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— Abstract —

Studies on the Experimental Heart and Heart-Lung Transplantation
in the Mongrel Dogs for the Purpose of Clinical Application

Jeong Ryul Lee, M.D., Cheol Hyun Chung, M.D.’, Ki Bong Kim, M.D.", Sock Whan Sung, M.D.’,
Hyuk Ahn, M.D.", Yong Jin Kim, M.D.", Hurn Chae, M.D.", Joon Ryang Rho, M.D.’,
Chong Whan Kim M.D.", Kyung Phill Suh, M.D.’, In Ae Park, M.D.”

With the aid of extracorporeal circulation, nine dogs underwent orthotopic car-
diopulmonary transplantation after preservation of the donor heart in a hypothermic amino
acid(glutamate, aspartate) enriched high potassium extracellular solution, and preservation
of the donor lung with hypothermic low potassium dextran solution from June 1990 to May
1991.

The mean body weights of dogs were 20kg and the recipients’ preoperative hematologic
and hemodynamic pictures were within normal range except slightly decreased level of alb-
umin and total protein, which was supposed to be due to malnutrition.

The following modifications of the original Stanford technique were emphasized : (1) the
posterior mediastinum is dissected as little as possible with meticulous hemostasis ; (2) the
surgical procedure is kept away from the phrenic and vagus nerves ; (3) the tracheal ana-
stomosis may be wrapped with recipients’s pulmonary artery flap or surrouding soft tissues.
A combination of Cyclosporine, Azathioprine, corticosteroid was used as perioperative imm-
unosuppressive therapy.

Postoperatively all recipients could be weaned from extracorporeal circulation, showing
favorable vital signs, but within 24 hours, irreversible congetive heart failure, ascites, arr-
hythmias developed with a mean survival time 13.6+6.6(n=9, range=6—26) hours. Hem-
oglobin and platelet counts were significantly (p<0.05) decreased postoperatively, which is
thought to be attributed to blood damage by cardiopulmonary bypass and hemodilution,

Postmortem finding included multiple subendocardial patch hemorrhage in both atrial
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and ventricular cavities, pulmonary and liver congestion, and all tracheal anastomoses were

intact,

Further consideration about quality control of the animal, infection, rejection, the effect
of cardiopulmonary bypass on the experimental animal is required to improve the results.
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L (formalin) ol 23T ¥, Wl HAE A
At

A 2

1) T2 &8 @Y HAX|

7 duk 8o AAY AL, HET, €2BAT
24z} 14.2+1.9(n=9, ¥ $=12.3-18.2)gm%, 4212
(n=94 $1=34—-52)%, 3.15£0.77x10°(n=9, H#
=2.14—4.40%10%) /mm3¥ 2, 3 HAHZFE Na,
K, Cl7} 2t7} 147+ 3(n=9, ¥ $1=142—-151)mEq /L,
4.910.9(n=9, ¥WH=41-54)mEq /L, 112+6(n=
9, ¥9=106—122)mEq /Lo|lo.™, dvt 345 FHA
27L& U2 E, FEYF, 454, SGOT, SGPT

AlZH@PTT)e z+2} 9.012.2(n=9, ¥ $J=5.5—12.1)
%, 15.819.1(n=9, ¥§=11.2-39.7) X AHE 1).

2) T8 FVF WAHH oA

ot F A7) 7bEA F£57), o] B, A
B4, FAFNY FXE 7199 nurde FANA
on, FEF ¥ T Y 27¢ 2Y 99
F&71/01¢7] ¢ A%Es, 4 WAL 47
120+21(n=9, ¥ $=100—150)mmHg, 68+19(n=09,
¥ 9]=40-100)mmHg, 163 £ 20(n==9, *H $1=140—200)
/&, 12+5(n=9, ¥ $|=3—22)cmH:0( & 2) °|i}.

3) MHI| HF LA

AH7] #F A1+ 118+6(n=9, ¥ Y 107—129)

7b 207+55(n=9, '#$1=123—274mg/%, 6.2+0.6 H 2. £/ F&F YA 27 (n=9)
(n=9, WH=5.6—7.3)gm%, 2.5+0.4(n=9, %} I e 2]
— — a, e O] — —_
=1.8—3.2)gm%, 33+15(n=9, ¥ $=13—64)u/L, 2 €T (i) 0% 21 100—1%0
321’16(11:9, %‘ﬂ=12"‘58) %—9—31, )\‘_];g' 7‘j}‘}' _’1‘_7\3 o]%y] goh} (mmHg) 68+ 19 40—100
£ BUN, creatininex]7} 13.41+6.0(n=9, ¥¥=4— 34393} (cmH:0) 12+ 5 3— 22
23)gm%, 0.96+0.22(n=9, ¥ =0.6—14)mg%ye HIEF (/&) 163+ 20  140-200
W EZEFUARPT), % RARREFuERag 2293 (@) 3224211 50-725
E 1. Aolde Axel 879 ¥ AR (n=9)
s A s ¥ p value

Hb (gm%) 14.211.9 10.5+2.0 < 0.05

Het (%) 42420 33+4.3 <0.05

Plt (x10% /mm3) 3.15+0.75 1.11+0.41 < 0.05

Na (mEq /L) 14743 149+3 NS

K (mEq /L) 4.9+0.9 3.240.4 NS

cl (mEq /L) 11246 11847 NS

PH 7.3540.1

PCO: (mmHg) 32110

PO: (mmHg) 1114108

HCOs (mEq /L) 1744

ionized Ca (mEq /L) 1.01+0.23

Cholesterol (mg%) 207155

Protein (gm%) 6.210.6

Albumin (gm%) 2.5+0.4

SGOT (u/L) 33+15

SGPT (u/L) 32416

BUN (mg%) 13.416.0

Creatinine (mg%) 0.96+0.22

PT (z) 9+2.2

aPTT (%) 15.819.1

ACT (&) 140—206
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B, 59 Al A 9718(n=9, ¥$ 84-110) ¥
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A (E 3).

H 3 Aoe@id 9 FAYF UL, Aoy
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Hz AR &&= (t) 28+ 1 26— 30
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Ao
FAWat (ml/kg /%) 45+31 09108
Ao gF
FpP2d3 (ml) 526+314  100~100
FANA HYAIT (%) 104+ 9 90-116
4] o] 4 A 1 (&) 68+ 11 48— 79

4) 30 Ao ¥ AlZH K AHOIY AJZE

F9A A2 Y AE FAAL] A A
A5H 824 o]y ¢EF £849 i DS
F AGAAZ Ao H e 10419(n=9, HH=90
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5) &% 2| A
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2% €4, (YT BY, 28 71 44 10542
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PH, PCOz, POz HCOs7} 242} 7.35+0.10(n=9, ¥
$=7.20—7.46), 32+£10(n=9, ¥ $=22—54)mmHg,
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22 1ml /kg /min B)¥Hg B Q1 A$7} 28 QY3 v
Ae AIE kgd lmlolde] £ FE BA Y&
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Fig. 1. A and B. Histopathologic findings of Tra-
cheal anastomotic site(A) and tra-
nsplanted lung(B), Note the sub-
mucosal edema, necrosis & in-

flammatory change in tracheal
anastomotic site(A) and massive
interstitial edema & hemorrhages
(B).
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(Immol /L) Fo°] 358 7|ztEetell ATAHZYS o}
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dx Z#E(ATP) O 243 58S /28 + Ut
£ o) E3 v A 7IdEe Ao R FE3T ey
AAE A2EA £AS AMS3HEE ATAEW
olild wEEIE e ¥ AFAF IAUHAE
Hm3 2 £E02 FAEr 20| FRH HA s
A A e AL YFHALH® gty 3o 4
ZF BE XA ¥E ] Ay ¥FER

o 2 rlg
fo o\ rlo ot o o H
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A% 477 BostAh & WA AHgd A
BEANL olxy}H o] E(aspartate)(14mmol /L), 2
e}l o] E (glutamate) (14 mmol / L)E 9] o}uji=4t
3 v} ad)¢(32mmol /L), £%e] Z4(0.2mmol /L)
< Hte NxeY A9 n¥ELF(20mEq/L) &
W gYole HAAZ HYAITLo] 2A TS dA e
AN A2 RESG = TFE UEY
A—soldgo] 47 o]A g Hlgtd £Ho =2 ¥
AsHA AL 89 F9 R Fo -9 dojgy
BN HE uhy 9 BE Ao Ao A7} R
#o| vlate oYrte AHE S B  den 53 A
o AL, HE7A NEE WHoz £F FE 7T
€ 23 7 Ue HA AN F R 6AIZ
o2 Ho an? 1980l R, 237 AHolyoe]
Alzg A A2 2 RRABEH(crystalloid car-
dioplegic solution)ol] 9J% H A B3 Fx A1 A
3 M s (extravascular lung water) &3 Hole
H g Yy E&go] xAEL BEASL HEER
ZAdel dyol astA FHALH® o)F FP2 £
2 o] &3 HAF RE ZF FA] bHG o] opdo]
AEHATY 1989 KeshavieeF0 L A XElGF
(4dmEq /L) & 2~E @ (Dextran) (low potassium-Dex-
tran) €4 & ALg-ste] EFS 12X BE EAE B
HEAEAM FR2EFU2 BAS ALY Feote 28 1
Febgol o3 A¥ T 5 ¢ HAEAAYG Foo 2
HE HE F UL d2EFS HIlge 2N F MHE
W BEBERS v TESHE 438 F dde
o3 FHE FEIAUC HFEFANAE A Y
Z}(hypothermia) ¢ f=7} 7} S a3t ojd sn
EAE HE5YS B3l FATLZ2AN AP UREE A
oJW 2.2 4 (flushing, pumper) AL{/E L HAR=E
€ FE8 AU TE ARE2d0) @3] griFeR
M (immersion, freezer) HE &L F2& A7}
WM e =Y A7 gAT AAY] B¢ F5Y7
o] 7hgd wid H ¥ Pl oY &S 2 E 7HEA
o] AJAH P Harjulag?®S HEENS o FHY
2 93] {4271 A (flushing) ojd Tz xelda
o E159 H¥EH SFAE AHego=y HED &
el 93 #F e (even) YHETNE BEE AT
% #(antiplatelet effect), ® %A &3} (immunosu-
ppressve effect)7tx] 7|th& 4 Utk AMAS B3
o 29 Foe] AR P 2 (donor core-

cooling)?-®  E#KE KK (continuous autoperfu-
sion)? & S8 3u3 g 2E g Mg g
Al Aol AZE I Ut Keshaviee & BHEZ
QA H A 2 E FIFHLEN HY HFe] ¥E o
Abgo] EA 8] 4 AT FRFH/KY] 2AE
Eo o244 lFE 71U E F vt AdFstded
ol #H o] 4ta 4t Aelvt & Al visiA #
L8 FRAHOEF A Y5 FEHo LYY F 5o
Atk AMd el 71 sgn dgstdct £ Ao e
Axetg YA2EF fd98 HEHE B3 FYsin
(flushing), A& " 4 vzl 4¢ 4 g4
garoll @7hA (immersion) W2 2 3o A -9 BE
£ FEINOY o =Fde FEA9 FUA W
Z AT E 7IEAY 54 E4E fAsE D =
gath. 28y dA 2 A 1E A3E Vidols)
AN &3 FHE A4 B4 100mmHg(FiO:=1.
08 ¥A R ZA$7t gRon oislgist
70—100mmHg ©]3l2 Holz|x] g AL YU
HEHd dndd LAz @9 3o #FEFHAG
ol ANXEely H2ZEYY AZHHNA A &K
(crystal) 84, Ba53 ¥ /A, H¥AE&359
g usfiol HPon FF T2 eladds
HEH A9 AT T8)s) Holobym E3) o
o] AL HY &4 Wolg 4w M, WwET I
F52 HAEHQ Ao A% Fyts|ojoph ),

Vouhe$ 2% Ado]dge £H49 F4L 1)
£Y¥ L Hagsty 2) WEIUH NBAEFR ARE
Rt 3) F4U A4S &4 sdsle Relgn
FAHA ol BHE GA3V] A3t AU e
SA®E G WYy 1) FAFVIEREY 28L
H3al 2) RES S A3 3545 v g
A3313 3) 278 2H o EH L 7He e Wo) M A
HAF EmE AESI 4) 3473, FZM G A
7Hedg da oA &8 A3l 5) FeRr)
e 2HZole oA AHEE Wala 6) 7| BHEFE
€ k#f(omentum) 0.2 WA F& =R A FozH
8§ 234E B3 JamiesonT® & REFES
o] A BRI E {3t 71¥l B E-& RAH3)
A AL Ak o] RE U2 JATEES FAS
o T Wi &4-& se Ao Fasivn 34
2™, Dubois5%& 7] &g+ A (dehiscence) &
© Wili(leakage) o] WIEE HAse Wyes 3
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FHE AR AAUY, T KEF FHY V@Y
€ F& T o3 AY g FH FAE FHA
AX Z@de Hi 5 S Aot Mihme?2 o
Fol& o] &% HHolaeg AT Gu|FAF 2
S Fo #d A7 9 Aol HertE e v]
A3t} =% Hering Breuer WHALS} Al 7|wiAlE&
d&std e Aol 7Hgsivte AMLE PS5t
EAYANME #8749 AAAAT ¥ HL4 38
7] Adte £54% 28¢ AU YA T =3
Qo 7tEstd Fod @ 8749 dHolsjol Y
& AHEEA ¥ LAY A4 Y ek
AAsA] ggoenzH FHUFEL At A=A
923 2EF A gL Held, AFEFI

ojgo] 7heH Ko] EA3LA grof vl FAA ko]

AHEEES] &3 AH7 5 v A& G HS A ¥
3 Hrle olzig ot 13l AlgF dAIFH F
7] olg A=Al A7tEFY HAES #VIAY F UA
o KEF £ e 849 HsuHn FH Ax
g o] g3t MFon e AW AdA ke
2 JEEYRNAE AE BE FUol 2FA FEA
2E A g APl en By LA AAAA F
2 T Hrhe AFL 2AFR ger} ols £y
A Fo AP BEo] Yasic Fo Ay
g F UGS 781 BF FHoE U ¥ A%
A4 ¥ %5 L M ZA Beo] MY
(hilum) o] ¢uh-& W= Yol Y& s on, oj2d
BEF 3o A% S T 3o 2N A
ZEAE 4E F AAdTh

Aol dFE HAAA] a2 HAo)de FE9 vl
Z7HR 2 Cyclosporineg 712 2%t Azathoprine, 2
Hzol=, A2 EHU(ALG, ATG)STY =Fe] o
A1 Hhyoln, g0Y ol 74y widasle #H A
ARG 7] dHste LHZolE 9HE A X3
Fo] AeAQ X8 wiolty, v £F 33
Yel e HHE adlo] A sPEgeld, AR
ghgolz, e Zgolntd HZtA Y FREEFHon
2 e F2 XH 27302 Aol o en, ®
g A AN R E AFY ARngE Tt
3tar, #HgY ARkl i FALFEL A71Hes
7] W& 238 43 ARGl =7 2@l H
Z ARGk A XNHFME 4 YT, 2y H2
Ao ARukgg FutslA] g #HFg AR vgoly

fir

AI7Z1F o2 HAE F1 € FHE g s
o EA30 gebd ¢33 A7 49 SEE K (tra-
nsbronchial) A3 £+ ¥k (lavage), #7544 S
ARg o] &3t HhiM ETHM R R JvT ¥F
o] FojobAth ¥ dellM ALEF £AF WA
LY JAold e Aol BUstA MNgsigon of
£ oln B} e,

£ AT H4EA L dY3te BN Ry &4
dFgd, 4%, A FES U YL Bst
A4 BE3EHA ZATE A &3 @, A
&, Abgele g g B A9 gglelglen
ol ¥FE el Pt BEojzt AAHE) Yos-
hinori & A¥7A9 20%7} A#tiké(Dirofilaria
immitis)ol ZF =] vk AME & LAz o, ¢
¥ub3, B3 (anaphylaxis) 52 23l /7Y
o o}ggS vAF Qlomg FE MHA] PR
FE A2 BHE WA RO Fologin 23
Yt BAFAME Al AAE FALE A4
o} wAE A= kgt

4 =

€ Agdgta o Fyoast wddMe
1990 129 %] 1991d 59714, 1987 dolal 333
& Aol At 7] & AL vige 2, 1889
Bt AL ol 83 939 T4 FF AlHolAE
& Al¥stn g9 gL 8L AU

1L #8393 €9 34, €9 AAnAe 2
NA, R FA7E R FaH A AE A3
3 AR AR E ol A £AGY ZEt Al
2 BFdivge A S EHR AR &
F 4958 2R AR A Ad 240l ¥
23134

2. A9 A% otv|x=iY, TE, vlavigol X8€
IEEHF AE Y 2] REYG ABASE, A%
o] 3¢ AEetg HEEG W7 AR ENS ALR-3A
FTAYHRES F281, BEATe A2 FI3}
o HeoM &F iAol stesdeyd £F A
&Ee ALdLFE AFRE o7t 240 d¥g
I AztEo] SF AFEE el g AL3A A
T7F s ofok At

3 FE2 71893, AW 5 A4, dsy 44
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o] o2 Y& on ola A A Eol dujste v
FAA, 524 £48 A3l =YYy AEF
E EAY £F JAFEH7] olgS BrEh

4. T8 ¥ Y] dF YL
Z7] ¥t FAANY, LNge YAHo §A5
Ao HdAE &A% FHHEES BIL2 Y £F 244
Tl ARH, S, 2HNGTE BolAX APYIIA
o AE7IZFS BT 13.616.6(n=9, HA6—26)A]
Zro] RArt.

5. 7819 &F EAHA £AN HEF L a
B FAE X vty FAHOR on9e HA
(p€0.05) 8 Hoen ole AZAUHIE o] & A
o A, gAY g HaG &4 93 Aoz
FEH)
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