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[57) ABSTRACT

A shock wave treatment apparatus has a shock wave
applicator including a shock wave transducer for form-
ing a focusing region of a shock wave for destroying an
object to be destroyed in an object to be examined, and
an ultrasonic transducer for transmitting/receiving an
ultrasonic wave and acquiring ultrasonic tomographic
image information. The shock wave applicator is
aligned with the object to be destroyed, such that an
overlap degree between a focusing region of the shock
wave and the object to be destroyed is discriminated by
an overlap degree discrimination circuit. When the
calculation result of the overlap is smaller than a prede-
termined value, control is performed not to generate a
shock wave. On the other hand, the shock wave appli-
cation 1s mechanically aligned with the object, such that
a support device supporting the applicator is operated
so that a focal point position of the shock wave in the
object to be examined can be moved to coincide with
the object to be destroyed.

8 Claims, 6 Drawing Sheets
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FIX APPLICATOR AT ANGLE AT WHICH
STONE CAN BE MOST CLEARLY
DISPLAYED ON FIRST SECTION

S4

SWING APPLICATOR THROUGH
SECOND ANGLE AND TEMPORARILY
F X APPLICATOR AT ANGLE AT WHICH

STONE IS LOCATED AT CENTER OF
FIRST SECTION

S5

ROTATE ONLY ULTRASONIC TRANSDUCER
THROUGH 90° TO OBTAIN SECOND
SECTIONAL IMAGE PERPENDICULAR

TO FIRST SECTION
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1
SHOCK WAVE TREATMENT APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This application is a continuation of application Ser. No.
07/821,744 filed Jan. 13, 1992, now abandoned.

This is an application for reissue of U.S. Pat. No.
4,962,754, issued Oct. 16, 1990 entitled “SHOCK WAVE
TREATMENT APPARATUS”.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an improvement of a
shock wave treatment apparatus for destroying an ob-
ject, e.g., cancer cells, stone, in a subject to be examined
by a focused energy of a shock wave, or to perform a
treatment.

2. Description of the Related Art

A conventional shock wave treatment apparatus
comprises a shock wave transducer for forming a shock
wave focusing region (to be referred to as a focusing
region hereinafter) for destroying an object in a subject
to be examined, and an ultrasonic transducer for acquir-
ing tomographic image information of the subject to be
examined, although not particularly shown.

A tomographic 1image display unit displays a sound
field region image in a so-called B mode based on the
image information acquired by the ultrasonic trans-
ducer.

In the shock wave treatment apparatus with the
above arrangement, an object to be destroyed, such as a
stone, is set to fall within the focusing region. A shock
wave is generated by the shock wave transducer, so that
the shock wave of a high sound pressure is focused in
the focusing region. Reflection of the shock wave oc-
curs at a boundary between the object to be destroyed
and living tissues due to a difference in acoustic im-
pedanc between the object to be destroyed and the
living tissues, thus causing an internal stress in the ob-
ject to be destroyed. The internal stress destroys the
object to be destroyed.

As described above, the object to be destroyed must
fall within the focusing region. The object to be de-
stroyed may be set to correctly fall within the focusing
region at a given moment. However, when a shock
wave 1s to be applied in practice, the object to be de-
stroyed may be moved due to motion or breathing of
the subject to be examined, and may fall outside the
focusing region.

In this case, if a shock wave is generated, the object to
be destroyed as a target cannot be destroyed. Normal
living tissues do not cause large reflection of a shock
wave, and hence, do not cause a permanent side effect.
Nevertheless, a reflection-induced permanent side ef-
fect of a shock wave should be avoided. In practice,
bleeding due to damaged capillaries frequently occurs
upon a shock wave treatment. If the focusing region
includes a portion having a large acoustic impedance,
e.g., a bone, such a portion may be damaged.

In the conventional shock wave treatment apparatus,
in order to avoid idle radiation of a shock wave accom-
panying such a danger, a variation in position of an
object to be destroyed, e.g., a stone is estimated in syn-
chronism with cardiac beats or breathing as described in
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an article “Japanese Patent Disclosure No. 58-130034,
CB. Forsmann, Aug. 3, 1983)”, and a shock wave is
radiated.

In order to confirm that the object to be destroyed
falls within the focusing region, a focal point marker
indicating a vertex position of the focusing region is
displayed on a sound field region image.

However, the prior art is based on merely estimation,
and 1s not a reliable method for avoiding idle radiation
of a shock wave.

That 1s, an object to be examined may sometimes
undergo unexpected motion.

It 1s difficult for an operator to judge an overlap
degree between the focusing region and the object to be
destroyed within a short period of time by only display
of the focal point marker. The above-mentioned prior
art documents disclose no arrangement nor idea of con-
trolling a shock wave applicator in consideration of a
moving direction in an alignment operation for causing
a focal point position of a shock wave to coincide with
a stone or the like.

In addition, there are no known prior art documents
which disclose a mechanical technique in which the
moving direction of a shock wave applicator, in particu-
lar, an ultrasonic transducer as image information ac-
quiring means is effectively regulated with respect to
the present position of a stone.

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the above situation, and has as its object to provide a
shock wave treatment apparatus which can effectively
perform alignment of an object to be destroyed in an
object to be examined, and can shorten a time required
from alignment to destruction.

In order to achieve the above object by electrical
means, a shock wave treatment apparatus of the present
invention for achieving the above object by electrical
means, COmprises:

shock wave generating means for forming a focusing
region of a shock wave for destroying an object in a
subject to be examined; .

image information acquiring means, arranged within
a shock wave transmission region of the shock wave
generating means, for acquiring tomographic image
information of the object to be examined;

overlap degree discriminating means for calculating
an overlap degree between the focusing region of the
shock wave and the object to be destroyed; and

overlap degree variation information display means
for displaying a variation in overlap degree obtained,
with the passage of time, from the calculated result, and
used an information for determining whether or not to
generate shock waves.

In order to achieve the above object by mechanical
means, a shock wave treatment apparatus of the present
invention comprises:

shock wave applicator means including shock wave
generating means for generating a shock wave focused
in a subject to be examined so as to destroy an object in
the subject to be examined, and image information ac-
quiring means, arranged within a shock wave transmis-
sion region of the shock wave generating means, for
acquiring tomographic image information of the subject
to be examined; and

support means for supporting the shock wave appli-
cator so that a focal point position of the shock wave in
the subject to be examined is movable.
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With the above arrangement, the shock wave treat-
ment apparatus of the present invention can determine
an overlapping state between the object to be destroyed
in the subject to be examined and the shock wave focus-
ing region on a display screen, i.e., the positional rela-
tionship therebetween using the information-acquiring
means. Thus, a time required for alignment and a time
required for destruction can be shortened, and as a
result, idle radiation of a shock wave can be avoided.
Thus, a reliable and safe treatment can be achieved, and
hence, a treatment time can be shortened. The shock
wave treatment apparatus of the present invention can
effectively perform alignment of the focal point position
of the shock wave with respect to the object to be de-
stroyed in the subject to be examined using the mechan-
ical means, and hence, a destruction time can be short-

ened.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an arrangement of
a shock wave treatment apparatus according to the
present invention;

FIG. 2 is an explanatory view showing a section of an
ultrasonic applicator as an embodiment of the shock
wave treatment apparatus of the present invention, and
a state in use of the applicator; |

FIG. 3 is a view for explaining an overlap degree of
a focusing region marker overlapping a B-mode image
of an object to be destroyed i1n the embodiment of the
present invention;

FIGS. 4A to 4C are timing charts showing modes of
a variation in overlap degree and corresponding genera-
tion timings of a shock wave;

FIG. 5 is a view showing a state wherein the shock
wave applicator is movably supported on a support
device;

FIG. 6 is a top view of the shock wave applicator for
explaining a pivotal state of the support device shown in
FIG. §;

FIG. 7 1s a view for explaining an operation for caus-
ing the shock wave applicator to perform a first swing
so as to align the focal point of a shock wave;

FIG. 8 is 2 view for explaining an operation for caus-
ing the shock wave applicator shown in FIG. 7 to per-
form a second swing; and

FI1G. 9 is a flow chart of an alignment operation of a
focal point of a shock wave.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

An embodiment of a shock wave treatment apparatus
according to the present invention will now be de-
scribed with reference to the accompanying drawings.

The shock wave treatment apparatus according to
the present invention shown in FIG. 1 comprises shock
wave applicator 17 including shock wave transducer 15
- for forming a focusing region of a destruction shock
wave of an object to be destroyed in [an] a subject to
be examined, and ultrasonic transducer 16 for transmit-
ting/receiving ultrasonic waves and acquiring ultra-
sonic tomographic information, pulser 18 for supplying
a pulse signal to shock wave transducer 15, transmit-
ter/receiver 19 for supplying a pulse signal to ultrasonic
transducer 16, exciting ultrasonic transducer 16 to per-
form, e.g., a 4-stage focused sector scan of the well-
known type shown, for example, in FIG. 2 of U.S. Pat.
No. 4,305,296, and receiving an echo signal from ultra-
sonic transducer 16 upon each scan under the control of
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controller 23, signal processor 20 for receiving an out-
put signal from transmitter/receiver 19, amplitude-
detecting the input signal, and supplying the detected
signal as a digital video signal to signal conversion sys-
tem 21, central processing unit (CPU) 22 for performing,
control of the respective units of the apparatus, control-
ler 23 for controlling transmission/reception timings,
amphitude, frequency, and the like of the pulse signal in
transmitter/receiver 19, signal processor 20, and pulser
18 under the control of CPU 22, signal conversion sys-
tem 21, including a frame memory and line memory
(not shown), performing signal conversion processing
of an output signal of signal processor 20 under the
control of CPU 22, TV monitor 27 for displaying focus-
ing region marker 26a indicating a focusing region of a
destruction shock wave sent from shock wave trans-
ducer 15 together with sector-shaped sound field region
image 25a by ultrasonic transducer 16, kidney stone
image 3%a, based on the output signal from signal con-
version system 21, image memory 28, pulse generation
switch 29, connected to CPU 22 s0 as to set a generation
timing of a pulse signal supplied from pulser 18 to the
shock wave transducer 15, for indicating start of trans-
mission of the pulse signal, position controlier 30 for
adjusting a positional relationship of ultrasonic trans-
ducer 16 relative to shock wave transducer 15, object to
be destroyed extraction circuit 31, overlap degree dis-
crimination circuit 33. Image memory 28 comprises
B-mode image memory 28a, focusing region marker
memory 28b, object to be destroyed region marker
memory 28c, overlap degree variation memory 28d.

CPU 22 includes focusing region marker generator
22a comprising a predetermined program for displaying
focusing region marker 262 at a position corresponding
to a focusing region on a sound field region image,
pulser control circuit 22b, comprising a predetermined
program for comparing an overlap degree supplied
from overlap degree discrimination circuit 33 and a
preset value, for controlling the operation of shock
wave pulser 18, and overlap degree varnation graph
generator 22c¢ including a predetermined program for
displaying an overlap degree variation graph.

In this embodiment, object to be destroyed extraction
circuit 31 and overlap degree discrimination circuit 33
constitute overlap degree discrimination means, and
pulser control circuit 22b corresponds to shock wave
generation control means.

Shock wave applicator 17 in the shock wave treat-
ment apparatus of the present invention will be de-
scribed below with reference to FIG. 2.

In FIG. 2, shock wave applicator 17 has shock wave
transducer 15 for forming focusing region 26 of a de-
struction shock wave (e.g., an ultrasonic wave pulse of
a strong energy) for destroying an object to be de-
stroyed, e.g., kidney stone 39 in the subject to be exam-
ined (or patient) 32, water bath 43 arranged on the side
of ultrasonic wave transmission surface 15a of shock
wave transducer 15, and ultrasonic transducer 16, ar-
ranged in shock wave transmission region 41 extending
from shock wave transmission surface 15a of shock
wave transducer 13 to focusing region 26, and forming
sound field region 25 including focusing region 26 in a
state wherein ultrasonic wave transmission/reception
surface 16a i1s brought into contact with surface 32S of
the patient, thereby acquiring tomographic image infor-
mation of patient 32.

Shock wave transducer 15 comprises a concave vi-
brator having a predetermined curvature, and a backing
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member uniformly attached to the back surface of the
vibrator (neither are shown). Ultrasonic transducer 16 i1s
attached to the center of shock wave transducer 13 to
be movable in directions of double-headed arrow B
through transducer support/drive unit 36.

Transducer support/drive unit 36 comprises a mecha-
nism capable of arbitrarily moving or stopping trans-
ducer 16 based on a control signal from position con-
troller 30, a drive source therefor, and a position sensor
for detecting the position of ultrasonic transducer 16 in
the directions of arrow B.

Water bath 43 filled with water as a shock wave
transmission liquid is arranged on the side of ultrasonic
wave transmission surface 15a of shock wave trans-
ducer 15, as described above.

Water bath 43 shown in FIG. 2 has a cyhindncal
shape or frustum shape with a bottom having substan-
tially the same outer dimensions as those of shock wave
transducer 15. Bellows 43a which can be expanded/-
contracted in the directions of arrow B or within a
predetermined angle from the direction is formed on the
side surface of water bath 43. Bottom portion [47] 44
is formed of a thin film having an acoustic impedance
substantially equal to that of water.

The function and effect of the shock wave treatment
apparatus with the above arrangement will be explained
while assuming a case wherein kidney stone 39 in kid-
ney 38 shown in FIG. 2 is destroyed to perform a treat-
ment.

Water bath 43 provided to shock wave apphcator 17
is placed on surface 32S of patient 32. In this state,
transmitter/recetver 19, signal processor 20, and signal
conversion system 21 are controlled to drive ultrasonic
transducer 16, so that a tomographic image from the
patient is displayed on the screen of monitor 27.

In this case, focusing region marker generator 22a
calculates, in real time, the present position of focusing
region marker 26a on the screen based on B-direction
deviation information of ultrasonic transducer 16 from
transducer support/drive unit 36, and sequentially up-
dates data in focusing region marker memory 28b for
displaying the focusing region marker based on the
calculation result, so that the present position i1s caused
to correspond to memory data corresponding to the
position, and focusing region marker 26a 1s displayed on
monitor 27.

Sound field region image (B-mode image) 25a ob-
tained by signal conversion system 21 is displayed to
display an image of the object to be destroyed thereon.
Since the object to be destroyed has a high acoustic
impedance, it strongly reflects the ultrasonic wave, and
is displayed in white relative to the surrounding living
tissues on sound field region image 25a even without
going through object to be destroyed extraction circuit
31.

In this embodiment, the sound field region image
information is input to object to be destroyed extraction
circuit 31 to extract and clarify the region of the object
to be destroyed, and the extraction result i1s used in
overlap degree discrimination later.

More specifically, this object to be destroyed extrac-
tion circuit 31 extracts pixels having brightness informa-
tion exceeding a given value, and updates data 1n object
to be destroyed region marker memory 28c through
CPU 22 so that the extracted pixels are displayed in
clear white.

Circuit 31 has a digital comparator, and performs the
pixel extraction using the digital comparator.

10

15
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Overlap degree discrimination circuit 33 receives
information from CPU 22, and counts the number of
extracted pixels included in focusing region marker 26a,
and divides the count value with the total number of
extracted pixels of the object to be destroyed, which are
extracted by circuit 31, thus calculating an overlap
degree.

An image is displayed on monitor 27 based on image
information in the image memory generated as de-
scribed above.

A displayed portion of a tomographic image of pa-
tient 32, which is displayed in real time, is changed upon
movement of shock wave applicator 17.

When kidney stone image 39a is displayed in the
tomographic image, shock wave applicator 17 is further
finely adjusted, so that focusing region marker 26a coin-
cides with kidney stone image 39a. In this state, shock

- wave applicator 17 1s fixed.
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As shown in FIG. 3, an operator observes an image
displayed on monitor 27. When he or she determines
that focusing region marker 26a coincides with kidney
stone image 39a and hence, kidney stone 39 falls in
focusing region 26, he or she depresses pulse generation
switch 29 to request generation of pulses.

However, in this case, an operation of pulse genera-
tion switch 29 may be delayed from perceptual determi-
nation of coincidence by the operator, and during this
interval, the patient may move, or the operator may
make an erroneous determination such that kidney
stone 39 1s not present 1n focusing region 26 or their
images do not sufficiently overlap each other.

In this case, the following countermeasure is taken,
and idle radiation of a shock wave can be avoided.

More specifically, the overlap degree when the pulse
generation request 1s generated i1s compared with a
predetermined reference value (10% in this embodi-
ment) by pulser control circuit 22b in CPU 22. If it is
determined that the calculated overlap degree is smaller
than the reference value, pulser control circuit 22b
controls not to generate the pulses at pulser 18. In this
embodiment, the predetermined reference value is set to
be 10%. However, the present invention is not limited
to this.

If pulser control circuit 22b determines that the over-
lap degree 1s equal to or larger than the reference value,
a pulse generation enable state is determined, and the
pulse generation request is executed. A pulse signal is
supplied from pulser 18 to shock wave transducer 15,
and object to be destroyed 39 present in focusing region
26 1n practice is destroyed by the strong shock wave.

In this embodiment, it can be determined in real time
that an object to be destroyed is effectively included in
the focusing region, and control for a pulse generation
request is performed based on the determination result.
Therefore, radiation of a shock wave can be reliably
performed, and idle, dangerous radiation of a shock
wave can be avoided.

A shock wave treatment apparatus according to an-
other embodiment of the present invention will now be
described.

FI1G. 3 shows a display mode performed on a display
unit in the shock wave treatment apparatus according to
this embodiment. The shock wave treatment apparatus
of this embodiment has substantially the same basic
arrangement as that of the shock wave treatment appa-
ratus of the above embodiment, except that CPU 22
further includes overlap degree variation graph genera-
tor 22¢ comprising a predetermined program for dis-
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playing an overlap degree variation graph, and image
memory 28 includes overlap degree variation memory
28d. Controller 23 includes trigger pulse generating
means (although not shown). The same reference nu-
merals 1n this embodiment denote the same parts as in
the above embodiment.

Overlap degree vanation graph generator 22c, over-
lap degree variation memory 28d, and the like corre-
spond to overlap degree variation information display
means.

In the shock wave treatment apparatus of this em-
bodiment, overlap degree discrimination circuit 33 cal-
culates an overlap degree as an integral value of bright-
ness of a B-mode 1mage included in focusing region
marker 26a.

More specifically, the position of focusing region
marker 26a on the B-mode image 25a 1s calculated from
the information from position control 30. The bright-
nesses of pixels of the B-mode image of focusing region
marker 26a are read out from B-mode image memory
28a based on the position of focusing region marker 26a,
and a sum of them is calculated. The sum serves as the
overlap degree.

In this embodiment, the overlap degree is obtained by
a simple arrangement, and high-speed signal processing

is allowed.
Overlap degree varnation graph generator 22c plots

the overlap degrees from the present value to, typically,
a value 5 seconds before the present time, which are
successively supplied from overlap degree discrimina-
tion circuit 33 to CPU 22 on monitor 27 as overlap
degree variation graph 3. This display can be achieved
by updating data in overlap degree variation memory
28d by overlap degree vanation graph generator 22c.

FIG. 4A illustrates a case wherein the overlap degree
almost periodically changes about reference value a by
mainly breathing of a patient. In this embodiment, the
reference value of the overlap degree 1s set to be 10%.

Since a vanation in overlap degree over time can be
displayed on the screen, an operator can properly deter-
mine the overlapping state between the kidney stone
and the focusing region, and can predict a change in
overlap degree after the present time. These are very
difficult to achieve when only a focal point marker is
displayed on a2 B-mode image, and can be easily
achieved only by displaying the overlap degree varia-
tion graph as in this embodiment.

When the operator turns on pulse generation sw1tch
29, pulser control circuit 22b in CPU 22 discriminates if >
the overlap degree at that time exceeds reference value
a. Only when pulser control circuit 22b determines that
the overlap degree exceeds reference value a, 1t con-
trols pulser 18 through controller 23 so that pulse radia-
tion is performed when trigger pulses are mput from
controller 23 to pulser 18.

FIG. 4B shows a case wherein five trigger pulses per
second are generated by the trigger pulse generating

means. This frequency can be varied within the range of ¢,

2 to 10 pulses per second.

When the overlap degree is vaned as shown in FIG.
4A, a shock wave 1s generated in response to the trigger
pulses shown m FIG. 4C.

The operator confirms that the stone is destroyed by
a series of radiation of pulses while observing the green,
and can turn off pulse generation switch 29, so that
pulse radiation can be immediately stopped.
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As can be seen from the above embodiment, the
shock wave treatment apparatus of the present inven-
tion can provide the following effects.

More specifically, since a mode of a variation in over-
lap degree can be displayed, the overlapping state be-
tween the object to be destroyed and the focusing re-
gion or the positional relationship therebetween can be
easily determined, idle radiation of a shock wave can be
avoided, and a reliable and safe treatment can be per-
formed.

Whether or not the object to be destroyed is effec-
tively included in the focusing region of the shock wave
1s discriminated, and execution of the pulse generation
request 1s controlled based on the discrimination result.
If 1t 1s determined that the object to be destroyed is not
effectively included in the focusing region, the radiation
of the shock wave is stopped. Therefore, idle radiation
of the shock wave can be avoided, a reliable and safe
treatment can be performed; and as a result, a treatment
time can be shortened.

Another embodiment will be described below. In this
embodiment, the shock wave applicator in the shock
wave treatment apparatus of the present invention is
provided with a support device, and is movably sup-
ported by the support device, so that a focal point of a
shock wave in a patient can be easily and quickly
aligned with an object to be destroyed by mechanical
means, resulting in a decrease in a destruction time.

Destruction shock wave applicator 17 shown in FIG.
2 1s supported by applicator support device 47, as
shown in FIG. 5. Applicator support device 47 supports
the applicator so that applicator 17 is pivotal about the
distal end portion (in this case, a wave transmission/-
reception surface of an ultrasonic probe) of ultrasonic
transducer 16, and a distance between shock wave
transducer 15 and an object to be destroyed (in this case,
a kidney stone 39 present in kidney 38 of patient P) can
be adjusted by motions yielding appropriate degrees of
freedom, e.g., motion A and/or either B of two such
orthogonal motions in FIG. 5. FIG. 6 is a top view of
shock wave applicator 17 and applicator support device
47. First arm §1 1s mounted on column 49 shown in
FIG. §, and one end of second arm 52 is pivotally sup-
ported on the other end of first arm 51. The central
portion of arcuated third arm 53 is pivotally supported
on the other end of second arm 52 for pivotal motion
54" about arm 52; and applicator 17 is supported at two
end portions of third arm 53 to be pivotal in a direction
indicated by arrow 55.

The operation of the apparatus of this embodiment
with the above arrangement will be described while
assuming a case wherein kidney stone 39 in kidney 38
shown in FIG. 2 is destroyed.

The procedure of focal point alignment of a shock
wave will be described below with reference to FIGS.
Tto9.

When shock wave applicator 17 is directed to patient
P, the approach direction of applicator 17 is determined
(S1), as shown in step S1 in the flow chart of FIG. 9,
and the scan direction of ultrasonic transducer 16 is
determined (S2). See also FIGS. 5, 7 and 8. In this case,
the scan direction is determined so as to determine
whether a longitudinal section of patient P parallel to
the body axis of patient P is to be scanned or his or her
cross-section 18 to be scanned, and can be arbitrarily
determined by the operator. A section specified by
determination of the scan direction is given by a first
section. For the purpose of descriptive simplicity of the
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embodiment shown in FIG. 7, the first section is as-
sumed to be a cross-section.

Shock wave applicator 17 is brought into tight
contact with the body surface of patient P (S3). Image
information of patient P is acquired by ultrasonic trans-
ducer 16 under the control of controller 23. The ac-
quired image information is visualized by TV monitor
27. The operator swings shock wave applicator 17
through a first angle while observing the display image,
and temporarily fixes applicator 17, for example, by a
well-known electromagnetic brake, at an angle at which
kidney stone 39 can be most clearly displayed in this
cross-section (54). The swing movement of applicator
17 through the first angle is achieved by pivoting appli-
cator 17 in a direction of arrow 54 in FIG. 7 about the
distal end portion (ultrasonic wave transmission/recep-
tion surface 16a) of ultrasonic transducer 16. The move-
ment in this case is performed by pushing or pulling
second arm 52. With this pivotal movement, a plurality
of different B-mode images (tomographic images) 57 in
the first section of patient P are sequentially displayed
on TV monitor 27 shown in FIG. 1, as shown in FIG.
7. Theretore, shock wave applicator 17 can be easily
temporarily fixed at an angle at which kidney stone 39
1s most clearly displayed.

In this state, shock wave applicator 17 is swung
through a second angle, and is temporarily fixed at the
angle a which the image of kidney stone 39 is located at
the center of the first section (S5). The swing movement
of shock wave applicator 17 through the second angle is

performed by pivoting applicator 17 in a direction of

arrow 33 1n FIG. 6 about the distal end portion of ultra-
sonic transducer 16. In this case, this operation can be
performed by pushing or pulling first arm 51.

As shown in FIG. 2, only ultrasonic transducer 16 is
rotated through 90° about its axis, and a plurality of
second sectional images 58, 1.e., longitudinal sectional
images perpendicular to the first section, e.g., the cross-
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section are obtained, as shown in FIG. 8 by rotation of 4,

transducer 16 and arm 33 through an arc 54’ orthogonal
to arc 54 of FIG. 7. Note that since patient P moves,
steps 82, 83, and S4 are repeated to perform fine adjust-
ment (S7). If temporarily fixing in step S5 is appropri-
ately performed, the image of the kidney stone should
be displayed at the center of the display screen in both
the first and second sections. In this manner, kidney
stone 39 can be three-dimensionally displayed by the
respective displays of the perpendicular sections dis-
cussed above with respect to FIGS. 7 and 8.

Focusing region marker 26 indicating a geometrical
focusing region of a shock wave transmitted from shock
wave transducer 15 1s displayed on monitor 27, and the
operator moves shock wave [applicator 17] transducer
15 1n the direction of arrow B while observing the
image displayed on monitor 27, thereby adjusting the
distance between shock wave transducer 15 and kidney
stone 39 and causing focusing region marker 26 to coin-
cide with kidney stone 39. In this case, ultrasonic trans-
“ducer 16 is not moved but is fixed in position.

In this manner, the focal point alignment of the shock
wave can be completed.

The operator then operates a first switch of pulse
generation switch 29, and supplies a control signal to
pulser 18 through CPU 22 and controller 23. A shock
wave signal is transmitted from pulser 18 to shock wave
transducer 15. Shock wave transducer 15 transmits a
shock wave of strong energy to kidney stone 39 present
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at a posttion corresponding to focusing region marker
26.

The shock wave is repetitively transmitted as needed,
thereby destroying entire kidney stone 39.

Shock wave transducer 15 of this embodiment is
formed into a spherical shape to have a predetermined
curvature, and has a coil which is helically wound
about the axis of ultrasonic transducer 16, and a metal
film which is laminated on the coil through an insulat-
ing member, thus constituting a single electromagnetic
induction type sound source. A plurality of electromag-
netic induction type sound sources may be juxtaposed,
Or a concave ultrasonic vibrator may be used.

Note that since a patient slightly moves due to car-
diac beats and breathing, living body signal detector 40
may be brought into contact with the hand, leg, chest,
nose, or the like of the patient in advance. The living
body signal obtained by living body signal detector 40 is
synchromized with a signal from pulse generation
switch 29 by CPU 22, thereby controlling a transmis-
sion timing of the pulse signal from pulser 18.

In the apparatus of this embodiment, since the posi-
tion of shock wave applicator 17 is determined based on
image information of orthogonal sections (first and
second sections) in a patient, appropriate focal point
alignment can be achieved. Therefore, a kidney stone as
an object to be destroyed can be effectively destroyed,
and a destruction time can be shortened.

The present invention is not limited to the above
embodiment, and various other changes and modifica-
tions may be made within the spirit and scope of the
invention.

According to the embodiment described above, since
appropriate focal point alignment can be achieved by
the mechanical means, a time required for destroying an
object to be destroyed present in a patient can be short-
ened.

What is claimed is:

1. A shock wave treatment apparatus comprising:

shock wave generating means for forming a focusing

region of a destruction shock wave for destroying
an object in a subject to be examined:
image information acquiring means, arranged in a
shock wave transmission region of said shock wave
generating means, for acquiring tomographic
image information of the subject to be examined
and the object to be destroyed;
overlap degree discriminating means for calculating
an overlap degree between said focusing region of
the shock wave and the object to be destroyed: and

overlap degree variation information display means
for displaying a variation in overlap degree ob-
tained, with the passage of time, from the calcu-
lated result, and used as information for determin-
ing whether or not to generate shock waves by said
shock wave generating means.

2. An apparatus according to claim 1, wherein said
overlap degree discriminating means comprises means
for extracting object information and means for deter-
mining the overlap degree.

3. An apparatus according to claim 1, wherein said
overlap degree variation information display means
comprises an overlap degree variation graph generator
and an overlap degree variation memory.

4. A shock wave treatment apparatus comprising:

shock wave generating means for forming a focusing

region of a destruction shock wave for destroying
an object in a subject to be examined;
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image information acquiring means, arranged in a
shock wave transmission region of said shock wave
generating means for acquiring tomographic 1mage
information of the object to be destroyed,

overlap degree discrimination means for calculating 3
an overlap degree between the focusing region of
the destruction shock wave and the object to be
destroyed;

shock wave generation control means for inhibiting
generation of the shock wave when the calculation
result of the overlap degree obtained by said over-
lap degree discrimination means is smaller than a
predetermined value; and

‘display means for displaying a tomographic image of

the object to be examined and destroyed, said 135
tomographic image being derived from said tomo-
graphic image information.

5. An apparatus according to claim 4, wherein said
overlap degree discrimination means comprises means
for extracting object information and means for discrim-
inating overlap degree.

6. A shock wave treatment apparatus comprising:

shock wave applicator means including shock wave
generating means for generating a shock wave
focused in an object to be destroyed in a subject to
be examined, and image information acquiring
means, arranged within a shock wave transmission
region of said shock wave generating means, for
acquiring tomographic image information of the
object to be destroyed,;

support means for supporting said shock wave appli-
cator means so that a focal point position of the
shock wave in the subject to be examined 1s mov-
able;

overlap degree discrimination means for calculating 33
an overlap degree between the focusing region of
the destruction shock wave and the object to be
destroyed;

shock wave generation control means for controlling
the generation of the shock wave, to inhibit said 40
generation when the overlap degree obtained by
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said overlap degree discrimination means 1s smaller
than a predetermined value;

wherein saild shock wave applicator support means

supports said shock wave applicator means so that
said shock wave applicator means is pivotal about a
distal end portion of said image information acquir-
ing means and a distance between said shock wave
generating means and the object to be destroyed
can be adjusted.

7. An apparatus according to claim 6, wherein said
image information acquiring means can acquire a plural-
ity of pieces of image information in orthogonal sections
of the subject to be examined.

8. A shock wave treatment apparatus comprising:

shock wave applicator means including: (i) shock wave

generating means for generating a shock wave focused
in an object to be destroyed in a subject to be exam-
ined, and (ii) image information acquiring means
arranged within a shock wave transmission region of
said shock wave generating means to acquire tomo-
graphic image information on the object to be de-
stroyed and designed to acquire two tomographic im-
ages from respective planes of the object that are per-
pendicular to each other;

and support means for supporting said shock wave appli-

cator means,

said support means rendering said shock wave applicator

means pivotable about a distal end portion of the
image information acquiring means, rotatable about
two mutually perpendicular axes, and movable in
three mutually perpendicular directions, whereby the
spacing between the shock wave generating means and
the object is adjustable, and

the shock wave generating means being movable forward

and backward longitudinally along the image infor-
mation acquiring means to further adjust the spacing
between the shock wave generating means and the
object,

the two tomographic images corresponding to two of the

three mutually perpendicular directions.
* * %* % *
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