermia and
hyperbaric oxygen. Trans. Am Soc Artif Intern
Organs 12:236, 1966.

Feemster JA, Idezuki Y, Dietaman RH, Lillehel
RC, and Manax WG: The use of hypothermia.
hyperbaria and metabolic inhibitors in organ pre-
servation. Vasc Surg 4:141, 1970.

Huntley R, Bartholomew B, Bielanski E, Homatas
J, and Eiseman B: Effect of Hyperbarism on
Weight Gain of Liver during Perfusion Storage. In
JC Norman(Ed): Organ Perfusion. New York: Ap-
pleton-Century-Crofts 1968. p.305.

. Lillrjro RC, Manax WG, Bloch JH. Eyal Z. Hidal-

go F, and Longerbeam JK: In vitro preservation of
whole organs by hypothermia and hyperbaric ox-
ygenation. Cryobiology 1:181, 1964.

Manax WG, Bloch JH, Eyal Z, Lyons GW, and
Lillehei RC: Hypothermia and hyperbaria: Simple
method  for JAMA
192:755. 1965.

Manax WG, Largiader F, and Lillehel RC: Whole
canine organ preservation: Prolongation in vitro
by hypothermia and hyperbaria. JAMA 196:105,
1966.

Bloch JH, Manax WG, Evyal Z, and Lillehei RC:

Heart preservation in vitro with hyperbaric ox-

whole organ preservation.

genation and hypothermia. J Thorac Cardiovasc
Surg 48:969, 1964.

Kondo Y. Gradel FO, Chaptal P, Meier W, Cottle
HR, and Kantrowitz A: Immediate and delayed
orthotopic homotransplantation of the heart. [
Thorac Cardiovasc Surg 50:781, 1965.

Siska K, Holee V, Fedelesova M. Ziegelhoffer A,
Slezak J. Styk J. Petras ], and Tregerova V: In-
vestigation of heterotopically transplanted dog
heart after preservation. Transplantation 9:93.
1970.

Levy, et al: Isolation and storage of artificially
oxygenated mammalian hearts. JAMA 109:106,
1965.

- Pitzele S, Sze S, and Dobell ARC: Gas exchange

102.

103.

104.

106.

107.

108.

109.

110.

113.

— 445 —

across a liquid-liquid interface. Trans Am Soc Artif
Intern. Organs 18:375, 1872.

Pitzele S, Sze S, Hagemann A, and Dobell ARC:
A liquid-liquid oxygenator utilizing oxygen-satu-
rated inert fluorocarbon for organ perfusion-pre-
servation. surg 68:1079, 1970.

Pitzele S, Sze S and Dobell ARC: Functional
the

coronary perfusion.

evaluation  of heart after storage under

hypothermic Surg 70:569,
1971

Feemster JA, Idezuki Y, Dietzman RH, Lillehei
RC, and Manax WG: The use of hypothermia,
hyperbaria and metabolic inhibitors in organ pre-
servation. Vasc Surg 4:141, 1970.
JA, and Lilleher RC:
mic-hyperbaric pulsatile perfusion for preservation
of the canine heart. Transplant Proc 1:138, 1969.
Ferrans V], Levitsky S, Buja LM, Williams WH,
Mcintosh CL, and Roberts WC: Histological and
ultra-structural studies on preserved hearts. Cir-
culation 41(Suppl. 2):104, 1970.

Levitsky S, Williams WH, Detmer DE, Mcintosh
CL. and Morrow AG: A functional evaluation of

Feemster Hypother-

the preserved heart. J Thorac Cardiovasc Surg
60:625, 1970.

Gollan F, and Clark LC: Jr Organ perfusion with
fluorocarbon fluid. Physiologist 9:191. 1966.
Garzon AA, Kornberg E, Pangan ], Stuckey JH,
and Karlson KE: Myocardial contraction after 24
hours of hypothermic(4T) storage. Cryobiology
5:347, 1969.

Malinin TI, and Perry VP: Observations on con-

maintained In vitro at

Johns Hopkins Med |

tracting monkey hearts
hypothermic temperature.
122:380, 1968.

. Perry VP, Lindbergh CA, Malinin TI, and Mouer

GH: Pulsatile Perfusion of Whole
Organs. In JC Norman(Ed): Organ perfusion and

Mammalian

Preservation New York: Appleton-Century-Crofts
1968 p.203

. Stockmann U, Liepe B, Wallner F, and Buchel

ES: Organ preservation: A comfortable experimen-
tal storage system for rat hearts. Trans Am Soc
Artif Inturn Organs 17:49, 1971

Athreya BH, Coriell LL. Greene AE, and Lehr

HB: Preservation of functioning rabbit hearts in



vitro. Preliminary communication on a new hours at 4C. Br J Surg 58:306, 1971.

approach. Arch Surg 97:947, 1968. 116. Proctor E: Early sinus rhythm in dog hearts pre-
114. Athreya BH, Coriell LL, Greene AE, and Lehr served for 96 hours and assessed ex-vivo. Trans-

HB: In vitro preservation of functioning rabbit plantation 13:437, 1972.

hearts in a depolarized state at 4 C. Cryobiology 117. Trunkey D. Degenhardt T, Chartrand C, Pryor JP,

5:403, 1969. and Belzer FO: Preservation of canine heart
115. Proctor E: Preservation of the dog heart for 96 Cryobiology 6:515, 1970.

— 446 —



