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ABSTRACT

Background and Objectives( The ventricular assist device (VAD) was developed as a bridge to cardiac trans-
plantation, but the current research trends are advancing the purpose of the bridge toward cardiac recovery.
Using a simulation, we investigated the effects of long-term VAD implantation on the hemodynamic parameters
related to the prognosis of heart failure so as to shed light on its preclinical and clinical applicability.
Materials and Method[J A moving-actuator type artificial heart developed by the Seoul National University
Artificial Heart Laboratory was used as a model of the biventricular assist device. The initial values of the
hemodynamic parameters were set according to the guidelines of VAD implantation. We then performed a
simulation that tracks changes in the hemodynamic variables related to successful device weaning and the
prognosis of heart failure. Results[] Cardiac indices (CIs) at one hour and six months after VAD implantation
were 2.98 1/min/m’ and 2.60 /min/m’, respectively. The systolic, diastolic and mean aorta pressures were 121,
84 and 99 mmHg six months after the VAD implantation. During the pump-off stage after six months, the he-
modynamic parameters values were as follows CI 2.53 1/min/m?, pulmonary capillary wedge pressure 10
mmHg, left ventricular end-diastolic volume 105 ml, left ventricular ejection fraction 0.58, mean aorta pressure
84 mmHg, and end-systolic wall stress 108 kdyn/cm”. The peak rate of change in power (peak dPWR (t)/dt)
was 5.62x 108 dyne- cm/s’ six months after the VAD implantation. In a real VAD-implanted patient, the sim-
ulation data were partly compatible with the real hemodynamic data, especially in the aspects of predicting
VAD weaning. Conclusionsl] Long-term VAD implantation partially improved the values of the hemodynamic
parameters related to prognosis, and these simulation results will provide the basic concept and applicability
for the clinical trials of end-stage heart failure. (KKorean Circulation J 2001:31(7):670-680)
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Fig. 1. Diagram of the moving actuator artificial heart.
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[@BVAD Simulation
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Height { 17 ] 165 cm
Weight { 76 ] 73 kg
Cardiac Index [ 280 ] 246 [L/Min)IM2
Body Surface Area ( 195 1 196 M2
Blood Pressure [ T | a8 mmHg
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0. ‘ fJ :
Heart Rate 7 1£3 Beats [ Min
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Body Temperature 37.0 36.8 deg C
mL / Min
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Left Assist Output 2508 2801 mL { Min
Right Assist Output 2500 2745 mL { Min
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Right Atrium Pressure { 3o 1 0.5 mmHg
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Left Atrium Pressure ( 60 ) 0.9 mmHg
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Pasture { Standing } Lying

Fig. 2. Simulafion of integrated model of BVAD- car-
diovascular system in heart failure.
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Fig. 3. Changes of aorta pressure. AD pump-on state,
BO 1-day pump-off state.
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Fig. 4. Changes of cardiac index measured during 1-
day pump-off state.
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Fig. 5. Changes of atrial pressure measured during 1-
day pump-off state. LAPO left atrial pressure, RAPO right
atrial pressure.
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oooo 89 mmHgO OO, 600 OO0 pump—on
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40 -
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30l\\¢—;——TAP
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Pulmonary artery pressure (mmHg)

0 1 2 3 4 5 6 7
Months after BVAD implantation

Fig. 6. Changes of pulmonary artery pressure. A0 pump-
on state, BO 1-day pump-off state. SPAPO systolic PA
pressure, DPAPO diastolic PA pressure, MPAPO mean PA
pressure.
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00 Fig.60 OO.
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0 00 108 mi/5.30 cm, 600 000 105 mi/5.25
cmO 00000 (Fig. 7).

000 0000 00
BVAD 00 0 000 00000 039, 00 O 10
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00 0580 0OOO0OO (Fig. 8).
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Fig. 7. Changes of left venfricular volume and diameter
measured during 1-day pump-off state. AO LV volume,
BO LV diameter. LVEDDO LV end-diastolic diameter,
LVEDVO LV end-diastolic volume, LVESDO LV end-systolic
diameter, LVESVO LV end-systolic volume.
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god VADO 0O0O0OOb. oo odb gooboo
0000 000 ODO0O00LVEF 100 15%, LVEDD 52
mm, 000 00 75091 mmHg, OO0 OOOOO
45065 mmHg, PCWP 22128 mmHg, ClI 21024
Vmin/m?. 0 OO0 3000 VAD OO0 O 00000
weaningdd OO0 O OO0O.

LVEF
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0.4
|
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Months after BVAD implantation

Fig. 8. Changes of left ventricular ejection fraction mea-
sured during 1-day pump-off state. LVEF, left ventricular
ejection fraction.
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Fig. 9. Power and rafe of change of power of left ven-
tricle during one cardiac cycle at initial and é months
after BVAD implantation in pump-off state.
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Fig. 10. Changes of end-systolic wall stress measured
during 1-day pump-off state.
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death), LVEDP(25 vs. 28 mmHg), PCWP(18 vs. 23
mmHg), 000 0000 (118 vs. 105 mmHg) 00
000 000 0000, 000 000056 vs. 50
mmHg), CI(2.5 vs. 2.2 I/min/m?), LVEDV(150 vs.
172 m/m? 00 000 000 000 0003 0
00 00000 000 0000 000 0000 0
0 000 0000 0000.0 000 00 000
VAD 00 600 O pump—off 1000 000 00O
00 104 mmHgO OO 0OOOO OO0 0000 O
0 0000 OO0 000 000 0 00 000, 00
0 00 00 000 00000 60000 VAD 000
000 0000 00000 00 000 0000 O
00 00000 00000 0 0 O0.
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PCWP 10 mmHg, LVEDP 8 mmHg 00 0000 O
0 0000 000 000 0000 00 00000
0000 weaningd 0000 0O0O0O,3000 0 O
00 weaningd 00000 000 OO 00 00O
000. 000,000 00 108 mmHgD 00000
0000000000000 00000000
00 0oooo.

30 00 00000 000 OO0 000 0000
000 000 0,000 0000 00 000 000
0 0 0O0.0 00000 00000 000 000
00 OO0 (notropic support)] OO0 O OO OO
0 00000 0000,0 000 000 00 0 O
00 000 OO0.

Mo HEHY

0 00000 VADD 0000 wean—ingD OO
0000 0000 00 000 00 00%®® oo
0 000 00 00000 00 0000 0000 O
00000, 00 000 000 0000 000 00
0 00 000 00 VADD 000000 000 0O
000, 0000 VADD 00 000 000 wean—
ingd 0000 00 000 100 000 000000.
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udo 00O 0000 oo ooooo ogoo o
O OOC OOOOO OO0 vAb OO O weaning
oo oob 00 00 oooo oo ob bod.

ug, o0 gooboo oo oboo, b 0o O
0 0ooob o000 oboboo oobooooob o
oo oo, 0boo00 ooo oooo ooo oo
0 00 og,00b0 00 oobo oo boo bo
ug oo boog ooo oo 0 0o ooo oo
oo ooo booo bobooobo bboo oobo
od ooob 0oooo obobo 0o obb. o oobo
Ut VAD 0000 oo oboo og, ooo oo
og, boog, 0 0b oboodg oo oooo
U 00 oouo oboo oooob ooob. oo oo o
0 obooo obb oob 0o bo ooobooo o
ugooo ooob boo oobbo o goo o
oo oo oobod.

00 00 o000 0ob oooobobo oo oo oo
ug ooo oooo obodo ooo ogo oo
ooob O 00 o000 oboo.

o of
I =

o=

00 00 000 00 OO0 0000 oooo oo
00 0000 oooOoooo ooo oo oooo.
000000 (ventricular assist device, VAD)O O
0 000 OOoooO0O0 0o ooo oooooo,
00 OOO0O0O boooo OO OooO oooo ooo
0O 0O0. 0 00000 0O ooo oo oooo
VAD 000 0000 000 000 oooo oo
0 000 000 0000 Dooooo oo ogo
o000, 000 0 00 OO0 000 O 0o 0o
00 000 00O ooo.

ERETEE

0000ooo0 OO0 ooooooo oooo
0000 000 ODOo0O0000 ooooo oooo
0.0000 VADO 00 000 0000 0oo o
00 00O 000 0oooog, VAbO 0000 wea—
ningd OO0 O 00 0000 0000 0000 O
00 000 00 000 0oo0 oooo ooog o
00 0000000 ooooo.

4 I

VAD 00 100 00 ClO 298 Vmin/m? 00O,
600 OO ClIO 2.60 Vmin/m? OO0 /000 /0
0 00000 121/84/99 mmHg OO. VAD 00O 60
O O pump—off 0OOO0O CIO 253 I/min/m?, PC—
WP 10 mmHg, 000 0000 00 105ml, 000
000 058 00 0OOOO0 84 mmHg, 0000 O
oooo 108 kdyn/cmZDD. 00O power OOO0O
000 (peak dPWR(H/d)0 VAD 00 600 OO
5.62x 10° dyne- cn/s’000. 0 0000 OO0 O
0000 0000 OO0 VADD 000 000 000

0,00 00 oooo ooooo.

4 g

0000 VAD OO0 VADO OOO0O weaningd
gob 0 00 odbdo oobo oob oo oo
U doob 00 odb boo 0ob boob booo
00 ododbo ooo obooo oboo ooodga,
U 0db 0ob b0bod vVAD 000 0o gob oo
gob ooo o oo ooo.

ZM O{oooooo0OD- 00OO0- 00- 0O00- O
oooo.
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