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Description
Field of the Invention

[0001] The present invention relates to a medical de-
vice for measuring the temperature of vascular tissue.
The present invention is particularly related to locating
inflamed or unstable artherosclerotic plaque in a blood
vessel.

Background to the Invention

[0002] Plaque can develop in a patient’s cardiovascu-
lar system. The plaque can be quite extensive and oc-
clude a substantial length of the vessel. Additionally, the
plaque may be inflamed and unstable, such plaque being
subject to rupture, erosion or ulceration which can cause
the patient to experience a myocardial infarction, throm-
bosis or other traumatic and unwanted effects. Further-
more, relative blood viscosity rises and aggregation of
platelets increases with temperature increases (Dinte-
fass L. Rheology of Blood in Diagnostic and Preventive
Medicine. London, UK: Butterworths; 1976;66-74). Pre-
vious ex vivo studies have shown that there is indeed
thermal heterogeneity in human carotid atherosclerotic
plaques ( Casscells W, Hathom B, David M, Krabach T,
Vaughn WK, McAllister HA, Bearman G, Willerson JT.
Thermal detection of cellular infiltrates in living athero-
sclerotic plaques: possible implications for plaque rup-
ture and thrombosis. Lancet. 1996;347:1447-1449).
[0003] An example of a vascular catheter, termed a
thermography catheter, is described in our co-pending
International patent application number PCT/EP
01/04401. The distal tip of the thermography catheter
incorporates four sensors mounted circumferentially
about a central lumen on resiliently biased projections.
The sensors are NTC thermistors that are attached to
the end of each projection by bonding with an thermally
conducting epoxy glue. Each thermistor is connected to
an insulated bifilar wire that provides an electrical con-
nection with the proximal end of the device (not shown).
The projections are made of NiTinol and take on the de-
ployed configuration automatically due to their memory
properties. The projections are mounted on the central
lumen and sandwiched between the central lumen and
anintermediate lumen. The point at which the projections
meet the central/intermediate lumen terminus is sealed
so that the components located between the central and
intermediate lumen are electrically isolated from the pa-
tient. The thermography catheter is mounted on an an-
gioplasty guide wire which runs through the central lumen
and a guide member which defines the tip of the ther-
mography catheter

[0004] Inuse,the apparatus may be actuated between
a deployed configuration and a retracted configuration.
In the retracted configuration, a sheath encompasses the
projections so that they are constrained to lie parallel to
tne longitudinal axis of tne catheter and therefore cannot
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take up a deployed position To adopt the deployed con-
figuration, the sheath is withdrawn away from the ex-
treme distal tip i e, away from the guide member, towards
the proximal section, to expose the projections. When
the sheath is withdrawn the resiliently biased projections
take up the deployed configuration. It should be noted
that the sheath is controlled from the proximal end of the
apparatus

[0005] Itisimportant to maintain electrical isolation be-
tween the electrical components and the patient. How-
ever, ithas been found that the Original design, described
in international Patent Application No.
PCT/EP01/D4401, suffers from a form of fatigue (strain)
failure caused by repeated shortening and lengthening
of the electrical wires as the respective projections are
deployed and retracted Repeated compression and ten-
sioning of the wire can cause a failure along the length
of the wire and at the electrical connection to the ther-
mistors and/or the sealed terminus between the central
lumen and the intermediate lumen, causing an electrical
short circuit in use

Summary of the Invention

[0006] According to the present invention, a catheter
apparatus comprises a body, at least one resiliently bi-
ased projection depended from the body, a sensor car-
ried by the projection, and an electrical carrier connected
to the sensor for transmitting data from the sensor to a
remote device, wherein the electrical carrier is coiled
around the body of the projection.

[0007] The presentinvention provides a catheter, pref-
erably a vascular catheter, having one or more resiliently
biased projections around which the electrical connec-
tion is coiled to reduce the strain at critical points where
it is necessary to maintain a seal, and hence electrical
isolation. The design is especially suitable for use as a
thermography catheter of the type described in our earlier

filed international patent application no.
PCT/EP01/04401
[0008] Preferably, the pitch of tne coil is arranged such

that there are 5 to 10 turns per cm Preferably, a heat
shrink wrapping is applied over at least a portion of the
length of the projection. A heat shrink material is generally
a polymeric material capable of being reduced in size
upon application of heat. These are generally used in the
form of a tube. Suitable materials include polyesters,
PVC, polyolefins, PTFE and the like. The preferred ma-
terial is a polyester.

[0009] Generally, the catheter comprises a plurality of
co-axial lumen. Preferably, the catheter comprises a cen-
tral lumen adapted to be mounted on a standard angi-
oplasty guide wire suitable for vascular intervention. The
apparatus is preferably based on the rapid-exchange or
the monorail system, although over-the-wire techniques
are also envisaged. Preferably, outside the central lumen
is located an intermediate lumen. Preferably, outside the
intermediate lumen is mounted an external lumen, here-
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inafter referred to as a sheath. Preferably, at the distal
tip of the apparatus is a guide member. Other lumen may
be present and all the lumen may house components
within themselves or between adjacent lumen.

[0010] The projection is preferably mounted on the
central orintermediate lumen but may be attached to any
lumen inside the sheath.

[0011] The central lumen may be formed from the
standard catheter lumen materials, for example, nylon,
FEP, polyurethane, polyethylene and nitinol and mix-
tures thereof.

[0012] The intermediate lumen and the sheath are
generally constructed from, but individually selected
from, the standard catheter lumen materials discussed
above.

[0013] The sheath is adapted to fit over the adjacent
lumen housed inside the sheath and should be able to
move relative to the adjacent lumen under the control of
a remote device.

[0014] Preferably, the central and intermediate lumen
are bound to one another and are not moveable relative
to one another.

[0015] Preferably, the flexible body of the catheter has
a longitudinal axis and at least part of the projections are
extensible radially from the longitudinal axis of the body.
Generally, the projections have an elongate shape, pref-
erably having dimensions in the range of 2mm to 15 mm,
more preferably 3to 7 mmin length. The projections pref-
erably have a caliper of 0.3 mm to 5 mm, more preferably
0.5 mm to 3 mm.

[0016] A first end of the projection is preferably at-
tached to the body, preferably the intermediate and/or
the central lumen, while a second end comprises one or
more sensors. The second end is preferably free, ie, not
attached to any of the lumen, and is adapted to be radially
movable away from the central lumen.

[0017] Two or more sensors, preferably 2 to 10 sen-
sors, more preferably 2 to 6 sensors may be utilised in
the present invention. Preferably, each sensor is mount-
ed on a separate projection. In a particularly preferred
example, four projections, each having a single sensor
mounted thereon, are provided.

[0018] The sensors are preferably located on an outer
face of the projection, relative the central lumen, ie., fac-
ing the vascular tissue in use. Each sensor should pref-
erably be located toward, or at the distal tip of the pro-
jection.

[0019] The projections need not be mounted in sub-
stantially the same circumferential plane of the catheter
body, but this configuration is preferred.

[0020] The projection preferably comprises a supere-
lastic material. Superelasticity refers to the ability of cer-
tain metals to undergo large elastic deformation. Such
compounds favorably exhibit features such as biocom-
patibility, kink resistance, constancy of stress, physiolog-
ical compatibility, shape-memory deployment, dynamic
interference, and fatigue resistance.

[0021] A large number of super-elastic materials may
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be utilised, particularly binary Ni-Ti with between 50 and
60 atomic percent nickel. While many metals exhibit su-
perelastic effects, Ni-Ti-based alloys appear to be best
suited for deployment in the human body due to them
being chemically and biologically compatible.

[0022] Preferably, the projection, when not restrained
will adopt a deployed configuration in which a free end
of the projection is extended away from the central lumen.
In this deployed configuration, the projection is resiliently
biased against the vascular wall in use, thus initiating
contact between the sensor and said wall. This achieves
an adequate thermal contact with the vascular wall, with-
out substantially compromising blood flow.

[0023] In an alternative example, the projection may
be mounted to achieve a similar resiliently biased effect.
For example, one method of achieving this would be to
mount the projection on a spring, preferably a mi-
cro-spring, such that when unrestrained, the projection
is extended against the vascular wall as discussed
above.

[0024] The sensors may be any form of temperature
sensor and are preferably selected from thermistors,
thermocouples, infrared sensors and the like. Preferably,
the sensors are thermistors. These are preferably
semi-conductor materials having an electrical imped-
ance in the range of 1-50 KQ. Such thermistors prove
extremely reliable regarding the relation between the
temperature changes and resistance changes.

[0025] Preferably, the thermography catheter com-
prises a radiopaque marker which aids in the location of
the device by fluoroscopy during interventional surgery.
More preferably, at least one sensor includes a marker
so that it is discernible via fluoroscopy. Most preferably,
individual sensors include different marker types, so that
using fluoroscopy, the individual sensors can be identi-
fied and their spatial orientation and relative location to
a desired part of the vessel wall thus clearly defined.
[0026] The distal tip may additionally comprise an ul-
trasound probe system that can give images of the arte-
rial wall. This may be achieved by the incorporation to
the distal catheter tip of a phased array of high-frequency
ultrasonic crystals or a mechanical sector ultrasound el-
ement. In this way, intravascular ultrasound (IVUS) im-
ages may be captured simultaneously with the temper-
ature data. This is extremely useful for morphological da-
ta acquisition, correctly recognizing the area of interest
and for accurate catheter positioning.

[0027] The proximal section of the thermography cath-
eter incorporates a connector for coupling the tempera-
ture data signals to a remote device such as a personal
computer. These signals are transmitted along the wires
from the sensors. The wires are preferably housed within
the sheath and are preferably electrically isolated from
the patient. Preferably, the wires are housed between
the central lumen and the intermediate lumen, within the
outer sheath.
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Brief Description of the Drawings

[0028] Examples of the present invention will now be
described in detail with reference to the accompanying
drawings, in which:

Figure 1 shows a schematic diagram of a system for
conducting vascular catheterisation of a patient;
Figure 2 shows an enlarged partial section of an ex-
ample of the distal tip of a thermography in accord-
ance with the present invention in a deployed con-
figuration;

Figure 3 shows the catheter of Figure 2 in a retracted
configuration;

Figure 4 is a flow diagram illustrating the steps in-
volved with conducting intravascular catheterisation
of a patient and the associated data capture and im-
age processing; and,

Figure 5 shows an angiogram frame overlaid with a
temperature profile.

Detailed Description

[0029] Figure 1is aschematic diagram of a system for
conducting vascular catheterisation of a patient.

[0030] The systemincludes a personal computer (PC)
1 that presents a graphical user interface (GUI) via a
number of monitors 2. The user interface systemis based
on a Microsoft Windows™ platform. Multiple windows
may be used to acquire/project data from/to the user.
Although not shown, the PC can accept user inputs via
a keyboard and mouse, or other pointing device, in the
usual manner. The PC includes a number of data stores
7, which may be external, and a CD ROM reader/writer
device 3.

[0031] The PC is coupled via a data interface 4 to a
thermography catheter 5, details of which will be de-
scribed below. In this example, the thermography cath-
eter 5 transmits four channels (one for each sensor)
which are received by the data interface 4. An analogue
temperature data signal on each channel is converted to
a digital signal using an A/D converter within the data
interface 4 at a user configured sampling rate of up to
2.5 KHz. Typically, the sampling rate would be set at
around 25 to 50 Hz to reduce the quantity of data ac-
quired.

[0032] The data interface 4 includes a multiplexer (not
shown) that combines the four digital channels into a sin-
gle time division multiplexed (TDM) signal. This TDM sig-
nal is coupled to the PC over a PCI bus. The data from
each channel are written into an area of memory within
the data store 7 reserved for that channel where they can
subsequently be retrieved for data processing along with
the corresponding time sequenced data from other chan-
nels and image data from other sources.

[0033] The temperature data from the thermography
catheter 5 are introduced to the system software running
on the PC using function calls. Temperature data are
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input to the software as the actual voltage at the A/D
hardware inputs, and therefore they have to be converted
to temperature. A sensor data convert function handles
this process.

[0034] The system is designed to be used in conjunc-
tion with a fluoroscopy x-ray apparatus and therefore in-
cludes a video frame capture interface 6 that couples
fluoroscopy video data inputs to the PC via a PCI bus.
Similarfy, it can be used in conjunction with intravascular
ultra-sound (IVUS) image data fed from the thermogra-
phy catheter 5 (when provided with the appropriate hard-
ware). The system software allocates sufficient memory
area to the systems memory for this data, taking into
account the current system configuration, for example
sampling rate, recording time, and video frame size. A
memory handle hDib is used to map video data directly
through the PCI bus from the video frame capture inter-
face 6 to this allocated area in memory. hDib memory is
divided into i equal chunks, each of a size equal to the
frame capture interface frame-buffer. Optionally, hDib [i]
data can also be mapped to a memory area of a
screen-video buffer, giving capability of live preview dur-
ing recording: Each time the software records an x group
of four (or more) temperature measurements, it prompts
for a frame capture at hDib [x]. A user configuration file
determines the ratio between temperature data:fluoros-
copy video frame capture.

[0035] Whilstin normal circumstances the thermogra-
phy catheter 5 is inserted manually, it is intended that
when performing vascular measurements the thermog-
raphy catheter 5 is pulled back relative to a predeter-
mined start position using an electro-mechanical
pull-back drive 8 coupled to the body of the catheter. The
pull-back drive 8 is controlled by the PC via a pull-back
driveinterface 9. The system software accesses user-de-
fined configuration files to get the necessary information
about controlling the systems automatic pull-back inter-
face 9. Data sampling rate, recording duration and
pre-selected retraction rate are taken into consideration
for adjusting the pull-back speed. The software routines
control a D/A converter (not shown) that feeds the input
of the pull-back interface 9 with an appropriate control
voltage. The controlled pull-back process will be de-
scribed in more detail below.

[0036] Temperature data plotting may be both on-line
and/or off-line. In an on-line mode, the monitor presents
a temperature/time-distance graph, where temperature
is continuously plotted as connected dots. In an off-line
mode, temperature data can be loaded from the data
store 7 (or other media) and plotted on the screen graph.
The user can scroll to different time/temperature loca-
tions, while several automated functions may be provid-
ed, for example auto min-max marking, colour coding of
temperature on a bullseye graph, colour thermal maps,
and 3D temperature coding on a cylinder model. In the
latter case, an artificial colour 3D cylinder that represents
the vesselis divided into splines equal to the temperature
channels. The channel temperature is coded on each
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spline with colours varying from dark-blue (minimum tem-
perature) to flashing-red (maximum temperature). The
user can rotate the cylinder as he wishes in a virtual 3D
world. The focus is set to the specific time/distance that
corresponds to the mouse position on the screen tem-
perature/time graph. 3D position control is performed us-
ing multi cubic-bezier lines, where the curvation control
points change in relation to the cylinders position in the
virtual world. A separate window shows numeric details
for the particular time/distance position. Video frame data
from simultaneous fluoroscopy/IVUS are plotted as im-
age frames in a separate window. By moving to a specific
time/temperature position, the corresponding video
frame is automatically projected. In this way, temperature
and video frames are accurately synchronised.

[0037] The system software is designed to provide ba-
sic and advanced image processing functions for the cap-
tured fluoroscopy/IVUS video frames, such as filtering
and on-screen measurement functions. The user can fil-
ter the captured frame to discard unwanted information
while focusing on the desired one. There are several au-
to-filter options as well as manual adjustment of the im-
age curve. In addition, the user can calibrate the system
and proceed in performing on-screen measurements of
both distances and/or areas. Automatic routines perform
quantification of the measurements giving significant in-
formation on lesion characteristics. The temperature can
also be colour coded on the fluoroscopy frame, providing
unique information about the correlation between tem-
perature and morphology.

[0038] By using temperature data and video frame da-
ta, the system software uses advanced algorithms based
oninterpolation and fractal theory to plota 3D reconstruc-
tion of the vessel under measurement with colour coding
oftemperature. The user can freely move the virtual cam-
era inside the reconstructed vessel in 360°, and/or
fly-through the vessel. 2D reconstructions are also pro-
vided. Temperature data can be processed on the basis
of mean temperature, or on a channel- by-channel basis.
[0039] Figures 2 and 3 show an example of the distal
tip of a thermography catheter incorporating sensors 10
mounted circumferentially about a central lumen 14. In
this example, four sensors 10 are mounted on resiliently
biased projections 11 circumferentially about the central
lumen at90° intervals, although only one sensor is shown
here for the sake of clarity. The projections 11 are made
of NiTinol.

[0040] Thesensors10are NTC thermistors. Suchther-
mistors prove extremely reliable regarding the relation
between the temperature changes and resistance
changes. An NTC thermistor having a 30 KQ impedance
at 25°C typically maintains linearity between 35°C and
45°C, at a resolution of 0.01°C - 0.1°C.

[0041] The construction of the thermistors 10 are that
of two rectangular plates with a metal alloy oxide in the
centre. The thermistor has dimensions in the range of
0.25mm - 5mm, and a caliper less than 1mm.

[0042] Each thermistor 10 is attached to the end of
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each projection 11 by bonding with an thermally conduct-
ing epoxy glue 12. Each thermistor 10 is connected to
an insulated bifilar wire 13. The wire 13 has a low im-
pedence and is constructed from nickel and/or copper.
This wire provides an electrical connection with the prox-
imal end of the device (not shown).

[0043] As shown in the Figures, the wire 13 is coiled
around the length of the projection 11. This feature has
the effect of substantial eliminating strain when the pro-
jection 11 flexes. The pitch of the coil is typically arranged
to be such that there are 5 to 10 turns over a length of
10 mm. As will be described below, a heat shrink wrap-
ping 15 is applied over the projection 11 to prevent dam-
age to the wire 13 during retraction and replacement of
an outer sheath 16. The heat shrink wrapping also pro-
vides an additional degree of electrical isolation.

[0044] To assemble a projection, a NiTinol arm is first
pretreated by placing it in a bending tool and heating to
around 700°C to impart a bend in the arm. The NiTinol
armis then held straightin a chuck and a thermistor /bifilar
wire assembly is attached to a free end of the arm using
a UV cure adhesive. The wire 13 is then spun around the
length of the NiTinol arm. Finally, the heat shrink wrap-
ping 15 is placed over the length of the NiTinol arm to a
point just beyond that of the thermistor. In this example
the heat shrink wrapping is supplied as a polyester tube
that is cut to length. An epoxy resin is then injected into
the end of the tube. The assembly is subsequently heat
treated to shrink the tube and set the epoxy resin. The
heat shrink wrapping is then trimmed back to expose at
least part of the epoxy resin coated thermistor, while
maintaining electrical isolation of the bifilar wires. After
heat treatment, the heat shrink has a wall thickness of
around 10pm.

[0045] As shown in the Figures, the thermography
catheter is mounted on an angioplasty guide wire (not
shown) which runs through the central lumen 14 and a
guide member 17 which defines the tip of the thermog-
raphy catheter.

[0046] Inuse, the apparatus may be actuated between
a non-wall-temperature sensing configuration and a tem-
perature sensing configuration. The non-temperature
sensing configuration is hereinafter referred to as the re-
tracted configuration. The temperature sensing configu-
ration is hereinafter referred to as the deployed configu-
ration. An example of the deployed configuration is
shown in Figure 2. An example of the retracted configu-
ration is shown in Figure 3.

[0047] Inthe retracted configuration, the sheath 16 en-
compasses the projections 11 so that they are con-
strained to lie parallel to the longitudinal axis of the cath-
eter and therefore cannot take up a deployed position.
The sheath 16 extends as far as the rear end of the guide
member 17 but does not overlap the guide member. This
minimises any protrusions from the thermography cath-
eter which could lead to damage of the vascularwall. This
is particularly important where a vessel is angulated or
there is bifurcation of the vessel. Such features lead to
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bending of the thermography catheter and would empha-
sise any protrusions. Hence, in this example the sheath
16 and the guide member 17 present a smooth profile
when adjacent to one another in the retracted configura-
tion.

[0048] Toadoptthe deployed configuration, the sheath
16 is withdrawn away from the extreme distaltipi.e., away
from the guide member 17, towards the proximal section,
to expose the projections 11. When the sheath 16 is with-
drawn to the extent shown in Figure 2, the resiliently bi-
ased projections 11 take up the deployed configuration.
It should be noted that the sheath is controlled from the
proximal end of the apparatus and is not shown in its
entirety in the Figures.

[0049] The projections 11 individually extend a certain
distance (r) away from the longitudinal axis of the cath-
eter. In the deployed configuration, r has a value in the
range of 2-4 mm. However, r is not fixed and varies with
the diameter of the vascular tissue being measured due
to the flexibility of the projections 11.

[0050] Different diameter catheters may be used for
different diameters of vascular tissue. However, as it is
desirable to minimize the diameter of catheters in all in-
terventional vascular treatments, it is desirable to adapt
the length of the projections and/or the angle to which
the projections may extend away from the central lumen
depending on the dimensions of the vascular tissue being
measured rather than increasing catheter body dimen-
sions. Thus, the projections for a large blood vessel, for
example 8 mm diameter, will generally require a length
of projection in the range of 5 mm to 10 mm. Smaller
diameter vascular tissue, for example 2.5 mm diameter,
will generally require a length of projection in the range
of 2 mm to 6 mm. Typically, the ratio of the area of the
cross-sectional profiles of the apparatus in the deployed
to retracted configurations is up to 4:1.

[0051] The thermography catheter includes a valve
system (not shown) allowing the annular gap between
the sheath and the intermediate lumen to be flushed in
an adequate way, thus minimising the possibility of air
bubbles or debris within the sheath. Such a valve is con-
structed to enable engagement by a 2 mm, 5 mm, or 10
mm, 6° luer syringe. The thermography catheter may be
flushed with a suitable fluid such as saline. When flushing
the catheter, fluid should exit via the distal tip of the cath-
eter, indicating proper flushing of the sheath. In addition,
the catheter includes a female luer fitting (not shown)
attached to the proximal end of the central lumen, to en-
able the central lumen to be flushed in a similar way to
the sheath.

[0052] WithreferencetoFigure4,inuse,the sequence
of events begins with the insertion of a guiding catheter
into the area of general interest (step 100), for example
the cardiac region. Where, for example, the coronary ar-
teries are to be examined, the guiding catheter is inserted
so that it is in or adjacent to the opening of the coronary
arteries. An angioplasty guide wire is then inserted into
the coronary artery, past the point of specific interest
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(step 110). The guide wire is usually inserted with the aid
of standard fluoroscopic techniques, as is the guiding
catheter. Once the guiding catheter and guide wire are
in position, the thermography catheter of the present in-
vention is maneuvered over the guide wire to a position
beyond the specific area of interest in the coronary artery
(step 120) with the aid of fluoroscopy.

[0053] Anangiogram is taken (step 130) to assess the
position of the thermography catheter in the vascular tis-
sue. Thisimage is saved and the position of the thermog-
raphy catheter is marked on the image so as to define a
starting point for the controlled pull-back step.

[0054] The guiding catheter is then locked in position
and both the sheath and the lumen housed in the sheath
are locked to mounts on the pull-back device. The sheath
is then retracted to allow the projections to adopt the de-
ployed configuration. Controlled pull-back of the ther-
mography catheter then takes place (step 140). The
pull-back takes place at a constant speed and is control-
lable by the user. Pull-back typically takes place at
speeds of 0.1 to 2 mm in divisions of 0.1 mm or so.
[0055] The pull-back takes place over a distance of the
vascular tissue being measured. Temperature readings
may be taken intermittently or substantially continuously.
The data transmitted by the sensors from the vascular
wall is captured for data and image processing (step 150)
together with a fluoroscopy/IVUS image frame.

[0056] As the thermography catheter is withdrawn in-
side the artery, the projections automatically adjust their
angle following the wall’'s morphology without losing the
desired thermal contact. The result is that the thermal
contact between the sensors and the wall is continuously
maintained, even when the catheter is crossing very ir-
regular plaque formations.

[0057] Oncethe pull-back has been completed relative
movement between the sheath and the intermediate lu-
men places the sensors in the retracted configuration.
This restores the original smooth profile of the thermog-
raphy catheter.

[0058] As mentioned above, the system software has
the capability to capture image-frames that come from
standard fluoroscopy or IVUS devices simultaneously
with temperature. Spatial data that come from fluorosco-
py/IVUS are combined by the software with temperature
data. This is done as follows: Before the thermography
procedure starts, and while the thermography catheter
is still out of the target vessel, the user records the fluor-
oscopy-tube/bed position and records a video frame dur-
ing injection of contrast media. The vessel is opacified,
and the image is stored and projected on one of the sys-
tem monitors. The user calibrates the pixel/mm relation
by using the guiding catheter as a known reference so
that distances in mm can subsequently be estimated ac-
curately on the monitor.

[0059] As shown in Figure 5, the user then marks the
beginning and ending of the area of interest (points B
and E) by clicking on them using the mouse; in return,
the software marks these points on the monitor by arrows
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or lines. The user then positions the thermography cath-
eterinthe target vessel by pushing it forward on the guide
wire until the fluoroscopic marker on the thermography
catheter passes point E over a few mm; while watching
the system’s monitor, the thermal sensors are then de-
ployed and the user manually pulls the thermography
catheter back gently until the fluoroscopic marker over-
laps exactly on point E. The software then instructs the
automatic pull-back device to pull back the thermography
catheter over the length of the BE curve within the vessel.
[0060] The software then performs auto-border detec-
tion on the BE area of the fluoroscopy video frame using
aphotoluminescence technique, and temperature is sub-
sequently coded in the atherosclerotic plaque outline as
RGB color degradation from dark-blue (0,0,255) corre-
sponding to the minimum detected temperature, to flash-
ing red (255,0,0) corresponding to the maximum detect-
ed temperature. A reference color map may be provided,
and by moving the mouse cursor inside the BE area,
temperature values may also automatically be provided
in a numeric format.

Claims

1. A catheter apparatus for temperature measurement
of vascular tissue, comprising aflexible body, atleast
one resiliently biased projection depended from the
body, a sensor carried by the projection and an elec-
trical carrier for transmitting data from the sensors
to a remote device, wherein the ele.ctrical carrier is
coiled around the body of the projection.

2. Anapparatus according to claim 1, in which the pitch
of the coil is arranged such that there are 5 to 10
turns per cm over the length of the projection.

3. An apparatus according to any preceding claim, fur-
ther comprising a heat shrink wrapping applied
around at least a portion of the length of the projec-
tion.

4. An apparatus according to any preceding claim,
wherein the body has a longitudinal axis and at least
part of the projections are extensible radially from
the longitudinal axis of the catheter body.

5. An apparatus according to any preceding claim,
wherein the projections lie substantially parallel to
the longitudinal axis of the catheter body and against
the bias in a retracted configuration and are extend-
ed radially from the body, with the bias, to contact
the vascular wall in a deployed configuration.

6. An apparatus according to any preceding claim,
wherein the sensors are positioned circumferentially
about a longitudinal axis of the catheter body.
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7. An apparatus according to any preceding claim,
wherein the sensor is a thermistor.

8. An apparatus according to any preceding claim,
wherein the projections comprise a superelastic ma-
terial.

9. Anapparatus according to claim 8, wherein the ratio
of the area of the cross-sectional profiles of the ap-
paratus in the retracted and deployed configurations
is in the range 4:1-1.1:1, preferably 3:1-1.25:1, more
preferably 2.5:1-2.0:1, most preferably
1.75:1-1.25:1.

10. An apparatus according to any preceding claim, fur-
ther comprising a sheath adapted to substantially
encompass the thermistors in a retracted configura-
tion.

11. An apparatus according to claim 10, wherein the
sheath is retractable, thus enabling the projections
to take up a deployed configuration.

Patentanspriiche

1. Kathetervorrichtung zur Temperaturmessung von
GefalRgewebe, umfassend einen elastischen Kor-
per, wenigstens einen elastisch vorgespannten Vor-
sprung, der von dem Koérper abhangt, einen Sensor,
der von dem Vorsprung getragen wird und einen
elektrischen Trager zum Ubertragen von Daten von
den Sensoren zu einer entfernten Vorrichtung, wo-
bei der elektrische Trager um den Kérper des Vor-
sprungs gewunden ist.

2. Vorrichtung nach Anspruch 1, bei welcher der Gang
der Windung derart vorgesehen ist, dal® iber die
Lange des Vorsprungs 5-10 Umdrehungen pro Zen-
timeter vorliegen.

3. Vorrichtung nach einem der vorstehenden Anspru-
che, des weiteren umfassend eine Hitzeschrump-
fumhillung, die um zumindest einen Abschnitt der
Lange des Vorsprungs vorgesehen ist.

4. Vorrichtung nach einem der vorstehenden Anspri-
che, bei welcher der Kérper eine Langsachse hat
und wenigstens ein Teil der Vorspriinge von der
Langsachse des Katheterkérpers radial verlanger-
bar sind.

5. Vorrichtung nach einem der vorstehenden Anspru-
che, bei welcher die Vorspriinge im wesentlichen
parallel zu der Ldngsachse des Katheterkorpers lie-
gen und gegen die Vorspannung in zuriickgezoge-
ner Konfiguration undradial von dem Kérper aus ver-
langert werden mit der Vorspannung, um die Gefa-



10.

11.

13

Rwand in einer ausgebreiteten Konfiguration zu kon-
taktieren.

Vorrichtung nach einem der vorstehenden Anspru-
che, bei welcher die Sensoren umfanglich um eine
Langsachse des Katheterkdrpers positioniert sind.

Vorrichtung nach einem der vorstehenden Anspru-
che, bei welcher der Sensor ein Thermistor ist.

Vorrichtung nach einem der vorstehenden Anspri-
che, bei welcher die Vorspriinge ein superelasti-
sches Material umfassen.

Vorrichtung nach Anspruch 8, bei welcher das Ver-
haltnis der Flache der Querschnittsprofile der Vor-
richtung in der zurlickgezogenen und ausgebreite-
ten Konfiguration in einem Bereich von 4:1-1,1:1 vor-
zugsweise 3:1-1,25:1, bevorzugter 2,5:1-2,0:1 am
bevorzugtesten 1,75:1-1 25,1 liegt.

Vorrichtung nach einem der vorstehenden Anspri-
che, des weiteren umfassend eine Hiille, die ausge-
legtist, umim wesentlichen die Thermistorenin einer
zuriickgezogenen Konfiguration zu umgeben.

Vorrichtung nach Anspruch 10, bei welcher die Hlle
zurlickziehbar ist und dadurch den Vorspriingen er-
moglicht, eine ausgebreitete Konfiguration anzu-
nehmen.

Revendications

Appareil a cathéter pour la mesure de la température
d’un tissu vasculaire, comprenant un corps flexible,
au moins une saillie oblique de maniére résiliente,
dépendante du corps, un capteur porté par la saillie
etun conducteur électrique pour transmettre les don-
nées depuis le capteur vers un dispositif éloigné,
dans lequel le conducteur électrique est enroulé
autour du corps de la saillie.

Appareil selon la revendication 1, dans lequel le pas
de I'enroulement est ajusté de sorte qu’ily ait5a 10
tours par cm sur la longueur de la projection.

Appareil selon I'une quelconque des revendications
précédentes, comprenant en outre une enveloppe
se rétractant a la chaleur, appliquée autour d’au
moins une partie de la longueur de la saillie.

Appareil selon I'une quelconque des revendications
précédentes, dans lequel le corps a un axe longitu-
dinal et au moins une partie des saillies sont radia-
lement extensibles depuis I'axe longitudinal du corps
de cathéter.
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Appareil selon I'une quelconque des revendications
précédentes, dans lequel les saillies sont sensible-
ment paralléles a I'axe longitudinal du corps de ca-
théter et contre le décentrement dans une configu-
ration rétractée et sont étendues de maniére radiale
depuis le corps, avec le décentrement, pour entrer
en contact avec la paroi vasculaire dans une confi-
guration déployée.

Appareil selon 'une quelconque des revendications
précédentes, dans lequel les capteurs sont disposés
sur la circonférence autour d’'un axe longitudinal du
corps de cathéter.

Appareil selon 'une quelconque des revendications
précédentes, dans lequel le capteur est un thermis-
tor.

Appareil selon I'une quelconque des revendications
précédentes, dans lequel les projections compren-
nent un matériau superélastique.

Appareil selon la revendication 8, dans lequel le rap-
port de la surface des profils en coupe transversale
de I'appareil en les configurations rétractée et dé-
ployée se situe dans l'intervalle allant de 4:1-1,1:1,
de préférence de 3:1-1,25:1, de maniére plus préfé-
rée de 2,5:1-2,0:1, de maniére la plus préférée de
1,75:1-1,25:1.

Appareil selon 'une quelconque des revendications
précédentes, comprenant en outre, une gaine adap-
tée pour sensiblement renfermer le thermistor en la
configuration rétractée.

Appareil selon la revendication 10, dans lequel la
gaine est rétractable, permettant aux saillies de
prendre la configuration déployée.
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Fig.4.
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