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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to im-
aging and mapping vascular pathways and surrounding
tissue with photoacoustic and ultrasound modalities.

BACKGROUND

[0002] Innovationsin diagnosing and verifying the level
of success of treatment of disease have migrated from
external imaging processes to internal diagnostic proc-
esses. In particular, diagnostic equipment and processes
have been developed for diagnosing vasculature block-
ages and other vasculature disease by means of ultra-
miniature sensors placed upon the distal end of a flexible
measurement apparatus such as a catheter, or a guide
wire used for catheterization procedures. For example,
known medical sensing techniques include angiography,
intravascular ultrasound (IVUS), forward looking IVUS
(FL-IVUS), fractional flow reserve (FFR) determination,
a coronary flow reserve (CFR) determination, optical co-
herence tomography (OCT), trans-esophageal echocar-
diography, and image-guided therapy.

[0003] For example, intravascular ultrasound (IVUS)
imaging is widely used in interventional cardiology as a
diagnostic tool for assessing a diseased vessel, such as
an artery, within the human body to determine the need
for treatment, to guide the intervention, and/or to assess
its effectiveness. There are two general types of IVUS
devices in use today: rotational and solid-state (also
known as synthetic aperture phased array). For a typical
rotational IVUS device, a single ultrasound transducer
element is located at the tip of a flexible driveshaft that
spins inside a plastic sheath inserted into the vessel of
interest. In side-looking rotational devices, the transduc-
er element is oriented such that the ultrasound beam
propagates generally perpendicular to the longitudinal
axis of the device. In forward-looking rotational devices,
the transducer element is pitched towards the distal tip
so that the ultrasound beam propagates more towards
the tip (in some devices, being emitted parallel to the
longitudinal centerline). The fluid-filled sheath protects
the vessel tissue from the spinning transducer and drive-
shaft while permitting ultrasound signals to propagate
from the transducer into the tissue and back. As the drive-
shaft rotates, the transducer is periodically excited with
a high voltage pulse to emit a short burst of ultrasound.
The same transducer then listens for the returning ech-
oes reflected from various tissue structures. The IVUS
medical sensing system assembles a two dimensional
display of the tissue, vessel, heart structure, etc. from a
sequence of pulse/acquisition cycles occurring during a
single revolution of the transducer. In order to image a
length of a vessel, the transducer element is drawn
through the vessel as it spins.

[0004] In contrast, solid-state IVUS devices utilize a
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scanner assembly that includes an array of ultrasound
transducers connected to a set of transducer controllers.
In side-looking and some forward-looking IVUS devices,
the transducers are distributed around the circumference
of the device. In other forward-looking IVUS devices, the
transducers are a linear array arranged at the distal tip
and pitched so thatthe ultrasound beam propagates clos-
er to parallel with the longitudinal centerline. The trans-
ducer controllers select transducer sets for transmitting
an ultrasound pulse and for receiving the echo signal. By
stepping through a sequence of transmit-receive sets,
the solid-state IVUS system can synthesize the effect of
a mechanically scanned transducer element but without
moving parts. Since there is no rotating mechanical ele-
ment, the transducer array can be placed in direct contact
with the blood and vessel tissue with minimal risk of ves-
sel trauma. Furthermore, because there is no rotating
element, the interface is simplified. The solid-state scan-
ner can be wired directly to the medical sensing system
with a simple electrical cable and a standard detachable
electrical connector. While the transducers of the scan-
ner assembly do not spin, operation is similar to that of
a rotational system in that, in order to image a length of
avessel, the scanner assembly is drawn through the ves-
sel while stepping through the transmit-receive sets to
produce a series of radial scans.

[0005] Rotational and solid-state state IVUS are mere-
ly some examples of imaging modalities that sample a
narrow region of the environment and assemble a two-
or three-dimensional image from the results. Other ex-
amples include optical coherence tomography (OCT),
which has been used in conjunction with ultrasound sys-
tems. One of the key challenges using these modalities
with in a vascular pathway is that they are limited in gath-
ering data on anatomy beyond the vessel walls. Although
OCT imaging may yield higher resolution than IVUS im-
aging, OCT has particularly limited penetration depth and
may take more time to image a region of tissue.

[0006] Another recent biomedical imaging modality is
photoacoustic imaging. Photoacoustic imaging devices
deliver a short laser pulse into tissue and monitor the
resulting acoustic output from the tissue. Due to varying
optical absorption throughout the tissue, pulse energy
from the laser pulse causes differential heating in the
tissue. This heating and associated expansion leads to
the creation of sound waves corresponding to the optical
absorption of the tissue. These sound waves can be de-
tected and an image of the tissue can be generated
through analysis of the sound waves and associated vas-
cular structures can be identified, as described in U.S.
Patent Publication 2013/0046167 titled "SYSTEMS AND
METHODS FOR IDENTIFYING VASCULAR BOR-
DERS,". Document US 2014/323860 A1 discloses anim-
aging probe for imaging mammalian tissues and struc-
tures using high resolution imaging, including high fre-
quency ultrasound and optical coherence tomography.
The imaging probes structures using high resolution im-
aging use combined high frequency ultrasound "IVUS"
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and optical imaging methods such as optical coherence
tomography "OCT" and to accurate co-registering of im-
ages obtained from ultrasound image signals and optical
image signals during scanning a region of interest. Doc-
ument US 2011/021924 A1 relates to photoacoustic im-
aging and ultrasound echo imaging in combination, and
applies in particular to the field of imaging a lumen of an
organ or vessel of a subject. An example includes a cath-
eter having an ultrasound transducer, the transducer
comprising a probe suitable for generating and detecting
photoacoustic signals and ultrasound echo signals,
wherein the photoacoustic signals and the ultrasound
echo signals are convertible to images which are inte-
grated into an enrichedimage. The photoacoustic signals
are generated by a multiplicity of energy sources suitable
for inducing the walls of the blood vessel to generate
acoustic waves, wherein the energy sources are arrayed
in an annulus around the flexible tubular member.
[0007] Accordingly, for these reasons and others, the
need exists for improved systems and techniques that
allow for the mapping of vascular pathways and sur-
rounding tissue.

SUMMARY

[0008] Embodiments of the present disclosure provide
a mapping system that combines photoacoustic and
IVUS imaging system. The system may be used to map
vascular pathways and surrounding tissue.

[0009] In some embodiments, a medical sensing sys-
tem is provided comprising: an optical emitter configured
to emit optical pulses to tissue in a region of interest,
wherein the optical emitter is connected to an actuator;
and a measurement apparatus configured to be placed
within a vascular pathway in the region of interest, where-
in the measurement apparatus is connected to a pullback
device; wherein the actuator and the pullback device are
configured to coordinate movements of the optical emit-
ter and the measurement apparatus.

[0010] In some embodiments, the measurement ap-
paratus is configured to: receive sound waves generated
by the tissue as a result of interaction of the optical pulses
with the tissue; transmit ultrasound signals; and receive
ultrasound echo signals based on the transmitted ultra-
sound signals. The system may comprise a processing
engine in communication with the measurement appa-
ratus, the processing engine operable to produce an im-
age of the region of interest based on the received sound
waves and the received ultrasound echo signals. The
system may comprise a display in communication with
the processing engine, the display configured to visually
display the image of the region of interest.

[0011] In some embodiments, the actuator is in com-
munication with the pullback device. The actuator and
pullback device may move the optical emitter and the
measurement apparatus together. Furthermore, the ac-
tuator and pullback device may move the optical emitter
and the measurement apparatus together with synchro-
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nized movements. The system may also include a con-
troller operable to control the actuator and the pullback
device. The controller may be further operable to syn-
chronize movements of the optical emitter and the meas-
urement apparatus. In some embodiments, the meas-
urement apparatus further comprises at least one ultra-
sound transducer configured to transmit ultrasound sig-
nals and receive ultrasound echo signals based on the
transmitted ultrasound signals. The at least one ultra-
sound transducer may be further configured to receive
sound waves generated by the tissue as a result of in-
teraction of the optical pulses with the tissue.

[0012] In some embodiments, the measurement ap-
paratus further comprises at least one photoacoustic
transducer configured to receive sound waves generated
by the tissue as a result of interaction of the optical pulses
with the tissue. The atleast one photoacoustic transducer
and the at least ultrasound transducer may be configured
to alternate in receiving sound waves and ultrasound
echo signals. The at least one photoacoustic transducer
may be disposed circumferentially around a distal portion
of the measurement apparatus. The at least one photoa-
coustic transducer may be coupled to a drive member
that rotates the at least one transducer around a longi-
tudinal axis of the measurement apparatus.

[0013] In some embodiments, a method of mapping a
region of interest is provided, comprising: transmitting,
with a laser source disposed outside a body of a patient,
focused laser pulses on tissue in a region of interest hav-
ing a vascular pathway as the laser source is moved
along a first path outside the body of the patient; receiv-
ing, with at least one photoacoustic sensor positioned
within the vascular pathway of the region of interest,
sound waves generated by the interaction of the focused
laser pulse with the tissue as the at least one photoa-
coustic sensor is moved along a second path within the
vascular pathway; producing an image of the region of
interest based on the received sound waves; and output-
ting the image of the region of interest to a display.
[0014] In some embodiments, the first path is linear.
The first path may also be non-linear or arcuate. In some
embodiments, the second path is linear. The second path
may also be non-linear or arcuate. The method may also
comprise transmitting, with at least one ultrasound trans-
ducer positioned within the vascular pathway of the re-
gion of interest, ultrasound signals toward the tissue in
the region of interest; and receiving, with the at least one
ultrasound transducer positioned within the vascular
pathway of the region of interest, ultrasound echo signals
of the transmitted ultrasound signals.

[0015] Insome embodiments, the step of producing an
image of the region of interest is based on the received
sound waves and the received ultrasound echo signals.
A controller may transmit control signals to one or more
actuators to selectively control movement of the laser
source and a measurement apparatus that includes the
at least one photoacoustic sensor. The controller may
synchronize the movement of the laser source and the
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at least one photoacoustic sensor. In some embodi-
ments, the controller accounts for difference in length
between the first path and the second path.

[0016] Additional aspects, features, and advantages
of the present disclosure will become apparent from the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] lllustrative embodiments of the present disclo-
sure will be described with reference to the accompany-
ing drawings, of which:

Fig 1A is a diagrammatic schematic view of a medical
sensing system according to some embodiments of
the present disclosure.

Fig 1B is a diagrammatic schematic view of a medical
sensing system according to some embodiments of
the present disclosure.

Fig 1Cis adiagrammatic schematic view of a medical
sensing system with an exemplary sensor array ac-
cording to some embodiments of the present disclo-
sure.

Fig 1Dis adiagrammatic schematic view of a medical
sensing system with another exemplary sensor array
according to some embodiments of the present dis-
closure.

Fig. 2 is a diagrammatic, perspective view of a vas-
cular pathway and surrounding tissue with an instru-
ment positioned within the pathway and an external
emitter according to an embodiment of the present
disclosure.

Fig. 3 is a diagrammatic, perspective view of a vas-
cular pathway and surrounding tissue with an instru-
ment moving within the pathway and a moving ex-
ternal emitter according to an embodiment of the
present disclosure.

Fig. 4 is a diagrammatic, perspective view of a con-
voluted vascular pathway and surrounding tissue
with an instrument moving within the pathway and a
moving external emitter according to an embodiment
of the present disclosure.

Fig. 5 is a diagrammatic, perspective view of a vas-
cular pathway and surrounding tissue with an instru-
ment moving within the pathway and a moving ex-
ternal emitter according to an embodiment of the
present disclosure.

Fig. 6 is a flow diagram of a method for mapping a
vascular pathway with photoacoustic and ultrasound
modalities according to some embodiments of the
present disclosure.

DETAILED DESCRIPTION

[0018] For the purposes of promoting an understand-
ing of the principles of the present disclosure, reference
will now be made to the embodiments illustrated in the
drawings, and specific language will be used to describe
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the same. It is nevertheless understood that no limitation
to the scope of the disclosure is intended. Any alterations
and further modifications to the described devices, sys-
tems, and methods, and any further application of the
principles of the present disclosure are fully contemplat-
ed and included within the present disclosure as would
normally occur to one skilled in the art to which the dis-
closure relates. For example, while the intravascular
sensing system is described in terms of cardiovascular
imaging, it is understood that it is not intended to be lim-
ited to this application. The system is equally well suited
to any application requiring imaging within a lumen or
cavity of a patient. In particular, it is fully contemplated
that the features, components, and/or steps described
with respect to one embodiment may be combined with
the features, components, and/or steps described with
respect to other embodiments of the present disclosure.
For the sake of brevity, however, the numerous iterations
of these combinations will not be described separately.
[0019] Fig. 1A is a diagrammatic schematic view of a
medical sensing system 100 according to some embod-
iments of the present disclosure. The medical sensing
system 100 includes a measurement apparatus 102
(such as a catheter, guide wire, or guide catheter). As
used herein, "measurement apparatus" or "flexible
measurement apparatus" includes at least any thin, long,
flexible structure that can be inserted into the vasculature
of a patient. While the illustrated embodiments of the
"measurement apparatus" of the presentdisclosure have
a cylindrical profile with a circular cross-sectional profile
that defines an outer diameter of the flexible measure-
ment apparatus 102, in other instances, all or a portion
of the flexible measurement apparatus 102 may have
other geometric cross-sectional profiles (e.g., oval, rec-
tangular, square, elliptical, etc.) or non-geometric cross-
sectional profiles. Flexible measurement apparatus 102
may include, for example, guide wires, catheters, and
guide catheters. In that regard, a catheter may or may
not include a lumen extending along all or a portion of its
length for receiving and/or guiding other instruments. If
the catheter includes a lumen, the lumen may be cen-
tered or offset with respect to the cross-sectional profile
of the device.

[0020] The medical sensing system 100 may be uti-
lized in a variety of applications and can be used to as-
sess vascular pathways and structures within a living
body. To do so, the measurement apparatus 102 is ad-
vanced into a vascular passage 104. The vascular pas-
sage 104 represents fluid filled or surrounded structures,
both natural and man-made, within a living body that may
be imaged and can include for example, but without lim-
itation, structures such as: organs including the liver,
heart, kidneys, as well as valves within the blood or other
systems of the body. In addition to imaging natural struc-
tures, the images may also include man-made structures
such as, but without limitation, heart valves, stents,
shunts, filters and other devices positioned within the
body. The measurement apparatus 102 includes one or
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more sensors 106 disposed along the length of the ap-
paratus 102 to collect diagnostic data regarding the vas-
cular pathway 104. In various embodiments, the one or
more sensors 106 correspond to sensing modalities such
as IVUS imaging, pressure, flow, OCT imaging, trans-
esophageal echocardiography, temperature, other suit-
able modalities, and/or combinations thereof.

[0021] In the exemplary embodiment of Fig. 1A, the
measurement apparatus 102 includes a solid-state IVUS
device, and the sensors 106 include one or more IVUS
ultrasound transducers and/or photoacoustic transduc-
ers and associated control. As used herein, a "photoa-
coustic transducer"” includes at least a sensor configured
to detect photoacoustic waves generated as a result of
the interaction of optical pulses with tissue. In one em-
bodiment, a photoacoustic transducer utilizes the same
ultrasound detection mechanism as an IVUS ultrasound
transducer. In some implementations, a single transduc-
er can serve as both an IVUS transducer and a photoa-
coustic transducer. In another embodiment, a photoa-
coustic transducer uses a dedicated photoacoustic wave
detection mechanism distinct from that of an IVUS ultra-
sound transducer. In another embodiment, a photoa-
coustic transducer uses a dedicated photoacoustic wave
detection mechanism distinct from that of an IVUS ultra-
sound transducer. The system of Fig. 1A may include
aspects of phased-array IVUS devices, systems, and
methods associated with the Eagle Eye® Platinum cath-
eter available from Volcano Corporation as well as those
described in U.S. Patent No. 7,846,101 and/or U.S. Pat-
ent Application No. 14/812,792, filed July 29, 2015.
[0022] The sensors 106 may be arranged around the
circumference of the measurement apparatus 102 and
positioned to emit ultrasound energy radially 110 in order
to obtain a cross-sectional representation of the vascular
pathway 104 and the surrounding anatomy. When the
sensors 106 are positioned near the area to be imaged,
the control circuitry selects one or more IVUS transduc-
ers to transmit an ultrasound pulse that is reflected by
the vascular pathway 104 and the surrounding struc-
tures. The control circuitry also selects one or more trans-
ducers to receive the ultrasound echo signal. By stepping
through sequences of transmit-receive sets, the medical
sensing system 100 system can synthesize the effect of
a mechanically scanned transducer element without
moving parts.

[0023] In one embodiment, the sensors 106 are dis-
posed circumferentially around a distal portion of the
measurement apparatus 102. In another embodiment,
the sensors 106 are contained within the body of the
measurement apparatus 102. In other embodiments, the
sensors 106 are disposed radially across the measure-
ment apparatus 102, on a movable drive member con-
nected to the measurement apparatus 102, or on one or
more planar arrays connected to the measurement ap-
paratus 102.

[0024] In some embodiments, the processing engine
134, which may be included in the console 116, combines
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the imaging data acquired from both the IVUS and pho-
toacoustic modalities into a single visualization. This use
of both IVUS and photoacoustic modalities may provide
a number of advantages over traditional systems using
asingle modality. First, the addition of photoacoustic sen-
sors may allow for higher resolution mapping than tradi-
tional IVUS methods alone. Second, the combination of
IVUS and photoacoustic modalities may allow for faster
imaging speeds than OCT imaging or other methods.
Third, the combination may allow for two-dimensional
and/or three-dimensional imaging of the tissue surround-
ing vascular pathways. Fourth, the use of photoacoustic
imaging may expand the diagnostic scope of an IVUS
mapping procedure by including more of the surrounding
tissue. In particular, the combined IVUS and photoacous-
tic mapping can allow for detection of certain types of
cancers, tissue damage, and the mapping of multiple
vascular pathways without sacrificing the dependability
of ultrasound in detecting plaques, stenosis, and other
forms of vascular diseases. Fifth, combining these two
modalities may allow substantial costs savings because
existing IVUS systems may be adapted to mapping sys-
tems using both modalities. Sixth, due to the interaction
of optical pulses with tissue and the omni-directional
emission of photoacoustic waves from the tissue, an op-
tical pulse need not be emitted along the same axis as
the transducer. This allows for more flexibility in carrying
out combined photoacoustic and IVUS procedures, and
may allow for precise mapping procedures even along
deep or convoluted vascular pathways. Seventh, the
mapping capabilities of the present disclosure may be
integrated with some forms of laser therapy. For exam-
ple, diagnosis of diseases in tissue may be accomplished
using the optical emitter in diagnostic mode. After a di-
agnosis, the optical emitter can be switched to a treat-
ment mode. In this regard, the map of the vasculature
and surrounding tissue may be used to guide the appli-
cation of the treatment. After the optical treatment is fin-
ished, the optical emitter can be switched back to diag-
nostic mode to confirm treatment of the diseased portion
of tissue.

[0025] Sensordata may be transmitted via a cable 112
to a Patient Interface Module (PIM) 114 and to console
116, as well as to the processing engine 134 which may
be disposed within the console 116. Data from the one
or more sensors 106 may be received by a processing
engine 134 of the console 116. In other embodiments,
the processing engine 134 is physically separated from
the measurement apparatus 102 but in communication
with the measurement apparatus (e.g., via wireless com-
munications). In some embodiments, the processing en-
gine 134 is configured to control the sensors 106. Precise
timing of the transmission and reception of signals may
be used to map vascular pathways 104 in procedures
using both IVUS and photoacoustic modalities. In partic-
ular, some procedures may involve the activation of sen-
sors 106 to alternately transmit and receive signals. In
systems using one or more IVUS transducers that are
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configured to receive both photoacoustic and ultrasound
signals, the processing engine 134 may be configured
to control the state (e.g., send/receive) of one or more
transducers during the mapping of the vascular pathway
and surrounding tissue.

[0026] Moreover, in some embodiments, the process-
ing engine 134, PIM 114, and console 116 are collocated
and/or part of the same system, unit, chassis, or module.
Together the processing engine 134, PIM 114, and/or
console 116 assemble, process, and render the sensor
data for display as an image on a display 118. For ex-
ample, in various embodiments, the processing engine
134, PIM 114, and/or the console 116 generates control
signals to configure the sensor 106, generates signals
to activate the sensor 106, performs amplification, filter-
ing, and/or aggregating of sensor data, and formats the
sensor data as an image for display. The allocation of
these tasks and others can be distributed in various ways
between the processing engine 134, PIM 114, and the
console 116.

[0027] Sill referring to Fig. 1A, a pullback device 138
may be connected to the measurement apparatus 102.
In some embodiments, the pullback device 138 is con-
figured to pull a measurement apparatus 102 through a
vascular pathway 104. The pullback device 138 may be
configured to pull the measurement apparatus at one or
more fixed velocities and/or fixed distances. In other in-
stances, the pullback device 138 may be configured to
pull the measurement apparatus at variable speeds
and/or variable distances. The pullback device 138 may
be selectively connected to the measurement apparatus
102 by mechanical connections such as male/female
plug interactions, mechanical couplings, fasteners,
and/or combinations thereof. Further, in some instances
the pullback device 138 may be mechanically coupled
and/or integrated with the PIM 114. In such instances,
connection of the measurement apparatus 102 to the PIM
114 can couple the pullback device 138 to the measure-
ment apparatus 102. The pullback device 138 may be
slid across a cable, track, wire, or ribbon. In some em-
bodiments, the pullback device 138 is in communication
with one or more of a processing engine 134, a PIM 114,
or a console 116. Furthermore, the pullback device 138
may be controlled by signals sent through a processing
engine 134, a PIM 114, or a console 116. The pullback
device 138 may also be placed in communication with
another motivation device such as an actuator to drive
an external optical emitter. In some embodiments, an
actuator is synched with the pullback device 138 to syn-
chronously move an external optical emitter and a meas-
urement apparatus 102.

[0028] In addition to various sensors 106, the meas-
urement apparatus 102 may include a guide wire exit
port 120 as shown in Fig. 1A. The guide wire exit port
120 allows a guide wire 122 to be inserted towards the
distal end in order to direct the member 102 through a
vascular structure (i.e., the vascular pathway) 104. Ac-
cordingly, in some instances the measurement appara-
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tus 102 is a rapid-exchange catheter. Additionally or in
the alternative, the measurement apparatus 102 can be
advanced through the vascular pathway 104 inside a
guide catheter 124. In an embodiment, the measurement
apparatus 102 includes an inflatable balloon portion 126
near the distal tip. The balloon portion 126 is open to a
lumen that travels along the length of the IVUS device
and ends in an inflation port (not shown). The balloon
126 may be selectively inflated and deflated via the in-
flation port. In other embodiments, the measurement ap-
paratus 102 does not include balloon portion 126.
[0029] Fig. 1B is a schematic view of a system that
includes an alternative measurement apparatus 102 ac-
cording to some embodiments of the present disclosure.
The measurement apparatus 102 of Fig. 1B is typical of
a rotational device such as a rotational IVUS ultrasound
system and the one or more sensors 106 include one or
more IVUS transducers arranged to emit ultrasound en-
ergy in a radial direction 110, as well as one or more
photoacoustic transducers. Again, a single transducer
may serve as both an IVUS transducer and a photoa-
coustic transducer. In such an embodiment, the one or
more sensors 106 may be mechanically rotated around
a longitudinal axis of the measurement apparatus 102 to
obtain a cross-sectional representation of the vascular
pathway 104. The system of Fig. 1B may include aspects
of rotational IVUS devices, systems, and methods asso-
ciated with the Revolution® catheter available from Vol-
cano Corporation as well as those described in U.S. Pat-
ent Nos. 5,243,988, 5,546,948, and 8,104,479 and/or
U.S. Patent Application No. 14/837,829, filed August 27,
2015.

[0030] Fig. 1C and 1D show alternative sensor arrays
128 that may be used in conjunction with the measure-
ment apparatus 102 according to some embodiments of
the presentdisclosure. In particular, the sensor array 128
may include one or more sensors 106 and emitters in-
cluding IVUS transducers, IVUS emitters, photoacoustic
transducers, and optical emitters. In Fig. 1C, the sensor
array 128 is disposed around the circumference of the
measurement apparatus 102. Sensors 106 of two more
different types are placed in the sensor array 128. In par-
ticular, sensors of a first type 130 are placed in the sensor
array 128 with sensors of a second type 132. In the ex-
ample of Fig. 1C, the sensors of the first and second
types 130, 132 are disposed on the array 128 in an al-
ternating manner. In some embodiments, sensors of the
firstand second types 130, 132 are disposed on the array
128 in a checkerboard configuration such that individual
sensors of the first type 130 are not adjacent to each
other. Additionally, sensors of the first and second types
130, 132 may take up roughly equal proportions of the
area of the array 128. Although they appear as square
or rectangular in the example of Fig. 1C, sensors of the
first and second types 130, 132 may have circular, ellip-
tical, polygonal, or other shapes. Sensors of the first and
second types 130, 132 may be spaced across the meas-
urement apparatus 120 or they may be placed flush
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against each other.

[0031] In the example of Fig. 1D, a sensor array 128
is shown with sensors of two or more different types 130,
132 disposed in alternating rows. These rows may be
disposed radially and may extend part way or completely
around the measurement apparatus 102. In some em-
bodiments, rows of sensors placed in a staggered for-
mation such that the ends of individual rows are not co-
terminus. In some embodiments, rows of sensors are
placed adjacent to each other with no space in between.
Alternatively, rows of sensors are spaced across the
measurement apparatus 102 with space therebetween.
In some cases, 2, 3, 4, or 5 rows of alternating sensors
are disposed on the measurement apparatus 102. As
discussed above, the array 128 may be configured to
rotate around an axis of the measurement apparatus 102.
[0032] Fig. 2 is a diagrammatic, perspective view of a
vascular pathway 104 and surrounding tissue 210 with
a measurement apparatus 102 such as that depicted in
Figs. 1A-1D disposed within the vascular pathway 104.
An optical emitter 220 is also shown emitting an optical
pulse 230 toward an area of interest within the tissue. In
some embodiments, the area of interest includes part of
a vascular pathway 104 as well as adjacent tissue. In
some embodiments, the optical emitter 220 is a laser
source that emits short laser pulses toward the area of
interest. These laser pulses interact with the tissue 210
at a focus 242, generating a series of photoacoustic
waves 240 that propagate through the tissue 210 and
the vascular pathway 104. The photoacoustic waves 240
are received by the sensors 106 connected to the meas-
urement apparatus 102. The sensors 106 may also im-
age and/or map the vascular pathway 104 independently
of the photoacoustic waves 240 by transmitting ultra-
sound signals toward the vascular pathway walls and
receiving the corresponding reflected ultrasound echo
signals.

[0033] An operator may move the measurement ap-
paratus 102 through the vascular pathway 104 to image
and/or map the vascular pathways 104. In some cases,
the optical emitter 220 is configured to emit optical pulses
230 toward the sensors 106 of the measurement appa-
ratus. The optical emitter 220 may also be moved exter-
nally in a way that corresponds to the movements of the
measurement apparatus 102 so that the measurement
apparatus 102 receives photoacoustic waves along the
length of the vascular pathway 104. In some embodi-
ments, the optical emitter 220 is moved at a similar speed
and direction as the measurement apparatus 102. In
some embodiments, the measurement apparatus 102 is
moved by a pullback device 138 that is attached to an
end of the measurement apparatus. This pullback device
may be the pullback device 138 of Figs. 1A and 1B.
[0034] In some embodiments, an actuator 232 is con-
nected to the optical emitter 220 by a connector 250. In
some cases, this actuator 232 may be a pullback device,
and the connector 250 may be a fastening device. In
other cases, the connector 250 is a rigid device such as
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a rigid elongate member, such as arod, bar, frame, etc.
The connector 250 may be selectively coupled to the
optical emitter 220 and actuator 232 by mechanical con-
nections such as male/female plug interactions, mechan-
ical couplings, fasteners, and/or combinations thereof.
Alternatively, the connector 250 may be permanently at-
tached and/or integrally formed with one or more of the
actuator 232 and/or the optical emitter 220. The actuator
232 may be mechanically coupled to the pullback device
138 so that the actuator 232 and pullback device 138
move with corresponding movements. In some embod-
iments, the actuator 232 is configured to travel with the
optical emitter 220. Additionally, the actuator 232 and
optical emitter 220 may be configured to travel along a
track, frame, or wire disposed outside the patient’s body.
[0035] The actuator 232 and pullback device 138 (con-
nected to the measurement apparatus 102) may be
synched together to move the optical emitter 220 and
measurement apparatus 106 together. In some cases,
the actuator 232 and pullback device 138 are in commu-
nication with a control device. This control device may
send the actuator 232 and pullback device 138 signals
to synchronize their movements. Alternatively, the actu-
ator 232 and pullback device 138 communicate directly
to one another to provide for synchronized movements
of the optical emitter 220 and measurement apparatus
102. Synchronous movements may describe two or more
objects moving in an identical direction with the same
velocity. However, synchronous movements may also
describe two or more objects moving in a corresponding
manner, while not in an identical direction or with the
same velocity. In some cases, corresponding motions
can be applied to objects to move them together in some
way. For example, a measurement apparatus 102 may
be moved through a convoluted vascular pathway while
an external optical emitter 220 is moved linearly along
the outside of a patient’s body. In this case, the motions
of the measurement apparatus 102 and optical emitter
220 correspond but are not identical. The measurement
apparatus 102 and optical emitter 220 may travel in dif-
ferentdirections and at different velocities while still being
synchronized. In some embodiments, movements be-
tween the optical emitter 220 and the measurement ap-
paratus 102 allow the measurement apparatus 102 to
receive photoacoustic waves along a mapping route
through a vascular pathway. In some embodiments, the
measurement apparatus 102 and optical emitter 220 are
moved so that they stay within an operable zone. More
specifically, the operable zone may be defined asan area
where sound waves 240 created as a result of the optical
pulses 230 may be received by the sensors 106 of the
measurement device 102. Synchronized movements will
be explained further in reference to Figs. 3-5.

[0036] In some cases, the distance that an optical
pulse 230 travels through tissue may be controlled by
varying the frequency and length of the pulse. In the ex-
ample of Fig. 2, the optical emitter 220 may be controlled
to produce optical pulses 230 that penetrate tissue 210
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at different depths 244. Control over the penetration
depth of optical pulses 230 may allow an operator to
achieve a more complete map of a vascular pathway and
surrounding tissue.

[0037] Fig. 3 depicts a measurement apparatus 102
disposed within a vascular pathway 104 and an external
optical emitter220. The measurementapparatus 102 can
include one or more sensors 106. In some cases, the
sensors 106 rotate around the longitudinal axis of the
measurement apparatus 102. An actuator 232 may be
connected to and operative to move the optical emitter
220. A pullback device 138 may be connected to and
operative to move the measurement apparatus 102. The
actuator 232 and pullback device 138 may be in commu-
nication, as depicted by the dotted line 234. As discussed
above, the actuator 232 and the pullback device 138 may
be connected through an external control device, such
as a processing engine 134, a PIM 114, or a console
116. Additionally or alternatively, the actuator 232 and
the pullback device 138 may be in direct communication.
The movements of the optical emitter 220 and measure-
ment apparatus 102 may be synchronized. In the exam-
ple of Fig. 3, the optical emitter 220 and the measurement
apparatus 102 are placed at first position 304a and first
position 302a, respectively. The actuator 232 drives the
optical emitter 220 to second position 304b along the
direction of travel 310a while the pullback device 138
moves the measurement apparatus 102 to second posi-
tion 302b along the direction of travel 310b. In this case,
direction 310a is equivalent to direction 310b due to the
relatively straight vascular pathway 104 through which
the measurement apparatus 102 travels. In some cases,
the movement of the optical emitter 220 and the meas-
urement apparatus 102 may occur at the same time. It
is noted that photoacoustic waves 240 reach the sensor
array 106 connected to the measurement apparatus 102
at the first position 302a and the second position 302b
as well as intermediate positions therebetween.

[0038] Fig. 4 depicts a measurement apparatus 102
disposed within a convoluted vascular pathway and an
external optical emitter 220. The optical emitter 220 and
measurement apparatus 102 are moved synchronously.
In the example of Fig. 4, the synchronized movements
of the optical emitter 220 and the measurement appara-
tus 102 are operable to allow photoacoustic waves to
reach the optical emitter 220 at different locations along
the vascular pathway. In particular, the actuator 232
drives the optical emitter 220 from first position 404a to
second position 404b along the direction of travel 410a
while the pullback device 138 moves the measurement
apparatus 102 from first position 402a to second position
402b along the direction of travel 410b. In this case, unlike
the example of Fig. 3, the direction of travel 410a of the
optical emitter 220 is not exactly the same as the direction
of travel 410b of the measurement apparatus 102. In par-
ticular, the direction of travel 410b of the measurement
apparatus 102 is arcuate and longer than the direction
of travel 410a due to the curves of the vascular pathway
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104 that the measurement apparatus 102 must accom-
modate. Furthermore, the optical emitter 220 can travel
at a lower velocity along the direction of travel 410a than
the velocity at which the measurement apparatus 102
travels along the direction of travel 410b to account for
the difference in path length. Itis noted thatin the example
of Fig. 4, as in Fig. 3, photoacoustic waves 240 reach
the sensor array 106 connected to the measurement ap-
paratus 102 at the first position 402a and the second
position 402b as well as intermediate positions therebe-
tween. In particular, the velocity and direction at which
the optical emitter 220 and the measurement apparatus
102 travel is operable to allow the measurement appa-
ratus 102 to receive photoacoustic waves 240 along the
mapping route.

[0039] Fig. 5 depicts a measurement apparatus 102
disposed within a vascular pathway 104 and an external
optical emitter 220. The optical emitter 220 and the meas-
urement apparatus 102 are moved synchronously. In this
example, the optical emitter 220 travels along an arcuate
path revolving around a section of the body. In particular,
the actuator 232 drives the optical emitter 220 from first
position 504a to second position 504b along the arcuate
direction of travel 510a while the pullback device 138
moves the measurement apparatus 102 from first posi-
tion 502a to second position 502b along the direction of
travel 510b. In the example of Fig. 5, the velocity and
direction of travel 510a of the optical emitter 220 is not
equivalent to the velocity and direction of travel 501b of
the measurement apparatus 102. In particular, the arcu-
ate direction of travel 510a is longer than the direction of
travel 510b. Furthermore, the optical emitter 220 can
travel along direction 510a at a higher velocity than the
measurement apparatus 102 (which travels along direc-
tion 510b) to account for the difference in path length. An
x-component 510c of the movement vector of the optical
emitter 220 is depicted in Fig. 5 as being equivalent to
the movement vector of the measurement apparatus
102. In some cases, the velocity of the optical emitter
220 in the direction of the x-component 510c is equal to
the velocity of the measurement apparatus 102 in the
direction 510b.

[0040] In the example of Fig. 5, the actuator 232 con-
nected to the optical emitter 220 moves with the optical
emitter 220. In some embodiments, the actuator 232 has
a rigid connection to the optical emitter 220 and travels
along a track or wire with the optical emitter 220. In other
embodiments, the actuator 232 does not travel with the
optical emitter 220 and may remain static during an op-
eration. In some cases, one or more sensors 106 are
configured or rotate around the measurement apparatus
102 in such a way so that the one or more sensors 106
face the optical emitter 220 at all times. Alternatively, the
one or more sensors 106 are disposed circumferentially
around the measurement 102 and do not rotate inde-
pendently.

[0041] Fig. 6 is a flow chart showing a method 600 of
mapping an area of interest using both photoacoustic
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and IVUS modalities. It is understood that additional
steps can be provided before, during, and after the steps
of method 600, and that some of the steps described can
be replaced or eliminated for other embodiments of the
method. In particular, steps 604, 606, 608, and 610 may
be performed simultaneously or in various sequences as
discussed below.

[0042] At step 602, the method 600 can include acti-
vating an external laser source. This laser source may
be the optical emitter 220 of Figs. 2-5. In some cases,
the external laser source is activated by a communication
system by means of an electronic or optical signal. This
signal may be sent wirelessly, and the external laser
source may be equipped with a wireless signal receiver.
[0043] At step 604, the method 600 can include focus-
ing a laser pulse on tissue in a region of interest having
ameasurement device with a sensor array including sen-
sors of two or more types. In some embodiments, the
region of interest includes a portion of tissue including a
portion of at least one vascular pathway 104. The meas-
urement device may be disposed within the vascular
pathway 104. The region of interest may be chosen
based on a suspected or diagnosed problem in the tissue,
orbased on the proximity of a region of tissue to problems
within a vascular pathway 104. In other embodiments,
the region of interest is part of a more general mapping
plan. For example, a mapping plan for a section of a
vascular pathway 104 may involve the mapping of tissue
surrounding the vascular pathway 104 along its length.
The interaction of the emitted laser pulse and tissue in
the region of interest may create a number of photoa-
coustic waves 240 that emanate from the tissue.

[0044] In some embodiments, the measurement de-
vice is the measurement apparatus 102 depicted in Figs.
1A-1D or 2-5. The sensor array may be any of the sensor
arrays 128 depicted in Figs. 1C or 1D. In some embod-
iments, the sensors may be sensors 106 such as those
depicted in Figs. 1A-1D or 2-5, and can include IVUS
transducers, photoacoustic transducers, optical emit-
ters, and optical receivers. In some embodiments, the
sensor array does not rotate as it travels through the vas-
cular pathway 104. In other embodiments, the sensor
array rotates around a transverse axis of the measure-
ment device. The sensor array may be disposed on a
revolving portion of the measurement device. In some
embodiments, the sensors are disposed circumferential-
ly around the measurement device.

[0045] Atstep 606, the method 600 caninclude receiv-
ing sound waves generated by the interaction of the laser
pulse and tissue with the sensors. In some cases, the
sensors can function with the traditional IVUS function-
ality to receive ultrasound waves. In other cases, some
or all of the sensors are dedicated to receive photoacous-
tic waves. In some embodiments, the sensors are con-
trolled by a communication system 250 like that depicted
in Figs. 3 and 4. In another embodiment, a processing
engine 134 or a PIM 114 may control the sensors on the
sensor array 128. Signals may be sent from processing
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engine 134 or the PIM 114 to the sensors via connector
234, causing the sensors to receive diagnostic informa-
tion such as sound waves, ultrasound signals, and ultra-
sound echo signals.

[0046] At step 608, the method 600 can include trans-
mitting ultrasound signals into the vascular pathway 104
with the sensors. Ultrasound signals may be transmitted
toward the walls of the vascular pathway 104 and may
be deflected off the walls of the vascular pathway 104
and propagate through the vascular pathway 104 as ul-
trasound echo signals.

[0047] Atstep610,the method 600 can include receiv-
ing the ultrasound echo signals with the sensors. In some
embodiments, the sensors may be operable to receive
sound waves as well as ultrasound signals. The sensors
of step 608 and the sensors of step 610 may be combined
in a single sensor, or alternatively, the sensors may be
separate.

[0048] At step 612, the method 600 includes synching
a laser source actuator with a pullback device. The laser
source actuator may be the actuator 232 of Figs. 2-5,
and the pullback device may be the pullback device 138
of Figs. 1A, 1B, and 2-5. In some embodiments, the laser
source actuator is connected to and operable to move
the external laser source and the pullback device is con-
nected to and operable to move the measurement de-
vice. Step 612 may include placing the laser source ac-
tuator and the pullback device in communication. Addi-
tionally or alternatively, the laser source actuator and the
pullback device are controlled via signals sent from a
control device.

[0049] At step 614, the method 600 includes moving
the laser source and the measurement device synchro-
nously. In some embodiments, the laser source and the
measurement device are moved relative to each other
such that photoacoustic waves reach the photoacoustic
sensor at different locations along a mapping route. In
some cases, the laser source is moved at the same ve-
locity and direction of travel as the measurement device.
In other cases, the laser source is moved at a different
velocity and direction of travel as the measurement de-
vice, such as the case where the measurement device
is moved along a convoluted path. The laser source and
the measurement device may be moved so that they stay
within a zone such that sound waves produced by the
laser source may be received by the measurement de-
vice.

[0050] Steps 604, 606,608,610,612, and 614 may be
coordinated in the method 600 and occur in various or-
ders based on the desired outcome of a medical proce-
dure. For example, transmission of ultrasound signals
and reception of ultrasound echo signals can occur at
regular intervals throughout the method 600, while re-
ception of photoacoustic waves may occur sporadically.
This may be the case in a medical procedure to map a
vascular pathway 104 and spot-check trouble areas of
tissue surrounding sections of the vascular pathway 104.
Furthermore, the steps 612 and 614 may occur during
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various orders of steps 604, 606, 608, and 610. For ex-
ample, the laser source and the measurement device
may be moved during the transmission and reception of
signals. In some embodiments, steps 604, 606, 608, and
610 may be performed successively. For example, steps
604, 606, 608, and 610 may be performed successively
before proceeding to the next step to avoid signal noise
and allow for adequate signal processing. This may be
the case when method 600 is used in a system where a
photoacoustic sensor and an ultrasound transducer are
each included in a transducer array. Furthermore, the
steps of method 600 may be interleaved in various or-
ders.

[0051] At step 616, the method 600 can include pro-
ducing an image of the region of interest, including the
vascular pathway 104 and surrounding tissue, based on
the sound waves and the ultrasound echo signals. In
some embodiments, a processing engine (such as the
processing engine 134 of Fig. 1A) in communication with
the sensors produces the image of the region of interest.
This image can include both two-dimensional and three-
dimensional images based on the received sensor data.
In some cases, the image includes a number of two-di-
mensional cross sections of the vascular pathway 104
and surrounding tissue.

[0052] Atstep 618, the method 600 includes outputting
the image of the region of interest to a display 118. This
display 118 can include a computer monitor, a screen on
a patient interface module (PIM) 114 or console 116, or
other suitable device for receiving and displaying images.
[0053] In an exemplary embodiment within the scope
of the present disclosure, the method 600 repeats after
step 618, such that method flow goes back to step 602
and begins again. Iteration of the method 600 may be
utilized to map a vascular pathway and surrounding tis-
sue.

[0054] Persons skilled in the art will recognize that the
apparatus, systems, and methods described above can
be modified in various ways. Accordingly, persons of or-
dinary skill in the art will appreciate that the embodiments
encompassed by the present disclosure are not limited
to the particular exemplary embodiments described
above. In that regard, although illustrative embodiments
have been shown and described, a wide range of mod-
ification, change, and substitution is contemplated in the
foregoing disclosure. Itis understood that such variations
may be made to the foregoing without departing from the
scope of the present disclosure. Accordingly, it is appro-
priate that the appended claims be construed broadly
and in a manner consistent with the present disclosure.

Claims
1. A medical sensing system (100) for performing com-

bined photoacoustic and intravascular ultrasound
sensingin a body of a patient, the system comprising:
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an optical emitter (220) configured to emit optical
pulses (230) to tissue (210) of the patient in a
region of interest, wherein the optical emitter
(220) is connected to an actuator (232); and

a measurement apparatus (102) configured to
be placed within a vascular pathway (104) of the
patient in the region of interest; and

a pullback device (138), wherein the measure-
ment apparatus (102) is connected to the pull-
back device (138);

wherein the measurement apparatus (102)
comprises at least one ultrasound transducer
(106) configured to transmit ultrasound signals
and receive ultrasound echo signals based on
the transmitted ultrasound signals, and wherein
i) the at least one ultrasound transducer (106)
is further configured to receive sound waves
generated by the tissue as a result of interaction
of the optical pulses with the tissue, or wherein
ii) the measurement apparatus (102) further
comprises at least one photoacoustic transduc-
er (106) configured to receive sound waves gen-
erated by the tissue as a result of interaction of
the optical pulses with the tissue;

wherein the optical emitter (220) is disposed out-
side the body of the patient and is configured to
emit the optical pulses (230) toward the at least
one ultrasound transducer (106) or the at least
one photoacoustic transducer (106) respective-
ly;

wherein the actuator (232) and the pullback de-
vice (138) are configured to coordinate move-
ments of the optical emitter (220) and the meas-
urement apparatus (102).

2. Themedical sensing system (100) of claim 1, where-
inthe measurementapparatus (102)is configured to:

receive sound waves generated by the tissue
as a result of interaction of the optical pulses
with the tissue;

transmit ultrasound signals; and

receive ultrasound echo signals based on the
transmitted ultrasound signals.

3. The medical sensing system (100) of claim 2, further
comprising a processing engine in communication
with the measurement apparatus (102), the process-
ing engine operable to produce an image of the re-
gion of interest based on the received sound waves
and the received ultrasound echo signals.

4. The medical sensing system (100) of claim 3, further
comprising a display in communication with the
processing engine, the display configured to visually
display the image of the region of interest.

5. Themedical sensing system (100) of claim 1, where-
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in the actuator (232) is in communication with the
pullback device (138).

The medical sensing system (100) of claim 1, where-
in the actuator (232) and pullback device (138) move
the optical emitter (220) and the measurement ap-
paratus (102) together.

The medical sensing system (100) of claim 6, where-
in the actuator (232) and pullback device (138) move
the optical emitter (220) and the measurement ap-
paratus (102) together with synchronized move-
ments.

The medical sensing system (100) of claim 1, further
comprising a controller operable to control the actu-
ator (232) and the pullback device (138).

The medical sensing system (100) of claim 8, where-
in the controller is further operable to synchronize
movements of the optical emitter (220) and the
measurement apparatus (102).

The medical sensing system (100) of claim 1, where-
in the at least one photoacoustic transducer (106)
and the atleast ultrasound transducer (106) are con-
figured to alternate in receiving sound waves and
ultrasound echo signals.

The medical sensing system (100) of claim 1, where-
in the at least one photoacoustic transducer (106) is
disposed circumferentially around a distal portion of
the measurement apparatus (102).

The medical sensing system (100) of claim 1, where-
in the at least one photoacoustic transducer (106) is
coupled to adrive member thatis configured to rotate
the at least one photoacoustic transducer (106)
around a longitudinal axis of the measurement ap-
paratus (102).

Patentanspriiche

1.

Medizinisches Erfassungssystem (100) zum Aus-
fihren kombinierter fotoakustischer und intravasku-
larer Ultraschallerfassung in einem Korper eines Pa-
tienten, wobei das System Folgendes umfasst:s
einen optischen Sender (220), der konfiguriert ist,
um optische Impulse (230) zu Gewebe (210) des
Patienten in einem Interessensbereich auszugeben,
wobei der optische Sender (220) mit einem Aktuator
(232) verbunden ist; und

ein Messgerat (102), das konfiguriert ist, um inner-
halb eines vaskularen Wegs (104) des Patienten in
dem Interessensbereich platziert zu sein; und

eine Rickzugvorrichtung (138), wobei das Messge-
rat (102) mit der Riickzugvorrichtung (138) verbun-
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den ist;

wobei das Messgerat (102) mindestens einen Ultra-
schalltransducer (106) umfasst, der konfiguriert ist,
um Ultraschallsignale zu tbertragen und Ultraschal-
lechosignale basierend auf den Ubertragenen Ultra-
schallsignalen zu empfangen, und wobei i) der min-
destens eine Ultraschalltransducer (106) weiter kon-
figuriert ist, um Schallwellen zu empfangen, die von
dem Gewebe als ein Wechselwirkungsresultat der
optischen Impulse mitdem Gewebe erzeugt werden,
oder wobei ii) das Messgerat (102) weiter mindes-
tens einen fotoakustischen Transducer (106) um-
fasst, der konfiguriert ist, um Schallwellen zu emp-
fangen, die von dem Gewebe als ein Wechselwir-
kungsresultat der optischen Impulse mit dem Gewe-
be erzeugt werden;

wobei der optische Sender (220) auRerhalb des Kor-
pers des Patienten angeordnet und konfiguriert ist,
um die optischen Impulse (230) zu jeweils dem min-
destens einen Ultraschalltransducer (106) oder dem
mindestens einen fotoakustischen Transducer (106)
abzugeben;

wobei der Aktuator (232) und die Riickzugvorrich-
tung (138) konfiguriert sind, um Bewegungen des
optischen Senders (220) und des Messgeréats (102)
zu koordinieren.

Medizinisches Erfassungssystem (100) nach An-
spruch 1, wobei das Messgerat (102) konfiguriert ist,
um:

Schallwellen zu empfangen, die von dem Ge-
webe als ein Wechselwirkungsresultat mit dem
Gewebe erzeugt werden;

Ultraschallsignale zu tbertragen; und
Ultraschallechosignale basierend auf den tber-
tragenen Ultraschallsignalen zu empfangen.

Medizinisches Erfassungssystem (100) nach An-
spruch 2, das weiter eine Verarbeitungsmaschine in
Kommunikation mit dem Messgerat (102) umfasst,
wobei die Verarbeitungsmaschine betatigbar ist, um
ein Bild des Interessensbereichs basierend auf den
empfangenen Schallwellen und den empfangenen
Ultraschallechosignalen zu erzeugen.

Medizinisches Erfassungssystem (100) nach An-
spruch 3, das weiter ein Display in Kommunikation
mit der Verarbeitungsmaschine umfasst, wobei das
Display konfiguriertist, um das Bild des Interessens-
bereichs visuell anzuzeigen.

Medizinisches Erfassungssystem (100) nach An-
spruch 1, wobei der Aktuator (232) mit der Riickzug-
vorrichtung (138) in Verbindung steht.

Medizinisches Erfassungssystem (100) nach An-
spruch 1, wobei der Aktuator (232) und die Riick-
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zugvorrichtung (138) den optischen Sender (220)
und das Messgerat (102) gemeinsam bewegen.

Medizinisches Erfassungssystem (100) nach An-
spruch 6, wobei der Aktuator (232) und die Rick-
zugvorrichtung (138) den optischen Sender (220)
und das Messgerat (102) gemeinsam mit synchro-
nisierten Bewegungen bewegen.

Medizinisches Erfassungssystem (100) nach An-
spruch 1,das weiter eine Steuervorrichtung umfasst,
die betreibbar ist, um den Aktuator (232) und die
Ruckzugvorrichtung (138) zu steuern.

Medizinisches Erfassungssystem (100) nach An-
spruch 8, wobei die Steuervorrichtung weiter be-
treibbar ist, um Bewegungen des optischen Senders
(220) und des Messgerats (102) zu synchronisieren.

Medizinisches Erfassungssystem (100) nach An-
spruch 1, wobei der mindestens eine fotoakustische
Transducer (106) und der mindestens eine Ultra-
schalltransducer (106) konfiguriert sind, um sich
beim Empfangen von Schallwellen und Ultraschal-
lechosignalen abzuwechseln.

Medizinisches Erfassungssystem (100) nach An-
spruch 1, wobei der mindestens eine fotoakustische
Transducer (106) umfanglich um einen distalen Ab-
schnitt des Messgerats (102) angeordnet ist.

Medizinisches Erfassungssystem (100) nach An-
spruch 1, wobei der mindestens eine fotoakustische
Transducer (106) miteinem Antriebselement gekop-
peltist, das konfiguriertist, um den mindestens einen
fotoakustischen Transducer (106) um eine Langs-
achse des Messgerats (102) zu drehen.

Revendications

Systeme de détection médicale (100) destiné a réa-
liser une détection photoacoustique et intravasculai-
re a ultrasons combinée dans le corps d’un patient,
le systéme comprenant :

un émetteur optique (220) configuré pour émet-
tre des impulsions optiques (230) sur des tissus
(210) du patient dans une zone d’intérét, dans
lequel I'émetteur optique (220) est relié a un ac-
tionneur (232) ; et

un appareil de mesure (102) configuré pour étre
placé dans une voie vasculaire (104) du patient
dans la zone d’'intérét ; et

un dispositif de retrait (138), dans lequel I'appa-
reil de mesure (102) est relié au dispositif de
retrait (138) ;

dans lequel I'appareil de mesure (102) com-
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prend au moins un transducteur a ultrasons
(106) configuré pour envoyer des signaux ultra-
sonores et recevoir des signaux d’écho ultraso-
nores basés sur les signaux ultrasonores en-
voyeés, et dans lequel i) I'au moins un transduc-
teur a ultrasons (106) est configuré en outre pour
recevoir des ondes sonores produites par les
tissus a la suite d’'une interaction entre les im-
pulsions optiques et les tissus, ou dans lequel
ii) 'appareil de mesure (102) comprend en outre
au moins un transducteur photoacoustique
(106) configuré pour recevoir des ondes sono-
res produites par les tissus a la suite d’'une in-
teraction entre les impulsions optiques et les
tissus ;

dans lequel 'émetteur optique (220) est disposé
a I'extérieur du corps du patient et est configuré
pour émettre des impulsions optiques (230)
vers, respectivement, I'au moins un transduc-
teur a ultrasons (106) ou I'au moins un trans-
ducteur photoacoustique (106) ;

dans lequel I'actionneur (232) et le dispositif de
retrait (138) sont configurés pour coordonnerles
mouvements de I'émetteur optique (220) et I'ap-
pareil de mesure (102).

2. Systeme de détection médicale (100) selon lareven-

dication 1, dans lequel I'appareil de mesure (102)
est configuré pour :

recevoir des ondes sonores produites par les
tissus a la suite d’'une interaction entre les im-
pulsions optiques et les tissus ;

envoyer des signaux ultrasonores ; et

recevoir des signaux d’écho ultrasonores basés
sur les signaux ultrasonores regus.

Systéme de détection médicale (100) selon lareven-
dication 2, comprenant en outre un moteur de trai-
tement en communication avec I'appareil de mesure
(102), le moteur de traitement étant congu pour créer
une image de lazone d’intérét en fonction des ondes
sonores regues et des signaux d’écho ultrasonores
regus.

Systéme de détection médicale (100) selon lareven-
dication 3, comprenant en outre un dispositif d’affi-
chage en communication avec le moteur de traite-
ment, le dispositif d’affichage étant configuré pour
afficher visuellement I'image de la zone d’intérét.

Systéme de détection médicale (100) selon lareven-
dication 1, danslequel I'actionneur (232) est en com-
munication avec le dispositif de retrait (138).

Systéme de détection médicale (100) selonlareven-
dication 1, dans lequel I'actionneur (232) et le dis-
positif de retrait (138) déplacentensemble I'émetteur
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optique (220) et 'appareil de mesure (102).

Systeme de détection médicale (100) selon lareven-
dication 6, dans lequel I'actionneur (232) et le dis-
positif de retrait (138) déplacentensemble I'émetteur
optique (220) et 'appareil de mesure avec des mou-
vements synchronisés.

Systeme de détection médicale (100) selon lareven-
dication 1, comprenant en outre un dispositif de com-
mande congu pour commander I'actionneur (232) et
le dispositif de retrait (138).

Systeme de détection médicale (100) selon lareven-
dication 8, dans lequel le dispositif de commande
est congu en outre pour synchroniser les mouve-
ments de I'émetteur optique (220) et I'appareil de
mesure (102).

Systeme de détection médicale (100) selon lareven-
dication 1, dans lequel I'au moins un transducteur
photoacoustique (106) et I'au moins un transducteur
a ultrasons (106) sont configurés pour recevoir al-
ternativement des ondes sonores et des signaux
d’écho ultrasonores.

Systeme de détection médicale (100) selon lareven-
dication 1, dans lequel I'au moins un transducteur
photoacoustique (106) est disposé de maniére cir-
conférentielle atour d’'une partie distale de I'appareil
de mesure (102).

Systeme de détection médicale (100) selon lareven-
dication 1, dans lequel I'au moins un transducteur
photoacoustique (106) est couplé a un élémentd’en-
trailnement qui est configuré pour faire pivoter I'au
moins un transducteur photoacoustique (106) autour
d’'un axe longitudinal de I'appareil de mesure (102).
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