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HIGH-INTENSITY FOCUSED ULTRASOUND
THERMAL ABLATION APPARATUS HAVING
INTEGRATED TEMPERATURE ESTIMATION
AND ELASTOGRAPHY FOR THERMAL
LESION DETERMINATION AND THE
METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention is related to an ultrasound system
having the real-time monitored apparatus and the method
thereof, particularly to a high-intensity focused ultrasound
thermal ablation apparatus having integrated temperature
estimation and elastography for thermal lesion determination
and the method thereof.

[0003] 2. Description of the Prior Art

[0004] In recent years, the noninvasive method has been
paid more attention in the clinical medical therapy. The ultra-
sound thermal therapy is gradually matured. The ultrasound
has very good penetrating property in human tissue, which is
able to transport the energy to deep tissue, thus it can be
widely applied in the noninvasive method, such as the tissue
lesion to repress the cancer cells, and the suppression of
tumor cells etc. The high-intensity focused ultrasound
therapy (HIFU) is a kind of ultrasound thermal therapy tech-
nique, basically using the high-intensity focused thermal
ultrasound to concentrate the energy of the ultrasound. After
the energy of ultrasound is focused, the temperature of tissue
at the focus region is suddenly raised to above 70° C. The
protein of the cell will be denatured at this temperature, thus
the tumor can be burnt. Then, the i1l tissue will be killed in
order to achieve the goal ofkilling cancer cells.

[0005] In the ultrasound thermal therapy process, in order
to control the heating degree to avoid injuring the normal
tissue around the cell and effectively understand the dimen-
sion and the relevant position of thermal lesion after heating,
assess the temperature change at large area and lesion range
after heating, a monitoring system becomes very important. If
the “thermal therapy” is carried out under a situation without
any monitoring system, the clinical physician will be unable
to judge the heating position and temperature change inside
the tissue accurately. It will also be unable to identify the
thermal lesion of tissue after heating. Thus the danger degree
of the therapeutical process will be increased, and the appli-
cation of thermal therapy will be limited clinically.

[0006] In the monitoring system of ultrasound thermal
therapy technique at present, there both are the “ultrasound
temperature imaging technique” and the “elastography tech-
nique”.

[0007] Wherein, the “ultrasound temperature imaging
technique” uses the ultrasound image in the approximate
linear range as the shift quantity to estimate the temperature
change. However, if the temperature difference is too high
and the object is deformed, it will be unable to estimate the
position of thermal lesion correctly. When the thermal expan-
sion is occurred in the tissue, and when the relationship
between sound speed and temperature is nonlinear, it will also
be unable to estimate temperature change accurately. The
echo time displacement tracking way can be used to obtain
the dynamic and real-time temperature change in the high-
intensity focused ultrasound therapy. However, the limiting
condition is that the temperature cannot exceed the linear
region of sound speed and temperature (below 50° C.). When
the temperature exceeds the critical region, the accuracy of
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temperature estimate will be lost, due to the change of physi-
cal properties, such as permanent tissue destruction, thermal
sound lens effect etc.

[0008] The “elastography technique” uses the compression
or vibration of tissue to estimate the elastic property inside the
tissue, but higher noise may be produced around the tissue.
Due to the “elastography technique” has high sensitivity for
the elastic change of tissue, thus the technique is very suitable
to label the real necrotic tissue region after burning. However,
limited to poorer anti-noise ability of “elastography tech-
nique”, the elastic change of necrotic tissue only being con-
trasted under the necrotic tissue condition has been con-
firmed. The position and dimension of thermal lesion can
only be estimated when the hardness difference is more sig-
nificant. Unlike the ultrasound temperature imaging tech-
nique, it does not have the continuous monitoring ability in
the whole therapy process.

[0009] Therefore, in order to raise the efficiency of tem-
perature measurement and elastic measurement, it is neces-
sary to develop innovative ultrasound technique, in order to
reduce the research and development time and relevant manu-
facturing cost.

SUMMARY OF THE INVENTION

[0010] The purpose of the invention is disclosed to a high-
intensity focused ultrasound thermal ablation apparatus hav-
ing integrated temperature estimation and elastography for
thermal lesion determination and the method thereof, in order
to improve the imaging and measurement performance.
[0011] The invention uses the ultrasound echo signal tem-
perature estimating system, and uses the sound speed change
of ultrasound caused by the temperature as the relevant analy-
sis method and instantaneous frequency measurement tech-
nique.

[0012] The invention collects the elastography technique
by using the compression method to form the phase shift
displacement of the ultrasound in the different tissue, and
analyze the tissue change at before-and-after burnt by the
relevant analysis method.

[0013] The invention uses the integrated ultrasound tem-
perature image to assess the correct position of initial tem-
perature rise in the tissue. When the temperature exceeds the
estimating range (beyond the approximating linear region),
the thermal lesion range of burnt tissue can be detected by the
elastic image, due to denature and strain change oftissue after
heating.

[0014] The invention can apply the result of temperature
and elasticity estimating to the clinical image ultrasound.
Upon carrying out the thermal operation, not only the cross-
sectional image of tissue can be obtained, but also the func-
tions of position detection, temperature monitor and elasticity
estimating can be got through mathematical calculation, and
the integrated ultrasound temperature and elasticity estimat-
ing of ultrasound meter can be increased greatly.

[0015] On one hand, the invention can understand the heat-
ing position and initial temperature rise during the heating
process. On the other hand, the thermal lesion can be esti-
mated after heating. After two techniques are integrated, the
accuracy for the dimension of thermal lesion can be
improved.

[0016] This technique uses the same technological core of
mathematical calculation to carry out ultrasound temperature
estimating and ultrasound elasticity estimating, and integrate
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the result of temperature and elasticity estimating, in order to
increase the estimating accuracy of lesion area.

[0017] Therefore, the advantage and spirit of the invention
can be understood further by the following detail description
of invention and attached Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
ciated as the same becomes better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0019] FIG. 1 is a graph illustrating a high-intensity
focused ultrasound thermal apparatus with integrated ultra-
sound temperature-change and elasticity-change of the inven-
tion.

[0020] FIG. 2 is a graph illustrating the method for data
access by the intermittent heating.

[0021] FIG. 3is a graph illustrating a detailed embodiment
for the method for data access by the intermittent heating of
the invention.

[0022] FIG. 4(a), FIG. 4(b), and FIG. 4(c) show the three
temperature curves.

[0023] FIG. 5(a), FIG. 5(b), and FIG. 5(c) show the
B-mode temperature and elasticity maps pre- and post-heat-
ing.

[0024] FIG. 6(a) and FIG. 6(5) show the fused temperature
imaging and elastography images on B-mode sonography.
FIG. 6(c) shows that the regions selected after taking into
account both constraints. FIG. 6(d), FIG. 6(¢) and FIG. 6(f)
show the necrotic tissue dimensions estimated from tempera-
ture mapping only, post-heating elastography only, and their
intersection respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0025] The invention is disclosed to a high-intensity
focused ultrasound thermal ablation apparatus having inte-
grated temperature estimation and elastography for thermal
lesion determination and the method thereof, in order to
improve the imaging and measurement performance.

[0026] Thehigh-intensity focused ultrasound thermal abla-
tion apparatus having integrated temperature estimation and
elastography for thermal lesion determination of the inven-
tion is shown in FIG. 1 is divided into the heating system and
the measurement system. Another, the measurement system
comprises the temperature image acquisition and the elastic-
ity image acquisition.

[0027] The a high-intensity focused ultrasound thermal
ablation apparatus having integrated temperature estimation
and elastography for thermal lesion determination of the
invention is shown in FIG. 1. It comprises water tank 100,
high intensity focused ultrasound (HIFU) transducer 101
(frequency=2 MHz, diameter=35 mm, curvature radius=55
mm; Sonic Concepts Inc., Bothell, Wash., USA), power
amplifier 102 (150A100B, Amplifier Research, Souderton,
Pa., USA), signal generator 103 (33220A, Agilent, Palo Alto,
Calif., USA), ultrasound imaging probe 104, which is a linear
array with operating frequency 5 MHz; BW 100%, frame rate
33 Hz, 128 A-lines of RF data output, sampling rate 4 points/
wavelength and FOV 38 mm (width) 50 mm (depth); diag-
nostic ultrasound imaging system 105 (Model T-3000; Tera-
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son Inc., Northborough, Mass., USA), which is employed to
collect RF data for offline analysis; and computer 106.
[0028] The high intensity focused ultrasound transducer
101 connects to the power amplifier and the signal generator
103 to form the heating system. The ultrasound imaging
probe 104 connects to the diagnostic ultrasound imaging
system 105 and the computer 106 to form the measurement
system. The measurement system and the heating system are
connected each other. The above-mentioned high intensity
focused ultrasound transducer 101 and the ultrasound imag-
ing probe 104 both are put in the water tank 100 for use.
[0029] In addition, a power monitor (4421, BIRD Inc.,
Solon, Ohio, USA) is used (not shown) as well. These above-
mentioned modules produced electrical power in the range 5
W to 25 W. The electrical-to-acoustic efficiency of the high
intensity focused ultrasound (HIFU) transducer 101 is esti-
mated to be 70% using a force-balance meter (Model UPM-
DT-1, Ohmic Instruments, Easton, Md., USA). The ultra-
sound imaging probe 104 as FIG. 1 is mounted on a
positioning table (allowing translation along the axis of the
imaging probe, minimum resolution=30 pm) and then
attached to the top surface of the phantom. This arrangement
provides precise manual control over the compression dis-
placement.

[0030] Before any further processing of the acquired
A-lines, a simple linear interpolation (this choice of algo-
rithms reflects a compromise between computation time and
the required resolution for temperature estimation) is applied
to increase the sampling rate by a factor of 10. Since the
ultrasonic imagers do not support real-time data acquisition,
people only collected the RF data. All thermal images are
reconstructed offline from the various datasets.

[0031] Thedegassed water should be putinto the water tank
100 of the invention to avoid the empty hole effect and influ-
ence the result, and the water temperature should be con-
trolled at about 30° C. The invention accumulates the string
wave energy to the focus place, in order to achieve the heating
effect.

[0032] Theinvention uses the general purpose interface bus
(GPIB) transmit device to connect the high intensity focused
ultrasound transducer 101 (the central frequency of trans-
duceris 2 MHz, and the focus depth oftransducer is 5 nm), the
power amplifier 102, the function generator 103, the com-
puter 106, the diagnostic ultrasound imaging system 105 and
the ultrasound imaging probe 104. The “Matlab computer
program” software installed in the computer 106 is used to
control the signal generator 103 to generate the signal. The
signal passes through the power amplifier 102 to activate the
high intensity focused ultrasound transducer 101. Thus the
output power of ultrasound can be adjusted. High temperature
is generated at the focus of high intensity focused ultrasound
transducer 101 to heat the “object to be measured” in the
water tank 100.

[0033] The “ultrasound image system” of the invention has
alinear imaging probe 104 with 128 elements. The ultrasound
imaging probe 104 combines with the diagnostic ultrasound
imaging system 105 to measure the “cross-sectional image”
and “echo signal” ofheating position (object to be measured)
accurately upon ultrasound thermal therapy. The ultrasound
image of cross-sectional plane and the signal of image are
obtained separately. Analyze the phase shift displacement
caused by the corresponding “A-line” signal of image under
each temperature time. The estimating of two-dimensional
temperature image can be obtained. Then it can carry out the
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vertical compression of signal, wherein the minimum com-
pression scale will be 0.01 mm. Thus it can control the com-
pression displacement to carry out the elasticity measure-
ment.

[0034] When the high intensity focused ultrasound trans-
ducer 101 (abbreviated as heating transducer) is used to carry
out partial heating, the ultrasound signal of the high intensity
focused ultrasound transducer 101 will interfere with the
radio frequency signal produced by the above-mentioned
“ultrasound image system” at the same time. In order to avoid
the interference of data access upon heating, it is necessary to
use the intermittent heating to activate the high intensity
focused ultrasound transducer 101 and the ultrasound imag-
ing probe 104, so that the object can be heated and the ultra-
sound echo datum of each temperature can be obtained at the
same time.

[0035] The operation method of the invention is shown in
FIG. 1. First, use the computer 106 to control the signal
generator 103 to produce the cluster wave. The energy of
cluster wave is amplified by the power amplifier 102, which is
transported to the high intensity focused ultrasound trans-
ducer 101 to focus on heating the “object to be heated”. After
the heating, compress the ultrasound imaging probe 104
(about 5 seconds, the temperature of water tank 100 1s fixed at
30° C.) to obtain the image signal. It is transported to the
computer 106 for image processing through the diagnostic
ultrasound imaging system 105.

[0036] The method for data access by the intermittent heat-
ing is shown in FIG. 2. Firstly, the system is initialized 201.
Then it is heated 202 for about 1.8 seconds. The data access is
continued 203 for about 1.2 seconds, and the heating will be
stopped now. Then the heating time is up 204. The above-
mentioned steps are the operation steps for heating the trans-
ducer.

[0037] Still as shown in FIG. 2, the data access is continued
205 for about 3 seconds. Then the cooling time is arrived 206.
Compress it to access data 207 for about 5 seconds. The
above-mentioned steps are the operation steps of image trans-
ducer.

[0038] FIG. 3is a graph illustrating a detailed embodiment
for the method for data access by the intermittent heating of
the invention.

[0039] After it is heated for 1.8 seconds, then it is stopped
for 1.2 seconds, which become a cycle. The image is acquired
upon the heating is stopped, 20 cycles are carried on, thus the
total time is 60 seconds. During the cooling time, a datum is
acquired per 3 seconds. There are 60 cycles for total proce-
dure including the heating and cooling.

[0040] Themathematical calculation principle of the inven-
tion is described in detail as follows:

Theoretical Basis of the Heat- and Compression-Induced
Strain Changes:

[0041] The method of estimating temperatures from echo
time shifts has been detailed previously. Assuming the tem-
perature change AT(z) in tissue at any RF signal location z=zn
is linearly proportional to the displacement between two cor-
responding points of the RF signal and echo time series:

M=), -12)].

[0042] This assumption is valid provided that we only con-
sider temperature-induced changes to the sound speed and
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thermal expansion of the tissue; any nonlinear tissue changes
are neglected. Therelationship between temperature and time
displacement is then given by

a equation (1)

AT (—1 ] Atz
(2) o o) —,B(Z) . B_Z (2),

[0043] where a(z)is the linear coefficient of thermal expan-
sion of the medium at axial depth z,

1 delz, T
po = — . e

co@ 9T g,

is defined as the coefficient of thermally induced sound speed,
and T is the temperature.

[0044] For small temperature changes (between 30 and 50°
C.), P(z) is fixed for a specific tissue type and no significant
thermal expansion occurs. Equation (1) can then be simplified
as follows:

AT(z) = k; - ; Ar(z). equation (2)
z
[0045] When tissue undergoes external compression, the

longitudinal strain change can be estimated by:

[0046] (1) acquiring RF echo signals from the region tar-
geted for FUS ablation, thereby obtaining a pair of arrival
times denoted t(z)l__ ' and t(z)l__ ! for each point z;

[0047] (2) compressing the tissue by a small amount using
a transducer (or a transducer/compressor module); and

[0048] (3) acquiring another set of RF echoes in order to
have a second pair of arrival times for each point, denoted
t(Z)|Z:ZIZ and 1(z) IZ:ZIz . The axial strain change AE(z) can then
be estimated as

z=2z] z=z]

equation (3)

19

2
L -l ), - l)
=25

=71 =23

AE(z) &

(] -il,)

=71 =2

[0049] which can be rearranged as follows:
(I(ZI‘|1,. _[(Z)Z )—l't(z)|l —I(Z)|27 ) equation (4)
=71 = v =2 =2
AE(2) ~ k,
¢ (dz:zl _dz:zz)
[0050] Here (d._, —d___ ) represents a small distance
Z Zl Z- ZZ p

between z; and z, in the estimation region. Since (t(z)lzzzll—

t(2),—, %) and (t(2)|,,,'~t(2)|,, ) are the echo time shifts, the
above equation can be simplified to a statement that the
derivative of the time shift is proportional to the external
compression:
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a equation (5)
AE@R) =k, - a—z(Ar(z))

[0051] It should be noted that although the echo time shift
and its derivative in equation (3) and equation (5) represent
different physical effects (the former relates to the strain
induced by the temperature change, and the latter relates to
the elasticity change induced by the compression force), the
numerical calculations of these two processes are identical.

Numerical Estimation of the Heat- and Compression-Induced
Strain Changes:

[0052] The strain changes presented in equation (2) and
equation (5) are based on echo time shifts, which can be
estimated by computing a 1-D cross-correlation on paired RF
A-lines. The strains can then be calculated using the numeri-
cal derivative of the time shift:

Ar(Zp41) = Al(Zy-1)
Zn+l —Zn-1

a equation (6)
Ee (Af(g) =
< 7=z,

[0053] For both methods, the cross-correlation processing
windows are 6A (A=wavelength) and adjacent windows have
an overlap of 75%. These settings are based on our previously
reported optimal values. To further smooth the differentiated
data (after applying equation (6)) and reduce Gaussian noise
in the image, applied to a 2D median filter (3x3 data points).
All the calculations were implemented in Matlab (Mathworks
Inc., Natick, Mass., USA) and executed on a personal com-
puter (Intel Core-2-Duo CPU, T5800, at 2 GHz). The cross-
correlation algorithm is used and provided by Matlab.
[0054] The above-mentioned algorithm technique is a
method for the high-intensity focused ultrasound thermal
ablation apparatus having integrated temperature estimation
and elastography for thermal lesion determination. The steps
are described in detail as follows:

[0055] 1.Reconstruct the obtained ultrasound data into the
raw data. The ultrasound data include a stress source
caused by the temperature and a stress source caused by the
pressure.

[0056] 2. There are 128 signals in the reconstructed raw
data. These 128 signals are diced into a plurality of frag-
ments. An echo time shift is used to calculate the shift of
every fragment to obtain the stress source.

[0057] 3. Use the relevant analysis method to compare the
shift of every fragment before and after the application of
stress, in order to obtain the echo time shift. In the tem-
perature image aspect, the echo time shift represents the
time shift caused by the heating in a region. In the elasticity
image aspect, the echo time shift represents the displace-
ment caused by the compression in a region.

[0058] 4. A shield of the temperature image is used to
isolate a noise in the elasticity image. When the echo time
shifts of front fragment and rear fragment are subtracted,
the slope (the result of first differentiation) will be
obtained. It represents the change amount of adjacent frag-
ments. When the correction coefficient is introduced, the
strain image can be obtained, including the ultrasound
temperature-change image and the ultrasound elasticity-
change image. The temperature-change image represents
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the temperature rising effect of adjacent fragments. The
elasticity-change image represents the displacement
caused by the stress.

[0059] Intheinvention, the phantom thatis made of ex vivo
swine liver tissue embedded inside polyacrylamide gel. The
advantage of polyacrylamide is that it solidifies at room tem-
perature. The liver tissue sample is vacuumed, diced to a
suitable size, placed in a container with the following dimen-
sions=60x60x100 mm. Finally, the container is filled with
polyacrylamide to pave the tissue sample. After solidifica-
tion, the ex vivo tissue phantoms provide an ideal surface for
compression or focused ultrasound sonication. The ex vivo
tissue phantom are conducted to evaluate the performance of
the unified computational kernel on the basis of contrast
analysis and the prediction of thermal lesion size. Before
sonication, it acquired an initial set of RF data with compres-
sion. During focused ultrasound heating, the RF-signal acqui-
sition process was identical to that used in the type I experi-
ments. It conducted experiments at focused ultrasound
powers of 5 W, 15 W, and 25 W, each time with a heating
duration of 60 s. After 10 minutes of focused ultrasound
sonication, it acquired another set of RF data with compres-
sion to provide a second elasticity map. The process of RF
data acquisition in this stage is identical to the first compres-
sion. Finally, the ex vivo tissue phantoms are diced for pho-
tography to compare the images to the real necrotic tissue
regions.

[0060] FIG. 4(a), FIG. 4(b), and FIG. 4(c) demonstrate
three typical heating cases at focused ultrasound powers of 5
W, 15 W, and 25 W. At the 5-W level, temperature elevation
becomes apparent after 30 s of heating and the temperature
buildup is greater than 5° C. However, neither the echogenic
B-mode image nor the elastography exhibits much change in
contrast, indicating that no necrosis occurred (this is con-
firmed after the experiments by examining the dissected tis-
sues). At the 15-W setting, the temperature build-up is more
rapid and more apparent (>10° C. within 20 s). Thermal
lensing artifacts are visible and become most apparent start-
ing from 30 s. No change is found in the B-mode image,
however, so little strain change is produced (less than 0.5% of
strain difference, and the lesion is confirmed by tissue dissec-
tion). It also noted compression-induced strain artifacts
neighboring the target position, which made determination of
the true necrotic region challenging. The 25-W setting cre-
ated amore extreme temperature change (>20° C. within 15 5)
and strain change (up to 1%), and generated the largest necro-
sed lesion (confirmed in tissue dissection). However, the ther-
mal lensing and compression-induced strain artifacts were
also the most extreme among the cases.

[0061] The first two columns in FIG. 5 (including FIG.
5(a), F1G. 5(b), and FIG. 5(c)) show the B-mode diagram
before and after heating to compare with the temperature
imaging shown in FI1G. 4 (including FIG. 4(a), F1G. 4(b), and
FIG. 4(c)), and the elastography diagram before and after
heating cases was shown in the third and the fourth column in
FIG. 5 (including FIG. 5(a). FIG. 5(b), and FIG. 5(c)) on the
display of computer 106 for the operation of the high-inten-
sity focused ultrasound thermal ablation apparatus having
integrated temperature estimation and elastography for ther-
mal lesion determination of the invention. The area of real
necrotic tissue region is then estimated and shown in the last
fifth column in FIG. 5 (including FIG. 5(a), FIG. 5(b), and
FIG. 5(c)), and compared to the temperature image, the elas-
ticity image, and the integrated image.
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[0062] Furthermore, the ex-vivo tissue phantom experi-
ments evaluate the performance of the invention in monitor-
ing temperature and predicting the volume of necrosed tissue.
FIG. 6(a) and FIG. 6(b) show the fused temperature imaging
(>10° C.) and elastography (>0.5% strain change) images on
B-mode sonography. These figures show that the artifacts in
the temperature and elasticity maps appear in different loca-
tions. The regions selected after taking into account both
constraints (regions >10° C. and strain changes >0.5%) are
shown in FIG. 6(c).

[0063] FIG. 6(d), FIG. 6(¢) and FIG. 6(f) show the necrotic
tissue dimensions estimated from temperature mapping only
(the regions with temperature elevation change >10° C.),
post-heating elastography only (strain change >0.5%), and
their intersection (both >10° C. temperature elevation and
>0.5% strain change) respectively. FIGS. 6(d) and 6(e) show
that both individual approaches over-estimate the lesion
dimensions. However, when the two criteria are combined,
the estimated necrotic dimension is profoundly improved
(FIG. 6(f). The dimensions estimated by the invention are all
very close to those measured after dissecting the phantoms
(r2=0.90).

[0064] From the examples being demonstrated above, the
procedure can be concluded as follows. After the “high-in-
tensity focused ultrasound therapy” is activated, if the ultra-
sound temperature estimating is used as the monitoring way,
the real-time temperature image during heating process can
be obtained. When the temperature exceeds the linear esti-
mating range and after the operation is finished, the ultra-
sound elasticity image can be used to confirm the real necrotic
tissue region and calculate the volume of the real necrotic
tissue region.

[0065] As for the analysis aspect of the elasticity image,
because the hardness of tissue before and after the compres-
sion is different, it will cause the difference of tissue denature
displacement, which also represents the time difference of
echo signal in the physical meaning. As for the calculation
way of echo time shift, the ultrasound A-line before and after
time shift is analyzed relevantly. The relevant analysis uses
the Fourier theory of to estimate the time shift mainly. First,
acquire the corresponding linear fragments, and use the con-
volution to carry out the relevant analysis, the shift of maxi-
mum peak value can be used to estimate the time shift of two
functions.

[0066] Itisunderstood that various other modifications will
be apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as set
forth herein, but rather that the claims be construed as encom-
passing all the features of patentable novelty that reside in the
present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains.

What is claimed is:

1. A high-intensity focused ultrasound thermal ablation
apparatus having integrated temperature estimation and elas-
tography for thermal lesion determination, comprising:

a high intensity focused ultrasound transducer;

a power amplifier;

a signal generator;

an ultrasound image transducer;

an ultrasound image system; and
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a computer, wherein the high intensity focused ultrasound
transducer connecting to the power amplifier and the
signal generator to form a heating system, the ultrasound
image transducer connecting to the ultrasound image
system and the computer to form a measurement system,
the measurement system and the heating system being
connecting each other, the high intensity focused ultra-
sound transducer and the ultrasound image transducer
being put in a water tank for use.

2. The apparatus according to claim 1, wherein the com-
puter comprises a Matlab computer program software to con-
trol the signal generator.

3. The apparatus according to claim 1, wherein the connec-
tion device comprises a general purpose interface bus (GPIB)
transmit device.

4. The apparatus according to claim 1, wherein the water
tank comprises a degassed water.

5. The apparatus according to claim 4, wherein the water
temperature of the degassed water is about 30° C.

6. A method ofa high-intensity focused ultrasound thermal
ablation apparatus having integrated temperature estimation
and elastography for thermal lesion determination, compris-
ing:

using a computer to control a signal generator to produce a
cluster wave;

using a power amplifier to amplifier the cluster wave and
transporting to the high intensity focused ultrasound
transducer;

using the high intensity focused ultrasound transducer to
focus on heating an object-to-be-measured,

compressing a ultrasound image transducer to obtain an
image signal,

transporting the image signal to an ultrasound image sys-
tem; and

transporting the image signal back to the computer for
image processing.

7. The method according to claim 6, wherein the computer
comprises a Matlab computer program software control the
signal generator.

8. The method according to claim 6, wherein the compres-
sion time of the ultrasound image transducer comprises about
5 seconds.

9. A method for data accessing by the intermittent heating
of a high-intensity focused ultrasound thermal ablation appa-
ratus having integrated temperature estimation and elastog-
raphy for thermal lesion determination, comprising:

carrying out a heating process for about 1.8 seconds;
carrying out a first data access and stopping the heating
process, a first time for the first data access being about
1.2 seconds;
carrying out the heating process to reach a heating time;
carrying out a second data access, the second data access
time being about 3 seconds;
carrying out the cooling process to reach a cooling time;
carrying out a compression process to access an image
datum;
carrying out a system stop step in order to complete the
method for data access by the intermittent heating.
10. The method according to claim 9, wherein the com-
pression time for accessing image data comprises about 5
seconds.
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11. A method for a high-intensity focused ultrasound ther-
mal ablation apparatus having integrated temperature estima-
tion and elastography for thermal lesion determination; com-
prising:

reconstructing an ultrasound data into a raw data, wherein

the ultrasound data including a stress source;

dicing the raw data into a plurality of fragments and using

an echo time shift to calculate the shift of every fragment
to obtain the stress source;

using a relevant analysis method to compare a shiftof every

fragment in order to obtain a temperature image and an
elasticity image;

using a shield of the temperature image to isolate anoise in

the elasticity image and subtracting echo time shifts ofa
front fragment and a rear fragment to produce a tempera-
ture-change image and an elasticity-change image in
order to form a method of high-intensity focused ultra-
sound thermal apparatus with integrated ultrasound tem-
perature-change and elasticity-change.
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12. The method according to claim 11, wherein the stress
source comprises a stress source caused by a temperature.

13. The method according to claim 11, wherein the stress
source comprises a stress source caused by a pressure.

14. The method according to claim 11, wherein the raw
data comprises 128 signals.

15. The method according to claim 11, wherein the tem-
perature image comprises a time shift caused by a heating in
a region.

16. The method according to claim 11, wherein the elas-
ticity image comprises a displacement caused by a compres-
sion in a region.

17. The method according to claim 11, wherein the tem-
perature-change image comprises a temperature rising effect.

18. The method according to claim 11, wherein the elas-
ticity-change image comprises a displacement caused by a
stress.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

BEG®)

REAXNTFT -HERERBEFAEREKE , HEEATRARMBE
NERBEMITNRERERELT Z , £ABARNREEFRESRR
BRNTENR  RRERZEENERENEIEX DT EMGER

=38

patsnap
BEERATARTBENEREEGMITNEERGHNERERERFRERMEERESE

US20110306881A1 NI (»&E)B 2011-12-15

US12/926326 RiEH 2010-11-10

KERKZE

KERKZ

KRR

LIU HAO LI
LIN MING SHI

LIU, HAO-LI
LIN, MING-SHI

AG61N7/00 A61B8/00

A61B8/485 A61B8/5223 A61B8/54 A61N7/02 A61B2017/00084 A61B2019/5276 A61B8/587 A61B2090
/378 G16H50/30

099118654 2010-06-09 TW

US9643030

Espacenet USPTO

adewy

—
=
<

—
=)
=

Jaonpsuern) /

Heating  [*~........ Ot;g];egt 105
transducer || measured /—
T Ultrasound
image
\ system
101
102 ™~
Power
amplifier . /‘ 106
Computer

103—\

Function
generator



https://share-analytics.zhihuiya.com/view/1c943a41-9612-4a1b-8b6c-eb4e981389cd
https://worldwide.espacenet.com/patent/search/family/045096782/publication/US2011306881A1?q=US2011306881A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110306881%22.PGNR.&OS=DN/20110306881&RS=DN/20110306881

