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Description

Field of the Invention

[0001] The present invention relates generally to
medical devices for detecting cardiac disease. More
particularly, the present invention relates to medical de-
vices for detecting vulnerable plaque within a blood ves-
sel.

Background of the Invention

[0002] Therapy modalities for heart disease have tra-
ditionally focused on treating blood vessels which have
become occluded (blocked) or stenotic (narrowed) by
calcified plaque deposits. Blood vessels which have be-
come occluded or stenotic in this manner may interrupt
the blood flow which supplies oxygen to the heart mus-
cle. Occluded or stenotic blood vessels may be treated
with a number of medical procedures including angi-
oplasty and atherectomy. Angioplasty techniques such
as percutaneous transluminal angioplasty (PTA) and
percutaneous transluminal coronary angioplasty (PT-
CA) are relatively non-invasive methods of treating re-
strictions in blood vessels. In these procedures, a bal-
loon catheter is advanced over a guidewire until the bal-
loon is positioned proximate to a restriction in a diseased
vessel. The balloon is then inflated and the restriction in
the vessel is stretched. During an atherectomy proce-
dure, the stenotic lesion is mechanically cut or abraded
away from the blood vessel wall using an atherectomy
catheter.

[0003] Calcified plaque deposits typically comprise
hard materials. But, plaque may also comprise soft ma-
terials or combinations of soft and hard materials. Soft
plaque typically comprises deposits of cholesterol and
other fats which build up within the blood vessels as a
patient ages. The build up of plaque in the blood vessels
is sometimes referred to as atherosclerosis, or harden-
ing of the arteries.

[0004] Atherosclerosis often begins as a small injury
to an artery wall. This injury triggers a cascade of injury
and response, inflammation, and healing, which may ul-
timately lead to the narrowing of the artery. As the
atherosclerotic plague worsens, inflammatory cells, es-
pecially macrophages, collect, at the site to isolate, the
debris of the damaged tissue. The resultis a core of lipid,
macrophages or foam cells and nectrotic tissue, cov-
ered by a thin fibrous cap of scar tissue. If the fibrous
cap becomes weakened or is subjected to excessive
mechanical stress, it may rupture, exposing the throm-
bogenic damaged endothelium and metabolic byprod-
ucts to the blood stream. If the resulting blood clot is
severe enough, it may occlude the artery. If this obstruc-
tion persists in a coronary artery, a myocardial infarction
or angina may result.

[0005] Plaque deposits which are at risk of rupturing
are sometimes referred to as vulnerable plaque. Vulner-
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able plaque typically comprises a core of soft materials
covered with a fibrous cap. Many vulnerable plaque de-
posits do not limit the flow of blood through the blood
vessels. It has recently been appreciated that vulnera-
ble plaques which do not limit flow may be particularly
dangerous because they can rupture suddenly causing
heart attack and death. This may occur, for example,
when the vulnerable plaque ruptures and a blood clot is
formed inside the blood vessel lumen causing a block-
age.

[0006] Recently, the pivotal role of inflammation in the
progression of atherosclerosis has been recognized. A
systemic increase in temperature is often associated
with infection (e.g., a fever). Likewise, a local infection
or localized damage to tissue may result in a localized
increase in temperature. An increase in temperature is
thought to be caused by the response of the immune
system to infection, known as inflammation and an in-
crease in metabolic activity involved in the healing proc-
ess. Ithas been observed that the inflamed necrotic core
of a vulnerable plague maintains itself at a temperature
which may be one or more degrees Celsius higher than
the surrounding tissue. For example, an inflamed
plaque in a human heart, where the normal temperature
is about 37°C may be at a temperature as high as 40°C.
[0007] EP-A-0 856 278 discloses a catheter compris-
ing the features of the preambles of claims 1, 14 and 24,
respectively.

Summary of the Invention

[0008] The present invention relates generally to
medical devices for detecting cardiac disease. More
particularly, the present invention relates to medical de-
vices for detecting vulnerable plaque within a blood ves-
sel. A catheter in accordance with one embodiment not
forming part of the present invention includes an elon-
gate shaft and a plurality of arms fixed to the elongate
shaft.

[0009] The arms preferably have an extended posi-
tion and a retracted position. A sensor is fixed to each
arm proximate a first end thereof. In a preferred embod-
iment, each sensor contacts the inner surface of a blood
vessel when the arms are in the extended position. In a
preferred embodiment, a sheath is disposed about the
elongate shaft. The arms may be urged into the retract-
ed position by advancing the sheath distally along the
elongate shaft.

[0010] The signal from each sensor may be displayed
and/or recorded using a suitable instrument. Variations
in these signals may be noted as the catheter is moved
proximally and/or distally through the blood vessel ther-
mally mapping the transversed region. The variations in
the sensor signal may be correlated with the axial posi-
tion of the catheter. This information may be used to
identify the position of any vulnerable plaque deposits
in the blood vessel.

[0011] In a preferred embodiment, the arms of the
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catheter expand radially away from the elongate shaft.
The angular orientation of plaque deposits within the
blood vessel may be identified by observing variations
between the signals from the different sensors. For ex-
ample, sensors which are proximate to vulnerable
plaque deposits may read higher temperatures than
sensors which are not proximate to vulnerable plaque
deposits.

[0012] A catheter in accordance with an additional
embodiment not forming part of the present invention
includes one arm comprising a spring which is biased
to assume an extended position. A sensor is fixed to the
arm proximate a first end thereof. This catheter may also
be used for mapping the locations of vulnerable plaque
deposits within a blood vessel.

[0013] In a preferred embodiment, the sensor con-
tacts the inner surface of the blood vessel when the arm
is in the extended position. In this preferred embodi-
ment, the temperature measured by the sensor may rise
when the sensor is proximate to a vulnerable plaque de-
posit. Variations in the temperature measured by the
sensor may be noted as the catheter is moved proximal-
ly and/or distally through the blood vessel, and these
variations may be correlated to the axial position of vul-
nerable plaque deposits. Variations in the signal from
the sensor may also be noted as the catheter is rotated
about it's longitudinal axis. These variations may be cor-
related to the angular location of vulnerable plaque de-
posits within the blood vessel.

[0014] An exemplary embodiment of a catheter in ac-
cordance with the present invention includes a body
member disposed about an elongate shaft of the cath-
eter. The body member defines a plurality of flow chan-
nels and a temperature sensor is disposed within each
channel. This catheter may also be used along with
methods for mapping the locations of vulnerable plaque
deposits within the blood vessel.

[0015] The body member of the catheter is preferably
sized so that an outer surface of the body member is
disposed proximate the inner surface of the blood ves-
sel. When this is the case, blood flowing proximate the
inner surface of the blood vessel will flow into the chan-
nels. Sensors may be used to measure the temperature
of the blood flowing through the channels. Blood which
flows over a vulnerable plaque deposit will be warmed
by the vulnerable plaque deposit. The increased tem-
perature of this blood may be observed and/or recorded
using the sensors disposed within the channels.
[0016] Asthe catheteris moved proximally and/or dis-
tally through the blood vessel, the distal end of the body
member will be proximate different portions of the inner
surface of the blood vessel. Variations in the signals
from the sensors may be noted as the catheter is moved
proximally and/or distally through the blood vessel, and
these variations may be correlated to the axial position
of the catheter. This information may be used to identify
an axial component of the position of any vulnerable
plaque deposits in the blood vessel.
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[0017] The flow channels and the sensors are prefer-
ably disposed radially about the elongate shaft. An an-
gular component of the position of plaque deposits with-
in the blood vessel may be identified by observing var-
iations between the signals from the different sensors.
For example, sensors which are proximate vulnerable
plaque deposits may read higher temperatures than
sensors which are not proximate vulnerable plaque de-
posits.

Brief Description of the Drawings

[0018]

Figure 1 is a perspective view of a catheter in ac-
cordance with an exemplary embodiment not form-
ing part of the present invention;

Figure 2 is a lateral cross-sectional view of a blood
vessel, and the catheter of Figure 1 is shown dis-
posed within a lumen defined by the blood vessel;
Figure 3 is a plan view of a catheter in accordance
with an additional exemplary embodiment not form-
ing part of the present invention;

Figure 4 is a perspective view of a catheter in ac-
cordance with yet another exemplary embodiment
not forming part of the present invention;

Figure 5 is a perspective view of a catheter in ac-
cordance with an exemplary embodiment not form-
ing part of the present invention;

Figure 6 is a partial cross sectional view of the cath-
eter of Figure 5;

Figure 7 is a perspective view of a catheter in ac-
cordance with still another exemplary embodiment
not forming part of the present invention;

Figure 8 is a perspective view of a catheter in ac-
cordance with still another exemplary embodiment
not forming part of the present invention;

Figure 9 is a perspective view of a catheter in ac-
cordance with still another exemplary embodiment
not forming part of the present invention;

Figure 10 is a cross sectional perspective view of a
catheter in accordance with an exemplary embodi-
ment of the present invention;

Figure 11 is a cross sectional plan view of the cath-
eter of Figure 10; and

Figure 12is a cross sectional plan view of a catheter
in accordance with yet another exemplary embodi-
ment of the present invention.

Detailed Description of the Invention

[0019] The following detailed description should be
read with reference to the drawings, in which like ele-
ments in different drawings are numbered in like fash-
ion. The drawings which are not necessarily to scale,
depict selected embodiments and are not intended to
limit the scope of the invention. In some cases, the draw-
ings may be highly diagrammatic in nature. Examples
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of constructions, materials, dimensions, and manufac-
turing processes are provided for various elements.
Those skilled in the art will recognize that many of the
examples provided have suitable alternatives which
may be utilized.

[0020] Figure 1is a perspective view of a catheter 100
in accordance with an exemplary embodiment. Catheter
100 may be used for mapping the locations of vulnerable
plaque deposits 22 within a blood vessel 20. Catheter
100 comprises an elongate shaft 102 having a distal end
104, a proximal end (not shown in Figure 1) and an outer
surface 106. Catheter 100 also includes a plurality of
arms 108. In the embodiment of Figure 1, a sensor 120
is fixed to each arm 108 proximate a first end 122 there-
of. A second end 124 of each arm 108 is fixed to elon-
gate shaft 102.

[0021] Arms 108 preferably have an extended posi-
tion and a retracted position. In the embodiment of Fig-
ure 1, arms 108 are shown in the extended position. A
sheath 126 is disposed about elongate shaft 102. Arms
108 may be urged into the retracted position by advanc-
ing sheath 126 distally along elongate shaft 102. In a
preferred embodiment, each sensor 120 contacts inner
surface 24 of blood vessel 20 when arms 108 are in the
extended position.

[0022] Each sensor 120 may comprise a temperature
sensor, an ultrasonic sensor, and/or an electromagnetic
radiation sensor. In a preferred embodiment, each sen-
sor 120 comprises a temperature sensor. Examples of
temperature sensors which may be suitable in some ap-
plications include resistance temperature devices
(RTD's), thermistors, thermocouples, MEMS (microe-
lectrical mechanical systems), and microbolometers.
[0023] Blood vessel 20 includes a plurality of vulner-
able plaque deposits 22. Each vulnerable plaque depos-
it includes a core portion 26 comprising a relatively soft
material and a cap 28 overlaying the core. As catheter
100 is moved proximally and/or distally through blood
vessel 20, sensors 120 preferably contact different por-
tions of inner surface 24 of blood vessel 20.

[0024] The signal from each sensor 120 may be dis-
played and/or recorded using a suitable instrument. Var-
iations in these signals may be noted as catheter 100 is
moved proximally and/or distally through blood vessel
20. The variations in the sensor signal may be correlated
with the axial position of catheter 100. This information
may be used to identify the position of any vulnerable
plaque deposits in blood vessel 20.

[0025] Figure 2 is a lateral cross-sectional view of a
blood vessel 20. Catheter 100 of Figure 1 is shown dis-
posed within a lumen 30 of blood vessel 20. Catheter
100 may be used for mapping the location of vulnerable
plaque deposits 22 within a blood vessel 20 as de-
scribed above. In Figure 2, it may be appreciated that
arms 108 of catheter 100 expand radially away from
elongate shaft 102. A sensor 120 is fixed to each arm
108 proximate a first end 122 thereof. A second end 124
of each arm 108 is fixed to elongate shaft 102. The an-

10

15

20

25

30

35

40

45

50

55

gular orientation of plaque deposits 22 within blood ves-
sel 20 may be identified by observing variations be-
tween the signals from the different sensors 120. For
example, sensors 120 which are proximate vulnerable
plaque deposits 22 may read higher temperatures than
sensors 120 which are not proximate vulnerable plaque
deposits.

[0026] Figure 3 is a plan view of a catheter 200 in ac-
cordance with an additional exemplary embodiment.
Catheter 200 comprises an elongate shaft 202 having
a distal end 204, a proximal end (not shown in Figure 3)
and an outer surface 206. Catheter 200 also includes a
plurality of arms 208. In the embodiment of Figure 3, a
sensor 220 is fixed to each arm 208 proximate a first
end 222 thereof. A middle portion 226 of each arm 208
is fixed to elongate shaft 202 of catheter 200, and a free
portion 228 of each arm 208 extends away from elon-
gate shaft 202. In a preferred embodiment, free portions
228 of arms 208 act to stabilize the flow of blood when
catheter 200 is disposed within a blood vessel. In the
embodiment of Figure 3, arms 208 are shown in the ex-
tended position. Arms 208 preferably have an extended
position and a retracted position.

[0027] Figure 4 is a perspective view of a catheter 300
in accordance with yet another exemplary embodiment.
Catheter 300 may be used for mapping the locations of
vulnerable plaque deposits within a blood vessel. Cath-
eter 300 comprises an elongate shaft 302 having a distal
end 304, a proximal end (not shown in Figure 4) and an
outer surface 306.

[0028] A sheath 326 is slidingly disposed about a por-
tion of elongate shaft 302. The first ends 322 of a plu-
rality of arms 308 are fixed to sheath 326. The second
end 324 of each arm 308 is fixed to a body member 330
of catheter 300. In the embodiment of Figure 4, body
member 330 is disposed about elongate shaft 302 prox-
imate distal end 304. A sensor 320 is fixed to each arm
308 between first end 322 and second end 324. In the
embodiment of Figure 4, arms 308 are shown in the ex-
tended position. In a preferred embodiment, arms 308
are biased to assume the extended position. Arms 308
may be urged into a retracted position by moving sheath
326 proximally relative to elongate shaft 302. Arms 308
may also be urged into the extended position by moving
sheath 326 distally relative to elongate shaft 302. In a
preferred embodiment, each sensor 320 contacts the in-
ner surface of a blood vessel when arms 308 are in the
extended position.

[0029] Each sensor 320 may comprise various sensor
types without deviating from the spirit and scope of the
present invention. Examples of sensors which may be
suitable in some applications include pressure sensors,
ultrasonic sensors, electromagnetic radiation sensors,
and temperature sensors. In a preferred embodiment,
each sensor 320 comprises a temperature sensor. Tem-
perature sensors which may be suitable in some appli-
cations, include resistance temperature devices
(RTD's), thermistors, thermocouples, and MEMS.
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[0030] Figure5isa perspective view of a catheter 400
in accordance with an exemplary embodiment. Catheter
400 also includes an arm 408 comprising spring 432
which is biased to assume the extended position shown
in Figure 5. A sensor 420 is fixed to arm 408 proximate
a first end 422 thereof. A second end 424 of arm 408 is
fixed to an elongate shaft 402. Elongate shaft 402 in-
cludes a distal end 404, a proximal end (not shown in
Figure 5) and an outer surface 406.

[0031] In Figure 5, catheter 400 is shown disposed
within a blood vessel 20 having vulnerable plaque de-
posits 22. Catheter 400 may be used for mapping the
locations of the vulnerable plaque deposits 22 within
blood vessel 20. In a preferred embodiment, sensor 420
contacts inner surface 24 of blood vessel 20 when arm
408 is in the extended position shown in Figure 5. In this
preferred embodiment, the temperature measured by
sensor 420 may rise when sensor 420 is proximate a
vulnerable plaque deposit 22.

[0032] Each vulnerable plaque deposit shown in Fig-
ure 5 includes a core portion 26 comprising a relatively
soft material and a cap 28 overlaying the core. As cath-
eter 400 is moved proximally and/or distally through
blood vessel 20, sensors 420 preferably contact differ-
ent portions of inner surface 24 of blood vessel 20.
[0033] The signal from sensor 420 may be displayed
and/or recorded using a suitable instrument. Variations
in the signal may be noted as catheter 400 is moved
proximally and/or distally through blood vessel 20, and
these variations may be correlated with the axial posi-
tion of catheter 400. Variations in the signal from sensor
420 may also be noted as catheter 400 is rotated about
it's longitudinal axis. These variations may be correlated
with the angular orientation of catheter 400. The infor-
mation collected from sensor 420 may be used to iden-
tify the position of any vulnerable plaque deposits in
blood vessel 20.

[0034] Figure 6 is a partial cross sectional view of
catheter 400 of Figure 5. In Figure 6, it may be appreci-
ated that catheter 400 includes a sheath 426 which is
disposed about elongate shaft 402. In the embodiment
of Figure 6, sheath 426 has been advanced distally
along elongate shaft 402 so that arm 408 of catheter
400 is disposed in a retracted position. In Figure 6 it may
be appreciated that catheter 400 includes a cable 434
disposed between sheath 426 and elongate shaft 402.
A distal end of cable 434 is preferably coupled to sensor
420 and a proximal end of cable 434 is preferably cou-
pled to an instrument which is adapted to display and/
or record a signal from sensor 420. It is to be appreci-
ated, that cable 434 may include any number of conduc-
tors. In some applications, the number of conductors
may be selected to match sensor 420. For example,
sensor 420 may comprise a thermocouple having two
contacts which are coupled to two conductors of cable
434,

[0035] Figure 7 is a perspective view of a catheter 500
in accordance with still another exemplary embodiment.
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Catheter 500 comprises an elongate shaft 502 having
a distal end 504, a proximal end (not shown in Figure 7)
and an outer surface 506. A body member 530 of cath-
eter 500 is disposed about elongate shaft 502. Body
member 530 defines a plurality of flow channels 536.
[0036] In the embodiment of Figure 7, a sensor 520
is disposed within each flow channel 536. Catheter 500
also includes a reference sensor 521 disposed proxi-
mate distal end 504 of elongate shaft 502. Sensors 520
and 521 preferably comprise temperature sensors. Ex-
amples of temperature sensors which may be suitable
in some applications include resistance temperature de-
vices (RID's), thermistors, and thermocouples.

[0037] Catheter 500 may be used for mapping the lo-
cations of vulnerable plaque deposits within a blood ves-
sel. Body member 530 is preferably sized so that an out-
er surface 505 of body member 530 is disposed proxi-
mate the inner surface of a blood vessel. When this is
the case, blood flowing proximate the inner surface of
the blood vessel will flow into the channels. Sensors 520
may be used to measure the temperature of the blood
flowing through the channels. Blood which flows over a
vulnerable plaque deposit will be warmed by the vulner-
able plaque deposit. The increased temperature of this
blood may be observed and/or recorded using sensors
520.

[0038] As catheter 500 is moved proximally and/or
distally through a blood vessel, the distal end of body
member 530 will be proximate different portions of the
inner surface of the blood vessel. Variations in the sig-
nals from the sensors may be noted as catheter 500 is
moved proximally and/or distally through the blood ves-
sel, and these variations may be correlated with the axial
position of catheter 500. This information may be used
to identify an axial component of the position of any vul-
nerable plaque deposits in the blood vessel.

[0039] In Figure 7, it may be appreciated that flow
channels 536 and sensors 520 are disposed radially
about elongate shaft 502. An angular component of the
position of plaque deposits within the blood vessel may
be identified by observing variations between the sig-
nals from the different sensors 520. For example, sen-
sors 520 which are proximate vulnerable plaque depos-
its may read higher temperatures than sensors 520
which are not proximate vulnerable plaque deposits.
[0040] Figure 8is a perspective view of a catheter 600
in accordance with still another exemplary embodiment.
Catheter 600 may be used for mapping the locations of
vulnerable plaque deposits within a blood vessel. Cath-
eter 600 comprises an elongate shaft 602 having a distal
end 604, a proximal end (not shown in Figure 8) and an
outer surface 606. A sensor 620 is disposed so that it
overlays outer surface 606 of elongate shaft 602. In the
embodiment of Figure 8, sensor 620 comprises a flexi-
ble substrate 640 and a conductive path 638. Conduc-
tive path 638 is coupled to a first conductor 642 and a
second conductor 644. In a preferred embodiment, the
electrical resistance of conductive path 638 varies with
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temperature. Also in a preferred embodiment, first con-
ductor 642 and a second conductor 644 are insulated.
First conductor 642 and second conductor 644 may be
insulated, for example, by a layer of shrink tubing over-
laying elongate shaft 602. In the embodiment of Figure
8, sensor 620 has a generally cylindrical outer surface
605. In a preferred embodiment, the shape of outer sur-
face 605 is selected so that sensor 620 contacts the in-
ner surface of a blood vessel across a substantial area.
[0041] Figure 9is a perspective view of a catheter 700
in accordance with still another exemplary embodiment.
Catheter 700 may be used for mapping the locations of
vulnerable plaque deposits within a blood vessel. Cath-
eter 700 comprises an elongate shaft 702 having a distal
end 704, a proximal end (not shown in Figure 9) and an
outer surface 706. Catheter 700 also includes a sensor
720 disposed proximate distal end 704 of elongate shaft
702. In the embodiment of Figure 9, sensor 720 com-
prises a body 746 having a generally cylindrical shape.
In a preferred embodiment, the shape of body 746 is
selected so that sensor 720 contacts the inner surface
of a blood vessel across a substantial area. A first con-
ductor 742 and a second conductor 744 are coupled to
sensor 720. In a preferred embodiment, a temperature
recording and displaying instrument may interrogate
sensor 720 via first conductor 742 and second conduc-
tor 744.

[0042] Figure 10 is a cross sectional perspective view
of a catheter 800 in accordance with an exemplary em-
bodiment of the present invention. Catheter 800 com-
prises an elongate shaft 802 having an outer surface
806. An interstitial member such as balloon 850 of cath-
eter 800 is disposed about elongate shaft 802.

[0043] Catheter 800 also includes an array 852 com-
prising plurality of cowls 854 circumferentially disposed
about balloon 850. Cowls 854 are preferably fixed to bal-
loon 850. Each cowl 854 defines an inlet port 856, an
outlet port 858, and a flow channel 836 extending ther-
ebetween.

[0044] A sensor 820 (not shown in Figure 10) is pref-
erably disposed within each flow channel 836. Each
sensor 820 comprises a temperature sensor. Examples
of temperature sensors which may be suitable in some
applications include resistance temperature devices
(RTD's), thermistors, and thermocouples.

[0045] Balloon 850 preferably has an inflated state
and a deflated state. In the embodiment of Figure 10,
balloon 850 is disposed outside of a blood vessel, and
is shown in an inflated state. In a preferred embodiment,
balloon 850 is configured such that cowls 854 are urged
radially away from elongate shaft 802 when balloon 850
is in the inflated state. Alternatively, the cowls may be
radially extended by a different mechanical mechanism,
such as by a plurality of resilient arms, each arm being
attached at one end to a cowl 854 and at an opposite
end to the elongate shaft 802.

[0046] Figure 11is a cross sectional plan view of cath-
eter 800 of Figure 10. In Figure 11, a sensor 820 may
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be seen disposed within each flow channel 836. Each
flow channel 836 is defined by a cowl 854 that is pref-
erably fixed to balloon 850. Balloon 850 is disposed
about elongate shaft 802.

[0047] Inthe embodiment of Figure 11, balloon 850 is
disposed outside of a blood vessel, and is shown in an
inflated state. Balloon 850 may be inflated, for example,
by urging a fluid through an inflation lumen 860 and an
inflation port 862 defined by elongate shaft 802.
[0048] Balloon 850 is preferably configured such that
cowls 854 will be urged against the inner surface of a
blood vessel when balloon 850 is placed in the inflated
state while catheter 800 is disposed within the blood
vessel. Balloon 850 is preferably configured such that
blood flow around cowls 854 will be precluded when bal-
loon 850 is in the inflated state.

[0049] Blood flowing proximate the inner surface of
the blood vessel preferably flows through flow channels
836 defined by cowls 854. Sensors 820 may be used to
measure the temperature of the blood flowing through
the channels. Blood which flows over a vulnerable
plaque deposit will be warmed by the vulnerable plaque
deposit. The increased temperature of this blood may
be observed and/or recorded using sensors 820.
[0050] Figure 12 is a cross sectional plan view of a
catheter 900 in accordance with yet another exemplary
embodiment of the present invention. Catheter 900
comprises an elongate shaft 902 having an outer sur-
face 906. A balloon 950 of catheter 900 is disposed
about elongate shaft 902.

[0051] Catheter 900 also includes a array 952 com-
prising plurality of cowls 954 circumferentially disposed
about balloon 950. In the embodiment of Figure 12, each
cowl has a generally wedge shaped cross-sectional
shape. Each cowl 954 is preferably fixed to balloon 950.
[0052] Each cowl 954 defines a flow channel 936. A
sensor 920 is preferably disposed within each flow
channel 936. Each sensor 920 preferably comprises a
temperature sensor. Examples of temperature sensors
which may be suitable in some applications include re-
sistance temperature devices (RTD's), thermistors, and
thermocouples.

[0053] Balloon 950 preferably has an inflated state
and a deflated state. In the embodiment of Figure 12,
balloon 950 is disposed within a blood vessel 20, and is
shown in an inflated state. In a preferred embodiment,
balloon 950 is configured such that cowls 954 are urged
radially away from elongate shaft 902 when balloon 950
is in the inflated state. In Figure 12, it may be appreci-
ated that cowls 954 have been urged against an inner
surface 24 of blood vessel 20 by balloon 950. Balloon
950 may be inflated, for example, by urging a fluid
through an inflation lumen 960 and an inflation port 962
defined by elongate shaft 902.

[0054] Balloon 950 is preferably configured such that
blood flow around cowls 954 will be precluded when bal-
loon 950 is in the inflated state. Blood flowing proximate
inner surface 24 of blood vessel 20 preferably flows into



11 EP 1 359 840 B1 12

flow channels 936 defined by cowls 954. Sensors 920
may be used to measure the temperature of the blood
flowing through the channels. Blood which flows over a
vulnerable plaque deposit will be warmed by the vulner-
able plaque deposit. The increased temperature of this
blood may be observed and/or recorded using sensors
920.

[0055] Having thus described the preferred embodi-
ments of the present invention, those of skill in the art
will readily appreciate that yet other embodiments may
be made and used within the scope of the claims hereto
attached. Numerous advantages of the invention cov-
ered by this document have been set forth in the fore-
going description. It will be understood, however, that
this disclosure is, in many respects, only illustrative.
Changes may be made in details, particularly in matters
of shape, size, and arrangement of parts without ex-
ceeding the scope of the invention. The invention's
scope is, of course, defined in the language in which the
appended claims are expressed.

Claims

1. A catheter for mapping vulnerable plaque deposits
within a blood vessel, comprising;

an elongate shaft (802) having a proximal end
and a distal end,;

at least one cowl (854) fixed to the elongate
shaft proximate the distal end thereof;

the at least one cowl defining an inlet port, an
outlet port, and a fluid flow channel (836) ex-
tending therebetween; and

at least one temperature sensor (820), charac-
terized by said temperature sensor being dis-
posed within the flow channel defined by the at
least one cowl.

2. The catheter of claim 1, wherein the at least one
temperature sensor is adapted to measure the tem-
perature of blood passing through the flow channel.

3. The catheter of claim 1, wherein the at least one
temperature sensor is adapted to measure the tem-
perature of blood passing through the flow channel;
and

the at least one cowl is configured such that
the temperature of the blood passing through the
flow channel is reflective of the temperature of an
inner surface of the blood vessel proximate the dis-
tal end of the catheter.

4. The catheter of claim 1, wherein the temperature
sensor comprises a resistance temperature device.

5. The catheter of claim 1, wherein the temperature
sensor comprises a thermocouple.
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The catheter of claim 1, wherein the temperature
sensor comprises a thermistor.

The catheter of claim 1, wherein the temperature
sensor comprises a microbolometer.

The catheter of claim 1, further comprising an inter-
stitial member disposed between the at least one
cowl and the elongate shaft.

The catheter of claim 1, further comprising a balloon
disposed between the at least one cowl and the
elongate shaft.

The catheter of claim 9, wherein the balloon has an
inflated state and a deflated state.

The catheter of claim 10, wherein the balloon is con-
figured such that flow of blood around the at least
one cowl is precluded when the balloon is in the in-
flated state.

The catheter of claim 10, wherein the balloon is con-
figured such that the at least one cowl is urged ra-
dially away from the elongate shaft when the bal-
loon is in the inflated state.

The catheter of claim 1, further comprising a plural-
ity of cowls radially disposed about the elongate
shaft.

A catheter for mapping vulnerable plaque deposits
within a blood vessel, comprising;

an elongate shaft having a proximal end and a
distal end;

a plurality of cowls radially disposed about the
elongate shaft proximate the distal end thereof;
each cowl defining an inlet port, an outlet port,
and a fluid flow channel extending therebe-
tween; and

a plurality of temperature sensors character-
ized by said temperature sensors being dis-
posed within each flow channel.

The catheter of claim 14, wherein each temperature
sensor comprises a resistance temperature device.

The catheter of claim 14, wherein each temperature
sensor comprises a thermocouple.

The catheter of claim 14, wherein each temperature
sensor comprises a thermistor.

The catheter of claim 14, wherein each temperature
sensor comprises a microbolometer.

The catheter of claim 14, further comprising an in-
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terstitial member disposed between the cowls and
the elongate shaft.

The catheter of claim 14, further comprising a bal-
loon disposed between the plurality of cowls and the
elongate shaft.

The catheter of claim 20, wherein the balloon has
an inflated state and a deflated state.

The catheter of claim 21, wherein the balloon is con-
figured such that the flow of blood around the cowls
is precluded when the ballooniis in the inflated state.

The catheter of claim 21, wherein the balloon is con-
figured such that the cowls are urged radially away
from the elongate shaft when the balloon is in the
inflated state.

A catheter for mapping vulnerable plaque deposits
within a blood vessel, comprising;

an elongate shaft having a proximal end and a
distal end;

an array of cowls radially disposed about the
elongate shaft proximate the distal end thereof;
each cowl of the array of cowls defining an inlet
port, an outlet port, and a fluid flow channel ex-
tending therebetween;

a plurality of temperature sensors; and

a means for radially expanding the array of
cowls, characterized by said temperature sen-
sors being disposed within each flow channel.

The catheter of claim 24, wherein each temperature
sensor comprises a resistance temperature device.

The catheter of claim 24, wherein each temperature
sensor comprises a thermocouple.

The catheter of claim 24, wherein each temperature
sensor comprises a thermistor.

The catheter of claim 24, wherein each temperature
sensor comprises a microbolometer.

The catheter of claim 24, wherein the means for ra-
dially expanding the array of cowls comprises a hy-
draulic mechanism.

The catheter of claim 29, wherein the hydraulic
mechanism comprises a balloon.

The catheter of claim 30, wherein the balloon is con-
figured such that flow of blood around the cowls is

precluded when the balloon is in an inflated state.

The catheter of claim 24, wherein the means for ra-
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dially expanding the array of cowls comprises a me-
chanical mechanism.

. The catheter of claim 24, wherein the means for ra-

dially expanding the array of cowls comprises a plu-
rality of resilient arms.

Patentanspriiche

Katheter zum Aufzeichnen gefahrdender Belagsab-
lagerungen innerhalb eines BlutgefaRes, aufwei-
send:

einen langlichen Schaft (802), welcher ein pro-
ximales Ende und ein distales Ende aufweist;
zumindest eine Schutzkappe (854), befestigt
an dem langlichen Schaft in der Nahe des di-
stalen Endes davon;

zumindest eine Schutzkappe, welche eine Ein-
lassmindung, eine Auslassmiindung und ei-
nen sich dazwischen erstreckenden Fluidstro-
mungskanal (836) definiert; und

zumindest einen Temperatursensor (820), da-
durch gekennzeichnet, dass der Temperatur-
sensor innerhalb des durch die zumindest eine
Schutzkappe definierten Strémungskanals an-
geordnet ist.

Katheter des Anspruchs 1, wobei der zumindest ei-
ne Temperatursensor angepasstist, um die Tempe-
ratur des Blutes zu messen, welches durch den
Strémungskanal hindurchtritt.

Katheter des Anspruchs 1, wobei der zumindest ei-
ne Temperatursensor angepasstist, um die Tempe-
ratur des Blutes zu messen, welches durch den
Stromungskanal hindurchtritt; und

wobei die zumindest eine Schutzkappe so konfigu-
riert ist, dass die Temperatur des durch den Stro-
mungskanal hindurchtretenden Blutes die Tempe-
ratur einer inneren Oberflache des BlutgefaRes wi-
derspiegelt, das in der Nahe des distalen Endes des
Katheters ist.

Katheter des Anspruchs 1, wobei der Temperatur-
sensor ein Widerstandstemperaturglied aufweist.

Katheter des Anspruchs 1, wobei der Temperatur-
sensor ein Thermoelement aufweist.

Katheter des Anspruchs 1, wobei der Temperatur-
sensor einen Thermistor aufweist.

Katheter des Anspruchs 1, wobei der Temperatur-
sensor ein Mikrobolmeter aufweist.

Katheter des Anspruchs 1, weiter aufweisend ein
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interstitielles Element, das zwischen der zumindest
einen Schutzkappe und dem langlichen Schaft an-
geordnet ist.

Katheter des Anspruchs 1, weiter aufweisend einen
Ballon, der zwischen der zumindest einen Schutz-
kappe und dem lénglichen Schaft angeordnet ist.

Katheter des Anspruchs 9, wobei der Ballon einen
aufgeblasenen Zustand und einen entleerten Zu-
stand aufweist.

Katheter des Anspruchs 10, wobei der Ballon so
konfiguriert ist, dass der Blutstrom um die zumin-
dest eine Schutzkappe verhindert wird, wenn der
Ballon sich in aufgeblasenem Zustand befindet.

Katheter des Anspruchs 10, wobei der Ballon so
konfiguriert ist, dass die zumindest eine Schutzkap-
pe radial von dem lénglichen Schaft weggedriickt
wird, wenn der Ballon sich in dem aufgeblasenen
Zustand befindet.

Katheter des Anspruchs 1, weiter aufweisend eine
Mehrzahl von Schutzkappen, radial angeordnet
Uber dem lénglichen Schaft.

Katheter zum Aufzeichnen gefdhrdender Belagsab-
lagerungen innerhalb eines Blutgefélles, aufwei-
send:

einen langlichen Schaft, welcher ein proxima-
les Ende und ein distales Ende aufweist;

eine Mehrzahl von Schutzkappen, radial ange-
ordnet Uber den langlichen Schaft, in der Nahe
des distalen Endes davon;

wobei jede Schutzkappe eine Einlassmin-
dung, eine Auslassmiindung und einen Fluid-
strdmungskanal definiert, welcher sich dort da-
zwischen erstreckt; und

eine Mehrzahl von Temperatursensoren, da-
durch gekennzeichnet, dass die Temperatur-
sensoren innerhalb eines jeden Strdmungska-
nals angeordnet sind.

Katheter des Anspruchs 14, wobei jeder Tempera-
tursensor ein Widerstandstemperaturglied auf-
weist.

Katheter des Anspruchs 14, wobei jeder Tempera-
tursensor ein Thermoelement aufweist.

Katheter des Anspruchs 14, wobei jeder Tempera-
tursensor einen Thermistor aufweist.

Katheter des Anspruchs 14, wobei jeder Tempera-
tursensor ein Mikrobolmeter aufweist.
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Katheter des Anspruchs 14, weiter aufweisend ein
interstitielles Element, angeordnet zwischen den
Schutzkappen und dem langlichen Schaft.

Katheter des Anspruchs 14, weiter aufweisend ei-
nen Ballon, angeordnet zwischen der Mehrzahl von
Schutzkappen und dem langlichen Schaft.

Katheter des Anspruchs 20, wobei der Ballon einen
aufgeblasenen Zustand und einen entleerten Zu-
stand aufweist.

Katheter des Anspruchs 21, wobei der Ballon so
konfiguriert ist, dass der Blutstrom um die Schutz-
kappen verhindert wird, wenn der Ballon sich im
aufgeblasenen Zustand befindet.

Katheter des Anspruchs 21, wobei der Ballon so
konfiguriert ist, dass die Schutzkappen radial weg
von dem langlichen Schaft gedriickt werden, wenn
sich der Ballon im aufgeblasenen Zustand befindet.

Katheter zum Aufzeichnen gefahrdender Belagsab-
lagerungen innerhalb eines BlutgefaRes, aufwei-
send:

einen langlichen Schaft, welcher ein proxima-
les Ende und ein distales Ende aufweist;

eine Anordnung von Schutzkappen, radial an-
geordnet (iber den langlichen Schaft, in der Na-
he des distalen Endes davon;

wobei jede Schutzkappe der Anordnung von
Schutzkappen eine Einlassmindung, eine
Auslassmiindung und einen sich dort hindurch
erstreckenden Fluidstromkanal definiert;

eine Mehrzahl von Temperatursensoren; und
Mittel zum radialen Expandieren der Anord-
nung von Schutzkappen, dadurch gekenn-
zeichnet, dass die Temperatursensoren inner-
halb eines jeden Strémungskanals angeordnet
sind.

Katheter des Anspruchs 24, wobei jeder Tempera-
tursensor ein Widerstandstemperaturglied auf-
weist.

Katheter des Anspruchs 24, wobei jeder Tempera-
tursensor ein Thermoelement aufweist.

Katheter des Anspruchs 24, wobei jeder Tempera-
tursensor einen Thermistor aufweist.

Katheter des Anspruchs 24, wobei jeder Tempera-
tursensor ein Mikrobolmeter aufweist.

Katheter des Anspruchs 24, wobei die Mittel zum
radialen Ausdehnen der Anordnung von Schutz-
kappen einen Hydraulikmechanismus aufweisen.
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Katheter des Anspruchs 29, wobei der Hydraulik-
mechanismus einen Ballon aufweist.

Katheter des Anspruchs 30, wobei der Ballon so
konfiguriert ist, dass ein Blutstrom um die Schutz-
kappen verhindert wird, wenn sich der Ballon im
aufgeblasenen Zustand befindet.

Katheter des Anspruchs 24, wobei die Mittel zum
radialen Ausdehnen der Anordnung der Schutzkap-
pen einen mechanischen Mechanismus aufweisen.

Katheter des Anspruchs 24, wobei die Mittel zum
radialen Ausdehnen der Anordnung der Schutzkap-
pen eine Mehrzahl von elastischen Armen aufwei-
sen.

Revendications

1.

Cathéter pour cartographier les dép6ts de plaque
vulnérables dans un vaisseau sanguin,
comprenant :

un arbre allongé (502) ayant une extrémité
proximale et une extrémité distale ;

au moins un bouclier (854) fixé a I'arbre allongé
prés de son extrémité distale ;

le au moins un bouclier définissant une porte
d'entrée, une porte de sortie, et un canal
d'écoulement de liquide (835) s'étendant entre
celles-ci, et

au moins un capteur de température (820), ca-
ractérisé en ce que ledit capteur de tempéra-
ture est disposé dans le canal d'écoulement dé-
fini par le au moins un bouclier.

Cathéter selon la revendication 1, dans lequel le au
moins un capteur de température est adapté pour
mesurer la température du sang passant a travers
le canal d'écoulement.

Cathéter selon la revendication 1, dans lequel le au
moins un capteur de température est adapté pour
mesurer la température du sang passant a travers
le canal d'écoulement ; et

le au moins un bouclier est configuré de telle
maniére que la température du sang passant a tra-
vers le canal d'écoulement reflete la température
d'une surface interne du vaisseau sanguin prés de
I'extrémité distale du cathéter.

Cathéter selon la revendication 1, dans lequel le
capteur de température comprend un dispositif de
température a résistance.

Cathéter selon la revendication 1, dans lequel le
capteur de température comprend un thermocou-

10

15

20

25

30

35

40

45

50

55

10

EP 1 359 840 B1

10.

1.

12.

13.

14.

15.

16.

18
ple.

Cathéter selon la revendication 1, dans lequel le
capteur de température comprend une thermistan-
ce.

Cathéter selon la revendication 1, dans lequel le
capteur de température comprend un microbolomeé-
tre.

Cathéter selon la revendication 1, comprenant en
outre un organe interstitiel disposé entre le au
moins un bouclier et I'arbre allongé.

Cathéter selon la revendication 1, comprenant en
outre un ballon disposé entre le au moins un bou-
clier et I'arbre allongé.

Cathéter selon la revendication 9, dans lequel le
ballon a un état gonflé et un état dégonflé.

Cathéter selon la revendication 10, dans lequel le
ballon est configuré de telle maniére que I'écoule-
ment du sang autour du au moins un bouclier est
prévenu quand le ballon est dans I'état gonflé.

Cathéter selon la revendication 10, dans lequel le
ballon est configuré de telle maniére que le au
moins un bouclier est poussé radialement a distan-
ce de l'arbre allongé quand le ballon est dans 'état
gonflé.

Cathéter selon la revendication 1, comprenant en
outre une pluralité de boucliers disposés radiale-
ment autour de I'arbre allongé.

Cathéter pour cartographier les dépéts de plaque
vulnérables dans un vaisseau sanguin,
comprenant :

un arbre allongé ayant une extrémité proximale
et une extrémité distale ;

une pluralité de boucliers disposés radialement
autour de I'arbre allongé prés de son extrémité
distale ;

chaque bouclier définissant une porte d'entrée,
une porte de sortie, et un canal d'écoulement
de liquide s'étendant entre celles-ci ; et

une pluralité de capteurs de température ca-
ractérisés en ce que lesdits capteurs de tem-
pérature sont disposés dans chaque canal
d'écoulement.

Cathéter selon la revendication 14, dans lequel
chaque capteur de température comprend un dis-

positif de température a résistance.

Cathéter selon la revendication 14, dans lequel
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chaque capteur de température comprend un ther-
mocouple.

Cathéter selon la revendication 14, dans lequel
chaque capteur de température comprend une ther-
mistance.

Cathéter selon la revendication 14, dans lequel
chaque capteur de température comprend un mi-
crobolométre.

Cathéter selon la revendication 14, comprenant en
outre un organe interstitiel disposé entre les bou-
cliers et I'arbre allongé.

Cathéter selon la revendication 14, comprenant en
outre un ballon disposé entre la pluralité de bou-
cliers et I'arbre allongé.

Cathéter selon la revendication 20, dans lequel le
ballon a un état gonflé et un état dégonflé.

Cathéter selon la revendication 21, dans lequel le
ballon est configuré de telle maniére que I'écoule-
ment du sang autour des boucliers est prévenu
quand le ballon est dans I'état gonflé.

Cathéter selon la revendication 21, dans lequel le
ballon est configuré de telle maniére que les bou-
cliers sont poussés radialement a distance de I'ar-
bre allongé quand le ballon est dans I'état gonflé.

Cathéter pour cartographier les dép6ts de plaque
vulnérables dans un vaisseau sanguin,
comprenant :

un arbre allongé ayant une extrémité proximale
et un extrémité distale ;

un ensemble de boucliers disposés radiale-
ment autour de I'arbre allongé prés de son ex-
trémité distale ;

chaque bouclier de I'ensemble de boucliers dé-
finissant une porte d'entrée, une porte de sortie
et un canal d'écoulement de liquide entre cel-
les-ci ;

une pluralité de capteurs de température et un
moyen pour étendre radialement I'ensemble de
boucliers, caractérisés en ce que lesdits cap-
teurs de température sont disposés dans cha-
que canal d'écoulement.

Cathéter selon la revendication 24, dans lequel
chaque capteur de température comprend un dis-
positif de température a résistance.

Cathéter selon la revendication 24, dans lequel
chaque capteur de température comprend un ther-
mocouple.
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Cathéter selon la revendication 24, dans lequel
chaque capteur de température comprend une ther-
mistance.

Cathéter selon la revendication 24, dans lequel
chaque capteur de température comprend un mi-
crobolométre.

Cathéter selon la revendication 24, dans lequel le
moyen pour étendre radialement I'ensemble de
boucliers comprend un mécanisme hydraulique.

Cathéter selon la revendication 29, dans lequel le
mécanisme hydraulique comprend un ballon.

Cathéter selon la revendication 30, dans lequel le
ballon est configuré de telle maniére que I'écoule-
ment du sang autour des boucliers est prévenu
quand le ballon est dans un état gonflé.

Cathéter selon la revendication 24, dans lequel le
moyen pour étendre radialement I'ensemble de
boucliers comprend un mécanisme mécanique.

Cathéter selon la revendication 24, dans lequel le
moyen pour étendre radialement I'ensemble de
boucliers comprend une pluralité de bras élasti-
ques.
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