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Intracorporeal Locator Probe

Field of the Invention

The present invention relates to probes, especially probes for insertion into a human or

animal body.

Background to the Invention

Many investigative or treatment procedures involve the introduction of catheters, guide

wires or scopes inside the arteries, veins, cavities or the gastrointestinal tract.

For the clinician to locate exactly the pathway of the instrument, X-Ray is needed in most

cases in the form of fluoroscopy, e.g. in coronary angiography, or CT scan. Ultra sound

can also be used to guide a needle into a specific location, e.g. when taking a biopsy

from a tumour. In these procedures the patient, doctor and attendant are exposed to X-

Rays. This limits its use to short bursts at intervals.

Endoscopists during colonoscopy are, in some units, provided by an imager. This device

is partly incorporated into the scope to send signals to the receiver, which is placed in

front of the patient. The signals are interpreted and shown on a screen delineating the

shape of the scope. The device does not show the wall of the bowel but a clinician can

deduce the position and shape of the scope in the bowels from the image available.

Introducing a central venous line is usually performed blindly or by using an ultra sound

device. This device guides the clinician to the correct point of entry, but the progress of

the catheter and its final position are conventionally determined by a plain film X-Ray.

This is considered to be necessary in order to rule out any complication of a procedure,

but if it shows an incorrect position of the line, the whole preparation and procedure has

to be repeated.

In general, clinicians can attempt to determine the location of a device inside a body part

without seeing the walls of the body part from their knowledge of anatomy.

Disadvantages of the above systems and techniques include: the need for specially built

and equipped rooms to prevent the dissemination of X-Rays; the involvement of more

than one discipline in the procedure, which limits availability; exposure to X-Rays; in



some cases the complete absence of a system to help guide the clinician in the

procedure; the expense of the necessary equipment.

It would be desirable to mitigate at least some of these problems.

Summary of the Invention

A first aspect of the invention provides a probe device comprising an elongate flexible

body; at least one bend sensor located at least one portion of the body, said at least one

bend sensor being configured to detect bending of said at least one portion of the body;

and means for producing an output signal that is indicative of at least one characteristic of

a detected bend in said at least one portion of the body.

Preferably, the probe device comprises at least one set of bend sensors, the or each set

comprising at least two bend sensors that are substantially in register with one another

longitudinally of said body and mutually spaced apart around said body. More preferably,

there is a plurality of said sets of bend sensors, mutually spaced apart along the length of

said body. Advantageously, said at least two bend sensors of the or each set are

positioned to detect bending of said body in a respective one of two mutually orthogonal

planes.

Typically, said at least one bend sensor comprises a sensing component formed from a

bend-sensitive material, for example a piezoresistive material, carbon or a conductive

fabric.

A second aspect of the invention provides a probe monitoring system comprising a probe

device of the first aspect of the invention, and processing means configured to create a

data model of said probe device from the respective output signals of said at least one

bend sensor and , preferably, to render said data model as an image of said probe device,

advantageously a three dimensional image.

Preferably, the system further includes processing means configured to superimpose an

image of said probe device, generated from said data model, with an image of an object,

for example part of a human or animal body, into which the probe device is inserted

during use.

Other preferred features are recited in the dependent claims.



Further advantageous aspects of the invention will be apparent to those ordinarily skilled

in the art upon review of the following description of preferred embodiments and with

reference to the accompanying drawing.

Brief Description of the Drawings

An embodiment of the invention is now described by way of example and with reference

to the accompanying drawings in which

Figure 1A is a schematic view of a probe device embodying one aspect of the invention

included in a probe monitoring system embodying another aspect of the invention;

Figure 1B is a cross-sectional end view of the probe device of Figure 1A;

Figure 2 shows schematic representations of a bend sensing component; and

Figure 3 shows a bend sensor and associated electrical circuit.

Detailed Description of the Drawings

Referring now to the drawings, there is shown generally indicated as 10 a probe

monitoring system embodying one aspect of the invention. The system 10 includes a

probe device 12 embodying another aspect of the invention. The probe device 12

comprises an elongate flexible body 14 , which may be formed from any suitable material

typically plastics or a dielectric material. The body 14 may have any cross-sectional

shape although it is typically substantially circular in cross-section, as shown by way of

example in Figure 1B. Alternatively, the body 14 may comprise a substrate having a

substantially rectangular, or otherwise polygonal, cross-section defining substantially flat

surfaces on each face of the body 14 . The body 14 is flexible (and preferably non-

resilient) advantageously to the extent that it can bend freely during use to conform to the

shape of any passage into which it is introduced. For example, the body 14 may be made

of a material that allows it to bend in two mutually perpendicular planes, or to bend in a

first plane and to be rotatable (or twistable) about an axis in that plane to allow it to bend

in a plane that is perpendicular to the first plane.



In some embodiments, the probe device 12 may be intended for use as a catheter, in

which case the body 14 may be hollow to allow fluids to pass through it or to allow

another probe (not shown), for example an endoscope or other instrument, to be fed

through it. In other embodiments, the probe device 12 may itself be intended for use as

an endoscope or other instrument, in which case the body 14 may be solid or hollow as

required by the application and may incorporate other devices, e.g. a camera and/or a

lamp (not shown) as required. Alternatively still, the probe device 12 may be located, in

use, in a channel or passage formed in another probe, e.g. an endoscope or other

instrument.

A plurality of bend sensors 16 are provided on the body 14 in order to detect bends in the

body 14 . In the illustrated embodiment, each bend sensor 16 is provided on an outer

surface of the body 14 , preferably covered by one or more sheath 18 which is fitted over

the body 14 and may extend wholly or partly along the length of the body 14 , preferably

at least being long enough to cover the sensors 16 . The sheath 18 may be formed from

any suitable material, e.g. rubber or plastics. The sensors 16 may be fixed in position by

any suitable means, e.g. adhesive. Alternatively, the sensors 16 may be embedded in

the body 14 , or provided on an internal surface of the body 14 .

The device 12 includes means for producing an output signal that is indicative of at least

one characteristic of a detected bend the body. Typically this is provided by an electrical

circuit forming part of the bend sensor and/or to which the bend sensor 16 is connected.

In the illustrated embodiment, each bend sensor 16 , when incorporated into a suitable

electrical circuit, causes the circuit to generate an electrical output signal that is indicative

of one or more characteristics of a bend in the portion of the body 14 at which the sensor

16 is located. For example, the electrical output signal may be indicative of the extent of

the bend (i.e. the relative sharpness of the bend) and/or the direction of the bend (i.e.

whether it is convex or converse with respect to a notional reference point). One or more

thresholds may be defined for determining when a bend is part of a loop. For example,

the extent of a bend (i.e. the relative sharpness of the bend) as determined from the

output signal may be compared against one or more threshold value, and depending on

the result, e.g. if a relevant threshold is exceeded, then the presence of a loop is

determined.

In preferred embodiments, each bend sensor 16 comprises a sensing component 20

having an electrical property, conveniently electrical resistance, that changes depending

on how the sensing component is bent. The sensing component 20 is incorporated into



an electrical circuit that produces an output signal that is dependent on the value of the

resistance, or other relevant electrical property, of the sensing component 20.

Advantageously, the circuit is configured such that the output signal continuously

indicates the extent to which the component 20 is bent, i.e. is continuously indicative of

the relevant electrical property, typically resistance, of the component 20. The sensing

component 20 typically comprises an elongate strip and may comprise any suitable bend-

sensitive material, for example a piezoresistive material (typically semiconductor

materials such as germanium , polycrystalline silicon, amorphous silicon, silicon carbide,

or single crystal silicon), carbon or a conductive fabric or a conductive or resistive ink (any

of which may provided on or in a substrate if necessary, e.g. on a surface, especially a

flat surface, of the body 14). Optionally, each sensing component 20 may comprise two

or more sensing components, of any suitable type including those described above,

electrically connected in series. Optionally, where the sensing component 20 comprises

a strip of bend-sensitive material, one or more electrically conductive pads may be

provided along its length (spaced-apart where there is more than one) in order to control,

and typically reduce, the electrical resistance of the strip.

Typically, each sensing component 20 has an axis along which it is sensitive to being

bent (i.e to produce the change in electrical property in this example). Where the sensing

component 20 is elongate, the bend-sensitive axis is typically the longitudinal axis. In

use, the sensing element 20 is therefore capable of detecting bending of the object on

which it is located in a plane in which the bend-sensitive axis lies.

Figures 2 and 3 show an example of a bend sensor 16 comprising a sensing component

20 incorporated into an electrical circuit 22 in the form of a voltage divider circuit. By way

of example only, the sensing component 20 comprises carbon elements 24 on a

substrate 26. When the sensing component 20 bends in one direction (convex or

concave with respect to a notional reference point) its electrical resistance increases in

proportion to the severity of the bend, and when it bends in the other direction (concave

or convex with respect to the notional reference point) its electrical resistance decreases

in proportion to the severity of the bend. Hence, the voltage level at the output Vout

depends on the relative resistances of resistor R and the sensing component 20 and will

tend towards reference value Vrefl as the resistance of the sensing component 20

increases or towards reference value Vref2 as the resistance of the sensing component

20 decreases.



Conveniently, the respective sensing components 20 are located on the body 14 (e.g.

mounted on its surface or embedded therein), and are electrically connected to the

respective electrical circuit by (typically a pair of) conductive wires 28, which may take the

form of conductive tracks provided on a substrate (e.g. the body 14). In some

embodiments, the respective electrical circuits are located remotely from the sensing

components 20, for example at the proximal end of the probe 12 or separately from the

probe 12 , e.g. in a signal processing device 32. Alternatively, the respective electrical

circuits may be co-located with the sensing components 20 on the body 14 . In either

case, electrical wires (which may comprise the wires 28 or the wires 34 (either of which

may take the form of conductive tracks provided on a substrate, e.g. the body 14)

depending on where the respective circuits are located) may be carried by the surface of

the body 14 , e.g. between the body 14 and the sheath 18 when present, or may be fed

through the inside of the body 14 (whether the body is solid or hollow) as is convenient to

the application. If the body is solid, one or more passages may be formed for the wires,

or the wires may be embedded in the solid core of the body. Typically, the wires are

gathered in a cable 36 having a connector 38 (which may include suitable signal

processing circuitry in some embodiments) to allow connection to other components of

the system 10 as described in more detail hereinafter. In cases where the wires 28, 34

comprise conductive tracks, any suitable connector (not shown) may be provided for

allowing connection to other components of the system, e.g. a connector allowing

connection of the tracks to the cable 36.

In alternative embodiments the sensing components 20/sensors 16 on the body 14 may

be equipped to communicate wirelessly with the monitoring system 10 .

The sensors 16 (and more particularly the respective sensing components 20) are

spaced apart along the length of the body 14 (i.e. longitudinally spaced along the body

14). As such, each sensor 16 detects bends in the portion of the body 14 at which it is

located. Preferably, the respective bend-sensitive axis of the respective sensing

components 20 are substantially aligned with the longitudinal axis of the body 14 . In

preferred embodiments, the sensors 16 (and more particularly the respective sensing

components 20) are arranged in sets of at least two, the sets being spaced apart along

the length of the body 14 , each sensing component 20 of each set preferably being

substantially in register with the other longitudinally of the body 14 , but spaced apart

around the body 14 (i.e. transversely spaced around the body). Advantageously, at least

two of the sensing components 20 in each set are mutually spaced apart around the body

14 such that they are capable of detecting bending of the body 14 in respective mutually



orthogonal planes. For example, the respective sensing components 20 may be radially

spaced around the body by 90° or substantially 90°.

In one embodiment, therefore, each set comprises two sensors 16 mutually spaced apart

around the body 14 and positioned to detect bending of the body 14 in respective

mutually orthogonal planes. This embodiment is particularly suited to using sensing

components 20 of the general type shown in Figure 2 which are capable of distinguishing

between convex and concave bends in a given plane. Other types of sensing

components 20 may only be capable of detecting either convex or concave bends in a

given plane. In such cases, it is preferred that each set comprises at least four sensors

arranged in pairs, each pair being arranged to detect bending in a mutually orthogonal

plane, the sensing components within each pair being arranged to detect bending in

opposite senses (concave or convex) in the respective plane. To this end, the sensing

components of each pair may be substantially oppositely disposed on the body 14 . In the

illustrated embodiment, each set comprises four sensors 16 equally spaced around the

body 14 . In cases where the sensing element 20 comprises two or more individual

sensing elements connected in series, the individual elements may be aligned end-to-end

or side-by-side in order that they are subjected to bending in the same sense, or they

may be spaced-apart around the periphery of the body 14 such that they are subjected to

bending in respective opposite senses.

In any event, the preferred arrangement is such that each set of sensors 16 is capable of

detecting bending of the body 14 in two mutually orthogonal planes, i.e. two orthogonal

planes that are each orthogonal to the body's transverse plane at the respective location

along the body 14 . As a result, the signals received from each set of sensors 16 can be

used to build a three dimensional image of the probe 12, including any bends or loops

that may be formed during use. The longitudinal spacing between adjacent sets affects

the resolution of the probe image that can be built and may be selected to suit the

application.

The system 10 comprises a monitoring device 40 that includes means for processing the

signals received from the sensors 16 in order to create a data model representing the

shape of the probe 12 in three dimensions. This may be achieved combining the

respective output signals from the sensors 16 of each set with an indication of each set's

longitudinal location on the body 14 . This may be achieved by appropriate configuration

of the connector 38/signal processor 32 as an interface between the sensors 16 and the

monitor 40. The device 40 preferably also includes means for rendering the data model



as an image on a VDU, which may be part of or otherwise connected to the monitoring

device 40. The device 40 conveniently comprises a computer running suitable computer

software for creating the data model and preferably also rendering the image. The data

model may be created using any convenient conventional techniques and may be

configured to use the bend information determined from the output signals generated by

the sensors 16 . Loops in the probe 12 may be identified by comparing the relative

sharpness of one or more detected bends against one or more threshold values. The

respective outputs from more than one sensor 16 may be analysed, e.g. aggregated or

otherwise collectively assessed, to determine on which side the probe 12 crosses itself in

a detected loop.

The connector 38/signal processor 32 may include analogue to digital conversion

circuitry. This facilitates connection of the cable 36 to the monitoring device 40, e.g. by

cable 42. The cable 36 (and optionally also the cable 42 in some embodiments) may be

configured to deliver electrical power to the sensors 16 , if required, the power being

supplied by the monitoring device 40 for example. Alternatively, a separate electrical

power source (not shown) may be provided for the probe 12 , typically being connectable

to the cable 36 or otherwise to the wires 36.

In preferred embodiments, the system 10 includes processing means for superimposing

an image generated from the data model of the probe 12 with an image of the object, e.g.

human or animal body or part thereof, into which the probe 12 is inserted. Typically, this

is achieved by suitable computer software running on a computer. This enables a user to

see where the probe 12 is in relation to the object. The image of the object can be

created by any suitable conventional means, e.g. a computed tomography (CT) scan, or

magnetic resonance imaging (MRI) scan, and supplied to the superimposing processing

means in any convenient manner. The superimposing software may be supported by the

monitoring device 40 or may be supported elsewhere, e.g. by a separate video or image

processing device 44 (which may have its own VDU 46). The monitoring device 40 and

any other processor 44 may co-operate as necessary to display the superimposed image

on one or more VDUs 44, 46 as applicable.

It is envisaged that preferred embodiments of the invention could be used in at least the

following applications: Endoscopy (e.g. colonoscopy, small intestinal endoscopy,

uretroscopy or nasojujenal tubes); Anaesthesia/ICU (e.g. central venous line insertion,

Heckman lines insertion, PICC lines insertion, tracheal intubation or dialysis catheters);

Cardiology (e.g. coronary angioplasty (superimposed on CT scan pictures or other



images), pace maker introduction, pericardiocentesis or intra-aortic balloon pumps);

Vascular procedures (e.g. angioplasty, EVARs, embolectomy catheters; Urology (e.g.

urinary catheter introduction); or Thoracic surgery (e.g. chest drain positioning).

Preferred embodiments of the invention are capable of recognising bending or looping

inside an object without the need for any other detectors, field generators or X-ray

devices outside of the object. The preferred system is operable independently of other

equipment and preferably has its own power supply. The preferred system does not

generate significant electromagnetic fields that may interfere with other devices, e.g.

cardiac pace-makers.

The invention is not limited to the embodiment described herein which may be modified or

varied without departing from the scope of the invention.



CLAIMS:

1. A probe device comprising an elongate flexible body; a plurality of bend sensors

located at respective portions of the body space apart along the length of the body, said

bend sensors being configured to detect bending of the respective portion of the body;

and means for producing an output signal that is indicative of at least one characteristic of

a detected bend in the respective portions of the body.

2 . A probe device as claimed in claim 1, comprising at least one set of bend sensors, the

or each set comprising at least two bend sensors that are substantially in register with

one another longitudinally of said body and mutually spaced apart around said body.

3 . A probe device as claimed in claim 2 , comprising a plurality of said sets of bend

sensors, mutually spaced apart along the length of said body.

4 . A probe device as claimed in claim 2 or 3 , wherein said at least two bend sensors of

the or each set are positioned to detect bending of said body in a respective one of two

mutually orthogonal planes.

5 . A probe device as claimed in claim 4 , wherein said at least two bend sensors are

radially spaced apart around said body by substantially 90°.

6 . A probe device as claimed in any preceding claim, wherein each bend sensor is

differently responsive to bending of said body in opposite senses.

7 . A probe device as claimed in wherein each bend sensor is similarly responsive to

bending of said body in opposite senses.

8 . A probe device as claimed in claim 7 , when dependent on any one of claims 2 to 5 ,

wherein the or each set comprises one or more pairs of oppositely disposed bend

sensors.

9 . A probe device as claimed in any preceding claim, wherein each bend sensor exhibits

an electrical characteristic, for example electrical resistance, that changes depending on

at least one characteristic of a bend to which the bend sensor is subjected.



10 . A probe device as claimed in claim 9 , wherein said at least one characteristic

includes the sharpness of the bend and/or the sense of the bend.

11. A probe device as claimed in any preceding claim wherein said output signal

producing means comprises an electrical circuit configured to produce an output signal

that is indicative of at least one characteristic of a bend in said at least one bend sensor.

12 . A probe device as claimed in any preceding claim, wherein said output signal

producing means comprises a respective electrical circuit for each of said at least one

bend sensors, the pr each electrical circuit being configured to produce an output signal

that is indicative of at least one characteristic of a bend in the respective bend sensor.

13 . A probe device as claimed in claim 11 or 12 , wherein the respective electrical circuit

is part of the respective bend sensor.

14 . A probe device as claimed in claim 11 or 12 , wherein said at least one bend senor is

connected to said electrical circuit, preferably to a respective electrical circuit.

15 . A probe device as claimed in any preceding claim, wherein said at least one bend

sensor comprises a sensing component formed from a bend-sensitive material, for

example a piezoresistive material, carbon, a conductive fabric or a conductive or resistive

ink.

16 . A probe device as claimed in claim 15 , wherein said sensing component comprises

an elongate strip.

17 . A probe device as claimed in any preceding claim, connected to processing means

configured to create a data model of said probe device from the respective output signals

of said at least one bend sensor, and rendering means configured to render said data

model as an image of said probe device.

18 . A probe device as claimed in claim 17 , wherein said processing means is configured

to superimpose an image of said probe device, generated from said data model, with an

image of an object, for example part of a human or animal body, into which the probe

device is inserted during use.



19 . A probe device as claimed in claim 17 or 18 , wherein said processing means is

configured to detect loops in the probe by comparing the relative sharpness of one or

more detected bends against one or more threshold values.

20. A probe device as claimed in claim 19 , wherein said processing means is configured

to determine on which side the probe crosses itself in a detected loop by analyzing the

respective outputs from more than one bend sensor.

2 1. A probe monitoring system comprising a probe device as claimed in any preceding

claim, and processing means configured to create a data model of said probe device from

the respective output signals of said at least one bend sensor, and rendering means

configured to render said data model as an image of said probe device.

22. A probe monitoring system as claimed in claim 2 1, further including processing

means configured to superimpose an image of said probe device, generated from said

data model, with an image of an object, for example part of a human or animal body, into

which the probe device is inserted during use.
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