EP 2 750 609 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 2 750 609 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
03.02.2016 Bulletin 2016/05
Application number: 12809336.6

Date of filing: 12.11.2012

(51) IntCL:

(86)

(87)

A61B 8/12(2006.01)
A61B 8/08 (2006.01

AG61B 8/00 (2006.01)
A61B 10/04 (2006.01)

International application number:
PCT/IB2012/056356

International publication number:
WO 2013/084094 (13.06.2013 Gazette 2013/24)

(54)

AN EXAMINATION SYSTEM WITH MULTIPLE ULTRASOUND TRANSDUCERS
UNTERSUCHUNGSSYSTEM MIT MEHREREN ULTRASCHALLWANDLERN
SYSTEME D’EXAMEN A TRANSDUCTEURS ULTRASONORES MULTIPLES

(84)

(30)

(43)

(73)

Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 08.12.2011 US 201161568212 P

Date of publication of application:
09.07.2014 Bulletin 2014/28

Proprietors:

Koninklijke Philips N.V.

5656 AE Eindhoven (NL)
Boston Scientific Scimed, Inc.
Maple Grove, MN 55311 (US)

Inventors:

KOLEN, Alexander Franciscus
NL-5656AE Eindhoven (NL)
HARKS, Godefridus Antonius
NL-5656AE Eindhoven (NL)

(74)

(56)

FOKKENROOD, Steven Antonie Willem
NL-5656 AE Eindhoven (NL)

DELADI, Szabolcs

NL-5656AE Eindhoven (NL)

McGEE, David L.

San Miguel,

CA 93451 (US)

RANKIN, Darrel L.

Milpitas,

CA 95035 (US)

Representative: Steffen, Thomas

Philips Intellectual Property & Standards
High Tech Campus 5

5656 AE Eindhoven (NL)

References cited:
EP-A1-2 036 500
US-A1- 2003 229 286

WO-A1-2006/113857

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 2 750 609 B1 2

Description
FIELD OF THE INVENTION

[0001] The present invention relates to the field of ex-
amination systems, in particular, the present invention
relates to examination systems comprising interventional
devices with multiple ultrasound transducers, and a cor-
responding method and computer program product.

BACKGROUND OF THE INVENTION

[0002] Examination systems comprising interventional
devices with ultrasound transducers for providing infor-
mation from the interior of adjacent tissue samples, such
as anatomical regions, e.g., the structure of a heart, may
suffer from providing an overload of information. This
may be critical in situations of use where important de-
cisions have to be made within a limited timeframe. In
order to prevent the overload of information, the amount
of information may be reduced such as by discarding
information. However, this mightlead to a loss of relevant
information. It would certainly improve the situation if it
were possible to utilize the obtained information in an
improved manner.

[0003] The reference US 2003/0229286 A1 describes
a rotationally vibrating imaging catheter and method of
utilization has an array of ultrasound or optical transduc-
ers and an actuator along with signal processing, display,
and power subsystems. The actuator of the preferred
embodiment s a solid-state nitinol actuator. The actuator
causes the array to oscillate such that the tip of the cath-
eter is rotated through an angle equal to or less than 360
degrees. Thetip is then capable of rotating back the same
amount. This action is repeated until the desired imaging
information is acquired. The rotationally vibrating cathe-
ter produces more imaging points than a non-rotating
imaging catheter and eliminates areas of missing infor-
mation in the reconstructed image.

[0004] The reference WO 2010/138448 A1 describes
a catheter assembly which includes a catheter and a de-
livery element. The catheter has a distal end with a distal
tip, a proximal end, and a longitudinal length, the catheter
includes a body that defines a central lumen extending
along the catheter to the distal end. The catheter also
includes a forward-facing transducer array disposed at
the distal tip of the catheter. The transducer array is con-
figured and arranged for transforming applied electrical
signals to acoustic signals and also for transforming re-
ceived echo signals to electrical signals. At least one
catheter conductor is electrically coupled to the transduc-
er array and extends along the catheter. The delivery
element is disposed in the lumen of the catheter.
[0005] Animproved examination system for examining
an associated tissue sample would be advantageous,
and in particular an examination system which enables
obtaining and utilizing large amounts of information from
an associated tissue sample in an improved, more effi-
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cient, simple, fast and/or reliable manner would be ad-
vantageous.

SUMMARY OF THE INVENTION

[0006] The invention is defined in independent claims
1,12 and 13.

[0007] In particular, it may be seen as an object of the
present invention to provide an examination system that
solves the above mentioned problems of the prior art
concerning obtaining and utilizing large amounts of in-
formation from an associated tissue sample in an im-
proved, more efficient, simple, fast and/or reliable man-
ner.

[0008] Itis a further object of the present invention to
provide an alternative to the prior art.

[0009] Thus, the above described object and several
other objects are intended to be obtained in a first aspect
of the invention by providing an examination system for
examining an associated tissue sample, the examination
system comprising

- aninterventional device comprising:

- aplurality of ultrasound transducers, wherein differ-
ent ultrasound transducers within the plurality of ul-
trasound transducers are arranged to obtain ultra-
sound information packages from spatially different
tissue sample regions when the associated tissue
sample is placed adjacent the plurality of ultrasound
transducers,

- adisplay device arranged for receiving and visual-
izing the ultrasound information packages in spatial-
ly different ultrasound display regions on the display
device,

wherein the relative spatial positions of the different
ultrasound display regions match the corresponding
relative spatial positions of the different adjacent tis-
sue sample regions and wherein the examination
system further comprises a processing unitarranged
for determining tissue contact information packages
based on the ultrasound information packages ,
wherein the tissue contact information packages are
indicative of tissue contact between the intervention-
al device and the associated tissue sample at the
ultrasound transducer positions.

[0010] Theinventionis particularly, butnotexclusively,
advantageous for obtaining ultrasound information pack-
ages from spatially different tissue sample regions and
for visualizing the ultrasound information packages in a
manner wherein the relative spatial positions of the dif-
ferent ultrasound display regions match the correspond-
ing relative spatial positions of the different adjacent tis-
sue sampleregions, which has the effectthatan observer
of the display device is presented in a very intuitive man-
ner with information from the different adjacent tissue
sample regions. Thus, the observer need not toggle
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through different images or constantly having to keep in
mind which portion of the display device corresponds with
which part of the associated tissue sample.

[0011] The invention addresses the issue that the po-
sition of, e.g., M-mode ultrasound images on, e.g., a
screen to be seen by a person during, e.g., an ablation
intervention does not correspond with the position of the
ultrasound transducers in the end of the interventional
device, such as in the catheter tip. The present invention
proposes to overcome this problem by visually intuitively
position the location of the generated images corre-
sponding to the actual location of the transducers in the
interventional device. Thus, by taking the relative spatial
positions of the different adjacent tissue sample regions
(which depend on technical features, such as technical
features of the interventional device, such as the posi-
tions and orientations of the ultrasound transducers on
the interventional device) into account, the technical
problem of optimizing the handling of the interventional
device may be addressed. In a particular embodiment,
the display device also comprises an input for receiving
the relative spatial positions of the different adjacent tis-
sue sample regions.

[0012] Itis noticed, thatan examination system accord-
ing to the invention may further be favorable in that it
clearly reflects a status or condition of the system, since
the different ultrasound display regions (when arranged
according to the invention) may reflect a status or con-
dition of the system to the observer.

[0013] The gist of the invention may be described as
taking the information from all the ultrasound transducers
in the plurality of ultrasound transducers and presenting
this information in an intuitive way, so that a recipient of
the information may in a very fast and correspondingly
intuitive way be presented with the relevant information.
In that way, neither the examination system nor the re-
cipient need to spend time or resources for selecting
which information need not be presented. It may thus be
seen as a basic insight of the invention, that valuable
information may be lost if information from one or more
ultrasound transducers is not presented, for example if
a computer algorithm has decided not to show informa-
tion from a particular ultrasound transducer or a human
recipient has selected not to show information from a
particular ultrasound transducer, such as by toggling be-
tween images to be shown and thus discarding informa-
tion. It may also be seen as an insight underlying the
presentinvention, thatif the information from the different
adjacent tissue regions is presented in an intuitively ap-
propriate manner, then the human vision system is likely
to be superior for detecting relevant information, hence
a system according to the present invention may in an
efficient way enable exploiting the superb human vision
and image analysis capabilities.

[0014] Furthermore, it may also be seen as the gist of
the invention, that additional information may be extract-
ed from the ultrasound information packages by repre-
senting the ultrasound information packages according
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to the invention. The invention might actually provide new
information to the observer, because the observer can
link tissue features seen in the individual ultrasound in-
formation packages in spatially different ultrasound dis-
play regions with each other. In other words: Not only
can the system, method an computer program product
according to the invention potentially enable that more
information is provided to the user (since no information
need to be discarded in order to not risk overloading the
observer with information which the observer cannot in-
terpret), but the system, method and use furthermore -
via the technical features of the system, method and use
according to the independent claims appended to the
description - may enable the observer to identify features
in the combination of the ultrasound information packag-
es, which would otherwise have appeared irrelevant
when identified in the individual ultrasound information
packages.

[0015] Still further, an observer may possibly utilize the
information from individual ultrasound information pack-
ages depicted in spatially different ultrasound display re-
gions in order to make a qualified guess regarding infor-
mation in regions which are not probed. Thus, the inven-
tion might enable the observer to interpolate between
adjacent ultrasound display regions, so as to obtain ad-
ditional information.

[0016] By 'an associated tissue sample’ is understood
aportion of atissue, such as animal tissue, such as tissue
in a dead or living body of a human or an animal. Tissue
sample may be interchangeably referred to as 'anatom-
ical region’.

[0017] An’interventional device’ is generally known in
the art, and may include any one of the non-exhaustive
list comprising a catheter, a needle, a biopsy needle or
an endoscope.

[0018] It is understood that ’ultrasound transducers’
are known in the art as elements which upon actuation
may emit and/or receive ultrasound signals. The actua-
tion may be an applied voltage. An ultrasound transducer
adapted to receive ultrasound signals may convert a re-
ceived ultrasound signal into a voltage, such as a time
varying voltage. By a plurality of ultrasound transducers
is understood an integer larger than one, such as 2, 3,
4,5,6,7, 8,9 or more ultrasound transducers.

[0019] By 'ultrasound information packages’ is under-
stood information obtained via the ultrasound transduc-
ers, such as a received intensity as a function of time,
such as a received intensity as a function of time for a
particular period in time for a particular spatial region,
such as the received ultrasound signal being assumed
to be indicative of a particular spatial region of the adja-
cent associated tissue sample.

[0020] By an ultrasound transducer or a plurality of ul-
trasound transducers being ’arranged to obtain ultra-
sound information packages’ is understood that the ul-
trasound transducer or the plurality of ultrasound trans-
ducers is arranged so that ultrasound signals which carry
information from an adjacent associated tissue sample
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is received by the ultrasound transducer or the plurality
of ultrasound transducers and converted into a readable
signal, such as a voltage signal. In a specific embodi-
ment, an ultrasound signal is emitted from an ultrasound
transducer, reflected off the adjacent associated tissue
sample at one or more positions and received by the
same or another ultrasound transducer.

[0021] By ’spatially different tissue sample regions’ is
understood different regions, such as different volumes,
such as non-identical, overlapping or non-overlapping
volumes of the associated tissue sample, which different
regions are not having the same position in space.
[0022] By 'a display device’ is understood any device
capable of displaying information derived from the ’spa-
tially different tissue sample regions’, where the device
is capable of being spatially resolvable into different ul-
trasound display regions. In particular embodiments, the
display device may be a computer screen, such as a
computer monitor, or a set of light emitting units, such as
light emitting diodes spatially arranged to match corre-
sponding positions of different adjacent tissue sample
regions.

[0023] By 'for receiving and visualizing the ultrasound
information packages’ is understood that the information
in the ultrasound information packages is received, such
as received by an analog-to-digital converter (ADC) and
that the information is visualized, such as imaged as a
grey tone image, or analyzed and visualized as a one-
dimensional value, such as the information being ana-
lyzed and converted into a level of tissue contact which
may be visualized simply by a light intensity and/or color.
[0024] The phrase 'the relative spatial positions of the
different ultrasound display regions match the corre-
sponding relative spatial positions of the different adja-
cent tissue sample regions’ will be further explained in
the following. The different adjacent tissue sample re-
gions each have a position (in the associated tissue sam-
ple), and since there is more than one adjacent tissue
sample region, each of their positions may be defined
with respecttothe others. In analytical geometry wording,
the positions of each of the adjacent tissue sample re-
gions may be defined by a vector in a coordinate system,
such as a coordinate system being fixed to the interven-
tional device and/or the associated tissue sample. The
coordinate system may be, e.g., two-dimensional. Thus,
a first set of vectors may describe the positions of the
adjacent tissue sample regions. Similarly, a second set
of vectors may describe the ultrasound display regions.
By 'match’ is understood, that the spatial relations, in
terms of length and orientation, between the vectors in
each set is substantially identical.

[0025] The invention encompasses embodiments
where the second set of vectors has been stretched, such
as scaled differently in different directions, such as the
difference in stretch being within 0-50 %, such as within
0-40 %, such as within 0-30 %, such as within 0-20 %,
such as within 0-10%.

[0026] The invention encompasses embodiments
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where one or more individual vectors in the second set
of vectors differ in length with respect to a length of a
corresponding vector in a second set of vectors having
exactly the same spatial relations as the first set of vec-
tors, such as having a difference in length being within
0-50 %, such as within 0-40 %, such as within 0-30 %,
such as within 0-20 %, such as within 0-10 %.

[0027] The invention encompasses embodiments
where one or more individual vectors in the second set
of vectors is angled, such as slightly angled, with respect
to an angle of the corresponding vector in a second set
of vectors having exactly the same spatial relations as
the first set of vectors, such as being angled within 0-45
degrees, such as within 0-30 degrees, such as within
0-20 degrees, such as within 0-10 degrees, such as with-
in 0-5 degrees, such as within 0-1 degrees.

[0028] In a particular embodiment, the relative orien-
tation of each of the different ultrasound display regions
around an axis through the middle of the ultrasound dis-
play region matches the relative orientation of the adja-
cent tissue sample regions around their respective axes.
This is particularly relevant if the ultrasound display re-
gions are displaying images, such as two-dimensional
images.

[0029] In a particular embodiment, the relative orien-
tation of each of the different ultrasound display regions
around an axis through the middle of the ultrasound dis-
play region match the relative orientations of the adjacent
tissue sample regions around their respective axes within
0-90 degrees, 0-60 degrees, 0-45 degrees, such as with-
in 0-30 degrees, such as within 0-20 degrees, such as
within 0-10 degrees, such as within 0-5 degrees, such
as within 0-1 degrees. Having matching rotations will
have the advantage thatimages from, e.g., different sides
of the interventional device may otherwise appear to be
tilted or turned upside-down with respect to one another.
[0030] It is also understood, that the position and ori-
entation of the plurality of ultrasound transducers may
be substantially identical to the relative spatial positions
of the different adjacent tissue sample regions, and that
‘the relative spatial positions and/or orientations of the
different adjacent tissue sample regions’ may be used
interchangeably with 'relative spatial positions and/or ori-
entations of the ultrasound transducers in the plurality of
ultrasound transducers’.

[0031] Itis noted that the tissue contact sensors may
be embodied by the ultrasound transducers themselves,
wherein images obtained with the ultrasound transduc-
ers may be analyzed so as to extract the degree of tissue
contact between each of the ultrasound transducers and
tissue. In other words, the level of tissue contact is de-
rived from the ultrasoundimages. In another embodiment
the invention further relates to an examination system
further comprising a processing unit, such as an image
analysis unit, arranged for determining a level of tissue
contact between an ultrasound transducer from the cor-
responding information package. For example the ultra-
sound information package may be converted to an im-
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age by a processor which is also arranged for carrying
out image analysis in order to determine a level of tissue
contact between tissue and ultrasound transducer.
[0032] In a further embodiment the invention further
relates to an examination system wherein the display de-
vice is arranged for receiving and visualizing the tissue
contact information packages in spatially different tissue
contactdisplay regions of the display device, and wherein
the relative spatial positions of the different tissue contact
display regions are similar to the relative spatial positions
of the tissue contact sensor positions. An advantage of
this may be that it enables visualizing where the inter-
ventional deviceis intissue contactin anintuitive manner.
Thus, an observer need not constantly having to keep in
mind which tissue contact display regions corresponds
with which part of the associated tissue sample.

[0033] In another embodiment the invention further re-
lates to an examination system further comprising a
processing unit, such as an image analysis unit, arranged
for identifying predetermined features in the information
packages, such as a cardiac wall or a lesion. For example
the ultrasound information packages may be converted
to images by a processor which is also arranged for car-
rying out image analysis in order to determine particular
predetermined features in the images, such as certain
reflections, e.g., from a wall of an organ.

[0034] In a further embodiment the invention further
relates to an examination system wherein the display de-
vice is further arranged for indicating a position of any
one of the predetermined features on the ultrasound dis-
play regions. The information of the position of the pre-
determined features may be conveyed to an observerin
an intuitive manner by marking them on the ultrasound
display regions, such as by a change of color, a bright or
dark line, arrows or the like.

[0035] In another embodiment the invention further re-
lates to an examination system wherein the interventional
device is any one of an endoscope, a catheter, a biopsy
needle. An advantage of having an interventional device
may be that it enables obtaining information from within
associated tissue samples or hollow entities with a nar-
row entrance.

[0036] In another embodiment the invention further re-
lates to an examination system wherein the plurality of
ultrasound transducers comprises at least 3 different ul-
trasound transducers. In another embodiment the inven-
tion further relates to an examination system wherein the
plurality of ultrasound transducers comprises at least 4,
5,6, 7, 8, 9 or more different ultrasound transducers. An
advantage of having 3 or more ultrasound transducers
may be that a more detailed level of information, such as
information with a better spatial or temporal resolution,
can be obtained from the associated tissue sample.
[0037] In another embodiment the invention further re-
lates to an examination system wherein a coordinate po-
sition of at least one ultrasound transducer within the
plurality of ultrasound transducers is determined with re-
spect to a fixed coordinate system, such as by means of
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image analysis, such as by means of optical shape sens-
ing, such as by means of a marker unit. An advantage
of this may be that it enables that an observer is provided
with information regarding the position of at least one
ultrasound transducer, such as a position with respect to
a fixed entity, such as the display device or the ground,
such as a position with respect to the associated tissue
sample.

[0038] In a further embodiment the invention further
relates to an examination system wherein the spatial po-
sitions of the different ultrasound display regions is based
on said coordinate position. For example, if the interven-
tional device is rotated, the ultrasound display regions
may correspondingly rotate, orif the interventional device
is moved up or down, the ultrasound display regions may
correspondingly move up or down.

[0039] Inanother embodiment the invention further re-
lates to an examination system wherein the spatially dif-
ferent tissue sample regions are positioned around the
interventional device. An advantage of this may be that
it enables obtaining information regarding an associated
tissue sample being placed around the interventional de-
vice. Another advantage may be, that information from
a relatively large region of an associated tissue sample
may be obtained, since a relatively narrow interventional
device equipped with ultrasound transducers for obtain-
ing ultrasound information packages from a plurality of
spatially different tissue sample regions being positioned
around the interventional device enables yielding infor-
mation from an associated tissue sample being larger,
such as significantly larger than a cross section of the
interventional device. In effect, only a small hole in the
associated tissue needs to be made in order to obtain
information from a large region of the associated tissue
sample. In an embodiment, the ultrasound transducers
within the plurality of ultrasound transducers are facing
outwards with respect to the interventional device, such
as arranged for emitting ultrasound signals into spatially
different tissue sample regions are positioned around the
interventional device and/or receiving ultrasound signals
from spatially different tissue sample regions are posi-
tioned around the interventional device.

[0040] In an embodiment the invention further relates
to an examination system wherein the interventional de-
vice and the display device are attached to a handle,
such as the ultrasound display regions being positioned
on different sides of the handle, such as around the han-
dle. An advantage may be that a person operating the
interventional device will have the display device placed
in a position, namely the handle, where attention is nat-
urally directed. Another advantage may be thatitenables
integration of parts since the handle and the display de-
vice is integrated into a single unit.

[0041] Inanother embodimentthe invention further re-
lates to an examination system wherein the spatially dif-
ferent tissue sample regions are non-overlapping. In an-
other embodiment the invention further relates to an ex-
amination system wherein the spatially different tissue
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sample regions are overlapping.

[0042] According to a second aspect of the invention,
the invention further relates to a method according to the
independent method claim.

[0043] According to a third aspect of the invention, the
invention further relates to a computer program product
according to the independent computer program product
claim.

[0044] Thefirst, second and third aspect of the present
invention may each be combined with any of the other
aspects. These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

[0045] The system, method, computer program prod-
uct and use according to the invention will now be de-
scribed in more detail with regard to the accompanying
figures. The figures show one way of implementing the
present invention and is not to be construed as being
limiting to other possible embodiments falling within the
scope of the attached claim set.

FIG. 1 shows a general system 100 for obtaining
information via ultrasound,

FIG. 2 shows a schematic, cross-sectional drawing
of a catheter,

FIGS 3-5 show side view, end view and perspective
view of a distal end of an interventional device,
FIGS 6-7 show stylized and real examples of an M-
mode image,

FIGS 8-11 show exemplary graphical interfaces of
display devices,

FIG 12 shows a handle of an RF-ablation catheter,
FIG 13 shows an examination system,

FIGS 14-15 show a first set of vectors and a second
set of vectors,

FIG. 16 is a flow chart of a method, and

FIGS 17-18 show graphical interfaces of a display
device.

DETAILED DESCRIPTION OF AN EMBODIMENT

[0046] Embodiments of the present invention are dis-
closed in the following.

[0047] FIG. 1showsageneralsystem 100 forobtaining
information via ultrasound, and the particular system de-
picted is also applicable for performing ablation, the sys-
tem comprising a controllable energy source for providing
energy to the ablation unit and/or the ultrasonic trans-
ducer (neither shown in this figure). Additionally, a sam-
ple arm 30 is coupled to the energy source, the sample
arm having at its distal end an interventional device 20
according to an embodiment of the present invention.
The interventional device may include any one of the
non-exhaustive list comprising a catheter, a needle, a
biopsy needle or an endoscope. It is also contemplated
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that a plurality of ultrasound transducers could be com-
prised within the interventional device, and some ultra-
sound transducers some of which could be only emitting
whereas other transducers could be only receiving. The
system 100 further comprises a controlling unit (CTRL),
arranged to send ultrasound information packages 110
to a display device.

[0048] The invention might be used in tissue imaging
during use, for example in connection with heart arrhyth-
mias or in oncology, where it is advantageous to obtain
images during operation, such as for assessing a risk of
impending tissue damage due to a rapid release of bub-
ble energy and thus form a basis for deciding how to
operate the ablation unit.

[0049] FIG. 2 shows a schematic, cross-sectional
drawing of a catheter 20 which is adapted for open-loop
irrigated ablation, e.g. RF ablation, of a tissue 40, the
catheter 20 having a distal end 22, i.e. the right-hand part
of the shown catheter embraced by the bracket, where
the distal end comprises an ablation entity 15 adapted
for performing ablation of the tissue 40. Note that al-
though in FIG. 2 the ablation entity is depicted as covering
only the forward side of the catheter, it may also cover
the catheter sidewards. The radiation for performing ab-
lation is schematically shown by dotted arrow A1. The
required wiring for energizing and/or controlling the ab-
lation entity is not shown in this figure for clarity. In addi-
tion, an irrigation hole 21 is provided. The irrigation fluid
is flowing out of a dedicated irrigation fluid conduct 10,
e.g. a flexible tube, as indicated schematically by solid
arrow A3. The irrigation fluid is functioning as an acoustic
coupling medium, which may be defined as a medium
substantially transparent to ultrasonic waves, such as a
saline solution or water or other similar liquids available
to the skilled person implementing the invention.
[0050] Further, an ultrasound transducer 5 is posi-
tioned in the distal end, the transducer being adapted for
transmitting and/or receiving ultrasonic waves as sche-
matically indicated by double-headed dotted arrow A2 in
FIG 2. In the most general form of the invention, the ul-
trasound transducer is disposed behind (as in this figure)
or in the irrigation hole 21 of the catheter 20, so as to
allow an irrigation fluid A3 to flow out of the irrigation hole,
and so as to allow transmitting and/or receiving the ul-
trasonic waves through the same irrigation hole 21.
[0051] Advantageously, the catheter 20 may be used
for open-loop irrigated radio frequency (RF) ablation.
[0052] In FIG 2, there is shown only one ultrasound
transducer 5. However, there may be multiple ultrasound
transducers present, such as a forward looking ultra-
sound transducer, such as the depicted ultrasound trans-
ducer 5, and one or more sideward looking ultrasound
transducers (not shown in FIG 2).

[0053] FIG 3 shows a side view (as in FIG 2) of a distal
end 322 of an interventional device, with a forward look-
ing ultrasound transducer 305 and three sideward look-
ing ultrasound transducers 306a-c. All ultrasound trans-
ducers are mounted on the side of the interventional de-
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vice, but they could also be mounted within the interven-
tional device (such as shown in FIG 2) or be integrated
in the surface of the interventional device so that a sur-
face of the ultrasound transducers lies substantially flush
with asurface ofthe interventional device. The three side-
ward looking ultrasound transducers 306a-c are mount-
ed on the surface of the interventional device, and being
arranged for emitting and receiving ultrasound signals
to/from a direction being orthogonal to a length axis of
the interventional device. In this particular embodiment,
the interventional device is thus enabled to obtain ultra-
sound signals from 4 different directions, i.e., a forward
direction (being parallel with a length axis of the interven-
tional device) and three sideward directions (being or-
thogonal to a length axis of the interventional device),
each ultrasound transducer being angled approximately
120 degrees around the length axis of the interventional
device, with respect to the two other ultrasound trans-
ducers.

[0054] FIG 4 shows an end view of a distal end 322 of
an interventional device, with a forward looking ultra-
sound transducer 305 and three sideward looking ultra-
sound transducers 306a-c. The end view is seen in a
direction as indicated with arrow 308 in FIG 3.

[0055] FIG 5 shows a perspective view of a distal end
322 of an interventional device, with a forward looking
ultrasound transducer 305 and three sideward looking
ultrasound transducers 306a-c.

[0056] FIG 6 shows an example of an M-mode image
630. The M-mode image is an image which is composed
by placing a plurality of A-lines. An A-line is known in the
art and is a 1-dimensional representation of the informa-
tion gained from each ultrasound transducer for a point
in time. The M-mode image is known in the art, and is
composed by placing a plurality of A-lines, which have
been collected at monotonically increasing points in time,
next to each other, so as to visualize changes over time.
In FIG 6, the A-lines, which are resolved by a depth d,
are vertical lines placed next to each other so as also
enable visualizing a progress in time t. The M-mode im-
age 630 thus shows depth d on the vertical axis, and time
t on the horizontal axis. The image shows an associated
tissue with an anatomical structure with cardiac front wall
632 and cardiac back wall 634. At a point in time, start
time 636, an ablation procedure starts, and itcan be seen
that lesion formation is starting shortly thereafter and pro-
gression towards, larger depth with time. The lesion is
seen as the relatively noisy signal 640 which can be av-
eraged to obtain a smoother indicator 642 for lesion pro-
gression. Once the lesion has reached an acceptable
depth, the lesion procedure is stopped as indicated at
the end time 638.

[0057] FIG 7 shows an example of real experimental
data from an open-chest sheep model. Radio frequency
energy was delivered epicardially to create lesions that
were simultaneously monitored with ultrasound and elec-
tricalimpedance change. The ultrasound measurements
are visualized in a so-called M-mode image M. The RF
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energy dissipated per time interval is 9 watt during the
20 second period denoted by t_a. The tissue depthin the
M-mode image M is denoted by d_t. The absolute scale
of the M-mode image is indicated by the scale bar de-
noted by d1, the scale bar corresponds to 1 millimeter.
The solid line denoted p_i indicates the incidence of a
tissue pop, the dashed line denoted d_o indicate the on-
set of changes in ultrasound that precede the pops. The
figure shows that changes in the ultrasound measure-
ments were detectable several seconds before tissue
pops.

[0058] FIG 8showsanexemplary display device which
has received ultrasound information packages from a
plurality of ultrasound transducers, such as a the plurality
of ultrasound transducers of FIGS 3-5, and wherein the
display device has a graphical interface 850 with the spa-
tially different ultrasound display regions 841a-c corre-
sponding to the ultrasound transducers 306a-c in FIGS
3-5 which are also indicated by the regions 806a-c with
dotted lines. The figure shows, that the relative spatial
position of the different ultrasound display regions 841a-
¢ match the corresponding relative spatial positions of
the different adjacent tissue sample regions, which are
placed in front of the respective ultrasound transducers.
In the depicted example, the different ultrasound display
regions 841a-c shows M-mode images, each with a
depth axis which extends radially outwards, as indicated
by arrow 846 and a time axis which extends tangentially
as indicated by the curved arrows, such as arrow 848c.
In an alternative embodiment, the M-mode images might
be arranged so that the individual A-lines remain parallel
(in a manner similar to the example depicted in FIG 10).
An advantage of having the A-lines parallel might be that
similar differences in time is represented similarly (when
depicted), regardless of the distance to the transducer.
In the present example, the M-mode images are thus
building up in time in a clock-wise fashion. The graphical
interface 850 of the display device furthermore has re-
gions showing A-lines (which are depicted at high frame-
rate), such as region 842b, and tissue contact indicators,
such as region 844b, which change color depending on
the level of tissue contact between an ultrasound trans-
ducer and the associated tissue. The graphical interface
850 of the display device furthermore has an M-mode
region 852 showing an M-mode image obtained by the
forward looking ultrasound transducer, corresponding to
ultrasound transducer 305 in FIGS 3-5 (and also indicat-
ed in the graphical interface as region 805), an A-line
region 856 showing an A-line obtained by the forward
looking ultrasound transducer, and a contact indicator
region 854 which changes color depending on a level of
tissue contact between the forward looking transducer
and the associated tissue sample.

[0059] FIG 9shows anotherexemplary display device,
similar to the display device of FIG 8, with a graphical
interface 950 with the spatially different ultrasound dis-
play regions 941 a-c corresponding to the ultrasound
transducers indicated, such as by region 906a. The rel-
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ative spatial positions of the different ultrasound display
regions 941a-c match the corresponding relative spatial
positions of the different adjacent tissue sample regions.
As in FIG 8 the different ultrasound display regions 941a-
¢ shows M-mode images which are inserted in FIG 9,
each with a depth axis which extends radially outwards,
as indicated by arrow 946 and a time axis which extends
tangentially as indicated by the tangentially oriented ar-
rows, such as arrow 948c. An M-mode region 952 shows
an M-mode image obtained by the forward looking ultra-
sound transducer, corresponding to ultrasound transduc-
er305inFIGS 3-5. The M-mode region 952 is also shown
with time t and depth d on the axes. Furthermore, in the
data depicted in the M-mode region 952 a front wall and
back wall of an associated tissue with an anatomical
structure has been detected and is indicated as line 932
and 934, respectively. Similarly, lines 960, 962 in ultra-
sound display region 941b indicate front- and back walls,
respectively, of an anatomical structure adjacent to the
ultrasound transducer corresponding to 305b in FIGS
3-5.

[0060] Note also the fact that representing the spatially
different ultrasound display regions 941a-c, which in the
present example are M-mode images, according to the
invention can actually provide new information because
the observer canlink a tissue feature seen in anindividual
image with features seen in other images. For example,
the lines 960, 962 which indicate front- and back walls,
respectively, in the ultrasound display regions 941b of
FIG 9, may be linked to corresponding lines in the other
M-mode images (i.e., ulirasound display regions 941a,
941c). In other words, a possible advantage of the inven-
tion may be that an observer can better use the existing
information in the images (when given the 'context’ in the
other images). Another possible advantage of the inven-
tion may that the observer is enabled to "guess" an ex-
istence and/or location of features in non-imaged regions
between the images.

[0061] FIG 10 shows yet another example of a display
device, similar to the display device of FIG 8, with graph-
ical interfaces with the spatially different ultrasound dis-
play regions 1041a-c corresponding to the ultrasound
transducers 306a-c of FIGS 3-5. An M-mode region 1052
shows an M-mode image obtained by the forward looking
ultrasound transducer, corresponding to ultrasound
transducer 305 in FIGS 3-5 is also shown with time t and
depth d on the axes. The triangle 1022 is indicative of a
position of the tip of the interventional device 322 in FIGS
3-5relative to the imaged regions of the associated tissue
sample.

[0062] FIG 11 shows an example of a graphical inter-
face 1150 of a display device which shows which of the
ultrasound imaging transducers of an interventional de-
vice as in FIGS 3-5 are in good, intermediate or bad con-
tact with the tissue. The graphical interface 1150 has
regions 1141 a-c which each are arranged for indicating
whether the tissue contact between, respectively, ultra-
sound transducers 306a-c and an adjacent associated
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tissue sample is good (as indicated by the dark coloring
of region 1141c), intermediate (as indicated by the dark-
grey coloring of region 1141a) or bad (as indicated by
the light coloring of region 1141b). Furthermore, a region
1105 in the middle is arranged for indicating whether the
tissue contact between the forward looking ultrasound
transducer 305 is good, intermediate or bad, and in the
present example indicates that it is intermediate.

[0063] FIG 12 shows a handle 1270 of an RF-ablation
catheter with an integrated display device 1251 with a
graphical interface, such as a display (similar to graphical
interface 1150 of figure 5), to indicate tissue contact. The
handle is connected to a sample arm 1230 which has at
its distal end an interventional device (not shown) with a
distal end as in FIGS 3-5. The handle has in its other end
a cable 1274 for supplying power and for connecting to
a processor for controlling the ultrasound transducers
and for collecting the ultrasound information packages.
The handle furthermore has a knob 1278 which can be
turned (as indicated by arrow 1280) to control an ablation
procedure. The handle 1270 is shown held in a human
hand 1276 which controls the rotation of the knob 1278
with the thumb 1282 and index finger 1284.

[0064] Indication of tissue contact is very important to
generate a successful ablation lesion. Using the ultra-
sound signalitis possible to’'see’ tissue contactand using
software algorithms to assess the quality of the contact
between the ultrasound imaging transducer and the tis-
sue. Visual feedback is an option to show contact quality
to the clinician, but audio or tactile feedback is also a
possibility.

[0065] Secondly the algorithm which assesses the tis-
sue contact can be used to decide which ultrasound M-
mode image should be displaced or enlarged.

[0066] FIG 13 shows an examination system 1301 for
examining an associated tissue sample 1302, the exam-
ination system comprising

- aninterventional device 1320 comprising:

- aplurality of ultrasound transducers 306a-c, wherein
different ultrasound transducers within the plurality
of ultrasound transducers are arranged to obtain ul-
trasound information packages from spatially differ-
ent adjacent tissue sample regions 1386b-c when
the associated tissue sample is placed adjacent the
plurality of ultrasound transducers,

- adisplay device 1351 arranged for receiving and vis-
ualizing the ultrasound information packages in spa-
tially different ultrasound display regions 1141a-c on
the display device 1351, wherein the relative spatial
positions of the different ultrasound display regions
match the corresponding relative spatial positions of
the different adjacent tissue sample regions 1386b-
c. Thefigure further shows a sample arm 1330 which
has at its distal end the interventional device, the
sample arm being attached at its proximal end to a
handle 1370, a cable 1374 for supplying power and
for connecting to a processor 1388 for controlling the
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ultrasound transducers and for collecting the ultra-
sound information packages, the processor being
positioned in a display device 1351. The figure fur-
thermore shows an adjacent tissue sample region
1385 beingimaged by the forward looking ultrasound
transducer 305.

[0067] FIGS 14-15 show that the relative spatial posi-
tions of the different ultrasound display regions match
the corresponding relative spatial positions of the differ-
ent adjacent tissue sample regions 1386a-c.

[0068] FIG 14 shows a first set of vectors 1492a-c in
a coordinate system 1490 which define the positions of
the different adjacent tissue sample regions 1386a-c as
imaged with an interventional device as depicted in FIGS
3-5.

[0069] FIG 15 shows that the relative spatial positions
of the different ultrasound display regions (reference
signs are left out for clarity, but the figure shows a graph-
ical interface similar to the graphical interface of FIG 11)
match the corresponding relative spatial positions of the
different adjacent tissue sample regions 1386a-c (of FIG
14). In particular, it can be seen that a second set of
vectors 1592a-c in a coordinate system 1590 is similar
to the first set of vectors, although it has been rotated
and scaled. It is also envisioned, that the invention en-
compasses embodiments where the second set of vec-
tors has been stretched, such as scaled differently in dif-
ferent directions.

[0070] FIG. 16isa flow chartofamethod for organizing
a display device 1351 and for visualizing information ob-
tained from a plurality of ultrasound transducers 306a-c,
the method comprising:

- obtaining 1612 a first number of ultrasound informa-
tion packages 1694 where different ultrasound infor-
mation packages comprise information from spatial-
ly different adjacent tissue sample regions 1386a-c,

- obtaining 1614 relative spatial positions of the cor-
responding different adjacent tissue sample regions,

- determining 1616 asecond number ofrelative spatial
positions of different ultrasound display regions
1141a-c on the display device 1351,

- visualizing 1618 the ultrasound information packag-
esin the spatially different ultrasound display regions
1141a-c,

wherein the first number is equal to the second number
and wherein the relative spatial positions of the different
ultrasound display regions match the corresponding rel-
ative spatial positions of the different adjacent tissue
sample regions.

[0071] FIG 17 shows a graphical interface 1750 of a
display device showing the spatially different ultrasound
display regions 1741 a-c corresponding to the ultrasound
transducers 306a-c in FIGS 3-5 which are also indicated
by the regions 1706a-c with dotted lines. The figure also
shows a second set of vectors 1792a-c in a coordinate
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system 1790 which define the positions of the different
ultrasound display regions 1741a-c corresponding to dif-
ferent adjacent tissue sample regions as imaged with an
interventional device as depicted in FIG 14. It is noted
that the relative orientation of each of the different ultra-
sound display regions around an axis through the middle
of the ultrasound display region matches the relative ori-
entation of the adjacent tissue sample regions around
their respective axes (where each axis is an axis through
the center of the respective ultrasound display region
which axis is orthogonal to the plane of the paper).
[0072] FIG 18 shows a graphical interface 1850 of a
display device showing the spatially different ultrasound
display regions 1841a-c. The figure also shows a second
set of vectors 1792a-c in a coordinate system 1790 which
define the positions of the different ultrasound display
regions 1841a-c. Note that the second set of vectors is
identical to the second set of vectors of FIG 17. However,
it is noted that the relative orientation of each of the dif-
ferent ultrasound display regions around an axis through
the middle of the ultrasound display region does not
match the relative orientation of the adjacent tissue sam-
ple regions around their respective axes, in particular the
relative orientation of ultrasound display region 1841a
matches the orientation of the corresponding adjacent
tissue sample region, the relative orientation of ultra-
sound display region 1841b is angled 60 degrees clock-
wise (as indicated by arrow 1842b) with respect to the
orientation of the corresponding adjacent tissue sample
region, and the relative orientation of ultrasound display
region 1841c is angled 30 degrees clockwise (as indicat-
ed by arrow 1842c) with respect to the orientation of the
corresponding adjacent tissue sample region. The rota-
tion of each of the ultrasound display region may be de-
termined by observing the rotation in relation to the cor-
responding position vector.

[0073] To sum up, the present invention relates to an
examination system 1301 for examining an associated
tissue sample 1302, where the examination system com-
prises an interventional device 1320 which comprises a
plurality of ultrasound transducers 306a-c and wherein
the different ultrasound transducers are arranged to ob-
tain images of different regions of an associated tissue
sample, and wherein the examination system further-
more comprises a display device 1351 arranged for
showing the images so that each of their positions cor-
responds to the corresponding positions of the different
adjacent tissue sample regions in the associated tissue
sample. A possible advantage of the system may be, that
relevant information regarding the associated tissue
sample is conveyed to an observer in a fast an intuitive
manner.

[0074] Although the present invention has been de-
scribed in connection with the specified embodiments, it
should not be construed as being in any way limited to
the presented examples. The scope of the present in-
vention is set out by the accompanying claim set. In the
context of the claims, the terms "comprising" or "com-
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prises" do not exclude other possible elements or steps.
Also, the mentioning of references such as "a" or "an"
etc. should not be construed as excluding a plurality. The
use of reference signs in the claims with respect to ele-
ments indicated in the figures shall also not be construed
as limiting the scope of the invention. Furthermore, indi-
vidual features mentioned in different claims, may pos-
sibly be advantageously combined, and the mentioning
of these features in different claims does not exclude that
a combination of features is not possible and advanta-
geous.

Claims

1.  An examination system (1301) for examining an as-
sociated tissue sample (1302), the examination sys-
tem comprising

- an interventional device (1320) comprising:

- a plurality of ultrasound transducers (306a-c)
being placed on spatially distributed ultrasound
transducer positions, wherein different ultra-
sound transducers within the plurality of ultra-
sound transducers are arranged to obtain ultra-
sound information packages from spatially dif-
ferent adjacent tissue sample regions (1386b-
c) when the associated tissue sample is placed
adjacent the plurality of ultrasound transducers,
- a display device (1351) arranged for receiving
and visualizing the ultrasound information pack-
ages in spatially different ultrasound display re-
gions (1141a-c) on the display device (1351),
wherein the relative spatial positions of the dif-
ferent ultrasound display regions match the cor-
responding relative spatial positions of the dif-
ferent adjacent tissue sample regions (1386b-c)
characterised in that the examination system
(1301) further comprises a processing unit
(1388) arranged for determining tissue contact
information packages based on the ultrasound
information packages, wherein the tissue con-
tact information packages are indicative of tis-
sue contact between the interventional device
(1320) and the associated tissue sample at the
ultrasound transducer positions.

2. An examination system (1301) according to claim 1
wherein the relative orientation of each of the differ-
ent ultrasound display regions around an axis
through the middle of the ultrasound display region
matches the relative orientation of the adjacent tis-
sue sample regions around their respective axes.

3. An examination system (1301) according to claim 1
wherein the display device (1351) is arranged for
receiving and visualizing the tissue contact informa-
tion packages in spatially different tissue contact dis-
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10.

1.

12.

play regions of the display device, and wherein the
relative spatial positions of the different tissue con-
tact display regions are similar to the relative spatial
positions of the ultrasound transducer positions.

An examination system (1301) according to claim 1,
wherein the processing unit (1388) is further ar-
ranged for identifying predetermined features in the
ultrasound information packages.

An examination system (1301) according to claim 4,
wherein the display device (1351) is further arranged
for indicating a position of any one of the predeter-
mined features on the ultrasound display regions.

An examination system (1301) according to claim 1,
wherein the interventional device (1320) is any one
of an endoscope, a catheter, a biopsy needle.

An examination system (1301) according to claim 1,
wherein the plurality of ultrasound transducers com-
prises atleast three different ultrasound transducers.

An examination system (1301) according to claim 1,
further comprising means for determining a coordi-
nate position of at least one ultrasound transducer
within the plurality of ultrasound transducers (306a-
c¢) with respect to a fixed coordinate system.

An examination system (1301) according to claim 8,
wherein the spatial positions of the different ultra-
sound display regions (1141a-c) is based on said
coordinate position.

An examination system (1301) according to claim 1,
wherein the plurality of ultrasound transducers
(306a-c) is positioned and oriented so as to enable
imaging ofthe spatially different adjacent tissue sam-
ple regions (1386b-c) being positioned around the
interventional device (1320).

An examination system (1301) according to claim 1
wherein the interventional device and the display de-
vice (1351) are attached to a handle (1370).

A method for organizing a display device (1351) and
for visualizing information obtained from a plurality
of ultrasound transducers (306a-c) of an interven-
tional device (1320), the ultrasound transducers
(306a-c) being placed on spatially distributed ultra-
sound transducer positions, the method comprising:

- obtaining (1612) a first number of ultrasound
information packages (1694) where different ul-
trasound information packages comprise infor-
mation from spatially different adjacent tissue
sample regions (1386a-c),

- obtaining (1614) relative spatial positions of
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the corresponding differentadjacent tissue sam-
ple regions,

- determining (1616) a second number of relative
spatial positions of different ultrasound display
regions (1141a-c) on the display device (1351),
- visualizing (1618) the ultrasound information
packages in the spatially different ultrasound
display regions (1141a-c),

wherein the first number is equal to the second
number and wherein the relative spatial posi-
tions of the different ultrasound display regions
match the corresponding relative spatial posi-
tions of the different adjacent tissue sample re-
gions, characterised in determining tissue con-
tact information packages by processing the ul-
trasound information packages, wherein the tis-
sue contact information packages are indicative
of tissue contact between the interventional de-
vice and an associated tissue sample at the ul-
trasound transducer positions.

13. A computer program product being adapted to ena-

ble a computer system comprising at least one com-
puter having a data storage means associated there-
with to operate a processor unit (1388) arranged for

- receiving a first number of ultrasound informa-
tion packages obtained from a plurality of ultra-
sound transducers (306a-c) of an international
device (1320), the ultrasound transducers being
placed on spatially distributed ultrasound trans-
ducer positions, where different ultrasound in-
formation packages comprise information from
spatially different adjacent tissue sample re-
gions,

- receiving relative spatial positions of the differ-
ent adjacent tissue sample regions (1386b-c),
- determining a second number of relative spatial
positions of different ultrasound display regions
(1141a-c) on the display device (1351),

- visualizing the ultrasound information packag-
es in the spatially different ultrasound display
regions,

wherein the first number is equal to the second
number and wherein the relative spatial posi-
tions of the different ultrasound display regions
match the corresponding relative spatial posi-
tions of the different adjacent tissue sample re-
gions, characterised in operating the proces-
sor unit (1388) for determining tissue contact in-
formation packages based on the ultrasound in-
formation packages,

wherein the tissue contactinformation packages
are indicative of tissue contact between the in-
terventional device and an associated tissue
sample at the plurality of ultrasound transducer
positions.
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Patentanspriiche

Untersuchungssystem (1301) zur Untersuchung ei-
ner zugeordneten Gewebeprobe (1302), wobei das
Untersuchungssystem umfasst:

- eine interventionelle Einrichtung (1320), um-
fassend:

- mehrere Ultraschall-Transducer (306a-c), die
auf rdumlich verteilten Ultraschall-Transducer-
positionen platziert sind, wobei verschiedene
Ultraschall-Transducer innerhalb der mehreren
Ultraschall-Transducer so angeordnet sind,
dass sie Ultraschall-Informationspakete von
raumlich unterschiedlichen, benachbarten Ge-
webeprobenbereichen  (1386b-c) erhalten,
wenndie zugeordnete Gewebeprobe in Angren-
zung an die mehreren Ultraschall-Transducer
platziert ist,

- eine Anzeigeeinrichtung (1351), die so ange-
ordnet ist, dass sie die Ultraschall-Informations-
pakete in raumlich unterschiedlichen Ultra-
schall-Anzeigebereichen (1141a-c) auf der An-
zeigeeinrichtung (1351) empfangt und visuali-
siert,

wobei die relativen raumlichen Positionen der
verschiedenen  Ultraschall-Anzeigebereiche
den entsprechenden relativen raumlichen Posi-
tionen der verschiedenen benachbarten Gewe-
beprobenbereiche (1386b-c) entsprechen,
dadurch gekennzeichnet, dass das Untersu-
chungssystem (1301) weiterhin eine Prozesso-
reinheit (1388) umfasst, die so eingerichtet ist,
dass sie aufgrund der Ultraschall-Informations-
pakete Gewebekontakt-Informationspakete er-
mittelt, wobei die Gewebekontakt-Informations-
pakete Gewebekontakt zwischen der interven-
tionellen Einrichtung (1320) und der zugeordne-
ten Gewebeprobe an den Ultraschall-Transdu-
cerpositionen erkennen lassen.

Untersuchungssystem (1301) nach Anspruch 1, wo-
bei die relative Ausrichtung von jedem der verschie-
denen Ultraschall-Anzeigebereiche um eine Achse
durch die Mitte des Ultraschall-Anzeigebereichs der
relativen Ausrichtung der benachbarten Gewebe-
probenbereiche um deren jeweilige Achsen ent-
spricht.

Untersuchungssystem (1301) nach Anspruch 1, wo-
bei die Anzeigeeinrichtung (1351) so angeordnet ist,
dass sie die Gewebekontakt-Informationspakete in
raumlich unterschiedlichen Gewebekontakt-Anzei-
gebereichen der Anzeigeeinrichtung empfangt und
visualisiert, und wobei die relativen rdumlichen Po-
sitionen der verschiedenen Gewebekontakt-Anzei-
gebereiche den relativen rdumlichen Positionen der
Ultraschall-Transducerpositionen dhnlich sind.
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Untersuchungssystem (1301) nach Anspruch 1, wo-
bei die Prozessoreinheit (1388) weiterhin so einge-
richtet ist, dass sie vorher festgelegte Merkmale in
den Ultraschall-Informationspaketen identifiziert.

Untersuchungssystem (1301) nach Anspruch 4, wo-
bei die Anzeigeeinrichtung (1351) weiterhin so ein-
gerichtet ist, dass sie eine Position von einem der
vorher festgelegten Merkmale auf den Ultraschall-
Anzeigebereichen anzeigt.

Untersuchungssystem (1301) nach Anspruch 1, wo-
bei die interventionelle Einrichtung (1320) ein Endo-
skop, ein Katheter oder eine Biopsienadel ist.

Untersuchungssystem (1301) nach Anspruch 1, wo-
bei die mehreren Ultraschall-Transducer zumindest
aus drei verschiedenen Ultraschall-Transducern be-
stehen.

Untersuchungssystem (1301) nach Anspruch 1, das
weiterhin Mittel zum Ermitteln einer Koordinatenpo-
sition von mindestens einem Ultraschall-Transducer
innerhalb der mehreren Ultraschall-Transducer
(306a-c) gegeniber einem festen Koordinatensys-
tem umfasst.

Untersuchungssystem (1301) nach Anspruch 8, wo-
bei die rumlichen Positionen der verschiedenen Ul-
traschall-Anzeigebereiche (1141a-c) auf den Koor-
dinatenpositionen basieren.

Untersuchungssystem (1301) nach Anspruch 1, wo-
beidie mehreren Ultraschall-Transducer (306a-c) so
positioniert und ausgerichtet sind, dass sie eine Bild-
gebung der um die interventionelle Einrichtung
(1320) positionierten, raumlich unterschiedlichen,
benachbarten Gewebeprobenbereiche (1386b-c)
ermdglichen.

Untersuchungssystem (1301) nach Anspruch 1, wo-
bei die interventionelle Einrichtung und die Anzeige-
einrichtung (1351) an einem Giriff (1370) angebracht
sind.

Verfahren zum Organisieren einer Anzeigeeinrich-
tung (1351) sowie zum Visualisieren von Informati-
onen, die von mehreren Ultraschall-Transducern
(306a-c) einer interventionellen Einrichtung (1320)
erhalten werden, wobei die Ultraschall-Transducer
(306a-c) aufraumlich verteilten Ultraschall-Transdu-
cerpositionen platziert sind, wobei das Verfahren die
folgenden Schritte umfasst, wonach:

- eine erste Anzahl von Ultraschall-Informations-
paketen (1694) erhalten wird (1612), wobei ver-
schiedene Ultraschall-Informationspakete In-
formationen von raumlich unterschiedlichen,

10

15

20

25

30

35

40

45

50

55

12

benachbarten
(1386a-c) enthalten,
- relative raumliche Positionen der entsprechen-
den verschiedenen benachbarten Gewebepro-
benbereiche erhalten werden (1614),

- eine zweite Anzahl von relativen rdumlichen
Positionen verschiedener Ultraschall-Anzeige-
bereiche (1141a-c) auf der Anzeigeeinrichtung
(1351) ermittelt wird (1616),

- die Ultraschall-Informationspakete in den
raumlich unterschiedlichen Ultraschall-Anzei-
gebereichen (1141a-c) visualisiert werden
(1618),

wobei die erste Anzahl der zweiten Anzahl ent-
spricht, und wobei die relativen rdumlichen Po-
sitionen der verschiedenen Ultraschall-Anzei-
gebereiche den entsprechenden relativen
raumlichen Positionen der verschiedenen be-
nachbarten Gewebeprobenbereiche entspre-
chen,

dadurch gekennzeichnet, dass durch Verar-
beiten der Ultraschall-Informationspakete Ge-
webekontakt-Informationspakete ermittelt wer-
den, wobei die Gewebekontakt-Informationspa-
kete Gewebekontakt zwischen der interventio-
nellen Einrichtung und einer zugeordneten Ge-
webeprobe an den Ultraschall-Transducerposi-
tionen erkennen lassen.

Gewebeprobenbereichen

13. Computerprogrammprodukt, das so eingerichtet ist,

dass es ein Computersystem, das mindestens einen
Computer mit einem diesem zugeordneten Daten-
speichermittel aufweist, befdhigt, eine Prozessor-
einheit (1388) zu betreiben, die so eingerichtet ist,
dass sie

- eine erste Anzahlvon Ultraschall-Informations-
paketen empféngt, die von mehreren Ultra-
schall-Transducern (306a-c) einer interventio-
nellen Einrichtung (1320) erhalten wird, wobei
die Ultraschall-Transducer auf raumlich verteil-
ten Ultraschall-Transducerpositionen platziert
sind, wobei verschiedene Ultraschall-Informati-
onspakete Informationen von raumlich unter-
schiedlichen, benachbarten Gewebeprobenbe-
reichen enthalten,

- relative rdumliche Positionen der verschiede-
nen benachbarten Gewebeprobenbereiche
(1386b-c) empfangen werden,

- eine zweite Anzahl von relativen raumlichen
Positionen verschiedener Ultraschall-Anzeige-
bereiche (1141a-c) auf der Anzeigeeinrichtung
(1351) ermittelt wird,

- die Ultraschall-Informationspakete in den
raumlich unterschiedlichen Ultraschall-Anzei-
gebereichen visualisiert werden,

wobei die erste Anzahl der zweiten Anzahl ent-
spricht, und wobei die relativen rdumlichen Po-
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sitionen der verschiedenen Ultraschall-Anzei-
gebereiche den entsprechenden relativen
raumlichen Positionen der verschiedenen be-
nachbarten Gewebeprobenbereiche entspre-
chen,

dadurch gekennzeichnet, dass der Prozessor
(1388) so betrieben wird, dass er, basierend auf
den Ultraschall-Informationspaketen, Gewebe-
kontakt-Informationspakete ermittelt, wobei die
Gewebekontakt-Informationspakete Gewebe-
kontakt zwischen der interventionellen Einrich-
tung und einer zugeordneten Gewebeprobe an
den mehreren Ultraschall-Transducerpositio-
nen erkennen lassen.

Revendications

Systeme d’examen (1301) pour examiner un échan-
tillon tissulaire associé (1302), le systéme d’examen
comprenant :

- un dispositif  d'intervention
comprenant :
- une pluralité de transducteurs ultrasonores
(306a-c) placés sur des positions de transduc-
teurs ultrasonores distribuées spatialement,
dans lequel différents transducteurs ultrasono-
res au sein de la pluralité de transducteurs ul-
trasonores sont agencés pour obtenir des en-
sembles d’informations d’ultrasons a partir de
régions d’échantillon tissulaire adjacentes spa-
tialement différentes (1386b-c) lorsque I'échan-
tillon tissulaire associé est placé de fagon adja-
cente a la pluralité de transducteurs ultrasono-
res,
- un dispositif d’affichage (1351) agencé pour
recevoir et visualiser les ensembles d’informa-
tions d’ultrasons dans des régions d’affichage
d’'ultrasons spatialement différentes (1141a-c)
sur le dispositif d’affichage (1351),
dans lequel les positions spatiales relatives des
régions d’affichage d'ultrasons différentes cor-
respondentaux positions spatiales relatives cor-
respondantes des régions d’échantillon tissulai-
re adjacentes différentes (1386b-c),
caractérisé en ce que le systétme d’examen
(1301) comprend en outre une unité de traite-
ment (1388) agencée pour déterminer des en-
sembles d’informations de contact tissulaire en
fonction des ensembles d'informations d’ultra-
sons, dans lequel les ensembles d’informations
de contact tissulaire sont indicatifs de contact
tissulaire entre le dispositif d’intervention (1320)
et I'échantillon tissulaire associé aux positions
de transducteurs ultrasonores.

(1320)

2. Systéme d’examen (1301) selon la revendication 1,
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dans lequel l'orientation relative de chacune de ré-
gions d’affichage d’ultrasons différentes autour d’'un
axe a travers le milieu de la région d’affichage d’ul-
trasons correspond a l'orientation relative des ré-
gions d’échantillon tissulaire adjacentes autour de
leurs axes respectifs.

Systéme d’examen (1301) selon la revendication 1,
dans lequel le dispositif d’affichage (1351) est agen-
cé pour recevoir et visualiser les ensembles d’infor-
mations de contact tissulaire dans des régions d’af-
fichage de contacttissulaire spatialement différentes
d’'un dispositif d’affichage, et dans lequel les posi-
tions spatiales relatives des régions d’affichage de
contact tissulaire différentes sont similaires aux po-
sitions spatiales relatives des positions de transduc-
teurs ultrasonores.

Systéme d’examen (1301) selon la revendication 1,
dans lequel I'unité de traitement (1388) est en outre
agenceée pour identifier des caractéristiques prédé-
terminées dans les ensembles d’informations d’ul-
trasons.

Systéme d’examen (1301) selon la revendication 4,
dans lequel le dispositif d’affichage (1351) est en
outre agencé pour indiquer une position d’une quel-
conque des caractéristiques prédéterminées sur les
régions d’affichage d’ultrasons.

Systéme d’examen (1301) selon la revendication 1,
dans lequel le dispositif d’intervention (1320) est un
quelconque parmi un endoscope, un cathéter, une
aiguille de biopsie.

Systéme d’examen (1301) selon la revendication 1,
dans lequel la pluralité de transducteurs ultrasono-
res comprend au moins trois différents transducteurs
ultrasonores.

Systéme d’examen (1301) selon la revendication 1,
comprenant en outre des moyens pour déterminer
une position de coordonnées d’au moins un trans-
ducteur ultrasonore au sein de la pluralité de trans-
ducteurs ultrasonores (306a-c) par rapport a un sys-
téme de coordonnées fixes.

Systéme d’examen (1301) selon la revendication 8,
dans lequel les positions spatiales des régions d’af-
fichage d'ultrasons différentes (1141a-c) sont fon-
dées sur ladite position de coordonnées.

Systéme d’examen (1301) selon la revendication 1,
dans lequel la pluralité de transducteurs ultrasono-
res (306a-c) est positionnée et orientée afin de per-
mettre I'imagerie de régions d’échantillon tissulaire
adjacentes spatialement différentes (1386b-c) posi-
tionnées autour d’'un dispositif d’intervention (1320).
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Systeme d’examen (1301) selon la revendication 1,
dans lequel le dispositif d’intervention et le dispositif
d’'affichage (1351) sont fixés a une poignée (1370).

Procédé pour organiser un dispositif d’affichage
(1351) et pour visualiser des informations obtenues
a partir d’'une pluralité de transducteurs ultrasonores
(306a-c) d'un dispositif d’intervention (1320), les
transducteurs ultrasonores (306a-c) étant placés sur
des positions de transducteurs distribuées spatiale-
ment, le procédé comprenant :

- 'obtention (1612) d’un premier nombre d’en-
sembles d’informations d’ultrasons (1694) ou
différents ensembles d’informations d’ultrasons
comprennent des informations a partir de ré-
gions d’échantillon tissulaire adjacentes spatia-
lement différentes (1386a-c),

- 'obtention (1614) de positions spatiales rela-
tives des régions d’échantillon tissulaire adja-
centes différentes correspondantes,

- la détermination (1616) d’'un second nombre
de positions spatiales relatives de différentes ré-
gions d’affichage d'ultrasons (1141a-c) sur le
dispositif d’affichage (1351),

- la visualisation (1618) des ensembles d’infor-
mations d’ultrasons dans les régions d’affichage
d’'ultrasons spatialement différentes (1141a-c),
dans lequel le premier nombre est égal au se-
cond nombre et dans lequel les positions spa-
tiales relatives des régions d’affichage d'ultra-
sons différentes correspondent aux positions
spatiales relatives correspondantes des régions
d’échantillon tissulaire adjacentes différentes,
caractérisé par la détermination d’ensembles
d’'informations de contact tissulaire en traitant
les ensembles d’informations d’ultrasons, dans
lequel les ensembles d’'informations de contact
tissulaire sont indicatifs de contact tissulaire en-
tre le dispositif d’intervention et un échantillon
tissulaire associé aux positions de transduc-
teurs ultrasonores.

Produit programme d’ordinateur adapté pour per-
mettre a un systéme d’ordinateur comprenant au
moins un ordinateur possédant un moyen de stoc-
kage de données associé a celui-ci de faire fonction-
ner une unité de traitement (1388) agencée pour

- recevoir un premier nombre d’ensembles d'’in-
formations d’ultrasons obtenus a partir d’'une
pluralité de transducteurs ultrasonores (306a-c)
d’'un dispositif d’intervention (1320), les trans-
ducteurs ultrasonores étant placés sur des po-
sitions de transducteurs ultrasonores distri-
buées spatialement, ou différents ensembles
d’'informations d’ultrasons comprennent des in-
formations a partir de régions d’échantillon tis-
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sulaire adjacentes spatialement différentes,

- recevoir des positions spatiales relatives des
régions d’échantillon tissulaire adjacentes diffé-
rentes (1386b-c),

- déterminer un second nombre de positions
spatiales relatives de différentes régions d’affi-
chage d'ultrasons (1141a-c) sur le dispositif
d’affichage (1351),

- visualiser des ensembles d’informations d’ul-
trasons dans les régions

d’affichage d'ultrasons spatialement différen-
tes,

dans lequel le premier nombre est égal au se-
cond nombre et dans lequel les positions spa-
tiales relatives de régions d’affichage d’ultra-
sons différentes correspondent aux positions
spatiales relatives correspondantes des régions
d’échantillon tissulaire adjacentes différentes,
caractérisé par le fonctionnement d’une unité
de traitement (1388) pour déterminer des en-
sembles d’informations de contact tissulaire en
fonction des ensembles d’informations d’ultra-
sons, dans lequel les ensembles d’informations
de contact tissulaire sont indicatifs de contact
tissulaire entre le dispositif d’intervention et un
échantillon tissulaire associé a la pluralité de po-
sitions de transducteurs ultrasonores.
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