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Establishment of the Heart Failure Model in Swine for the Experiment of
the Pneumatic Ventricular Assist Device

Seongsik Park, M.D.*, Pil Won Seo, M.D.*, Sang Hoon Lee, Ph.D.**, Bong Jin Kang, M.D.#=*
Sang Ho Moon, M.D.*, Sam Hyun Kim, M.D.*

Background: In order to develop the acute heart failure mode! for the animal experiment of the pneumatic
ventricufar assist device, we decided to use young pig whose coronary artery distribution is almost the
same as humans and also very cheap in price. The purpose of this study is to develop stable, reproducible
acute ischemic heart failure model in swine using coronary artery ligation method. Material and Method:
Five young pigs whose weights are the same as adult humans are under experiment. Each pig was under
endotracheal intubation and connected to a mechanical ventilator. Through left lateral thoracotomy, we
exposed the heart and induced ischemic heart failure by coronary artery ligation. The ligation began at the
distal part of the left anterior descending coronary artery. After 5 minutes of initial ligation we reperfused
the artery and then re-ligated. Before and after each ligation-reperfusion procedure we assessed the left
ventricular end-diastolic pressure, arterial pressure, and cardiac index. We also measured left ventricular
end-diastolic dimension, end-systolic dimension, fractional shortening, ejection fraction using intraoperative
epicardial echocardiography. After appropriate heart failure was established with sequential (from distal part of
LAD to proximal location) ligation-reperfusion-ligation procedure, we inserted the ventricular assist device and
operated. Result: We established stable acute ischemic heart failure in 3 of 5 young pigs with this
sequential ligation-reperfusion-ligation procedure, and could maintained 50% less ejection fraction before the
procedure according to intraoperative epicardial echocardiography. We also observed no ventricular arrhythmia
usually associated with simple coronary artery ligation in large animals and no cardiac arrest associated with
ventricular arrhythmia or myocardial stunning. In pathologic specimen, we observed scattered ischemic
myocardium in all around the ischemic field induced by coronary artery ligation. Conclusion: Under the
concept of ischemic preconditioning, we developed safe and reproducible acute ischemic heart failure model
in swine using sequential coronary artery ligation-reperfusion-ligation method.

{(Korean J Thorac Cardiovasc Surg 2003;36:123-130)
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Fig. 1. EKG, systemic arterial pressure, and left ventricular
pressure before and after coronary artery ligation. EKG show-
ing ST elevation after coronary artery ligation.
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Fig. 2. Epicardial echocardiography, before coronary artery liga-
tion.
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Fig. 3. Scattered ischemic myocardium showing eosinophilic
cytoplasmic condensation and loss of nuclei (H&E stain,x200).
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Table 1. Hemodynamic and echocardiographic variables (Exp.
No. 2)

Initial ~ Reperfusion  Final

Preinfarction . . L S
faretio ligation and ligation ligation

SAP (mmHg) 110/80 60/40 80/65 70/55
Cl (Umin/m’)  2.44 1.96 2.12 2.01
LVEDP (mmHg) 9 10 12 15
LVEDD (mm) 47.8 39.7 42.0 454
LVESD (mm) 316 36.2 33.8 40.0
FS (%) 34 9 20 12
EF (%) 63 20 41 26

SAP, systemic arterial pressure; C.1., cardiac index; LVEDD, left
ventricular end-diastolic dimension; LVESD, left ventricular end-
systolic dimension; FS, fractional shortening; EF, ejection fraction

3= 1 LVEDP7} 22 A 14 mmHgoll A 2
mmHg 2 A&ste] F&3 ARHe] ftE ik
ol Fu SRR AFE AxdA aodkth oAl ¥

npF bR W o2 LADO] 9%
34‘:‘77}21 a4, ZH%%, A#E A% ot LADS F
ﬁrz}x} ﬁé}ai%oﬂla @ﬂ“‘ Aol =4

} lz“ﬂwfw |

>

-4

g

e

o
ii“umEmh’,

R
B )

% ‘%“ 0 o 2 A5 I 6 | =are) -
s Holw Ay Aelwe] 38 A B,
ol otut AT o= qlaf ojn] A Hirue
AlAE o] FHE R E F(collateral flow)E & Al &H
LADe| AZelm Bystn AZ3HE S Wt o=
AZrc) AAREZ7] A $ b o BES A
S5A1zrelom ARA i A pad oA AbEE 2

ﬂd
£
>
>
N
N

1
A
2% Aslshn v sehelel Agdele 4

o 4 SEEL
W RS AAds 2 A9n Ao any 4% 5
2)¢] Wk Table 1~30 Aelstqict

— 126 —



Table 2. Hemodynamic and echocardiographic variables (Exp. No. 4)
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Table 3. Hemodynamic and echocardiographic variables (Exp. No. 5)

Reperfusion

Preinfarction L.
and ligation

Initial ligation

SAP (mmHg) 120/90 65/45 80/60
LVEDP (mmHg) 14 17 20
LVEDD (mm) 455 39.1 42.7
LVESD (mm) 359 36.3 388
FS (%) 28 10 1
EF (%) 51 20 25

SAP, systemic arterial pressure; LVEDD, left ventricular end-
diastolic dimension; LVESD, left ventricular end-systolic dimen-
sion; FS, fractional shortening; EF, ejection fraction
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Preinfarction Final ligation

SAP (mmHg) 95/65 75/50
LVEDP (mmHg) 14 16
LVEDD (mm) 49.5 47.5
LVESD (mm) 37.6 422
FS (%) 31 14
EF (%) 56 30

SAP, systemic arterial pressure; LVEDD, left ventricular end-
diastolic dimension; LVESD, left ventricular end-systolic dimen-
sion; FS, fractional shortening; EF, ejection fraction
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