EP 3 280 494 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

EP 3 280 494 B1

European

Patent Office

Office européen
des brevets

(11)
EUROPEAN PATENT SPECIFICATION

Date of publication and mention (51) IntCl.:
of the grant of the patent: AG61N 5/10 (2006.01) A61B 8/12(2006.01)
14.08.2019 Bulletin 2019/33 A61B 8/00 295 A61B 8/08 205.%)

(86) International application number:
PCT/NL2016/050248

Application number: 16731362.6

Date of filing: 11.04.2016
(87) International publication number:

WO 2016/163885 (13.10.2016 Gazette 2016/41)

(54)

BRACHYTHERAPY APPLICATORS HAVING ULTRASOUND ELEMENTS
BRACHYTHERAPIEAPPLIKATOREN MIT ULTRASCHALLELEMENTEN
APPLICATEURS DE CURIETHERAPIE A ELEMENTS A ULTRASONS

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 10.04.2015 US 201562145962 P

(43) Date of publication of application:
14.02.2018 Bulletin 2018/07

(73) Proprietor: Nucletron Operations B.V.
3905 TH Veenendaal (NL)

(72) Inventors:
¢ KRECHTING, Paulus Cornelis Hendrikus Maria
3905 TH Veenendaal (NL)

¢ VAN ERP, Wilhelmus Petrus Martinus Maria
3905 TH Veenendaal (NL)

* DE BECKER, Jan F.L.
3905 TH Veenendaal (NL)

 WELBERG, Anton J.G.
3905 TH Veenendaal (NL)

(74) Representative: V.O.
P.O. Box 87930
Carnegieplein 5
2508 DH Den Haag (NL)

(56) References cited:
WO0-A1-2015/023307
US-A1- 2008 097 470
US-A1-2013 109 908

WO-A1-2015/039995
US-A1- 2010 145 132
US-A1-2013 211 176

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 280 494 B1 2

Description
Technical Field

[0001] The present disclosure relates generally to ap-
plicators and, more particularly, to brachytherapy appli-
cators containing ultrasound elements.

Background

[0002] Brachytherapyis atype ofradiation therapy that
has proven efficacy for treating a variety of types of can-
cers, such as cervical cancer. In brachytherapy proce-
dures, radiation is delivered to cancerous regions by po-
sitioning a radiation source in close proximity to a tumor,
typically by using a physical applicator equipped with a
radiation source. Brachytherapy procedures may offer
advantages over external beam radiation therapies by
enabling improved targeting of cancerous cells, thus re-
ducing the likelihood that healthy cells are radiated during
treatment.

[0003] Development of a conformal dose plan for cer-
vical cancer patients receiving brachytherapy is typically
guided by images obtained via one or more imaging mo-
dalities. For example, in some instances, two-dimension-
al (2D) X-ray imaging may be chosen for treatment plan-
ning due to its low cost and minimal impact on the work-
flow. However, since the information available through
2D X-ray imaging is inherently limited due to its 2D nature
(e.g., it may be possible to visualize the applicator but
not the patient's anatomy), many dose plans are based
on one or more types of three-dimensional (3D) imaging
modalities. For instance, magnetic resonance imaging
(MRI) and computed tomography (CT) may be used to
gain a greater depth of information than would be ac-
quired with 2D X-ray imaging.

[0004] However, image-guided 3D conformal dose
planning with MRI and/or CT introduces significant mon-
etary costs, accessibility difficulties, and lengthened pro-
cedure times. For example, the imaging department in a
hospital is typically located in a different area than the
treatment department, thus requiring time and expenses
associated with patient transport and facilities planning.
In an attempt to overcome these difficulties, trans-ab-
dominal ultrasound (TAUS) and trans-rectal ultrasound
(TRUS) modalities have been developed. Unfortunately,
TAUS does not enable visualization of the anatomy of
interest since the rectum, bowel, applicator, and needles
may not be visible in the acquired images. Similarly,
TRUS may not enable visualization of the bladder, bowel,
and applicator. Further, combining TAUS and TRUS
presents alignment and calibration difficulties, in addition
to introducing undesirable workflow complexity in the op-
erating room. Additionally, air present in the field of view
complicates the use of ultrasonic modalities.

[0005] The U.S. patent application published with no.
2013/109908 A1 (Rahimian Javad, 2 May 2013) disclos-
es a brachytherapy gynaecological applicator having two
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ovoids and comprising a radiation source configured to
deliver radiation to a tumor and an ultrasound element.
[0006] Accordingly, there exists a need for improved
imaging systems that enable image-guided brachyther-
apy treatment of cervical cancer while addressing one or
more of these drawbacks.

SUMMARY

[0007] The invention is defined by the appended
claims.

[0008] To overcome at least some of the problems

mentioned here above, a brachytherapy system is pro-
vided, comprising: a brachytherapy applicator compris-
ing an applicator body and a radiation source configured
to deliver radiation to a tumor, wherein at least a portion
of the applicator body is configured to conform to at least
a portion of a patient's anatomy; and at least one ultra-
sound element, element array, or probe coupled to the
applicator body. The ultrasound element is preferably
provided on a wall shaped to the patients anatomy, to be
in direct contact with the patients anatomy.

[0009] In accordance with one embodiment of the
present disclosure, a brachytherapy system includes a
brachytherapy applicator. The brachytherapy applicator
includes an applicator tube and a radiation source con-
figured to deliver radiation to a tumor. At least a portion
of the applicator tube is configured to conform to at least
a portion of a patient’'s anatomy. At least one ultrasound
element or probe is coupled to the applicator tube.
[0010] In accordance with another embodiment of the
present disclosure, a brachytherapy system includes a
brachytherapy applicator having a body including at least
one channel extending therethrough and being config-
ured to deliver radiation to a tumor. The brachytherapy
system also includes at least one ultrasound probe con-
figured to be inserted into the at least one channel and
moved along the length of the channel.

[0011] In accordance with another embodiment of the
present disclosure, a brachytherapy system includes a
brachytherapy applicator including an applicator tube
and at least one ovoid coupled to the applicator tube and
configured to conform to at least a portion of a patient’s
vagina. The brachytherapy system also includes at least
one ultrasound probe disposed on or in an outer surface
of the brachytherapy applicator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incor-
porated in and constitute a part of this disclosure, illus-
trate several embodiments and aspects of the present
disclosure, and together with the description, serve to
explain certain principles of the presently disclosed em-
bodiments.

FIG. 1 illustrates a brachytherapy applicator and an
ultrasound element, consistent with embodiments of
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the present disclosure.

FIG. 2 illustrates a brachytherapy applicator having
one or more ultrasound elements located thereon,
consistent with embodiments of the present disclo-
sure.

FIG. 3 illustrates another brachytherapy applicator
having one or more ultrasound probes located ther-
eon, consistent with embodiments of the present dis-
closure.

FIG. 4 illustrates another brachytherapy applicator
having one or more ultrasound elements located
thereon, consistent with embodiments of the present
disclosure.

FIG. 5 illustrates a brachytherapy applicator having
an ultrasound probe movable in a channel of the ap-
plicator, consistent with embodiments of the present
disclosure.

FIG. 6 illustrates another brachytherapy applicator
having an ultrasound probe movable in a channel of
the applicator, consistent with embodiments of the
present disclosure.

FIG. 7 illustrates an ultrasound element integrated
with a brachytherapy applicator, consistent with em-
bodiments of the present disclosure.

FIG. 8 illustrates another ultrasound element inte-
grated with a brachytherapy applicator, consistent
with embodiments of the present disclosure.

DETAILED DESCRIPTION OF EXAMPLE EMBODI-
MENTS

[0013] Provided herein are embodiments of devices
and systems that integrate an ultrasound (US) element,
array of US elements, or US probe with a brachytherapy
applicator to enable 3D conformal dose planning for cer-
vical or other cancer patients at the point of care in the
operating room. The disclosed embodiments may inte-
grate the US element, element array, or probe with the
brachytherapy applicator in a variety of ways described
in more detail below. In some embodiments described
below, an US element or US element array may include
one or more crystals or other materials capable of gen-
erating and receiving US signals, and an US probe may
include a device with such US elements that may be
moved from one position to another during treatment.
Further, it should be noted that the embodiments de-
scribed below may be implemented separately or in any
suitable combination, depending on implementation-
specific considerations.

[0014] Turning now to the drawings, FIG. 1 schemati-
cally illustrates a brachytherapy system 10 including a
gynecologic brachytherapy applicator 12 and an US el-
ement 14. The illustrated brachytherapy applicator 12 is
a standard applicator set having a fixed geometry and
enabling conformal treatment planning with the use of
transverse slices. However, the depiction of the standard
applicator set in FIG. 1 is merely a non-limiting example,
not meant to limit the scope of presently contemplated
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embodiments. Indeed, in other embodiments, the gyne-
cological brachytherapy applicator 12 shown in FIG. 1
(or any applicators shown in other figures) may be any
suitable gynecologic brachytherapy applicator, such as
but not limited to vaginal multi-channel applicators, inter-
stitial ring applicators, ring applicators, Fletcher William-
son applicator sets, Ti vaginal cylinder applicator sets,
Miami vaginal applicator sets, shielded cylindrical appli-
cator sets, combined interstitial and intracavitary appli-
cator sets, ring-based applicator sets, and combinations
thereof.

[0015] Further, although the illustrations described
herein depict gynecological applicators, this type of ap-
plicator is merely an example not meant to limit the types
of applicators encompassed by the presently contem-
plated embodiments. In some embodiments, the appli-
cator 12 may not be a gynecological applicator. For ex-
ample, the applicator 12 may be a device designed for
applications related to esophageal, skin, rectal, prostate
needles, lung, and other body site applications.

[0016] Suitable gynecological applicators for use as
the applicator 12 may include tandem and ovoids, tan-
dem and rings, and cylinders. The applicator 12 may in-
clude templates, such as prostate and/or gynecological
templates. The applicator 12 may also include skin ap-
plicators, esophageal applicators, rectal applicators, lung
applicators, nasopharynx applicators, breast and/or
tongue applicators, breast, CT and/or MRI, conditional
and/or safe applicators. In embodiments in which the ap-
plicator 12 includes a breast or tongue applicator, the US
elements 14 may be positioned against the side of the
plates towards the breast or tongue.

[0017] The US element 14 is schematically illustrated
in FIG. 1 and may take on a variety of suitable forms,
depending on implementation-specific considerations.
For example, the US element 14 may be a 3D or moving
2D probe. Further, the US element 14 may include a
phased array either with or without an associated multi-
plexer. In other embodiments, the US element 14 may
include a rotating crystal either with or without a mirror.
[0018] The US element 14 and the gynecologic brach-
ytherapy applicator 12 may be combined, coupled, or
otherwise integrated together in a variety of suitable
ways. Forexample, the US element 14 may be positioned
in one or more channels of the applicator 12, attached
to an outer surface of the applicator 12, or integrated in
another manner with the applicator 12. FIGS. 2-7 show
example embodiments for coupling and/orintegrating the
gynecologic brachytherapy applicator 12 with the US el-
ement 14.

[0019] During operation of the brachytherapy system
10, the brachytherapy applicator 12 is inserted into the
patient, for example, by advancing the applicator 12 into
a patient’s vagina. The US element 14 may be used be-
fore, during, or after insertion into the patient to transmit
acoustic signals into the patient and receive acoustic sig-
nals back from the patient after such signals have inter-
acted with the patient’s anatomy and the surrounding en-
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vironment. The US element 14 may be inserted into the
patient substantially concurrently with insertion of the ap-
plicator 12, or an US probe may be inserted into the pa-
tient after the applicator 12 is positioned. The US element
14 may both send and receive US signals.

[0020] Further,in some embodiments, the US element
14 may be positioned to contact the patient’s tissue be-
fore insertion and may remain in contact with the patient’s
tissue during insertion. For example, in one embodiment,
the US element 14 may include a plurality of US elements
disposed in or on foam, which expands during insertion
into the vagina and presses the US elements against the
patient’s vaginal wall. In this way, air in the patient’s va-
gina may be reduced or eliminated and replaced by the
foam. The foam may then function as a transmission me-
dium for the ultrasound waves transmitted and received
by the US element 14, thus rendering the area within the
patient’s vagina suitable for probing with ultrasonic mo-
dalities.

[0021] In some embodiments, the probe may be
moved over a desired length or portion of the patient’s
anatomy to obtain a 3D image of the region of interest.
The US element(s) 14 may be excited in a specific order
to create an ultrasound wave that is able to cover the
region of interest. As such, the brachytherapy applicator
12showninFIG. 1 mayinclude US emitting and receiving
elements, such as crystals, on the ovoid and/or at the
intrauterine tube. In some embodiments, the conductive
elements (which may be electrical or optical) may be in-
tegrated in the tubing wall. In a specific embodiment an
applicator has an US receiving and emitting element de-
signed with a center focus aimed at an organ at risk,
organ of interest. For example, for a gynealogical appli-
cator, organs of interest are known to the skilled person
and may be the Bladder, Rectum and Sigmoid, at least
one of these organs having a specific US element having
a center focus aimed at the organ. See for further details
Fig 9. In an embodiment, the ultrasound element, has a
field of view that in use, is directed at an organ of interest,
in particular any of the bladder, sigmoid or rectum. Fur-
thermore, preferably, the ultrasound element is provided
on the wall shaped according to the patients anatomy,
to be in direct contact with the patients tissue, for optimal
imaging purposes. Based on the received acoustic sig-
nals, one or more images, either 2D or 3D, may be re-
constructed.

[0022] Duringthe acquisition of the ultrasound images,
it may be desirable to reduce or eliminate air from the
field of view. To that end, it may be desirable to surround
the applicator 12 with a medium that reduces or prevents
the likelihood that air will be presentin the vagina. There-
fore, in some embodiments, the vagina may be filled by
packing with fabric soaked in a gel, filing with a com-
pressible foam or other material, filling with gel, or filling
with a compliant balloon full of a material substantially
free of air or other undesirable gases.

[0023] Further, in certain embodiments, the environ-
ment in the area to be imaged (e.g., the distal 5 cm of
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the vagina) may be filled with a fluid or solid material.
Suitable materials that could be used include but are not
limited to a water-based foam that expands between the
applicator 12 and the patient’s tissue, a rigid gel com-
pressed between the applicator 12 and the tissue, com-
pliable balloon(s) filled with a material such as saline,
fabricfilled with a gel that may be pressed out of the fabric
to form a uniform water-based matrix during packaging,
a deformable sponge filled with a gel that is compressed
inthe free space, awater-based foam such as PUR foam,
a two-component composite material that hardens (e.g.,
within about a minute) and includes water, a frozen water
area, and so forth. Additionally, in one embodiment, the
vagina may be filled with a plurality of water-filled parti-
cles, thus packing the applicator 12in place. The particles
may be formed from a rubber material having the air re-
moved therefrom, resulting in a rigid, water-filled ana-
tomical shaped system.

[0024] In some embodiments, the 3D data acquired
via operation of the US element 14 may be utilized in 3D
conformal dose planning for cervix treatments and may
offer one of more advantages over conventional ap-
proaches making use of MRI or CT imaging modalities.
For example, by using the ultrasound-based brachyther-
apy system 10, the total time for a cervical cancer treat-
ment procedure may be reduced because the US ele-
ment 14 may be used at the point of care in the operation
room during the treatment procedure. Use of at least
some of the presently disclosed embodiments may not
require that the patient be relocated to an imaging de-
partment from the operation room to perform imaging.
[0025] Further, since the brachytherapy system 10 of
FIG. 1 includes the US element 14 integrated with the
applicator 12, and air has been reduced or eliminated
from the field of view, the system 10 may enable visual-
ization of the desired anatomy and features of the sur-
rounding environment with a single device. For example,
a single device may be utilized to visualize the applicator
12, the cervix, the parametrium, the uterus, and/or other
anatomy of interest, without the need for more than one
device (e.g., without the need for a TAUS device and/or
a TRUS device).

[0026] Further, duetothe integration ofthe US element
14 with the applicator 12, the image reconstruction of the
applicator 12 may be improved as compared to traditional
systems. Further, during the insertion of needles, the US
element 14 may provide real time feedback on the needle
position within the patient. Similarly, during treatment of
the patient, the brachytherapy system 10 may provide
real time feedback regarding the relative position be-
tween the tumor, the applicator 12, and/or one or more
other portions of the patient’'s anatomy.

[0027] In some embodiments, the foregoing features
of the brachytherapy system 10 may further enable cre-
ation of a conformal treatment plan for the imaged patient
based on only ultrasound images, not MRI, CT, or X-ray
images. Further, shifts of the applicator 12, or other
changes that occur during treatment, may be detected
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inreal time, thus enabling a clinician to dynamically adapt
the current or subsequent treatment plan for the patient,
or to readjust the position of the applicator 12, during the
treatment procedure. For example, in one embodiment,
a feedback loop may be employed to enable reposition-
ing of the applicator 12 based on the determined position
of the applicator 12 with respect to the tumor at various
points during treatment.

[0028] Further, it should be noted that in some embod-
iments, the brachytherapy system 10 may be used for
quality assurance purposes. In such embodiments, im-
aging with the US element 14 may occur during treatment
to verify whether the conditions under which the treat-
ment plan is made remain the same during treatment.
For example, the brachytherapy system 10 may be used
to determine if there is movement of the applicator 12 in
relation to the tumor or critical organs, which may result
in an under or over dosage of the tumor, thus increasing
the likelihood of treatment side effects.

[0029] FIG. 2 illustrates a brachytherapy system 16 in-
cluding the brachytherapy applicator 12 and US sensors
18 and 20. In this embodiment, the brachytherapy appli-
cator 12 is a standard applicator set including two appli-
cator tubes 22 and 24 having ovoids 26 and 28 at a distal
end 30 and ports 32 and 34 at a proximal end 36. A tube
clamp 38 is disposed about the applicator tubes 22 and
24 to hold the assembly together. The applicator tubes
22 and 24 may have one or more closed tube end exten-
sions 40 configured to hold one or more radiation sources
for treatment. Further, each applicator tube 22 and 24
may have an inner channel that enables a source to move
through the tubes 22 and 24. For example, a radiation
source, adummy source, or a tracking device may move
through the channels.

[0030] The ovoids 26 and 28 may be various shapes
and sizes to provide effective treatment to a patient. In
one embodiment, the shape of the ovoids 26 and 28 may
be matched to the anatomical structure of the patient,
increasing or decreasing in size to fit the patient. The
ovoids 26 and 28 may include shielding, which may at-
tenuate or direct the radiation that may emanate from
sources placed at the end of applicator tubes 22 and 24.
Further, the ovoids 26 and 28 may include apertures for
the placement of interstitial needles.

[0031] In the illustrated embodiment, the US sensors
18 and 20 are located on the ovoids 26 and 28, respec-
tively. The US sensors 18 and 20 may be located in any
desirable location about the ovoids 26 and 28, such as
on the top and bottom of the ovoids 26 and 28, or on the
intrauterine tube. Further, the US sensors 18 and 20 may
be attached to the ovoids 26 and 28 in any suitable man-
ner, for example, by using biocompatible adhesives or
tethering mechanisms, snap fit, screws, bayonet connec-
tion, friction fit, and so forth.

[0032] The applicator tubes 22 and 24 may be secured
using one or more of the tube clamps 38. In some em-
bodiments, the tube clamp 38 may prevent the sliding or
rotation of applicator tubes 22 and 24 with respect to one
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another. For example, the tube clamp 38 may include a
fastener, screw, or other securement mechanism to ap-
ply a force to a side of the applicator tubes 22 and 24.
[0033] Theapplicatortubes22and 24 may alsoinclude
the ports 32 and 34 that may each receive devices, such
as radiation sources, dummy sources, or tracking devic-
es. The ports 32 and 34 may be covered, for example,
with port caps, before, during, or after use. During use,
an automated process may be employed. Once a needle
is properly positioned within the patient, an actuator may
be connected, and the radiation source is then inserted
through the ports 32 and 34.

[0034] FIG. 3 illustrates another embodiment of a
brachytherapy system 42 including a brachytherapy ap-
plicator 44 and US sensors 46, 48, 50, and 52. In this
embodiment, the brachytherapy applicator 44 is a ring-
shaped applicator suitable for volume-based intracavi-
tary cervical brachytherapy. To that end, the brachyther-
apy applicator 44 includes an ovoid ring 54 and an intra-
uterine tube 56 extending through ovoid ring 54. A plu-
rality of applicator tubes 58, 62 and the rectal retractor
60 are secured via clamps 64 and 66 and terminate in
ports 68 and 70. Each of these components may include
the features described above for the applicator tubes 22
and 24, clamp 38, and ports 32 and 34, respectively.
[0035] In this embodiment, the US element 48 is dis-
posed along the length of the intrauterine tube 56. The
US element 48 in this implementation may take on a va-
riety of sizes, shapes, forms, and arrangements on the
intrauterine tube 56. For example, in this or other em-
bodiments described herein, the US element 48 may in-
clude an array of probes disposed about the circumfer-
ence or central axis of the intrauterine tube 56 at one or
more locations along the length of the intrauterine tube
56. In other embodiments, the US element 48 may be
disposed on a single side of the intrauterine tube 56 (e.g.,
as shown in FIG. 3), or two elements or element arrays
may be disposed on opposite sides of the intrauterine
tube 56. Further, in some embodiments, the US ele-
ment(s) 48 may be positioned on a section of the circum-
ference of the intrauterine tube, ring, rectal retractor, or
ovoid tube.

[0036] The US elements 46 and 50 in the illustrated
embodiment are disposed on a surface 72 of the ovoid
ring 54 on opposite sides of the intrauterine tube 56. How-
ever, other uniform or non-uniform patterns of US ele-
ment or element arrays may be disposed in any desired
location on the surface 72. Further, in some embodi-
ments, it may be desirable to position the US elements
46 and/or 50 on another portion of the ovoid ring 54, such
as on a side portion 74. Indeed, the US probes 46 and/or
50 may be disposed in any desired location on the ovoid
ring 54 in other embodiments.

[0037] In the illustrated embodiment, the US element
or element arrays 52 is positioned on rectal retractor 76
extending from the ovoid ring 54. However, in other em-
bodiments, the US element or element arrays 52 may be
positioned in or on another location extending from the
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ovoid ring 54, such as on extension 78.

[0038] FIG. 4 illustrates another embodiment of a
brachytherapy system 80 including a brachytherapy ap-
plicator 82 having a body 84 and an US element or ele-
ment array 86. In this embodiment, the brachytherapy
applicator 82 is a vaginal multi-channel applicator. As
such, the applicator 82 may incorporate channels that
follow the curve of the applicator tip to bring the dosimetry
closer to the vaginal vault during operation, thus enabling
effective coverage of the planning target volume.
[0039] In this implementation, the US element 86 is
disposed at a tip 88 of the body 84 of the brachytherapy
applicator 82. However, in other embodiments, the US
element 86 may be disposed at other locations on the
body, or multiple US elements 86 may be provided along
the length or about the circumference of the body 84.
[0040] FIGS. 5 and 6 are schematics 90 and 92 illus-
trating additional embodiments in which one or more US
probes 94, 96 are inserted in one or more channels of a
brachytherapy applicator 102, asindicated by arrows 104
and 106. In these embodiments, an US transmission
mechanism 108 is disposed about the one or more US
probes or elements 94, 96 to enable transmission of the
ultrasonic waves between the US probes 94, 96 and a
patient’s anatomy. Additionally, one or more conductors
(e.g., conducting or optical wires) may be run through
the central channel 99, as indicated by arrow 110, and/or
one of the other channels 98 and 100, as indicated by
arrow 112, to provide power and/or communication be-
tween a power and/or control system and the US probes
94 and 96. The power and/or communication may be
transmitted electrically, optically, and/or wirelessly in
some embodiments.

[0041] In some embodiments, the US probes 94 and
96 may be configured to move or slide through one or
more of the channels 98, 99, and 100 before, during,
and/or after the applicator 102 is positioned within the
patient. For example, in one embodiment, the US probes
94 and 96 may be configured to slide along one or more
of the channels 98, 99, and 100 and acquire an ultrasonic
image at a plurality of locations along the length of the
applicator 102. In this embodiment, there may be aper-
tures or windows disposed in the body of the applicator
to enable the US probes or elements 94 and 96 to, for
example, contact the patient’s tissue at a variety of loca-
tions. For further example, in certain embodiments, by
moving the US probes or elements 94 and 96 within one
or more of the channels 98, 99, and 100 and acquiring
measurements at multiple positions, a 3D image of the
patient’s anatomy may be reconstructed. The US probes
94 and 96 may thus enable visualization of the environ-
ment within the patient (e.g., with a penetration depth of
the acoustic signals being at least approximately 1 mm).
[0042] The US probes 94 and 96 may take on a variety
of forms in presently contemplated embodiments. For
example, in one embodiment, the US probes 94 and 96
may each include a phased array in which multiple US
emitting and receiving elements, such as crystals are ar-
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ranged around the circumference of the applicator 102
in the axial direction. In this embodiment, one or more
multiplexers may be provided to limit the quantity or size
of the conductors coupling the US probes 94 and 96 to
one or more external power and/or control systems.
[0043] The US probes 94 and 96 in this embodiment
may further include ultrasound emitting and receiving el-
ements like piezoelectric crystals conductively connect-
ed with a substrate with conductive tracks like a polyimide
flex circuit having conductive tracks (e.g., golden or cop-
per) tracks. In one embodiment, piezoelectric crystal el-
ements may be fixated to a polyimide sheet having con-
ductive tracks. The fixation is such that the piezoelectric
crystal elements are conductively connected to the
tracks. The piezoelectric crystal may be sliced in seg-
ments after connection to the polyimide sheet. At specific
positions, multiplexers may be conductively fixated. Also,
conductive wires may be conductively attached to the
tracks. The signaltransmission towards the outside world
can also be achieved in an optical way or via wireless
transmission. This combination may then be attached to
the desired brachytherapy applicator.

[0044] In some embodiments, the attachment may be
adhesive, while in other embodiments, the combination
may be embedded in a plastic layer in or on the brachy-
therapy applicator. The conductive wires may be guided
through a separate channel or be conductive wires inte-
grated in the tubing wall as reinforcement wire of the tub-
ing. In some embodiments, the polyimide sheet may have
an extension strip, which is longer than the applicator
and can be embedded in a slot of the applicator.

[0045] Additionally, in some embodiments, the US
probes 94 and 96 may include a crystal array applied
along the central axis of the applicator 102 in a single
strip or multiple strips, and the applicator 102 may be
rotated between approximately 30 degrees and approx-
imately 360 degrees for imaging.

[0046] In another embodiment, the US probe 96 may
include a phase array of ultrasound receiving and emit-
ting elements, such as crystals, formed in a long array
along the length of the applicator 102. In this embodi-
ment, the dimensions of the phased array may be select-
ed such that the treatment region of interestin the patient
is covered by the array by varying the length and/or cir-
cumference of the phased array. In some embodiments,
the phased array may include small crystals mounted on
a flex circuit, which may impart flexibility on the applicator
102, thus enabling the applicator 102 to follow curves in
the channels 98 and 100.

[0047] Further, in some embodiments, the US probes
94 and 96 may include one or more crystals, such as
piezoelectric crystals, configured to change shape when
an electric current is applied thereto, thus producing
sounds waves that can be used to visualize the anatomy
of interest. The crystals may be rotating crystals or sta-
tionary crystals associated with a rotating mirror. In one
embodiment, a piezoelectric crystal may be connected
to a rotation wire, and the rotation wire contains conduc-
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tive wires. The rotation wire connected to the piezoelec-
tric crystal may be within a housing substantially devoid
of air. The wire with the piezoelectric crystal may be lo-
cated at a distal end of the housing, and the proximal end
may be rotated. During operation of this assembly, the
piezoelectric crystal may fire sideways sound waves to
probe the anatomy of interest. In another embodiment,
a stationary piezoelectric crystal may be provided to pro-
duce sound waves that are deflected by a rotating mirror
under an angle selected for the given application. In an-
other embodiment, the rotating mirror may have a
changeable angle.

[0048] The US transmission mechanism 108 may also
take on various suitable forms in different embodiments,
depending on implementation-specific considerations.
For example, in one embodiment, the US transmission
mechanism 108 may be an inflatable balloon that can be
inflated to adapt to the patient’s anatomy. In this embod-
iment, a lumen may be provided, for example, in a wall
of the applicator 102, to inflate and deflate the balloon
with a suitable fluid, such as gel, particles, water, or an-
other transportable medium. Indeed, the medium used
to inflate the balloon may be any deformable material
that substantially omits air.

[0049] In another embodiment, the US transmission
mechanism 108 may be a deformable and/or dry mate-
rial. The deformable material may be shaped as an oval
or any other suitable shape for the given application. Fur-
ther, the deformable material may be sized such that its
outer diameter is slightly larger than the inner diameter
of the applicator channel such that when a force is ap-
plied, the deformable material takes the form of the chan-
nel and forces air away from the US probes 94 and 96.
Additionally, in some embodiments, the deformable ma-
terial may be filled with a medium like gel, water, or an-
other suitable fluid. For example, the deformable material
may be formed from closed cell foam and may have a
water-based material inside the closed cells.

[0050] FIG. 7 illustrates an embodiment of a brachy-
therapy applicator 120 including a body 122, which may
be a portion of an ovoid or ovoid tubing, having an US
probe 124 integrated with an outer surface thereof. A
conductor 126 extends from the US probe 124 to couple
the US probe 124 to one or more power and/or control
systems.

[0051] Similarly, FIG. 8 illustrates an embodiment of a
brachytherapy applicator 128 including a body 130,
which may be a portion of an intrauterine tube, having
an US element or element array 132 integrated with a
portion of an outer surface of an end portion of the body
130. A conductor 134 extends from the US element or
element array 132 to couple the US element or element
array 132 to one or more power and/or control systems.
[0052] In the embodiments of FIGS. 7 and 8, the US
element or element array 124 and 132 may be formed
as a polyimide layer with tracks, piezoelectric crystals
arranged in a phased array, and multiplexers, all covered
with an insulative material. The insulative material may
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be any material suitable for insulating the components
of the US probes 124 and 132, such as but not limited to
plastic like epoxy.

[0053] Further, in embodiments such as those shown
in FIGS. 7 and 8 in which the US element or element
array 124 and 132 are positioned in or on an outer surface
of the applicators 120 and 128, it may be desirable to
surround the applicators 120 and 128 with a medium that
reduces or prevents the likelihood that air will be present
in the vagina. For example, it may be desirable to reduce
or prevent the formation of air bubbles because such
bubbles may block visualization of the area behind the
bubbles. Therefore, in some embodiments, the vagina
may be filled by packing with fabric soaked in a gel, filling
with a compressible foam or other material, filling with
gel, or filling with a compliant balloon full of a material
substantially free of air or other undesirable gases.
[0054] Fig 9 gives a specific embodiment for a gynea-
logical applicator, wherein the ultrasound element UE is
attached to the applicator in order to have a center focus
aimed at an organ of interest. Thus the field of view of
the ultrasound emitting element is set to a have a direc-
tion of view aimed at an organ of interest. This ensures
that the organs of interest can be specifically viewed at
from a fixed viewpoint, seen from the applicator, which
substantially enhances the possibility to control the radi-
ation dose for these organs. In the figure, the volume of
an organ at risk (OAR) that gets the highest dose (D2cc)
resulting the dose planning made for treating the tumor
can thus be visualized. In more detail imaging require-
ments for an ultrasound probe in terms of field of view
could be for example one or more Ultrasound elements
attached to the GYN applicator constructed to carry out
one or more of the following steps:

Image the cervix

Image at least 2/3 of the uterus
Image the top of the vagina
Image the D2cc of the bladder
Image the D2cc of the rectum
Image the D2cc of the sigmoid

[0055] The imaging requirement for an ultrasound
probe in terms of resolution would be about 1-5mm in
every direction. For lengths of the uterus typical 8 cm
from cervix to fundus and tumors can extend up to 4-5
cm from the cervix in radial direction relative to the GYN
applicator.

[0056] Similar considerations apply for the embodi-
ment illustrated in Figure 2. For example, to optimally
capture the relevant parts of the cervix the ultrasound
elements may be positioned on ovoids 18, 20 on the fron-
tal side "looking forward" and on the free side of the ovoid
over at least 90 degrees relative to the axial forward di-
rection, but preferably over 135 degrees. Similarly, US
elements can be positioned, in the figure of the drawing,
on top, bottom and rear walls of the ovoids 26, 28.
[0057] This may be provided by array elements addi-
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tional to forward looking elements 18, 20 (not shown),
that may be placed on the top end bottom surface which
may include the transition surface between the top side
(or bottom side) and frontal side, top side (or bottom side)
and side ovoid top side.

[0058] In this way the field view of the combined ultra-
sound elements of may cover designated area’s of inter-
estwhile the applicator can be designed conformal to the
anatomy of the patient.

[0059] In Figure 3, ultrasound elements 46 and/or 50
are preferably positioned covering ring 54 on the frontal
side "looking forward" to image the cervix. In addition,
ultrasound elements can be positioned on the free sides.
The bottom part of the ringiis constructed so that a section
of the US elements may look backward creating a field
of view with an angle of more than 100 degrees, prefer-
ably about 135 degrees. This can be provided by a suit-
able curvature of the ring’s bottom face. For schematic
reasons ultrasound element 52 is illustrated visibly but
is arranged at the side, in use, opposed to the rectum.
[0060] In Figure 4, preferably ultrasound elements 86
are preferably positioned on a circumference of the cyl-
inder and on the distal sphere to image a forward and
partly radial direction, seen from the length axis of the
cylinder. A distal length of the cylinder 84 that may be
covered by the US elements could be between 3m and
10 cm to cover all area’s of interest.

[0061] In practical examples, ultrasound frequency to
be used to cover 10 cm - 15 cm field depth and having
an acceptableresolution are preferably between 2.5 MHz
and 10 MHz.

[0062] Asdescribed above, applicators consistent with
the above embodiments may be used for brachytherapy
treatment. For example, an applicator as shown above
in FIGS. 2-4 having one or more US elements may be
inserted together into a patient’s anatomical cavity, such
as the patient’s vagina. Additionally or alternatively, and
consistent with other disclosed embodiments, such as
those shown in FIGS. 5 and 6 above, the applicator may
first be inserted and positioned in the patient, and then
the US probe may be inserted into the applicator.
[0063] Either before or during applicator insertion, in
order to optimize ultrasonic visualization, it may be de-
sirable to position one or more of the US elements or US
probes in an environment within the patient having a re-
duced or eliminated amount of gas and/or air. To that
end, the environment in the area to be imaged (e.g., the
distal 5 cm of the vagina) may be filled with a fluid or solid
material either before, during, or after insertion of the
applicator.

[0064] As described above, a variety of suitable mate-
rials could be used to remove the gas or air. Such mate-
rials include, but are not limited to, a water-based foam
that expands between the applicator and the patient’s
tissue, a rigid gel compressed between the applicator
and the tissue, compliable balloon(s) filled with a material
such as saline, a fabric filled with a gel that may be
pressed out of the fabric to form a uniform water-based
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matrix during packaging, a deformable sponge filled with
agel thatis compressed in the free space, a water-based
foam such as PUR foam, or a two-component composite
material that hardens (e.g., within about a minute). Ad-
ditionally, in one embodiment, the vagina may be filled
with a plurality of water-filled particles, thus packing the
applicator in place. The particles may be formed from a
rubber material having the air removed therefrom, result-
ing in a rigid, water-filled anatomical shaped system.
[0065] Once the applicator, the US elements or probe,
and the transmission medium are positioned within the
patient’s anatomy, the US elements or probe may be
activated to transmit acoustic signals into the patient’s
anatomy through the transmission medium. The acoustic
signals interact with the patient's anatomy and one or
more devices positioned within the patient, and the US
elements or probe then receive acoustic signals thathave
interacted with the patient’'s anatomy and the surrounding
environment.

[0066] In some embodiments in which an US probe is
utilized (e.g., as shown in FIGS. 5 and 6), the US probe
may be moved over a desired length or portion of the
patient’s anatomy to obtain a 3D image of the region of
interest. The US transmitting and receiving elements in
the US probe may also be excited in a specific order to
create an ultrasound wave that is able to cover the region
of interest at a plurality of positions.

[0067] In some embodiments, the data acquired via
operation of the US element or probe may be transmitted
(e.g., optically, electrically, or wirelessly) to an externally
located controller for utilization in planning treatment of
the patient. For example, the acquired data may be used
in a feedback loop during treatment of the patient to de-
termine the relative position between the tumor, the ap-
plicator, and/or one or more other portions of the patient’s
anatomy. Based on this feedback, the treatment plan
and/or the position of the applicator may be modified to
improve accuracy and/or effectiveness of treatment of
the tumor.

[0068] In this disclosure, various embodiments have
been described with reference to the accompanying
drawings and embodiments. It will, however, be evident
that various modifications and changes may be made
thereto, and additional embodiments may be implement-
ed, without departing from the present disclosure. The
specification and drawings are accordingly to be regard-
ed in an illustrative rather than restrictive sense.

[0069] Forexample, advantageous results may still be
achieved if steps of the disclosed methods were per-
formed in a different order and/or if components in the
disclosed systems were combined in a different manner
and/or replaced or supplemented by other components.
Other implementations are also within the scope of the
present disclosure.

[0070] By way of examples, the following aspects may
be identified of the brachytherapy system as herein dis-
closed. It may comprise a brachytherapy applicator com-
prising an applicator tube and a radiation source config-
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ured to deliver radiation to a tumor, wherein at least a
portion of the applicator tube is configured to conform to
at least a portion of a patient’s anatomy; and

at least one ultrasound element, element array, or probe
coupled to the applicator tube;

It may comprises a gynecological applicator having at
least one ovoid, and the at least one ultrasound element
may be coupled to the at least one ovoid; The at least
one ovoid may be ring shaped;

The ring shaped ovoid may comprise an intrauterine tube
extending therefrom.

[0071] The at least one ultrasound element may be
disposed on the intrauterine tube.

[0072] The brachytherapy applicator may comprise a
cylindrical shaped applicator having at least one channel
and having the at least one ultrasound element or ele-
ment array disposed at a distal end of the applicator.
[0073] The at least one ultrasound probe or element
may comprise a phased array with a multiplexer, a rotat-
ing crystal a stationary crystal with a rotating mirror, or a
combination thereof.

[0074] The system may comprise a brachytherapy ap-
plicator comprising a body having at least one channel
extending therethrough and being configured to deliver
radiation to a tumor; and

at least one ultrasound probe configured to be inserted
into the at least one channel and moved along the length
of the channel.

[0075] The at least one ultrasound probe may be con-
figured to acquire an ultrasonic image at more than one
location along the length of the at least one channel.
[0076] The body of the brachytherapy applicator may
comprise a plurality of apertures disposed along the
length of the body and configured to align with the at least
one ultrasound probe.

[0077] The brachytherapy system may comprise an
electrical or optical conductor coupled to the at least one
ultrasound probe and configured to be received in the at
least one channel.

[0078] The brachytherapy system may comprise an ul-
trasound transmission medium disposed between the at
least one ultrasound probe and the vaginal tumor or anat-
omy.

[0079] The transmission medium may comprise gel,
water, foam, powder, or a combination thereof.

[0080] The at least one ultrasound probe may com-
prise a piezoelectric crystal, a multiplexer, a polyimide
flex circuit, or a combination thereof.

[0081] The at least one ultrasound probe comprises a
rotating crystal or a stationary crystal and a rotating mir-
ror.

[0082] The brachytherapy system may comprise a
brachytherapy applicator comprising an applicator tube
and at least one ovoid coupled to the applicator tube and
configured to conform to at least a portion of a patient’s
vagina; and

at least one ultrasound element or element array dis-
posed on an outer surface of or integrated in a wall of

10

15

20

25

35

40

45

50

55

the brachytherapy applicator.

[0083] The atleastone ultrasound probe may compris-
es a polyimide layer, one or more piezoelectric crystals,
and a multiplexer.

[0084] The the polyimide layer, the one or more piezo-
electric crystals, and the multiplexer may be covered with
a layer of insulative material.

[0085] The insulative material may comprises plastics,
thermoplastics, or thermos-hardeners.

[0086] The outer surface may be a surface shaped to
the patients anatomy, in particular, be of the at least one
ovoid.

[0087] The brachytherapy applicator may further com-
prise ovoid tubing, and the outer surface is a surface of
the ovoid tubing.

[0088] The brachytherapy applicator may further com-
prise an intrauterine tube, and the outer surface is a sur-
face of the intrauterine tube.

[0089] It is to be understood that both the foregoing
general description are exemplary and explanatory only,
and are not restrictive. Further, the accompanying draw-
ings, which are incorporated in and constitute a part of
this specification, illustrate embodiments of the present
disclosure and together with the description, and are sim-
ilarly not restrictive.

Claims
1. A brachytherapy system, comprising:

a brachytherapy applicator comprising an appli-
cator body and a radiation source configured to
deliver radiation to a tumor, wherein at least a
portion of the applicator body is configured to
conform to at least a portion of a patient’s anat-
omy; and

at least one ultrasound element, element array,
or probe coupled to the applicator body, wherein
the brachytherapy applicator comprises a gyne-
cological applicator having two ovoids (26, 28),
and wherein ultrasound elements (18, 20) are
positioned on the ovoids (26, 28) on the frontal
side looking forward and on a free side of the
ovoid over at least 90 degrees relative to the
axial forward direction.

2. A brachytherapy system, comprising:

a brachytherapy applicator comprising an appli-
cator body and a radiation source configured to
deliver radiation to a tumor, wherein at least a
portion of the applicator body is configured to
conform to at least a portion of a patient’s anat-
omy; and

at least one ultrasound element, element array,
or probe coupled to the applicator body, wherein
the brachytherapy applicator comprises a gyne-
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cological applicator having an ovoid ring (54)
wherein ultrasound elements (46, 50) are posi-
tioned covering the ring (54) on the frontal side
looking forward and a bottom part of the ring (54)
is constructed so that a section of the ultrasound
element may look backward creating a field of
view with an angle of more than 100 degrees.

The brachytherapy system of claim 1 or 2, wherein
the ultrasound element designed with a center focus
aimed, in use, at an organ at risk .

The brachytherapy system of any preceding claim,
wherein the ultrasound elements are provided on a
wall shaped according to the patients anatomy, to
be in direct contact with the patients tissue.

The brachytherapy system of any preceding claim,
wherein the at least one ultrasound element is dis-
posed on an intrauterine tube.

The brachytherapy system of any of preceding claim,
wherein the atleast one ultrasound probe or element
comprises a phased array with a multiplexer, a ro-
tating crystal a stationary crystal with a rotating mir-
ror, or a combination thereof.

Abrachytherapy system, according to any preceding
claim, wherein the applicator body has at least one
channel extending therethrough and being config-
ured to deliver radiation to a tumor; and

the least one ultrasound probe configured to be in-
serted into the at least one channel and moved along
the length of the channel.

The brachytherapy system of any preceding claim,
wherein the at least one ultrasound probe is config-
ured to acquire an ultrasonicimage at more than one
location along the length of the at least one channel.

The brachytherapy system of any preceding claim,
wherein the body of the brachytherapy applicator
comprises a plurality of apertures disposed along
the length of the body and configured to align with
the at least one ultrasound probe.

The brachytherapy system of any preceding claim,
comprising an electrical or optical conductor coupled
to the at least one ultrasound probe and configured
to be received in the at least one channel.

The brachytherapy system of any of preceding claim,
comprising an ultrasound transmission medium dis-
posed between the at least one ultrasound probe
and the vaginal tumor or anatomy.

The brachytherapy system of any preceding claim,
wherein the transmission medium comprises gel,

10

15

20

30

35

40

45

50

55

10

EP 3 280 494 B1

13.

14.

15.

16.

18
water, foam, powder, or a combination thereof.

The brachytherapy system according to any preced-
ing claim, wherein the at least one ultrasound probe
comprises a polyimide layer, one or more piezoelec-
tric crystals, and a multiplexer.

The brachytherapy system of any preceding claim,
wherein the polyimide layer, the one or more piezo-
electric crystals, and the multiplexer are covered with
a layer of insulative material.

The brachytherapy system of any preceding claim,
wherein the insulative material comprises plastics,
thermoplastics, or thermos-hardeners.

The brachytherapy system of any preceding claim,
wherein the brachytherapy applicator further com-
prises ovoid tubing, and the outer surface is a surface
of the ovoid tubing.

Patentanspriiche

1.

2,

Brachytherapiesystem, Folgendes umfassend:

einen Brachytherapieapplikator, einen Applika-
torkérper und eine Strahlungsquelle umfas-
send, die so angeordnet sind, dass sie eine
Strahlung an einen Tumor abgeben, wobei min-
destens ein Abschnitt des Applikatorkdrpers so
angeordnet ist, dass er mit mindestens einem
Abschnitt der Anatomie eines Patienten Uber-
einstimmt; und

mindestens ein Ultraschallelement, eine Ele-
mentanordnung oder Sonde, die mit dem Appli-
katorkérper verbunden sind, wobei der Brachy-
therapieapplikator einen gynakologischen Ap-
plikator mit zwei Ovoiden (26, 28) umfasst und
wobei die Ultraschallelemente (18, 20) auf den
Ovoiden (26, 28) auf der nach vorn zeigenden
Vorderseite und auf einer freien Seite des Ovo-
iden in mindestens 90 Grad in Bezug auf die
axiale Vorwartsrichtung positioniert sind.

Brachytherapiesystem, Folgendes umfassend:

einen Brachytherapieapplikator, einen Applika-
torkdrper und eine Strahlungsquelle umfas-
send, die so angeordnet sind, dass sie eine
Strahlung an einen Tumor abgeben, wobei min-
destens ein Abschnitt des Applikatorkdrpers so
angeordnet ist, dass er mit mindestens einem
Abschnitt der Anatomie eines Patienten Uber-
einstimmt; und

mindestens ein Ultraschallelement, eine Ele-
mentanordnung oder Sonde, die mit dem Appli-
katorkérper verbunden sind, wobei der Brachy-
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therapieapplikator einen gynakologischen Ap-
plikator mit einem ovoiden Ring (54) umfasst,
wobei die Ultraschallelemente (46, 50) so ange-
ordnet sind, dass sie den Ring (54) auf der nach
vorn zeigenden Vorderseite abdecken, und ein
unterer Teil des Rings (54) so konstruiert ist,
dass ein Teil des Ultraschallelements nach hin-
ten schauen kann, um ein Sichtfeld mit einem
Winkel von mehr als 100 Grad zu erzeugen.

Brachytherapiesystem nach Anspruch 1 oder 2, wo-
bei das mit einem mittigen Fokus konstruierte Ultra-
schallelement in Gebrauch auf ein gefahrdetes Or-
gan gerichtet wird.

Brachytherapiesystem nach einem der vorherge-
henden Anspriiche, wobei die Ultraschallelemente
auf einer Wand vorgesehen sind, die nach der Ana-
tomie des Patienten geformt ist, um in direkten Kon-
takt mit dem Gewebe des Patienten zu gelangen.

Brachytherapiesystem nach einem der vorangehen-
den Anspriiche, wobei das mindestens eine Ultra-
schallelement auf einer Intrauterin-Rdhre angeord-
net ist.

Brachytherapiesystem nach einem der vorherge-
henden Anspriiche, wobei die mindestens eine Ul-
traschallsonde oder das Element eine aufeinander
abgestimmte Anordnung mit einem Multiplexer, ei-
nem rotierenden Kristall, einem stationaren Kristall
mit einem rotierenden Spiegel oder einer Kombina-
tion derselben umfasst.

Brachytherapiesystem nach einem der vorangehen-
den Anspriiche, wobei der Applikatorkdrper mindes-
tens einen Kanal aufweist, der sich durch ihn er-
streckt und so angeordnetist, dass er eine Strahlung
an einen Tumor abgibt; und

die mindestens eine Ultraschallsonde so angeordnet
ist, dass sie in den mindestens einen Kanal einge-
fuhrt und entlang der Ladnge des Kanals bewegt wird.

Brachytherapiesystem nach einem der vorherge-
henden Anspriiche, wobei die mindestens eine Ul-
traschallsonde so angeordnet ist, dass sie ein Ultra-
schallbild an mehr als einer Stelle entlang der Léange
des mindestens einen Kanals aufnimmt.

Brachytherapiesystem nach einem der vorherge-
henden Anspriiche, wobei der Kdrper des Brachy-
therapieapplikators eine Vielzahl von Offnungen um-
fasst, die entlang der Lénge des Kérpers vorgesehen
und so angeordnet sind, dass sie an der mindestens
einen Ultraschallsonde ausgerichtet sind.

Brachytherapiesystem nach einem der vorherge-
henden Anspriiche, einen elektrischen oder opti-
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schen Leiter umfassend, der mit der mindestens ei-
nen Ultraschallsonde verbundenist und so angeord-
net ist, dass er in dem mindestens einen Kanal auf-
genommen wird.

Brachytherapiesystem nach einem der vorherge-
henden Anspriiche, ein Ultraschalliibertragungsme-
dium umfassend, das zwischen der mindestens ei-
nen Ultraschallsonde und dem vaginalen Tumor
oder der Anatomie angeordnet ist.

Brachytherapiesystem nach einem der vorangehen-
den Anspriiche, wobei das Ubertragungsmedium
Gel, Wasser, Schaum, Pulver oder eine Kombinati-
on derselben umfasst.

Brachytherapiesystem nach einem der vorherge-
henden Anspriiche, wobei die mindestens eine Ul-
traschallsonde eine Polyimidschicht, einen oder
mehrere piezoelektrische Kristalle und einen Multi-
plexer umfasst.

Brachytherapiesystem nach einem der vorherge-
henden Anspriiche, wobei die Polyimidschicht, der
eine oder mehrere piezoelektrische Kristalle und der
Multiplexer mit einer Schicht Isoliermaterial abge-
deckt sind.

Brachytherapiesystem nach einem der vorherge-
henden Anspriiche, wobei das Isoliermaterial Kunst-
stoff, Thermoplast oder Thermo-Harter umfasst.

Brachytherapiesystem nach einem der vorherge-
henden Anspriiche, wobei der Brachytherapieappli-
kator ferner ovoide Réhren umfasst und die Auf3en-
flache eine Oberflache der ovoiden Rohre ist.

Revendications

1.

Systéme de curiethérapie, comprenant :

un applicateur de curiethérapie comprenant un
corps d’applicateur et une source de rayonne-
ment configurée pour délivrer un rayonnement
sur une tumeur, dans lequel au moins une partie
du corps d’applicateur est configurée pour étre
conforme a au moins une partie d’'une anatomie
d’un patient ; et

au moins un élément a ultrasons, un réseau
d’éléments ou une sonde couplé(e) au corps
d’applicateur, dans lequel l'applicateur de cu-
riethérapie comprend un applicateur gynécolo-
gique ayant deux ovoides (26, 28), et dans le-
quel les éléments a ultrasons (18, 20) sont po-
sitionnés sur les ovoides (26, 28) sur le cété
avant regardant vers I'avant et sur un coté libre
de 'ovoide sur au moins 90 degrés par rapport
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a la direction avant axiale.

2. Systéme de curiethérapie, comprenant :

un applicateur de curiethérapie comprenant un
corps d’applicateur et une source de rayonne-
ment configurée pour délivrer un rayonnement
sur une tumeur, dans lequel au moins une partie
du corps d’applicateur est configurée pour étre
conforme a au moins une partie d’'une anatomie
d’un patient ; et

au moins un élément a ultrasons, un réseau
d’éléments ou une sonde couplé(e) au corps
d’applicateur, dans lequel I'applicateur de cu-
riethérapie comprend un applicateur gynécolo-
gique ayant un anneau ovoide (54) dans lequel
les éléments a ultrasons (46, 50) sont position-
nés pour recouvrir 'anneau (54) sur le coté
avant regardant vers I'avant et une partie infé-
rieure de I'anneau (54) est configurée de sorte
qu’une section de I'élément a ultrasons peut re-
garder vers l'arriére, créant un champ de vision
avec un angle de plus de 100 degrés.

Systeme de curiethérapie selon la revendication 1
ou 2, dans lequel I'élément a ultrasons congu avec
une mise au point centrale vise, lors de I'utilisation,
un organe a risque.

Systeme de curiethérapie selon I'une quelconque
desrevendications précédentes, dans lequel les élé-
ments a ultrasons sont prévus sur une paroi fagon-
née selon I'anatomie des patients, pour qu’ils soient
en contact direct avec le tissu des patients.

Systeme de curiethérapie selon I'une quelconque
des revendications précédentes, dans lequel l'au
moins un élément a ultrasons est disposé sur un
tube intrautérin.

Systeme de curiethérapie selon I'une quelconque
des revendications précédentes, dans lequel l'au
moins une sonde ou un élément a ultrasons com-
prend un réseau phasé avec un multiplexeur, un cris-
tal tournant, un cristal stationnaire avec miroir tour-
nant, ou une combinaison de ceux-ci.

Systeme de curiethérapie selon I'une quelconque
des revendications précédentes, dans lequel le
corps d’applicateur a au moins un canal se prolon-
geant a travers et étant configuré pour délivrer un
rayonnement sur une tumeur ; et

'au moins une sonde a ultrasons configurée pour
étre insérée dans I'au moins un canal et déplacée le
long du canal.

Systeme de curiethérapie selon I'une quelconque
des revendications précédentes, dans lequel l'au
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moins une sonde a ultrasons est configurée pour
acquérir une image ultrasonique a plus d’un empla-
cementle long de lalongueur de I'au moins un canal.

Systéme de curiethérapie selon 'une quelconque
des revendications précédentes, dans lequel le
corps de I'applicateur de curiethérapie comprend
une pluralité d’ouvertures disposées le long de la
longueur du corps et configurées pour s’aligner avec
I’'au moins une sonde a ultrasons.

Systéme de curiethérapie selon 'une quelconque
des revendications précédentes, comprenant un
conducteur électrique ou optique couplé a 'au moins
une sonde a ultrasons et configuré pour étre regu
dans I'au moins un canal.

Systéme de curiethérapie selon 'une quelconque
des revendications précédentes, comprenant un
support de transmission d’ultrasons agencé entre
I’'au moins une sonde a ultrasons et la tumeur vagi-
nale ou I'anatomie.

Systéme de curiethérapie selon 'une quelconque
des revendications précédentes, dans lequel le sup-
port de transmission comprend un gel, de I'eau, une
mousse, une poudre, ou une combinaison de ceux-
Ci.

Systéme de curiethérapie selon 'une quelconque
des revendications précédentes, dans lequel l'au
moins une sonde a ultrasons comprend une couche
de polyimide, un ou plusieurs cristaux piézoélectri-
ques et un multiplexeur.

Systéme de curiethérapie selon 'une quelconque
des revendications précédentes, dans lequel la cou-
che de polyimide, I'un ou plusieurs cristaux piézoé-
lectriques et le multiplexeur sont recouverts d’'une
couche de matériau isolant.

Systéme de curiethérapie selon 'une quelconque
des revendications précédentes, dans lequel le ma-
tériau isolant comprend les plastiques, les thermo-
plastiques ou les thermodurcisseurs.

Systéme de curiethérapie selon 'une quelconque
des revendications précédentes, dans lequel I'appli-
cateur de curiethérapie comprend en outre un tube
ovoide, et |la surface extérieure est une surface du
tube ovoide.
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