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FIG. 1

(57) Abstract: A method for reconstructing 3D shape of a
longitudinal device using an optical fiber with optical shape
sensing (OSS) properties, e.g. Bragg gratings. By attaching
the optical fiber to the longitudinal device, such that the op-
tical fiber follows its 3D shape upon bending, known OSS
techniques can be applied to reconstruct 3D shape of the op-
tical fiber, and thus also the longitudinal device, e.g. a med-
ical catheter. E.g. the optical fiber, e.g. placed in a guide
wire, can be inserted in a lumen of the longitudinal device.
Hereby, one OSS system can be used for 3D tracking a plur-
ality of non-shape sensed catheters or other longitudinal
devices. In case the longitudinal device is longer than the op-
tical fiber, the position and shape of the remaining part of the
longitudinal device may be estimated and visualized to a
user, e.g. based on a known length of the longitudinal
device, and based on an orientation of an end point of the
optical fiber, e.g. using knowledge about the stiffness or oth-
er properties of the longitudinal device.
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DEVICE TRACKING USING LONGITUDINAL ENCODING

FIELD OF THE INVENTION
The present invention relates to the field of shape sensing, especially three-

dimensional (3D) optical shape sensing.

BACKGROUND OF THE INVENTION
By using optical shape sensing (OSS), the 3D shape of an elongated object,
¢.g. a steerable medical device, can be reconstructed by integration of an optical fiber with
optical shape sensing elements in such a device. This is possible by optical interrogating the
optical fiber e.g. with optical shape sensing elements by means of Fiber Bragg Gratings or
Rayleigh based elements. A real time visualization of the reconstructed 3D shape has a
number of applications, e.g. medical applications, since it allows important navigational
guidance for elongated interventional medical devices. Such devices can be used for example
within medical applications in the form of diagnostic and navigation devices, e.g. catheters,
guide wires, endoscopes, stylets or needles, and treatment devices, e.g. ablation devices.
However, still OSS devices suffer from a number of problems:
1) OSS sensors are expensive, and thus often only one OSS system and one OSS
enabled medical device is available for a physician.
2) There is a limited variation of OSS-catheters and some situations require a
device with a particular shape, for which device no OSS enabled version is available.
3) When using two OSS-devices, one inside the other, the proximal tethers of
OSS devices may twist up when they are rotated around each other. This twisting can make it
difficult for the user to handle both devices, and the shape reconstruction could be less

accurate and stable due to small bend radius and high strain.

SUMMARY OF THE INVENTION
It would be advantageous to provide a method and a system capable of real-
time tracking 3D shape of a plurality of different longitudinal devices, ¢.g. interventional

medical catheters, at a low cost, and without the need for a separate scanning device.
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In a first aspect, the invention provides an optical shape sensing system
comprising
- a guide wire comprising an optical fiber with optical shape sensing properties along at least
a part of its longitudinal extension,

- an associated longitudinal device arranged to allow a user to attach the guide wire thereto,
so as to ensure that the optical fiber will follow a three-dimensional shape of at least a part of
the associated longitudinal device, e.g. a non-OSS medical catheter,
- a longitudinal offset encoding system arranged to establish a recognizable longitudinal
offset between the associated longitudinal device (C) and the optical fiber (OF), and
- an optical console system (O _C, P) arranged for:
- recognizing said recognizable longitudinal offset between the associated
longitudinal device (C) and the optical fiber (OF), and registering a longitudinal offset
of the associated longitudinal device (C) in relation to a point along the optical fiber
(OF) accordingly,
- optically interrogating the optical fiber (OF),
- reconstructing a three-dimensional shape of at least a part of the optical fiber (OF) in
response to a result of said optical interrogation of the optical fiber (OF), and for
- generating an output (I) indicative of a three-dimensional shape of at least a part of
the associated longitudinal device (C) in response to said reconstructed three-
dimensional shape of at least part of the optical fiber (OF), and in response to said
registered longitudinal offset of the associated longitudinal device (C) in relation to a
point along the optical fiber (OF).

By ‘associated longitudinal device’ is understood a device, e.g. a medical
catheter or the like, that can either be non-tracked, i.e. without any shape sensing capability,
however if preferred the associated longitudinal device may be a tracked device, e.g. another
OSS device. The guide wire with an optical fiber with OSS properties represents a track
device, or reference device. The optical fiber is preferably positioned within the guide wire,
and the guide wire is then attached to follow the non-tracked associated longitudinal device,
¢.g. by insertion into a lumen of the non-tracked associated longitudinal device.

It is to be understood that the guide wire comprising the OSS fiber can itself
form part of an instrument having an additional function itself, other than merely being able
to OSS track an associated longitudinal device. E.g. the guide wire may form part of such as:

a navigational catheter, a stent/balloon/contrast injection catheter, or a sheath. Still for such
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instrument, it can be formed so as to allow the instrument to slides inside or along a side of
an associated (non-tracked or tracked) longitudinal device.

The system is advantageous, since with only one OSS system, it is possible to
track 3D shape of many different commercially available associated longitudinal devices, e.g.
interventional medical catheters without OSS properties. However, it is to be understood that
the system can be used in connection with OSS systems where a plurality of devices are
tracked. Thus, for medical applications, a number of different thicknesses and lengths of
catheters can be used, requiring only one OSS system, even though a system in general may
be able to track multiple devices. Still, the advantages of an OSS device remain: e.g. 3D
reconstruction of the device allowing multiple viewing angles at the same time (e.g. virtual
bi-plane as used in endovascular procedures, or other types of visualization as used in other
procedures). Further, it allows real-time device visualization without the use of X-ray or any
other imaging modality. Compared to the use of two OSS devices, the aforementioned
problem of tangling or twisting is eliminated.

In an example of a practical operation of the system, e.g. for a medical
interventional procedure, a user selects an associated longitudinal device, e.g. a catheter
among a plurality of possible different catheters, and inserts the guide wire into a lumen of
the selected catheter before the medical procedure is performed. By means of the longitudinal
offset encoding system, the optical console can automatically detect a longitudinal position
on the optical fiber in the guide wire where the catheter is positioned. Thus, via OSS optical
interrogation of the optical fiber the 3D shape of the optical fiber can be reconstructed, and
with knowledge of the registered longitudinal offset, it is possible to determine which part of
the optical fiber that corresponds to the catheter, and thus the catheter 3D shape can finally be
determined.

With such system, it is possible to track associated longitudinal device, ¢.g.
medical catheter, which can be manufactured in low cost and thus can be manufactured as
disposable products, whereas the guide wire with OSS properties, i.¢. the rather expensive
component, can be re-used. This allows OSS properties to be used in more applications, ¢.g.
medical applications where a selection of a large number of different longitudinal devices
should be available for selection.

In case of a longitudinal device, e.g. a catheter, which has a length equal to or
shorter than the available guide wire with optical fiber, the entire length of the longitudinal
device can have its shape 3D reconstructed. However, if the longitudinal device is longer

than the guide wire with optical fiber, only a part of the length of the longitudinal device, the
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proximal part, can be tracked. In such cases, it may be possible to estimate a position of the
distal port based on the length of the longitudinal device. It may then be possible to estimate
an arca where the distal part of the longitudinal device, especially its tip, may be present,
based on the known shape of the distal portion of the optical fiber. Even though it is not
possible to precisely track the tip of the longitudinal device in such cases, it is possible to
visually indicate the estimated area to a user.

The registration of the longitudinal offset between of the associated
longitudinal device in relation to the optical fiber can be expressed as determining relative
longitudinal offset of the associated longitudinal device to the optical fiber. One specific way
to do this is by means of a longitudinal offset encoding system comprising a hub to connect
to a proximal part of the associated longitudinal device. This hub should have a lumen with a
detectable curvature, such that an algorithm in the optical console system can derive from the
optical fiber where this hub is in space, i.e. using optical interrogation. The part of the optical
fiber that is distal to the hub is known to be inside the associated longitudinal device. Thus,
an operating procedure may comprise mounting the guide wire with the optical fiber inside in
a hub serving to provide a known curvature of the optical fiber at a known position. This
allows an automated way for the optical console system to identify a reference position, ¢.g.
if the guide wire is attached to the associated longitudinal device, such that the proximal end
of the associated longitudinal device is positioned at a longitudinal position of the optical
fiber immediately after the hub. Especially, the registering may further comprise determining
a coordinate system, i.e. determining a data representation allowing a unique identification of
a three-dimensional position, thus determining a unique position of a point of the optical fiber
in relation to a point of the associated longitudinal device.

There are generally several other ways to implement the longitudinal offset
encoding system. Especially, the longitudinal offset encoding system may comprise at least
one of: 1) a device arranged to induce strain at the optical fiber at a known position (e.g. as
explained above by mounting a hub with known curvature), 2) a system comprising a
temperature encoder arranged for positioning at a tip or entry point of the associated
longitudinal device (by using the relative temperature-induced strain of a cold bolus or
element integrated into the device), 3) a system arranged to generate a temperature between
two points of the optical fiber (by using the relative temperature-induced strain in and outside
the body), 4) a system arranged to generate strain at two points of the optical fiber (by using a
single core optical fiber inside the longitudinal device), and 5) a system comprising an

electronic device (e.g. comprising a mechanical potentiometer or an optical sensor, e.g.
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gradient sensor, discrete sensor). The mentioned longitudinal offset encoding system
embodiments are to be understood as a non-exhaustive list.

It is to be understood that the OSS properties of the optical fiber can be
obtained in various ways, as known by the skilled persons. E.g. the optical interrogation may
make use of Rayleigh scattering, or make use of Fiber Bragg Gratings written into the fiber.
The method for optical interrogation of the optical shape sensing properties may be
performed in several ways, such as also known by the skilled person. In some embodiments,
the optical fiber only has OSS properties in a part of its length. Especially, the optical fiber
only has shape sensing properties along a distal part of its longitudinal extension. Thus, a low
cost optical fiber can be used, which only has optical shape sensing properties in a limited
part of its length, where it is necessary in a given application. Especially, only a distal portion
of the optical fiber length may be important to be shape sensed, e.g. to identify a tip position
of the associated longitudinal device, or at least to precisely identify a distal position of the
optical fiber which may be used for estimating the tip position of the associated longitudinal
device.

In the following, a number of embodiments or additional features will be
defined.

The longitudinal offset encoding system may comprise a hub arranged for
providing a predetermined curvature of the optical fiber at a selected longitudinal position of
the optical fiber. Especially, the OSS system may be arranged to recognize said
predetermined curvature of the optical fiber by means of optical interrogation, and to detect a
point along the optical fiber accordingly, wherein the optical console system is further
arranged to register a longitudinal offset of the associated longitudinal device in relation to
said detected point along the optical fiber. The hub may be arranged to allow the optical
console system to recognize a longitudinal position of a proximal end of the associated
longitudinal device on the optical fiber.

The associated longitudinal device may comprise a lumen arranged for
insertion of the guide wire (GW). This provides an easy way for the user to attach the guide
wire and thus the optical fiber to the associated longitudinal device to ensure that the optical
fiber will follow a three-dimensional shape of at least a part of the associated longitudinal
device. Such a lumen is present in some existing medical devices, such as catheters (e.g.
flushing lumen, guide wire lumen). However, the associated longitudinal device may be
manufactured with a specific lumen arranged for accommodating a guide wire of a given

dimension. It is to be understood that the guide wire may be attached to the longitudinal
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device in various other ways, ¢.g. the guide wire may be attached to an outside part of the
longitudinal device. Preferably, the attaching procedure is easy to perform in a short time,
thus allowing a user to attach and detach the guide wire to a longitudinal device without any
shape sensing properties. E.g. a short attachment time will allow a physician to decide which
one of a plurality of medical devices to use in a medical examination at a late point in time
before the examination.

The system may be arranged for entering of at least one property of the
associated longitudinal device comprising at least one of: a length, a thickness, a color, and a
type, and wherein the optical shape sensing system is arranged for utilizing this at least one
property of the associated longitudinal device for visualizing the three-dimensional shape of
the associated longitudinal device to a user. This information may be obtained directly from
the device, by reading out a digital storage medium on the device or from a database where
the device has a unique ID, which can be obtained by scanning a bar code, a built-in RFID
tag, or other identification marker of the associated longitudinal device, thereby entering one
or more properties of the specific longitudinal device into a control software of an OSS
system. The one or more properties may alternatively or additionally be manually entered by
a user, ¢.g. entering a length of the longitudinal device and/or a name, a type, or an
identification number of the longitudinal device. The properties may be reflected in a
visualization of the 3D shape of the longitudinal device to a user.

The guide wire with the OSS properties may have a length being smaller than
a length of the associated longitudinal device. In such case, it is not possible to precisely
track a distal part of the associated longitudinal device. Therefore, the system may in such
cases be arranged to estimate a measure of three-dimensional shape of a distal end of the
associated longitudinal device in response to a reconstructed shape of the optical fiber, and in
response to a length of the associated longitudinal device. Especially, in response to a
reconstructed end point of the optical fiber, and in response to a length of the associated
longitudinal device. The end point, and e.g. end portion, of the optical fiber may be used for
the estimation, since e.g. with a known maximum possible curvature of the longitudinal
device, a special angle can be calculated in which the remaining length of the longitudinal
device will probably be. Especially, the system may be arranged to generate an image with a
graphical indication of said estimated measure of 3D shape of the distal end of the associated
longitudinal device. E.g. the precisely tracked 3D shape may be indicated visually to a user in
one way, whereas the estimated part may be indicated in another way, thus informing the

user that the precise position of the distal part of the longitudinal device is unknown. More
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specifically, said graphical indication may comprise at least one of: a line around an arca
where the distal part of the associated longitudinal device will most likely be, an intensity or
color code indicating where the distal part of the associated longitudinal device will most
likely be, and sketches of a plurality of possible paths the distal part of the associated
longitudinal device may follow.

Especially, the system may be arranged to estimate a measure of three-
dimensional shape of a distal end of the associated longitudinal device in response to a model
of a default shape of the associated longitudinal device. E.g. the distal part of the longitudinal
device may be rather stiff, thus there is no need to optically track the full length of such
longitudinal device, since the position and shape of such distal part can be estimated with a
high accuracy based on 3D tracking of the proximal part of the longitudinal device.

The optical fiber may only have shape sensing properties long a distal part of
its longitudinal extension. Hereby, the optical fiber can be manufactured with lower costs,
and often only the distal part of the associated longitudinal device may be interesting to OSS
track.

The optical fiber is preferably protected by a tubing forming part of the guide
wire, e.g. in the form of a thin medical device guide wire. Thereby, the optical fiber is less
fragile, and thus it is easier to handle in the manual procedure of attaching and detaching the
OSS optical fiber.

The system is suited for as a real-time automated OSS system, and the step of
visualizing the shape of the associated longitudinal device as the reconstructed shape of the
optical fiber, can be implemented in software.

The system may comprise a plurality of medical catheters that can be selected
as the associated longitudinal device. Thus, e.g. a medical procedure, may comprise selecting
the associated longitudinal device to be one of a plurality of possible catheters. This can be
relevant for a physician who may select between a number of different catheters without
shape sensing properties, and then select the relevant one for a specific medical examination
and/or treatment.

Especially, the system is a medical system, i.e. a system arranged for medical
examination and/or medical treatment.

In a second aspect, the invention provides a method for reconstructing a shape
of an associated longitudinal device, the method comprising
- providing a guide wire with an optical fiber with optical shape sensing properties along at

least a part of its longitudinal extension,
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- attaching the guide wire to at least a part of an associated longitudinal device, so as to
ensure that the optical fiber will follow a three-dimensional shape of at least a part of the
associated longitudinal device,

- establishing a recognizable longitudinal offset between the associated longitudinal device
and the optical fiber, and

- recognizing said recognizable offset between the associated longitudinal device and the
optical fiber, and registering a longitudinal offset of the associated longitudinal device in
relation to a point along the optical fiber accordingly,

- optically interrogating the optical fiber,

- reconstructing a three-dimensional shape of at least a part of the optical fiber in response to
a result of said optical interrogation of the optical fiber, and

- generating an output indicative of a three-dimensional shape of at least a part of the
associated longitudinal device in response to said reconstructed three-dimensional shape of at
least a part of the optical fiber, and in response to said registered longitudinal offset of the
associated longitudinal device in relation to a point along the optical fiber.

In a third aspect, the invention provides a computer executable program code
adapted to:

- to register data indicating a longitudinal offset between an associated longitudinal device
and an optical fiber with optical shape sensing properties, wherein the optical fiber forms part
of a guide wire,

- to receive data from an optical interrogation of the optical shape sensing properties of the
optical fiber,

- to reconstruct a three-dimensional shape of at least a part of the optical fiber in response to
said data from the optical interrogation, and

- to generate an output indicative of a three-dimensional shape of at least a part of the
associated longitudinal device in response to said three-dimensional shape of at least a part of
the optical fiber, and in response to said longitudinal offset of the associated longitudinal
device in relation to the optical fiber.

Such computer executable program code is thus capable of performing the
steps of the method according to the second aspect which can be implemented in software,
¢.g. as an add-on or modification of existing OSS software. Preferably, the program code
allows entering of properties of the longitudinal device, either automatically using an
identification code of the longitudinal device, or by manual entering e.g. a length of the

longitudinal device etc.
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The computer executable program code may especially be present on a non-
transitory computer readable storage medium, or it may be loaded into memory of a
processor system arranged to execute the program code.

It is appreciated that the same advantages and embodiments of the first aspect
apply as well for the second and third aspect. In general the first, second, and third aspects
may be combined and coupled in any way possible within the scope of the invention. These
and other aspects, features and/or advantages of the invention will be apparent from and

elucidated with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be described, by way of example only,
with reference to the drawings, in which

Fig. 1 illustrates an embodiment where an OSS fiber is shorter than a catheter
in which it is used,

Fig. 2 illustrates an embodiment where an OSS fiber is longer than a catheter
in which it is used,

Fig. 3 illustrates one way of indicating a zone in which a remaining part of a
catheter will most likely be positioned,

Fig. 4 illustrates another way of indicating a zone in which a remaining part of
a catheter will most likely be positioned,

Fig. 5 illustrates still another way of indicating a zone in which a remaining
part of a catheter will most likely be positioned, using information about a biological
environment e.g. blood vessel geometry,

Fig. 6 illustrates a photo of an implementation of a hub for position
registration,

Fig. 7 illustrates sketches of three different curvatures which can be used in a
hub for position registration,

Fig. 8 illustrates an example of parts of an OSS system, and

Fig. 9 illustrates a diagram of steps of a method embodiment.

DESCRIPTION OF EMBODIMENTS
Fig. 1 illustrates an OSS system embodiment where an optical fiber arranged
inside a guide wire GW is connected to an optical console system O_S in one end. The distal

end of the guide wire GW is positioned inside an associated longitudinal device C in the form
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of a catheter without shape sensing properties, and having a length of L_O+L_N. A hub HB
is mounted to provide a known and trackable curvature of the guide wire GW and thus also
the optical fiber therein at a proximal end of the catheter C, hereby allowing a registration of
the proximal end of the catheter C to a longitudinal position of the optical fiber inside the
guide wire GW. The optical fiber has only OSS properties along its distal length, namely the
length L_O, which is only a part of the total length L_O+L_N of the catheter C. Thus, only
the proximal part C_OF of the catheter has the optical fiber inside, whereas the distal part of
the catheter C has not. Thus, the actual shape of the distal part of the catheter C cannot be
tracked. However, since the total length of the catheter C is known, the distal part can be
indicated graphically to a user, here shown as a straight dashed line indicating the length L N
of the remaining part of the catheter C, and pointing in a 3D direction determined by the
reconstructed end point of the optical fiber. This may be more valuable information for the
user compared to simply not showing the remaining part of the catheter. In addition to or
alternatively to the line with a length indicating the remaining catheter length L N, a label
can be used to indicate the remaining length, e.g. in mm, e.g. with an arrow pointing to the
end point of the shape sensed part C_OF.

It may be possible to provide a better estimate, e.g. if the mechanical
properties, e.g. stiffness, of the catheter is known.

Fig. 2 shows the same principal OSS system as in Fig. 1, however here the
guide wire GW with an optical fiber inside with optical shape sensing properties extends in
the entire part C_OF of the catheter C, and even in a further part. Thus, the total length L O
of the catheter can be shape sensed using the optical fiber in the guide wire GW and the OSS
console system O_S. Thus, preferably the 3D shape of the full catheter length is visualized to
the user.

Figs 3 and 4 shows the same system as in Fig. 1, i.e. with a catheter C where a
distal part exceeds the length L _O of the catheter which can be 3D shape sensed by an
attached guide wire GW with an OSS optical fiber and connected hub HB and optical console
system O_S.

Fig. 3 shows indication of an area Z with dashed lines, where the remaining
part of the catheter C will most likely be present. The area Z, or angular space, is preferably
determined based on the reconstructed end point of the shape sensed part C_OF of the
catheter. The tip of the device does not have to be in the quarter circle indicated: not taking a
bend radius into account, the tip can be somewhere in a full circle. However, based on the

bend radius and expected progress of the device, the range can be limited.
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Fig. 4 shows the same area Z, but here indicated with a colored or shaded area,
where the color, shading or intensity indicates a probability of where the non-sensed part of
the catheter C will most likely be.

Fig. 5 shows again the same principal system as in Fig. 1, but where the
position of the remaining part of the catheter C, i.e. the non-shape sensed part, is indicated as
dashed lines C, Z 1, Z 2 following different paths of a lumen segment, e.g. a blood vessel or
a broncus segment, BV from the end point of the shape sensed part C_OF of the catheter.
Information about the lumen segment can come from modalities such as X-ray (contrast run)
or (registered) 3D volumes (CT/MR) or ultrasound. With a known length of the remaining
part of the catheter, and with a known plurality of possible paths C, Z 1,Z 2, e.g. here in
segments BV, the user can get a more meaningful illustration of where the tip of the catheter
may be.

Fig. 6 shows an example of a hub HB having a straight tube section where a
longitudinal device, e.g. a catheter C, enters in one end and another tube section with a
curved portion, where an optical fiber arranged inside a guide wire GW_OF enters. The guide
wire GW_OF enters the catheter C inside the hub HB, and thus the catheter C_OF with the
guide wire GW_OF inside, and thereby also the optical fiber inside, is present at the output
tube of the hub HB. The combination of curved and straight sections create a unique and
identifiable curve shape, thereby enabling registration of a common point between the guide
wire GW_OF and the catheter C. In the illustration, the hub HB is not placed at the proximal
end of the catheter C, however this could be the case, thus allowing identification of the
proximal end of the catheter C as registration point.

Fig. 7 illustrates three different path examples that can be used for an optical
fiber path in a hub. The example to the left has a first rather short straight portion L 1
followed by a curved portion with curvature radius R1, and then followed by a rather long
straight section L_2. The example in the middle is similar except for the lengths of L 1, L 2
and the curvature radius R2 which is larger than R1. The example to the right has a
combination of two oppositely curved portions with curvature radius R1 and R2, followed by
a rather long straight section L_1. The overall lengths of the shown examples may be such as
80-100 mm. The long straight sections L 2, L2, and L 1, respectively, may have a length of
such as 50-70 mm, e.g. around 60 mm.

When an optical fiber with OSS properties follows the unique path, it is
possible with the OSS technique to identify the unique and known path, and thereby identify

a point which can be used for registration, ¢.g. the point may be the proximal end of the
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catheter which could be just after the long straight sections L 2, L2, L 1, respectively, in
the shown path examples.

Fig. 8 shows an OSS system embodiment with an optical fiber with OSS
properties placed inside a guide wire GW which is inserted into a lumen of a longitudinal
device in the form of a catheter C, and thus the optical fiber will follow the shape of the
catheter C. The catheter C is shown to be longer than the guide wire GW and thus also longer
than the optical fiber, and thus the distal end part of the catheter, shown with dashed line, is
not possible to trace with OSS. Only the proximal end C_OF of the catheter C can be OSS
tracked. A hub HB with a known unique curvature is used to identify the proximal end of the
catheter C as registration point. The optical fiber is optically inside the guide wire GW is
connected to an optical console system O_C arranged for registering said registration point.
The optical console O_C is arranged to optically interrogating the optical shape sensing
properties of the optical fiber in the guide wire GW, and for reconstructing a 3D shape of at
least a part of the optical fiber in response to said optical interrogation, such as known by the
skilled person. E.g. using interferometric methods. Thus, the 3D shape of the optical fiber
inside the guide wire can be reconstructed, and since it follows the shape of the catheter C, a
processor P generates an output image I indicative of 3D shape of the proximal part of the
catheter which is identical to the reconstructed 3D shape of the optical fiber. Further, since
the distal part of the catheter C cannot be precisely reconstructed, the processor P executes an
estimation algorithm E_Z that calculates an estimated area where it is most likely, based at
least on knowledge of a total length of the catheter, and on the orientation of the end point of
the optical fiber, where the distal part C of the catheter will most likely be positioned. This is
graphically included in the output image I, e.g. using a colored or shaded area, thus giving a
user, ¢.g. a physician, an indication of where the distal part of the catheter C may be.
Preferably, the image I is created in real-time, thus allowing the OSS system to be used in
medical applications to assist a physician in guiding positioning of an interventional catheter
during examination and/or treatment when the image I is displayed on a display.

A possible workflow for practical use in a medical application may be:

1. A clinician has a patient on a table and has registered an OSS guide wire
available with an OSS fiber inside.

2. The clinician gets a catheter with a suitable length and thickness, and enters
the correct length of the catheter, and possibly also other characteristics of the catheter as

well, into the software of the OSS system.
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3. The clinician connects a hub with described features to the proximal part of
the catheter.
4. The clinician enters the OSS guide wire into a lumen of the catheter, and as

soon as the OSS enters the catheter, the overlap is displayed, and an indication of the
remainder of the catheter can be shown.

In the shown embodiment, it is possible to shape sense only the distal part of
the optical fiber, e.g. using a limited Bragg pattern, and use longitudinal encoding for the
remaining shape. The Bragg grated optical fiber is rather expensive, so minimizing its length
will reduce the total cost of the system. Other technologies such as discrete Bragg or EM
tracking can be used for the distal part of the catheter C, and longitudinal encoding for the
remaining part.

Fig. 9 illustrates steps of a specific method embodiment where the associated
longitudinal device is a catheter, e.g. a medical catheter, without shape sensing properties.
First step R_L_C is registration of a length of a catheter, and possibly further , e.g. a code or
other identification of a specific catheter. This may be manually entered using a user
interface of the associated OSS system. Next step P GW_OF is to provide a guide wire with
an optical fiber with OSS properties. Then, the method comprises the step I GW_C of
inserting the guide wire into a lumen in the catheter suited for receiving the guide wire.
Especially, the catheter may be longer than the optical fiber, thus the optical fiber only
extends in a proximal part of the catheter.

Then, the method comprises the step M_HB_R of mounting a known hub on
the guide wire at a position immediately adjacent to the proximal end of the catheter, thereby
providing a known curvature of the optical fiber to allow the associated OSS system to
register a point on the optical fiber to a proximal end point of the catheter, and thus
establishing a recognizable longitudinal offset between the associated longitudinal device and
the optical fiber. Further, the method comprises recognizing R_ L. OFS said recognizable
offset between the associated longitudinal device and the optical fiber, by means of optical
interrogation to identify the curvature of the hub, and thereby identifying the longitudinal
offset. This longitudinal offset of the associated longitudinal device in relation to a point
along the optical fiber is then registered accordingly.

The step O_I of performing an optical interrogation of the optical fiber and the
step R_3D_OF of 3D shape reconstruction of at least a part of the optical fiber in response to
said data from the optical interrogation can be performed continuously in real-time by, thus

allowing a real-time update of the 3D shape on a display. Next, the step E DP_C of
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estimating a position and shape of a distal part of the catheter is performed. I.e. the part of the
catheter exceeding the length of the optical fiber, and thus without precise OSS tracking
possibility. Finally, the step G_3D_C of generating an output indicative of a 3D shape of at
least a part of the associated longitudinal device in response to said 3D shape of at least a part
of the optical fiber, and in response to said longitudinal offset of the associated longitudinal
device in relation to the optical fiber. This output may be in the form of a 3D image of the
catheter. This image preferably shows the precisely tracked shape of the catheter with a
different graphical property than the estimated part of the catheter which may be indicated
¢.g. with a dotted line, or with an indication of a spherical angle, where it is estimated that the
distal part of the catheter is present.

Steps E DP_C and G_3D_C are preferably also performed in real-time and
presented to a user, e.g. a physician, so as to enable a real-time feedback on the position of
the catheter during use.

To sum up, the invention provides a method for reconstructing 3D shape of a
longitudinal device using an optical fiber with optical shape sensing (OSS) properties, e.g.
Bragg gratings. By attaching the optical fiber to the longitudinal device, such that the optical
fiber follows its 3D shape upon bending, known OSS techniques can be applied to
reconstruct 3D shape of the optical fiber, and thus also the longitudinal device, e.g. a medical
catheter. E.g. the optical fiber, ¢.g. placed in a guide wire, can be inserted in a lumen of the
longitudinal device. Hereby, one OSS system can be used for 3D tracking a plurality of non-
shape sensed catheters or other longitudinal devices. In case the longitudinal device is longer
than the optical fiber, the position and shape of the remaining part of the longitudinal device
may be estimated and visualized to a user, e.g. based on a known length of the longitudinal
device, and based on an orientation of an end point of the optical fiber, e.g. using knowledge
about the stiffness or other properties of the longitudinal device.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word "comprising” does not exclude
other elements or steps, and the indefinite article "a" or "an" does not exclude a plurality. A
single processor or other unit may fulfill the functions of several items recited in the claims.

The mere fact that certain measures are recited in mutually different dependent claims does
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not indicate that a combination of these measured cannot be used to advantage. A computer
program may be stored/distributed on a suitable medium, such as an optical storage medium
or a solid-state medium supplied together with or as part of other hardware, but may also be
distributed in other forms, such as via the Internet or other wired or wireless

telecommunication systems. Any reference signs in the claims should not be construed as

limiting the scope.
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CLAIMS:

1. An optical shape sensing system comprising:

- a guide wire (GW) comprising an optical fiber (OF) with optical shape sensing
properties along at least a part of its longitudinal extension,

- an associated longitudinal device (C) arranged to allow a user to attach the
guide wire thereto, so as to ensure that the optical fiber (OF) will follow a three-dimensional
shape of at least a part of the associated longitudinal device (C),

- a longitudinal offset encoding system (HB) arranged to establish a
recognizable longitudinal offset between the associated longitudinal device (C) and the
optical fiber (OF), and

- an optical console system (O_C, P) arranged for:

- recognizing said recognizable longitudinal offset between the
associated longitudinal device (C) and the optical fiber (OF), and registering a longitudinal
offset of the associated longitudinal device (C) in relation to a point along the optical fiber
(OF) accordingly,

- optically interrogating the optical fiber (OF),

- reconstructing a three-dimensional shape of at least a part of the
optical fiber (OF) in response to a result of said optical interrogation of the optical fiber (OF),
and for
- generating an output (I) indicative of a three-dimensional shape of at least a
part of the associated longitudinal device (C) in response to said reconstructed three-
dimensional shape of at least part of the optical fiber (OF), and in response to said registered
longitudinal offset of the associated longitudinal device (C) in relation to a point along the

optical fiber (OF).

2. Optical shape sensing system, wherein the associated longitudinal device
(C_OF) comprises a lumen arranged for insertion of the guide wire (GW), so as to ensure that
the optical fiber (OF) will follow a three-dimensional shape of at least a part of the associated
longitudinal device (C_OF).
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3. Optical shape sensing system according to claim 1, arranged for entering of at
least one property of the associated longitudinal device comprising at least one of: a length, a
thickness, a color, and a type, and wherein the optical shape sensing system is arranged for
utilizing this at least one property of the associated longitudinal device for visualizing the

three-dimensional shape of the associated longitudinal device to a user.

4. Optical shape sensing system according to claim 1, wherein the guide wire

(GW) has a length being smaller than a length of the associated longitudinal device (C).

5. Optical shape sensing system according to claim 4, wherein the system is
arranged to estimate a measure of three-dimensional shape of a distal end of the associated
longitudinal device in response to a reconstructed shape of the optical fiber (OF), and in

response to a length of the associated longitudinal device (C).

6. Optical shape sensing system according to claim 5, wherein the system is
arranged to generate an image with a graphical indication of said estimated measure of three-

dimensional shape of the distal end of the associated longitudinal device (C).

7. Optical shape sensing system according to claim 6, wherein said graphical
indication comprises at least one of: a line around an area where the distal part of the
associated longitudinal device (C) will most likely be, an intensity or color code indicating
where the distal part of the associated longitudinal device (C) will most likely be, and
sketches of a plurality of possible paths the distal part of the associated longitudinal device
(C) may follow.

8. Optical shape sensing system according to claim 1, wherein the system is
arranged to estimate a measure of three-dimensional shape of a distal end of the associated
longitudinal device (C) in response to a model of a default shape of the associated

longitudinal device (C).

9. Optical shape sensing system according to claim 1, wherein the longitudinal
offset encoding system comprises at least one of: 1) a device arranged to induce strain at the
optical fiber (OF) at a known position, 2) a system comprising a temperature encoder

arranged for positioning at a tip or entry point of the associated longitudinal device (C), 3) a
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system arranged to generate a temperature between two points of the optical fiber (OF), 4) a
system arranged to generate strain at two points of the optical fiber (OF), and 5) a system

comprising an electronic device.

10. Optical shape sensing system according to claim 1, wherein the longitudinal
offset encoding system comprises a hub (HB) arranged for providing a predetermined

curvature of the optical fiber (OF) at a selected longitudinal position of the optical fiber (OF).

11. Optical shape sensing system according to claim 10, wherein the optical
console system (O _C, P) is arranged to recognize said predetermined curvature of the optical
fiber (OF) by means of optical interrogation, and to detect a point along the optical fiber (OF)
accordingly, wherein the optical console system (O_C, P) is further arranged to register a
longitudinal offset of the associated longitudinal device (C) in relation to said detected point

along the optical fiber (OF).

12. Optical shape sensing system according to claim 10, wherein the hub (HB) is
arranged to allow the optical console system (O_C, P) to recognize a longitudinal position of

a proximal end of the associated longitudinal device (C) on the optical fiber (OF).

13. Optical shape sensing system according to claim 1, further comprising a

plurality of medical catheters that can be selected as the associated longitudinal device (C).

14. A method for reconstructing a shape of an associated longitudinal device, the
method comprising:

- providing (P_GW_OF) a guide wire (GW) with an optical fiber (OF) with
optical shape sensing properties along at least a part of its longitudinal extension,

- attaching (I_GW_C) the guide wire (GW) to at least a part of an associated
longitudinal device (C), so as to ensure that the optical fiber (OF) will follow a three-
dimensional shape of at least a part of the associated longitudinal device (C),

- establishing (M_HB_R) a recognizable longitudinal offset between the
associated longitudinal device (C) and the optical fiber (OF), and

- recognizing (R_L_OFS) said recognizable offset between the associated
longitudinal device (C) and the optical fiber (OF), and registering a longitudinal offset of the

associated longitudinal device (C) in relation to a point along the optical fiber (OF)
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accordingly,

- optically interrogating (O_I) the optical fiber (OF),

- reconstructing (R_3D_OF) a three-dimensional shape of at least a part of the
optical fiber (OF) in response to a result of said optical interrogation of the optical fiber (OF,
and

- generating (G_3D_C) an output (I) indicative of a three-dimensional shape of
at least a part of the associated longitudinal device (C) in response to said reconstructed
three-dimensional shape of at least a part of the optical fiber (OF), and in response to said
registered longitudinal offset of the associated longitudinal device (C) in relation to a point

along the optical fiber (OF).

15. A computer executable program code adapted to:

- to register data (M_HB_R) indicating a longitudinal offset between an
associated longitudinal device and an optical fiber with optical shape sensing properties,
wherein the optical fiber forms part of a guide wire,

- to receive data (O_I) from an optical interrogation of the optical shape sensing
properties of the optical fiber,

- to reconstruct (R_3D_OF) a three-dimensional shape of at least a part of the
optical fiber in response to said data from the optical interrogation, and

- to generate an output (G_3D_C) indicative of a three-dimensional shape of at
least a part of the associated longitudinal device in response to said three-dimensional shape
of at least a part of the optical fiber, and in response to said longitudinal offset of the

associated longitudinal device in relation to the optical fiber.
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