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(20) attached to a handle (30), the elongate device portion including a flexible tip (21) at a distal
end of the elongate device portion and a plurality of pull wires (23) attached to said flexible tip;
and a plurality of electrically conductive shape memory elements (33) entirely contained with in
said handle, each of the shape memory elements coupled to and extending in a length direction
between one of said pull wires and a current source connection (61) arranged to provide an electrical
current to said electrically conductive shape memory element, each of the electrically conductive
shape memory elements having a negative coetfficient of expansion in said length direction. The
invasive medical device (10) preferably comprises a cooling arrangement (70, 80) for the plurality of
electrically conductive shape memory elements to reduce the relaxation times of the shape memory
elements. Also disclosed are an invasive medical device arrangement including such an invasive
medical device and an imaging system adapted to cooperate with such an invasive medical device
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Invasive medical device with flexible tip

FIELD OF THE INVENTION

The present invention relates to an invasive medical device comprising a
flexible elongate device portion attached to a handle, the flexible elongate device portion
including a steerable flexible tip at a distal end of the flexible elongate device portion and a
plurality of pull wires attached to the steerable flexible tip for steering the steerable flexible
tip and extending into said handle.

The present invention further relates to an invasive medical device
arrangement comprising such an invasive medical device.

The present invention yet further relates to an imaging system adapted to

control such an invasive medical device arrangement.

BACKGROUND OF THE INVENTION

Steerable invasive medical devices, e.g. steerable catheters or guidewires, are
commonly used in medical procedures in order to steer the flexible tip of the invasive
medical device towards a target area within a patient’s body, e.g. a target location within the
patient’s heart, or to steer the flexible tip around an obstacle within the patient’s body, such
as a stenosis for example. Traditionally, such steering required the use of both hands of a
medical practitioner, with the medical practitioner holding the handle of the invasive medical
device in one hand whilst operating one or more rings or levers with the other hand to pull
the pull wires attached to the steerable flexible tip in order to steer the tip, e.g. in a 3-D
manner, such as up or down and left or right. This is rather complicated and requires a great
deal of skill, in particular where simultaneous up/down and left/right adjustments of the
steerable tip are required. Consequently, accurate steering of such an invasive medical device
typically can only be achieved by experienced medical practitioners.

US 5,357,979 A discloses a flexible elongate device comprising a flexible
clongate member having proximal and distal extremities. A shape-memory element is
disposed in the flexible elongate member and is capable of assuming martensitic and

austenitic states.
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US 5,238,005 discloses a steerable flexible elongate device comprising a
flexible elongate member having proximal and distal extremities and having a centrally
disposed lumen extending into the distal extremity. The flexible elongate member has at least
three additional lumens spaced apart circumferentially about the centrally disposed lumen
and extending into the distal extremity. A stiffener element is disposed in the centrally
disposed lumen and has proximal and distal extremities. Additional flexible elongate
elements having a negative coefficient of expansion, ¢.g. elements made of nickel titanium
alloy, are disposed in each of the three additional lumens and have proximal and distal
extremities. The distal extremities of the stiffener element and the additional flexible elongate
elements are secured to the distal extremity of the flexible elongate member. A control
console including a joystick is provided to cause movement of the distal extremity through
heating of the flexible elongate elements induced in accordance with the joystick position. To
this end, a microprocessor coupled to the joystick translates the joystick orientation into a
current that is supplied to the flexible elongate elements to heat the flexible elongate elements
and cause them to shrink accordingly.

Such a steerable flexible elongate device may be operated more easily without
the same levels of experience required for the manual operation of such a device using rings
and levers. However, a disadvantage of this use of having flexible elongate elements having
a negative coefficient of expansion extending into the distal extremity of such a steerable
flexible elongate device is that the response time for the relaxation of a steered distal
extremity after heating one or more of the flexible elongate elements can be inferior to
arrangements including pull wires attached to the distal extremity, where release of the pull
wires will yield instantancous relaxation of the steerable distal extremity. Such rapid
relaxation is desirable to limit the duration of medical procedures involving such steerable
flexible elongate devices, for example to limit the duration of sedation or anaesthesia of the
patient, to limit the period of stress or discomfort experienced by the patient. Also, the
presence of flexible elongate elements in a flexible elongate device increases the risk of the

blood or blood vessels of the patient becoming heated up during the procedure.

SUMMARY OF THE INVENTION

The present invention seeks to provide an invasive medical device that has
reduced relaxation times compared to the invasive medical devices of the art and avoids or at
least reduces the risk of the blood or blood vessels of the patient becoming heated up during

medical procedures with such an invasive medical device.
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The present invention further seeks to provide an invasive medical device
arrangement comprising such an invasive medical device.

The present invention yet further seeks to provide an imaging system adapted
to control such an invasive medical device arrangement.

According to an aspect, there is provided an invasive medical device
comprising a flexible elongate device portion attached to a handle, the elongate device
portion including a steerable flexible tip at a distal end of the elongate device portion and a
plurality of pull wires for steering the steerable flexible tip attached to said steerable flexible
tip; and a plurality of electrically conductive shape memory elements entirely contained with
in said handle, each of the electrically conductive shape memory elements coupled to and
extending in a length direction between one of said pull wires and a current source
connection arranged to provide an electrical current to said electrically conductive shape
memory element, each of the electrically conductive shape memory elements having a
negative coefficient of expansion in said length direction.

In accordance with the present invention, the steerable flexible tip is controlled
by a wire arrangement comprising a plurality of pull wires extending through the flexible
elongate device portion, with each pull wire being attached to an electrically conductive
shape memory element located in the handle of the invasive medical device. This has the
advantage of a more straightforward manufacturing of the flexible elongate device portion as
no shape memory elements need to be incorporated within the flexible elongate device
portion, whilst facilitating more rapid cooling of the shape memory elements in the handle
owing to the large cross-sectional volume of the handle compared to the flexible elongate
device portion, which facilitates a more rapid heat transfer from the electrically conductive
shape memory elements towards their surrounding medium, as a larger volume of such a
medium can be provided in the handle. In this manner, passive cooling of the electrically
conductive shape memory elements may take place more rapidly compared to invasive
medical devices in which the electrically conductive shape memory elements extend through
the flexible elongate device portion and attach to the steerable flexible tip. Moreover, heat
loss from the electrically conductive shape memory elements takes place outside the patient’s
body, thus avoiding the heating up of the patient’s blood or blood vessels through such heat
loss.

In a preferred embodiment, the invasive medical device further comprises a
cooling arrangement in the handle arranged to cool the electrically conductive shape memory

element to further reduce the relaxation time of the shape memory elements. For example, the
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cooling arrangement may comprise a heatsink arrangement including a plurality of channels,
cach of the shape memory element at least partially extending through one of said channels
such that heat can be effectively transferred from the electrically conductive shape memory
clements to the heatsink arrangement, thereby facilitating rapid cooling of the electrically
conductive shape memory elements. Such a heatsink arrangement may be made of any
suitable thermally conductive material. In an example embodiment, the heatsink arrangement
comprises at least one metal or metal alloy heatsink, wherein each of said channels is lined
with an electrically insulating material in order to prevent a short circuit between the heatsink
arrangement and the electrically conductive shape memory elements.

Alternatively, the cooling arrangement may be arranged to generate a cooling
fluid flow in thermal contact with the plurality of electrically conductive shape memory
elements, such as an air flow or a liquid flow contacting the electrically conductive shape
memory elements to achieve effective cooling of the electrically conductive shape memory
elements. In yet another embodiment, the cooling arrangement implements solid-state active
cooling, e.g. based on the Peltier effect.

The electrically conductive shape memory elements may be realized in any
suitable manner. For example, each electrically conductive shape memory element may be a
wire comprising a shape memory alloy although other shapes of shape memory element, e.g.
strips or the like may also be used. Furthermore, any electrically conductive suitable shape
memory material may be used for such electrically conductive shape memory elements.

Each electrically conductive shape memory element may be attached to a
corresponding pull wire in any suitable manner. For example, each electrically conductive
shape memory element may be attached to a pull wire through a securing member comprising
a pair of screws for securing the electrically conductive shape memory element and the pull
wire respectively in the securing member. This provides a particularly secure attachment of
the electrically conductive shape memory element to the corresponding pull wire.

Each pull wire may extend through the flexible elongate device portion in any
suitable manner. In a particularly suitable arrangement, each pull wire is housed in a lumen
extending through the elongate device portion such that the pull wires can move freely
through the flexible elongate device portion.

The invasive medical device according to embodiments of the present
invention may be any suitable type of invasive medical device, such as for example a catheter
or a guidewire. In some embodiments, the flexible elongate device portion is detachable from

the handle. This for example is useful where the flexible elongate device portion is
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disposable, such that the handle may be reused by detaching it from the flexible elongate
device portion and replacing it with a fresh flexible elongate device portion, ¢.g. for
investigation or treatment of another patient. This therefore avoids that the entire invasive
medical device has to be disposed after use, thus reducing cost.

A control unit may be provided with the invasive medical device according to
any embodiment of the present invention to form an invasive medical device arrangement in
accordance with a further aspect of the present invention. Such a control unit typically
comprises a user interface such as a joystick coupled to a microcontroller and at least one
current source for connecting to one of said current source connections of the invasive
medical device, wherein the microcontroller is adapted to control the at least one current
source to supply a current to the current source connection that is based on a user input
provided with the user interface, e.g. an orientation of said joystick, such that the steerable
flexible device tip can be controlled in a straightforward manner using the user interface.

To this end, the at least one current source may be a single source comprising
a plurality of stages, with each of the stages being connected to one of the current source
connections or alternatively the at least one current source comprises a plurality of current
sources each connected to a different one of said current source connections.

The control unit may be a separate unit or alternatively may be integrated in
the handle of the invasive medical device. The invasive medical device arrangement may be
powered using a mains power supply or alternatively may include a battery coupled to the at
least one current source in order to provide a battery-powered arrangement. Such a battery-
powered arrangement optionally may also be powered using a mains power supply to yield a
particularly flexible arrangement. In such an arrangement, the battery may be a rechargeable
battery that may be charged in situ, e.g. by connecting the arrangement to the mains power
supply or through wireless power transfer such as Qi, in which case the control unit may be
made watertight for sterilisation purposes. Alternatively, the battery may be recharged by
removal from the arrangement.

In a particularly advantageous arrangement, the control unit further comprises
a communication module coupled to the microcontroller, and wherein the microcontroller is
further adapted to control the at least one current source to supply a current to the current
source connection that is based on a steering signal for steering the flexible tip received from
an imaging system through the communication module. Consequently, the flexible tip of the
invasive medical device may be steered automatically under control of the imaging system,

without requiring manual intervention for the steering. In such a scenario, a medical
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practitioner may simply guide the invasive medical device into the patient or a mechanical
guide arrangement may be provided to automate the guidance process as well.

According to yet another aspect, there is provided an imaging system for
cooperating with such an invasive medical device arrangement, the imaging system
comprising an image generator including an electromagnetic radiator generator and an
electromagnetic radiation collector for generating an image of a portion of a patient’s body,
said portion comprising at least the steerable flexible tip of the invasive medical device and
an image processor coupled to the electromagnetic radiation collector and adapted to process
said image to determine an actual orientation of the flexible tip within the portion of the
patient’s body; determine a difference between said actual orientation and a desired
orientation of the flexible tip; generate a steering signal for the flexible tip based on said
difference; and provide the steering signal to the communication module of the invasive
medical device arrangement. Such an imaging system may be used to automatically control
the steering of the steerable flexible device tip of the invasive medical device as previously

explained.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are described in more detail and by way of non-
limiting examples with reference to the accompanying drawings, wherein:

FIG. 1 schematically depicts an invasive medical device arrangement
according to an embodiment;

FIG. 2 schematically depicts a cross-sectional view of an aspect of an invasive
medical device arrangement according to an embodiment;

FIG. 3 schematically depicts a cross-sectional view of another aspect of an
invasive medical device arrangement according to an embodiment;

FIG. 4 schematically depicts a cross-sectional view of such another aspect of
an invasive medical device arrangement according to an alternative embodiment;

FIG. 5 schematically depicts an invasive medical device arrangement
according to another embodiment;

FIG. 6 and 7 schematically depict an invasive medical device arrangement
according to yet another embodiment;

FIG. 8 schematically depicts an invasive medical device arrangement

according to yet another embodiment; and
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FIG. 9 schematically depicts an example embodiment of an imaging system
adapted to control an invasive medical device arrangement according to embodiments of the

present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

It should be understood that the Figures are merely schematic and are not
drawn to scale. It should also be understood that the same reference numerals are used
throughout the Figures to indicate the same or similar parts.

FIG. 1 schematically depicts an invasive medical device 10 according to an
embodiment of the present invention. The invasive medical device 10 may be any type of
medical device that may require insertion into a patient, such as any type of catheter or a
guide wire. The invasive medical device 10 comprises a flexible elongate device portion or
member 20 including a steerable flexible tip 21 at a distal end of the flexible elongate device
portion 20. At its proximal end, the flexible elongate device portion 20 is attached to handle
30 used by a medical practitioner to hold the invasive medical device 10 whilst guiding the
device within a patient. The flexible elongate device portion 20 may be made of any suitable
flexible material, such as a flexible polymer, e¢.g. polyamide or the like and is typically
intended to be at least partially inserted into the patient, ¢.g. into the patient’s cardiovascular
system, during a medical procedure in which the invasive medical device 10 is used. As will
be explained in more detail below, the flexible elongate device portion 20 may be detachable
from the handle 30 such that the flexible elongate device portion 20 can be replaced with a
different flexible elongate device portion 20, e.g. a different type of flexible elongate device
portion 20. Also, the flexible elongate device portion 20 may be disposable such that the
handle 30 can be reused with a fresh (or resterilized) flexible elongate device portion 20.

The steerable flexible tip 21, which may be steered or deformed as
schematically indicated by the dashed deformation in FIG. 1, is attached to a plurality of pull
wires 23 that extend through the flexible elongate device portion 20 and may be made of any
suitable material, e.g. a polymer, metal or metal alloy. It is noted for the avoidance of doubt
that any suitable number of pull wires 23 may be attached to the steerable flexible tip 21 of
the flexible elongate device portion 20, and that four pull wires 23 are shown by way of non-
limiting example only. The pull wires 23 may extend through the flexible clongate device
portion 20 in any suitable manner. For example, each pull wire 23 may extend through a

separate lumen 25 extending through the flexible elongate device portion 20 as schematically
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depicted in FIG. 2, which depicts a cross-sectional view of the flexible elongate device
portion 20 along the line A-A’ in FIG. 1.

Each pull wire 23 is attached to an electrically conductive shape memory
element 33 contained within the handle 30 (from hereon simply referred to as shape memory
element or SMA (shape memory alloy) 33). Each shape memory element 33 extends in a
length direction between the pull wire 23 and a current source connection 61 that connects
the shape memory element 33 to a current source 60, here located within the handle 30. Each
shape memory element 33 has a negative coefficient of expansion in at least its length
direction, such that upon supply of a current to the shape memory element 33 by its current
source 60 through the current source connection 61, the shape memory element 33 shrinks in
its length direction through heating, with the shape memory element 33 returning to its
original dimension upon cooling of the shape memory element 33. Such heating may be
achieved through the internal resistance of the SMA or through external heating. Because the
shape memory element 33 is coupled to one of the pull wires 23, upon shrinkage the shape
memory element 33 pulls its pull wire 23 towards the handle 30, thereby deforming, i.e.
steering, the steerable flexible tip 21 of the flexible elongate device portion 20.

At this point it is noted that the current for heating the SMAs 33 may be
delivered to the SMAs 33 in any suitable manner. For example, the SMAs 33 may form part
of a closed conductive loop connected to the current source 60 through which the current is
provided, or alternatively the SMAs 33 may be further connected to a current sink, e.g.
ground, such that a current supplied to the SMAs 33 passes through the SMAs 33. This is
schematically depicted in FIG. 1 by terminal 62, which may represent such a closed
conductive loop or a current sink. A terminal 62 common to the SMAs 33 is shown by way
of non-limiting example only, as it will be immediately understood by the skilled person that
cach SMA 33 may have its own terminal 62, ¢.g. in case of discrete closed conductive loops.
This is not explicitly shown for the sake of clarity only. Many other suitable arrangements
will be immediately apparent to the skilled person, and it should be understood that such
arrangements are not shown for the sake of brevity only.

The shape memory elements 33 may be made of any suitable shape memory
material, e.g. any suitable shape memory alloy having a negative coefficient of expansion.
Such materials are well-known per se and are therefore not explained in further detail for the
sake of brevity only. Each shape memory element 33 may have any suitable elongate shape,
such as a wire, a strip or the like. A wire-shape comprising a shape memory alloy is

particularly preferred.
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Each shape memory element 33 may be attached to its corresponding pull wire
23 in any suitable manner, e.g. through spot welding or the like. In a particular embodiment,
cach shape memory element 33 is attached to its corresponding pull wire 23 through a
securing member 39, which may comprise a conduit into which the shape memory element
33 and its corresponding pull wire 23 are inserted from opposite ends, which securing
member 39 may further comprise a pair of screws arranged proximal to said ends and
extending perpendicularly to the conduit such that by screwing down the screws the shape
memory element 33 and its corresponding pull wire 23 can be secured in the securing
member 39. This for example is particularly advantageous where the flexible elongate device
portion 20 is disposable, such that the handle 30 may be reused as the pull wires 23 of the
flexible elongate device portion 20 to be disposed can be easily released from the securing
members 39 whilst the pull wires 23 of the replacement flexible elongate device portion 20
can be easily secured in the securing members 39 by loosening and tightening its screws.

The pull wires 23 may extend into the handle 30 where the pull wires 23 are
secured to the shape memory elements 33 as previously explained although alternatively the
shape memory elements 33 and/or the securing members 39 may extend beyond the
perimeter of the handle 30, e.g. in order to facilitate replacement of a disposable flexible
clongate device portion 20.

In the embodiment schematically depicted in FIG. 1, the invasive medical
device 10 further comprises a user interface 40 attached to or otherwise integrated into the
handle 30, which user interface 40 is used to steer the steerable flexible tip 21 of the flexible
clongate device portion 20. The user interface 40 is communicatively coupled to a
microcontroller 50 that translates the user interface signals into control signals for the
respective current sources 60 in order to contract or shrink selected shape memory elements
33. For example, where the user interface 40 comprises a joystick, the microcontroller 50
translates the user interface signals into control signals for the respective current sources 60
in order to contract or shrink selected shape memory elements 33 corresponding to the
position of the joystick 40 such that the flexible tip 21 is steered in accordance with this
position. This may be achieved in any suitable manner, and as such joystick operation is
well-known per se, this will not be explained in further detail for the sake of brevity only.
Moreover, it should be understood that a joystick is just one of many typical examples of
such a user interface 40, and that the user interface 40 may take any suitable alternative

form, such as a trackball, a quadrant of push or touch buttons, and so on.
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Although a plurality of discrete current sources 60 are shown, it should be
understood that this is by way of non-limiting example only and that it is equally feasible to
use a single current source 60 to control the respective shape memory elements 33, e.g. by
having multiple stages each dedicated to one of the shape memory elements 33.

Although not specifically shown in FIG. 1, the microcontroller 50 may further
be responsive to a feedback mechanism associated with each of the shape memory elements
33, in which the amount of shrinkage of the shape memory element 33 in response to the
current supplied to the shape memory element 33 is quantified. This may be achieved in any
suitable manner, for example with a temperature sensor thermally coupled to such a shape
memory element 33, with the microcontroller 50 being responsive to the temperature sensor,
or by the microcontroller 50 being arranged to measure the electrical resistance of the shape
memory element 33, as this electrical resistance typically is a function of its degree of
shrinkage. The microcontroller 50 may be arranged to operate the corresponding current
source 60 in accordance with this feedback to ensure that the amount of desired shrinkage of
the shape memory element 33 is accurately controlled and the flexible tip 21 is accurately
steered as a consequence.

The control unit integrated in the handle 30, i.e. the control arrangement of the
steerable flexible tip 21, may be powered through a mains power supply, in which case the
invasive medical device 20 may include a power connection (not shown) such as a lead or the
like for connecting the invasive medical device 10 to the mains power supply. Alternatively
or additionally, the invasive medical device 20 may include a battery 35 that powers the
invasive medical device 20 including the one or more current sources 60, the user interface
40 and the microcontroller 50. Such a battery 35 may be a rechargeable battery in some
embodiments or a disposable battery in other embodiments. Where the battery 35 is a
rechargeable battery, the battery 35 may be recharged in situ by connecting the invasive
medical device 20 or the handle 30 to a mains power supply or by removing the battery 35
from the handle 30 in which the battery 35 may be integrated for recharging. Alternatively,
the battery may be recharged in situ through wireless power transfer such as Qi, in which
case the control unit may be made water tight, e.g. for sterilisation purposes. Where the
control unit of the steerable flexible tip 21 is integrated in the handle 30 of the invasive
medical device 10, the current source connections 61 connecting the shape memory elements
33 to one or more current sources 60 may be conductive tracks or the like that may be

attached to the shape memory elements 33 in any suitable manner, e.g. through point
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soldering or welding, through use of a conductive glue or the use of any other suitable type of
securing means.

As the handle 30 typically has a (much) larger cross-section than the insertable
part of the invasive medical device 10, i.e. the flexible elongate device portion 20, upon
resistive heating of one or more of the shape memory elements 33 with the one or more
current sources 60 in response to a steering command provided with the user interface 40, the
relaxation time of such a shape memory element 33 is typically reduced compared to an
invasive medical device in which such a shape memory element extends through the flexible
elongate device portion 20, i.e. the shape memory element 33 returns more quickly to its
steady-state form due to more effective cooling of the shape memory element 33 in the
handle 30. This is because the shape memory elements 33 may be further spaced apart in the
handle 30 compared to in the flexible elongate device portion 20, such that the shape memory
elements 33 may cool more quickly compared to a scenario in which the shape memory
elements 33 need to be tightly packed within a flexible elongate device portion 20 due to the
need to keep the cross-section of such a device portion 20 as small as possible because it
needs to fit within the patient, e.g. needs to fit inside a blood vessel or organ of the patient.

Such effective cooling of the shape memory elements 33 may be achieved in a
passive manner, ¢.g. through air within the handle 30, with the handle 30 comprising a
plurality of openings, e.g. slits or the like, through which air can circulate such that hot air
can be expelled from the handle 30 and be replaced with colder air, e.g. ambient air.
Alternatively, the handle 30 may incorporate an active cooling arrangement to assist the
cooling of the shape memory elements 33. For example, a fan or the like (not shown) may be
incorporated in the handle 30 to force an air circulation through the handle 30 in order to
assist the cooling of the shape memory elements 33.

In an example embodiment, a passive cooling arrangement comprises a
heatsink 70 as shown in FIG. 3, which schematically depicts a cross-sectional view of the
heatsink 70 along the dashed line B-B’ in FIG. 1. The heatsink 70 typically comprises a
plurality of channels 71 housing the shape memory elements 33. For example, each channel
71 may house a separate one of the shape memory elements 33. The shape memory elements
33 are housed within the heatsink 70 such that the shape memory elements 33 are thermally
coupled to the heatsink 70. The heatsink 70 may have an open structure as schematically
depicted in FIG. 3, in which the channels 71 are open in a length direction of the channels 73,
or alternatively the heatsink 70 may envelop the shape memory elements 33 in which case

the shape memory elements 33 extend through closed channels 71. The shape memory
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elements 33 typically comprise portions extending beyond the opposite boundaries of the
heatsink 70 to facilitate the aforementioned dimensional changes of the shape memory
elements 33 when controlling the steering of the steerable flexible tip 21.

The heatsink 70 may be made of any suitable thermally conductive material.
Particularly suitable materials include metals, e.g. aluminium and metal alloys, ¢.g. steel. As
such materials are electrically conductive, the channels 71 may be lined with an electrically
insulating material, e.g. a coating 73 in the channels 71 to prevent a short-circuit between
shape memory elements 33 through the electrically conductive heatsink 70. Such a coating 73
may be made of any suitable electrically insulating material. For example, the exposed
surface of the heatsink 70 in the channels 71 may be oxidised to provide such an electrically
insulating coating 73 or alternatively a coating 73 of an electrically insulating material may
be deposited within the channels 71. Suitable electrically insulating materials include
electrically insulating polymers and dielectric materials such as silicon oxide, silicon nitride
and high-k dielectric materials.

The heatsink 70 may be combined with a further cooling arrangement, e.g. a
fan or the like forcing air through the handle 30 as previously explained to accelerate the heat
transfer from the heatsink 70 to its surroundings, ¢.g. ambient air.

FIG. 4 schematically depicts an example embodiment of an active cooling
arrangement 80 arranged within the handle 30 in which the cooling arrangement 80 generates
a cooling fluid flow 83 in thermal contact with the shape memory elements 33. To this end,
the shape memory elements 33 optionally are placed in conduits 81 through which the
cooling fluid flow 83 is forced by the cooling arrangement 80. This for example may be
desirable where the cooling fluid is a liquid in which case the conduits 81 of the cooling
arrangement 80 may form part of a closed loop arrangement through which the liquid is
pumped by a pump (not shown) of the cooling arrangement 80. Such a closed loop
arrangement may be combined with a heatsink (not shown) in thermal contact with the closed
loop arrangement to transfer the heat collected by the cooling liquid from the shape memory
clements 33 to an ambient medium such as air. Alternatively, the conduits 81 may be
omitted, e.g. where the cooling arrangement 80 generates an air flow around the shape
memory elements 33 in order to cool the shape memory elements 33. Such an active cooling
arrangement 80 may be preferable in application domains in which a particularly fast
relaxation of the shape memory elements 33 is desired.

It should be understood that other examples of suitable cooling arrangements

for the shape memory elements 33, e.g. thermoelectric cooling arrangements utilizing the
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Peltier effect, or any suitable combination of different types of cooling arrangements, ¢.g.
combinations of passive and active cooling arrangements, may be used within the handle 30
to cool the shape memory elements 33.

In FIG. 1, the control unit of the invasive medical device 10 is integrated in the
handle 30. However, in an alternative embodiment as schematically depicted in FIG. 5, a
separate control unit 90 may be provided comprising the user interface 40, e.g. a joystick or
the like, and the microcontroller 50, and optionally further comprising the one or more
current sources 60. In this embodiment, the current source connectors 61 of the shape
memory elements 33 may include a plug or socket or the like through which the shape
memory elements 33 may be connected to the one or more current sources 60 in the separate
control unit 90. For example, each of the current sources or current source stages 60 may be
connected to a plug, jack or the like that may be mated with a corresponding socket at a
terminal end of a current source connector 61 exposed in the body of the handle 30 of the
invasive medical device 10. Many other design variations will be immediately apparent to the
skilled person and it should be understood that such design variations are intended to fall
under the scope of the present invention.

As previously mentioned, the flexible elongate device portion or member 20
may be detachable from the handle 30, for example to facilitate interchanging of the flexible
elongate device portion or member 20, i.¢. in order to reuse the handle 30. This for example
allows for the handle 30 to be reused with different types of flexible elongate device portions
or members 20 and/or for the handle 30 to be reused with disposable flexible elongate device
portions or members 20. This may be achieved using any suitable coupling mechanism
between the flexible elongate device portion or member 20 and the handle 30 such as the
previously mentioned securing members 39.

FIG. 6 and 7 schematically depict another example embodiment of such a
securing arrangement in which the handle 30 comprises a connection block 36 for engaging
with such an interchangeable flexible elongate device portion or member 20. Each
electrically conductive shape memory element 33 within the handle 30 is mechanically
coupled to a channel or groove 38 in the connection block 36, which acts as a securing
member for the connectors 25 at the terminals of the pull wires 23 in the flexible elongate
device portion or member 20 proximal to the handle 30, and which may be external to the
handle 30 for easy access. The connectors 25 and the channels or grooves 38 may have a
shape such as a mushroom shape or any other suitable shape such that the connectors 25 can

be casily secured in the channels or grooves 38, as schematically depicted in FIG. 7 . The
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channels or grooves 38 typically are movably mounted in the connection block 36 such that
dimensional changes in the electrically conductive shape memory elements 33 are translated
to the pull wires 23 to which these electrically conductive shape memory element 33 are
attached. This arrangement allows for a particularly easy connection and disconnection of a
flexible elongate device portion or member 20 to the handle 30 by positioning or removal of
the connectors 25 from the channels or grooves 38 as will be appreciated by the skilled
person.

FIG. 8 schematically depicts another embodiment of the invasive medical
device 10 of the present invention, in which the control unit, here integrated in the handle 30
by way of non-limiting example only, further comprises a communication module 37
arranged to communicate with a imaging system, such as the imaging system 100 as
schematically depicted in FIG. 9. The communication module 37 may be arranged to
communicate with such an imaging system in any suitable manner, e.g. in a wireless fashion
using any suitable wireless communication protocol such as Bluetooth or Wi-Fi by way of
non-limiting example or alternatively the communication module 37 may be arranged to
communicate with such an imaging system in a wired fashion, in which case the
communication module 37 may be (temporarily) coupled to the imaging system 100 through
a cable or the like as is well-known per se.

The communication module 37 is coupled to the microcontroller 50, with the
microcontroller 50 being adapted to receive a steering command 145 for the steerable flexible
tip 21 of the flexible elongate device portion 20 from the imaging system 100 through the
communication module 37 and to translate this steering command into one or more control
signals for the one or more current sources 60 in order to force dimensional change in one or
more of the shape memory elements 33 to automatically steer the steerable flexible tip 21 in
accordance with the steering command. If the flexible tip 21 is steered in this manner, a
medical professional operating the invasive medical device 10 may only be required to guide
the invasive medical device 10 through the patient 1 or alternatively such guidance is also
automated, e.g. under control of the imaging system 100.

The imaging system 100 may generate the steering command 145 based on an
evaluation of one or more images generated with the imaging system 100 of a body portion
of the patient 1 in which at least the steerable flexible tip 21 of the flexible elongate device
portion 20 of the invasive medical device 10 is located. To this end, the imaging system 100
may comprise an electromagnetic radiation generator 120 under control of a processor

arrangement 110, which electromagnetic radiation generator 120 generates electromagnetic
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radiation 125 through the body portion of the patient 1 containing the steerable flexible tip 21
in order to image the orientation of the steerable flexible tip 21 within the body portion of the
patient 1. The imaging system 100 typically further comprises an electromagnetic radiation
collector 130 for collecting the modified electromagnetic radiation 125 as it has passed
through the body portion of the patient 1. For example, the electromagnetic radiation
generator 120 may generate x-ray radiation, a magnetic field, ultrasound waves or the like
that are collected by the electromagnetic radiation collector 130 and fed to the processor
arrangement 110, where the collected electromagnetic radiation is processed and converted
into one or more images of the body portion of the patient 1.

As will be readily understood by the skilled person, the electromagnetic
radiation collector 130 may be a separate entity to the electromagnetic radiation generator
120, for example in the case of an x-ray imaging system, a CT imaging system, an MRI
system or the like, or may be integrated or form part of the electromagnetic radiation
generator 120, for example in the case of an ultrasound imaging system comprising a
transducer array adapted to generate ultrasound waves and collect echoes of such ultrasound
waves as is well-known per se.

The electromagnetic radiation collector 130 is typically adapted to convert the
collected electromagnetic radiation into one or more electrical signals that are fed to the
processor arrangement 110, which typically includes an image processor adapted to process
the one or more electrical signals and convert those signals into an image or a plurality of
images of the body portion of the patient 1 imaged with the imaging system 100. The image
processor of the processor arrangement 110 may be adapted to identify the steerable flexible
tip 21 and its orientation within the body portion of the patient 1 into one or more images of
this body portion. This for example may be achieved using well-known object recognition
algorithms.

For example, the steerable flexible device tip 21 and/or the flexible elongate
device portion 20 may include a plurality of spatially distributed markers in accordance with
a defined spatial distribution that can be recognized within the one or more images, such that
the orientation of the steerable flexible device tip 21 within the body portion of the patient 1
may be derived from the recognized markers and the defined spatial distribution of these
markers. Many other ways of recognising the orientation of the steerable flexible device tip
21 within the patient’s body will be immediately apparent to the skilled person, as such
recognition techniques are well-known per se and are therefore not explained in further detail

for the sake of brevity only.
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The image processor, or any other processor of the processor arrangement 110
typically is arranged to compare the actual orientation of the steerable flexible device tip 21
including the actual shape of the steerable flexible device tip 21 as derived from the one or
more generated images against a desired orientation of the steerable flexible device tip 21.
Such a desired orientation may be specified by a controller, e.g. a medical practitioner, of the
imaging system 100, e.g. through a user interface of the imaging system 100 such as a user
console the like, or may be automatically derived by the imaging system 100 from the one or
more generated images, for example by the recognition of an object in the vicinity of the
steerable flexible device tip 21 to which or around which the steerable flexible device tip 21
should be steered.

The processor arrangement 110 generates a steering command 145 for the
steerable flexible device tip 21 based on the determined difference between the actual
orientation of the steerable flexible device tip 21 and its desired orientation within the
patient’s body. The processor arrangement 110 typically is coupled to a communication
module 140 of the imaging system 100, which communication module 140 is arranged to
communicate the steering command 145 to the communication module 37 of the invasive
medical device 10, e.g. in a wireless or wired fashion as previously explained, such that the
microcontroller 50 can generate the control signals for the one or more shape memory
elements 33 in the handle 30 of the invasive medical device 10 in accordance with the
received steering command 145 in order to steer the device tip 21 towards its desired
orientation within the patient’s body.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not be construed as limiting the claim. The
word "comprising" does not exclude the presence of elements or steps other than those listed
in a claim. The word "a" or "an" preceding an element does not exclude the presence of a
plurality of such elements. The invention can be implemented by means of hardware
comprising several distinct elements. In the device claim enumerating several means, several
of these means can be embodied by one and the same item of hardware. The mere fact that
certain measures are recited in mutually different dependent claims does not indicate that a

combination of these measures cannot be used to advantage.
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CLAIMS:

1. An invasive medical device (10) comprising:

a flexible elongate device portion (20) attached to a handle (30), the clongate
device portion including a steerable flexible tip (21) at a distal end of the elongate device
portion and a plurality of pull wires (23) for steering the steerable flexible tip attached to said
steerable flexible tip; and

a plurality of electrically conductive shape memory elements (33) entirely
contained with in said handle, each of the shape memory elements coupled to and extending
in a length direction between one of said pull wires and a current source connection (61)
arranged to provide an electrical current to the electrically conductive shape memory
element, each of the shape memory elements having a negative coefficient of expansion in

said length direction.

2. The invasive medical device (10) of claim 1, further comprising a cooling
arrangement (70, 80) in the handle (30) arranged to cool the plurality of electrically

conductive shape memory elements (33).

3. The invasive medical device (10) of claim 2, wherein the cooling arrangement
comprises a heatsink arrangement (70) including a plurality of channels (71), each of the
electrically conductive shape memory elements (33) at least partially extending through one

of said channels.

4. The invasive medical device (10) of claim 3, wherein the heatsink arrangement
(70) comprises at least one metal or metal alloy heatsink, and wherein each of said channels

(71) 1s lined with an electrically insulating material (73).

5. The invasive medical device (10) of any of claims 2-4, wherein the cooling
arrangement (80) is arranged to generate a cooling fluid flow (83) in thermal contact with the

plurality of electrically conductive shape memory elements (33).
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6. The invasive medical device (10) of any of claims 1-5, wherein each
electrically conductive shape memory element (33) is a wire comprising a shape memory

alloy.

7. The invasive medical device (10) of any of claims 1-6, wherein each
electrically conductive shape memory element (33) is attached to a pull wire (23) through a
securing member (39) comprising a pair of screws for securing the electrically conductive

shape memory element and the pull wire respectively in the securing member.

8. The invasive medical device (10) of any of claims 1-7, wherein each pull wire
(23) is housed in a lumen (25) extending through at least a part of the flexible clongate device
portion (20).

9. The invasive medical device (10) of any of claims 1-8, wherein the invasive
medical device is a catheter or a guidewire, optionally wherein the flexible elongate device

portion (20) is detachable from the handle (30).

10. An invasive medical device arrangement comprising the invasive medical
device (10) of any of claims 1-9 and a control unit (90), the control unit comprising a user
interface (40) coupled to a microcontroller (50) and at least one current source (60) for
connecting to one of said current source connections (61) of the invasive medical device,
wherein the microcontroller is adapted to control the at least one current source to supply a
current to the current source connection that is based on a user input provided with said user

interface (40).

11. The invasive medical device arrangement of claim 10, wherein the at least one
current source (60) comprises a plurality of current sources each connected to a different one

of said current source connections (61).

12. The invasive medical device arrangement of claim 10 or 11, wherein the

control unit (90) is integrated in the handle (30) of the invasive medical device (10).

13. The invasive medical device arrangement of claim 12, further comprising a

battery (35) coupled to the at least one current source (60).
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14. The invasive medical device arrangement of any of claims 10-13, wherein the
control unit (90) further comprises a communication module (37) coupled to the
microcontroller (50), and wherein the microcontroller is further adapted to control the at least
one current source (60) to supply a current to the current source connection (61) that is based
on a steering signal (145) for steering the steerable flexible tip (21) received from an imaging

system (100) through the communication module.

15. An imaging system (100) for cooperating with the invasive medical device
arrangement of claim 14, the imaging system comprising:
an image generator including an electromagnetic radiator generator (120) and
an electromagnetic radiation collector (130) for generating an image of a portion of a
patient’s body (1), said portion comprising at least the steerable flexible tip (21) of the
invasive medical device (10);
an image processor (110) coupled to the electromagnetic radiation collector
and adapted to:
process said image to determine an actual orientation of the steerable
flexible tip within the portion of the patient’s body;
determine a difference between said actual orientation and a desired
orientation of the steerable flexible tip;
generate a steering signal (145) for the steerable flexible tip based on
said difference; and
provide the steering signal to the communication module (37) of the

invasive medical device arrangement.
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