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USE OF A-MODE ECHOGRAPHY FOR 
MONITORING THE POSITION OF A 

PATIENT DURING ULTRASOUND THERAPY 

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

BACKGROUND OF THE INVENTION 

This invention essentially relates to the use of an ultra 
sound echography device operating in A-mode for monitor 
ing the position of a patient during a therapy session, and to 
a method and apparatus applying it. 

It is knoWn that focused ultrasound can be used for 
treating tumors. Generally, this is done in several stages, and 
more speci?cally consists in ?rst locating the volume to be 
treated, then calculating the ?ring positions and after this 
directing successive shots to the calculated positions. 

In accordance With knoWn methods, the shot is either 
done “blind” or sometimes advantage is taken of the vacant 
period betWeen shots for providing an ultrasound image for 
monitoring purposes. 

Treatment that is done “blind” can be dangerous as the 
sessions are frequently long and the patient—even if 
anesthetiZed—may Well move. In this case, there is a danger 
of damaging healthy or even vital parts. 

Thus, by providing an image, the actual position of the 
therapeutic transducer With respect to organs close to the 
target can be monitored. HoWever, this method does not 
offer absolute safety as one cannot be sure that the medical 
personnel Will pay sustained attention to the screen display 
ing the ultrasound image throughout the Whole duration of 
the treatment. Image analysis techniques have been pro 
posed in order to overcome this disadvantage but these 
require speci?c and highly complex electronic systems and 
softWare Which increases the cost of equipment and can be 
the source of additional problems. 

Another disadvantage of this solution resides in the actual 
ultrasound scan itself. The system used may be conventional 
in the sense that it includes an ultrasound scanning head as 
described in International application WO 92/15253. This 
document discloses the incorporation of an ultrasound scan 
ning head into a therapy transducer, but this means that the 
head masks a portion of the therapy transducer thus reducing 
the effectiveness of the apparatus, as is pointed out in said 
application Where it is indicated that one alWays attempts to 
maximize the transmission surface area of the therapy 
transducer. 

It is also possible to obtain an ultrasound image of the 
target and the area surrounding it Without reducing the 
transmission surface area of the therapy transducer. This is 
achieved by using a transducer element connected to B-type 
scan apparatus as described in IEEE 1992 Ultrasonics Sym 
posium Proceedings, in an article by N. T. Sanghyi, R. S. 
Foster, F. J. Fry, R. Birhle, C. Hennige and L. V. Hennige 
entitled “Ultrasound intracavitary system for imaging, 
therapy and planning, and treatment of focal diseases”, 
pages 1,249 to 1,253. For each position of the therapy 
transducer head, one line of the image Will be obtained. In 
order to obtain the complete image, it is thus necessary to 
move the therapy head sequentially. This is a sloW process 
as the image rate is limited by the mechanical scanning of 
the therapy head. 

Moreover, before it Was knoWn hoW to produce an image 
With B-mode scanning equipment, A-mode echography Was 
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2 
employed either for measuring distance, for example in 
echography of the eye, or for measuring the degree of 
opening of mitral valves, or, yet again, for measuring and 
locating the mid-axis of the brain, or, still further, for bone 
positional location With a vieW to treatment as described in 
an earlier document in the name of the assignee, FR-A-2, 
660,186 equivalent to US. Pat. No. 5,235,981. 

HoWever, A-mode echography has never been employed 
at the actual time of therapy and even less for monitoring the 
position of a patient during therapy. 

Additionally, to check the position of a patient during 
therapy, the use of luminous markers has been proposed; see 
FR-A-2,663,529 in the name of the present assignee; US. 
Pat. No. 4,132,900 E. Smith); DE-A-2,361,155 (C. 
Lescrenier) and EP-A-0,260,550 (Siemens A. G.). HoWever, 
luminous markers can obviously not be employed in certain 
cases, as is for example the case in endocavital treatment. 

SUMMARY OF THE INVENTION 

The present invention thus sets out to resolve the technical 
problem of supplying a Way of reliably and accurately 
monitoring the position of a patient during therapy. It Would 
be advantageous if this solution could be particularly simple. 
A further aim of the invention is to provide a Way of 

supplying an image alloWing the position of a patient to be 
automatically monitored during therapy in a reliable, accu 
rate and particularly simple fashion. 
A further aim of the invention is to provide a Way of not 

only monitoring the position of a patient during therapy, but 
also of performing correction and closed-loop control of the 
position either of the patient or of the therapy apparatus 
during therapy, so that said therapy may be correctly per 
formed throughout the Whole duration thereof. Preferably, 
this solution should also enable real time control of a therapy 
transducer to be obtained With respect to a predetermined 
re?ecting contour this being done independently of all other 
traditional imaging systems. 

Yet a further aim of the invention is to resolve the above 
technical problems While at the same time providing a Way 
of alerting the practitioner and/or medical staff during 
therapy should the patient’s position inadvertently change. 

This invention makes it possible to simultaneously 
resolve all the technical problems stated above in a safe and 
reliable manner that can be applied on an industrial and 
medical scale. 

Thus, according to a ?rst aspect, the invention provides 
for the use of an A-mode echography device for monitoring 
the position of a patient, during a therapy session. 
When A-mode echography is used in this Way, it is 

advantageous to modify the aim of the therapy apparatus as 
a function of movements detected by the A-mode echogra 
phy device. 

It can also be arranged for the A-mode echography device 
to interrupt therapy if it is detected that movements of the 
patient are above a prede?ned limit Which may be a function 
of a safety margin. 

According to one preferred feature, the A-mode echog 
raphy device carries out real time control of the position of 
therapy apparatus comprising, for example, a therapy probe 
With respect to a predetermined re?ecting contour, prefer 
ably independently of any other conventional imaging 
system, this being particularly simple. 

For example, to take the example of treatment of the 
prostate, it is possible to control the therapy device Which for 
example includes at least one therapy transducer, using the 
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A-type echo from the rectal Wall. This is performed inde 
pendently of the imaging system. This makes it possible to 
create lesions situated at a precise distance, typically some 
3 mm, from the rectum, for correct treatment. Similarly, in 
the case of thyroid treatment, provision can also be made to 
control the therapy device in real time on the basis of the 
echo from the trachea. 

For the actual therapy, therapy apparatus using focused 
ultrasound is preferably employed. 

According to a second aspect, this invention also provides 
a method for monitoring the position of a patient, in par 
ticular the position of an organ of the patient to be treated, 
during a therapy session including: 

a) providing an ultrasound monitoring transducer operat 
ing in A-mode in acoustic contact With the patient to be 
monitored, in particular With an organ to be treated, the 
transducer being in a knoWn position, for eXample ?xed 
to a structure Which, in particular, is the supporting 
means for said patient; 

b) exiting the ultrasound monitoring transducer operating 
in A-mode With a brief signal in the form of a pulse, for 
eXample betWeen shots of an apparatus providing said 
therapy; 

c) receiving the echoes of the signal at the transducer; 
d) transforming said received echoes into an electrical 

signal; 
e) locating, in the signal corresponding to the echoes, the 

position or shape of a structure that is characteristic of 
the echo from a tissue to be monitored of the patient; 

f) comparing the position or shape of the structure char 
acteristic of the echo from a tissue to be monitored in 
the patient With the position or shape of a reference 
echo signal from tissue to be monitored of said patient; 
and 

g) When the result of the comparison indicates a change of 
the position or shape of the received echo signal With 
respect to the reference echo signal position or shape, 
transmitting this information to an appropriate control 
device. 

According to an advantageous feature, the control device 
triggers an alarm When information is transmitted thereto 
indicating a change in the position or shape of the echo 
signal received With respect to a reference echo signal, or 
even the absence of reception of said echo signal. 

Advantageously, the control device performs real time 
closed-loop control of the position of the therapy device as 
a function of the movements of the patient, in particular of 
said organ to be treated, preferably With respect to a prede 
termined re?ecting contour of said patient such, as the rectal 
Wall during prostate treatment, or the trachea during thyroid 
treatment. 

According to a further advantageous feature, the ultra 
sound monitoring transducer operating in A-mode is 
mechanical linked to the therapy device. 

The therapy device preferably includes at least one ultra 
sound therapy transducer providing therapy using focused 
ultrasound. 

The ultrasound therapy transducer is advantageously 
arranged inside balloon means ?lled With an acoustic cou 
pling ?uid. 

Preferably, the reference echo signal corresponds to the 
desired distance betWeen a highly echogenic interface, such 
as the interface in contact With the Wall of the balloon means 
and the ultrasound therapy transducer, the comparison con 
sisting of comparing the actual distance measured for the 
echo corresponding to said interface and the reference 
distance for the interface relative to said therapy transducer. 
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4 
According to a preferred feature, When the measured 

distance is smaller than the reference distance, the therapy 
transducer is controlled Whereby its distance With respect to 
the patient, in particular With respect to an organ to be 
treated increases, While if the measured distance is greater 
than said reference distance, the therapy transducer is con 
trolled Whereby its distance With respect to the patient, and 
in particular With respect to the organ to be treated, is 
decreased. 
The ultrasound therapy transducer is preferably a focused 

ultrasound therapy transducer integrated into an endocavital 
probe, preferably a rectal probe, for providing treatment of 
benign or malignant tumors, in for providing treatment of 
the prostate or the thyroid, notably cancers. 

Other advantageous embodiments Will also become evi 
dent from the detailed description provided beloW that 
relates to the therapy apparatus and from the eXamples and 
the draWings Which constitute an integral part of this dis 
closure. 

According to a third aspect, the invention provides a 
therapy apparatus including a therapy device including at 
least one ultrasound therapy transducer and at least one 
monitoring ultrasound transducer, Wherein said ultrasound 
monitoring transducer is linked to an electronic circuit for 
processing A-mode signals and constituting part of an 
A-mode echography device, the therapy apparatus further 
including means for causing the ultrasound transducer oper 
ating in A-mode to transmit a brief signal and receive the 
echo of the brief signal at the A-mode transducer, means for 
comparing the echo received With a reference echo, and 
means for transmitting the result of the comparison to a 
control device. 

According to one advantageous feature, the control device 
triggers alarm means. 
The control device advantageously performs real time 

closed-loop control of the position of the therapy transducer 
relative to the patient and in particular, relative to the organ 
to be treated. 

Advantageously, the ultrasound therapy transducer is of 
the focused type. 

According to one preferred feature, both the ultrasound 
therapy transducer and the A-mode monitoring transducer 
are integrated into an endocavital probe, in particular a rectal 
endocavital probe. 

In an advantageous embodiment, the focused-type 
therapy transducer is linked to means for supplying an 
electronic signal providing variable focusing. The control 
device preferably provides closed-loop control of the focal 
length of said therapy transducer as a function of the 
movements of the patient during the course of therapy. 
The therapy apparatus preferably includes means for 

continuously recording the echoes created by the monitoring 
transducer operating in A-mode. The A-mode electronic 
circuit may include an echography device operating in 
A-mode. 

Other advantageous embodiments Will also become evi 
dent from the description that folloWs that relates to the 
therapy apparatus and from the eXamples and draWings 
Which constitute an integral part of this disclosure. 

It Will be seen that the invention makes it possible to 
monitor the position of a patient during therapy in a simple, 
accurate and reliable fashion, thus resolving the technical 
problems discussed above, as Well as providing other tech 
nical advantages Which Will be evident to those skilled in the 
art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatical vieW of a ?rst embodiment of 
the therapy apparatus according to the invention, shoWing 
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the actual therapy device Which here takes the form of a 
rectal endocavital transducer With an A mode monitoring 
transducer, in longitudinal cross-section, together With 
essential control and detection means. 

FIG. 2 is an alternative embodiment of the device shoWn 
in FIG. 1. 

FIG. 3 shoWs the movement detection circuit in greater 
detail. 

FIG. 4 shoWs a second embodiment of a therapy apparatus 
according to this invention Which here takes the form of a 
therapy device With a rectal endocavital transducer for 
treating the prostate, in the Working position, inside a bag or 
balloon ?lled With an acoustic coupling ?uid, the surface of 
the bag or balloon being in contact With the organ to be 
treated. 

FIG. 5 shoWs the therapy device coupled to the A-mode 
ultrasound monitoring transducer of FIG. 4, on a larger 
scale, With the echo signal received by the A-mode trans 
ducer folloWing transmission of a short pulse signal making 
it possible to observe the shape and structure of the echo 
pulse corresponding to an interface being monitored, Which 
here is the rectal Wall. 

FIG. 6 shoWs a third embodiment of therapy apparatus 
according to the invention, the therapy device taking the 
form of an eXtracorporeal probe in the form of a cup-shaped 
focusing dish—here for treating the thyroid—shoWing a 
horiZontal section passing through the thyroid. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

With reference to FIGS. 1 to 4, the therapy apparatus 
according to the present is generally identi?ed by the 
reference numeral 10. The therapy apparatus includes an 
actual therapy device generally indicated by reference 
numeral 12, including a therapy transducer 14 Which here 
takes the form of a naturally focusing cup-shaped dish, 
together With at least one ultrasound monitoring transducer 
16 linked to an electronic circuit for A-mode echography. 
Those skilled in the art Will readily recogniZe that the 
transducer 16 can constitute part of an A-mode echography 
device. 

In one preferred embodiment, the active part of ultrasound 
monitoring transducer 16 is an integral part of therapy 
transducer 14 and thus does not constitute a transducer 
separate from the latter, although such an alternative 
embodiment Would also be possible. 

The monitoring element can be situated at the center of 
the transducer, on its aXis of symmetry. 

The monitoring transducer can be obtained by partitioning 
the metal ?lm deposited on the pieZo-electric material 
forming the therapy transducer and designed to stimulate it 
electrically. This method is an easy Way of obtaining tWo 
pieZo-acoustic elements able to be controlled separately. The 
partitioning of the metalliZation layer can be arranged so that 
the monitoring element has minimal surface area so that 
there is only a very slight reduction of useful surface of the 
element used for therapy. 

In an advantageous embodiment, therapy device 12 may 
take the form of an endocavital probe 18 of the type 
described in WO 92/15253 Which is incorporated herein by 
reference. 

In particular, and also in accordance With this earlier 
document, the rear part of endocavital probe 18 may include 
a motor system 20 enabling endocavital probe 18 to be 
driven in translation and/or rotation so that the endocavital 
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6 
probe can be accurately positioned facing a target T requir 
ing treatment, such as a tumor inside an organ O, for 
eXample, the prostate PR, de?ned by a surface forming an 
interface I of patient P. The same references are employing 
in the embodiments of FIGS. 4 to 6. 

The therapy apparatus also includes a control unit 22 
Which is not only responsible for controlling the motor 
means 20 providing translatory and/or rotational movement 
for endocavital probe 18, but also for controlling an elec 
tronic signal generator 24 Which in turn controls the opera 
tion of therapy transducer 14 and/or monitoring transducer 
16 via an electronic movement detector 28, the structure of 
Which is described in more detail With reference to FIG. 3. 
A sWitching circuit 26 as shoWn in FIG. 2 (in conjunction 
With electronic movement detector 28) can be provided. 
FIG. 3 shoWs the internal structure of the movement detector 
28. Monitoring transducer 16 can be linked, via a transmit/ 
receive sWitchover device 30, either to a pulse generator 
subassembly 32 or to a signal processing subassembly 
including an ampli?er 34 and a detector 36. Both subassem 
blies are synchroniZed by a synchroniZation device 38 
triggered by a signal from control unit 22. The processing 
subassembly 34, 36 analyZes the echo received by monitor 
ing transducer 16 and generates a control signal for an output 
unit 40 Which can take the form of alarm generating means 
or means for driving the translatory and/rotational displace 
ment means 20 for endocavital probe 18, optionally via 
control unit 22. 
The operation of the treatment apparatus of this invention 

Will become more clear from the tWo eXamples of treatment 
illustrated in FIGS. 4 to 6. 

Referring noW to FIGS. 4 to 6, it Will ?rst be observed that 
therapy transducer 14 is delivering a beam focused to focal 
region F Which here has been shoWn diagrammatically as 
having an approximately triangular shape Which, for good 
therapy, should be situated at or Within the target Zone to be 
treated, such as a tumor T inside an organ O Which may for 
eXample be the prostate, as Will be described With reference 
to FIG. 4, or the thyroid, as Will be described With reference 
to FIG. 6. 

In the embodiment shoWn in FIGS. 1 to 6, the monitoring 
transducer 16 operating in A-mode is integrated into therapy 
transducer 14 and, for example, occupies the central portion 
thereof as can be clearly seen in FIGS. 2 and 4 to 6. 

In an advantageous embodiment, therapy transducer 14 
integrating the monitoring transducer 16 can be manufac 
tured from a composite material as described in an earlier 
French patent application in the name of Technomed Inter 
national FR-A-2,679,125 Which is incorporated herein by 
reference. 

It is also possible as shoWn in FIG. 2, to employ the 
central element of the transducer for both monitoring and 
therapy purposes- In this case, a sWitching circuit 26 FIG. 2 
is used to successively link the central element to an 
electronic poWer signal generator 24 or to movement detec 
tor 28. 
The same central transducer can also be employed for 

tissue characteriZation purposes prior to, during and after 
treatment. In this mode, the return echoes are analyZed in 
order to determine the structure of the treated tissue or the 
effect of treatment itself. 

Monitoring transducer 16 transmits an A-mode signal the 
beam shape of Which is shoWn on each of FIGS. 1, 2, 4, 5 
and 6. In the frameWork of this invention, it is preferable for 
the beam from A-mode monitoring transducer 16 to cover 
the focal region F so that this region can also be monitored 
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during treatment. However, With respect to monitoring the 
position of the patient, in particular organ O, it is not 
absolutely essential for the beam from monitoring trans 
ducer 16 operating in A-mode to pass through the focal 
region, as the essential purpose of the monitoring transducer 
is to monitor the position of a highly echogenic surface 
Which Will generally consist of the interface I of the trachea 
of patient P, as Will be described With reference to FIG. 6, or 
the Wall of the organ O to be treated, for eXample the 
prostate PR as shoWn in FIGS. 1, 2, 4 and 5, these interfaces 
being highly echogenic. 

It Will also be observed here that the therapy device is 
preferably enclosed inside a membrane 50 (FIGS. 5—6) ?lled 
With an acoustic coupling ?uid 52 Which for eXample is 
Water, enabling acoustic Waves to be transmitted to the 
target, for eXample tumor T inside organ O, Which here, in 
FIGS. 4 and 5, is the prostate PR. 

In the frameWork of FIGS. 4 and 5, Which more particu 
larly concern treatment of the prostate, the interface I that is 
being monitored is the rectal Wall R as, When focused 
ultrasound is used With the focal point F of focused therapy 
transducer 14 located very close to the rectal Wall W. This 
presents a risk to the patient P as incorrect positioning of 
therapy device 12 could lead to destruction of the rectal Wall 
W With obvious serious consequences. It is thus extremely 
important to permanently monitor the position of the rectal 
Wall With respect to the therapy transducer 14. 

Monitoring is done in the folloWing manner. Monitoring 
transducer 16, Which here constitutes the central portion of 
therapy transducer 14, issues a brief pulse, for eXample, 
having a 1 is Width at a frequency of 2.25 MHZ, supplied by 
pulse generator 32 (FIG. 3), the echo being received by the 
movement detecting device 28 Where it is processed by 
ampli?er 34 and detector 36, the latter analyZing the echo 
and comparing it With a reference echo. 

The manner in Which this comparison is achieved can be 
understood With reference to FIG. 5 Where the shape of the 
echo signal as a function of time T is shoWn on the X-aXis, 
the y-aXis shoWing the signal amplitude A. The echo signal 
E folloWing transmission of a pulse at instant O from 
monitoring transducer 16 ?rst indicates passage through a 
feebly echogenic region Ee due to the coupling Water, such 
as Water 9, and then corresponds to an encounter With the 
interface I constituted by the rectal Wall and, speci?cally, the 
Wall of the prostate PR, the latter being the organ O to be 
treated. This interface I constituted by rectal Wall W is 
highly echogenic and gives rise to a reference echo E ,, Which 
is the echo that Will be monitored in the frameWork of this 
invention. It Will be noted that this echo is encountered at a 
time t, from the moment the signal Was generated, corre 
sponding to travel over a distance D, betWeen monitoring 
transducer 16 and rectal Wall W, in the monitoring Zone of 
monitoring transducer 16. 

It Will be understood that When the patient moves, this 
Will also lead to the organ O of FIGS. 4 and 5, Which is here 
the prostate PR, moving With a corresponding change in the 
distance D, betWeen the monitoring transducer 16 and the 
rectal Wall W. 

In a ?rst embodiment of the invention, one can simply 
compare the instant t, at Which the echo E, arrives at With a 
reference echo, Which can be the echo received just prior to, 
or at the beginning of, treatment. Alternately, one can 
compare the distance travelled by the return echo With the 
distance measured by distance measuring means prior to the 
commencement of treatment. When the time t, deviates from 
the reference echo time, this signi?es that the distance D, has 
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8 
changed With respect to the initially measured distance 
betWeen the monitoring transducer 16 and the rectal Wall, 
meaning that the patient has moved. In this case, the 
detection and analysis device 36 may issue a command to 
output unit 40 to supply an alarm signal and/or to issue a 
command to the translatory and/or rotational movement 
control means for therapy device 12 incorporating monitor 
ing device 16, Whereby the echo from interface I may once 
again be brought to appear at a time t, identical or close to 
the time of appearance of the reference echo. 

It can thus be noted that provision can be made to either 
trigger an alarm signal 42 or issue commands to move the 
therapy transducer 16 only in the case Where the time t, at 
Which the echo from interface E, occurs is beloW or above 
a predetermined value for the reference echo time. 

It can thus be noted that With the invention, monitoring of 
the patient’s movement can be automated as can correction 
of the position of therapy device 12 during treatment. 

Provision can also be made not only to calculate the time 
t, of the echo from interface E,, but also the distance D, 
corresponding to the substantially constant knoWn speed of 
sound in the acoustic coupling ?uid and in tissue, this 
distance D, together With the time t, being able to be 
displayed on a screen permits the practitioner to folloW the 
progress of treatment With an enhanced degree of safety. 

FIG. 6 shoWs a further embodiment of the invention 
concerning here the treatment of nodules N of the thyroid 
gland. The same reference numerals and symbols as those 
used in FIGS. 4 and 5 have been used to indicate identical 
elements. 

Here, the interface that it is particularly important to 
monitor occurs at the trachea, this interface being identi?ed 
by symbol I2 on FIG. 6. The interface at the trachea also 
generates a pronounced echo E,2 Which can be clearly seen 
as a strong echo signal on FIG. 6. Before this interface at the 
trachea I2, there is obviously a ?rst interface I1 constituted 
by the skin S of the patient P but here, this interface Which 
furthermore generates a ?rst strong echo EU is of little 
signi?cance compared to the interface at the trachea I2. 
When treating the thyroid, it is the interface I2 that Will be 

used for measuring the time t,2 for the echo to appear, this 
time corresponding to the distance D,2 betWeen the moni 
toring transducer and the interface I2 at the trachea. 

Monitoring is done in the same Way as in FIGS. 4 and 5. 
Changes in the time t,2 at Which the echo E,2 appears, When 
compared to the reference eXpected time of appearance, 
makes it possible to set off an alarm signal 42 via the output 
unit 40 (FIG. 3) and/or to command a change of position of 
therapy device 12 via the control unit 22 and the translatory 
and/or rotational displacement 20. 
The invention thus makes it possible to resolve all the 

problems discussed above, and to obtain all the technical 
advantages derived therefrom, as Will be readily appreciated 
by those skilled in the art. 

Obviously, the invention includes all means that consti 
tute technical equivalents to those described, as Well as the 
various combination thereof. 

For example, monitoring transducer 16 operating in 
A-mode can also be set to transmit a continuous signal, the 
echoes being recorded continuously thus making it possible 
to provide visual monitoring of movements made by the 
patient p. 

Additionally, this invention covers all features that appear 
to be novel vis-a-vis any state of the art, given in the 
description incorporating FIGS. 1 to 6 Which constitute an 
integral part thereof, and in the claims. 
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What is claimed is: 
1. A method of monitoring a position of a patient during 

a therapy session, the method comprising the steps of: 
providing an A-mode echography device having an 
A-mode echography transducer; 

activating the A-mode echography transducer to deter 
mine a distance betWeen the A-mode transducer and a 
target structure of the patient to be monitored, the target 
structure having a predetermined relationship to an 
organ of the patient to be treated; 

providing a therapy transducer, the therapy transducer 
operatively coupled to the A-mode echography trans 
ducer; and 

determining Whether the therapy transducer is Within a 
predetermined distance relative to the organ of the 
patient by monitoring the distance betWeen the A-mode 
transducer and the target structure. 

2. The method according to claim 1, Wherein the distance 
betWeen the therapy transducer and the organ of the patient 
is modi?ed as a function of movements detected betWeen the 
A-mode echography transducer and the organ of the patient. 

3. The method according to claim 1, Wherein said A-mode 
echography device interrupts operation of the therapy trans 
ducer if it is detected that movements of the patient relative 
to the A-mode echography transducer are greater than a 
prede?ned amount. 

4. The method according to claim 1, Wherein said A-mode 
echography device carries out real time control of the 
position of the therapy transducer, With respect to a prede 
termined re?ecting contour. 

5. A method for monitoring and treating an organ of a 
patient during a therapy session, the treatment of the organ 
provided by a therapy device having a therapy transducer, 
the method comprising the steps of: 

a) providing an ultrasound monitoring transducer operat 
ing in A-mode, the monitoring transducer acoustically 
coupled to a target structure, the target structure having 
a predetermined relationship to the organ to be moni 
tored; 

b) exciting the ultrasound monitoring transducer With a 
signal in the form of a pulse, the pulse applied during 
a time interval betWeen the application of therapy by 
the therapy transducer; 

c) receiving echoes of the signal produced by the moni 
toring transducer; 

d) transforming the received echoes into an electrical 
signal; 

e) locating, in the electrical signal corresponding to the 
received echoes, the position of the target structure to 
determine a measured distance from the monitoring 
transducer to the target structure, the target structure 
de?ning a highly echogenic interface relative to the 
organ to be monitored and treated; 

f) comparing the distance measured betWeen the moni 
toring transducer and the target structure With a refer 
ence distance, the reference distance corresponding to 
the distance betWeen the highly echogenic interface in 
contact With a Wall of a balloon means corresponding 
to the ultrasound therapy transducer; and 

g) transmitting a control signal to a control device opera 
tive to selectively control the position of the therapy 
transducer in response to the change in distance 
betWeen the monitoring transducer and the target struc 
ture relative to the reference distance. 

6. The method according to claim 5, Wherein the control 
device triggers an alarm When information is transmitted to 

10 

15 

25 

45 

55 

65 

10 
the control device indicating that a change in the measured 
distance is greater than a predetermined amount. 

7. The method according to claim 5, Wherein said control 
device performs real time closed-loop control of the position 
of said therapy device as a function of the movements of said 
patient With respect to a re?ecting contour of said patient, 
said re?ecting contours having a knoWn relationship to the 
organ of the patient. 

8. The method according to claim 5 Wherein said ultra 
sound monitoring transducer operating in A-mode is 
mechanically linked to said therapy transducer. 

9. The method according to claim 5 Wherein said therapy 
device comprises at least one ultrasound therapy transducer 
providing therapy using focused ultrasound. 

10. The method according to claim 5 Wherein said ultra 
sound therapy transducer is arranged inside balloon means 
?lled With an acoustic coupling ?uid. 

11. The method according to claim 5 Wherein if said 
measured distance is smaller than said reference distance, 
the control device controls said therapy transducer to 
increase a distance betWeen the therapy transducer and the 
target structure to be treated While if said measured distance 
is greater than said reference distance, the control device 
controls said therapy transducer to decrease a distance 
betWeen the therapy transducer and the target structure to be 
treated. 

12. The method according to claim 5 Wherein said ultra 
sound therapy transducer is a focused ultrasound therapy 
transducer integrated into an endocavital probe for providing 
treatment of the prostate or the thyroid. 

13. The method for monitoring and treating an organ of a 
patient during a therapy session, the treatment of the organ 
provided by a therapy device having a therapy transducer, 
the method comprising the steps of: 

a) providing an ultrasound monitoring transducer operat 
ing in A-mode, the monitoring transducer acoustically 
coupled to a target structure, the target structure having 
a predetermined relationship to the organ to be moni 
tored; 

b) eXciting the ultrasound monitoring transducer With a 
signal in the form of a pulse, the pulse applied during 
a time interval betWeen application of therapy by the 
therapy transducer; 

c) receiving echos of the signal produced by the moni 
toring transducer; 

d) transforming the receive echoes into an electrical 
signal; 

e) locating, in the electrical signal corresponding to the 
receive echoes, the position of the target structure to 
determine a measured distance from the monitoring 
transducer to the target structure, the target structure 
de?ning a highly echogenic interface relative to the 
organ to be monitored; 

f) comparing the distance measured betWeen the moni 
toring transducer and the target structure, With a refer 
ence distance; and 

g) transmitting a control signal to a control device opera 
tive to selectively control the position of the therapy 
transducer in response to change in distance betWeen 
the monitoring transducer and the target structure rela 
tive to the reference distance. 

14. The method according to claim 13 Wherein the control 
device triggers an alarm When information is transmitted to 
the control device indicating a change in the measured 
distance cannot be determined. 

15. The method according to claim 13 Wherein the control 
device triggers an alarm When information is transmitted to 
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the control device indicating a change in the measured 
distance is greater than a predetermined amount. 

16. The method according to claim 13 Wherein the moni 
toring transducer received the echos re?ected from the target 
structure, the target structure being at least one of a rectal 
Wall during prostate treatment and a trachea during thyroid 
treatment. 

17. The method according to claim 16 Wherein the target 
structure is a re?ecting contour having a predetermined 
relationship relative to the organ of the patient to be treated. 

18. The method according to claim 13 Wherein said 
ultrasound monitoring transducer operating in A-mode is 
mechanically linked to said therapy transducer. 

19. The method according to claim 13 Wherein said 
therapy device comprises at least one ultrasound therapy 
transducer providing therapy using focused ultrasound. 

20. The method according to claim 13 Wherein said 
ultrasound therapy transducer is arranged inside balloon 
means ?lled With an acoustic coupling ?uid. 

21. The method according to claim 13 Wherein if the 
measured distance betWeen the monitoring transducer and 
the target structure is smaller than the reference distance, the 
control device increases a distance betWeen the therapy 
transducer and the organ to be treated, While if the measured 
distance betWeen the monitoring transducer and the target 
structure is greater than the referenced distance, the control 
device controls decreases the distance betWeen the therapy 
transducer and the organ to be treated. 

22. The method according to claim 13 Wherein the ultra 
sound therapy transducer is a focused ultrasound therapy 
transducer integrated into an endocavital probe for providing 
treatment of the prostate or the thyroid. 

23. A therapy apparatus for treating an organ of a patient, 
the apparatus comprising: 

at least one ultrasound therapy transducer and at least one 
ultrasound monitoring transducer, the monitoring trans 
ducer operating in A-mode; 

the ultrasound monitoring transducer operatively coupled 
to an electronic circuit for processing A-mode signals 
produced by the ultrasound monitoring transducer; 

means for coupling the ultrasound monitoring transducer 
to transmit a pulse signal, the pulse signal causing an 
echo to be received by the ultrasound monitoring 
transducer, the echo caused by a re?ection of the pulse 
signal from a target structure, the target structure de?n 
ing an echogenic interface having a predetermined 
relationship relative to the organ to be monitored; 

means for comparing the echo received With a reference 
echo and transmitting the result of the comparison to a 
control device; and 

the control device coupled to the means for comparing 
and coupled to the ultrasound therapy transducer, the 
control device receiving the result of the comparison 
and controlling the ultrasound therapy transducer in 
response thereto. 

24. The apparatus according to claim 23, Wherein said 
control device triggers an alarm in response to the result of 
the comparison. 

25. The apparatus according to claim 23, Wherein said 
control device performs real time closed-loop control of the 
position of said therapy transducer as a function of the 
movements of the patient, the control device controlling the 
position of the therapy transducer in real time With respect 
to a predetermined re?ecting contour of said patient, said 
re?ecting contour having a knoWn relationship to the organ 
of the patient to be treated. 
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26. The apparatus according to claim 23 Wherein said 

ultrasound therapy transducer is of the focused type. 
27. The apparatus according to claim 26, Wherein said 

focused-type therapy transducer is linked to means for 
supplying an electronic signal providing variable focusing. 

28. The apparatus according to claim 27, Wherein said 
control device provides closed-loop control of the focal 
length of said therapy transducer as a function of the 
movements of said patient, during the course of therapy. 

29. The apparatus according to claim 23, Wherein both 
said ultrasound therapy transducer and said A-mode moni 
toring transducer are integrated into an endocavital probe. 

30. The apparatus according to claim 23, Wherein said 
therapy apparatus includes means for continuously record 
ing the echoes created by said monitoring transducer oper 
ating in A-mode. 

31. The apparatus according to claims 23, Wherein said 
ultrasound monitoring transducer is mechanically linked to 
said therapy device. 

32. The apparatus according to claim 23, Wherein said 
therapy device comprises at least one ultrasound therapy 
transducer providing therapy using focused ultrasound, said 
ultrasound therapy transducer enclosed Within a balloon 
means ?lled With an acoustic coupling ?uid. 

33. The apparatus according to claim 23, Wherein said 
apparatus is operative to treat the prostate or the thyroid. 

34. A method for monitoring and treating an organ of a 
patient during a therapy session, the treatment of the organ 
provided by a therapy device having a therapy transducer, 
the method comprising the steps of: 

a) providing an ultrasound monitoring transducer operat 
ing in A-mode, the monitoring transducer acoustically 
coupled to a target structure, the target structure having 
a predetermined relationship to the organ to be moni 
tored; 

b) eXciting the ultrasound monitoring transducer With a 
signal in the form of a pulse, the pulse applied during 
a time interval betWeen the application of therapy by 
the therapy transducer; 

c) receiving echoes of the signal produced by the moni 
toring transducer; 

d) transforming the received echoes into an electrical 
signal; 

e) locating, in the electrical signal corresponding to the 
received echoes, the position of the target structure to 
determine a measured distance from the monitoring 
transducer to the target structure, the target structure 
de?ning a highly echogenic interface relative to the 
organ to be monitored and treated; and 
comparing the distance measured betWeen the moni 
toring transducer and the target structure With a refer 
ence distance, the reference distance corresponding to 
the distance betWeen the highly echogenic interface in 
contact With a Wall of a balloon means corresponding 
to the ultrasound therapy transducer. 

35. A method of treating an organ of a patient during a 
therapy session, the method comprising the steps of." 

positioning a therapy transducer in operative relation to 
the organ to be treated so that the organ is located at 
a first position with respect to said therapy transducer; 

acoustically coupling a monitoring transducer to a target 
structure which has a predetermined relationship to the 
organ to be treated, wherein said monitoring trans 
ducer operates in A-mode; 

exciting said therapy transducer to provide ultrasound 
therapy to said ?rst position thereby treating the organ 
of the patient with ultrasound therapy; 

f) 



US RE38,030 E 
13 

utilizing said monitoring transducer to determine whether 
the patient has moved during a therapy session thereby 
causing the organ of the patient to be located at a 
second position with respect to said therapy transducer 
that is dijferent from said ?rst position; and 

if the patient has moved during a therapy session; con 
trolling said therapy transducer so that ultrasound 
therapy is provided to said second position thereby 
continuing the ultrasound therapy of the organ to be 
treated during the therapy session. 

36. The method of claim 35 wherein said organ is a 
thyroid gland. 

37. The method of claim 35 wherein said therapy trans 
ducer provides high intensity focused ultrasound. 

38. The method of claim 35 wherein said therapy trans 
ducer is controlled by means of changing a focal length of 
said therapy transducer. 

39. The method of claim 35 wherein said step of utilizing 
said monitoring transducer comprises the steps of" 

exciting said monitoring transducer with a signal in the 
form of at least one pulse; said at least one pulse being 
applied during a time interval between the application 
of therapy by said therapy transducer; 

receiving echoes of said signal produced by said moni 
toring transducer; 

transforming said received echoes into an electrical sig 
nal; 

locating; in said electrical signal corresponding to said 
received echoes; the position of said target structure to 
determine a measured distance from said monitoring 
transducer to said target structure; said target structure 
de?ning a highly echogenic interface relative to the 
organ to be monitored and treated; 

comparing the distance measured between said monitor 
ing transducer and said target structure with a refer 
ence distance; said reference distance corresponding to 
the distance between the highly echogenic surface in 
contact with the wall of a balloon corresponding to said 
therapy transducer; and 

transmitting a control signal to a control device operative 
to selectively control the position of the therapy trans 
ducer in response to the change in distance between the 
monitoring transducer and the target structure relative 
to the reference distance. 

40. The method of claim 35 wherein an alarm is triggered 
when the distance between the ?rst and second locations is 
greater than a predetermined amount. 

41. The method of claim 35 wherein said therapy trans 
ducer is arranged inside a balloon ?lled with an acoustic 
coupling ?uid. 

42. The method of claim 35 wherein said therapy trans 
ducer is a focused ultrasound therapy transducer integrated 
into an endocavital probe for providing treatment of as 
thyroid gland. 

43. A method of treating the thyroid of a patient during a 
therapy session; the method comprising the steps of" 

providing a therapy transducer that is capable of gener 
ating high intensity focused ultrasound; 

positioning said therapy device is operative relation to the 
thyroid so that the thyroid is located at a ?rst position 
with respect to said therapy transducer; 

exciting said therapy transducer to provide high intensity 
focused ultrasound to said ?rst position thereby treat 
ing the thyroid with high intensity focused ultrasound 
therapy; 
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acoustically coupling a monitoring transducer to a target 

structure which has a predetermined relationship to the 
thyroid; wherein said monitoring transducer operates 
in A-mode; 

utilizing said monitoring transducer to determine whether 
the patient has moved during a therapy session thereby 
causing the thyroid to be located at a second position 
with respect to said therapy transducer that is dijferent 
from said ?rst position; and 

if the patient has moved during a therapy session; con 
trolling said therapy transducer so that ultrasound 
therapy is provided to said second position thereby 
continuing the ultrasound therapy of the thyroid. 

44. The method of claim 43 wherein said therapy trans 
ducer is controlled by means of changing a focal length of 
said ultrasound therapy transducer 

45. The method of claim 43 wherein said step of utilizing 
said monitoring transducer comprises the steps of" 

exciting said monitoring transducer with a signal in the 
form of at least one pulse; said at least pulse being 
applied during a time interval between the application 
of therapy by said therapy transducer; 

receiving echoes of said at least one signal produced by 
said monitoring transducer; 

transforming said received echoes into an electrical sig 
nal; locating; in said electrical signal corresponding to 
said received echoes; the position of said target struc 
ture to determine a measured distance from said moni 
toring transducer to said target structure; said target 
structure de?ning a highly echogenic surface relative to 
thyroid; 

comparing the distance measured between said monitor 
ing transducer and said target structure with a refer 
ence distance; the reference distance corresponding to 
the distance between the highly echogenic interface in 
contact with the wall of a balloon corresponding to said 
therapy transducer; and 

transmitting a control signal to a control device operative 
to selectively control the position of said therapy trans 
ducer in response to the change in distance between 
said monitoring transducer and said target structure 
relative to the reference distance. 

46. The method of claim 45 wherein an alarm is triggered 
when the distance between the ?rst and second locations is 
greater than a predetermined amount. 

47. The method of claim 45 wherein said therapy trans 
ducer is arranged inside a balloon ?lled with an acoustic 
coupling ?uid. 

48. The method of claim 45 wherein said therapy trans 
ducer is a focused ultrasound therapy transducer integrated 
into an endocavital probe. 

49. A method of treating a thyroid gland of a patient 
during a therapy session; the method comprising the steps 
of" 

positioning a therapy transducer in operative relation to 
the thyroid gland so that the thyroid gland is located at 
a ?rst position with respect to said therapy transducer; 
said therapy transducer being capable of providing 
high intensity focused ultrasound; 

acoustically coupling a monitoring transducer to a target 
structure which has a predetermined relationship to the 
thyroid gland; wherein said monitoring transducer 
operates in A-mode; 

exciting said therapy transducer to provide high intensity 
focused ultrasound therapy to said ?rst position 
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thereby treating the thyroid gland with high intensity focused ultrasound therapy is provided to said second 
focused ultrasound therapy; position thereby continuing the high intensity focused 

utilizing said monitoring transducer to determine whether ultrasound therapy of the thyroid during the therapy 
the patient has moved during a therapy session thereby session. 
causing the thyroid gland to be located at a Second 5 50. The method of claim 49 wherein said therapy trans 
position with respect to said therapy transducer that is ducer is controlled by means of changing a focal length of 
dijferent from said ?rst position; and Said therapy transducer 

if the patient has moved during a therapy session, con 
trolling said therapy transducer so that high intensity * * * * * 


