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ABSTRACT

A method 1ncludes reglstering a fluoroscopic 1magilng

system and a position tracking system to a common frame of
reference. A region of interest 1s marked 1n a patient body

by the position tracking system. Using the common frame of

reference, a field of view of the fluoroscopic 1maging
system is set such that the region of interest appears 1n

the field of view.
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RADIATION-FREE POSITION CALIBRATION OF A FLUOROSCOP:!

-

FIELD OF THE INVENTION

The present invention relates generally to
fluoroscopy, and particularly to methods for fluoroscope

position calibration.

BACKGROUND OF THE INVENTION

Methods for locating the position of medical devices
in the human body by magnetic and imaging procedures are
known in the art. For example, U.S. Patent 6,381,485, whose

disclosure is incorporated herein by reference, describes a

method for use during a procedure on a body. The method
generates a display representing relative positions of two

structures during the procedure. The method 1includes the

steps of storing an image data set 1in memory, the 1image
data set representing the position of the body based on
scans taken of the body prior to the procedure; reading the

image data set stored in the memory, the 1mage data set

having a plurality of data points in known relation to a

plurality of reference points for at least one of the two
structures; placing one or more magnetic field sensors 1n
known relation to the reference points of the two

structures; generating a magnetic field; detectling the

magnetic field with the magnetic field SEensors;
ascertaining the 1locations of the sensors based upon the

magnetic field detected by the sensors and processing the

locations of the sensors to generate a displaced 1mage data

set representing the relative position of the two
structures during the procedure; and generating a display
based on the displaced image data set 1llustrating the

o
—

relative position of the two structures during the

procedure.
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U.S. Patent Application Publication 2007/0055142,
whose disclosure 1s 1ncorporated herein by reference,
describes methods and apparatus for guiding the positioning
of a device with a position tracking sensor and pre-
recorded 1mages. At least one embodiment uses pre-recorded
time-dependent images (e.qg., anatomical images or

diagnostic 1mages) to guide the positioning of a medical

instrument (e.g., catheter tips) using real time position
tracking during diagnostic and/or therapeutic operations
with pre-recorded images. In one embodiment, predetermined
spatial relations are used to determine the position of a
tracked medical 1nstrument relative to the pre-recorded

lmages.

SUMMARY OF THE INVENTION
An embodiment of the present 1nvention described

herein provides a method including registering a

fluoroscopic imaging system and a position tracking system

to a common frame of reference. A region of 1interest 1s

marked in a patient body by the position tracking system.

Using the common frame of reference, a field of view of the
fluoroscopic imaging system 1s set such that the region of

interest appears in the field of view.

In some embodiments, registering the fluoroscopic
imaging system and the position tracking system to the

common frame of reference 1includes 1maging using the

fluoroscopic 1maging system one or more objects having
known coordinates 1in a filrst coordinate system of the
position tracking system, and registering the first
coordinate system of the position tracking system with a
second coordinate system of the fluoroscopic 1maging system
using the imaged objects.

In other embodiments, setting the field of view

includes positioning the fluoroscopic 1maging system
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relative to the patient, without irradiating the patient
with the fluoroscoplc 1maging system, In vyet other
embodiments, marking the region of 1nterest includes
measuring, using the position tracking system, respective
positions of one or more sensors of the position tracking

system that are positioned at known locations relative to

the region of interest.

In some embodiments, measuring the positions 1ncludes

locating one or more skin patch sensors of the position

tracking system that are applied on a surface of the

patient body. In other embodiments, measuring the positions
includes locating one or more intra-body probes placed 1n
the region of 1nterest 1n the patient body. In yet other
embodiments, the one or more probes 1nclude multiple
probes, and marking the region of 1nterest 1ncludes
locating the region of interest Dbased on multiple
respective locations of the probes.

In some embodiments, marking the region of 1nterest
includes marking a fixed 1location in a three dimensional
map of the region of interest produced by the position
tracking system. In other embodiments, setting the field of
view includes repositioning the patient body relative to
the fluoroscopic imaging system so as to provide a largest

overlap between the region of interest and the field of

view.

—amal
p—

In yvet other embodiments, setting the field of view

includes outputting instructions that direct an operator to

reposition the field of view. In some embodiments, setting

the field of view includes displaying an indication of the

field of view, overlaid on a map of at least a part of the

patient body produced by the position tracking system.

There is additionally provided herein, 1n accordance
with an embodiment of the present invention, an apparatus

including an interface and a processor. The interface 1is
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configured to communicate with a fluoroscopic 1maging
system and a position tracking system. The processor 1s
configured to register the fluoroscopic imaging system and

the position tracking system to a common frame of

reference, to mark a region of interest 1in a patient body

by the position tracking system, and, using the common

frame of reference, to set a field of wview of the
fluoroscopic imaging system such that the region of
interest appears in the field of view.

There is additionally provided herein a system,
including a position tracking system, a fluoroscopic
imaging system, and a fluoroscope position calibration
system. The fluoroscope position calibration system 1s

configured to register the fluoroscopic imaging system and

the position tracking system to a common frame oOf
reference, to mark a region of interest in a patient body

by the position tracking system, and, using the common

frame of reference, to set a field of view of the
fluoroscopic imaging system such that the region of

interest appears in the field of view.

The present invention will be more fully understood

[ —

from the following detailed description of the embodiments

thereof, taken together with the drawings 1n which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic, pictorial illustration of an

intra-body probe tracking system, 1in accordance with an

embodiment of the present invention;

Fig. 2 1is a Dblock diagram that schematically
illustrates an fluoroscopic position calibration system, 1in
sccordance with an embodiment of the present invention; and

Fig. 3 is a flow chart that schematically illustrates

2 method for a radiation-free position calibration of a
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fluoroscope imaging system, in accordance with an

embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

OVERVIEW

Embodiments of the present invention that  are

p—

described herein provide 1improved methods and systems for

calibrating the position of a fluoroscopic 1maging system

used for imaging an organ or cavity of a living body of a
patient. The disclosed techniques set the fluoroscope
position with minimal use of fluoroscopic radiation.
Position calibration of a fluoroscope typically
involves repositioning the fluoroscope and/or the patient,
sO as to display the organ of 1nterest at the center of the

p——
p—

field of view of the fluoroscope system. Performing this

process using the fluoroscopic 1maging 1itself 1nvolves

repeatedly repositioning the patient relative to the

fluoroscope and acquiring a fluoroscopic 1image, until the
organ of interest 1s centered within the field of view. In
this iterative process, the patient is subjected to a high
dosage of X-ray radilation.

In the embodiments described herein, the fluoroscopic
imaging system operates 1in conjunction with a position

tracking system that tracks a catheter inserted 1nto the

organ of interest (e.g., the patient heart). A calibration

system is connected to the two systems and performs initial

setting of the fluoroscopic system’s field of view. The
embodiments described herein refer mainly to magnetic-
field-based position tracking systems, but the disclosed
techniques can be used with various other types of position
tracking systems, such as impedance-based systems.

Initially, the calibration system registers the

fluoroscopic 1imaging system and the position tracking

system to a common frame of reference. When wusing a
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magnetic position tracking system, for example, this

registration may be performed by having the fluoroscopic

system image the field generators of the magnetic position
tracking system. The registration phase 1nvolves some
fluoroscopic irradiation, but it 1s typically performed
without the patient.

Then, the magnetic position tracking system marks the
region of interest in the patient body, e.g., by measuring
the position of the catheter or of skin patch sensors that

are attached to the patient body in the wvicinity of the

region of interest. Using the common frame of reference,

the calibration system repositions the field of view of the

fluoroscopic imaging system such that that the region of

interest appears in the field of view. This stage does not

involve any fluoroscopic irradiation.

In some embodiments, the calibration system presents
an operator with instructions or directions as to how to
reposition the patient relative to the fluoroscope 1n order
to bring the region of interest into the field of view. In
other embodiments, the output of the calibration system can
be used for automatic repositioning of the fluoroscope
and/or the patient.

The methods and systems described herein enable quick

and radiation-free initial positioning of the fluoroscopic

imaging system relative to the patient.

e

ESCRIPTION

SYSTEM D

Fig. 1 1is a schematic, pictorial illustration of an
intra-body probe tracking system 10, 1in accordance with an
embodiment of the present invention. An intra-body probe,
such as a catheter 15, is connected to a magnetic tracking

system (MTS) 20 and inserted percutaneously into a living

body 17 of a patient laying on a gurney 193. Catheter 15

comprises a magnetic sensor coil 22 at a distal tip 24,
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which 1s navigated into an organ, such as a heart 28 of the
patient. MTS 20 1s also referred to herein as a magnetic
position tracking system.

MTS 20 comprises one or more magnetic skin patch

sensors 32 that are attached to a surface of patient body
17. One or more magnetic field generators 26 create a
magnetic field through the body of the patient, which
induces electrical signals 1in catheter magnetic sensor coil
22 and skin patch sensors 32. Field generators 26, which
are also referred to herein as location pads or transmitter
location pads, may be located under the patient. The
induced electrical signals 1n catheter magnetic sensor coil
22 are used by MTS 20 to track and locate the position of
sensor 22, and thus the catheter distal tip. The tracked

position of the catheter distal tip 1s typically displayed

to an operator 70 on an output display monitor 50.

Typically, skin patch sensors 32 also comprise similar

coils as that of catheter magnetic sensor c¢coil 22. The

electrical signals induced 1in the coils of skin patch

sensors 32 may also be used to locate the position of the

skin patch sensors on the body. Examples of a magnetic

tracking and three-dimensional (3D) mappling system 20 shown

in Fig. 1, are the CARTO and CARTO3 systems (Biosense

Webster, Diamond Bar, California).
For many therapeutic and diagnostic medical
procedures, such as cardiac ablation therapy, for example,

MTS 20 1s used in conjunction with 1maging systems, such as

a fluoroscope imaging system (FIS) 40. A fluoroscoplc 1mage

of the heart, or any other suitable region of interest 1in
the body, is acquired by a fluoroscopic detector 42 which
is mounted above patient 17. The fluoroscopic image of the
heart can be viewed on operator display 50 by operator 70

of the therapeutic procedure. Display 50 may comprise a
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separate display for FIS 40, or a common display for FIS 40
and MTS 20.

When the 1mage on FIS 40 1s registered to the same

coordinate system (frame of reference) as MTS 20, the
position of distal tip 24 of catheter 15 can be overlaid on

the fluoroscopic image and viewed by operator 70 within the

heart cavity of the patient as operator 70 moves the

catheter during the procedure.

In some embodiments, a fluoroscope position
calibration system 30 1s used to position the 1image of
heart 28 within a field of view of FIS 40 on display 50, as

wilill be described below. The system configuration as shown

in Fig. 1 1s an exemplary configuration, which 1s shown

purely for the sake of conceptual clarity. Any suitable

configuration of system 10 may be used.

Fig. 2 1s a block diagram that schematically
illustrates fluoroscopic position calibration system (FPCS)
30, 1n accordance with an embodiment of the present
invention. FPCS 30 1n 1intra-body probe tracking system 10
comprises a FIS/MTS interface 34 for receiving data from
MTS 20 and FIS 40, which 1s relayed to a processor 36 for
processing. MTS 20 and FIS 40 send data respectively to
operator output display 50. The input signals to MTS 20 as

shown in Fig. 2 are from catheter detector 22 at the distal

tip 24 of catheter 15 and skin patch sensors 32. Similarly,

fluoroscopic detector 42 1is the input to FIS 40. Processor
36 1s configured to relay information as to the location of

the skin patch sensors (e.g., the position of the heart) to

both MTS 20 and FIS 40, and directly to operator output
display 50.

The system configuration as shown 1in Pig. 2 1s an
exemplary configuration, which is purely for the sake of
conceptual <clarity. Alternatively, any other suitable

system configuration can be used. For example, as noted
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above the disclosed technigques may be carried out using any

other suitable type of position tracking system, not

necessarily based on magnetic filield measurements. Some

—

elements of system 30 may be implemented 1n hardware, e.g.,

in one or more Application-Specific Integrated Circults
(ASICs) or Field-Programmable Gate Arrays (FPGAS) .

Additionally or alternatively, some elements of FPCS 30 can

be implemented using software, or using a combination of
hardware and software elements. In some embodiments,
processor 36 comprises a general-purpose computer, which 1is

programmed in software to carry out the functions described

herein. The software may be downloaded to the computer 1in
electronic form, over a network, for example, or 1t may,
alternatively or additionally, be provided and/or stored on
non-transitory tangible media, such as magnetic, optical,

or electronlic memory.

SYNCHRONIZING TRACKING AND FLUOROSCOPE REFERENCE FRAMES

Catheter tracking by MTS 20 i1is wusually made with

p—
p—

reference to an MTS frame of reference, or MTS coordinate

system. The MTS frame of reference can also be referred to

herein as a guidance frame of reference. MTS 20 registers

the position of distal tip 24 of catheter 15 in the body otf

patient 17 using magnetic measurement data typically

relative to the position of magnetic field generators 26
(location pads) .
Fluoroscopic images of heart 28 1n patient 17 are

acquired, digitized, and registered by FIS 40 in a FIS

frame of reference, or FIS coordinate system. Synchronizing

the MTS and FIS coordinate systems to a common coordinate

system, or common frame of reference, allows operator 70 to

view and track the position of distal tip 24 of catheter 15

on the synchronized, digitized image of heart 28 on display

50 during the therapeutic procedure.
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To synchronize the MTS and FIS coordinate systems,

fluoroscopic images of known landmarks 1n system 10 are
used. For example, the respective positions of one or more

locations pads 26 (whose positions are known 1n the MTS

coordinate system) are measured from fluoroscoplc 1mages

acquired by FIS 40, and registered 1n the FIS coordinate

system.

The FIS and MTS coordinate systems then are regilistered

grom

to a common frame of reference, or common coordinate

system, using the position data of the location pads 1in the

MTS and FIS coordinate systems. The synchronization of the
MTS coordinate system with the FIS coordilnate system and

their respective registration to a common frame of

reference are typically made before the patient 1s placed
on gurney 19 as described above. Thus, this stage does not
subject the patient to any radiation, and does not extend

the length of the procedure.

FLUOROSCOPE POSITION CALIBRATION SYSTEM (FPCS)

p e

After synchronizing the MTS and FIS frames of

reference, the patient 1is placed on the gurney, and

operator 70 activates the fluoroscope. Typically, the
operator then aligns fluoroscope detector 42 such that the

region of interest, e.g., heart 28, appears 1in the center

)

of the field of view of FIS 40 on display 50.

Embodiments of the present invention described herein

avoid trial and error in attempting to center the region of
interest into the field of view of the fluoroscope image
display. The disclosed techniques perform this initial
alignment without the need to apply additional radiation to
the patient. This approach 1is in line wilith the “As Low As
Reasonably Achievable” (ALARA) guidelines, which attempt to

minimize patient irradiation.

10
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In some embodiments, processor 36 of FPCS 30 finds the

required repositioning of the patient relative to the FIS
by (1) receiving from MTS 20 the coordinates of an object
whose location relative to the region of interest 1s known,
and (2) calculating the necessary repositioning using the
coordinates of that object 1in the common frame of
reference.

In various embodiments, processor 36 may use different

objects for this purpose. In some embodiments, the objects

comprise skin patch sensors 32 that are placed on the

patient’s skin at predefined known Ilocations relative to
the patient heart. As noted above, the skin patches are
typically positioned around heart 28. Therefore, 1in some
embodiments MTS 20 provides processor 36 with the measured
coordinates of skin patches 32 (measured using magnetic
position tracking). Using these coordinates, processor 36
is able to deduce the location of the region of 1interest
(heart 28) in the common coordinate system, and thus
calculate the required repositioning.

In other words, MTS 20 1s activated so as to evaluate
the position of skin patch sensors 32. Once the positions
of gsensors 32 are identified, the common frame of reference
defined previously is then applied by fluoroscope position

calibration system (FCPS) 30 to identify the position of

trhe heart in the FIS frame of reference.

The identification of the location of the heart using
skin sensors 32 and MTS 20 using the methods taught hereiln
allow the operator to move the heart image into the field
of view on display 50 without the use of any fluoroscope
radiation during position calibration. The term position

calibration, or radiation-free position calibration used

herein refer to moving a region of interest of an organ 1in
the body, (e.g., image of the heart) into a field of view

of a fluoroscope imaging system. This process 1is typically

11
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performed before 1initiating the therapeutic procedure.
However, fluoroscope 42 and/or patient 17 may be moved any
time during the therapeutic procedure 1itself, after which

position calibration 1is typlcally repeated. After position

calibration, a fluoroscopic 1image of short duration 1is

acquired for use 1in the normal therapeutic procedure 1in

accordance with the ALARA guildelines.

In some embodiments, FPCS 30 1s configured to alert
operator 70 as to the direction 1n which to reposition
patient 17 relative to fluoroscope detector 42. In other
embodiments, FPCS 30 may instruct operator 70 as to the
direction 1in which to move gurney 19 or fluoroscope
detector 42 so as to bring the region of i1nterest into the
field of wview on display 50. The 1nstructions may be
presented to the operator, for example, using textual or
graphical indications on display 50.

Using the instructions provided by FPCS 30, the
operator iteratively repositions the patient until the

heart 1image appears 1in the field of

view, quickly and
without applying any fluoroscopic radiation to the patient.
After fluoroscope detector 42 and/or gurney 19 are moved,

if FPCS 30 validates that the region of interest 1is within

the field of wview on display 50, no further action 1s
needed and the fluoroscope position calibration procedure
1s terminated.

In alternative embodiments, processor 36 may calculate
the necessary repositioning of the FIS based on other
suitable objects, whose location relative to the region of
interest is known. In an example embodiment, one or more
catheters fitted with position sensors (e.g., catheter 15
of Fig. 1) are inserted into the patient heart as part of

the procedure. Since the catheter tips are known to be 1in

the patient heart, the tip position (as measured by MTS 20)

12
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can be used as an indication of the location of the region

P

of 1nterest.

When multiple catheters are present 1n the heart,
processor 36 may estimate the location of the region of
interest based on the positions of the multiple catheters
as reported by MTS 20. In example embodiments, processor 36
may calculate the median location of the catheters (intra-
body probes) within the body of the patient, the location
of a single catheter selected from among the catheters,
e.g., the 1location of a catheter providing a specific
function such as the mapping catheter 1in the CARTO3 system
as referenced previously. As another example, the region of

gu—
—

interest may be set to a fixed location 1in the 3D map oL

the heart (e.g., a map point, or anatomical landmark 1n the
3D map of the heart).

Further alternatively, processor 36 may define a
sphere about the center of the region of i1nterest. A

predefined radius of the sphere can be either fixed or

configurable by the operator. In other embodiments, the
operator essentially centers the region of 1interest within
a previously acquired two-dimensional image of the heart
and then administers fluoroscopic radiation to validate the

position of the region of interest.

In some embodiments, if the region of interest 1s

larger than the field of view of FIS 40 on display 50, FPCS
30 may direct the operator how to reposition patient 17 on
gurney 19, or fluoroscope detector 42, soO as CUO achieve the
pbest fit of the region of interest in the field of view of

display 50. Stated differently, the Dbest fit of the region

of interest may be defined as where the largest portion of

the region of interest overlaps the field of view on
display 50.
Further alternatively, processor 36 may assess the

required repositioning of the patient relative to the

13
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fluoroscope using any other suitable criterion and may
generate any other suitable instructions for the operator.
In yet another embodiment, the output of processor 36 may

be used for automatically repositioning the patient and/or

the fluoroscope with little or no operator involvement.

Processor 36 may use various kinds of Graphical User

Interface (GUI) for indicating the alignment between MTS 20

and FIS 40 to operator 70. For example, processor 36 may

overlay and display the 3D field-of-view of FIS 40 over the
3D map of the heart produced by MTS 20. The fluoroscope 1in
FIS 40 typically has a 3D sector-shaped irradiation pattern
(and field-of-view), e.g., pyramid-shaped or cone-shaped.
In an embodiment, processor 36 displays this 3D sector-

shaped irradiation pattern over the 3D EP map of the heart,

which is produced by MTS 20. Both the FIS field-of-view and
the EP map are displayed together, registered to the same
coordinate system. This display provides the operator with

an accurate and intuitive means for repositioning the

patient or FIS in order to achieve best alignment.
The embodiment shown in Figs. 1 and 2 shows a
fluoroscopic position calibration system configured to use

a magnetic catheter tracking system (such as the CARTO

system previously cited) registered with a fluoroscopic

imaging system to a common frame of reference. This
exemplary embodiment 1is presented herein purely for
conceptual clarity, and not by way of limitation of the
embodiments of the present invention.

Alternatively, any other suitable type of position
tracking system, such as electro-physiological (EP)
catheter tracking systems or 1impedance-based Advanced
Catheter Location (ACL), may be used so 1long as the
coordinate system of the catheter tracking system can be
registered with a fluoroscopic imaging system to a common

frame of reference. Fluoroscope position calibration system

14
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30 uses the common frame of reference to move the region of

interest into the fluoroscopic system display as described

in the embodiments herein.
Fluoroscope position calibration system 30 1s also not
limited to catheter position tracking systems, since

millimeter-scale position  accuracy 18 typically not

required for the embodiments presented herein. For example,
placing skin patch Sensors 32, or any sultable
electrophysioclogical (EP) sensors along any area on the
patient’s body, or within the patient’s body can be used to

ph—

define the region of interest using the locatlon of the

sensors. The region of interest is then regilstered 1n the
common frame of reference with the fluoroscopic i1imaging

system, and used by Fluoroscope position calibration system

30 to move the region of interest into the fluoroscopic
display.
Fig. 3 is a flow chart that schematically 1llustrates

a method for a radiation-free position calibration of

_4

fluoroscope 1imaging system 40, 1in accordance with an
embodiment of the present invention. In a registering step
100, processor 36 registers fluoroscope 1maging system

(FIS) 40 and magnetic tracking system (MTS) 20 to a common

frame of reference using a fluoroscope image and position

gru—

data of

magnetic location pads 26.

In a first placing step 110, patient 17 1s placed on

gurney 19 above location pads 26. In a second placing step

120, skin patch sensors 32 are placed on the patilient’s body

so as to mark the position of heart 28 by MTS 20, which

p—

defines the region of interest for operator 70. In a

mapping step 130, the detected position of the heart from

MTS 20 is mapped to the fluoroscopic image of the heart in

rhe common reference frame. In an outputting step 140, the

mapped image of the heart is output to display 50.

15
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In a decision step 150, processor 36 assesses 1f the

region of interest appears centered in display 50, i.e., 1n

the field of view of FIS 40. If not, the patient 1s

repositioned relative to FIS 40, e.g. fluoroscope detector
42, 1n a repositioning step 160, using the 1instructions
provided by processor 36. The position of the heart after
repositioning the patient is remapped 1n mapping step 130.
If the image of the heart appears 1in the display, no
further action 1s needed. The fluoroscope position
calibration is terminated in a terminating step 170.

Although the embodiments described herein mainly
address synchronized fluoroscopic imaging and catheter
tracking systems, the methods and systems described herein
can also be used in any suitable type of imaging system for
monitoring medical devices, which are navigated in a living
body .

It will thus be appreciated that the embodiments
described above are cited by way of example, and that the
present invention is not limited to what has Dbeen
particularly shown and described hereinabove. Rather, the
scope of the present invention includes both combilnations

and sub-combinations of the various features described

hereinabove, s well as +variations and modifications

thereof which would occur to persons skilled 1in the art

upon reading the foregoing description and which are not
disclosed in the prior art. Documents incorporated by
reference in the present patent application are to be

considered an integral part of the application except that

to the extent any terms are defined in these incorporated

documents in a manner that conflicts with the definitions

made explicitly or implicitly 1n the present specification,

only the definitions 1n the present specification should be

considered.

16
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CLAIMS

What 1s claimed is:

1. A method, comprising:

registering a fluocroscopic 1maging system and a

position tracking system to a common frame of reference;
marking a region of interest 1n a patient body by the

position tracking system; and

using the common frame of reference, setting a field

of view of the fluoroscopilic 1maging system such that the

region of interest appears in the field of view.

2. The method according to claim 1, wherein registering

the fluoroscopic imaging system and the position tracking

system to the common frame of reference comprises imaging

using the fluoroscopic 1maging system one or more objects
having known coordinates in a first coordinate system of
the position tracking system, and registering the first
coordinate system of the position tracking system with a
second coordinate system of the fluoroscoplc 1maging system

using the imaged objects.

3. The method according to claim 1, wherein setting the
field of view comprises positioning the fluoroscopic
imaging system relative to the patient, without irradiating

the patient with the fluoroscoplic 1maging system.

4 . The method according to claim 1, wherein marking the
region of interest comprises measuring, using the position

tracking system, respective positions of one oOr more
sensors of the position tracking system that are positioned

at known locations relative to the region of interest.

5. The method according to claim 4, wherein measuring the

positions comprises locating one or more skin patch sensors

17
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of the position tracking system that are applied on a

surface of the patient body.

6 . The method according to claim 4, wherein measuring the
positions comprises locating one or more i1intra-body probes

placed in the region of interest i1n the patient body.

7. The method according to claim 6, wherein the one or

more probes comprise multiple probes, and wherein marking

the region of interest comprises locating the region of
interest based on multiple respective locations of the

probes.

8. The method according to claim 1, whereiln marking the

region of interest comprises marking a fixed location 1in a
three dimensional map of the region of 1nterest produced by

the position tracking system.

9. The method according to claim 1, wherein setting the

field of view comprises repositioning the patient body

relative to the fluoroscopic 1maging system so as to
provide a largest overlap between the region of 1nterest

and the field of view.

10. The method according to claim 1, wherein sgetting the
field of view comprises outputting instructions that direct

an operator to reposition the field of view.

11. The method according to claim 1, wherein setting the
field of view comprises displaying an 1indication of the
field of view, overlaid on a map of at least a part of the

patient body produced by the position tracking system.

12. An apparatus, comprising:

an interface for communicating with a fluoroscopic
imaging system and a position tracking system; and

a processor, which 1is configured to register the
fluoroscopic imaging system and the position tracking

system to a common frame of reference, to mark a region of

18



CA 02856009 2014-07-07

interest in a patient body by the position tracking system,
and, using the common frame of reference, to set a field of

view of the fluoroscopic imaging system such that the

anal

region of interest appears in the field of view.

5 13. The apparatus according to claim 12, wherein the
processor 1is configured to image using the fluoroscopic
imaging system one or more objects having known coordinates

in a first coordinate system of the position tracking

system, and to register the first coordinate system of the
10 position tracking system with a second coordinate system of

the fluoroscopic imaging system using the imaged objects.

14. The apparatus according to claim 12, wherein the

processor 1is configured to set the field of view wilithout

irradiating the patient with the fluoroscopic 1maging

15 system.

15. The apparatus according to claim 12, wherein the
processor is configured to mark the region of interest by

measuring, using the position tracking system, respective
positions of one or more sensors of the position tracking

20 system that are positioned at known locations relative to

the region of interest.

16. The apparatus according to claim 15, wherein the
processor 1is configured to measure the positions Dby

locating one or more skin patch sensors of the position

25 tracking system that are applied on a surface of the
patient body.
17. The apparatus according to claim 15, wherein the

processor 1s configured to wmeasure the positions Dby

locating one or more intra-body probes placed in the region

30 of interest in the patient body.

18. The apparatus according to claim 17, wherein the one

or more probes comprise multiple probes, and wherein the
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processor 1s configured to locate the region of interest

based on multiple respective locations of the probes.

19. The apparatus according to claim 12, wherein the
processor 1s configured to mark the region of interest by
marking a fixed location 1n a three dimensional map of the

region of 1nterest produced by the position tracking

system.

20. The apparatus according to c¢laim 12, wherein the
processor 1s configured to set the field of wview by
repositioning the patient body relative to the fluoroscopic

imaging system so as to provide a largest overlap between

the region of interest and the field of view.

21. The apparatus according to c¢laim 12, wherein the
processor 1s configured to output instructions that direct

an operator to reposition the field of view.

22. The apparatus according to c¢laim 12, wherein the

processor 1s configured to display an 1indication of the

field of view, overlaid on a map of at least a part of the

patient body produced by the position tracking system.

23. A system, comprising:

a position tracking system;

a fluoroscopic imaging system; and

a fluoroscope position calibration system, which 1s
configured to register the fluoroscopic 1maging system and
the position tracking system to a common frame of
reference, to mark a region of interest in a patient body
by the position tracking system, and, wusing the common
frame of reference, to set a field of view of the

fluoroscopic imaging system such that the region of

interest appears in the field of view.
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3/3

REGISTER A FLUOROSCOPE IMAGING SYSTEM (FIS) AND A
MAGNETIC TRACKING SYSTEM (MTS) TO A COMMON FRAME OF
REFERENCE USING A FLUOROSCOPE IMAGE AND POSITION
DATA OF THE MAGNETIC TRANSMITTER LOCATION PADS

PLACE A PATIENT ON A GURNEY ABOVE THE 110
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AS TO DETECT THE POSITION OF THE HEART BY THE MTS
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