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Isolated Working Canine Heart Perfusion Apparatus for Evaluation
of Myocardial Protection Methods

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

An in vitro model providing with a recirculating perfusion apparatus using an isolated canine
heart and its autogenous blood, which was prepared for study of myocardial protection method.

This apparatus was easily used by quick connect system and maintained well heart function
for about 2 hours.

The Langendorf{ perfusion was initiated for a 10 minute period by introducing perfurate at
37T into the aorta from aortic reservoir located 100 c¢cm above the heart.

The isolated perfused working canine heart model was a left heart preparation in which
oxygenated perfusion medium (at 37C) entered the cannulated left atrium at a constant flow
rate (900ml / min) under 20 mmHg overflow system and was spontaneously ejected(no electri-
cal pacing)via an cannula against a hydrostatatic pressure of 80cm H;0.

Du'ring this working period, various indices of cardiac function were measured. The cardiac
functions were stable for over 2 hours with perfusion of Krebs-Henseleit solution and autolgous
blood (1:1) mixture in volume and maintained heart rate 113-122 /bpm peak systolic pressure
109-113 mmHg, cardiac output 900 ml / min and left atrial mean pressure 8-9 mmHg.

In this model, the efficiency of myocardial protection could be easily measured by means of
functional, enzymatic, biochemical and ultrastructural assessment. Andalso, we believe this
model to be a useful assessment screening model of recovery state after long duration of
myocardial preservation of donor heart without difficult transplantation procedures.
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Bloll o Fsted & 3bel (5mg / kg) FAHFE A g F4
2 &35l Ice Slush Krebs-Hensleit §-8d] =H7F o
+Y ZARE F8 4T AFRIEY(St. ThomasE
°§)% 80mmHg ote2 o 200ml(20ml/ kg) F 4
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24% 3% Ax|o| H-2A1# Langendorff £3-% oF
1027t 4 A18+% Working Heart Perfusion® 44| %+
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P AFEAEE, oY, A Eel W Y
o2 o]Fox f(Fig. 1).
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Fig. 1. Modified isolated canine heart perfusion mod-
el(YUMC) The dog heart was cannulated via
the left atrium and aorta and maintained in a
thermostatically  controlled chamber(Heart
chamber).

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 elas-
ticity chamber(pressure chamber) against a 80
cm H,0 hydrostatic pressure to the aotic bub-
ble 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.

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. The entire perfusate
was thermostatically maintained by coil heat
system of reservoir at the temperature required
for the study.
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AF Akstrl o A AZE Cobe 3412 24 ol F 4k
371 (VPCML) 1,/3% o] 83lg o 95% Ab4+
5% CO, EYMLE 3¢9 1LAEe]-§ PH 751
0.01, PO, 450+ 23.8, PCO, 23.8+0.96 A X -#=] 4]
pol

HEW A &4 AY FE 2kl ¥ 500mlet
krebs—Hensleit-3°% 500 mI-& o] &3}51 .25 (Table
1), 5% NaHCO; 5mle} 3]}l 50 mge A 7Hach,

32+ 1,74 inch silicon tube® o] &3} o,
Heat exchangert & 4g}7| A2z 9 A4 22
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AAZZRY LEE 36T BEHA Hx14156)
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Table 1. The composition of modified Krebs-Hensleit
bicarbonate buffer solution
Component mM/L
NaCl 118.0
Kel 4.7
CaCl2. 2H20 2.5
MgS04. 7H20 1.2
KH2 PO4 1.2
Na. EDTA 0.5
NaHCO3 25.0
Glucose 111

&AL £33 Aa]al 34T ¥ non-working 4He
A AAubge) sl4sH QF(AAAFA Defibri-
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Fig. 2. Quick connect system of aorta and left atrial
cannulation

L Agelde AHEARL
endorff €% A% ¢ 1208 o] 4t A E
24 Zdy Aaesle 4k s A8 23
Bgaioll A Al A5 5] o= & s
3ted b 22 44E SLUH(Table 3).
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A-F°4 2 Krebs-Hersleit &8 w+5-3H(33)) =}7} &
°d A 7H1 :1) Krebs-Hensleited (1021 ) 5 72| & 4}
4319 ct. Krebs-Hensleit-84 =% %14] working
furction-§ 30 °14F #= 7t Erbsstdosd, 4gq
A AdAgcet, 27hd 500 ml9d Krebs-Hensleitd 1
11 FAAE d 222w oF 5.5gm%, Hematocrit &
17% AE fA=g o, 247 o4 working func-
tiong #AE + Ak (Table 4).
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Table 3. Effect of time on the perfomance of modified isolated working heart preparation (N=10)
L dorff
Determination ange.n or . Left atrial working heart perfusion{(min)
perfusion(min)
5 15 30 60 90 120
Heart Rate(beats/ min) 129+6.5 122+36  118%27 117+26 115126 11324
Peak aortic pressure(mmHg) 86+2.0 109+3.0 11327 112128 108+24 107+£2.7
Aortic flow(ml/ min) 784126 797124 774%18 774118 762+19
Coronary flow(ml / min) 1294+9.6 115+84 111482 107+8.8 105£7.3 100+£6.6
LA pressure(mmHg) 851037 83%026 84%0.27 87+0.15 9.3%0.30

Values are mean * standard error of mean. Ten hearts were perfused.
Heart were perfused with Krebs-Henseleit buffer solution and dog blood(1:1) at constant left atrial perfusion
flow(900 ml) under 20 mmHg overflow system and 100 cmH.O Langendorff peffusion pressure.

Table 4. Gas study and Electrolytes values of priming
solutions.

Krebs-Hensleit sol(n=3) K-H; Blood(1:1)(n=10)

Hb 0 55 % 0.24
Ht 0 166 + 0.75
PH 7.39% 002 7.51% 001
"Pa02 455+22.9 450+23.8
PaCO; 36+ 2.2 24% 10
Na 136 134% 1.0
K 45 5.3+ 0.09
Ca 41 49+ 01
B. A&

4 415ked golloll 4 =}
QA Edoll oo

Langendorff&3H-g oF 1037
7t AEE goled, 134 4
defibrillator& 4F-83}41 ct.

Alubg+ Langendorff &k £t 80148314
L= (38 129+6.53] ~ ¥), Working Heart Perfu-
sion4] & 3ol A9} 2re] A 1582 122+3.63, 30%
ol 118+2.73], 60&o) 117%2.63),908 115+2.638)
Q12020 113+2. 43 2 o9 Q) ALFEE D&

% Qgdeh

C. {0 tHE™ F&I|et ¢ et
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ol A a}uloto] (mean pressure)o] 8—9mmHg &
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T84 158 10913.0, 30F 113£2.7, 60-% 112+

2.8 % 120% 10712, 7mmHg2 4 ¢4z gk T4
& 2o F3d
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HEE FRALE Rot 1 FF 4 A vl
ml/ min2 2 FEAjsled o Fd wrgeko e o) L3y
b & Aol 2 A T34 158L 784t
26ml/min@.2.5, 30L& 797424, 60L& 774118
2 120%€ 762+19ml/ min o] et
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£ Al o8& 1009 4FE AL S 9~12kg
(337 10.5£0.95kg)o1 .o
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Fig. 3. Changing values of serum enzyme studies on
the modified isolated working heart prepara-
tion. Each point represents the mean of 10
hearts and the bar represent the SEM. SGOT-
(U /L), Glucose(mg / d1) CPK-MB(U /L / 100
gm Wet Weight).

A st A4 stgdesd, SGOT, CPK-MBA|+= A2t
o] Azl wal @Ag A5AE 2ol=, Glucose
Ae AY 74 £73F RAF3 d=HFig. 3).

%% BUN, Creatinine| & ¥ 287} 9lsizh.

1) SGOT )

SGOT(U/L) A4k Enzymed, 30°C(Impact
400)2 Z#3lg9 e, Langendorff ¥3 52%F 17.8
+2.14, Working $3+41 302, 60%, 908, 120l
Z+ 34.8+4.19, 40.8+4.51, 45.714.64 "i.‘ 50.7x4.
468 F71¢E B Fiot

2) CPK-MB

CPK-MB #A4M=  Immunoprecipitation (Boeh-
ringer Manhein Co.)oll 28 &3 412 100gm wet
weight? Ztatsle EA] 392=(U/L/100gm
Wet Weight), Langendorff 3 5%F 12.4%2.60,
Working €3t % 308, 60, 90% ¥ 12089 =
22.8+2.92, 33.8+%5.42, 37.1+5.60 % 45.3%5.84
2 Frstddch

3) Glucose

& 3] (mg / d1)& Glocose Oxidase¥d (Astra 8)eil
o8 %3 3}g.e=, Langendorff 3k 5%F 136.9
+3. 83, Working £35H% of 303 747l 121.144.31,

110.4+3.53, 103.412.16 % 93.210.92 743544

Az ol dege AZAZE AT A4 ZYF
o] dejytod, Mitochondriat 73 F3 =gz
amorphous matrical density7} w22l mitochon-
driacll 4 A5 sich & Y E A 2454
o}, ’

Light micrograph of dog myocardium after
2 hours working heart perfusion. Cardiac
muscle cells show distinct cross striations.
There is no degenerative change. H & E,
x400.

Cardiac muscle of dog myocardium after 2
hours working heart perfusion, view of
corss section. The myocardium shows mild
edema of interstitium. Individual muscle fi-
ber is intact. H & E, x400.
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Electron micrograph of dog myocardium af-
ter 2 hours working heart perfusion. the
myocardium demonstrates marked edema
and mild swelling of mitochondria with

formation of amorphous matrical den-
sity(arrow heads). Glycosen particles disa-
ppear. M; Mitochondria Uranyl acetate &
lead citrate x10,000.
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