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Description
Background to the Invention

[0001] The human vascular system may suffer from a
number of problems. These may broadly be character-
ised as cardiovascular and peripheral vascular disease.
Among the types of disease, atherosclerosis is a partic-
ular problem. Atherosclerotic plaque can develop in a
patient’s cardiovascular system. The plaque can be quite
extensive and occlude a substantial length of the vessel.
Additionally, the plaque may be inflamed and unstable,
such plaque being subject to rupture, erosion or ulcera-
tion which can cause the patient to experience a myo-
cardial infarction, thrombosis or other traumatic and un-
wanted effects.

[0002] The study of the vascular wall has proven to be
of incomparable value for the percutaneous study for the
majority of cardiac diseases. Several techniques have
been developed for studying vascular tissue. However,
existing methods based on intravascular ultrasound give
limited morphological information concerning the tissue
characterisation of the arterial wall. Other methods in-
clude the measurement of various parameters such as
blood pressure, flow velocity, temperature, impedance
and the like. These techniques provide poor, or no infor-
mation about the composition of the vascular tissue. In
particular, the above techniques do not provide selective
information about the different tissues which make up
the vascular wall.

[0003] Thereis aneed to produce a method which can
be used to detect the composition of the vascular tissue
and to provide anatomical and morphological data, there-
by yielding information about the quality of the vascular
tissue. Analysis of the vascular wall composition can be
used to detect early atherosclerosis and other diseases
and adverse conditions affecting the vascular tissue, thus
rendering the possibility of early treatment of the condi-
tion. This allows the possibility of prevention, rather than
just cure of such conditions.

[0004] EP-A-1016374 discloses an arthroscopic in-
strument for measuring the distance between two points
internal to a body of a patient.

[0005] US-A-5, 010, 892 discloses a body-lumen
measuring instrument for insertion into a body passage-
way in order to determine the interior lumen diameter
and/or axial length of the passageway at a predetermined
location.

Summary of the Invention

[0006] According to a first aspect of the present inven-
tion, there is provided a catheter according to claim 1.

[0007] According to a second aspect of the present
invention, a catheter system comprises a catheter in ac-
cordance with the first aspect of the present invention, in
combination with a signal processing system electrically
coupled to the detector, which is adapted to detect chang-
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es in the signal of the detector.

[0008] The first aspect of the present invention pro-
vides a catheter comprising a resiliently biased projection
comprising one plate of a variable capacitor, wherein the
capacitance varies as a function of radial displacement
of the resiliently biased projection. Thus, a signal
processing system electrically coupled to the variable ca-
pacitor plate may be adapted to detect changes in the
capacitance of the variable capacitor. This affords a
method of studying the physiology and/or morphology of
a vessel wall by detecting capacitance variations be-
tween capacitor plates inserted into the vascular tissue.
[0009] The presentinvention allows dimensional char-
acteristics of the vascular tissue to be determined. For
example, the cross-section of a vascular lumen can be
measured by measuring the capacitance between the
plates of the variable capacitor and relating this to the
distance between the plates. If the position of one of the
plates in the lumen is known, for example, being posi-
tioned against one wall of the vessel, the resiliently biased
projection, comprising the other plate of the variable ca-
pacitor, can bias itself against the opposing wall. The
measured capacitance is directly proportional to the dis-
tance between the plates.

[0010] One of the advantages of the present invention
is that a direct contact method of evaluating the vascular
dimensions may be employed. In particular, this has the
advantage of employing othertypes of direct measure-
ment, for example, physiological parameters such as
temperature of the vascular tissue, and integrate these
with the dimensional characteristics of the vascular tis-
sue. This can provide an enhanced "picture" of a portion
of vascular tissue. For example, it has been reported that
unstable and inflamed plaque can cause the temperature
of the artery wall to elevate up to 2.5°C. The present
device and method allow the user to establish that not
only an inflammation of the vessel is present, possibly
indicating stenosis of the vascular tissue, but also that
the temperature in the same region is elevated compared
to surrounding, non-inflamed tissue. This allows the iden-
tity and prioritisation of treatment for unstable plaque.
[0011] Atleast one of the plates of the variable capac-
itor are attached to the resiliently biased projection or
form an integral part thereof. Preferably, pairs of capac-
itor plates are attached to, or are integrally formed with
pairs of opposing resiliently biased projections. Most
preferably, at least one plate of the variable capacitor is
formed integrally with the resiliently biased projection.
Preferably, at least a portion of the variable capacitor
forms a substantially flat surface. The variable capacitor
is preferably constructed from metal plate, metal foil or
a metal film deposited on a substrate. Preferred metals
include nickel, titanium, gold, steel, silver and alloys
thereof. The electrolytic capacitance created between
the plates uses the blood as dielectric. Blood has a high
dielectric constant e (serum plasma has approx. e = 200,
measured at 1MHz). Thus, with a plate separation of
5mm and a plate area of 1mm?Z each, capacitance should
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be C=8.85 x 10-12 x 200 x 0.000001/0.005 = 0.354 x
10-12 Farads. At a plate separation of 1mm, C= 8.85 x
10-12 x 200 x 0.000001/0.001 = 1.77x 10-12 Farads.
[0012] The physiology and/or morphology of a vessel
wall is investigated preferably using the frequency shift-
ing of an oscillator due to capacitance variations of a
capacitor formed between plates carried by a catheter.
Changes in capacitance presented by this variable ca-
pacitor are detected by the frequency shifting of an as-
sociated variable frequency oscillator which is mixed with
the output of a fixed frequency oscillator.

[0013] Preferably, the signal processing system ac-
cording to the second aspect, comprises one or more
variable frequency oscillators, the output frequency of
which is frequency shifted in dependence on the capac-
itance presented by a respective variable capacitor of
the catheter.

[0014] In a preferred example, the signal processing
system comprises a first oscillator, the output frequency
of which is dependent on the capacitance presented by
arespective variable capacitor of the catheter, and a sec-
ond oscillator, the output frequency of which is fixed, and
a frequency mixer which receives the signal outputs of
the first and second oscillators and generates a differ-
ence frequency signal.

[0015] Preferably, the variations in capacitance are de-
tected by the frequency shifting of an oscillator.

[0016] The catheter of the present invention is partic-
ularly useful for intravascular studies, but equally can be
used in other organs or cavities for studying their mor-
phological characteristics and wall composition. Sophis-
ticated computer processing of data can provide infor-
mation on vascularwall composition and morphology that
is hitherto unavailable.

[0017] A particular advantage of using variable capac-
itors is that these methods are particularly sensitive and
high resolution of the vessel walls can be obtained. Ang-
strom changes in distance can result in changes in fre-
quency in the order of KHz.

[0018] Such a highly sensitive technique enables the
device of the present invention to distinguish between
the systolic and diastolic diameters of the blood vessel.
Consequently, this enables the user to measure param-
eters such as the elastic index of the blood vessels. This
is particularly useful as it provides information about the
physiology of the vessels being studied. For example, a
stenosed or calcified region of blood vessel is generally
less elastic than a healthy region.

[0019] One or more detectors, preferably 2 to 10 de-
tectors, more preferably 2 to 6 detectors may be utilised
in the present invention. Preferably, each detector is
mounted on a separate projection. In a particularly pre-
ferred example, four projections, each having a single
detector mounted thereon, are provided.

[0020] Generally, the catheter of the present invention
comprises a plurality of co-axial lumen. Preferably, the
catheter comprises a central lumen adapted to be mount-
ed on a standard angioplasty guide wire suitable for vas-
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cular 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 lu-
men. Preferably, outside the intermediate lumen is
mounted an external lumen, hereinafter 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 be-
tween adjacent lumen.

[0021] The projection is preferably mounted on the
central orintermediate lumen but may be attached to any
lumen inside the sheath.

[0022] The central lumen may be formed from the
standard catheter lumen materials, for example, nylon,
FEP, polyurethane, polyethylene and nitinol and mix-
tures thereof.

[0023] The intermediate lumen and the sheath are
generally constructed from, but individually selected
from, the standard catheter lumen materials discussed
above.

[0024] 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.

[0025] Preferably, the central and intermediate lumen
are bound to one another and are not moveable relative
to one another.

[0026] 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 mm in length. The projections pref-
erably have a caliper of 0.3 mm to 5 mm, more preferably
0.5 mm to 3 mm.

[0027] 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 preferably com-
prises 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.
[0028] The projections utilised in the present invention
preferably comprise sensors, preferably temperature
Sensors.

[0029] One or more sensors, preferably 2 to 10 sen-
sors, more preferably 2 to 6 sensors may be utilised in
the presentinvention. 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.

[0030] Where more than one projection is provided,
each projection is preferably independently biased.
Thus, each projection can follow the vessel morphology
independent of the other projections.

[0031] 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-
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erably be located toward, or at the distal tip of the pro-
jection.

[0032] The capacitor plate(s) is/are preferably located
on the inner face of the projection, relative to the central
lumen. In a particularly preferred example, four projec-
tions are provided, and each comprising a capacitor
plate.

[0033] The projections need not be mounted in sub-
stantially the same circumferential plane of the catheter
body, but this configuration is preferred.

[0034] Itis also possible to provide projections having
different lengths. This allows a better assessment of the
3D location of the projections to be provided while using
a 2D imaging technique.

[0035] 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.

[0036] A large number of super-elastic materials may
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.

[0037] Preferably, the projection, when not restrained
will adopt a deployed configuration in which a free end
ofthe 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 contact with the vascular wall, without sub-
stantially compromising blood flow.

[0038] 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 ca-
pable 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 material is a polyester.
[0039] Preferably, the heat shrink material covers the
detector and isolates it from the body of the subject of
the interventional surgery. Preferably, the heat shrink
material additionally covers the sensor.

[0040] In accordance with a particularly preferred ex-
ample of the first aspect of the invention, the resiliently
biased, projection when restrained, adopts a substantial-
ly straight shape, which lies substantially parallel to the
longitudinal axis of the catheter body. In the deployed
configuration, the projection adopts an arcuate shape
along at least part of its length. In this embodiment, the
gradient of the arcuate portion of the projection, with re-
spect to the longitudinal axis of the catheter, increases
as a function of distance along the projection from the
end attached to the catheter body. Thus, the free end of
the projection bends away from the catheter body. This
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particular embodiment allows the free end of the projec-
tions to more accurately and consistently follow the mor-
phology of the vascular tissue. A stenosis usually in-
volves a section of the wall being inflamed and thus pro-
truding into the lumen of the blood vessel. Alternatively,
a calcified plaque may have an irregular surface leading
to it protruding into the lumen. Where an arcuate de-
ployed projection is employed, the arc allows the tip of
the projection to "reach around" to the trailing edge of a
stenosed region as the catheter is moved along the vas-
cular tissue. The arcuate nature of the projections also
allows the temperature sensors, where present, to be
located more directly and in closer contact to the vessel
wall as well as providing a more accurate morphological
resolution of the vessel wall. The maximum gradient of
the projection, with respect to the longitudinal axis of the
catheter body is preferably less than 90°, more preferably
less than 75°, more preferably less than 60°. In this par-
ticular embodiment, the arc of the projection preferably
provides maximum possible contact angle between the
projection and the vessel wall of less than 90°, more pref-
erably less than 75°, more preferably less than 60°. This
angle, while having a maximum deviation of less than
90°, is variable as a consequence of the compliant nature
of the biased projection. This allows the projection to fol-
low the vascular morphology.

[0041] Where a projection having an arcuate portion
is provided, there may also be substantially straight por-
tions of the projection along its length. A particularly pre-
ferred example provides a resiliently biased projection
having a substantially straight portion which bears the
detector, in particular, a capacitance plate. It would be
advantageous to produce capacitance plates which re-
main substantially parallel even during displacement of
the resiliently biased projections. This may be achieved
using a sinusoidal shaped projection, preferably a flat-
tened sinusoidal shape having about 1.5 wavelengths of
a sinusoidal wave. This structure could be described as
an "extended S" shape. An example is shown in figure
3. This shape provides an arcuate portion which enables
good contact with the vessel wall, as described above.
It also provides a section which is flattened (in this case
towards the middle of the projection) upon which the de-
tector may be mounted.

[0042] In a particularly preferred example, the capac-
itor comprises two or more resiliently biased projections,
each of which may comprise one plate of the same var-
iable capacitor. Thus, a preferred example is a catheter
comprising two resiliently biased arms, each of which
comprise one plate of the same variable capacitor. Con-
sequently, the resiliently biased projections may be po-
sitioned on opposed sides of the catheter at, for example,
180° intervals. This allows the resiliently biased projec-
tions to bend away from the capacitor body and to contact
opposed vascular walls. As the resiliently biased projec-
tions are conformal to the morphology of the vascular
tissue, a cross-section, or a series of cross-sections of
vascular morphology may be measured by relating the
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change in capacitance to the change in distance between
the plates of the variable capacitor as the projections
contact the vascular wall. It should be understood that
any number of capacitor plate pairs may be used in the
present invention. These may each be mounted on in-
dependently biased projections. Where, for example, 4
plates are provided on 4 projections, the projections may
be positioned at substantially 90° intervals. The opposed
(180° separation) plates preferably bear paired capacitor
plates. This allows an eccentric assessment of vessel
dimensions rather than just concentric.

[0043] Inanother particularly preferred example of the
firstaspect of the presentinvention, a catheteris provided
comprising two or more resiliently biased projections
each comprising one plate of different variable capaci-
tors, and at least one fixed plate comprising the other
half of at least one of the variable capacitor plates on a
resiliently biased projection. This example allows the
fixed plate to be provided, preferably mounted on, or in-
tegral with, the catheter body. The fixed plate is associ-
ated with at least one of the plates mounted on one of
the resiliently biased projections. Thus, the capacitance
can be measured between the projection-mounted plate
and the fixed plate. The term "fixed" is intended to dis-
tinguish from the projections which are moveable relative
to the catheter body. "Fixed" is not intended to imply that
the plate is stationary when in the vessel. In this particular
example, the same fixed plate or another fixed plate may
be associated with the variable capacitor plate mounted
on the second projection.

[0044] 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 micro-
spring, such that when unrestrained, the projection is ex-
tended against the vascular wall as discussed above.
[0045] 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 impedance in
the range of 1-50 KQ. Such thermistors prove extremely
reliable regarding the relation between the temperature
changes and resistance changes.

[0046] Preferably, the catheter comprises a radio-
paque marker which aids in the location of the device by
fluoroscopy during interventional surgery. More prefera-
bly, at least one detector includes a marker so that it is
discemible via fluoroscopy. Most preferably, individual
detectors include different marker types, so that using
fluoroscopy, the individual detectors can be identified and
their spatial orientation and relative location to a desired
part of the vessel wall thus clearly defined.

[0047] The detector is preferably attached to an elec-
trical carrier, preferably a wire, which allows the data from
the detector to be connected to a remote device to the
personal computer. The wire(s) are preferably housed
within the sheath and are preferably electrically isolated
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from the patient. Preferably, the wire(s) are housed be-
tween the central lumen and the intermediate lumen,
within the outer sheath.

[0048] The proximal section of the catheter incorpo-
rates a connector for coupling the detected signals to a
remote device such as a personal computer. These sig-
nals are transmitted along the wire(s) from the detector.
The wire(s) are preferably housed within the sheath and
are preferably electrically isolated from the patient. Pref-
erably, the wire(s) are housed between the central lumen
and the intermediate lumen, within the outer sheath.
[0049] Where sensors are provided, these may be sim-
ilarly linked via an electrical carrier to a remote device.
[0050] In a particularly preferred example, electrical
carrier connected to the detector and/or sensor for trans-
mitting data to a remote device is coiled. Preferably, the
electrical carrier is coiled around the body of the projec-
tion. Such a device is described in our earlier filed Euro-
pean patent application no. 01306599.0 In this embodi-
ment, the electrical connection is coiled to reduce the
strain at critical points where it is necessary to maintain
a seal, and hence electrical isolation. The coiled nature
of the carrier also allows the carrier to act as an induct-
ance coil.

[0051] The design is also especially suitable for use
with a vascular thermography catheter apparatus of the
type described in our earlier filed International patent ap-
plication no. PCT/EP01/04401.

[0052] In a particularly preferred embodiment of the
present invention, the catheter may be used in concert
with a catheter positioning system in accordance with
that disclosed in our co-pending European application
No.01307682.3. This system comprises a guide catheter
extension adapted to co-operate with a guide catheter,
a catheter positioning device adapted to engage a cath-
eter and guide the catheter within the guide catheter ex-
tension, wherein the guide catheter extension further
comprises a plurality of engagement means for fixing the
relative positions of the guide catheter extension and the
positioning device at any one of a number of positions
over its length.

[0053] This system allows the distance between a
guide catheter and a positioning device to be manipulat-
ed by the user. Thus the guide catheter may be fixed in
position relative to both patient and positioning device,
while providing the optimum distance between the effec-
tive length of the guide catheter (guide catheter and guide
catheter extension) and the points at which the catheter
is fixed to the positioning device.

[0054] The guide catheter extension is adapted to re-
ceive a catheter used in interventional cardiology. Pref-
erably, the body of the guide catheter extension is sub-
stantially cylindrical in cross section and has a diameter
in the range of 1-15 mm.

Preferably the diameter is in the range of 2-10 mm, more
preferably 3-7 mm. Preferably, the length of the guide
catheter extension is in the range of 0.1 m to 1 m. More
preferably, the length of the guide catheter extension is
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0.15-0.5 m.

[0055] The body of the guide catheter extension may
be formed from standard guide catheter materials. For
example nylon, PTFE, polyurethane, polyethylene and
nitinol and mixtures thereof may be used. It may also be
made from metals such as aluminum, steel and alloys
thereof.

[0056] The guide catheter extension preferably has a
number of points adapted for engagement with the cath-
eter positioning device. Notches, annular indentations,
and any other suitable means may be used. Preferably
there are 2-200 fixation points, more preferably 5-100,
most preferably 10-50 fixation points. These engage-
ment means enable the guide catheter extension to be
fixed in place, at selected positions over its length, on
the catheter positioning device.

[0057] The guide catheter extension comprises adistal
and a proximal end. Preferably, the distal end is adapted
for engagement with the guide catheter, while the prox-
imal end is adapted for engagement with the catheter
positioning device.

[0058] There is also provided a guide catheter exten-
sion capable of receiving a catheter, comprising a sub-
stantially rigid tubular section capable of sealing engage-
ment within a compression fitting of the guide catheter.
[0059] Where positioning of the catheter, therefore
translational movement within the vascular tissue (there-
fore also within the guide catheter and guide catheter
extension) is required, the arrangement allows the junc-
tion between the guide catheter extension and guide
catheter to be sealed by tightening the compression fit-
ting, but does not allow the junction to impinge on the
catheter within. The seal is preferably achieved by pro-
viding a sealing element in the guide catheter extension
which forms a low friction, slidable seal with the sheath
of the catheter. Thus the catheter is able to be moved
and positioned within the apparatus without undue fric-
tion being applied to the catheter. This is particularly im-
portant as a Y-piece, in addition to being used as the
injection point for contrast medium into the patient is also
used as a pressure measurement point during the inter-
ventional procedure. In order for the pressure of the pa-
tient to be reliably measured, the system must be sub-
stantially closed, otherwise the pressure will vent at a
non closed section. This will lead to loss of pressure, loss
of blood, and unreliable pressure readings. However, the
present system maintains the pressure of the system as
the guide catheter and guide catheter extension junction
is sealed and the diameter of the catheter is generally
slightly less than the diameter of the internal lumen of
the guide catheter extension. Alternatively, the pressure
is maintained by providing the above mentioned sealing
element in the guide catheter which forms a low friction,
slidable seal with the sheath of the catheter.

[0060] Most preferably, the distal end of the guide cath-
eter extension is adapted for engagement with a standard
Y-piece used in interventional cardiology, having a com-
pression fitting. This substantially prevents loss of blood
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or fluid at the junction between the guide catheter and
the guide catheter extension.

[0061] Preferably the distal end of the guide catheter
extension comprises a substantially rigid tubular section
which is fixed to a flexible section, and which is co-axial
therewith. The rigid tubular section may be integrally
moulded with the flexible section. Alternatively, it is fixed
to the flexible section by any suitable means, forexample,
glue, soldering, welding and the like.

[0062] The catheter positioning device is preferably a
type for positioning a catheter and comprises afirstlumen
mount for holding a first lumen of the catheter, a second
lumen mount for holding the guide catheter extension,
and a drive mechanism, wherein the first lumen mount
is selectively connectable to the drive mechanism for rel-
ative movement with respect to the second lumen mount
[0063] The second lumen mount preferably includes a
bracket, preferably adapted for engagement with the
guide catheter extension. The bracket is usually located
at one end of an extension arm, while the other end is
connected to the body of the positioning device.

[0064] The positioning device is preferably a pull-back
device which is particularly useful when used in concert
with a vascular catheter apparatus according to a first
aspect of the present invention. The catheter requires
precise positioning and or maneuvering within vascular
tissue. The positioning device also allows precise and
controllable movement within the vascular tissue. This
enables the precise vascular mapping of the vessels mor-
phology.

[0065] When the pull-back device is used in concert
with the types of vascular catheter according to the
present invention, the pull-back device preferably com-
prises a first lumen mount for holding a first lumen of the
catheter, and a second lumen mountfor holding a second
lumen of the catheter, a third lumen mount for holding a
guide catheter extension, and a drive mechanism, where-
in each of the firstand second lumen mounts is selectively
connectable to the drive mechanism for both independ-
entand relative movement with respectto the third lumen
mount and to one another to control the configuration of
the catheter.

[0066] The pull-back device enables a guide catheter
and the catheter to be stabily mounted. In particular, the
pull-back device enables relative movement between the
guide catheter and the catheter but, in use, allows the
catheter to move relative to the patient and restrains
movement of the guide catheter relative to the patient
The pull-back device additionally allows a controlled re-
traction and positional retention of the associated sheath,
thus ensuring atraumatic expansion of the projections on
the catheter.

[0067] Preferably, the pull-back device comprises a
fixed mount for the guide catheter extension, a mount for
the sheath and a mount for the combined inner and in-
termediate lumen. Hereinafter, the guiding catheter ex-
tension mountis referred to as mount A, the sheath mount
as mount B, and the inner and intermediate lumen mount
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as mount C.

[0068] Mount A preferably has a fixed position during
pull-back but may be adjustable. Mount B and C are pref-
erably moveable relative to one another and to mount A.
Mount B and C may be motor driven, in particular stepper
motor driven. While mount B and C are moveable, they
are preferably adapted to enable selective locking in
place relative to one another and/or to mount A. Mount
C is preferably mounted on the drive mechanism al-
though mount B and C may both be mounted on the drive
mechanism.. The drive mechanism enables the catheter
to be driven towards or away from the patient via move-
ment of mounts B and/or C.

[0069] The interlocking of mount B and C prevents the
sheath from moving relative to the lumens housed inside
the sheath, thereby ensuring the projections remain in
the deployed configuration and engaged with the vascu-
lar tissue in the area of interest.

[0070] The locking mechanism on the pull-back device
includes a restraining mechanism, preferably a stopper
rod. This is provided with means for engaging projections
within mounts B and/or C. A similar set of projections
within the same mounts are used to selectively connect
the mounts to the drive rod. These projections may be
actuated by a user who can selectively control which of
the mounts is locked and which are driven, and the in-
teraction between the mounts.

[0071] The drive mechanism is preferably driven by a
motor, and preferably gearing is provided along with con-
trol and monitoring means.

[0072] It is particularly important that substantial oc-
clusion of the vascular tissue is prevented. This is
achieved by the present invention as the apparatus in a
deployed configuration does not substantially increase
its radial cross sectional area beyond the radial cross
sectional area of the apparatus in a retracted configura-
tion.

[0073] Preferably, the ratio of the area of the cross-
sectional profiles of the apparatus in the deployed to re-
tracted configurations is in the range 4:1-1:1, preferably
3:1-1.25:1, more preferably 2.5:1-2:1, most preferably
1.75:1-1.25:1.

[0074] The vascular catheter apparatus of the present
invention, subsequent to the identification and measure-
ment of vascular tissue, in particular, atherosclerotic
plaque, may be used to treat an area identified as being
at risk of rupture of said plaque. Treatment may be ef-
fected by reinserting the catheter to a predetermined area
of the vascular tissue. This reinsertion may be achieved
in a controlled manner as the prior morphology meas-
urement scan with the device may be used to produce a
morphological map of the vascular tissue. This informa-
tion may be stored in the remote device and can be used
to relocate the area of risk. This procedure requires less
contrast media to be infused into the patient than would
normally be required in similar vascular interventional
procedures as the position of the catheter is known due
to the data stored in the remote device. The pull-back
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device may then, under the control of a user, be used to
drive the catheter back to, for example, the starting point
of the morphological measurement or any point along
the path of the morphological data acquisition, for further
morphological or physiological measurements or alter-
native treatments of the vascular tissue.

[0075] For example, the catheter apparatus can then
be used to treat the area by any of the usual therapeutic
procedures, including localised delivery of a therapeutic
agent, delivery of a stent, brachy therapy, ablation of se-
lected tissue etc. Thus the catheter may additionally com-
prise angioplasty balloons or sleeves.

Brief Description of the Drawings

[0076] 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 and 2a shows a side view of the distal end
of the catheter of the present invention;

Figure 3 shows a sectioned view of the catheter of
the present invention with an extended S-shape pro-
filed projection:

Figure 4 shows the pull-back device in side view;
Figure 5 shows the pull-back device in plan view;
Figure 6 shows a cross-sectional view of the catheter
guide extension;

Figure 7 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 8 shows an example of a signal processing
unit for use with a catheter of the present invention.

Detailed Description

[0077] Figure 1is a schematic diagram of a system for
conducting vascular catheterisation of a patient

[0078] The systemincludes a personal computer (PC)
1 that presents a general 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.

[0079] The PC is coupled via a data interface 4 to a
catheter 5, details of which will be described below. In
this example, the catheter 5 transmits four channels (one
for each detector) which are received by the data inter-
face 4. An analogue capacitance data signal on each
channel is converted to a digital signal using an A/D con-
verter within the data interface 4 at a user configured
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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 acquired.

[0080] 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 is written into an area of memory within the
data store 7 reserved for that channel where it can sub-
sequently be retrieved for data processing along with the
corresponding time sequenced data from other channels
and image data from other sources.

[0081] The capacitance data from the catheter 5 is in-
troduced to the system software running on the PC using
function calls. Capacitance data are input to the software
as the frequency at the A/D hardware inputs, and there-
fore they have to be converted to distance. The frequency
changes are first converted to voltage via a frequency to
Voltage converter, and then they are driven to the A/D
coverter. A detector data convert function handles this
process.

[0082] This particular system is designed to be used
in conjunction with temperature sensing apparatus. The
temperature data can be processed in a similar way to
the capacitance data, as discussed in the preceding par-
agraphs.

[0083] 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.
Similarly, it can be used in conjunction with intravascular
ultra-sound (IVUS) image data fed from the catheter 5
(when provided with the appropriate hardware). The sys-
tem software allocates sufficient memory area to the sys-
tems memory for this data, taking into account the current
system configuration, for example sampling rate, record-
ing 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 interface 6 to this allocated
area in memory. hDib memory is divided into i equal
chunks, each of a size equal to the frame capture inter-
face frame-buffer. Optionally, hDib [i] data can also be
mapped to a memory area of a screen-video buffer, giving
capability of live preview during recording. Each time the
software records an x group of four (or more) capacitance
measurements, it prompts for a frame capture at hDib
[x]. A user configuration file determines the ratio between
capacitance data:fluoroscopy video frame capture.
[0084] Whilst in normal circumstances the catheter 5
is inserted manually, it is intended that when performing
vascular measurements the catheter 5 is pulled back rel-
ative to a predetermined 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 drive interface 9. The system software
accesses user-defined configuration files to get the nec-
essary information about controlling the systems auto-
matic pull-back interface 9. Data sampling rate, recording

10

15

20

25

30

35

40

45

50

55

duration and preselected 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 described in more detail below.
[0085] Capacitance data plotting may be both on-line
and/or off-line. In an on-line mode, the monitor presents
a capacitance/time-distance graph, where capacitance
is continuously plotted as connected dots. In an off-line
mode, capacitance 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.

[0086] The system software is designed to provide ba-
sicand 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.

[0087] By using capacitance 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. The user can free-
ly move the virtual camera inside the reconstructed ves-
selin 360°, and/or fly-through the vessel. 2D reconstruc-
tions are also provided.

[0088] Figure 2 and 2ashows one example of the distal
tip of a catheter incorporating sensors 10 mounted cir-
cumferentially about a central lumen 14. In this example,
four sensors 10. are mounted on resiliently biased pro-
jections 11 circumferentially about the central lumen at
90° intervals, although only two sensors are shown here
for the sake of clarity.

[0089] Variable capacitor plates 12 and 12aare mount-
ed on the side of the face of the projections facing the
central lumen 14. In this example, four variable capacitor
plates 12 and 12a are mounted on resiliently biased pro-
jections 11 circumferentially about the central lumen at
90° intervals, although only two variable capacitor plates,
12 and 12a, are shown here for the sake of charity.
[0090] In this example, the opposed plates, 12 and
12a, are a pair of plates making a single variable capac-
itor.

[0091] Each plate 12 and 12a is embedded within a
plastics covering, although it could instead be surface
mounted. The shape and configuration can be modified
to provide different shaped plates, different plate spac-
ings, and different longitudinal coverage for the or each
pair of plates.

[0092] Each plate 12 is connected to the proximal part
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of a catheter (not shown) via a respective thin electrical
wire 13 carried within the body of the catheter 10 (in the
Figure, some electrical wires have been omitted for clar-
ity). Each electrical wire 13 is electrically shielded along
its length to avoid interference. As will be described in
detail below, each electrical wire 13 connects to an in-
terface forming part of a signal processing system that
is used to detect changes in the effective capacitance
presented by each pair of plates 12 and 12a. As an al-
ternative, portions of the signal processing system de-
scribed below can be incorporated within the body of the
catheter itself to eliminate interference.

[0093] Thesensors 10are 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.

[0094] 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.

[0095] Each thermistor 10 is permanently attached to
the end of each projection 11 by bonding with an ther-
mally conducting epoxy glue 16. Each thermistor 10 is
permanently connected to an insulated wire 17, prefer-
ably an insulated bifilar wire. The wire 17 has a low im-
pedance and is constructed from nickel and/or copper.
This wire provides an electrical connection with the prox-
imal end of the device (not shown).

[0096] The projections 11 are mounted on the central
lumen 14 and sandwiched between the central lumen 14
and an intermediate lumen 18. The point at which the
projections 11 meet the central/intermediate lumen ter-
minus is sealed. This means that the components located
between the central and intermediate lumen are electri-
cally isolated from the patient except through the projec-
tions. This also means that no air or debris which may
find its way into the space between the lumen can be
transmitted to the patient.

[0097] As shown in Figure 2 and 2a, the catheter is
mounted on an angioplasty guide 19 wire which runs
through the central lumen 14 and a guide member 20
which defines the distal tip of the catheter.

[0098] 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 2a.

[0099] In the retracted configuration, a sheath 21 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 21 extends as far as the rear end of the guide
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member 20 but does not overlap the guide member. This
minimises any protrusions from the catheter which could
lead to damage of the vascular wall. This is particularly
important where a vessel is angulated or there is bifur-
cation of the vessel. Such features lead to bending of the
catheter and would emphasize any protrusions. Hence,
in this example the sheath 21 and the guide member 20
present a smooth profile when adjacent to one another
in the retracted configuration.

[0100] Toadoptthe deployed configuration, the sheath
21iswithdrawn away from the extreme distal tipi.e., away
from the guide member 20, towards the proximal section,
to expose the projections 11. When the sheath 21 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.

[0101] In the deployed configuration, the sheath 21 is
retracted until it is at least level with the mountings for
the projections 11 on the intermediate lumen 18 so that
it does not impede the movement of the projections.
[0102] The projections are made of NiTinol and take
on the deployed configuration automatically due to their
superelastic properties.

[0103] It should be noted that each projection 11 is
effectively independent and thus may extend to the vas-
cular wall in the deployed configuration but will not exert
high levels of force upon the wall.

[0104] An excessive force should not be exerted on
the vascular wall. This will vary between one type of vas-
cular wall and another. The apparatus should exert
enough force to enable an adequate thermal contact be-
tween the sensors 10 and the vascular wall. More par-
ticularly, when the catheter is in the deployed configura-
tion, preferably all of the projections 11 are in contact
with the vessel wall at any one point in time.

[0105] The projections 11 individually extend a certain
angle of expansion (r) away from the longitudinal axis of
the catheter. In the deployed configuration, r has a value
in the range of 15°-70°. However, ris not fixed and varies
with the diameter of the vascular tissue being measured
due to the flexibility of the projections 11.

[0106] 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
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to retracted configurations is up to 4:1.

[0107] The catheter includes a valve system (not
shown) allowing the central lumen 14 to be flushed in an
adequate way, thus minimising the possibility of air bub-
bles or debris within the lumen. Such a valve is construct-
ed to enable engagement by a 2 mm, 5 mm, or 10 mm,
6° luer syringe. The catheter may be flushed with a suit-
able fluid such as saline. When flushing the catheter, fluid
should exit via the distal tip of the catheter, indicating
proper flushing of the central lumen 14. The proximal
section of the catheter (not shown) incorporates a con-
nector for the capacitance and temperature signal trans-
fer to the data interface 4. The connector contains five
female plugs to assure proper transmittance of the elec-
trical voltage signals transmitted from the four thermistors
10, and the frequency signals transmitted from the four
capacitor plates 12. These signals are transmitted along
the wires 17 from the four thermistors 10 and the four
wires 13 from the 4 capacitor plates 12. The five female
plugs concerned with plates 12 are connected to four
detector wires and one common ground. A directional, 5
pin, gold plated, water-resistant connector is used.
[0108] Figure 3 shows the deployed configuration pro-
jection adopting an arcuate shape along part of its length,
with the gradient of the projection, with respect to the
longitudinal axis of the catheter, increasing as a function
of distance along the projection from the end attached to
the catheter body. The projection shown adopts an "ex-
tended S" shape. As discussed above, this allows the
arcuate portion, at the distal end of the projection, to
achieve adequate contact with the vessel wall, while pro-
viding a section, towards the middle of the projection,
where the capacitor plate is mounted. This section re-
mains relatively parallel to longitudinal axis of the cath-
eter body, even upon radial displacement of the projec-
tion.

[0109] As shown in the Figure 3, the wire 17 is coiled
around the length of the projection 11. This feature has
the effect of substantially 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 22 is applied over the projection 11 to prevent dam-
age to the wire 17 during retraction and replacement of
an outer sheath 21. The heat shrink wrapping also pro-
vides an additional degree of electrical isolation.

[0110] 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(s) 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 17 is then spun around the
length of the NiTinol arm. Finally, the heat shrink wrap-
ping 22 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
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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 10um. The capacitor plate may be attached to
the projections prior to encapsulation, or may be attached
to the outside of the shrink wrapping and further encap-
sulated with another shrink wrapping.

[0111] The body of a pull-back device is illustrated in
Figures 4 and 5. The proximal section of the catheter
described above is constructed to enable remote deploy-
ment and retraction of the projections. This is effected
via manipulation of the sheath. A two-lumen telescopic
construction 23 is used to manipulate the sheath 21 be-
tween the retracted and the deployed configuration. One
lumen is connected to, or integral with, the outer sheath
and can slide over an adjacent lumen which comprises
or is connected to one of the lumen housed within the
sheath. Rotation of one tube inside the other is prevented
by slotting of the lumen or other features on the lumen.
Additionally, scaling markings (not shown), may be pro-
vided to avoid over-retraction of the tubes.

[0112] The pull-back device includes a drive module
24 which includes a motor, gearing system, typically a
speed reducer, control and monitoring means, and en-
gagement gear for a driving rod 25. The drive module
may be formed separately from the body of the pull-back
device so that it may be reused. The body of the pull-
back device must be kept sterile and may be formed from
a material such as polyurethane. This allows the body to
be cheaply and easily produced and may be disposable.
Alternatively, or additionally, the pull-back device may be
enclosed in a sterile, flexible plastic sheath when in use,
so as to maintain sterility.

[0113] The pull-back device comprises a driving rod
25, adapted for engagement with an engagement gear
of the drive module 24 and mount C. Mounts C and B
are adapted to engage the central/intermediate lumen
26 and the sheath lumen 21 respectively. A Mount A is
provided which is adapted to engage the guide catheter
extension 27. Mount A includes a bracket 28 for connec-
tion of mount A to the guide catheter extension fixation
points 29. When engaged, mount B may be moved to-
wards C to place the catheter in the open configuration.
C may be selectively driven reversibly over a range of
travel (usually about 60 mm) suitable for withdrawal of
the catheter apparatus over the measured region. The
driving rod 25 is a worm-screw type which interacts with
the engagement gear of the drive module 24, thus pro-
viding a smoothly driven apparatus.

[0114] The mounts B and C may individually be locked
in position relative to one another or may be selectively
unlocked in order to allow movement of the lumen 26,
sheath 21 and guide catheter 27 relative to one another.
[0115] With reference to Figures 6 and 7, in use, the
sequence of events begins with the insertion of a guiding
catheter into the area of general interest (step 100), for
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example the cardiac region. Where, for example, the cor-
onary arteries are to be examined, the guiding catheter
is inserted so that it is adjacent the opening of the coro-
nary arteries (step 110). An angioplasty guide wire is then
inserted into the coronary artery, past the point of specific
interest. The guide wire is usually inserted with the aid
of standard fluoroscopic techniques, as is the guide cath-
eter.

[0116] The guide catheter, when in place over the en-
trance to the coronary (or other target) artery will protrude
a distance from the patient once in place. This is then
fixed to the guide catheter extension 27. The guide cath-
eter extension will be fixed to the guide catheter by in-
serting the non-compressible tube 30 into the Y-piece
31. The gland nut 32 and o-ring seal (compression fitting)
is tightened to seal the joint between the guide catheter
and guide catheter extension and a securing means 33
is provided which holds the Y-piece in place relative to
the guide catheter extension. Alternatively, the outside
surface of the non-compressible tube may be profiled
with shallow circumferential grooves, to ensure that the
tube will not pull out when held in the compression fitting
of the Y-piece (not shown).

[0117] A seal element 34 is provided within the guide
catheter extension. This is sandwiched between the non-
compressible tube and the guide catheter extension
body. This provides a sealing engagement between the
nobn-compressible tube and the catheter.

[0118] Once the guide catheter, guide catheter exten-
sion and guide wire are in position, the catheter 5 of the
present invention is maneuvered over the guide wire to
a position beyond the specific area of interest in the cor-
onary artery (step 120) with the aid of fluoroscopy. The
catheter is then fixed in position on the pull-back device
by clipping into mounts B and C. The guide catheter ex-
tension is then fixed in position on the mount A, at a fix-
ation point along its length which optimises the distance
between mount A and B and C. Thus, the guide catheter
extension should be fixed to mount A so that the catheter
may be mounted on mounts B and C in a closed config-
uration.

[0119] Anangiogram is taken (step 130) to assess the
position of the catheter in the vascular tissue. This image
is saved and the position of the catheter is marked on
theimage so as to define a starting point for the controlled
pull-back step.

[0120] The sheath 21 is then be retracted to allow the
projections to adopt the deployed configuration. This is
achieved by moving mount B towards mount C (usually
manually). Mount C at this time is locked relative to mount
A. Once the sheath 21 is retracted sufficiently to allow
expansion of the resiliently biased projections, mount B
is locked in position and mount C is pulled back by the
drive mechanism until the projections are housed in the
sheath. This is feasible if the sheath 21 is retracted suf-
ficiently (equal or greater than the length of the pull-back
distance during which measurement takes place) to allow
the intermediate/central lumen 26 to be retracted in the
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sheath 21 without the sheath impacting on the projections
along the length of measurement

[0121] Alternatively, the mount B and C are locked in
position once the catheter is in the deployed configuration
and both mounts are pulled back by the drive mechanism.
[0122] The locking mechanism includes a stopper rod
35. This is provided with graduations capable of engaging
electrically actuated locking pins (not shown) within
mounts B and/or C. A similar set of electrically actuated
locking pins (not shown) within the same mounts are used
to selectively connect the mounts to the drive rod 25. A
set of locking pins on any particular mount may not be
connected to both the drive rod 25 and the stopper rod
35 simultaneously. Thus, each mount is either in drive or
stop mode. Alternatively a ratchet mechanism may be
provided as the locking mechanism.

[0123] When the mount C is in drive mode, it moves
relative to mount A and B. Mount C cannot be moved
towards mount B when attached to the pull-back device.
[0124] The catheter may be marked to indicate when
the sensors are in a deployed or in a retracted position.
This may be achieved by provision of a telescopic tubing
23 with appropriate indicators or by simply marking the
extreme deployed or retracted position on the apparatus.
[0125] Controlled pull-back of the catheter then takes
place (step 140). The pull-back takes place at a constant
speed and is controllable by the user. Pull-back topically
takes place at speeds of 0.1 to 2 mm in divisions of 0.1
mm or so.

[0126] The pull-back takes place over a distance of the
vascular tissue being measured. Capacitance and/or
temperature readings may be taken intermittently or sub-
stantially continuously. The data transmitted by the de-
tectors from the vascular wall is captured for data and
image processing (step 150) together with a fluoroscopy/
IVUS image frame.

[0127] As the catheter is withdrawn inside the artery,
the projections automatically adjust their angle following
the wall’'s morphology without losing the desired contact.
Theresultis that the contact between the projections and
the wall is continuously maintained, even when the cath-
eter is crossing very irregular plaque formations.

[0128] Once the pull-back has been completed, the
central/intermediate lumens are retracted such that the
projections are withdrawn into the sheath 21 in order to
place the sensors and detectors in the retracted config-
uration. This restores the original smooth profile of the
catheter. The catheter may then be detached from the
pull-back device and withdrawn from the patient or may
be reinserted into the same or another blood vessel in
order to take another reading. Alternatively, the catheter
may be reinserted in order to enable a therapeutic or
surgical intervention.

[0129] An example of a signal processing system 40
for use with the catheter 5 is shown schematically in Fig-
ure 8. Each signal channel includes a variable frequency
oscillator 41 connected to a respective one of the plates
12 and 12a at the distal tip of the catheter 5. When there
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is an alteration of arterial wall morphology, ie a lesion
effective capacitance between a plate 12 and the adja-
cent plate 12a will vary, thereby changing the output fre-
quency f, of the associated variable frequency oscillator
41. The output f; of the variable frequency oscillator 41
is fed to a mixer 42 where it is mixed with the output
frequency f, of a fixed frequency oscillator 43 to produce
sum (f,+f,) and difference (f;-f,) frequencies. The fixed
frequency oscillator 43 may be common to each channel.
The sum frequencies are typically filtered out to leave
the difference frequencies, which are fed to a microproc-
essor based signal processor 44 for analysis and subse-
quentdisplay 45. The difference frequencies are typically
in the RF range of 0-20 KHz.

[0130] The microprocessor based signal processor 44
incorporates software that implements a number of dif-
ferent forms of signal analysis. This may include a spec-
trum analyser (not shown) which analyses each signal
channel and provides correlation between different chan-
nels. This data can be used to generate views of the
vessel wall to indicate morphology and areas of compo-
sitional interest.

[0131] In operation, it is necessary to insert the cath-
eter 5 and position it at a desired location. The system
must then be calibrated so that the difference frequency
(f1-f,) is detected to be zero. This is achieved by tuning
the output frequency f, of the fixed frequency oscillator
43 by a small amount using an associated phase locked
loop control mechanism (not shown). As indicated, this
can be performed automatically using a feedback control
loop 46. Once the system is correctly calibrated, a con-
trolled pullback (or insertion) of the catheter 5 can be
initiated to bring it into the region of interest. Depending
on the configuration of the array of metallic plates 12,
data can be logged automatically whilst the catheter 5
remains stationary, or alternatively the catheter 5 can be
moved continuously over a length of the vessel of inter-
est.

Claims

1. A catheter comprising a resiliently biased projection
(11) and a detector (12, 12a) which generates a sig-
nal which varies as a function of radial displacement
of the resiliently biased projection relative to the lon-
gitudinal axis of the catheter, characterised in that
the detector is a variable capacitor.

2. A catheter according to claim 1, wherein one plate
of the variable capacitor (12, 12a) is mounted or
formed integrally with the resiliently blased projec-
tion (11).

3. A catheter according to claim 2, wherein the capac-
itor plate (12, 12a) is located on the inner face of the
projection (11) relative to the body of the catheter.
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4. Acatheteraccordingtoany preceding claim, wherein
more than one projection (11) is provided and each
projection is Independently biased.

5. A catheter according to any preceding claim, com-
prising 2 or more detectors (12, 12a), preferably 2
to 10 detectors, more preferably 2 to 6 detectors may
be utilised in the present invention.

6. Acatheteraccordingtoany preceding claim, wherein
each detector (12, 12a) is mounted on a separate
projection (11).

7. Acatheteraccordingtoany preceding claim, wherein
the projection (11) comprises a superelastic materi-
al, preferably nitinol.

8. Acatheteraccordingtoany preceding claim, wherein
the resiliently biased projection (11), when deployed,
adopts an arcuate shape along at least part of its
length.

9. A catheter according to any preceding claim, addi-
tionally comprising a signal processing system elec-
trically coupled to the detector, which is adapted to
detect changes in the signal of the detector.

Patentanspriiche

1. Katheter umfassend einen elastisch vorgespannten
Vorsprung (11) und einen Detektor (12, 12a), der ein
Signal erzeugt, das als Funktion eines radialen Ver-
satzes des elastisch vorgespannten Vorsprungs re-
lativ zur Langsachse des Katheters variiert,
dadurch gekennzeichnet, dass
der Detektor ein variabler Kondensator ist.

2. Katheter nach Anspruch 1, bei dem eine Platte des
variablen Kondensators (12, 12a) befestigt ist oder
mit dem elastisch vorgespannten Vorsprung (11) in-
tegral ausgebildet ist.

3. Katheter nach Anspruch 2, bei dem die Kondensa-
torplatte (12, 12a) an der Innenseite des Vorsprungs
(11) relativzum Korper des Katheters angeordnetist.

4. Katheter nach einem der vorstehenden Anspriiche,
bei dem mehr als ein Vorsprung (11) bereitgestellt
ist und jeder Vorsprung unabhangig vorgespanntist.

5. Katheter nach einem der vorstehenden Anspriiche
umfassend 2 oder mehr Detektoren (12, 12a), be-
vorzugt 2 bis 10 Detektoren, wobei besonders be-
vorzugt 2 bis 6 Detektoren in der vorliegenden Er-
findung verwendet werden kdnnen.

6. Katheter nach einem der vorstehenden Anspriiche,
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bei dem jeder Detektor (12, 12a) an einem separaten
Vorsprung (11) befestigt ist.

7. Katheter nach einem der vorstehenden Anspriiche,
bei dem der Vorsprung (11) ein superelastisches
Material, bevorzugt Nitinol umfasst.

8. Katheter nach einem der vorstehenden Anspriiche,
bei dem der elastisch vorgespannte Vorsprung (11),
wenn eingesetzt, eine gebogene Form entlang we-
nigstens eines Teils seiner L4nge annimmt.

9. Katheter nach einem der vorstehenden Anspriiche,
zusatzlich umfassend ein Signalverarbeitungssy-
stem, das elektrisch mit dem Detektor gekoppelt ist,
das ausgelegt ist, um Veranderungen in dem Signal
des Detektors zu ermitteln.

Revendications

1. Cathéter comprenant une saillie écartée élastique-
ment (11) et un détecteur (12, 12a), qui génére un
signal qui varie en fonction du déplacement radial
de la saillie écartée élastiquement par rapport al'axe
longitudinal du cathéter, caractérisé en ce que le
détecteur est un condensateur variable.

2. Cathéter selon la revendication 1, dans lequel une
plaque du condensateur variable (12, 12a) est mon-
tée ou formée d'une piece avec la saillie écartée
élastiquement (11).

3. Cathéter selonlarevendication 2, dans lequel la pla-
que de condensateur (12, 12a) est localisée sur la
face interne de la saillie (11) par rapport au corps du
cathéter.

4. Cathéter selon I'une quelconque des revendications
précédentes, dans lequel plus d’'une saillie (11) sont
prévues et chaque saillie estindépendamment écar-
tée.

5. Cathéter selon 'une quelconque des revendications
précédentes, dans lequel 2 détecteurs (12, 12a) ou
plus, de préférence 2 a 10 détecteurs, de maniére
plus préférée 2 a 6 détecteurs peuvent étre utilisés
dans la présente invention.

6. Cathéter selon I'une quelconque des revendications
précédentes, dans lequel chaque détecteur (12,
12a) est monté sur une saillie (11) séparée.

7. Cathéter selonl'une quelconque des revendications
précédentes, dans lequel la saillie (11) se compose
d’'un matériau super-élastique, de préférence le ni-
tinol.
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8.

Cathéter selon I'une quelconque des revendications
précédentes, dans lequel la saillie écartée élastique-
ment (11), lorsqu’elle est déployée, adopte une for-
me arquée sur au moins une partie de sa longueur.

Cathéter selon I'une quelconque des revendications
précédentes, comprenant en outre, un systeme de
traitement de signal, couplé électriquement au dé-
tecteur, qui est approprié pour détecter les change-
ments de signal du détecteur.
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