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ABSTRACT

A Study on the Chronic Total Occlusion Tissue

Necrosis using High-Intensity Focused Ultrasound

Moon Jong Hyun
Advisor : Prof. Jeong, Sang-Hwa, Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

When substances made up of fat and cholesterol are deposed in internal of the
arteries, the lumen of the blood vessels and blood flow are reduced by the
materials of deposition. Those symptoms make the artery completely be occluded.
The coronary artery bypass graft(CABG) or percutaneous coronary intervention(PCI)
as the treatment of cardiovascular disease are performed to remove CTO.
However, these treatments take a long time to heal, and the recurrence rate is
high. HIFU system used to overcome these advantages is a non-invasive and
needs the shorter operating time and this will strengthen the immune system.

In this study, using HIFU system, CTO tissue was necrotized by the focused
high-intensity ultrasound energy. In general, the ultrasound for medical devices is
used in the frequency range of 0.5 7 5.5MHz. Ultrasound of 1.1MHz is mainly used
for the destruction of tumor tissue and 3.0MHz is used in the recovery of soft
tissue damage. The pressure and deformation on the CTO tissue were simulated
for several frequencies using COMSOL software. As the frequency of ultrasound
actuator is lower, the depth of tissue necrosis of CTO are bigger. As a result,

necrotic depth of CTO tissue is higher at 1.1MHz than 54MHz. Next, the optimal

- VI -



conditions were measured to necrotize the CTO tissue. Experiments show that
intensity of necrosis was greatest for 62.5mm focal distance and 8Vpp voltage.
Basic study was performed in a non-invasive treatment. Ultrasound was transmitted
in the polyethylene tube and tissue necrosis is examined without the damage of
tube. The ultrasonic energy was transmitted well at the low-frequencies and higher
voltages. Because water is low viscid and requires a large installation space,
treatment of contact movement is not suitable. Thus, the agar gel was used as a
couplant instead of water. The result shows that the ultrasound is transmitted well

at 1% agar gel.
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Fig. 1-1 Transrectal type HIFU system and therapeutic transducer™!
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Fig. 1-2 Extracorporeal type HIFU system and therapeutic transducer™
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Fig. 1-3 Schematic diagram of CTO treatment using HIFU system
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Table 2-1 Ultrasound propagation velocity according to couplant(m/s)

Air Fat Water Soft tissue Muscle Bone

330 1460 1480 1540 1580 40000

]
V tissue

I
I air
I

Fig. 2-2 Reflection of ultrasound with heat focused at the interface of tissue

and air
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Fig. 3-1 Modeling geometry



Fig. 3-2¢9} #o] 98807 ALEE = Fu¢
&35t CaCO; =49 M-S A&
2 YeR AT} Fig. 3-2 (a), (), (e),

2a9E o
Eool g s &
2 CaCO3 x# o] Hi=

7V =%, Fig. 3-2 (b), (d), (D),
o] Mygo] AA Yety= Ao w Hol LIMHz T3
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[e=]
2

), (@)l A=

%318 B e W CTO 27 vl go sol7ld 2 gsie,

Table 3-1 Surface pressure of CaCOs3 according to frequency

Frequency (MHz) Minimum(Pa) Maximum(Pa)
1.1 -1.821 x 107 1.42 x 10
3.0 -5.097 x 10° 4.038 x 10°
5.4 -1.189 x 10° 1.21 x 10°
7.0 -8.147 x 10" 1.504 = 10°

Table 3-2 Surface deformation of CaCOs according to frequency

Frequency (MHz) Minimum(mm) Maximum(mm)
1.1 9.9 x 10° 6.632 x 10
3.0 2777 x 10”7 2.779 x 107
5.4 7441 x 10°° 8923 x 10°
7.0 2.706 x 1071 4698 x 107

Fa+E 2tz COMSOL =
i1, Table 3-1¥ 3-2% A]

FaprE g
(hol A = F3h4

P
=T

P
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(b) surface deformation of 1.1MHz

wriae e ann

(d) surface deformation of 3.0MHz

STanaet same

(f) surface deformation of 5.4MHz

EEEET

(g) surface pressure of 7.0MHz (h) surface deformation of 7.0MHz

Fig. 3-2 Surface pressure and deformation of CaCOs according to frequency
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COMSOL multiphysics< ©]-&3te] 1.1MHz, 3.0MHz, 54MHz, 7.0MHz 3}=¢]
e FUEE Y CTO BEAMEAS CaCOszel WE S AlEd ol st om, A& ol
A ARE Tl FIAFTE LEFE CaCOs9) WA W fo] 211 Wyo] F
kot ol & AFsH7] Y8 1.1MHz, 54MHz F3t+2 2535 7H138ke] CaCOs9] %
HHE S AAE = 2718 vl AFsidvh AF A= Figo 3-3% o] 11, 54
MHz9] transducer, function generator, power amplifier, impedance matching
network, 0.lmme] AUEE 7} 35 2Ho]X]|, %, CaCOs= T+ Ut}

Fig. 3-4¢} o] 1.IMHz, 54MHz¢] F3F2 2535 7Hd ko] CaCOs =4 <
AbE @Agoltt, Fig. 3-59F #o] ztzte] 1.1MHz, 54MHz F3+2 2535 7Hx1 8]
< W =EARtl we A dols FA8S = 54MHzE Y 1LIMHz =340l A
Z2 o] ZAlE Zo|7t AR R CTO A 33§ ALg3l7]o 2 §sic)

Fig. 3-3 Photograph of elementary HIFU system



(a) 5.4MHz (b) 1.1MHz

Fig. 3-4 Necrosis shape according to frequency
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Fig. 3-5 Necrosis depth according to frequency
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p(X,w)= lexp(ikz) — exp(ikr, )] (3-1)

A7) A, gy =1-2/Ry, r,= V(z=h) +d*, p= 4, pE UE, & 5%, o= F
oty 9 EdaFAY oY AW fAE ALEE] 9@l MATLABS ©]-8-3f
AL, Aol ALgE HE S Table 3-39F 2t} 314 Z23= Fig. 3-7¢] YE A
ok 718kt ARl 27 el 63mmelal, 2 A b Aol 1A 9] Hl(z/Rp)max=
0992= Hdl o9 A= 62496mmeolrt. A2 e} o] 7]eketA el =5 A2 ¢
oE Hdl AATF AsHA 7] wiEel ool g dfA o] F sttt

Table 3-3 Simulation parameters

Radius of the
Wave speed (m/s) | Frequency (MHz) | Focal length (mm)
transducer (mm)

35 1480 1.1 63

40

Ipl/pcv

201

0.0 0.5 1.0 15 20 25 30 35 4.0

Fig. 3-7 One-axis pressure versus z/Rg
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Table 3-4 Boundary conditions

Boundary
. PZT-5H Acoustic lens Water(H20)
Condition
Density (kg/m®) 7550 7860 1000
Acoustic velocity(m/s) - 5660 1480

freq{1)=1.1e6 Surface; Electric potential (V) Slice: Total acoustic pressure field (Pa)

20

o -
S e

™

50

Fig. 3-9 3D ultrasound focusing
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Intensity z (W/m?)

Total acoustic pressure field (Pa)

Line Graph: Intensity z (w/m?)
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Fig. 3-10 Intensity and pressure on the beam axis
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Fig. 3-11 Function generator(FG200)

Table 3-5 Function generator specification

Specification

Frequency range

Sine or Square waveform : 1uyHz =~ 15MHz

Triangle or Pulse waveform :

1uHz ~ 200kHz

Amplitude setting range +£20Vpp
Maximum output voltage 10V
Output impedance 50Q £ 1%




Fig. 3-12 High speed bipolar amplifier(HSA4014)

Table 3-6 High speed bipolar amplifier specification

Specification
Frequency range DC to 1 MHz
Maximum voltage 150Vp—p(£75V)
Output Slew late 400V/us typ.
Impedance 0.125Q+0.4uH max.
Frequency response IMHz(+0.5 to -3dB, 10Vrms, 75V range)
Power consumption 700W/900VA




Fig. 3-13 Transducer(H-101)

Table 3-7 Transducer specification

Specification
Power Up to 400 Watts
Frequency 1.1 MHz (standard); 3.3 MHz
Bandwidth +/- 250 KHz to -3 dB points
Efficiency 85% (min) at 1.1MHz
Active diameter 70 mm
Geometric focal length 63 mm
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Fig. 3-14 Necrosis shape according to focal distance
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Fig. 3-15 Necrosis of CaCOs according to focal distance
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Fig. 3-16 Necrosis shape according to voltage
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Fig. 3-17 Necrosis of CaCOs according to voltage
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Fig. 3-18 Necrosis of CaCOs according to exposure time
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Fig. 3-23 Necrosis width and depth of CaCOs; according to agar density
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