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IMAGE-GUIDED NAVIGATION FOR
CATHETER-BASED INTERVENTIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a National Phase Application of PCT
International Application No. PCT/IL2005/000887, entitled
“Image-Guided Navigation for Catheter-Based Interven-
tions”, International Filing Date Aug. 16, 2005, published on
Feb. 23, 2006 as International Publication No. WO 2006/
018841, which in turn claims priority from U.S. Provisional
Patent Application No. 60/601,629, filed Aug. 16, 2004, both
of whichare incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

The present invention relates catheter navigation. More
particularly it relates to a device and method for navigation of
a wire and/or a device within the coronary tree through a
combination of a manipulation system and position detection
of the wire or device location.

BACKGROUND OF THE INVENTION

Minimally invasive surgery (MIS) is performed through
natural body openings or through small surgical incisions.
MIS allows access to difficult-to-reach anatomy, minimizes
trauma to the patient, and can result in shorter hospital stays
and reduced pain. Endoscopic sinus surgery, neurosurgery,
spinal surgery, arthroscopic and laparoscopic surgeries are all
examples of minimally invasive surgeries.

Image-guided coronary navigation provides the medical
practitioner with a visual “roadmap” of the patient’s anatomy
together with the position of an inserted medical instrument,
such as a guidewire, catheter, balloon, stent, or other device.

Currently image-guided coronary navigation is done
manually by the practitioner. Using repeated injections of
contrast to enable capture of a progression of angiograms, the
practitioner navigates a guidewire across the stenosis and
then advances a balloon or other device to the treatment site.
Roadmaps are difficult to use for cardiology dueto the motion
of the heart, therefore an overlay of previous injections is not
currently used for coronary applications.

The present invention provides a method and system for
advancing a guidewire or other device within the coronary
tree using a roadmap image (roadmap). Several advantages
are thereby obtained, including:

For the patient, there is a marked reduction in the use of
contrast agents, thereby preventing renal damage and enhanc-
ing the ability to treat patients with multiple lesions in one
session. Furthermore, there is a dramatic reduction in the
amount of the patient’s exposure to x-rays.

For the physician, automated wire positioning enhances his
or her ability to treat the disease effectively by faster, more
accurate deployment of the guidewire and/or medical device.
Furthermore, in cases where the guidewire and/or medical
device is positioned with an automatic positioning system,
the deployment can be done faster and more accurately and
with closed loop control.

Other objects and advantages of the present invention will
become apparent after reading the present specification and
reviewing the accompanying drawings.

BRIEF DESCRIPTION OF THE INVENTION

There is thus provided, according to some preferred
embodiments of the present invention a navigation system for
catheter-based interventions, the system comprising:
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a processing device;

an angiogram Xx-ray system connected by data transfer
connection to the processing device and capable of cap-
turing angiographic images of a patient;

an electrocardiogram monitoring device that is also con-
nected by data transfer connection to the processing
device and to the x-ray system;

a medical instrument to be inserted into the area of the
patient captured by the angiographic image;

a position capture module for getting position information
about the position of the medical instrument, the unit
connected by data transfer connection to the processing
device,

wherein the processing device is capable of triggering the
capturing of the angiographic images as a roadmap and
superimposing on the roadmap the position information
about the medical instrument.

Furthermore, according to some preferred embodiments of
the present invention, the medical instrument is selected from
a group comprising: guidewire, balloon, stent and catheter.

Furthermore, according to some preferred embodiments of
the present invention, the position capture module is incor-
porated with the angiogram x-ray system adapted to be trig-
gered periodically by the electrocardiogram monitoring
device.

Furthermore, according to some preferred embodiments of
the present invention, the position capture module comprises
a sensor integrated into the medical instrument and a detector
for reading the sensor position.

Furthermore, according to some preferred embodiments of
the present invention, the position capture module comprises
at least one magnet integrated into the medical instrument and
a detector for detecting magnetic field of said at least one
magnet.

Furthermore, according to some preferred embodiments of
the present invention, the system further comprises a remote
manipulation system for performing insertion of the medical
instrument, the remote manipulation system comprising:

an attachment unit for attachment to the medical instru-
ment, and

a manipulating unit for manipulating the medical instru-
ment.

Furthermore, according to some preferred embodiments of
the present invention the remote manipulation system oper-
ates in a closed loop, the remote manipulation system further
comprising:

a desired position module for receiving a path to a desired

target position from a user,

a comparator module that compares the actual position of
the medical instrument with the desired path position,
and

a correction module for correcting the medical instrument
position.

Furthermore, according to some preferred embodiments of
the present invention, there is provided a navigation method
for catheter-based interventions, the method comprising:

selecting an angiographic x-ray image, wherein a lesion is
most apparent, to serve as a roadmap image,

inserting a medical instrument into an artery leading to the
lesion,

capturing progress of the medical instrument by retrieving
angiographic x-ray images,

displaying the captured progress of the medical instrument
superimposed on the roadmap image, and

manipulating the instrument according to the captured
progress to reach the target lesion.
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Furthermore, according to some preferred embodiments of
the present invention, capturing progress of the medical
instrument by retrieving angiographic x-ray images is done
occasionally.

Furthermore, according to some preferred embodiments of
the present invention, capturing progress of the medical
instrument by retrieving angiographic x-ray images is done
periodically.

Furthermore, according to some preferred embodiments of
the present invention, the period is chosen to be the diastole.

Furthermore, according to some preferred embodiments of
the present invention, the inserting of the instrument is done
using a remote manipulation system.

Furthermore, according to some preferred embodiments of
the present invention, the road map is updated occasionally.

Furthermore, according to some preferred embodiments of
the present invention there is provided an automated naviga-
tion method for catheter-based interventions, the method
comptrising:

selecting an angiographic x-ray image, wherein a lesion is

most apparent, to serve as a roadmap image,

tracing a desired path to the lesion,

inserting a medical instrument into an artery leading to the

lesion,

capturing progress of the medical instrument by retrieving

angiographic x-ray images

comparing the captured position of the instrument with a

desired position along the desired path and determining
an error if it exists;

if the error is greater than a predefined threshold, correcting

the instrument position,;

continuing with comparing and correcting until the instru-

ment reaches a desired position.

Furthermore, according to some preferred embodiments of
the present invention, the method further comprises manipu-
lating the instrument to overcome an obstacle further by:

detecting the direction of the instrument,

determining an optimal degree of rotation for the instru-

ment to overcome the obstacle, and

rotating the instrument at the determined optimal degree of

rotation.

BRIEF DESCRIPTION OF THE FIGURES

The invention is described herein, by way of example only,
with reference to the accompanying Figures, in which like
components are designated by like reference numerals.

FIG. 1 is a block diagram of a system for image-guided
navigation in accordance with a preferred embodiment of the
present invention.

FIG. 2 is a flow chart of a method for image-guided navi-
gation in accordance with a preferred embodiment of the
present invention.

FIG. 3 is a flow chart of a method for employing an auto-
matic positioning system in accordance with a preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method and system for
advancing a guidewire or other device within the coronary
tree using a roadmap image (roadmap).

For purposes of explanation, this detailed description
refers generally to a guidewire 20, however the inserted
instrument could equally be another device, such as a stent
delivery system, other medical-device delivery system, or
catheter. For example, the present invention can be used to
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navigate a guidewire across a lesion and then to advance a
stent (or other device) to the lesion. Navigation can be done
manually, semi-automatically, or fully automatically.

The components of the present invention include instru-
ments commonly found in catheter labs with the addition of
an image processor and image overlay system. FIG. 1 illus-
trates a preferred embodiment of the present invention.
Angiogram x-ray system 10 obtains images of the cardiac
system and can be operated directly by a practitioner 26 or
triggered by image processing computer 14 to which it is
connected by data connection. Image processing computer 14
is also connected by data connection to electrocardiogram
(ECG) 12, which records the electrical activity of the cardiac
cycle.

Image processing computer 14 can be configured by an
interface, such as graphical-user interface 16, to trigger
angiogram acquisition by x-ray 10 at a predefined point in the
cardiac cycle. Preferably the trigger point is the end of dias-
tole (ED) as indicated by the R wave input from ECG 12.

Examples of an image processing computers 14 are the
CardiOp-B Navigation System, manufactured by Paleon Inc.,
of New York, N.Y., and the CARTO™ XP EP Navigation and
Ablation System manufactured by Biosense Webster Inc. of
Diamond Bar, Calif.

Image processing computer 14 also comprises image pro-
cessing engine 18, which adapts image processing computer
14 to build a roadmap 23 from at least one angiogram and to
superimpose on the roadmap the progress of a guidewire 20 or
other device as detected over time by angiogram x ray system
10 or by another sensing or imaging system, thereby indicat-
ing the position of guidewire 20.

Image processing computer 14 also includes user input/
output means 22, such as a keyboard, mouse, joystick and/or
touch screen for input and a display (typically the touch
screen) for output.

Positioning of guidewire 20 can be done manually or using
aremote manipulation system (RMS) 24. The RMS operation
can be semiautomatic (where there is no control loop and
therefore the practitioner controls navigation) or fully auto-
matic (where there is a control loop and therefore the system
automatically corrects navigation errors). A semiautomatic
RMS is described in U.S. Pat. No. 6,726,675 to Beyar, incor-
porated herein by reference, and comprises an attachment
unit for attaching the RMS to the guidewire and a manipulat-
ing unit for manipulating the guidewire.

An automated RMS further comprises a desired position
definition component for setting the desired path for the
guidewire (for example, a touch screen on which the practi-
tioner can trace the path and touch screen-input software for
converting the trace to coordinates for the control software)
and a control component for comparing guidewire position
feedback with the defined desired path and correcting the
positioning component accordingly.

With reference to FIG. 2, a method for image-guided navi-
gation for catheter-based interventions in accordance with a
preferred embodiment of the present invention is now
described. The method is described with reference to
guidewire and applies as well for insertion of other medical
instruments, such as a stent or balloon.

Step 30: Select an image, wherein the lesion is most appar-
ent, to serve as a roadmap for navigational purposes.
Preferably the image is an angiogram taken at the end of
diastole (ED) as indicated by the R wave input from
ECG 12.

Step 32: Capture the progress of the guidewire insertion
using angiograms or other imaging or motion tracking
systems, such as a position sensor on the wire (for
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example, amagnetic detection probe as disclosed in U.S.

Pat. No. 6,233,476 to Strommer, et al.). The guidewire is

preferably composed of material suited for good recep-

tion by the imaging or detection system, for example, a

radio-opaque guidewire is well suited for detection by

X-ray fluoroscopy. The guidewire-progress capture is

preferably done at the same point in the cardiac cycle as

when the roadmap image was captured. Preferably, this
point in the cycle is the ED.

Step 34: Extract the guidewire-progress information and
display it relative to the roadmap image, such that the
position change of the wire is shown superimposed over
its relative location in the roadmap image.

Preferably the roadmap image is an ED angiogram, on
which progressive ED angiograms of the guidewire
progress are displayed.

The type of guidewire progress image and the frequency
with which it is updated can vary according to the
needs of a particular application. Two variations are
now described:

In a preferred embodiment of the present invention, an
ED angiogram of the guidewire progress is updated
on every R wave of the ECG and superimposed on the
roadmap image. thereby providing a single
guidewire-position update per cardiac cycle. An
advantage of this embodiment is that only one ED
angiogram is taken every cycle. Therefore the patient
is exposed to minimal radiation since ECG-triggered
X ray acquisition results in markedly reduced X-ray
exposure.

In another preferred embodiment of the present inven-
tion, entire loop views from one ED to the next ED,
representing a full cardiac cycle, are displayed in real-
time on the roadmap image. The wire is displayed on
the roadmap image for synchronization between the
looped image and the real time guidewire position. An
advantage of this embodiment is that the operator
views an animated image of the guidewire progress.

Repeat steps 32 and 34 continuously during the proce-
dure to update the wire position on the roadmap.

Step 36: Manipulate the guidewire using manual position-
ing orusing an RMS in semiautomatic or fully automatic
operation mode.

Step 38: Optionally take and analyze one or more addi-
tional angiograms to verify that the position is correct.
Repeat steps 36 and 38 till the guidewire is in the desired

location.

A method for automated operation of an automated RMS
in accordance with a preferred embodiment of the present
invention is now described with reference to FIG. 3.

Step 50: Analyze the image, determining major bifurcation

points.

Step 52: Mark the desired path of the wire on the roadmap.

Step 53: Capture guidewire position using image analysis
or other position capture.

Step 54: Get a target position from the system. The target is
the next position for the guidewire to reach on the path.

Step 54: Advance the guidewire towards the target position
while monitoring the guidewire’s actual position.

Step 56: Test for error between the actual guidewire posi-
tion and the target position defined in step 54.

Step 57: If the error of step 56 is greater than a threshold
(for example the guidewire has taken a wrong branch),
proceed to step 59, otherwise proceed to step 58.

Step 58: If the error of step 56 is less than the threshold,
proceed to step 65.

Step 59: Check if the error is decreasing.

10

15

20

25

30

35

40

45

50

55

60

65

6

Step 61: If the error is decreasing, go to step 54, otherwise

Step 62: If the error is not decreasing, proceed to step 63.

Step 63: Attempt to correct for the blockage that is causing
the error to exceed the threshold. An example of a cor-
rection is withdrawing the guidewire an appropriate
margin, rotating the guidewire to point its tip in the
desired direction, and then attempting to advance again.
An optional additional step would be to first extract the
tip direction from the guidewire image and based on that
determine how much to rotate the guidewire to obtain
the best new direction for to the tips relative to the
roadmap.

Step 64: If step 63 did not solve the problem, there is a
mechanical problem or some form of resistance: Halt
wire progress and report an error. Resistance can be
further verified using techniques known in the art,
including force feedback, detection of guidewire buck-
ling, or detection of guidewire being pushed back.

Step 65: Check with the system whether there remain more
position targets. (The target is the next position for the
guidewire to reach on the path.)

If there are any targets remaining, it means that the
guidewire has not yet reached its final target. There-
fore, go to step 54 to get the next position target.

If there are no targets remaining, it means that the
guidewire has reached its final position. Therefore,
proceed to step 66.

Step 66: Acquire a new angiographic image to verify that
the guidewire has reached its final target destination (end
of path).

In a preferred embodiment of the present invention, once
the guidewire has been positioned in place, a medical device
21, such as a stent or balloon, can be automatically advanced
over the guidewire using a similar procedure until it reaches
the desired location.

A number of alternative configurations are possible for the
present invention regarding identifying the position of, and
manipulating, guidewire 20 and/or medical device 21:

The image can be 2D or 3D.

Position feedback can be received from a positioning sig-
nal (for example, RF, magnetic, or MRI) generated by
guidewire 20 and/or medical device 21, to help in detecting its
position. An example of such an implementation is the Carto
EP Navigation System, manufactured by Blosense Webster
Inc. of Diamond Bar, Calif. Another example is a GStent
system manufactured by MediGuide Ltd. of Haifa, Israel.

The RMS could be one of various systems, such as the
following:

U.S. Pat. No. 6,834,201 to Glilies, et al., describes a
method of magnetically manipulating a medical device
within a body part of a human patient in conjunction with MR
imaging including applying a navigating magnetic field with
magnets from the MR imaging device, and changing the
magnetic moment of the medical device to change the orien-
tation of the medical device within the body part.

U.S. Pat. No. 5,654,864 describes a control method for
magnetic stereotaxis system. A control method permits the
operation of multiple superconducting magnetic coils so as to
move a magnetic object to precisely specified locations
within the body under command of a physician-operator
observing the motion with live fluoroscopic imaging fused
with more detailed preoperative imaging of some other kind.
A computer contains the preoperative images and the fluoro-
scopic images, as well as the means to effect changes in the
coil currents so as to accomplish the desired magnetic object
motion and positioning. The control method operates the
coils in pairs on opposite sides of the body in a manner to
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minimize the necessary current changes, thus avoiding the
quenching of the superconducting coils. Combinations of
these pairs can execute motion of the magnetic object in any
direction in an impulsive manner and with high precision. The
method should function well and provide advantages with
coils which are not superconducting as well. The method
overcomes the redundance present in the limited constraints
given by a simple movement vector by the physician-operator

In addition to the main uses for the present invention out-
lined earlier, the invention can be integrated into other medi-
cal applications that benefit from the improved positioning
provided by the present invention. The following are
examples of applications that could benefit from integration
with the present invention:

An application to make a 3D reconstruction (map) of the
heart, thereby mapping the heart. An application of this patent
is ability to show and point the exact positioning of the device.

An application to find the positioning of a device using a
magnetic sensor.

Stereotaxis: an application wherein a device is navigated
within a magnetic field.

U.S. Patent application 20050008210 described a system
and method for three-dimensional reconstruction of an artery.
A method and system for imaging an artery contained in an
arterial tree. A microprocessor generates a three-dimensional
reconstruction of the arterial tree from two or more angio-
graphic images obtained from different perspectives. The
orientation of the axis of the artery in the arterial tree is then
determined, and a perspective of the artery perpendicular to
the axis of the artery is determined. A three dimensional
reconstruction of the artery from angiographic images
obtained from the determined perspective is then generated.

U.S. Pat. No. 6,233.476 described a medical positioning
system medial device comprising a housing, a magnetic
detection probe, for detecting a plurality of magnetic fields, a
biometric unit and a controller, connected to said magnetic
detection probe, said biometric unit and said storage unit,
wherein said controller receives magnetic field detection
information from said magnetic detection probe, and wherein
said controller operates said biometric unit in association
with said magnetic field detection information.

It should be clear that the description of the embodiments
and attached Figures set forth in this specification serves only
for a better understanding of the invention, without limiting
its scope as covered by the following claims.

It should also be clear that a person skilled in the art, after
reading the present specification could make adjustments or
amendments to the attached Figures and above described
embodiments that would still be covered by the following
claims.

The invention claimed is:
1. A navigation system for inserting a medical instrument
in a patient, the system comprising:

amedical instrument;

a processing device;

an angiogram x-ray system in communication with the
processing device and capable of capturing a series of
angiographic images of the patient during the insertion
of the medical instrument in the patient wherein at least
one of the angiographic images captures the medical
instrument that was inserted into an area of the patient;
and

a position capture module configured to get position infor-
mation about the position of the medical instrument
from angiographic images of the progress of the medical
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instrument generated by the angiographic x-ray system,
the position capture module in communication with the
processing device;

the processing device superimposing the position informa-
tion about the medical instrument on a roadmap image,
wherein the roadmap image is one of the series of angio-
graphic images generated by the angiographic x-ray sys-
tem, the processing device updating the roadmap occa-
sionally during the insertion of the medical instrument in
the patient, the processing device superimposing subse-
quent angiographic images on the updated roadmap.

2. The system of claim 1 wherein the medical instrument is
selected from a group consisting of: a guidewire, a balloon, a
stent and a catheter.

3. The system of claim 1 further comprising an electrocar-
diogram monitoring device in communication with the pro-
cessing device and the angiogram x-ray system, wherein the
position capture module is adapted to be triggered periodi-
cally by the electrocardiogram monitoring device.

4. The system of claim 1 further comprising a remote
manipulation system configured to perform insertion of the
medical instrument, the remote manipulation system com-
prising:

an attachment unit configured to attach the medical instru-
ment to the remote manipulation system; and

a manipulating unit configured to manipulate the medical
instrument.

5. The system of claim 4 wherein the remote manipulation
system operates in a closed loop, the remote manipulation
system further comprising:

a desired position module that receives a path to a desired

target position from a user;

a comparator module that compares the actual position of
the medical instrument with the desired path position;
and

a correction module that corrects the medical instrument
position.

6. The system ofclaim 5 further comprising a touch screen,
wherein the desired position module receives the path from
the user via the touch screen.

7. The system of claim 1 wherein the position capture
module is configured to get the position information of the
medical instrument via image analysis of the angiographic
images of the progress of the medical instrument.

8. The system of claim 1 wherein the angiographic images
of the progress of the medical instrument are captured at the
same point in the cardiac cycle as the roadmap image.

9. The system of claim 8 wherein the roadmap image is an
angiographic image captured at the end of diastole and further
wherein the angiographic images of the progress of the medi-
cal instrument are also captured at the end of diastole.

10. A navigation method forinserting a medical instrument
in a patient, the method comprising:

selecting an angiographic x-ray image including a lesion to
serve as aroadmap image, wherein the roadmap image is
generated using an angiogram X-ray system,

inserting a medical instrument into an artery leading to the
lesion;

capturing progress of the medical instrument from angio-
graphic x-ray images of the progress of the medical
instrument, wherein the angiographic x-ray images of
the progress of the medical instrument are generated
using the angiogram x-ray system;

displaying the captured progress of the medical instrument
superimposed on the roadmap image;
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updating the roadmap image from angiographic images
generated during the insertion of the medical instrument
in the patient;
capturing subsequent progress of the medical instrument
from angiographic x-ray images of the progress of the
medical instrument, updating the position of the medical
instrument on the updated roadmap
displaying the captured progress of the medical instrument
superimposed on the updated roadmap image; and
manipulating the instrument to reach the lesion.
11. The method of claim 10 wherein capturing progress of
the medical instrument is done occasionally.
12. The method of claim 10 wherein capturing progress of
the medical instrument is done periodically.
13. The method of claim 10 wherein capturing progress of
the medical instrument occurs during each period of diastole.
14. The method of claim 10 wherein the inserting of the
instrument is done using a remote manipulation system.
15. The method of claim 10, wherein updating the roadmap
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image from angiographic images generated during the inser- 20

tion of the medical instrument in the patient is done occasion-
ally.
16. An automated navigation method for inserting a medi-
cal instrument in a patient, the method comprising:
selecting an angiographic x-ray image showing a lesion to
serve as aroadmap image, wherein the roadmap image is
generated using an angiogram x-ray system during
insertion of a medical instrument in a patient;

10

tracing a desired path to the lesion;

inserting the medical instrument into an artery leading to
the lesion using a remote manipulation system;

capturing progress of the medical instrument from angio-
graphic x-ray images of the progress of the medical
instrument;

comparing the captured position of the instrument with a
desired position along the desired path and determining
an error if it exists;

correcting the instrument position if the error is greater
than a predefined threshold,

updating the roadmap image with an angiographic image
generated by the angiographic x-ray system during
inserting of the medical instrument in the patient; and

continuing with comparing and correcting until the instru-
ment reaches a desired position.

17. The method of claim 16 further comprising manipulat-

ing the instrument to overcome an obstacle by:

detecting the direction of the instrument;

determining an optimal degree of rotation for the instru-
ment to overcome the obstacle; and

rotating the instrument at the determined optimal degree of
rotation.

18. The method of claim 16 wherein the step of tracing a

> desired path includes tracing the desired path on a touch

SCreci.
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