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The Feasibility of the DKUH-75 Left Ventricular Assist Device
for Acute Cardiogenic Shock in Pigs

Seongsik Park, M.D.*

Background: The recent trend of an increasing number  of patients with acute cardiogenic shock or chronic
congestive heart failure following myocardial infarction, as well as the considerable number who can not be
weaned from cardiopulmonary bypass after open heart surgery, call for immediate efforts to develop affordable
ventricular assist devices that are suitable .for the Korean physique. Recently, a pneumatic pulsatile ventricular
assist device «(VAD), named DKUH-75, has been developed by the Department of Biomedical Engineering, in
collaboration with the Department of Thoracic and Cardiovascular Surgery of Dankook University College of
Medicine. The feasibility of the DKUH-75 VAD was evaluated on the bases of common hemodynamic variables and
echocardiographic measurements in pigs, which are subjected to an acute cardiogenic shock state following
myocardial infarction, using a novel coronary artery ligation method employing the ischemic preconditioning concept.
Material and Method: Acute cardiogenic shock was induced in 10 Yorkshire Landrace Duroc strain pigs by ligating
the left anterior descending coronary artery via an ischemic preconditioning process. The hemodynamic variables
were monitored, with epicardial echocardiographic measurements performed before and one hour after the ligation.
The DKUH-75 VAD was implanted into 5 pigs one hour after the onset of the shock. The hemodynamic variables
and echocardiographic measurements were taken one hour after installation of the VAD. Result: The systolic,
diastolic and mean systemic arterial pressures were significantly decreased in all the experimental animals one hour
after the ligation. The systolic, diastolic and mean pulmonary arterial pressures were increased (Eds note: this
completely contradicts the preceding statement? However, if you mean the non-experimental animals this should be
stated?). The left ventricular end diastolic pressure (LVEDP) was increased, but the cardiac index decreased. An
increase in the left ventricular end systolic dimension and decreases in the fractional shortening and ejection
fraction were observed all animals one hour after the coronary artery ligation. In all 5 of the VAD implanted pigs,
the systolic and mean systemic arterial pressures were increased, and the pulmonary arterial pressures decreased
one hour after the implantation; the LVEDP decreased, but the cardiac index was significantly increased. In the
echocardiographic measurements, the left ventricular end systolic dimension decreased after the implantation of the
VAD, but the fractional shortening and ejection fraction significantly increased. Conclusion: Significant improvements
in the hemodynamic variables and echocardiographic measurements were observed in the 5 VAD implanted animals
one hour after installation, which had been subjected to an acute cardiogenic shock state by ligation of the
coronary artery, indicating that the DKUH-75 VAD could help in the recovery of the myocardial function. This
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suggests that the DKUH-75 VAD is feasible in the short term in relation to an acute cardiogenic shock state due

to myocardial infarction.

(Korean J Thorac Cardiovasc Surg 2007;40:168-179)

Key words: 1. Cardiogenic shock
2. Heart-assist device
3. Hemodynamics
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Fig. 1. The DKUH-75 VAD. VAD=Ventricle assist device.
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Fig. 2. After coronary artery ligation (left anterior descending) using
the concept of ischemic preconditioning.
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Fig. 3. Epicardial echocardiography (left: preinfarct, right after infarct). Echocardiography shows left ventricular dilatation and decreased

ejection fraction after infarct.
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Table 1. Hemodynamic variables of 10 experimental animals

Pre-infarction Final ligation p-vlaue

HR (beats/min) 89.4+15.0 86+17.3 NS

SAP (mmHg) systolic ~ 113+109  854+9.7  <0.05
SAP (mmHg) diastolic 79.9+13.0 = 59.5+10.5 <0.05
SAP (mmHg) mean 95115 71495 <005
PAP (mmHg) systolic  23.8+6.2 3472 <0.05
PAP (mmHg) diastolic 10.3+3.2 164+59  <0.05
PAP (mmHg) mean 16.6+42  242+60  <0.05
LVEDP (mmHg) 12.6+3.1 166+29 <005
CI (L/min/m’) 3.17+0.55  2.38+049 <0.05

HR=Heart rate; SAP=Systemic arterial pressure; PAP=Pulmonary
artery pressure; LVEDP=Left ventricular end diastolic pressure;
ClI=Cardiac index; NS=Not significant.
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Table 2. Echocardiographic variables of 10 ‘experimental animals

N
AAY &3 2R AAARZS] $84

Table 3. Hemodynamic variables of 5 VAD animals

Pre-infarction ~ Final ligation  p-value
LVEDD (mm) 419x53 43+4.2 NS
LVESD (mm) 276x59 36.1t43 <0.05
FS (%) 363149 16.5+£6.5 <0.05
EF (%) 635171 331112 <0.05

LVEDD=Left ventricular end diastolic dimension; LVESD=Left
ventricular end systolic dimension; FS=Fractional shortening;
EF=Ejection fraction, NS=Not significant.

Fig. 4. DKUH-75 VAD in place immediate before VAD on.
VAD=Ventricle assist device.
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Pre- Final -value v&If)i-t;,laltl'lle |
infarction  ligation P VAD . .na
ligation
HR :
. 88.6+11.3 86.6+155 NS 90.6+£21.6 NS
(beats/min)
mmH,
SAP (, g 106.6+9.2 804+88 <05 984+9.0 <0.05
systolic
mmH;
SA.P(. ? 7341112 554146 <05 55.6L£11.7 NS
diastolic
SAP ( g 90+10 672+64 <05 754+96 <005
mean
PAP(. e 26+36 32L£71 <05 1224138 <005
systolic
P mmH,
A.P(. J 94121 146x£40 <05 —08+L53 <0.05
diastolic
PAP ( o 164126 232+54 <05 56+46 <005
mean
LVEDP
1341+29 176£23 <05 0.8%x92 <0.05
(mmHg)
CI
) 2.77+0.34 2.03+0.30 <05 3.55+0.20 <0.05
(Ljmin/m’)

HR=Heart rate; SAP=Systemic arterial pressure; PAP=Pulmonary
artery pressure; LVEDP=Left ventricular end diastolic pressure;
CI=Cardiac index; NS=Not significant; VAD=Ventricle assist
device.
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Table 4. Echocardiographic variables of 5 VAD animals

Pre- Final -value pl-t;alfl“l : 1
infarction ligation PV2U¢ ypp Wih Ima
ligation
LVEDD (mm) 444+52 435+50 NS 422+38 NS

LVESD (mm) 31.6+33 379+43 <005 30.7+23 <005
FS (%) 324429 138+35 <005 277426 <0.05
EF (%) 59.81£6.1 29.6X-6.1 <0.05 46.8+2.8 <0.035

LVEDD=Left ventricular end diastolic dimension; LVESD=Left
ventricular end systolic dimension; FS=Fractional shortening;
EF=Ejection fraction, NS=Not significant; VAD=Ventricle assist
device.
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Table 5. Hemodynamic and echocardiographic changes of the two experimental animal groups

Pre-infarct After VAD

Non-VAD animals VAD animals p-value Non-VAD animals VAD animals p-value
HR (beats/min) 9021194 88.6-112 0.92 85.4+209 90.6+21.6 0.46
SAP (mmHg) systolic 119.4+8.8 106.6+£9.2 0.06 90.4£8.4 98.41+9.0 0.17
SAP (mmHg) diastolic 86.4+12.2 73.4£112 0.06 63.6113.7 5561117 0.46
SAP (mmHg) mean 100+11.6 90+10 0.11 7481112 754196 1
PAP (mmHg) systolic 25183 226%£3.6 0.60 36+7.5 122438 0.01
PAP (mmHg) diastolic 112441 94=+21 0.60 182474 —-08£353 0.01
PAP (mmHg) mean 16.8£5.8 164+£2.6 0.83 252469 56146 0.01
LVEDP (mmHg) 11.8+34 134+29 0.60 15.6+3.4 0.8+92 0.02
CI (L/min/m’) 3.58+0.39 2774034 0.02 2.74+0.37 355+02 0.01
LVEDD (mm) 39.3+43 444+52 0.08 425+37 422438 0.75
LVESD (mm) 235+29 31.6%=5.3 0.05 342140 307123 0.25
FS (%) 40229 324129 0.01 19.3£8.1 277426 0.12
EF (%) 672165 59.8x6.1 0.17 36.6114.6 46.8+2.8 0.12
Weight (kg) 58+59 50.6+49 0.07

HR=Heart rate; SAP=Systemic arterial pressure; PAP=Pulmonary artery pressure; LVEDP=Left ventricular end diastolic pressure; Cl=
Cardiac index; LVEDD=Left ventricular end diastolic dimension; LVESD=Left ventricular end systolic dimension; FS=Fractional

shortening; EF=Ejection fraction.
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