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(57) ABSTRACT

To sum up, the present invention relates to an examination
system 1301 for examining an associated tissue sample 1302,
where the examination system comprises an interventional
device 1320 which comprises a plurality of ultrasound trans-
ducers 306a-c and wherein the different ultrasound transduc-
ers are arranged to obtain images of different regions of an
associated tissue sample, and wherein the examination sys-
tem furthermore comprises a display device 1351 arranged
for showing the images so that each of their positions corre-
sponds to the corresponding positions of the different adja-
cent tissue sample regions in the adjacent associated tissue
sample. A possible advantage of the system may be that
relevant information regarding the associated tissue sample is

8,2011. conveyed to an observer in a fast an intuitive manner.
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EXAMINATION SYSTEM WITH MULTIPLE
ULTRASOUND TRANSDUCERS

FIELD OF THE INVENTION

[0001] The present invention relates to the field of exami-
nation systems, in particular, the present invention relates to
examination systems comprising interventional devices with
multiple ultrasound transducers, and a corresponding
method, computer program product, and use of such system.

BACKGROUND OF THE INVENTION

[0002] Examination systems comprising interventional
devices with ultrasound transducers for providing informa-
tion 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 decisions 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
might lead 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 WO 2010/138448 Al describes a
catheter assembly which includes a catheter and a delivery
element. The catheter has a distal end with a distal tip, a
proximal end, and a longitudinal length, the catheter includes
abody that defines a central lumen extending along the cath-
eter to the distal end. The catheter also includes a forward-
facing transducer array disposed at the distal tip of the cath-
eter. The transducer array is configured and arranged for
transforming applied electrical signals to acoustic signals and
also for transforming received echo signals to electrical sig-
nals. At least one catheter conductor is electrically coupled to
the transducer array and extends along the catheter. The deliv-
ery element is disposed in the lumen of the catheter.

[0004] An improved examination system for examining an
associated tissue sample would be advantageous, and in par-
ticular an examination system which enables obtaining and
utilizing large amounts of information from an associated
tissue sample in an improved, more efficient, simple, fast
and/or reliable manner would be advantageous.

SUMMARY OF THE INVENTION

[0005] 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 concern-
ing obtaining and utilizing large amounts of information from
an associated tissue sample in an improved, more efficient,
simple, fast and/or reliable manuer.

[0006] It is a further object of the present invention to

provide an alternative to the prior art.

[0007] 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 compris-
ing

[0008] an interventional device comprising:

[0009] a plurality of ultrasound transducers, wherein dif-
ferent ultrasound transducers within the plurality of ultra-
sound transducers are arranged to obtain ultrasound infor-
mation packages from spatially different tissue sample
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regions when the associated tissue sample is placed adja-
cent the plurality of ultrasound transducers,

[0010] a display device arranged for receiving and visual-
izing the ultrasound information packages in spatially dif-
ferent ultrasound display regions on the display device,

wherein the relative spatial positions of the different ultra-
sound display regions match the corresponding relative spa-
tial positions of the different adjacent tissue sample regions.
[0011] The invention is particularly, but not exclusively,
advantageous for obtaining ultrasound information packages
from spatially different tissue sample regions and for visual-
izing the ultrasound information packages in a manner
wherein the relative spatial positions of the different ultra-
sound display regions match the corresponding relative spa-
tial positions of the different adjacent tissue sample regions,
which has the effect that an observer of the display device is
presented in a very intuitive manner with information from
the different adjacent tissue sample regions. Thus, the
observer need not toggle through different images or con-
stantly having to keep in mind which portion of the display
device corresponds with which part of the associated tissue
sample.
[0012] The invention addresses the issue that the position
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 corresponding to theactual location of the transducers
in the interventional device. Thus, by taking the relative spa-
tial positions of the different adjacent tissue sample regions
(which depend on technical features, such as technical fea-
tures of the interventional device, such as the positions and
orientations of the ultrasound transducers on the interven-
tional device) into account, the technical problem of optimiz-
ing 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 posi-
tions of the different adjacent tissue sample regions.
[0013] Ttis noticed, that an examination system according
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 condition of the system to
the observer.

[0014] 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 infor-
mation in an intuitive way, so that a recipient of the informa-
tion may in a very fast and correspondingly intuitive way be
presented with the relevant information. In that way, neither
the examination system nor the recipient 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 inven-
tion, 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

information from a particular ultrasound transducer or a

human recipient has selected not to show information from a

particular ultrasound transducer, such as by toggling between

images to be shown and thus discarding information. It may
also be seen as an insight underlying the present invention,
that if the information from the different adjacent tissue
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regions is presented in an intuitively appropriate 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.
[0015] Furthermore, it may also be seen as the gist of the
invention, that additional information may be extracted from
the ultrasound information packages by representing the
ultrasound information packages according 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 information packages in spatially
different ultrasound display regions with each other. In other
words: Not only can the system, method and use according to
the invention potentially enable that more information is pro-
vided to the user (since no informationneed to be discarded in
order to not risk overloading the observer with information
which the observer cannot interpret), but the system, method
and use furthermore
[0016] 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 packages,
which would otherwise have appeared irrelevant when
identified in the individual ultrasound information pack-
ages.
[0017] Still further, an observer may possibly utilize the
information from individual ultrasound information pack-
ages depicted in spatially different ultrasound display regions
in order to make a qualified guess regarding information in
regions which are not probed. Thus, the invention might
enable the observer to interpolate between adjacent ultra-
sound display regions, so as to obtain additional information.
[0018] By ‘an associated tissue sample’ is understood a
portion of a tissue, 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 ‘anatomical region’.
[0019] An ‘interventional device’is generally knownin the
art, and may include any one of the non-exhaustive list com-
prising a catheter, a needle, a biopsy needle or an endoscope.
[0020] It is understood that ‘ultrasound transducers’ are
known in the art as elements which upon actuation may emit
and/or receive ultrasound signals. The actuation may be an
applied voltage. An ultrasound transducer adapted to receive
ultrasound signals may convert a received ultrasound signal
into a voltage, such as a time varying voltage. By a plurality
of ultrasound transducers is understood an integer larger than
one, suchas 2, 3,4, 5, 6,7, 8, 9 or more ultrasound transduc-
ers.
[0021] By ‘ultrasound information packages’ is understood
information obtained via the ultrasound transducers, 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 adjacent associated tissue sample.
[0022] By an ultrasound transducer or a plurality of ultra-
sound transducers being ‘arranged to obtain ultrasound infor-
mation packages’ is understood that the ultrasound transducer
or the plurality of ultrasound transducers is arranged so that
ultrasound signals which carry information from an adjacent
associated tissue sample is received by the ultrasound trans-
ducer or the plurality of ultrasound transducers and converted
into a readable signal, such as a voltage signal. In a specific
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embodiment, an ultrasound signal is emitted from an ultra-
sound transducer, reflected off the adjacent associated tissue
sample at one or more positions and received by the same or
another ultrasound transducer.

[0023] 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.

[0024] By ‘a display device’ is understood any device
capable of displaying information derived from the “spatially
different tissue sample regions’, where the device is capable
of being spatially resolvable into different ultrasound 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 corresponding positions of different adja-
cent tissue sample regions.

[0025] 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 analyzed and converted
into a level of tissue contact which may be visualized simply
by a light intensity and/or color.

[0026] The phrase “the relative spatial positions of the dif-
ferent ultrasound display regions match the corresponding
relative spatial positions of the different adjacent tissue
sample regions’ will be further explained in the following.
The different adjacent tissue sample regions each have a
position (in the associated tissue sample), and since there is
more than one adjacent tissue sample region, each of their
positions may be defined with respect to the others. In ana-
Iytical geometry wording, the positions of each of the adja-
cent tissue sample regions may be defined by a vector in a
coordinate system, such as a coordinate system being fixed to
the interventional device and/or the associated tissue sample.
The coordinate system may be, e.g., two-dimensional. Thus,
afirst 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 undet-
stood, that the spatial relations, in terms of length and orien-
tation, between the vectors in each set is substantially identi-
cal.

[0027] Theinventionencompasses embodiments where the
second set of vectors has been stretched, such as scaled dif-
ferently 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%.
[0028] The invention encompasses embodiments 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 vectors, 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%.

[0029] 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
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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 within 0-5 degrees, such as within 0-1
degrees.
[0030] In aparticular embodiment, the relative orientation
of each of the different ultrasound display regions around an
axis through the middle of the ultrasound display region
matches the relative orientation of the adjacent tissue sample
regions around their respective axes. This is particularly rel-
evant if the ultrasound display regions are displaying images,
such as two-dimensional images.
[0031] In aparticular embodiment, the relative orientation
of each of the different ultrasound display regions around an
axis through the middle of the ultrasound display 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 within 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 that images from,
e.g., different sides of the interventional device may other-
wise appear to be tilted or turned upside-down with respect to
one another.
[0032] It is also understood, that the position and orienta-
tion of the plurality of ultrasound transducers may be sub-
stantially identical to the relative spatial positions of the dif-
ferent 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 orientations of the ultra-
sound transducers in the plurality of ultrasound transducers’.
[0033] Inanother embodiment the invention further relates
to an examination system wherein the interventional device
further comprises a plurality of tissue contact sensors being
[0034] placed on spatially distributed tissue contact sensor
positions and
[0035] arranged to obtain tissue contact information pack-
ages which are indicative of tissue contact between the
interventional device and the associated tissue sample at
the tissue contact sensor positions.
[0036] Ttis noted that in a particular embodiment, the tissue
contact sensors may be embodied by the ultrasound transduc-
ers themselves, wherein images obtained with the ultrasound
transducers 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 derived
from the ultrasound images. 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 corresponding information
package. For example the ultrasound information package
may be converted to an image by a processor which is also
arranged for carrying out image analysis in order to determine
alevel of tissue contact between tissue and ultrasound trans-
ducer.
[0037] Inafurtherembodimentthe invention further relates
to an examination system wherein the display device is
arranged for receiving and visualizing the tissue contact
information packages in spatially different tissue contact dis-
play 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
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visualizing where the interventional device is in tissue contact
in an intuitive 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.
[0038] In another embodiment the invention further relates
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 informa-
tion packages may be converted to images by a processor
which is also arranged for carrying 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.

[0039] Inafurtherembodiment the invention further relates
to an examination system wherein the display device is fur-
ther arranged for indicating the position of any one of the
predetermined features on the display. The information of the
position of the predetermined features may be conveyed to an
observer in 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.

[0040] In another embodiment the invention further relates
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 narrow entrance.

[0041] In another embodiment the invention further relates
to an examination system wherein the plurality of ultrasound
transducers comprises at least 3 different ultrasound trans-
ducers. In another embodiment the invention 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 tem-
poral resolution, can be obtained from the associated tissue
sample.

[0042] In another embodiment the invention further relates
to an examination system wherein a coordinate position of at
least one ultrasound transducer within the plurality of ultra-
sound transducers is determined with respect to a fixed coor-
dinate system, such as by means of image analysis, such as by
means of optical shape sensing, 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.

[0043] Inafurther embodiment the invention further relates
to an examination system wherein the spatial positions of the
different ultrasound display regions is based on said coordi-
nate position. For example, if the interventional device is
rotated, the ultrasound display regions may correspondingly
rotate, or if the interventional device is moved up or down, the
ultrasound display regions may correspondingly move up or
down.

[0044] In another embodiment the invention further relates
to an examination system wherein the spatially different tis-
suie 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
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placed around the interventional device. 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 trans-
ducers for obtaining ultrasound information packages from a
plurality of spatially different tissue sample regions being
positioned around the interventional device enables yielding
information from an associated tissue sample being larger,
such as significantly larger than a cross section of the inter-
ventional 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 embodi-
ment, the ultrasound transducers within the plurality of ultra-
sound transducers are facing outwards with respect to the
interventional device, such as arranged for emitting ultra-
sound signalsinto spatially different tissue sample regions are
positioned around the interventional device and/or receiving
ultrasound signals from spatially different tissue sample
regions are positioned around the interventional device.
[0045] In an embodiment the invention further relates to an
examination system wherein the interventional device 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 handle. 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 naturally directed. Another advantage may be that
it enables integration of parts since the handle and the display
device is integrated into a single unit.

[0046] In another embodiment the invention further relates
to an examination system wherein the spatially different tis-
sue sample regions are non-overlapping. In another embodi-
ment the invention further relates to an examination system
wherein the spatially different tissue sample regions are over-
lapping.

[0047] According to a second aspect of the invention, the
invention further relates to a method according to the inde-
pendent method claim.

[0048] 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.

[0049] According to a fourth aspect of the invention, the
invention further relates to use of an examination system
according to the first aspect for examining an associated
tissue sample.

[0050] The first, second, third and fourth 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 embodi-
ments described hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

[0051] The system, method, computer program product
and use according to the invention will now be described 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.

[0052] FIG. 1 shows a general system 100 for obtaining
information via ultrasound,

[0053] FIG. 2 shows a schematic, cross-sectional drawing
of a catheter,
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[0054] FIGS. 3-5 show side view, end view and perspective
view of a distal end of an interventional device,

[0055] FIGS. 6-7 show stylized and real examples of an
M-mode image,
[0056] FIGS. 8-11 show exemplary graphical interfaces of
display devices,
[0057] FIG. 12 shows a handle of an RF-ablation catheter,
[0058] FIG. 13 shows an examination system,
[0059] FIGS. 14-15 show a first set of vectors and a second
set of vectors,
[0060] FIG. 16 is a flow chart of a method, and
[0061] FIGS. 17-18 show graphical interfaces of a display
device.

DETAILED DESCRIPTION OF AN

EMBODIMENT

[0062] Embodiments of the present invention are disclosed

in the following.

[0063] FIG. 1 shows a general system 100 for obtaining
information via ultrasound, and the particular system
depicted 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 transducer
(neither shown in this figure). Additionally, a sample 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 com-
prising a catheter, a needle, a biopsy needle or an endoscope.
It is also contemplated that a plurality of ultrasound transduc-
ers could be comprised within the interventional device, and
some ultrasound 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.

[0064] The invention might be used in tissue imaging dur-
ing use, for example in connection with heart arrhythmias 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 bubble energy and thus form
a basis for deciding how to operate the ablation unit.

[0065] 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 com-
prises an ablation entity 15 adapted for performing ablation of
the tissue 40. Note that although in FIG. 2 the ablation entity
1s depicted as covering only the forward side of the catheter,
it may also cover the catheter sidewards. The radiation for
performing ablation is schematically shown by dotted arrow
Al. The required wiring for energizing and/or controlling the
ablation 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.

[0066] Further, an ultrasound transducer 5 is positioned in
the distal end, the transducer being adapted for transmitting
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and/or receiving ultrasonic waves as schematically indicated
by double-headed dotted arrow A2 in FIG. 2. In the most
general form of the invention, the ultrasound 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 ultrasonic waves through the same irri-
gation hole 21.

[0067] Advantageously, the catheter 20 may be used for
open-loop irrigated radio frequency (RF) ablation.

[0068] InFIG. 2, there is shown only one ultrasound trans-
ducer 5. However, there may be multiple ultrasound trans-
ducers present, such as a forward looking ultrasound trans-
ducer, such as the depicted ultrasound transducer 5, and one
or more sideward looking ultrasound transducers (not shown
in FIG. 2).

[0069] FIG. 3 shows aside view (as in F1G. 2) ofadistalend
322 of an interventional device, with a forward looking ultra-
sound transducer 305 and three sideward looking ultrasound
transducers 306a-c. All ultrasound transducers are mounted
on the side of the interventional device, but they could also be
mounted within the interventional device (such as shown in
FIG. 2) or be integrated in the surface of the interventional
device so that a surface of the ultrasound transducers lies
substantially flush with a surface of the interventional device.
The three sideward looking ultrasound transducers 306a-c
are mounted 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 ultrasound
signals from 4 different directions, i.e., a forward direction
(being parallel with a length axis of the interventional device)
and three sideward directions (being orthogonal 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 transducers.

[0070] FIG. 4 shows an end view of a distal end 322 of an
interventional device, with a forward looking ultrasound
transducer 305 and three sideward looking ultrasound trans-
ducers 306a-c. The end view is seen in a direction as indicated
with arrow 308 in FIG. 3.

[0071] FIG. 5 shows a perspective view of a distal end 322
of an interventional device, with a forward looking ultra-
sound transducer 305 and three sideward looking ultrasound
transducers 306a-c.

[0072] FIG. 6 shows an example of an M-mode image 630.
The M-mode image is an image which is composed by plac-
ing a plurality of A-lines. An A-line is known in the art and is
a 1-dimensional representation of the information 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 image 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 it can be seen
that lesion formation is starting shortly thereafter and pro-
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gression towards, larger depth with time. The lesion is seen as
the relatively noisy signal 640 which can be averaged to
obtain a smoother indicator 642 for lesion progression. Once
the lesion has reached an acceptable depth, the lesion proce-
dure is stopped as indicated at the end time 638.

[0073] 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 simul-
taneously monitored with ultrasound and electrical imped-
ance change. The ultrasound measurements are visualized in
a so-called M-mode image M. The RF energy dissipated per
time interval is 9 watt during the 20 second period denoted by
t_a. The tissue depth in the M-mode image M is denoted by
d_t. The absolute scale of the M-mode image is indicated by
the scale bar denoted by dl, 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 onset
of changes in ultrasound that precede the pops. The figure
shows that changes in the ultrasound measurements were
detectable several seconds before tissue pops.

[0074] FIG. 8 shows an exemplary display device which
has received ultrasound information packages from a plural-
ity of ultrasound transducers, such as a the plurality of ultra-
sound transducers of FIGS. 3-5, and wherein the display
device has a graphical interface 850 with the spatially differ-
ent ultrasound display regions 841a-c corresponding to the
ultrasound transducers 306a-c in FIGS. 3-5 which are also
indicated by the regions §06a-c with dotted lines. The figure
shows, that the relative spatial position of the different ultra-
sound display regions 841a-c match the corresponding rela-
tive 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-¢ 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 848¢. 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 dis-
play device furthermore has regions showing A-lines (which
are depicted at high frame-rate), such as region 8425, and
tissue contact indicators, such as region 8445, which change
color depending on the level of tissue contact between an
ultrasound transducer 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 indicated in
the graphical interface as region 805), an A-line region 856
showing an A-line obtained by the forward looking ultra-
sound 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.

[0075] FIG. 9 shows another exemplary display device,
similar to the display device of FIG. 8, with a graphical
interface 950 with the spatially different ultrasound display
regions 941a-c corresponding to the ultrasound transducers
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indicated, such as by region 906a. The relative spatial posi-
tions 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-c 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 tan-
gentially oriented arrows, such as arrow 948c. An M-mode
region 952 shows an M-mode image obtained by the forward
looking ultrasound transducer, corresponding to ultrasound
transducer 305 in FIGS. 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, respec-
tively. Similarly, lines 960, 962 in ultrasound display region
9415 indicate front- and back walls, respectively, of an ana-
tomical structure adjacent to the ultrasound transducer corre-
sponding to 3055 in FIGS. 3-5.

[0076] 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 inven-
tion can actually provide new information because the
observer can link a tissue feature seen in an individual 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 9415 of FIG. 9, may be linked to
corresponding lines in the other M-mode images (i.e., ultra-
sound display regions 941a, 941¢). In other words, a possible
advantage of the invention 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 invention may that the observer is enabled to “guess” an
existence and/or location of features in non-imaged regions
between the images.

[0077] FIG. 10 shows yet another example of a display
device, similar to the display device of FIG. 8, with graphical
interfaces with the spatially different ultrasound display
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. 3-5 relative to the imaged
regions of the associated tissue sample.

[0078] FIG. 11 shows an example of a graphical interface
1150 of a display device which shows which of the ultrasound
imaging transducers of an interventional device as in FIGS.
3-5 are in good, intermediate or bad contact with the tissue.
The graphical interface 1150 has regions 1141a-¢ which each
are arranged for indicating whether the tissue contact
between, respectively, ultrasound transducers 306a-c and an
adjacent associated tissue sample is good (as indicated by the
dark coloring of region 1141¢), intermediate (as indicated by
the dark-grey coloring of region 1141a) or bad (as indicated
by the light coloring of region 11415). Furthermore, a region
1105 in the middle is arranged for indicating whether the
tissue contact between the forward looking ultrasound trans-
ducer 305 is good, intermediate or bad, and in the present
example indicates that it is intermediate.

[0079] FIG. 12 shows a handle 1270 of an RF-ablation
catheter with an integrated display device 1251 with a graphi-
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cal interface, such as a display (similar to graphical interface
1150 of FIG. 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 con-
trolling 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.
[0080] Indication oftissue contact is very important to gen-
erate a successful ablation lesion. Using the ultrasound signal
it is possible to ‘see” tissue contact and using software algo-
rithms to assess the quality of the contact between the ultra-
sound imaging transducer and the tissue. Visual feedback is
an option to show contact quality to the clinician, but audio or
tactile feedback is also a possibility.

[0081] Secondly the algorithm which assesses the tissue

contact can be used to decide which ultrasound M-mode

image should be displaced or enlarged.

[0082] FIG. 13 shows an examination system 1301 for

examining an associated tissue sample 1302, the examination

system comprising

[0083] an interventional device 1320 comprising:

[0084] a plurality of ultrasound transducers 306a-c,
wherein different ultrasound transducers within the plural-
ity of ultrasound transducers are arranged to obtain ultra-
sound information packages from spatially different adja-
cent tissue sample regions 13865-¢ when the associated
tissue sample is placed adjacent the plurality of ultrasound
transducers,

[0085] a display device 1351 arranged for receiving and
visualizing 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 cor-
responding relative spatial positions of the different adja-
cent tissue sample regions 13865-c. The figure 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 control-
ling the ultrasound transducers and for collecting the ultra-
sound information packages, the processor being posi-
tioned in a display device 1351. The figure furthermore
shows an adjacent tissue sample region 1385 being imaged
by the forward looking ultrasound transducer 305.

[0086] FIGS. 14-15 show that the relative spatial positions

of the different ultrasound display regions match the corre-

sponding relative spatial positions of the different adjacent
tissue sample regions 1386a-c.

[0087] 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-¢ as imaged

with an interventional device as depicted in FIGS. 3-5.

[0088] 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 graphical interface
similar to the graphical interface of FIG. 11) match the cor-
responding 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 coordi-
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nate system 1590 is similar to the first set of vectors, although

it has been rotated and scaled. It is also envisioned, that the

invention encompasses embodiments where the second set of
vectors has been stretched, such as scaled differently in dif-
ferent directions.

[0089] FIG. 16 is a flow chart of a method for organizing a

display device 1351 and for visualizing information obtained

from a plurality of ultrasound transducers 306a-c, the method
comprising:

[0090] obtaining 1612 a first number of ultrasound infor-
mation packages 1694 where different ultrasound informa-
tion packages comprise information from spatially differ-
ent adjacent tissue sample regions 1386a-c,

[0091] obtaining 1614 relative spatial positions of the cor-
responding different adjacent tissue sample regions,

[0092] determining 1616 a second number of relative spa-
tial positions of different ultrasound display regions
1141a-c on the display device 1351,

[0093] visualizing 1618 the ultrasound information pack-
ages in 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 ultra-
sound display regions match the corresponding relative spa-
tial positions of the different adjacent tissue sample regions.
[0094] FIG. 17 shows a graphical interface 1750 of a dis-
play device showing the spatially different ultrasound display
regions 1741a-c corresponding to the ultrasound transducers
306a-c in FIGS. 3-5 which are also indicated by the regions
17064-c with dotted lines. 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
1741a-c corresponding to different adjacent tissue sample
regions as imaged with an interventional device as depicted in
FIG. 14. Tt is noted that the relative orientation of each of the
different ultrasound display regions around an axis through
the middle of the ultrasound display region matches the rela-
tive orientation 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).
[0095] FIG. 18 shows a graphical interface 1850 of a dis-
play device showing the spatially different ultrasound display
regions 1841a-c. The figure also shows asecond set of vectors
1792a-c in a coordinate system 1790 which define the posi-
tions 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 different ultrasound display regions
around an axis through the middle of the ultrasound display
region does not match the relative orientation of the adjacent
tissue sample regions around their respective axes, in particu-
lar the relative orientation of ultrasound display region 18414
matches the orientation of the corresponding adjacent tissue
sample region, the relative orientation of ultrasound display
region 18415 is angled 60 degrees clockwise (as indicated by
arrow 1842b) with respect to the orientation of the corre-
sponding adjacent tissue sample region, and the relative ori-
entation of ultrasound display region 1841c is angled 30
degrees clockwise (as indicated by arrow 1842¢) with respect
to the orientation of the corresponding adjacent tissue sample
region. The rotation of each of the ultrasound display region
may be determined by observing the rotation in relation to the
corresponding position vector.
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[0096] To sum up, the present invention relates to an exami-
nation system 1301 for examining an associated tissue
sample 1302, where the examination system comprises an
interventional device 1320 which comprises a plurality of
ultrasound transducers 306a-c and wherein the different
ultrasound transducers are arranged to obtain images of dif-
ferent regions of an associated tissue sample, and wherein the
examination system furthermore comprises a display device
1351 arranged for showing the images so that each of their
positions corresponds 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 man-
ner.

[0097] Although the present invention has been described
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 invention is set out by the
accompanying claim set. In the context of the claims, the
terms “comprising” or “comprises” do not exclude other pos-
sible 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 elements indicated in the figures shall also not be
construed as limiting the scope of the invention. Furthermore,
individual 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 advantageous.

1. An examination system (1301) for examining an asso-
ciated tissue sample (1302), the examination system compris-
ing

an interventional device (1320) comprising:

a plurality of ultrasound transducers (306a-c), wherein
different ultrasound transducers within the plurality of
ultrasound transducers are arranged to obtain ultrasound
information packages from spatially different adjacent
tissue sample regions (13865-c) when the associated
tissue sample is placed adjacent the plurality of ultra-
sound transducers,

a display device (1351) arranged for receiving and visual-
izing the ultrasound information packages in spatially
different ultrasound display regions (1141a-c) on the
display device (1351),

wherein the relative spatial positions of the different ultra-
sound display regions match the corresponding relative
spatial positions of the different adjacent tissue sample
regions (13864-¢) and wherein the examination system
further comprises a processing unit arranged for deter-
mining tissue contact information packages based on the
ultrasound information packages, wherein the tissue
contact information packages are indicative of tissue
contact between the interventional device and the asso-
ciated tissue sample at the ultrasound transducer posi-
tions.

2. An examination system (1301) according to claim 1
wherein 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 orientation
of the adjacent tissue sample regions around their respective
axes.

3. (canceled)
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4. An examination system (1301) according to claim 1
wherein the display device (1351) is arranged for receiving
and visualizing the tissue contact information packages in
spatially different tissue contact display regions of the display
device, and wherein the relative spatial positions of the dif-
ferent tissue contact display regions are similar to the relative
spatial positions of the tissue contact sensor positions.

5. An examination system (1301) according to claim 1, the
examination system further comprising a processing unit
(1388).

6. An examination system (1301) according to claim 5,
wherein the display device (1388) is further arranged for
indicating the position of any one of the predetermined fea-
tures on the display.

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

8. An examination system (1301) according to claim 1,
wherein the plurality of ultrasound transducers comprises at
least 3 different ultrasound transducers.

9. An examination system (1301) according to claim 1,
wherein a coordinate position of at least one ultrasound trans-
ducer within the plurality of ultrasound transducers (306a-c)
is determined with respect to a fixed coordinate system.

10. An examination system (1301) according to claim 9,
wherein the spatial positions of the different ultrasound dis-
play regions (1141a-c) is based on said coordinate position.

11. 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 of spatially
different adjacent tissue sample regions (1386h-c) being
positioned around the interventional device (1320).

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

13. A method for organizing a display device (1351) and
for visualizing information obtained from a plurality of ultra-
sound transducers (306a-c) at a plurality of ultrasound trans-
ducer positions, the method comprising;

obtaining (1612) a first number of ultrasound information

packages (1694) where different ultrasound information
packages comprise information from spatially different
adjacent tissue sample regions (1386a-¢),

obtaining (1614) relative spatial positions of the corre-

sponding different adjacent tissue sample regions,

Nov. 20, 2014

determining (1616) a second number of relative spatial
positions of different ultrasound display regions (1141a-
¢) 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 positions of the different
ultrasound display regions match the corresponding
relative spatial positions of the different adjacent tissue
sample regions, and

determine tissue contact information packages based on

the ultrasound information packages, wherein the tissue
contact information packages are indicative of tissue
contact between an interventional device and an associ-
ated tissue sample at the ultrasound transducer posi-
tions.

14. A computer program product being adapted to enable a
computer system comprising at least one computer having a
data storage means associated therewith to operate a proces-
sor arranged for

receiving a first number of ultrasound information pack-

ages where different ultrasound information packages
comprise information from spatially different adjacent
tissue sample regions,
receiving relative spatial positions of the different adjacent
tissue sample regions (13865-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 packages in the spa-

tially different vltrasound display regions,

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
relative spatial positions of the different adjacent tissue
sample regions, and

determine tissue contact information packages based on

the ultrasound information packages, wherein the tissue
contact information packages are indicative of tissue
contact between an interventional device and an associ-
ated tissue sample at the ultrasound transducer posi-
tions.

15. Use of an examination system according to claim 1 for
examining an associated tissue sample.
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