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Abstract—The focal spot of a high intensity focused ultrasbu
transducer is small. To heat a large target volumstiple treatment
spots are required. If the power of each treatrspat is fixed, it could
results in insufficient heating of initial spotsdaaver-heating of later
ones, which is caused by the thermal diffusion. déerio produce a
uniform heated volume, the delivered energy of eaeatment spot
should be properly adjusted. In this study, we psggl an iterative,
extrapolation technique to adjust the requiredastiund energy of
each treatment spot. Three different scanning patewvere used to
evaluate the performance of this technique. Resudtieate that by

using the proposed technique, uniform heating velurould be v\ a3nde HIFU system (FEP-BY02, Beijing, China), whic

obtained.
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|. INTRODUCTION

H IGH intensity focused ultrasound (HIFU) is a new magal
for ablating solid tumors, such as uterine fibrditlsand

benign prostate hyperplasia [2] and cancers of [i8g kidney

[4], prostate [5] and breast [6]. The nature offged ultrasound
is that the ultrasound energy can be focused taiceda
localized high temperature region and result irviersible
tissue necrosis. Because the focus of a HIFU traresds small
and the resulting treatment spot is also smallh&at a large
tumor, several treatment spots distributed througkize target
volume and heated one by one. If the energy deli/én each
treatment spot is fixed, it could resulted in irfwignt heating
of the intervening tissues between initial spots aver-heating
of later spots, which is caused by the effects hedrmal

diffusion. Hence, to produce a uniform heated vaurihe

energy delivered to each treatment spot should rbpeply

adjusted.

Zhou et al. [7] proposed an iterative, linear extdation
method to adjust the pulse numbers of treatmestsdp get a
uniform thermal lesion. The iteration was repeatetil uniform
lesion was obtained. It usually takes 5~10 iterstiddowever,
the relationship between the deposited HIFU enemngy the
resulting thermal dose is not linear. In this studg modified
Zhou's study to accelerate the converge speeetion.
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Simulation results show that, the proposed otkthkes only
1~2 iterations to get a uniform heating. This tégba could be
an alternative optimization method for uniform hegtduring
HIFU thermal therapy.

Il. METHODS

A. System Configuration
The HIFU transducer used in this study is similarthe

consists of 251 plane disk PZT elements. Each eieimdriven
at 1 MHz, in phase and arranged on a concave sgahstirface,
resulting in a large, geometrically focused HIF@nsducer
with a diameter of 33.5 cm and a radius of curn&af§ cm. For
simplifying the simulation, we use a sphericallycdsed
transducer with the same diameter and radius ofatwire
instead, as shown in Fig 1. The HIFU transducelrien at a
burst mode with a fixed output power. The depositeeirgy at a
treatment spot could be controlled by adjusting fhése
number.
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Spherical-focused HIFU transducer
Fig. 1 System configuration of the HIFU system

B. Scanning Pathway

In a treatment, a number of treatment spots areesgiglly
sonicated to produce the
Conventionally, raster scanning is used in clini¢dlFU
treatment. Zhou et al. [8] proposed two new scanpathways
and evaluated the effect of different scanning watts on
lesion production. In this study, we followed Zhewstudy on
the settings of the arrangement of treatment spat the
scanning pathway. 25 treatment spots were disaibin a
shape of a diamond with a grid of 4 mm. Figureg 2§a2(c)
show the arrangement of treatment spots and thifésreaht
scanning pathways, raster scanning, spiral scarfingmg the
below

desired heating patterns.
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Fig. 2 Scanning pathway used in this study. (&eraanning, (b)

spiral scanning from the center of the treatmeed &n the outside and

(c) spiral scanning from the outside to the center

C.Acoustical Model

The acoustic model was a simple water-tissue mod

Assuming the density and the speed of sound itvtbdayers

are close, the reflection and refraction at theewdissue

interface can be ignored [9]. The acoustic presdietel

generated by the ultrasound transducer was cadclilat using

the Rayleigh—Sommerfeld integral to sum up therioution of

each point source on the surface of the transducer.
—(a+ik)(r-r')

p(x’yyz):ﬂ.[ueids (1)
2 r=r]

Parameters used in our simulation are listed inerabrhe
absorbed power density can be obtained from

_ap’ @)
oo

q

where « is the ultrasound absorption coefficient of tissyeis

te -t
TD =

o

Rt (4)

whereR=2for T >43°C andR=4for37°C<T <43°C.1yis

the start time of heating angdis the time when temperature is

37°C. The range of the thermal dose causing necrosisdft
tissue is from 50 to 240 min [13-14]. In this study240 min
thermal dose was considered to be the thresholde vdr
successful treatment.

E. Procedure of Pulse Number Adjustment

In Zhou's study [7], they proposed an iterativeqaaure to
find appropriate pulse number of each treatment &pget a
uniform heating. The flowchart of the iteration pedure is
shown in Fig. 3. They did not describe the detéihow the
pulse numbers were updated. We hypothesize thepuoése
numbers were obtained by the linear extrapolatgqragon:

X = ;/k :ii:: X (X = Xea) Xy ®)

wherey is the thermal dose is the pulse numbey is the
expected thermal dose (240 min, in this study) ®nib the
glredicted pulse number. The subsckiphdk-1 indicate current
and previous data, respectively. In Zhou's stutljakes 5~10
iterations to converge and a uniform heating volwae be
obtained. However, in Eq. (3) and (4), it is cléhat the
relationship between accumulated thermal dose afideded
ultrasound energy is faster than a linear relatignsA simple
linear extrapolation could result in an over-estgdapulse
number, and consequently follows slow convergensi
modify Eq. (5) into

X =1 7;( — zij X (X = Xeg) ¥ Xy )

and evaluate its performance of uniform heating.

The initial pulse number of each treatment spat @@pulses.
In each HIFU pulse, the transducer was turn ONDf&b s and
turn OFF for 0.15 s. Between each treatment spimtok 6 s for
a short cooling. After completing all treatment #alculation

the tissue density; is the speed of sound. In this study, thef BHTE and thermal dose was kept going until treeximum

absorption coefficient was set to be the sameeattienuation temperature was lower than°€3 The accumulation of thermal

coefficient of the ultrasound within tissues, assgnthat the
attenuated power is absorbed locally.

D.Thermal Model

The temperature response produced by focuseddaide
calculated by the bioheat transfer equation (BH[IB]

mr?,%:"DZT‘Wbe(T—Ta,)+q ®)

The absorbed acoustic power depositipobtained from
equation (2) was substituted into the BHTE and
three-dimensional finite difference method was used
determine the temperature response.

A thermal dose (TD) is used to quantify the effeft
emperature and heating duration on tissues andtimate the
necrotic tissue volume, and it was numerically nedeising
the following equation [11-12]:

dose is very slow when temperature is lower th&ic43

TABLE |
PARAMETERSUSEDIN ACOUSTICAND THERMAL MODEL

Symbol Parameters Value

c speed of sound 1500 m/s

) tissue density 1000 kg/m

a absorption coefficient 5 Np/m

K thermal conductivity 0.5 WiE

G /oy specific heat(tissue / blood) 3770 IRy
a w, blood perfusion rate 5 kgfs

151



International Journal of Medical, Medicine and Health Sciences
ISSN: 2517-9969
Vol:6, No:5, 2012

Set initial pulse number

of each treatment spot
\ Update the pulse
Calculate temperature  |€ number of each
distribution treatment spot

N

Calculate thermal dose
distribution

Extrapolation

Is the thermal
lesion uniform ?

END

Fig. 3 The iterative procedure for finding pulsemher of each
treatment spot to achieve uniform heating

Ill.  RESULTS ANDDISCUSSION

Fig. 4 shows the simulation result when 60 pulsesewsed
for each treatment spot. It is obvious that 60 gailare not
enough to supply sufficient energy deposition osatment
spots; the intervening tissues among treatmenisspete not
completely heated to the therapeutic thresholth@fmhal dose.

20} (A) 20} (B)
£ 10 8 10 090
e oog g ogggggo
2 0 8 ° 0 00000
10 o 10 °3°
-20 -20

-20-10 0 10 20 -20-10 0 10 20

201 (C)
E 10 ogo
1S 00Q00
~ 0 000&)00
£ °%58°
;_F -10) °

-20

-20-10 0 10 20
X-axis (mm)
Fig. 4 Simulation results when 60 pulses were sagpb each
treatment spot. (A)-(C) show the contour of therdwde 240 min for
scanning pathway corresponding to Fig. 2

After the iteration procedure, the pulse numbereath
treatment spot using different pathways are shoviigd. 5, and
the resulting thermal dose distributions are shiowkig. 6. For
raster scanning, the pulse number of the treatsmois at the
boundary (# 1,2,4,5,9,10,16,17,21,22,24 and 25¢ faind to
be larger than others at the central portion.

Similarly, beginning treatment spots need more gul®
overcome thermal conduction at the boundary forapi
scanning from outside to the center and vice vésapiral
scanning from the center to the outside. Althoughdcanning
pathway and the total pulse number were diffetéetresulting
thermal dose contours were similar. The total polsmber for
three different scanning pathways were 3611, 44284855,
respectively. This indicates that the raster scannieeds less
treatment time comparing to the other two scanpathways.
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Fig. 5 The pulse number of each treatment spogudifferent
scanning pathway
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Fig. 6 Simulation results when heating pulses vegljgsted by the
iteration procedure and supplied to each treatsgott (A)-(C) show
the contour of thermal dose 240 min for the scapp@thway
corresponding to Fig. 2
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IV. CONCLUSION

The required HIFU pulse numbers for uniform heatamg
different in various heating sequence of treatnsputs. As
expected, the treatment spots at the boundary meee HIFU
pulses to overcome the thermal conductions to titeeated
region. By using the proposed iteration procedigeperature
at the intervening tissues between treatment spottd be
raised and accumulate sufficient thermal dose tioesapeutic
level. Comparing to previous study, the iteratianmiber was
reduced from 5~10 times to 1~2 times. This techmicpuld be
used to optimize the required ultrasound energiveleld to
each treatment spot.
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