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ABSTRACT

Apparatus and methods are described including a processor (20) configured
to receive first and second sets of extraluminal images of a lumen, the second set
being acquired while an endoluminal device is being moved through the lumen.
The processor designates at least one of the first set of images as a roadmap 1mage,
and designates, within the lumen in the roadmap image, a roadmap pathway (42). A
plurality of features (44, 46, 48, 50) that are visible within at least some of the
second set of extraluminal images are identified, and an arrangement of three or
more of the features within the image are compared to a shape of at least a portion
of the roadmap pathway. Based upon the comparing, the identified features are
mapped to locations along the roadmap pathway within the roadmap image. Other

applications are also described.
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CO-USE OF ENDOLUMINAL DATA AND EXTRALUMINAL IMAGING
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FIELD OF EMBODIMENTS OF THE INVENTION

Some apphications of the present mvention generally relate to medical
imaging. Specifically, some applications of the present invention relate to the co-

use of endoluminal data and extraluminal imaging.

BACKGROUND

Vascular catheterizations, such as coronary catheterizations, are frequently-
performed medical interventions. Such interventions are typically performed 1n
order to diagnose the blood vessels for potential disease, and/or to treat diseased
blood vessels. Typically, in order to enable observation of blood vessels, the
catheterization 1s performed under extraluminal imaging. Additionally, for some
procedures, an endoluminal data-acquisition device 1s used to pertorm endoluminal
imaging and/or measurements. The extraluminal imaging and, where applicable,
the endoluminal data are typically evaluated by the medical staff in combination

with one another in the course of the intervention, as well as post procedurally.

SUMMARY OF EMBODIMENTS

Some applications of the present invention are applied to medical procedures
performed, in whole or in part, on or within luminal structures. For some
applications, apparatus and methods are provided for facilitating the co-use of
extraluminal imaging and endoluminal data (i.e., data that are acquired using an
endoluminal data-acquisition device), 1n  performing medical procedures.
Endoluminal data may include imaging data (e.g., imaging data acquired using an
endoluminal imaging probe), data derived from measurements (e.g., measurements
performed using an endoluminal sensor or measuring device), other data, and any

combination thereot.

There 1s therefore provided, in accordance with some applications of the
present invention, apparatus for use with an endoluminal device configured to be
moved through a lumen of a subject’'s body, one or more extraluminal 1maging
devices configured to acquire extraluminal images of the lumen, and a display, the

apparatus including:

9
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at least one processor configured to receive from the one or more
extraluminal imaging devices:

a first set of extraluminal images of the lumen, the lumen being
visible 1n at least some of the first set of images, and

a second set of extraluminal images of the endoluminal device 1nside
the lumen, the second set of extraluminal images being acquired while the
endoluminal device 1s being moved through the lumen;
the at least one processor including:

roadmap-image-designation functionality conligured to designate at
least one of the first set of 1images as a roadmap 1mage;

pathway-designation functionality conligured to designate, within the
lumen 1n the roadmap 1magce, a roadmap pathways;

feature-identifying functionality configured f[or at least a portion of
thc 1images belonging to the sccond sct of extraluminal images to identify
within the image a plurality of the featurcs that are visible within the image;

roadmap-mapping functionality configured for the at least a portion
of the images belonging to the sccond sct of extraluminal images:

to comparc an arrangement of three or more of the features
within the image to a shape of at least a portion of the roadmap
pathway, and
based upon the comparing, to map the identified features to
locations along the roadmap pathway within the roadmap 1mage; and
output-generation functionality configured, i1n response to the

mapping of the identified features to locations along the roadmap pathway

within the roadmap 1mage, to generate an output on the display.

For some applications, the roadmap-mapping functionality 1s configured to
compare the arrangement of three or more features within the image to the shape of
the portion of the roadmap pathway by comparing vectors defined by pairs of the

features within the image to vectors defined by pairs of locations on the roadmap

pathway.

For some applications, the roadmap-mapping functionality 1s configured to

comparc the arrangement of threc or more features within the image to the shape of

4
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the portion of the roadmap pathway by comparing an angle defined by vectors
defined by pairs of the features within the image to an angle defined by the roadmap

pathway.

FFor some applications, the roadmap-mapping functionality 1s configured to
compare the arrangement of three or more features within the image to the shape of
the portion of the roadmap pathway by comparing distances between by pairs of the

features within the image to the shape of at least the portion of the roadmap

pathway.

For some applications, the at Icast onc processor turther includes pathway-
calibration functionality configured, based upon the mapping, to determine a
plurality of local calibration factors associated with respective portions of the

roadmap 1mage.

For some applications,

thc endoluminal device includes a first endoluminal data-acquisition device
configured to acquire a plurality of endoluminal data points while the endoluminal
data-acquisition device 1s being moved through the lumen from a starting location
within the lumen,

the at lcast onc processor further includes co-registration functionality
configured to co-register respective endoluminal data points to respective locations
within the roadmap image, by:

identifying the starting location of the endoluminal data-acquisition
device 1n the roadmap 1mage, and

determining a distance from the starting location at which respective

endoluminal data points were acquired, based upon the speed at which the

endoluminal data-acquisition device was moved through the lumen, the

frame rate at which the endoluminal data points were acquired, and the local

calibration factor associated with the respective portions of the roadmap

image; and

the output-generation functionality 1s configured to generate an output on the
display based upon the co-registration of the endoluminal data points to the

respective locations within the roadmap image.

For some applications,

LN
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the apparatus 1s for use with a second endoluminal data-acquisition device
configured to acquire an additional plurality of endoluminal data points while the
second endoluminal data-acquisition device 1s being moved through the lumen, and

the co-registration functionality 1s configured to co-register respective
endoluminal data points of the additional plurality of endoluminal data points
acquired by the second endoluminal data-acquisition device to respective
endoluminal data points of the plurality of endoluminal data points acquired by the
first endoluminal data-acquisition device by co-registering the additional plurality
of endoluminal data points acquired by the second endoluminal data-acquisition

device to respective locations within the roadmap 1mage.

I'or some applications, the endoluminal data-acquisition device includes an
endoluminal optical coherence tomography device configured to acquire optical
coherence tomography images, and the co-registration functionality 1s configured to
co-register respective endoluminal data points to respective locations within the
roadmap 1image by co-registering respective optical coherence tomography images

to respective locations within the roadmap image.

For some applications, the at least one processor 1s configured, based upon

the mapping, to determine locations of the endoluminal device in respective
extraluminal images of the second set of extraluminal images with respect to the

roadmap image.

For some applications, the at least one processor is configured, on-line with

respect to acquisitions of the extraluminal images of the second set of extraluminal

images, to determine locations of the endoluminal device in respective extraluminal

images of the second set of extraluminal images with respect to the roadmap image,
and the output-generation functionality 1s configured to generate an output that 1s

indicative of the determined on-line location of the endoluminal device with respect

to the roadmap 1mage.

For some applications,
the endoluminal device includes a first endoluminal data-acquisition device
contigured to acquire a plurality of endoluminal data points while the endoluminal

data-acquisition device 1s being moved through the lumen,
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the at least one processor further includes co-registration functionality that 1s
configured, based upon determining locations of the endoluminal device 1n
respective extraluminal images of the second set of extraluminal images with
respect to the roadmap 1mage, to co-register respective endoluminal data points to
respective locations within the roadmap image, and

the output-generation functionality 1s configured to generate an output on the
display based upon the co-registration of the endoluminal data points to the

respective locations within the roadmap 1mage.

For some applications,

the apparatus 1s for use with a second endoluminal data-acquisition device
configured to acquire an additional plurality of endoluminal data points while the
second endoluminal data-acquisition device 1s being moved through the lumen, and

the co-registration functionality 1s configured to co-register respective
endoluminal data points of the additional plurality of endoluminal data points
acquired by the second endoluminal data-acquisition device to respective
endoluminal data points of the plurality of endoluminal data points acquired by the
first endoluminal data-acquisition device by co-registering the additional plurality
of endoluminal data points acquired by the second endoluminal data-acquisition

device to respective locations within the roadmap image.

I'or some applications, the endoluminal data-acquisition device includes an
endoluminal imaging device that 1s configured to acquire a plurality of endoluminal
images while the endoluminal imaging device 1s being moved through the lumen,
and the co-registration functionality 1s configured to co-register respective
endoluminal data points to respective locations within the roadmap 1mage by co-
registering respective endoluminal images 1o respective locations within the

roadmap image.

I'or some applications, the endoluminal data-acquisition device includes an
endoluminal data-acquisition device that is configured to acquire functional data
regarding the lumen while the endoluminal data-acquisition device is being moved
through the lumen, and the co-registration functionality 1s configured to co-register

respective endoluminal data points to respective locations within the roadmap image
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by co-registering respective functional endoluminal data points to respective

locations within the roadmap 1image.

For some applications, the at least onc processor further includes stack-
generation functionality that 1s configured, based upon the co-registration, to
generate a stack of endoluminal data points, in which relative dispositions of
endoluminal data points within the stack correspond to relative locations of the

endoluminal data points with respect to the roadmap tmage.

For some applications,

the at Icast onc processor further includes parameter-mcasurcment
functionality that 1s configured, based upon the co-registering of the endoluminal
data points to respective locations within the roadmap image, to determine a
parameter of a portion of the lumen that corresponds to a portion of the stack of
endoluminal data points, and

the output-generation functionality i1s configured to generate the output in

response to the determined parameter.

For somc applications, thc parameter-mcasurcment functionality 1s
configured to determine a length of a portion of the lumen that corresponds to a

portion of the stack of ecndoluminal data points.

There 1s further provided, in accordance with some applications of the
present invention, a method for use with an endoluminal device configured to be
moved through a lumen of a subject's body, an extraluminal 1maging device
configured to acquire extraluminal images of the lumen, and a display, the method
including;

using the extraluminal imaging device, acquiring a {irst set of extraluminal
images of the lumen, the lumen being visible 1n at least some of the [irst set of
images;

designating at least one of the first set of images as a roadmap 1mage;

designating, within the lumen 1n the roadmap 1image, a roadmap pathway;

moving the endoluminal device through at Ieast a portion of the lumen;
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while the endoluminal device 1s being moved through the lumen, acquiring a

second set of extraluminal images of the endoluminal device inside the lumen, using

the extraluminal imaging device;

for at least a portion of the images belonging to the second set of

5 extraluminal images:

10

2()

23

30

identifying within the image a plurality of the features that are visible
within the image;

comparing an arrangement ol three or more ol the {eatures within the
image (o a shape of at least a portion of the roadmap pathway; and

based upon the comparing, mapping the identilied [eatures (o

locations along the roadmap pathway within the roadmap image; and

1n responsc thercto, gencrating an output on the display.

There is further provided, in accordance with some applications of the

present invention, apparatus for use with an endoluminal device configured to be
moved through a lumen of a subject's body, one or more extraluminal 1maging
devices configured to acquire extraluminal images of the lumen, and a display, the

apparatus including:

at least one processor configured to receive from the one or more

extraluminal imaging devices:

a first set of extraluminal images of the lumen, the lumen being
visible 1n at least some of the first set of 1mages, and

a second set of extraluminal images of the endoluminal device inside
the lumen, the second set of extraluminal images being acquired while the
endoluminal device 1s being moved through the lumen;
the at least one processor including:

roadmap-image-designation functionality configured to designate at
least one of the first set of images as a roadmap image;

feature-1dentifying functionality confligured for at least a portion ol
thc 1mages belonging to the sccond set of extraluminal images to identity

within the image a plurality of the features that are visible within the image;

pathway-calibration functionality configured, in responsce to the

identified features in the images belonging to the second sct of cxtraluminal

9
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images, to determine a plurality of local calibration factors associated with
respective portions of the roadmap image; and

output-generation functionality configured, based upon one or more
of the determined local calibration factors, to generate an output on the

display.

For some applications, the pathway-calibration functionality 1s configured to
determine the plurality of local calibration factors associated with respective

portions of the roadmap 1mage based upon a known speed at which the endoluminal

device 1s moved through the lumen.

For some applications, the pathway-calibration functionality 1s configured to
determine the plurality of local calibration factors associated with respective
portions of the roadmap image by determining local relative calibration factors of

the portions of the roadmap 1mage with respect to each other.

For somc applications, the pathway-calibration functionality 1s configured to
dctermine the plurality of local calibration factors associated with respective

portions of the roadmap image bascd upon a known physical dimension associated

with onc or more of the identifiecd features.

For some applications, the pathway-calibration {unctionality 1s configured to

determine the plurality of local calibration factors associated with respective

portions of the roadmap 1image based upon a known physical distance between two

or more of the idenufied features.

For some applications, the pathway-calibration functionality 1s configured to
determine the plurality of local calibration factors associated with respective
portions of the roadmap image based upon a known physical dimension of one or

more of the identified features.

['or some applications,
the at least one processor further includes:

pathway-designation functionality configured to designate, within the
lumen 1n the roadmap 1mage, a roadmap pathway; and

roadmap-mapping functionality configured for the at least a portion

of the 1mages belonging to the second set of extraluminal images:

10
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to compare an arrangement of three or more of the features
within the image to a shape of at least a portion of the roadmap
pathway, and
based upon the comparing, to map the identified features to
locations along the roadmap pathway within the roadmap image; and
the pathway-calibration functionality 1s configured to determine the plurality
of local calibration factors associated with respective portions of the roadmap image

based upon the mapping.

For some applications, the pathway-calibration functionality 1s configured to
determine the plurality of local calibration factors associated with respective
portions of the roadmap image by determining a plurality of local calibration tactors

associated with respective portions of the roadmap pathway.

For some applications,
the endoluminal device includes a first endoluminal data-acquisition device
configured to acquire a plurality of endoluminal data points while the endoluminal
data-acquisition device is being moved through the lumen from a starting location
within the lumen; and
the at least one processor further includes co-registration functionality
configured to co-register respective endoluminal data points to respective locations
within the roadmap 1mage, by:
identifying the starting location of the endoluminal data-acquisition
device 1n the roadmap image; and
determining a distance from the starting location at which respective
endoluminal data points were acquired, based upon the speed at which the

endoluminal data-acquisition device was moved through the lumen, the

frame rate at which the endoluminal data points were acquired, and the local
calibration factor associated with the respective portions of the roadmap
1image; and

the output-gencration functionality 1s configured to generate an output on the

display bascd upon the co-rcgistration of the endoluminal data points to the

respective locations within the roadmap image.

For some applications,

11
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the apparatus 1s for use with a second endoluminal data-acquisition device
configured to acquire an additional plurality of endoluminal data points while the
second endoluminal data-acquisition device 18 being moved through the lumen, and

the co-registration functionality s configured to co-register respective
endoluminal data points of the additional plurality of endoluminal data points
acquired by the second endoluminal data-acquisition device to respective
endoluminal data points of the plurality of endoluminal data points acquired by the
first endoluminal data-acquisition device by co-registering the additional plurality
of endoluminal data points acquired by the second endoluminal data-acquisition

device to respective locations within the roadmap 1mage.

I'or some applications, the endoluminal data-acquisition device includes an
endoluminal optical coherence tomography device configured to acquire optical
coherence tomography images, and the co-registration functionality 1s configured to
co-register respective endoluminal data points to respective locations within the
roadmap 1mage by co-registering respective optical coherence tomography images

to respective locations within the roadmap 1mage.

For some applications, the at least one processor 1s configured, based upon
the local calibration factors, to determine locations of the endoluminal device in
respective extraluminal images of the second set of extraluminal images with

respect to the roadmap image.

For some applications, the at least one processor 1s configured, on-line with

respect to acquisitions of the extraluminal 1mages of the second set of extraluminal

images, to determine locations of the endoluminal device 1n respective extraluminal

images of the second set of extraluminal images with respect to the roadmap image,
and the output-generation functionality 1s configured to generate an output that 18
indicative of the determined on-line location of the endoluminal device with respect

to the roadmap image.

For some applications,
the endoluminal device includes a first endoluminal data-acquisition device

configured to acquire a plurality of endoluminal data points while the endoluminal

data-acquisition device 1s being moved through the lumen,

12
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the at least one processor further includes co-registration functionality that 1s
configured, based upon determining locations of the endoluminal device 1n
respective extraluminal images of the second set of extraluminal images with
respect to the roadmap image, to co-register respective endoluminal data points to
respective locations within the roadmap 1image, and

the output-generation functionality 1s configured to generate an output on the
display based upon the co-registration of the endoluminal data points to the

respective locations within the roadmap 1mage.

For some applications,

the apparatus 1s for use with a second endoluminal data-acquisition device
configured to acquire an additional plurality of endoluminal data points while the
second endoluminal data-acquisition device 1s being moved through the lumen, and

the co-registration functionality is configured to co-register respective
endoluminal data points of the additional plurality of endoluminal data points
acquired by the second endoluminal data-acquisition device to respective
endoluminal data points of the plurality of endoluminal data points acquired by the
first endoluminal data-acquisition device by co-registering the additional plurality
of endoluminal data points acquired by the second endoluminal data-acquisition

device to respective locations within the roadmap 1mage.

I'or some applications, the endoluminal data-acquisition device includes an
endoluminal 1imaging device that is configured to acquire a plurality of endoluminal
images while the endoluminal imaging device 1s being moved through the lumen,
and the co-registration functionality 1s configured to co-register respective
endoluminal data points to respective locations within the roadmap 1mage by co-
registering respective endoluminal 1mages to respective locations within the

roadmap 1mage.

['or some applications, the endoluminal data-acquisition device includes an

endoluminal data-acquisition device that 1s configured to acquire functional data
regarding the lumen while the endoluminal data-acquisition device 1s being moved
through the lumen, and the co-registration functionality 1s conftigured to co-register

respective endoluminal data points to respective locations within the roadmap image
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by co-registering respective functional endoluminal data points to respective

locations within the roadmap image.

For somc applications, thc at Icast onc processor further includes stack-
generation functionality that 1s configured, based upon the co-registration, to
generate a stack of endoluminal data points, in which relative dispositions of
endoluminal data points within the stack correspond to relative locations of the

endoluminal data points with respect to the roadmap 1mage.

For some applications,

the at lcast onc processor further includes paramceter-measurcment
functionality that 1s configured, based upon the co-registering of the endoluminal
data points to respective locations within the roadmap image, to determine a
parameter of a portion of the lumen that corresponds to a portion of the stack of
endoluminal data points, and

the output-generation functionality i1s configured to generate the output 1n

response to the determined parameter.

For somec¢ applications, thec paramcter-mecasurcment functionality 1s
configured to determine a length of a portion of the lumen that corresponds to a

portion of the stack of endoluminal data points,

There 1s further provided, in accordance with some applications ol the
present invention, a method for use with an endoluminal device contigured to be

moved through a lumen of a subject's body, an extraluminal imaging device
configurcd to acquire cxtraluminal images of the lumen, and a display, the method
including:

using the extraluminal imaging device, acquiring a first sct of extraluminal
images of the lumen, the lumen being visible in at least some of the first set of
1mages; |

designating at least one of the first set of images as a roadmap image;

moving the endoluminal device through the lumen;

while the endoluminal device 1s being moved through the lumen, acquiring a

second set of extraluminal images of the endoluminal device inside the lumen, using

the extraluminal imaging device;

14
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identifying, within each of at least a portion of the 1images belonging to the
second set of extraluminal images, a plurality of features that are visible in the
image;

in response to the identified features in the images belonging to the second
set of extraluminal images, determining a plurality of local calibration factors
associated with respective portions of the roadmap 1image; and

generating an output on the display, based upon one or more of the

determined local calibration factors.

There 1s further provided, in accordance with somc applications of the
present invention, apparatus for use with an endoluminal device the endoluminal
device having at least one radiopaque portion associated therewith and being
configured to be moved through a lumen of a subject, one or more extraluminal
imaging devices configured to acquire extraluminal images of the lumen, and a
display, the apparatus including:

a reference tool, the reference tool having coupled thereto radiopaque
markers, a characteristic of the markers varying along a least a portion of the
reference tool, the reference tool being configured to be inserted into the lumen; and

at least one processor configured:

while the endoluminal device is being moved through the lumen, to
operate the extraluminal imaging device to acquire a plurality of
extraluminal images of the lumen; and

to determine that, at times corresponding to the acquisitions of
respective extraluminal images of the lumen, the endoluminal device was at
respective locations within the lumen, by determining, within the
extraluminal images of the lumen, locations of the at least one radiopaque
portion associated with the endoluminal device with respect 1o the

radiopaque markers of the reference 100l;

the processor including output-generation [unctionality configured to

gcnerate an output on the display 1n responsc to the determined locations of the

cndoluminal device within the lumen.
For some applications, the at least one processor 1s configured, on-line with
respect to acquisitions of the extraluminal images of the lumen, to determine
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locations of the endoluminal device with respect to the lumen, the output-generation
functionality being configured to generate the output by generating an output that 1s
indicative of the determined on-line location of the endoluminal device with respect

to the lumen.

For some applications, a distance between pairs of markers that are coupled

to the reference tool varies along at least the portion of the reference tool.

For some applications, a shapc of the markers that arc coupled to the

reference tool varies along at least the portion of the reference tool.

For some applications, a pattern of the markers that are coupled to the

relerence tool varies along at least the portion ol the relerence tool.

['or some applications, the reference tool includes a guide tool configured to

gulde the movement of the endoluminal device within the lumen.

For some applications, the guide tool includes a tool selected from the group

consisting of: a sheath, and a wire.

For some applications,

the endoluminal device includes a first endoluminal data-acquisition device
configured to acquirc a plurality of endoluminal data points while the endoluminal
data-acquisition dcvice 1s being moved through the lumen,

the at least one processor includes co-registration functionality configures,
based on determining that at times corresponding to the acquisitions of respective
extraluminal images of the lumen the endoluminal device was at respective
locations within the lumen, to co-register respective endoluminal data points to
respective locations along the lumen, and

the output-generation functionality 1s configured to generate the output by

generating an output on the display based upon the co-registration of the

endoluminal data points to the respective locations along the lumen.

For some applications,
the apparatus 1s for use with a second endoluminal data-acquisition device
configured to acquire an additional plurality of endoluminal data points while the

second endoluminal data-acquisition device is being moved through the lumen, and
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the co-registration functionality 1s configured to co-register respective
endoluminal data points of the additional plurality of endoluminal data points
acquired by the second endoluminal data-acquisition device to respective
endoluminal data points of the plurality of endoluminal data points acquired by the
first endoluminal data-acquisition device by co-registering the additional plurality
of endoluminal data points acquired by the second endoluminal data-acquisition

device to respective locations along the lumen.

I'or some applications, the endoluminal data-acquisition device includes an
endoluminal 1maging device that 1s configured to acquire a plurality of endoluminal
images while the endoluminal imaging device i1s being moved through the lumen,
and the co-registration functionality is configured to co-register respective
endoluminal data points to respective locations along the lumen by co-registering

respective endoluminal images to respective locations along the lumen,

For some applications, the endoluminal data-acquisition device includes an
endoluminal data-acquisition device that i1s configured to acquire functional data
regarding the lumen while the endoluminal data-acquisition device is being moved
through the lumen, and the co-registration functionality 1s configured to co-register
respective endoluminal data points to respective locations along the lumen by co-
registering respective functional endoluminal data points to respective locations

along the lumen.

For some applications, the at least one processor further includes stack-
generation functionahty that 1s configured, based upon the co-registration, to

generate a stack of endoluminal data points, in which relative dispositions of

endoluminal data points within the stack correspond to relative locations of the

endoluminal data points with respect to the lumen.

IFor some applications,

the at least one processor further includes parameter-measurement
functionality that i1s configured, based upon the co-registering of the endoluminal
data points to respective locations along the lumen, to determine a parameter of a

portion of the lumen that corresponds to a portion of the stack of endoluminal data

points, and
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the output-generation functionality 1s configured to generate the output in

response to the determined parameter.

For somc applications, thc paramcter-measurecment functionality 1S

configured to determine a length of a portion of the lumen that corresponds to a

portion of the stack of endoluminal data points.

There 1s further provided, in accordance with some applications of the
present invention, a method for use with an endoluminal device the endoluminal
device being configured to be moved through a lumen of a subject and having at
least one radiopaque portion associated therewith, an extraluminal imaging device
configured to acquire extraluminal images of the lumen, and a display, the method
including:

providing a refcrence tool, the reference tool having coupled thereto
radiopaque markers, a characteristic of the markers varying along a least a portion
of the reference tool:

inserting the reference tool into the lumen;

moving the endoluminal device through the lumen;

while the endoluminal device is being moved through the lumen, operating

the extraluminal imaging device to acquire a plurality of extraluminal images of the

lumen;
operating at least one processor to determine that, at times corresponding to
the acquisitions of respective extraluminal images of the lumen, the endoluminal

device was at respective locations within the lumen, by determining, within the

extraluminal 1images of the lumen, locations of the at least one radiopaque portion
associated with the endoluminal device with respect to the radiopaque markers of

the reference tool:; and
operating the processor to generate an output on the display in response

thereto.

There 1s further provided, in accordance with some applications of the
present invention, apparatus for usc with an endoluminal data-acquisition device
contigured to acquire a plurality of endoluminal data points whilc moving through a

lumen of a subject, and a display, the apparatus including:
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at least one processor configured to determine that, at at least one location,
an event occurred, the event being selected tfrom the group consisting of: two or
more endoluminal data points having been acquired, and no endoluminal data point
having been acquired;
the at least one processor including:
stack-generation functionality configured to generate a stack ot the
endoluminal data points, in which the endoluminal data points are positioned
at locations corresponding to relative locations within the lumen at which the
endoluminal data points were acquired, and in which the event 1s accounted
{or; and
display-drniving functionality configured to dnive the display to

display the stack.

I'or some applications, the display-driving functionahty 1s configured to
drive the display to display a length scale 1n relation to the displayed stack of the

endoluminal data points.

I'or some applications, the endoluminal data-acquisition device includes an
endoluminal imaging device that 1s configured to acquire a plurality of endoluminal
images while the endoluminal imaging device 1s being moved through the lumen,
and the stack-generation functionality 1s configured to generate the stack by

generating an endoluminal 1image stack.

For some applications, the endoluminal data-acquisition device includes an

endoluminal data-acquisition device that 1s configured to acquire functional data

regarding the lumen while the endoluminal data-acquisition device 1s being moved

through the lumen, and the stack-generation functionality 1s configured to generate

the stack by generating a stack of functional endoluminal data points.

For some applications, the stack-generation functionality 1s configured to
generate the stack of endoluminal data points by generating a stack of indications of
the endoluminal data points, locations of the indications within the stack
corresponding to relative locations within the lumen at which the endoluminal data

points were acquired.
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I'or some apphications, the at least one processor 1s configured to determine
that at the at least one location the event occurred by determining that at the at least

one location two or more endoluminal data points were acquired.

For some applications, the stack-generation functionality is configured to
account for the event by including in the stack only one of the endoluminal data

points that was acquired at the location.

For some applications, the at lcast onc processor 1s configured to determine
that at the at least one location the event occurred by determining that at the at least

onc location no cndoluminal data point was acquircd.

For some applications, the stack-generation {unctionality 1s contigured to
account for the event by including in the stack a gap at a location within the stack

that corresponds to the location within the lumen at which no cndoluminal data

point was acquired.

For some applications, the at least one processor further includes parameter-
measurement functionality configured to measure a parameter of a portion ot the

lumen, based upon the stack of the endoluminal data points.

For some applications, the parameter-measurement functionality 1s
configured to measure a length of the portion of the lumen, based upon the stack of

the endoluminal data points.

There 1s further provided, in accordance with some applications of the
prcsent 1invention, a method for use with an endoluminal data-acquisition device
configured to acquire endoluminal data points while moving through a lumen of a
subjcct, including:

while the endoluminal data-acquisition device 1s being moved through the
lumen, acquiring a plurality of endoluminal data points of the lumen using the
endoluminal data-acquisition device;

determining that, at at least one location, an event occurred, the event being
selected from the group consisting of: two or more endoluminal data points having
been acquired, and no endoluminal data point having been acquired; and

displaying the endoluminal data points 1n a stack, in which the endoluminal

data points are positioned at locations corresponding to relative locations within the
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lumen at which the endoluminal data points were acquired, and 1n which the event

1S accounted for.

There 1s fturther provided, in accordance with some applications of the
present invention, apparatus for use with an endoluminal data-acquisition device
configured to acquire a plurality of endoluminal data points while moving through a
lumen of a subject, and a display, the apparatus including:

at Icast onc processor configured to determine that, at at least onc location,
an event occurred, the event being selected from the group consisting of: two or
morc cndoluminal data points having been acquired, and no ecndoluminal data point
having been acquired;

the at least one processor including:

stack-generation functionality configured to generate a stack of the
endoluminal data points, in which the endoluminal data points are positioned
at locations corresponding to relative locations within the lumen at which the
endoluminal data points were acquired, and in which the event is accounted
for:

parameter-measurement functionality configured to measure a
parameter of a portion of the lumen, based upon the stack of the endoluminal
data points; and

output-generation functionality configured to generate an output on

the display based upon the measured length.

For some applications, the endoluminal data-acquisition device includes an

endoluminal imaging device that 1s configured to acquire a plurality of endoluminal

images while the endoluminal imaging device 1s being moved through the lumen,
and the stack-generation functionality 1s configured to generate the stack by

generating an endoluminal 1image stack.

For some applications, the endoluminal data-acquisition device includes an

endoluminal data-acquisition device that 1s configured to acquire functional data
regarding the lumen while the endoluminal data-acquisition device 1s being moved
through the lumen, and the stack-generation functionality 1s configured to generate

the stack by generating a stack of functional endoluminal data points.
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I'or some applications, the stack-generation functionality 1s configured to
generate the stack of endoluminal data points by displaying a stack of indications of
the endoluminal data points, locations of the indications within the stack
corresponding to relative locations within the lumen at which the endoluminal data

points were acquired.

For some applications, the at least one processor 1s configured to determine
that at the at least one location the event occurred by determining that at the at least

one location two or more endoluminal data points were acquired.

For somc¢ applications, the stack-gencration functionality 1s configured to
account for the event by including in the stack only one of the endoluminal data

points that was acquired at the location.

For some applications, the at lcast onc processor 1s configured to determine
that at the at least one location the event occurred by determining that at the at least

onc location no endoluminal data point was acquired.

For some applications, the stack-generation functionality 1s configured to
account [or the event by including in the stack a gap at a location within the stack
that corresponds to the location within the lumen at which no endoluminal data

point was acquired.

For some applications, the parameter-measurement functionality 1s
configured to measure a length of the portion of the lumen, based upon the stack of

the endoluminal data points.

For some applications, the output-generation functionality 1s configured to

drive the display to display the stack of endoluminal data points and to display a

length scale 1n relation to the displayed stack of the endoluminal data points.

There 1s further provided, in accordance with some applications of the
present invention, a method for use with an endoluminal data-acquisition device

configured to acquire endoluminal data points while moving through a lumen of a
subject, including:
while the endoluminal data-acquisition device 1s being moved through the

lumen, acquiring a plurality of endoluminal data points of the lumen using the

endoluminal data-acquisition device;
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determining that, at at least one location, an event occurred, the event being
selected from the group consisting of: two or more endoluminal data points having
been acquired, and no endoluminal data point having been acquired;

displaying the endoluminal data points in a stack, in which the endoluminal
data points are positioned at locations corresponding to relative locations within the
lumen at which the endoluminal data points were acquired, and in which the event
1s accounted for; and

determining a parameter of a portion of the lumen based upon the displayed

stack ol endoluminal data points.

There 1s further provided, in accordance with some applications of the
present invention, apparatus for use with an endoluminal data-acquisition device
configured to acquire a plurality of endoluminal data points while moving through a
lumen of a subject, and a display, the apparatus including:

at least one processor including:

stack-generation functionality configured to generate a stack of the
endoluminal data points;

co-registration  functionality configured to co-register the
endoluminal data points to respective locations along the lumen 1n an
extraluminal 1image of the lumen;

parameter-measurement functionality configured, based upon the co-
registering of the endoluminal data points to respective locations along the

lumen 1n the extraluminal image of the lumen, to determine a parameter of a

portion of the lumen that corresponds to a portion of the stack of
endoluminal data points; and
outpul-generation [unctionality configured to generate an output on

the display, 1n response to the measured paramelter.

I'or some apphications, the endoluminal data-acquisition device includes an

endoluminal imaging device that 1s configured to acquire a plurality of endoluminal
images while the endoluminal imaging device is being moved through the lumen,
and the stack-generation functionality is configured to generate the stack by

generating an endoluminal image stack.
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I'or some applications, the endoluminal data-acquisition device includes an
endoluminal data-acquisition device that i1s configured to acquire functional data
regarding the lumen while the endoluminal data-acquisition device 1s being moved
through the lumen, and the stack-generation functionality 1s configured to generate

the stack by generating a stack of functional endoluminal data points.

For some applications, the stack-generation functionality 1s configured to
generate the stack of endoluminal data points by displaying a stack of indications of
the endoluminal data points, locations of the indications within the stack
corresponding to relative locations within the lumen at which the endoluminal data

points were acquired.

For some applications, the stack-generation functionality is configured to
include 1n the stack a gap at a location within the stack that corresponds to a

location within the lumen at which no endoluminal data point was acquired.

For some applications, the stack-gencration functionality 1s configured to not
include within the stack at least onc cndoluminal data point that was acquired at a

location along the lumen at which another endoluminal data point was acquirced.

For some applications, the parameter-measurement functionality 18
configured to determine the parameter of the portion of the lumen that corresponds

to the portion ol the stack of endoluminal data points by determining a length ol the

portion of the lumen that corresponds to the portion of the stack.

For some applications, the output-generation functionality 1s configured to
drive the display to display the stack of endoluminal data points and to display a

length scale 1n relation to the displayed stack of the endoluminal data points.

There 1s turther provided, in accordance with somc applications of the
present invention, a method for use with an endoluminal data-acquisition device
configured to acquire endoluminal data points while moving through a lumen of a
subject, including:

while the endoluminal data-acquisition device 1s being moved through the
lumen, acquiring a plurality of endoluminal data points of the lumen using the

endoluminal data-acquisition device;

displaying the endoluminal data points 1n a stack;
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co-registering the endoluminal data points to respective locations along the
lumen 1n an extraluminal image of the lumen:;

based upon the co-registering of the endoluminal data points to respective
locations along the lumen in the extraluminal image of the lumen, determiming a
parameter of a portion of the lumen that corresponds to a portion of the stack of
endoluminal data points; and

generating an output 1n response thereto.

There 1s further provided, in accordance with some applications of the
present invention, apparatus for usc with an endoluminal data-acquisition device
configured to acquire a plurality of endoluminal data points while moving through a
lumen of a subject, and a display, the apparatus including:

at least one processor configured to determine that, at at least one location,
no endoluminal data point was acquired;

the at least one processor including output-generation functionality
configured to generate an output on the display using at least a portion of the
plurality of endoluminal data points of the lumen acquired using the endoluminal
data-acquisition device, the output including an indication that no endoluminal data

point was acquired at the location,

For some applications, the endoluminal data-acquisition device includes an
endoluminal imaging device that 1s configured to acquire a plurality of endoluminal
images while the endoluminal 1imaging device 1s being moved through the lumen,

and the output-generation functionality 1s configured to generate the output using a

plurality of acquired endoluminal images of the lumen.

For some applications, the endoluminal data-acquisition device includes an
endoluminal data-acquisition device that 1s configured to acquire functional data

regarding the lumen, while the endoluminal data-acquisition device 1s being moved
through the lumen, and the output-generation functionality is configured to generate

the output using a plurality of acquired functional endoluminal data points regarding

the lumen.

I'or somc applications,
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the at least one processor includes stack-generation functionality configured

to generate a stack of the endoluminal data points, in which the endoluminal data
points are positioned at locations corresponding to relative locations within the
lumen at which the endoluminal data points were acquired, the stack including a gap
in the stack at a location within the stack that corresponds to the location within the
lumen at which no endoluminal data point was acquired; and

the output-generation functionality 1s configured to generate the output by

driving the display to display the stack of endoluminal data points.

For some applications, the at least one processor further includes parameter-
measurement functionality configured to measure a length of a portion of the lumen,

based upon the stack of the endoluminal data points.

For some applications, the output-generation functionality 1s configured to

drive the display to display a length scale in relation to the displayed stack of the

endoluminal data points.

Therc 1s further provided, in accordance with somc applications of the
present invention, a method for use with an endoluminal data-acquisition device
configurcd to acquirc endoluminal data points whilc moving through a lumen of a
subject's body, including:

while the endoluminal data-acquisition device 1s being moved through the
lumen, acquiring a plurality of endoluminal data points of the lumen using the

endoluminal data-acquisition device;

determining that, at at least one location, no endoluminal data point was
acquired:

generating an output using at least a portion of the plurality of endoluminal
data points of the lumen acquired using the endoluminal data-acquisition device, the
output including an indication that no endoluminal data point was acquired at the

location.

There 1s further provided, in accordance with some applications ol the

present invention, apparatus for use with an cndoluminal data-acquisition device
configured to acquirce a plurality of endoluminal data points while moving through a

lumen of a subjcct’'s body, and a display, the apparatus including:
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at least one processor including:

stack-generation functionality configured to:

determine that the endoluminal data points are not aligned
with each other due to non-longitudinal motion undergone by the
endoluminal data-acquisition device with respect to the lumen,
between acquisitions of respective endoluminal data points; and

in response thereto, align the endoluminal data points with
ecach other, to at least partially account for the non-longitudinal
motion undergone by the endoluminal data-acquisition device; and
output generation functionality configured (0 generate an output on

the display based upon the aligned endoluminal data points.

For some applications, the stack-generation functionality 1s configured to
determine that the endoluminal data points are not aligned with each other by
determining that the endoluminal data points are not aligned with each other due to
a portion of the endoluminal data-acquisition device having rotated about a
longitudinal axis of the endoluminal data-acquisition device, between acquisitions

of respective endoluminal data points.

For some applications, the stack-generation functionality 1s configured to
determine that the endoluminal data points are not aligned with each other by
determining that the endoluminal data points are not aligned with each other due to
a portion of the endoluminal data-acquisition device having become tilted, between

acquisitions of respective endoluminal data points.

For some applications, the stack-generation functionality i1s contigured to

determine that the endoluminal data points are not aligned with each other by
determining that the endoluminal data points are not aligned with each other due to
a portion of the endoluminal data-acquisition device having moved axially, between

acquisitions of respective endoluminal data points.

For some applications, the apparatus further includes a sensor coupled to a
portion of the data-acquisition device and configured to detect a non-longitudinal
orientation of the portion of the data-acquisition device, and the stack-generation

functionality 1s configured to determine that the endoluminal data points are not
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aligned with each other by detecting the non-longitudinal orientation of the portion

of the data-acquisition device via the sensor.

For some applications, the stack-gencration functionality is configured to
align the endoluminal data points with each other by aligning the endoluminal data

points with each other using image processing.

For somc applications, the endoluminal data points include cndoluminal
images, and the stack-gencration functionality 1s configured to align the
endoluminal data points with each other by:

identifying a rcgion of onc of the cndoluminal 1images as having a given
characteristic;

identifying a region in an adjacent endoluminal image that has the same
characteristic; and

aligning the adjacent images with one another by aligning the regions of

each of the images.

For some applications,

the at lcast onc processor 1s further configured to receive a plurality of
cxtraluminal 1images of the lumen while the endoluminal data-acquisition device 1s
being moved through the lumen,

the endoluminal data-acquisition device includes at least a portion thereof
that 1s visible 1n the extraluminal images, and

the stack-generation functionality 1s configured to determine that the

endoluminal data points are not aligned with each other, by determining a

disposition of the endoluminal data-acquisition device with respect to the lumen at

times at which respective extraluminal images were acquired, by performing image

processing on the extraluminal images.

For some applications, the visible portion of the endoluminal data-
acquisition device includes a portion that is asymmetric with respect to a
longitudinal axis of the endoluminal data-acquisition device, and the stack-
generation functionality 1s configured to determine the disposition of the
endoluminal data-acquisition device with respect to the lumen at times at which
respective extraluminal images were acquired by analyzing an appearance of the

asymmetric portion in the respective extraluminal images.
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IF'or some applications, the stack-generation functionality 1s configured to
align the endoluminal data points with each other by determining a centerline of the

lumen and aligning the endoluminal data points with respect to the centerline.

For some applications, the stack-generation functionality i1s configured to
determine the centerline of the lumen by determining a straightened centerline of
the lumen, and the stack-generation functionality 1s configured to align the
endoluminal data points with respect to the centerline by aligning the endoluminal

data points with respect to the straightened centerline.

For some applications, the stack-generation functionality i1s configured to
generate a stack of the endoluminal data points, based upon the alignment of the
endoluminal data points, and the output generation functionality 1s configured to

generate the output on the display by generating a display of the stack of

endoluminal data points on the display.

For some applications, the endoluminal data-acqguisition device includes an
cndoluminal imaging device that 1s configured to acquire a plurality of endoluminal
tmagcs while the endoluminal imaging device 1s being moved through the lumen,
and the stack-gencration functionality is configured to generate the stack by

generating an endoluminal image stack.

For some applications, the endoluminal data-acquisition device includes an
endoluminal data-acquisition device that is configured to acquire functional data

regarding the lumen while the endoluminal data-acquisition device 1s being moved
through the lumen, and the stack-generation functionality 1s configured to gencrate

the stack by gencrating a stack of functional cndoluminal data points.

For some applications, the stack-generation [unctionality is configured to
generale the stack by generating a stack of indications of the endoluminal data
points, locations of the indications within the stack corresponding to relative

locations within the lumen at which the endoluminal data points were acquired.

There is further provided, in accordance with some applications of the
present invention, a method for use with an endoluminal data-acquisition device

configured to acquire endoluminal data points while moving through a lumen of a

subject's body, and a display, the method including:
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while the endoluminal data-acquisition device 1s being moved through the
lumen, acquiring a plurality of endoluminal data points of the lumen using the
endoluminal data-acquisition device;

determining that the endoluminal data points are not aligned with each other
due to non-longitudinal motion undergone by the endoluminal data-acquisition
device with respect to the lumen, between acquisitions of respective endoluminal
data points;

in response thereto, aligning the endoluminal data points with each other, (o
at least partially account for the non-longitudinal motion undergone by the
endoluminal data-acquisition device; and

generating an output on the display based upon the aligned endoluminal data

points.

There 1s further provided, in accordance with some applications of the
present invention, apparatus for use with an endoluminal data-acquisition device
configured to acquire a plurality of endoluminal data points while moving through a
lumen of a subject's body, a second endoluminal device configured to be moved
through the lumen, and a display, the apparatus including:

at least one processor configured to:

determine that respective endoluminal data points correspond to respective
locations along the lumen, and

to determine a current location of the second endoluminal device with
respect to the lumen;

the at least one processor including:

stack-generation functionality configured to generate a stack ol the
endoluminal data points, in which the endoluminal data points are positioned

at locations corresponding to relative locations within the lumen at which
the endoluminal data points were acquired; and

display-driving functionality configured to drive the display to
display the stack, and to display within the stack an image of the second
cndoluminal device at a location within the stack corresponding to the

currcnt location of the second endoluminal device.
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['or some applications, the display-driving functionality 1s configured to
drive the display to display the image of the second endoluminal device within the
stack by driving the display to display a virtual representation of the second

endoluminal device within the stack.

For some applications, the display-driving functionality is configured to
drive the display to display the image of the second endoluminal device within the
stack by driving the display to display a real image of the second endoluminal

device within the stack.

There is further provided, in accordance with some applications of the
present invention, a method for use with an endoluminal data-acquisition device
configured to acquire endoluminal data points while moving through a lumen of a
subject's body, and a display, the method 1including:

while the endoluminal data-acquisition device is being moved through the
lumen, acquiring a plurality of cndoluminal data points of the lumen using the
cndoluminal data-acquisition device;

determining that respective endoluminal data points correspond to respective
locations along th¢ lumen;

driving the display to display at Icast some of the plurality of endoluminal
data points in a stack;

while a second endoluminal device i1s inside the lumen, determining a
current location of at least a portion of the second endoluminal device with respect

to the lumen: and

in response thereto, displaying within the stack an image of the second

endoluminal device at a location within the stack corresponding to the current

location of the second endoluminal device.

The present invention will be more fully understood from the following

detailed description of embodiments thereof, taken together with the drawings, 1n

which:
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BRIEF DESCRIPTION OF THE DRAWINGS

Ing. 1A 1s a flow chart, at least some of the steps of which are used in
procedures that utilize co-use of endoluminal data and extraluminal imaging, in

accordance with some applications of the present invention;

Fig. 1B 1s a block diagram of an endoluminal data-acquisition device, an
extraluminal 1image acquisition device, a user interface, a display, and a processor

that are used, 1n accordance with some applications of the present invention;

Figs. 2A-E are schematic illustrations of images of a lumen of a subject, in

accordance with some applications of the present invention;

F1g. 3A 1s a graph indicating a typical type of movement of an endoluminal

data-acquisition device during pullback of the device:

Fig. 3B 1s a graph indicating another typical type of movement of an

endoluminal data-acquisition device during pullback of the device;

Fig. 3C 1s a schematic illustration of an endoluminal image stack that
includes gaps therein, in accordance with some applications of the present

invention:

F1g. 4 shows the co-use of previously-acquired endoluminal images and an
cxtraluminal fluoroscopic image, in accordance with some applications of the

present invention; and

F1g. 5 1s a schematic illustration of a reference tool having markers coupled

thereto, a characteristic of the markers varying along the Iength of at Icast a portion

of the reference tool, in accordance with some applications of the present invention.



&)

10

15

20

CA 02899735 2015-08-04

DETAILED DESCRIPTION OF EMBODIMENTS

The terms "medical tool,” "tool", "device,” and "probe" refer to any type of a
diagnostic or therapeutic or other functional tool including, but not limited
to, a cardiovascular catheter, a stent delivery, placement and/or retrieval
tool, a balloon delivery and/or placement and/or retrieval tool, a valve
delivery and/or repair and/or placement and/or retrieval tool, a graft delivery
and/or placement and/or retrieval tool, a tool for the delivery and/or
placement and/or retrieval of an implantable device or of parts of such
device, an implantable device or parts thereof, a tool for closing a gap, a tool
for closing a septal defect, a guide wire, a marker wire, a suturing tool, a
clipping tool (such as a valve-leaflet-clipping tool), a biopsy tool, an
aspiration tool, a navigational tool, a localization tool, a probe comprising
one or more location sensors, a tissue characterization probe, a probe for the
analysis ol fluid, a measurement probe, an electrophysiological probe, a
stimulation probe, an ablation tool, a tool for penetrating or opening partial
or total occlusions 1n blood vessels, a drug or substance delivery tool, a
chemotherapy tool, a photodynamic therapy tool, a brachytherapy tool, a
local 1rradiation tool, a laser device, a tool for delivering energy, a tool for
delivering markers or biomarkers, a tool for delivering biological glue, an
urigation device, a suction device, a ventilation device, a device for
dclivering and/or placing and/or retricving a lead of an clectrophysiological
device, a lead of an clectrophysiological device, a pacing device, a coronary
sinus device, an 1maging device, a sensing probe, a probe comprising an
optical fiber, a robotic tool, a tool that is controlled remotely, an excision

tool, a plaque excision tool (such as a plaque excision catheter), or any

combination thereof.

The terms "image” and "imaging" refer to any type of medical images or
imaging, typically resulting in the generation of a sequence of images and
including, but not limited to, imaging using ionizing radiation, imaging
using non-ionizing radiation, video, fluoroscopy, angiography, ultrasound,
CT, MR, PET, PET-CT, CT angiography, SPECT, Gamma camera imaging,
Optical Coherence Tomography (OCT), Near-Infra-Red Spectroscopy

33



10

20)

23

30

CA 02899735 2015-08-04

(NIRS), Vibration Response Imaging (VRI), optical imaging, infrared
imaging, electrical mapping imaging, other forms of functional imaging,
I'ocused Acoustic Computed Tomography (IFACT), Optical I'requency
Domain Imaging (OI'DI), or any combination or fusion thereof. Fxamples of
ultrasound 1maging include Endo-Bronchial Ultrasound (EBUS), Trans-
Thoracic Echo (TTE), Trans-Esophageal Echo (TEE), Intra-Vascular
Ultrasound (IVUS), Intra-Cardiac Ultrasound (ICL), or any combination

thereof.

The term "contrast agent,” when used in reference to its application in
conjunction with imaging, refers to any substance that 1s used to highlight,
and/or enhance in another manner, the anatomical structure, functioning,

and/or composition of a bodily organ while the organ 1s being imaged.

The term "stabilized,” when used 1n the context of displayed images, means
a display of a scrics of images 1n a manncr such that periodic, cyclical,
and/or other motion of the body organ(s) being imaged, and/or of a medical
tool being observed, 1s partially or fully reduced, with respect to the entire

image frame, or at least a portion thereof.

The term "automatic,” when used for describing the generation and
utilization of the roadmap, means "without necessitating user intervention or
interaction.” (Such interaction or intervention may still however be optional

In some cases.)

The term "real-time" means without a noticeable delay.

The term "near real-time" means with a short noticeable delay (such as
approximately one or two motion cycles of the applicable organ, and, in the
case of procedures relating to organs or vessels the motion of which are

primarily a result of the cardiac cycle, less than two seconds).

The term "on-line,” when used i1n reference to 1image processing, or (o
measurements being made on images, means that the image processing 1s
perlormed, and/or the measurements are made, intra-procedurally, in real-

time or near real-time.
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Applications of the present invention are typically used during medical
procedures that are performed, in whole or in part, on or within luminal structures.
FFor some applications, apparatus and methods provided herein facilitate the co-use
of extraluminal 1maging and endoluminal data in performing such medical
procedures. [ndoluminal data may include imaging data, data derived from

measurements, other data, or any combination thereot.

For some applications, the co-use of the endoluminal data and the
extraluminal images is performed in the following manner. I‘ndoluminal data are
acquired by positioning an endoluminal data-acquisition device along a luminal
segment of interest that includes a designated luminal site. Subsequently, while
observing extraluminal images of the luminal segment, one or more locations along
that segment are indicated by a user input device. In response to the indication of
the one or more locations by the user input device, the corresponding, previously-

acquired endoluminal 1mages are displayed.

Typically, the designated luminal site includes a site being diagnosed, at
which, subject to the outcome of the diagnosis, a therapeutic device will be
positioned and deployed, e.g., the site of an anatomical feature, the implantation site
of a previously-implanted device, and/or a site at a defined location with respect to
the implantation site. T‘or example, the designated luminal site may include a
portion of the lumen that is narrow with respect to surrounding portions of the

lumen, and/or the site of a lesion.

For some applications, the co-use of the endoluminal data and the

extraluminal images 1s performed in the following manner. Endoluminal data are

acquired by positioning an endoluminal data-acquisition device at a designated
luminal site. Subsequently, an endoluminal therapeutic device 1s positioned and
deployed at the designated luminal site under extraluminal 1maging, while
concurrently viewing on-line the endoluminal data that were previously acquired by
the endoluminal data-acquisition device at the current location of the therapeutic
device. Typically, endoluminal data are acquired at respective endoluminal sites 1n
the vicinity of the designated endoluminal site.  Subsequently, when the
endoluminal therapeutic device is placed inside the lumen, previously-acquired

endoluminal data are displayed and updated, typically automatically and typically
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on-line, to correspond to the current location of the therapeutic device (or of a
portion thereof), the location of the therapeutic device typically changing during the

positioning of the therapeutic device.

For some applications, extraluminal imaging and the previously-acquired
endoluminal data are co-used such that it is as if the therapeutic device is being
positioned and deployed under both real-time extraluminal imaging and real-time
endoluminal data acquisition. This is because (a) the extraluminal imaging is
performed in real-time, and (b), although the endoluminal data are not acquired in
real-time, endoluminal data are displayed that correspond to the current location of

the therapeutic device.

In accordance with some applications of the present invention, when the
therapeutic device is disposed inside the lumen, the location of the device within the
lumen 1s determined by performing image processing on the extraluminal image of

the device nside the lumen.

For some applications, the image processing includes tracking of one or
more visible portions of a moving therapy-applying portion of the device in the
extraluminal images. Typically, the tracking is performed in real-time, and,

typically, in accordance with technigues described in US 2010/0228076 to Blank.

For some applications, the image processing includes stabilization of an
image stream produced by the extraluminal imaging. Typically, the stabilization is
performed in real-time, and typically in accordance with techniques described in US
2008/0221442 to Tolkowsky, or US 2010/0228076 to Blank. Typically, the
stabilization facilitates the co-use of the endoluminal data with the extraluminal
images (particularly in cases of intense organ motion). This is because it is
typically easier to determine the luminal location of the therapeutic device based
upon a stabilized image stream than to determine the luminal location of the

therapeutic device on a native, non-stabilized image stream.
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F'or some applications, the stabilized 1mage stream 1s also enhanced,

typically in real-time, typically in accordance with techniques described in US

2010/0228076 to Blank.

For some applications, during the acquisition of the endoluminal data by the
endoluminal data-acquisition device, the location of the endoluminal data-
acquisition device 1s determined by moving the endoluminal data-acquisition device
under extraluminal 1maging and i1mage processing the extraluminal images to
determine the location of a moving data-acquiring portion of the endoluminal data-
acquisition device. For some applications, during this stage, the extraluminal image
stream 1S stabilized and/or enhanced, as described heremabove, to facilitate the
determination of the location of the endoluminal data-acquisition device, based
upon the extraluminal images. Alternatively, other techniques are used for
determining the location of the endoluminal data-acquisition device, as described

hereinbelow.

For some applications, the luminal structure to which the apparatus and
methods described herein are applied includes a lumen in the vascular system, the
respiratory tract, the digestive tract, the urinary tract, or any other luminal structure

within a patient’s body.

For some applications, the endoluminal data-acquisition device 1s an

imaging probe. For some applications, the imaging probe 1s an IVUS probe, an

EBUS probe, another ultrasound probe, an OCT probe, an NIRS probe, an MR
probe, a FACT probe, an OFDI probe, or any combination thereof.

For some applications, the cndoluminal data-acquisition device performs
additional functions. For cxample, the endoluminal data-acquisition device may
comprise a probe, such as the VIBE(TM) RX Vascular Imaging Balloon Catheter,
marketed by Volcano Corporation (San Diego, USA), that includes both IVUS and

coronary balloon functionalities.

FFor some applications, the endoluminal data-acquisition device acquires data
in a form other than images. For cxample, the data may include data rclated to
precssure, flow, temperature, clectrical activity, oxygcnation, biochemical

composition, or any combination thercof. For some applications, and typically
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when data are acquired with respect to a coronary vessel, the endoluminal data-
acquisition device 1s a [I‘ractional [Ilow Reserve (I'I'R) probe, and/or an
instantaneous wave-free ratio (1II'R) probe. T'or some applications, I'l'R and/or 11I'R
measurements are determined by performing image-processing on extraluminal
images, and the derived I'I'R and/or 1I'R measurements are co-registered with
endoluminal images of the lumen, using techniques described herein.  For some
applications, I'I'R and/or 1I'R measurements are determined by performing image-
processing on endoluminal images, and the derived FFR and/or iFR measurements
are co-registered with extraluminal images of the lumen, using techniques described
herein. For some applications, endoluminal images are co-registered with
extraluminal 1images of the lumen, using techniques described herein, and FFR
and/or 1FR measurcments are determined by performing image-processing on the

co-registered 1images.

For some applications, the extraluminal imaging 1s fluoroscopy, CT, MR,

PET, SPECT, ultrasound, or any combination thereot.

['or some applications, the apparatus and methods described herein are used
with a therapeutic device that is positioned and/or deployed at an anatomical feature
that requires or potentially requires treatment, such as a partial or total occlusion, a
native valve, an aneurism, a dissection, a malformation, a septal defect, a mass
suspected of being malignant, a mass suspected of being inflammatory, etc. The
endoluminal data are typically acquired at, and/or in the vicinity of, the anatomical

feature.

For some applications, apparatus and methods described herein are used

with a therapeutic device that is positioned and/or deployed at an implantation site
of a previously-implanted device such as a stent, a graft or a replacement valve.
The endoluminal data are determined at, and/or in the vicinity of, the implantation
site.  P'or example, the techniques described herein may be used during the
placement of a new prosthetic aortic valve at the site of (e.g., inside) a previously

implanted prosthetic aortic valve that 1s no longer functioning.

For some applications, apparatus and methods described herein are used

with a therapeutic device that is positioned and/or deployed at a defined location

relative to a previously-implanted device such as a stent, a graft or a replacement
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valve. The endoluminal data are determined at and in the vicinity of the defined
location. T'or example, the techniques described herein may be used during the
placement of a coronary stent such that the new stent overlaps with or 1s adjacent to

a previously-implanted stent, in order to treat a long lesion and/or a lesion that has

diffused along a coronary artery.

Reference 1s now made to Fig. 1A, which 1s a flow chart, at least some of the
steps of which are used in the course of co-use of endoluminal data and
extraluminal imaging, in accordance with some applications of the current
invention. It is noted that, for some applications, some of the steps shown 1n Fig.
I A may be practiced, without all of the steps shown in I'ig. 1A necessarily being

practiced 1n combination.

Reference is also made to Fig. 1B, which is a block diagram of an

endoluminal data-acquisition device 16, an extraluminal image acquisition device
17, a user interface 18, a display 19, and a processor 20. Processor 20 1s typically
used to perform the procedure described with respect to Fig. 1A. Processor 20
typically receives inputs via the image acquisition device and the user interface, and
generates an output on display 19. For some applications, the user interface
includes a keyboard, a mouse, a trackball, a joystick, a touchscreen monitor, a
touchpad, a voice-command interface, and/or other types of user interfaces that are
known in the art. Typically, the display includes a monitor. I'or some applications,
the display includes a head-up display and/or a head-mounted display, such as
Google Glass. Processor 20 typically includes at least some of the [ollowing
functionalities, the functions of which are described in further detail hereinbelow:
roadmap-image-designation functionality 21, pathway-designation functionality 22,
landmark-classification functionality 23, [eature-identifying [funcuionality 24,
roadmap-mapping functionality 25, location-interpolation functionality 26,
pathway-calibration functionality 27, co-registration functionality 28, stack-
generation functionality 29, parameter-measurement [unctionality 30, duplicate-
data-point-identification functionality 31, data-point-sclection functionality 32,
display-driving functionality 33, dircction-detcrmination functionality 34, output-
ocncration functionality 35, and/or region-identification functionality 36. It 1s noted

that, for some applications, processor 20 doecs not include all of the above-listed
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functionalities, but rather includes only some of the above-listed functionalities. It

is further noted that, for some applications, more than on¢ processor is used to
perform the above-listed functionalities, or a portion thereof. For some
apphcations, more than one extraluminal imaging device is used with processor 20.
For example, a first extraluminal imaging device may be used to acquire a first set
of extraluminal images (e.g., as described hereinbelow with reference to phase 1 of
Fig. 1A), and a second extraluminal imaging device may be used to acquire a

second set of extraluminal images (e.g., as described hereinbelow with reference to

phase 5 of Fig. 1A).

In phase 1, a first set of extraluminal images is acquired, in which the lumen
1s visible. Typically, an angiographic image sequence is acquired, while there is

contrast agent 1nstde the lumen.

In phase 2, roadmap-image-designation functionality 21 of processor 20
selects an 1mage from the first set of extraluminal images, and designates the
selected image as the roadmap image. For some applications, the image is selected
from the first set of extraluminal images manually by a user. Alternatively, the
image is selected automatically. For some applications, a roadmap image is
automatically selected by processor 20, but the processor allows a user to override
the automatically-selected roadmap image, by manually designating a roadmap

image.

For some applications, the automatic selection of an image frame is
performed using techniques described in US 2012/0230565, WO 10/058398, WO
12/014212, and/or US 2012/0004537. For example, the image may be selected
based upon the following criteria: (a) the image is acquired at a desired cardiac
phase (typically end diastole) and (b) in the image, the contrast agent highlights the
lumen. For procedures in which the techniques described herein are performed on a
subject’s coronary arteries, an image may be selected from the set of images based
upon visibility of at least a portion of the coronary arteries in the set of images. For
some applications, the angiogram with the greatest visibility of coronary arteries is
selected, with such selection typically being automatic. The greatest visibility is

typically determined based upon the greatest total number of arteries observed, the
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greatest number of image pixels attributed to an artery, and/or the greatest image
contrast n the appearance of specific arteries. For some applications, an
extraluminal image that is based upon a plurality of extraluminal images (e.g., an
image that 1s based upon averaging a plurality of images) is selected and designated

as the roadmap 1mage.

Reference is now made to Fig. 2A, which shows an image of a subject’s
arteries that has been designated as a roadmap image, in accordance with some
applications of the present invention. It may be observed that in the roadmap

image, an artery 40, through which an endoluminal data-acquisition device will be

inserted. is visible.

Referring again to Fig. 1A, in phase 3, pathway-designation functionality 22
of processor 20 designates a roadmap pathway within the lumen in the roadmap

image.

Reference 1s now made to Fig. 2B, which shows the roadmap image of Fig.
2ZA, with a roadmap pathway 42 having been designated within artery 40. [t is
noted that although, in Fig. 2B, path 42 is displayed within the roadmap image, for
some apphcations, the roadmap pathway is designated without the path actually
being displayed on a display. Path-designation functionality 22 designates the
roadmap pathway in response to a manual user input, and/or automatically. For
example, the path may be designated by the user indicating some points along the
path and the processor completing the path, based upon the manually-indicated
points. For some applications, the roadmap pathway is at least partially determined
by determining the centerlines of the lumen. For example, the centerlines of the

lumen may be determined using techniques for determining the centerline of a

lumen described in US 2012/0230565. WO 10/058398, WO 12/014212. and/or US
2012/0004537.

Typically, the roadmap pathway includes at least a portion of the lumen
through which the endoluminal data-acquisition device will be moved. Further
typically, the roadmap pathway is designated in such a manner as to facilitate
mapping to the pathway a plurality of features that are typically visible in
extraluminal images of the lumen that are acquired during the movement of the

endoluminal data-acquisition device through the lumen, as described in further
41



10

20)

CA 02899735 2015-08-04

detail hereinbelow with reference to phase 7 of the procedure. l‘or some
applications, such features include features associated with the endoluminal data-
acquisition device such as a data-acquiring portion of the endoluminal data-
acquisition device (e.g., the endoluminal data-acquisition device head), radiopaque
markers that are disposed at a fixed location with respect to the data-acquiring
portion of the endoluminal data-acquisition device (e.g., endoluminal data-
acquisition device head), a guiding catheter through which the endoluminal data-
acquisition device is inserted, the distal end of the guiding catheter, a catheter
through which the data-acquiring portion of the endoluminal data-acquisition device
is moved and/or a portion thereof, and/or a guidewire over which the endoluminal
data-acquisition device i1s inserted and/or a portion thereof, etc. Lor some
applications, such features include anatomical features, such as bifurcations, lesions,
calcifications, etc. Alternatively or additionally, such f[eatures include previously-
implanted medical devices, such as a stent, or a valve. Such fcaturcs may be
disposcd within the lumen through which the endoluminal data-acquisition device 1s
moved, or in a portion of the subject's body in the vicinity of the lumen, €.g., in a
lumen that branches from the lumen through which the endoluminal data-
acquisition device is inserted. For applications in which some of the fcatures are
disposed in a portion of the subject's body in the vicinity of the lumen, the roadmap
pathway in the roadmap image typically extends to the portion of the subject body,
even if the portion of the subject's body is not within the lumen. In accordance with
respective applications, the roadmap pathway may be shaped as a curve, a polygon,

a branching set of lines and/or curves, and/or another shape.

For somec applications, processor 20 includes landmark-classification
functionality 23. The landmark-classification functionality classifies regions within
the roadmap image as corresponding to locations within the roadmap image within

which given features are likely to be. For some applications, such features include
features associated with the endoluminal device such as a data-acquiring portion of

the endoluminal data-acquisition device (e.g., the endoluminal data-acquisition
device head), radiopaque markers that are disposed at a fixed location with respect
to the data-acquiring portion of the endoluminal data-acquisition device (e.g., the
endoluminal data-acquisition device head), a guiding catheter through which the

endoluminal data-acquisition device is inserted, the distal end of the guiding
42



10

15

20)

30

CA 02899735 2015-08-04

catheter, a catheter through which the data-acquiring portion of the endoluminal
data-acquisition device is moved and/or a portion thereof, and/or a guidewire over
which the endoluminal data-acquisition device is inserted and/or a portion thereof,
etc. T'or some applications, such features include anatomical features, such as
bifurcations, lesions, calcifications, etc. Alternatively or additionally, such features
include previously-implanted medical devices, such as a stent, or a valve. Such
features may be disposed within the lumen through which the endoluminal data-
acquisition device is moved, or in a portion of the subject’'s body in the vicinity of
the lumen, e.g., in a lumen that branches from the lumen through which the

endoluminal data-acquisition device 1s inserted.

[For some applications, the landmark-classification functionality classifies
landmarks in response to a manual input from a user. Alternatively or additionally,
the landmark-classification functionality classifies landmarks automatically. lor
example, the landmark-classification functionality may analyze the angiographic
sequence from which the roadmap was generated. In some of the frames of the
angiographic sequence, a portion of the above-described [eatures may be visible,
and in other frames of the angiographic sequence, portions of the lumen may be
visible. Thus, the landmark-classification functionality may determine where
respective features are with respect to the vessel, and, 1n response thereto, may
classify regions within the roadmap image as corresponding to locations within the
roadmap image within which respective features are likely to be. Alternatively or
additionally, the landmark-classification functionality may classify regions within

the roadmap image as corrcsponding to locations within the roadmap 1mage within

which the above-described featurcs arc likely to be, by analyzing cxtraluminal
images that are acquired subsequent to the generation of the roadmap (e.g.,

extraluminal images that are acquired in phase 5 of the procedure).

Relerring again to Fig. 1A, in phase 4, the endoluminal data-acquisition
device is inserted toward a designated site. For some applications, the site 1s a site
being diagnosed, at which, subject to the outcome of such diagnosis, a therapeutic
device will be positioned and deployed, c.g., the site of an anatomucal fcature, the
implantation sitc of a previously-implanted device, and/or a sitc at a dctined

location with respect to the implantation site, as described hereinabove.
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In phase 3, a plurality of endoluminal data points (e.g., images), are acquired
by the endoluminal data-acquisition device, while the endoluminal data-acquisition
device is being moved through the lumen. At the same time, while the endoluminal
data-acquisition device is being moved through the lumen, a second set of
extraluminal images are acquired of the endoluminal data-acquisition device within
the lumen. Typically, the second set of extraluminal images are acquired while
there is an absence of contrast agent within the lumen. T'or example, a set of
[Tuoroscopic images of the lumen may be acquired. Alternatively, the second set of

extraluminal images are acquired in the presence of contrast agent in the lumen.

It is noted that, in general, the scope of the present application includes
performing the techniques described herein with an endoluminal data-acquisition
device that acquires data points while the data-acquisition device is being advanced
distally through the lumen, and/or an endoluminal data-acquisition device that
acquires data points while the data-acquisition device is being retracted proximally
through the lumen. It is further noted that, in general, the scope of the present
application includes performing the techniques described herein with an
endoluminal data-acquisition device that acquires images of the lumen and/or a

data-acquisition device that acquires [unctional data regarding the lumen.

Typically, data are acquired at and/or in the vicinity of the designated site.
Typically, a plurality of data points (e.g., images) are acquired at respective
locations along the lumen. It is noted that, for some applications, data are acquired
subsequent to the initial insertion of the data-acquisition device into the lumen. For
example, when data are acquired from blood vessels, the data-acquisition device 1s
typically inserted into the blood vessel to beyond the site of interest under
extraluminal imaging (e.g., fluoroscopy), and data acquisition 1s performed during
(manual or automated) pullback of the data-acquisition device through the blood
vessel. In alternative applications, e.g., when data are acquired [rom an
endobronchial airway, data are typically acquired by the data-acquisition device

during inscrtion of the data-acquisition device 1nto the airway.

For some applications, the commencement and/or termination of pullback
are identified, typically automatically and typically on-line, by means of image

processing. For some applications, the image processing is performed by an image
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comparator which identifies a change (such as in the color of image pixels or in the
seometry of image features) in the sequentially-acquired endoluminal images, and
interprets the change as indicating the commencement of pullback. For some
applications, the image processing is performed by an image comparator which
identifies a diminishing change in the sequentially-acquired endoluminal 1mages,

and interprets the diminishing change as indicating the termination of pullback.

For some applications, the commencement and/or termination of pullback
are identified by means of a signal transmitted by the pullback unit and/or by the

endoluminal data-acquisition system. For some applications, the commencement

and/or termination of pullback are indicated by means of user input.

In phase 6, feature-identifying functionality 24 of processor 20 identifies,
within at least a portion of the images belonging to the second set of extraluminal
images, a plurality of features that are visible within the images. The feature-
identifying functionality classifies the features as potentially being a given type ot
feature. For some applications, such feature types include teatures associated with
the endoluminal device such as a data-acquiring portion of the endoluminal data-
acquisition device (e.g., the endoluminal data-acquisition device head), radiopaque
markers that are disposed at a fixed location with respect to the data-acquiring
portion of the endoluminal data-acquisition device (e.g., the endoluminal data-
acquisition device head), a guiding catheter through which the endoluminal data-
acquisition device is inserted, the distal end of the guiding catheter, a catheter
through which the data-acquiring portion of the endoluminal data-acquisition device
is moved and/or a portion thereof, and/or a guidewire over which the endoluminal
data-acquisition device is inserted and/or a portion thereof, etc. For some
applications, such features include anatomical features, such as bifurcations, lesions,
calcifications, etc. Alternatively or additionally, such (eatures include previously-
implanted medical devices, such as a stent, or a valve. Such [eatures may be
disposed within the lumen through which the endoluminal data-acquisition device 1s
moved, or in a portion of the subject's body in the vicinity of the lumen, ¢.2., 1n a
lumen that branches from the lumen through which the cndoluminal data-

acquisition device 1s 1nserted.
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For some applications, features are identified in accordance with techniques

described in US 2012/0230565, WO 10/058398, WO 12/014212, and/or US

2012/0004537. For some applications, feature-identifying functionality 24 of

processor 20 uses one or more of the following techniques to identify and/or

5 classify the above-described features within the images belonging to the second set
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of extraluminal images:

d.

b.

Identifying features using image processing techniques (e.g., detecting

vesselness, using a hessian filter, using comer detection, using directional

filters, etc.)

Optionally, radiopaque markers can be detected using techniques described 1n

US 2012/0230565 and/or in WO 10/058398. For example, the automatic

identification of markers may include some or all of the following phases,

which are typically performed in real-time:

i

Pre-processing: Individual image frames (or a region of interest (ROI)
within such frames) are pre-processed in order to facilitate the subsequent
identification of markers. Such pre-processing typically comprises the
reduction of static and/or dynamic noise, background removal, or a
combination thereof. For some applications, a median filter, a Mexican
hat filter, a directional Mexican hat filter, and/or a low-pass filter is
applied to the individual image frames. For some applications, the
preprocessing includes the detection and removal from the image frames

of CABG wires, wires and/or electrodes of implanted tools such as

pacemakers or defibrillators, and/or wires and/or electrodes of external

devices such as an ECG monitor, and/or an external defibrillator.

Filtering of non-marker-like features: Individual image frames (or a
region of interest within such frames) are processed to filter out
remaining features that are clearly not markers. For some applications,
the filtering includes the application to the image frames of a median
filter, a Mexican hat filter, a directional Mexican hat filter, a maximal
stable external regions (MSER) filter, an MSER-like filter, a Hessian

filter, or a combination thereof.
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3. For some applications, Hessian eigenvalues are calculated for each pixel
in each image frame, or for all pixels within an ROI of the image frame.
Typically, local clusters of pixels with high minimal eigenvalues
represent a "paraboloid-like" area in the image and are identified as

potential radiopaque markers.

4. Scoring: Remaining features in individual image frames (or a region of
interest within such frames) are assigned a "fitness" score (i.e., a
¥t P | | 13 T * '

markerness” score, or a "dotness"” score in the case of the most common
markers), describing the likelihood that they are markers. For some

applications, the score is calculated from the abovementioned filtering.

5. Matching: Remaining features in individual image frames (or a region of
interest within such frames) are analyzed for matching with one another.
For example, in the case of aiming to detect the two radiopaque markers
of a coronary balloon, pair matching is performed. Such matching is
typically performed based upon relative location, distance, orientation,

visual similarity, and/or other factors.

6. Detection: For some applications, once a pair of clusters (the clusters
within the set being strong candidates to be tool markers) has been
identified as being at a similar distance from one another and/or relative
angle to one another in several consecutive image frames, the pair of

clusters is determined to be the markers.

¢. Optionally, the guiding catheter, the guidewire, and elongated objects such as
the endoluminal data-acquisition device head, can be detected using techniques
described in US 2012/0230565, and/or in WO 10/058398. For example, the

image frame may be analyzed such that the extent to which a given pixel is
likely to be an element of an image of an object in applicable areas of the image
frame is determined. For example, this may be determined by means of a filter,
such as the filter described in an article by Frangi et al., entitled "Mulitiscale
vessel enhancement filtering” (Medical Image Computing and Computer
Assisted Intervention — MICCAI 1998 —~ Lecture Notes in Computer Science,

vol. 1496, Springer Verlag, Berlin, Germany, pp. 130-137), by means of a filter

that performs enhancement, and/or by detection and/or segmentation of
47
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curvilinear structures. For some applications, a filter is used that is similar to
the filter described by Frangi, but that differs from the filter described by Frangi
(a) in that a homogeneous function is used, and/or (b) in the multipliers

employed for the normalization of scales.

d. Classifying features using machine learning techniques. For example, one or
more of the following machine learning techniques may be used: Support

Vector Machine (SVM), Deep Believe Networks, Neural Networks, and/or

Random Decision Forest.

Reference 1s now made to Figs. 2C and 2D, which show, respectively, an
example of a raw fluoroscopic image frame, and the fluoroscopic image frame with
a plurality of features identified and classified therein, in accordance with some
applications of the present invention. As indicated by the shapes of the features
shown in Fig. 2D, the feature-identifying functionality of the processor typically
classifies the identified features as potentially being a given type of feature. For
example, the features indicated by stars 44 are classified as corresponding to the
radiopaque tip of the guidewire, the features indicated by circles 46 are classified as
corresponding to the guiding catheter, the features indicated by squares 48 are
classified as corresponding to the device head, and the features indicated by
diamonds 50 are classified as corresponding to the radiopaque markers that are
typically disposed proximally to an IVUS device head. As described hereinabove,
the classification is typically performed using machine learning techniques such as

SVM, Deep Believe Networks, Neural Networks, and/or Random Decision Forest.

It 1s noted that typically, at this stage in the procedure, some of the features
classified as potentially being a given type of feature are false. Such false features

are typically identified based upon the mapping that is performed in phase 7 of the

procedure, as described in further detail hereinbelow.

Referring again to Fig. 1A, in phase 7 of the procedure, roadmap-mapping
functionality 25 of processor 20 maps at least a portion of the identified features of
given images of the second set of extraluminal images to locations along the
roadmap pathway on the roadmap image. For some applications, an arrangement of

two features within the image is compared to a shape of at least a portion of the

43



10

20

CA 02899735 2015-08-04

roadmap pathway. Typically, the mapping 1s performed by comparing an
arrangement of three or more of the features within the image to a shape of at least a
portion of the roadmap pathway. For example, the roadmap-mapping functionality
may determine vector(s) defined by pair(s) of features in the image belonging to the
second set of extraluminal images (e.g., a vector defined by a radiopaque marker of
the guidewire tip and a radiopaque marker of the endoluminal data-acquisition
device head). Altematively or additionally, the roadmap-mapping functionality
may determine distance(s) between by pair(s) of features 1n the image b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>