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ULTRASONIC APPARATUS, A
THERAPEUTIC SYSTEM AND A METHOD
OF INCREASING A WORKFLOW

FIELD OF THE INVENTION

[0001] The invention relates to an ultrasonic apparatus
comprising:

[0002] asupport means for accommodating a portion of
apatient, said support means comprising a first reservoir
for a transmission medium,

[0003] an ultrasonic wave source having an emitting sur-
face being conceived to be oriented towards the portion
of the patient in use.

[0004] The invention further relates to a therapeutic system
comprising the ultrasonic apparatus.

[0005] The invention still further relates to a method of
increasing a workflow of an ultrasonic apparatus.

BACKGROUND OF THE INVENTION

[0006] The ultrasonic apparatus as is set forth in the open-
ing paragraph is known from U.S. Pat. No. 6,508,774 B1. The
known apparatus comprises a patient accommodation means,
notably a patient support means, in the form of a patient
support table on which a patient to be treated is to be posi-
tioned. The known apparatus is suitable for carrying out
therapeutic procedures by means of application of high
energy ultrasonic waves. For this purpose the known appara-
tus comprises a first reservoir with a transmission medium for
supporting a portion of a patient. In the known apparatus
deaerated water is used for the transmission medium for
conducting the ultrasonic waves substantially without dissi-
pation to the portion of the patient. The support means of the
known apparatus further comprises an ultrasonic wave source
disposed in the first reservoir and having an emitting surface
oriented towards the portion of the patient. In order to couple
the ultrasonic waves emanating from the first reservoir to the
patient the known ultrasonic apparatus further comprises a
second reservoir comprising a coupling medium (gel) provid-
ing a low reflectivity interface and having a contact surface
with the portion of the patient. During use, the second reser-
voiris positioned between the first reservoir and the portion of
the patient.

[0007] In an alternative embodiment of a known high
energy focused ultrasonic treatment, a portion of a patient,
notably a breast, may be disposed in the first reservoir. In this
case the portion of the patient, notably the breast, may be
arranged with a second reservoir filled with a coupling
medium, the said second reservoir being arranged around the
portion of the patient, for example like a wearable.

[0008] It is acknowledged in the art that air bubbles may
occur at various contact surfaces or within the transmission
medium present on the first reservoir. Such contact surfaces
may be formed in different circumstances. For example, a
suitable contact surface may be formed between the transmis-
sion medium present in the first reservoir and the portion of
the patient. It is noted that it is possible that the portion of the
patient is disposed in the first reservoir, or that the portion of
the patient if supported by the first reservoir. The first situa-
tion may correspond to a treatment of a substantially isolated
part, like a female breast, whereas the second situation cor-
responds to a conventional, notably abdominal, treatment.
Additionally, itis possible that a second reservoir comprising
a suitable coupling medium is provided between the trans-
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mission medium of the first reservoir and portion of the
patient. In this case air bubbles may occur also at a contact
surface between the transmission medium and the second
reservoir and/or between the first reservoir and the second
reservoir.

[0009] Also, the air bubbles may occur in the transmission
medium, notably due to cavitation processes. It is acknowl-
edged that any air bubble present on a path of an ultrasonic
wave substantially deteriorate the therapeutic effect of the
treatment, notably high intensity ultrasonic treatment. More-
over, air inclusions in the area of the contact surface, between
the second reservoir and the patient may cause severe bums to
the patient skin. It is a general practice to reposition the
patient, frequently several times, in order to control the air-
free interface between the second reservoir and the patient,
because presence of air bubbles may distort an ultrasonic field
resulting in erroneous treatment.

[0010] Tt is a disadvantage of the known apparatus in that
sufficient time is lost due to repositioning of the patient on one
hand, and in that the outcome of the treatment may be depen-
dent upon the confidence level with respect to the absence of
any air bubbles at the contact surface.

SUMMARY OF THE INVENTION

[0011] Tt is an object of the invention to provide an ultra-
sonic apparatus wherein the quality of the delivery of ultra-
sonic waves to the patient is improved and wherein the work-
flow of the ultrasonic apparatus is increased.

[0012] To this end in the ultrasonic apparatus according to
the invention the patient support means is arranged with a
substantially transparent aperture conceived for enabling a
inspection of the first reservoir.

[0013] The technical measure of the invention is based on
the insight that by providing a visual access to the first reser-
voir the presence of air inclusions in the first reservoir can
easily be detected prior to any clinical procedure, thereby
considerably increasing the patient throughput and accuracy
of the procedure. It is possible that the first reservoir is
arranged for receiving the portion of a patient, notably a
breast, the aperture being arranged for enabling the inspection
of'an area at least around the portion of the patient, notably the
breast. It is further possible that apparatus further comprises
a second reservoir conceived to be filled with a coupling
medium, the aperture being further arranged for enabling
inspection of a contact surface at least between the first res-
ervoir and the second reservoir. For some particular treatment
procedures, it may be required that the portion of the patient,
notably an isolated organ, like a breast, must be positioned in
the first reservoir being fitted in a second reservoir filled with
a coupling medium. In this case air bubbles may occur on a
contact area between the transmission medium and the breast
fitted in the second reservoir. It is also possible that a portion
of a patient is supported by a suitable supporting surface of
the first reservoir, the second reservoir being filled with a
coupling medium being disposed between the supporting
surface and the portion of the patient. In this case air bubbles
may occur at a contact surface between the first reservoir and
the second reservoir and between the second reservoir and the
portion of the patient. A dimension of the aperture may be
suitably chosen. Preferably, a dimension of the aperture is
selected around 50-1000 mm?>. The sizes of the aperture of
50-200 mm? are particularly suitable for supporting remote
inspection using camera’s or optical fibers attached to the
aperture.
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[0014] In an embodiment of the apparatus according to the
invention the first reservoir is manufactured from a substan-
tially transparent material, the aperture constituting a wall of
the first reservoir.

[0015] It has been found to be particularly advantageous to
provide a substantially completely transparent first reservoir,
as it increases a spatial angle of enabled inspection. Any
transparent material, notably a plastic material is suitable for
this purpose. This particular embodiment has an additional
advantage in case the ultrasonic wave source is disposed in
the first reservoir, as the inspector may easily choose a posi-
tion so that no obstruction of a viewing direction occurs by the
volume of the source.

[0016] Itis noted that use of a window in a patient support
table is known from U.S. Pat. No. 6,216,294 B1. The known
apparatus is arranged to perform X-ray diagnosis of a patient,
wherein the source of the X-rays is disposed in the patient
support table. The known arrangement may further comprise
a carrier foil arranged on the table top with support cushions
filled with water. In case when the known apparatus is used
for performing ultrasonic diagnosis or ultrasonic treatment,
the ultrasonic apparatus is positioned next to the patient sup-
port table and the ultrasonic waves are conducted into the
body of the patient through the cushions. When the known
apparatus is used for performing lithotrity, the therapy waves
can be irradiated through the foil or through a window in the
table top into the patient’s body. It is noted that the window
described with the reference to the known patient support
table is not suited to check the presence of air bubbles, as the
known window is not suitable to enable visual inspection of
the presence of air bubbles in the interface between the
patient’s skin and the water-filled cushion.

[0017] In an embodiment of the apparatus according to the
invention the ultrasonic wave source is arranged for perform-
ing a high intensity focused ultrasound treatment.

[0018] In high intensity focused ultrasound (HIFU) the
ultrasound generated by the transducer is focused into a small
focal volume at the specific target locations. During a treat-
ment, the beam of focused ultrasound energy penetrates
through soft tissue of the patient and causes localized high
temperatures (55° to 70° C.) for a few seconds producing well
defined regions of protein denaturation, irreversible cell dam-
age, and coagulative necrosis. A single exposure of focused
ultrasound energy is called a “sonication.” Multiple sonica-
tions are necessary to ablate the targeted tissue. Accurate
focusing of the ultrasonic beam emanating from the ultra-
sonic source is designed to limit the ablation to the targeted
location.

[0019] In afurther embodiment of the apparatus according
to the invention the apparatus further comprises a diagnostic
ultrasonic transducer for enabling targeting of the high inten-
sity focused ultrasound treatment.

[0020] Applying HIFU power to a patient’s lesion needs
planning, targeting the ultrasonic beam and monitoring of the
energy delivery. For many application, for example, for pros-
tate ablation, this is done using a diagnostic ultrasonic beam
in combination with the HIFU beam. Whereas this diagnostic
ultrasound provides some anatomical details and assists with
procedure planning and targeting, it does not provide means
of measuring the temperature increase generated by HIFU.
[0021] The therapeutic system according to the invention
comprises an apparatus according as is set forth in the fore-
going and a magnetic resonance imaging apparatus arranged
for measuring a temperature distribution in the patient.
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[0022] The technical measure of the invention is based on a
further insight that only MR imaging can provide a non-
invasive way of measuring the temperature increase in the
lesion inside the patient. MR-guided focused ultrasound
(HIFU) can provide real-time temperature mapping in mul-
tiple planes or 3D, control via real-time feedback the local-
ization of the focal point, and immediately control and assess
the ablative effect. Recent advances in MR temperature map-
ping make it possible to achieve temperature accuracy of 2-3°
C. in moving tissue like liver, and 1° C. in stationary tissue.
The operation of the magnetic resonance imaging unit for
temperature mapping is known per se in the art and will not be
explained here in detail.

[0023] A method according to the invention for increasing
a workflow of an ultrasonic apparatus comprising

[0024] providing a support means (2) comprising a first
reservoir (8) with a transmission medium for accommo-
dating a portion of a patient;

[0025] providing anultrasonic wave source (9) having an
emitting surface being oriented towards the portion of
the patient;

[0026]

[0027] inspecting at least the first reservoir using a sub-
stantially transparent aperture (26) arranged in the sup-
port means (2).

[0028] When treating a patient with ultrasound, no air
bubbles are allowed between patient and transducer. These air
bubbles will otherwise distort this sound bundle and disturb
the spot. Conventionally, for enabling high intensity focused
ultrasound treatment, the transducer is placed in a water res-
ervoir, disposed in the patient support table. The water reser-
voir is closed by a membrane. On top of this membrane a gel
pad in another water reservoir is placed.

[0029] In an embodiment of the method according to the
invention, the patient lies in a prone position on top of the gel
pad. The water ensures that no air inclusions between gel pad
and membrane and gel pad and patient occur. In usual practice
this cannot be checked visually. One way for checking the
presence of air inclusions on the interface between the gel pad
and the patient’s skin is by means of acoustic sensors, how-
ever, this is time consuming. When there is air between
patient and transducer, the patient will have to be unfastened
and replaced on the treatment table. This may have to be done
several times leading to a substantial time loss.

[0030] In accordance with the technical measure of the
invention the treatment can be shortened considerably,
because the aperture, for example, in the form ofa transparent
window makes it a lot easier to check whether there is air
between gel pad and the patient. Moreover, a lot of time is
saved since the patient doesn’t need to be unfastened and
replaced on the treatment table. This can save approximately
30 minutes or more.

positioning a patient on the support means (2);

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] These and other aspects of the invention will be
explained in more detail with reference to figures.

[0032] FIG. 1 presents a schematic view of an embodiment
of an ultrasonic apparatus according to the state of the art.
[0033] FIG. 2 presents a schematic view of an embodiment
of an ultrasonic apparatus according to the invention.
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[0034] FIG. 3 presents a schematic view of an embodiment
of a system according to the invention.

FIGURE DESCRIPTION

[0035] FIG. 1 presents a schematic view of an embodiment
ofan ultrasonic apparatus according to the state of the art. The
ultrasonic apparatus 10 comprises a patient support table 2
arranged on a retractable pedestal 4 comprising telescopic
portions 4a, 45, 4c. The patient support table 2 can be con-
trolled using a control means 6, usually comprising touch-
sensitive buttons. The ultrasonic apparatus 10 further com-
prises a source of ultrasonic waves 9 disposed in a first
reservoir comprising transmission medium for conducting
the ultrasonic waves from the ultrasonic source 9 to the
patient 14. Usually, deaerated water is selected for the trans-
mission medium of the first reservoir. The first reservoir is
terminated by a membrane 7 which is flexible in order to
substantially conform to a portion (not shown) of the patient
14 conceived to be positioned on the apparatus 10 for treat-
ment. In order to couple the ultrasonic waves emanating from
the emitting surface 7 a gel pad 11 is provided between the
patient 14 and the surface 7. The gel pad serves as a low
reflection interface for conducting the ultrasonic waves into
the patient. The contact surface 11a of the gel pad 11 and the
patient 14 should be kept as much a s possible free from air
bubbles. In order to do so, the patient 14 frequently has to be
repositioned on the gel pad 11, reducing the time efficiency of
the medical procedure.

[0036] FIG. 2 presents a schematic view of an embodiment
of an ultrasonic apparatus according to the invention. FIG. 2
presents a top view on the ultrasonic apparatus 20. The ultra-
sonic apparatus 20 according to the invention comprises a
patient support means 28 wherein a first reservoir 24, filled
with a suitable transmission liquid, for example, water, is
positioned. For reasons of clarity, the membrane sealing the
first reservoir 24 is not shown. The first reservoir 24 com-
prises a source of ultrasonic waves 22, which is preferably
arranged to emit high intensity focused ultrasonic beam. The
technique to emit high intensity focused ultrasonic beam is
per se known in the art and will not be explained here in detail.
In order to couple the ultrasonic beam emanating from the
first reservoir to the patient (not shown) a second reservoir 27
comprising a low reflective medium is positioned on the first
reservoir 24. Preferably, a suitable gel pad is used for the
second reservoir. The second reservoir 27 comprises a contact
surface 27a onto which a patient to be treated is positioned.
The ultrasonic apparatus 20 according to the invention further
comprises an aperture 26 arranged to enable an inspection, for
example, a visual inspection, of the contact surface 27a
between the second reservoir 27 and the patient (not shown).
The aperture 26 is preferably arranged as a substantially
transparent window where through medical personnel
directly, or using a mirror or a suitable arranged camera, can
inspect whether there is no air bubbles between the contact
surface 27a and the patient. In case when an air bubble is
detected, the patient is repositioned until no air bubbles are
present. After that, the patient is suitably immobilized and a
treatment may be commenced. It is an advantage of the ultra-
sound apparatus according to the invention in that a possible
presence of air bubbles can be detected and avoided prior to
treatment, wherein the patient is to be repositioned only once.
Due to this, the time spent on the procedure is substantially
decreased and the efficacy of the medical treatment is
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increased, in particular due to a high confidence level about
absence of air inclusions at the interface between the second
reservoir 27 and the patient.

[0037] FIG. 3 presents a schematic view of an embodiment
of a system according to the invention. The system 30 com-
prises an ultrasonic apparatus 32, discussed in detail with
reference to FIG. 2, and an magnetic resonance imaging
apparatus 38. The magnetic resonance imaging apparatus is
preferably arranged to determine real-time temperature dis-
tribution in the patient during the course of high intensity
focused ultrasound treatment. The high intensity focused
ultrasonic treatment is conducted using the ultrasonic source
31 disposed in a reservoir (not shown) filled with a suitable
transmission liquid. For purposes of real-time temperature
measurements the patient 34 is provided with a receiving RF
antenna 36 for detecting radiofrequency signals emanating
from the body of the patient in response to magnetic reso-
nance imaging signals. The technique of temperature map-
ping using the magnetic resonance imaging apparatus is
known per se. The system 30 further comprises a feed-back
unit 40 arranged to control a delivery of high intensity ultra-
sonic waves from the source 31. For this purpose the feed-
back unit communicates suitable signals to the control means
42 arranged for steering the ultrasonic source 31. In this way
the system 30 operates in a fully automatic mode wherein the
real-time data on temperature distribution in a target volume
in the patient is used to control the ultrasonic source deliver-
ing the treatment. Accordingly, the duration, the targeting and
the temperature distribution within the target volume and
outside it can be controlled. Preferably, the ultrasonic source
31 comprises a plurality of transducers, each of which can be
controlled individually. In this case, based on the real-time
temperature distribution in the target volume and outside it, it
is possible to modulate the source 31 thereby conforming, for
example, a 95% isotherm to the shape of the target volume
and avoiding elevated temperatures in critical organs, which
may be located nearby.

[0038] While specific embodiments have been described
above, it will be appreciated that the invention may be prac-
ticed otherwise than as described. The descriptions above are
intended to be illustrative, not limiting. Thus, it will be appar-
ent to one skilled in the art that modifications may be made to
the invention as described in the foregoing without departing
from the scope of the claims set out below.

1. An ultrasonic apparatus comprising:

a support means for accommodating a portion of a patient,
said support means comprising a first reservoir for a
transmission medium,

an ultrasonic wave source having an emitting surface being
conceived to be oriented towards the portion of the
patient in use;

wherein

the support means is arranged with a substantially trans-
parent aperture conceived for enabling an inspection of
the first reservoir.

2. An ultrasonic apparatus according to claim 1, wherein
the first reservoir is arranged for receiving the portion of a
patient, the aperture being arranged for enabling the inspec-
tion of an area at least around the portion of the patient.

3. An ultrasonic apparatus according to claim 1, wherein
the ultrasonic apparatus further comprises a second reservoir
conceived to be filled with a coupling medium, and to be
positioned near the portion of the patient, the aperture being
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further arranged for enabling the inspection of a contact sur-
face at least between the first reservoir and the second reser-
voir.

4. An ultrasonic apparatus according to claim 1, wherein
the first reservoir is manufactured from a substantially trans-
parent material, the aperture constituting a wall of the first
reservoir.

5. An apparatus according to claim 1, wherein the ultra-
sonic wave source is disposed in the first reservoir.

6. An apparatus according to claim 1, wherein the ultra-
sonic wave source is arranged for performing a high intensity
focused ultrasound treatment.

7. An apparatus according to claim 1, wherein the appara-
tus further comprises a diagnostic ultrasonic transducer for
enabling targeting of the high intensity focused ultrasound
treatment.

8. A therapeutic system comprising an apparatus according
to claim 1 and a magnetic resonance imaging apparatus
arranged for measuring a temperature distribution in the
patient.

9. A system according to claim 8, further comprising a
feedback unit arranged to control a delivery of high intensity
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focused ultrasonic waves to the patient in dependency of the
measured temperature distribution.

10. A method of increasing a workflow of an ultrasonic
apparatus comprising:

providing a support means comprising a first reservoir with

a transmission medium for accommodating a portion of
a patient;
providing an ultrasonic wave source having an emitting
surface being oriented towards the portion of the patient;
positioning a patient on the support means;

inspecting at least the first reservoir using a substantially

transparent aperture arranged in the support means.

11. A method according to claim 10, wherein the step of
inspecting comprises inspecting at least an area around the
portion of the patient when the portion of the patient is
received in a volume of the first reservoir.

12. A method according to claim 10, further comprising a
step of positioning a second reservoir comprising a coupling
medium between the first reservoir and the portion of the
patient, wherein the step of inspecting comprises inspecting a
contact surface between the first reservoir and the second
reservoir.
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