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SINGLE-MODALITY-BASED VISUAL DISTINGUISHING OF MEDICAL
INTERVENTION DEVICE FROM TISSUE

FIELD OF THE INVENTION

The present invention relates to enhancing an image of an intervention device
surrounded by body tissue and, more particularly, to doing so selectively as to device or

tissue region.

BACKGROUND OF THE INVENTION

Ultrasound systems are typically equipped with presets. Each one is a set of
imaging parameters and values for the parameters. As part of system initialization, the set is
fed to an algorithm for optimizing visualization in a particular type of ultrasound examination.

A group of user-selectable icons, each representing a preset, may be shown onscreen. A
system with presets provided by the manufacturer, user-designation, or user experience is
disclosed in U.S. Patent No. 8,509,508 to Choi et al.

One of the limitations of ultrasound imaging for mitral valve replacement is
poor visualisation of the mitral valve clip. One artifact is the so called “ringing” artifact.
Devices are usually much more reflective than tissue, and metal parts tend to produce
reverberations. As a result, the preset is typically not adapted to device visualization. Thus,
devices often appear with very high, often saturated, intensity. Enhanced side lobes and
reverberations make it difficult to visualize the device position and edges. Because of the
poor resolution and strong reverberation in imaging the clip, it is difficult for the user to
know exactly where the clip is and to position it accurately.

When a lower gain or mechanical index (MI), or a smaller dynamic range, is
used, the reverberation and side lobes of the device are much less visible, leading to a better

visualisation. However, in that case the tissue is no longer visualized properly.

SUMMARY OF THE INVENTION

What is proposed herein below is directed to addressing one or more of the

above-discussed concerns.
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There exists a need for better visualization of the clip and clear definition of

its edges when it is inserted through the valve.

In an aspect of what is proposed herein below, an imaging apparatus is
configured for improved depiction, within a single imaging modality, of an intervention

device and body tissue surrounding the device.

The apparatus includes image acquisition and formation circuitry configured
for interrogating a subject that includes the intervention device and the tissue. An image is
created using, for a parameter, a value, of the parameter, better suited to one or the other of a
device region depicting the intervention device and a tissue region depicting the tissue. The

value is used to yield respectively either a first image or a second image.

The apparatus also includes image combination circuitry configured for
forming, jointly from the first image and the second image which are both of the single
modality, a combination that is an image of the intervention device depicted as surrounded by

the tissue.

The apparatus also includes control circuitry configured for dynamically
invoking the image acquisition and forming and image combination circuitry to dynamically

produce, via the joint forming, combinations.

A related method entails interrogating, via emission and receipt of energy, a
subject that includes the intervention device and the tissue. Via a processor, an image is
created using, for a parameter, a value, of the parameter, better suited to one or the other of a
device region depicting the intervention device and a tissue region depicting the tissue. The
value is used to yield respectively either a first image or a second image. The processor has a
pipeline having stages. For respectively the first or the second image, and if image
processing is conducted on a scan-converted image, the using of the value occurs at a stage

prior to such image processing.

A related computer readable medium embodies a program for medical
imaging that affords improved depiction, within a single medical imaging modality, of an
intervention device and body tissue surrounding the intervention device. The medium has
instructions executable by a processor for performing a plurality of acts. Included among the
acts are: using, for a parameter, a parameter value better suited to one or the other of a device

region depicting the intervention device and a tissue region depicting the tissue, to yield
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respectively either a first image or a second image. Also included is dynamically performing
repeatedly the using to yield first and second images so as to pair first and second images
which are both of that same modality and dynamically forming repeatedly, from the pairs,
combinations that are each an image of the intervention device depicted as surrounded by the

tissue.

Details of the region-specific imaging for overall visual enhancement are set

forth further below, with the aid of the following drawings, which are not drawn to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic and conceptual diagram exemplary of region-specific
imaging for overall visual enhancement in accordance with the present invention;

Fig. 2 is a conceptual diagram of an image combination embodiment
alternative to that shown in Fig. 1; and

Fig. 3 1s a group of flowcharts showing a possible realization of region-

specific imaging for overall visual enhancement in accordance with the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows, by way of illustrative and non-limitative example, a region-
specific imaging apparatus 100 for overall visual enhancement. The apparatus 100 includes
an ultrasound probe 102, image acquisition and formation circuitry 104, image combination
circuitry 106, user controls 110, a display 112, and control circuitry 114.

As the term is used herein, circuitry includes not only computer circuits, but
either software and data that control the circuits, or hardware and/or firmware that are
functionally equivalent to the software and data. Thus, “circuitry” may refer to a computer
memory circuit in combination with the data and program instructions held by the circuit.
Accordingly, the “image acquisition and formation circuitry” 104 is implementable as a
medical imaging acquisition unit 118 and a medical imaging post-processing unit 120. The
“image combination circuitry” 106 may include a medical-image segmentation unit 124 and a
medical-image overlay module 126. A control unit, as the “control circuitry” 114, may
operate the image acquisition and formation circuitry 104 and the image combination
circuitry 106. These three circuitries 104, 106, 114 can be physically separate or to some

extent physically overlapping.
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The probe 102 emits 130 ultrasound 132 and receives 134 the echoed-back
ultrasound. The ultrasound interrogation will generally occur through an acoustic window
used by the probe 102 in the current examination. The probe 102 may be a transesophageal
echocardiography (“TEE”) or transthoracic echocardiography (“TTE”) probe. Optionally,
two or more acoustic windows may be used. They can be used alternately, for example
interrogating through one window and then through the other. Thus, the same region of
interest (“ROI”) can be interrogated through one acoustic window and then, for instance from
a different direction 136, from a second acoustic window. One interrogation could be
optimized to an intervention device 137, the other, possibly through a different acoustic
window, being optimized to the surrounding body tissue 138. The separate acoustic windows
could be provided by the same probe, separate probes, or by a single probe having a large
surface area such as a large area transthoracic echocardiography (“LATTE”) probe. An
example of a LATTE probe is provided in International Patent Publication No.
WO02105/087191 to Korukonda et al. The results of the two interrogations are combined to
form an image that has been enhanced overall. As shown conceptually in Fig. 1 on the
display 112 at something close to a transthoracic angle, a mitral valve clip is the intervention
device 137. The clip has wings emanating from what is seen in Fig. 1 as the point of the
arrowhead, the wings being in an unextended position.

Both the emission and the reception of the ultrasound are accomplished using
associated imaging parameters having respective values. The subsequent post-processing,
and any further image processing, also entail the use of associated imaging parameters having
respective values.

In some implementations, the apparatus 100, during interrogation, toggles
back and forth between two transmit modes. They may use different wavefronts, central
frequencies, beam densities, mechanical index (MI), analog gain, or differ as to other
parameter values. For example, as the intervention device 137 is more reflective than the
body tissue 138 that surrounds the device, it will be less affected by attenuation. This is
significant because raising the frequency lowers the imaging depth observable with a given
signal strength; however, since observation of the device is less affected by attenuation, the
signal strength can be lower if the device is what we are interested in observing, even given
the fact that the device and the tissue are at essentially the same imaging depth. Thus, for
observing the device, we can raise the frequency, which yields a better resolution to the
device. Higher beam density will also improve device resolution. A lower MI or analog gain

is also suitable for the device. An imaging acquisition parameter MI 139, for instance, can be
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provided with a device-based value DBM 139 in one transmit mode, and a different, i.e.,
tissue-based, value TBM 140 in another transmit mode. The two thus different transmit
modes are defined by two correspondingly different sets of imaging parameter values in what
are therefore two different presets. One of the two presets is used to yield a device based
image and the other is used to yield a tissue based image (i.e., images yielded using
respectively the device-enhancing or tissue-enhancing parameter value), which will be
referred to hereinafter as the “first image” and the “second image.” The designations “first”
image and “second” image are not meant to imply an ordering of the first and second images.

It is also possible for the same acquisition to be used for yielding the first and
second images, if different post-processing parameters are used. Examples are digital gain,
compression, gamma correction, quadrature bandpass (QBP) filter coefficients, and intensity
based thresholding. As to compression, a lower dynamic range could be used for the device,
for example 30 dB versus 50 for the tissue. Reduced digital gain could also be used for the
device. This post-processing embodiment yields good results if the signal corresponding to
the device is not so saturated that it is clipped during analog-to-digital (A/D) conversion.

Likewise, the parameters for the first and second images can vary both as to
acquisition parameters and post-processing parameters.

The image acquisition and formation circuitry 104 has, with respect to a given
frame of image data, a pipeline 141 that includes a set 142 of stages 144. Some examples of
the stages 144 are pulse-echo acquisition, completion of beamforming, completion of scan
conversion, and possibly edge detection.

Edge detection can be a form of image processing conducted on an image 146
that has already undergone, and is therefore the output of, scan conversion.

Such edge detection is, according to some embodiments of what is proposed
herein, pipeline-wise beyond the set 142 of stages 144 for which a parameter more suited, in
terms of visualization, to a device region 148 than to a tissue region 150, or vice versa, is
potentially used to create a first image 152 or second image 154. The first and second images
152, 154 are a pair to be combined, as discussed further below. The depiction in Fig. 1 of the
mitral valve clip with the reference numeral 148 shows the clip at a TEE angle with its wings
extended. Although in Fig. 1 the first image 154 does not show any surrounding body tissue,
an actual first image would generally show some tissue but with poor visualization.

More generally and according to what is proposed herein, using, for some
embodiments, a parameter value more suited to one of the two regions 148, 150 to create

respectively the first or second image 152, 154 occurs in a stage 144 prior to image
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processing 156 conducted on a scan-converted image 146 if such image processing is
employed. Examples of such image processing 156 are edge enhancement 157 and smart
image processing.

A first preset 158 is made up of a set 160 of parameters pm1, pm2 . . . and of a
respective set of values 162 Vpy, Vp, ... At least one of the values 162 is better suited to the
device region 148 than to the tissue region 150.

A second preset 164 is made up of the same set 160 of parameters pm1,
pm2 . . . and of a respective set of values 166 Vi, V1, . . . At least one of the values 166 is
better suited to the tissue region 150 than to the device region 148.

The first preset 158 is consequently different 168 from the second preset 164.

Typically, too, for some k, Vp is different 170 from Vry.

Thus, for example, if the parameter is dynamic range, 30 dB may be used for
the first image 152 and 50 dB used for the second image 154.

However, it is not necessary that Vpy be different 170 from Vi for some k.

For example, for at least some parameter of the set 160, a value could exist
that is neither suited to the device region 148 nor to the tissue region 150, e.g., a value Vx
that is numerically intermediate. Thus, with a value Vp.2) better suited to the device region
148 and a value Vs better suited to the tissue region 150, it still is the case that the two
respective presets Ppy and Pry differ, and that the presets are applicable in respectively
yielding the first and second images 152, 154.

According to some embodiments, the first and second images 152, 154 were
formed using respectively different values of the same parameter, the value used in creating
the first image being better suited to the device region 148 than the tissue region 150, the
value used in creating the second image being better suited to the tissue region than the
device region.

In some embodiments, the first and second images 152, 154 are combined by
overlaying one onto the other. Fig. 1 shows, by an ordering 171, 172 of operations, the
second image 154 serving as the underlying image. In particular, the first image 152 can be
overlaid onto the second image 154 as follows. The device region 148 of the first image 152
is segmented out from the first image, and the segmented out portion is registered with the
second image 154. Alternatively, the first and second images 152, 154 could be co-registered
and the segmented out portion overlaid in accordance with the registration. Segmentation is
based on the known shapes of the mitral valve clip in its different configurations, potentially

ranging between wings-extended and wings-unextended, and its known composition. See,
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e.g., U.S. Patent No. 8,858,436 to Pagoulatos et al., column 12, lines 30-47, this passage
being incorporated herein by reference. The first and second images 152, 154 may have been
acquired almost concurrently with the same imaging apertures, in which case registration
may occur in place. Alternatively, the two images 152, 154 could be acquired in a manner
that is time-gated to a body cycle, such as heartbeat and/or respiration. If the first and second
images 152, 154 were acquired from different angles by respective probes in a fixed
arrangement, or by separate acoustic windows of a LATTE, co-registration is effected by a
transformation between respective image spaces. The segmented portion is then overlaid 174
onto the second image 154 to form the exemplary combination 175 shown. There exists, in
the combination 175, between the intervention device and the tissue, a border 176, and inside
and outside the border, respective neighborhoods 177, 178, such that the inside neighborhood
is part of the first image 152 and such that the outside neighborhood is part of the second
image 154. In some embodiments, the combination 175 has a portion 179 outside its
depiction 180 of the intervention device, that portion having a color 181, that depiction of the
intervention device being in a different color 182. Thus, the shape and position of the device
can be precisely shown. Alternatively, as seen in Fig. 2 from an ordering of operations 204,
208, the first image 152 serves as the underlying image. Thus, the second image 154 is
overlaid onto the first image 152. This is done by segmenting out the tissue region 150 from
the second image 154 and superimposing the segmented out portion onto the first image 152.
For either type of overlaying, the edge enhancement 157 is applicable after scan conversion,
to make the edges of the device region 148 cleaner. Also, for either type of overlaying, the
intervention device 137 depicted in the combination 175 may be immediately surrounded by
body tissue depicted in the second image 154 as immediately surrounding the intervention
device. Accordingly, a portion 184 of the second image 154 immediately surrounds the
device region 148 and, in the combination 175, the immediately surrounding portion resides
within the outside neighborhood 178 and immediately surrounds the intervention device 137.
However, it 1s within the intended scope of what is proposed herein that the
combining of the first and second images 152, 154 not be confined to overlaying. The
combining could entail alpha blending. In another variation, the device region may be
excised from the second image 154 to yield a device-less image and then the segmented
device region from the first image 152 can serve as a replacement device region in the second
image. As another alternative, an embodiment acquiring the imaging from two different

angles can utilize spatial compounding to combine the two images 152, 154. An example of
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spatial compounding is disclosed in commonly-owned U.S. Patent No. 7,537,567 to Jago et
al., the entire disclosure of which is incorporated herein by reference.

Operationally in one example of region-specific imaging for overall visual
enhancement, and with reference to Fig. 3, a pipeline procedure 310 is executed. In
particular, a first mode, corresponding to the first or the second preset 158, 164, is selected
(step S304). Then, stages 144 of the pipeline 141 are executed in, for example, the following
order: pulse-echo, or transmissive, acquisition (step S308); beamforming (step S310); post-
processing (step S312); and image processing (step S316). The second mode, corresponding
to the other of the first and second preset 158, 164, is selected (step S320). Then imaging
acquisition, beamforming, post-processing, and image processing are repeated (steps S324,
$328, $330, $332).

Concurrently, an image combination procedure 320 is executed. It is initially
set according to whether overlaying is onto the first image 152 or onto the second image 154
(step S336). In particular, if overlaying is onto the second image 154 (step S336), when a
pair of first and second images 152, 154 are made available from the pipeline procedure 310
(step S340), the device region 148 is segmented out (step S344). The segmented out region
is overlaid onto the second image 154 (step S348), and return is made to the pair availability
step S340. If, on the other hand, overlaying is onto the first image 152 (step S336), when a
pair of first and second images 152, 154 are made available from the pipeline procedure 310
(step S352), the tissue region 150 is segmented out (step S356). The segmented out region is
overlaid onto the first image 152 (step S360), and return is made to the pair availability step
S352.

Also concurrently, a display procedure 330 is executed. When a combination
becomes available from the overlaying in the combination procedure 320 (step S364), the
combination is displayed on the display 112 (step S368).

Also concurrently, a control procedure 340 is executed. The pipeline
procedure 310 is invoked (step S372). A pair of first and second images 152, 154 from the
pipeline procedure 310 is made available to the combination procedure 320 (step S376). If
display of the imaging is to continue (step S380) and when the system is ready to acquire a
new image pair (step S384), return is made to the pipeline invoking step S372.

The dynamic nature of the imaging being displayed can advantageously be
used in guiding the internal movement of an interventional device 137, as with ultrasound.

Optionally, while retaining that dynamic nature, ones or all of the concurrent

procedures 310-340 can be consolidated to result in fewer procedures or a single procedure.
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As an alternative to the above-described dynamic, or real time, imaging, the
parameter suited to one of the device region 148 and the tissue region 150 in comparison to
the other in creating an image may be supplied by the user. For example, the user can
interactively operate the user controls 110, e.g., turning a knob or sliding a slide bar, while
viewing the image displayed. This can be done for creating, for instance, one of the first
image and the second image 152, 154. That image is created using a parameter value
determined based on the extent or manner of actuation of the user control. A parameter value
more suited to one of the two regions 148, 150 is therefore used to yield respectively the first
or second image 152, 154, this use occurring in a stage 144 prior to image processing 156
conducted on a scan-converted image 146 if such image processing is employed. The
imaging parameter values 162, 166 by which the medical imaging acquisition unit 118 and
the medical imaging post-processing unit 120 carry out imaging acquisition and/or post-
processing are adjustable by user operation of the controls 110.

Although the above discussion is in the context of ultrasound, the parameter
value, such as a window-level value, suited to the device or tissue can pertain to another
medical imaging modality

Also, what is proposed herein applies to in vivo, ex vivo, or in vitro
examination.

Depiction, within a single imaging modality, of an intervention device and
body tissue surrounding the device, is improved by interrogating a subject that includes the
intervention device and the tissue. An image is created using, for a parameter, a value, of the
parameter, better suited to one or the other of a device region depicting the intervention
device and a tissue region depicting the tissue. The value is used to yield respectively either
a first image or a second image. Respective presets may correspondingly have different
values for the parameter. From jointly the first image and the second image which are both
of the single modality, a combination is formed that is an image of the intervention device
depicted as surrounded by the tissue. The combinations may be formed dynamically and
ongoingly. An apparatus for the improved depiction may be configured for the use of the
parameter in a stage prior to image processing conducted on a scan-converted image if such
image processing is employed.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many alternative

embodiments without departing from the scope of the appended claims.
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For example, the first and second images and the combination may all be two-
dimensional or three-dimensional.

In the claims, any reference signs placed between parentheses shall not be
construed as limiting the claim. Use of the verb "to comprise" and its conjugations does not
exclude the presence of elements or steps other than those stated in a claim. The article "a"
or "an" preceding an element does not exclude the presence of a plurality of such elements.
The invention may be implemented by means of hardware comprising several distinct
elements, and by means of a suitably programmed computer having a computer readable
storage medium and/or by means of an integrated circuit having a machine-accessible storage
medium. A computer program can be stored momentarily, temporarily or for a longer period
of time on a suitable computer-readable medium, such as an optical storage medium or a
solid-state medium. Such a medium is non-transitory only in the sense of not being a
transitory, propagating signal, but includes other forms of computer-readable media such as
register memory, processor cache and RAM. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate that a combination of these

measures cannot be used to advantage.
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CLAIMS:

What is claimed is:

1. An imaging apparatus (100) configured for improved depiction, within a single imaging
modality, of an intervention device (137) and body tissue (138) surrounding said device, said

apparatus comprising:

image acquisition and formation circuitry (104) configured for interrogating a subject
that includes said intervention device and said tissue and using, for a parameter, a value, of
said parameter, better suited to one or the other of a device region depicting said intervention
device and a tissue region depicting said tissue, to yield respectively either a first image or a

second image;

image combination circuitry (106) configured for forming, jointly from said first
image and said second image which are both of said single modality, a combination that is an

image of said intervention device depicted as surrounded by said tissue; and

control circuitry (114) configured for dynamically invoking the image acquisition and
forming and image combination circuitry to dynamically produce, via the joint forming,

combinations, said combination being from among said combinations.

2. The apparatus of claim 1, said combination (175) being such that there exists, in said
combination, between said intervention device and said tissue, a border, and inside and
outside said border, respective neighborhoods, such that the inside neighborhood is part of

said first image and such that the outside neighborhood is part of said second image.

3. The apparatus of claim 1, wherein the images being combined were formed using
respectively different values (162, 166) of said parameter, one of said values that differ being

said value.

4. The apparatus of claim 3, wherein, if said value is better suited to said device region (148),
the other value is better suited to said tissue region (150) than to said device region; and
wherein, if said value is better suited to said tissue region, the other value is better suited to

said device region than to said tissue region.

5. The apparatus of claim 1, wherein said value is of the same parameter (160) regardless of

whether said value is suited to said device region or to said tissue region.
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6. The apparatus of claim 1, wherein said value (162) suited to said device region is of one

parameter, and said value suited to said tissue region is of another parameter.

7. The apparatus of claim 1, wherein said combining overlays (174) said first image onto said

second image.

8. The apparatus of claim 7, wherein said combining (171, 172) entails segmenting out, from
said first image (152), an image of said intervention device and overlaying the image

segmented out onto said second image.

9. The apparatus of claim 1, wherein said combination has a portion (181) outside its
depiction of said intervention device, said portion having a color, said depiction of said

intervention device being in a different color.

10. The apparatus of claim 1, wherein said combining (204, 208) overlays said second image

onto said first image.

11. The apparatus of claim 10, wherein said combining entails segmenting out, from said
second image (154), an image of said tissue and overlaying the image segmented out onto

said first image.

12. The apparatus of claim 1, wherein said forming of said combination entails applying edge

enhancement (157) to a depiction of said intervention device.

13. The apparatus of claim 1, wherein said image acquisition and formation circuitry has a
pipeline (141) comprising stages, and wherein, for respectively said first or said second
image, said using occurs at a stage, from among said stages, prior to image processing

conducted on a scan-converted image if such image processing is employed.

14. The apparatus of claim 1, wherein a portion (184) of said second image immediately
surrounds said device region and, in said combination, the immediately surrounding portion

immediately surrounds said intervention device.

15. The apparatus of claim 1, said image acquisition and forming circuitry being such that a
first preset (158) utilized for the yielding of said first image differs from a second preset

utilized for the yielding of said second image.

16. The apparatus of claim 15, wherein said value is a value of an imaging acquisition

parameter (139, 140) in a preset from among the presets.
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17. The apparatus of claim 15, wherein said value is a value of a post-processing parameter in

a preset from among the presets (158, 164).

18. The apparatus of claim 1, said intervention device including at least one of metal and a

mitral valve clip.

19. The apparatus of claim 1, wherein said interrogating is performed from a particular

spatial direction (136) that is different for said first image than for said second image.

20. The apparatus of claim 1, wherein said modality is ultrasound (132), said interrogating

entails use of ultrasound, and said value is a value of an ultrasound imaging parameter.

21. The apparatus of claim 1, further comprising a display (112) and configured for, via said

display, visualizing the formed combination.

22. The apparatus of claim 1, wherein said parameter is better suited in terms of visualization

afforded of respectively said one or said other of said device region and said tissue region.

23. An imaging method for improved depiction, within a single medical imaging modality, of

an intervention device and body tissue surrounding said device, said method comprising:

interrogating, via emission (130) and receipt (134) of energy, a subject that includes

said intervention device and said tissue;

using, for a parameter, a value, of said parameter, better suited to one or the other of a
device region depicting said intervention device and a tissue region depicting said tissue, to
yield respectively either a first image or a second image, wherein said processor has a
pipeline comprising stages, and wherein, for respectively said first or said second image, said
using occurs at a stage, from among said stages, prior to image processing conducted on a

scan-converted image if such image processing is employed; and,

using a computer to form, jointly from said first image and said second image which
are both of said single modality, a combination that is an image of said intervention device

depicted as surrounded by said tissue.

24. A non-transitory computer readable medium embodying a program for medical imaging
that affords improved depiction, within a single medical imaging modality, of an intervention

device and body tissue surrounding said intervention device, said program having
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instructions executable by a processor for performing a plurality of acts, from among said

plurality there being the acts of:

using, for a parameter, a value, of said parameter, better suited to one or the other of a
device region depicting said intervention device and a tissue region depicting said tissue, to

yield respectively either a first image or a second image; and

dynamically performing repeatedly (S380, S384) said using to yield first and second
images so as to pair first and second images which are both of said single modality and
dynamically forming repeatedly, from the pairs, combinations that are each an image of said

intervention device depicted as surrounded by said tissue.



WO 2016/092415

PCT/IB2015/059231
1/3

13(8 13;:3 120 1%2 1??6

/
AY Z z i

Vi
— ’ |~104 [T 1136 | L—100

i
MI QBP
g&*& e ;i“ /102

D?M TE%M pBQ  TBG

i 3

139 140 137@ 112
| | |06 |1

141

gl \ L L-—110
124 U 126
i
114 162 —=Vp1 VP2 VD3 - €pPp —— 158

160 —-pimy pmy pm3- € Pp,PT
166 —=VT1 VT2 VT3 - EPT 164

{168
) % Pr
£ 170
VDK # V1K
Pt Pm2 Pm(n-2)
144 146 Pyl VNI YNIVTIL - IYN VN EVN D VN

Voo \
] el %W:(_&ESCM;?BJ%

Y
142




WO 2016/092415 PCT/IB2015/059231
2/3

152 —

177 182

FIG. 2



WO 2016/092415 PCT/IB2015/059231
3/3

¥ END

53%3() FIG Ed 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2015/059231

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B8/08 A61B8/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched {classification system followed by classification symbols)

A61B GO1S GO6T

Documentation searshed other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20117249878 Al (PAGOULATOS NIKOLAOQS 1-22
[US] ET AL) 13 October 2011 (2011-10-13)
abstract
paragraphs [0006], [0010] - [0012],
[0014] - [0015], [0028], [0031],
[0032], [0035] - [0037], [0040] -
[0049], [0055] - [0056]; claims 1-33;
figures la,2a-4,5,6
X US 20047002653 Al (GREPPI BARBARA [IT] ET 1-7,9,
AL) 1 January 2004 (2004-01-01) 13-16,
20-24
paragraphs [0015], [0017], [0019],
[0021], [0030], [0034], [0035],
[0038], [0049], [0069], [0083]; figures
1,2
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" documentwhich may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or sannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

'&" document member of the same patent family

Date of the actual completion of the international search

23 February 2016

Date of mailing of the international search report

04/03/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswilk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Daoukou, Eleni

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

GERARD MARIE [US] ET AL)

1 May 2014 (2014-05-01)

paragraphs [0060], [0061], [0073],
[0004]

PCT/IB2015/059231
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category” | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014/187948 Al (GERARD OLIVIER [NO] ET 1-11,
AL) 3 July 2014 (2014-07-03) 14-18,
20-22,24
paragraphs [0018], [0028], [0G30],
[0032], [0040], [0044]; claims 1-22;
figures 1-6
X US 2009/247873 Al (KONDO YUJI [JP]) 1-11,
1 October 2009 (2009-10-01) 14-18,
20-22,24
paragraphs [0042], [0051] - [0060],
[0069]; figures 3-7
X US 6 733 458 Bl (STEINS ROBERT W [US] ET 1-8,10,
AL) 11 May 2004 (2004-05-11) 13-16,
19-22
column 12, 1line 61 - column 13, line 48;
figures 1-3
X US 2002/173719 Al (ZHAO DANHUA [US] ET AL) 1-8,10,
21 November 2002 (2002-11-21) 12-16,
19-22
paragraphs [0026] - [0028], [0031] -
[0033], [0037], [0039]; figures 1-8
X US 20147121502 A1 (VIGNON FRANCOIS GUY 1,23,24

Form PCT/ISA210 (continuation of second sheet) [Aptil 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

PCT/IB2015/059231
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2011249878 Al 13-10-2011 CA 2796067 Al 13-10-2011
CN 103237499 A 07-08-2013
EP 2555683 Al 13-02-2013
JP 2013523343 A 17-06-2013
US 2011249878 Al 13-10-2011
US 2015094565 Al 02-04-2015
WO 2011127191 Al 13-10-2011

US 2004002653 Al 01-01-2004 US 2004002653 Al 01-01-2004
US 2005203414 Al 15-09-2005

US 2014187948 Al 03-07-2014 CN 103908299 A 09-07-2014
US 2014187948 Al 03-07-2014

US 2009247873 Al 01-10-2009 JP 2009254780 A 05-11-2009
US 2009247873 Al 01-10-2009

US 6733458 Bl 11-05-2004  NONE

US 2002173719 Al 21-11-2002  NONE

US 2014121502 Al 01-05-2014 CN 103747743 A 23-04-2014
EP 2725984 Al 07-05-2014
JP 2014518119 A 28-07-2014
US 2014121502 Al 01-05-2014
WO 2013005123 Al 10-01-2013

Form PCT/ISA210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report

