Trans. Korean Soc. Mech. Eng. B, Vol. 38, No. 8, pp. 715~720, 2014 715

<SE==> DOI http://dx.doi.org/10.3795/KSME-B.2014.38.8.715 ISSN 1226-4881(Print)
2288-5234(Online)

AR JEd HE AYYREFA] FFEEASS AT AR
al

=
V0 E eIt WY A T & §e ot

Application of Cardiac Electromechanical FE Model for Predicting Pumping
Efficacy of LVAD According to Heart Failure Severity

Dae Hyun Jung” and Ki Moo Lim """

* Dept. of Mechatronics Engineering, Kumoh Nat’l Univ.,
** Dept. of Medical IT Convergence Engineering, Kumoh Nat’l Univ.,

(Received March 30, 2014 ; Revised June 9, 2014 ; Accepted June 12, 2014)

Key Words: Left Ventricular Assist Device(Z}4 4 B .37 4]), Ventricular Unloading(4] A 5317} 4:), Finite Element
Model( 3+ 2. A 7F A E 2, ATP Consumption(=54 ATP A E )

£2: AYUREFALVADYE AATSEae] WAL GFS T ] e, AAREFA ABE
A AHe] AvA AZ4E BAT Fe AL Fasth Sl 4%d JEd BE LVAD ¢ WELE
& olgHon dZal. $ut BuAL 6 ARENES] Windkessel LT AEF 420 4
A FHeaR RS ST o RUg o &3fe], LVAD A8 sl Awdel Frel et 449
FEY ATP £RE, AAAGE, AR, A0S 22, 10005 F 5 2 PSS dZ5g

= &
LVAD A& Fol| oy Fstzds dAehs 54 ATP 2282 5 W AFd 23604 7H
A sk ebd, $2= LVAD & Eore stwaA ugsia S w, ARz 5 SAeA
LVAD A55 A&eh= Ao 7P Adsive= 228 Wet.

Abstract: In order to maximize the effect of left ventricular assist device (LVAD) on ventricular unloading, the therapy
should be begun at appropriate level of heart failure severity. We predicted pumping efficacy of LVAD according to the
severity of heart failure theoretically. We used 3 dimensional finite element model of ventricle coupled with 6 Wind-
kessel compartmental model of vascular system. Using the computational model, we predicted cardiac responses such
as contractile ATP consumption of ventricle, left ventricular pressure, cardiac output, ejection fraction, and stroke work
according to the severity of ventricular systolic dysfunction under the treatments of continuous LVAD. Contractile ATP
consumption, which indicates the ventricular energetic loading condition decreased maximally at the 5™ level heart-
failure under LVAD therapy. We conclude that optimal timing for LVAD treatment is 5™ level heart-failure when
considering LVAD treatment as "bridge to recovery".
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Fig. 2 Transmural distribution of ATP consumption (a,b) and tension (c,d) in ventricles. (a),(c) control group; (b),(d)
LVAD treatment group
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Fig. 3 Pressure-volume loops under normal and various
heart-failure conditions (a) No LVAD treatment;
(b) LVAD treatment

9 7]

2Pt F Aot o] #rashar, HAYH] S7ksh.
LVAD X &M= AFA Azert Fr1ss
o]

H& ofwnjsin}
Fig. 4(a)= AAAAANAY 54 ATP ARE S,
Fig. 4(b)v A=A %S, Fig 4= FAAAH
+3 S, Fig. 4(d)T ATP A& )3t AJutE=t
A=Y HE YU Blelt. A4 #AS55YH AE
Ao A= 1 G ANA Azl 6 DA R F7Fgke
o e o mxbE 747 22 AR A e
A9 hFZI LVAD X &9 o] gkolt}
Fig. 4(a)= & ATP 2R & ¥ o]t} A%
N7t S ST S S OATP AR (AT
2 dAe] AR A7 ECA] LVAD A= ate
T ATP &R &o] tixato] a3lol Hls| o Wk

o

—
RURTS

ST

AR Az 5 SAo A thEa 3 LVAD A
o] & ATP &E&9) Apol7} b ALA e
Fig. 4b)= ANE2AY#HS Ul 28 =zo]
AR A w7t S/ sE s g 1t
gty 22 gAle] AAe] A7EeA LVAD

g o] 13l

¢
.

H] &

Fig. 4 Comparison of cardiac responses between control
group and LVAD treatment group. (a) Entire ATP
consumption rate; (b) SW; (¢) LVPP; (d) SW /
ATP. SW, left ventricular stroke work; ATP, ATP
consumption rate; SV, stroke volume
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Table 3 Cardiac responses in LVAD treatment group

HF L1 L2 L3 L4 L5 Lo HF L1 L2 L3 L4 L5 L6
CO (L/min) 42 36 32 28 23 1.7 CO (L/min) 45 4 4 4 4 4
EDV (mL) 89 87 91 96 100 103 EDV (mL) 77 76 76 74 71 71
ESV (mL) 64 66 72 79 86 92 ESV (mL) 61 62 62 61 61 62
SV (mL) 25 21 19 17 14 10 SV (mL) 17 15 4 12 11 9
EF (%) 28 25 21 17 14 10 EF (%) 21 19 18 17 15 13
SW 2293 1649 1287 927 595 327 SW (mmHgmL) 968 600 412 234 109 46
(mmHgmL) LVPP (mmHg) 102 86 63 39 20 9

LVPP (mmHg) 100 88 80 71 61 51

CO, cardiac output; EDV, end-diastolic volume; ESV,
end-systolic volume; SV, stroke volume; EF, ejection
fraction, SW, stroke work; LVPP, left ventricular peak
pressure.
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