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(57) ABSTRACT

A system and method for tracking a position of an interven-
tional medical device configured to be deployed into a subject
during a medical procedure. An anatomical dataset of the
subject is acquired while at least one electrical sensor is
disposed along the interventional medical device. A feedback
signal is generated from the electrical sensor and is processed
and analyzed to identify positional information of the inter-
ventional medical device. A position of the interventional
medical device with respect to the anatomical dataset is iden-
tified and the position of the interventional medical device
with respect to the anatomical dataset is shown on a display.
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SYSTEM AND METHOD FOR BIOELECTRIC
LOCALIZATION AND NAVIGATION OF
INTERVENTIONAL MEDICAL DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Not Applicable.
STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] Not Applicable.

BACKGROUND OF THE INVENTION

[0003] The present invention relates to systems and meth-
ods for tracking and navigating medical devices. More pat-
ticularly, the invention relates to a method for tracking and
navigating an interventional medical device while utilizing
feedback signals generated by an array of electrical sensors
on the interventional medical device.

[0004] In the medical arts, interventional medical devices,
such as catheters or endoscopes, are frequently used to diag-
nose and treat various disorders in a patient, such as clogged
or blocked blood vessels. An interventional medical device is
introduced into a blood vessel of a patient by, for example,
making an incision in the patient over the blood vessel and
inserting the interventional medical device into the blood
vessel of the patient. A interventional medical device operator
such as a physician then maneuvers the interventional medi-
cal device through the blood vessels of the patient until the
interventional medical device is properly situated to diagnose
or treat the disorder. Similar techniques are used to insert
interventional medical devices into other types of lumens
within a patient.

[0005] In maneuvering the interventional medical device
through the blood vessels or other lumens within the patient,
there is a recurrent need to know the location of the interven-
tional medical device within the body space of the patient.
Conventional imaging systems create an image of the blood
vessel or other lumen to provide 2- or 3-dimensional spatial
relationships. If the position in three dimensions of the imag-
ing head on the interventional medical device can be detet-
mined, then through use of three-dimensional imaging soft-
ware, the relative positions and locations of the curves, twists,
and turns, as well as the locations of the branch points, of the
lumens can be determined. Knowing the positions allows a
more accurate map of the patient to be created, which yields
more effective diagnosis and treatment of the patient. For
example, gathering accurate 3-D position data allows for an
accurate blood flow map and consequent blood flow moni-
toring and modeling.

[0006] Traditionally, x-ray based technology, such as com-
puted tomography (CT) has been used to provide a global
roadmap of X-ray visible devices, showing their position
within the patient. However, prolonged exposure to X-rays
may be harmful to the patient, and it is therefore desirable to
avoid such exposures.

[0007] In an effort to reduce radiation expose and not
restrict access to the patient due to the patient being disposed
within, for example, a CT gantry, 2-dimensional fluoroscopy
is often used for interventional device tracking. Of course,
2-dimensional fluoroscopy suffers from a lack of information
about the position of the device in a third dimension. To
compensate for the lack of information in a third dimension,
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2-dimensional fluoroscopy may be coupled with other track-
ing systems, such as magnetic tracking systems. Unfortu-
nately, such systems are complex to implement because they
require separate hardware, such as magnetic sensors associ-
ated with the interventional device and located at known
positions external to the patient and, such systems must be
coupled to the 2-dimensional fluoroscopy system to provide
feedback in all three dimensions. At best, these systems are
complex and can be inaccurate. Furthermore, they require
repeated doses of ionizing radiation to update the 2-dimen-
sional fluoroscopic data. Lastly, the device location must be
registered with the anatomy, and magnetic trackers, for
example, only provide absolute, and not relative position.
Likewise, fluoroscopic images do not successfully image soft
tissue, and so the registration system must rely heavily on
preoperative data (e.g. from an angiogram) but anatomical
features are prone to shift making this unreliable. Thus, these
systems do not provide real-time feedback and require the
continued exposure to ionizing radiation.

[0008] Thus, there is a need for a tracking system that can
readily determine the location of a interventional medical
device within a patient, relative to the relevant anatomy, with-
out exposing the patient to harmful side effects, and that can
be used with a wide variety of interventional medical devices
or other imaging medical devices.

SUMMARY OF THE INVENTION

[0009] The present invention overcomes the aforemen-
tioned drawbacks by providing a system and method that
tracks and navigates an interventional medical device during
a medical procedure in real time. In particular, the present
invention utilizes the generation of feedback signals gener-
ated by an array of electrodes on the interventional medical
device. The feedback signals create an electric image of the
local volume surrounding the interventional medical device
[0010] In accordance with one aspect of the invention a
system for tracking a position of an interventional medical
device configured to be deployed into a subject during a
medical procedure is disclosed. The system includes an inter-
ventional medical device configured to be deployed into a
subject during a medical procedure. The system further
includes at least one electrical sensor disposed along the
interventional medical device to receive electrical signals
available to the interventional medical device when deployed
within the subject during the medical procedure and generate
a feedback signal based on the received electrical signals. An
anatomical dataset including anatomical information about
the subject is stored on a non-transitive memory. The system
includes a processor, communicatively coupled to the elec-
trical sensor, which is configured to access the anatomical
dataset from the non-transitive memory in order to receive the
feedback signal from the electrical sensor and analyze the
feedback signal to identify positional information of the inter-
ventional medical device relative to the anatomical dataset.
The position of the interventional medical device with respect
to the anatomical dataset is then communicated on a display
coupled to the processor.

[0011] In accordance with another aspect of the invention,
amethod for tracking a placement of an interventional medi-
cal device deployed into a subject is disclosed. The method
includes acquiring an anatomical dataset of the subject and
providing an interventional medical device having at least
one electrical sensor disposed along the interventional medi-
cal device. The interventional medical device is configured to
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be positioned within the subject during a medical procedure
utilizing the interventional medical device. A feedback signal
generated from the electrical sensor is then processed and
analyzed to identify positional information of the interven-
tional medical device. A position of the interventional medi-
cal device with respect to the anatomical dataset is identified
and the position of the interventional medical device with
respect to the anatomical dataset is then displayed.

[0012] The foregoing and other aspects and advantages of
the invention will appear from the following description. In
the description, reference is made to the accompanying draw-
ings which form a part hereof, and in which there is shown by
way of illustration a preferred embodiment of the invention.
Such embodiment does not necessarily represent the full
scope of the invention, however, and reference is made there-
fore to the claims and herein for interpreting the scope of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG.1isa block diagram of a system in accordance
with the present invention.

[0014] FIG.2is ablock diagram of an interventional medi-
cal device with electrical sensors configured in accordance
with the present invention.

[0015] FIG. 3 is a flow chart setting forth the steps of
processes for mapping a feedback signal to an anatomical
dataset in accordance with the present invention.

[0016] FIG. 4 is a schematic diagram of a vessel and cor-
responding impedance measurement over time as the inter-
ventional medical device is navigated through the vessel
using the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Referring particularly now to FIG. 1, asubject 12 on
a patient bed 10 with an interventional medical device 14
inserted into the femoral artery and the carotid artery is
shown. Of course, these particular arteries or the use of vas-
cular access points to locate the interventional medical device
14 is not limiting on the present invention. The interventional
medical device 14 may be designed for a wide-variety of
interventional procedures and access points. The interven-
tional medical device 14 may be, for example, a catheter,
laparoscope or endoscope. An electrical source 16 may be
externally attached to the subject 12 or internally attached to
the interventional medical device 14, or both as shown. The
electrical source 16 can emit an electrical signal to be received
by a distal electrical sensor 18 and a proximal electrical
sensor 20 coupled to the interventional medical device 14, as
shown in FIG. 2. The electrical source 16 may emit, for
example, low-voltage, high-frequency signals. The distal
electrical sensor 18 and the proximal electrical sensor 20 may
be, for example, electrodes coupled to the interventional
medical device 14. The distal electrical sensor 18 and the
proximal electrical sensor 20 generate a feedback signal, for
example, one non-limiting example of a feedback signal 22 is
shown in FIG. 4, which is based on the received electrical
signals emitted by the electrical source 16.

[0018] A coupling device 24 is configured to receive the
feedback signal 22 from the distal electrical sensor 18 and the
proximal electrical sensor 20 and transmit the feedback signal
22 to a processor 28. The processor 28 is communicatively
coupled to the distal electrical sensor 18 and the proximal
electrical sensor 20 to receive and measure the feedback
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signal 22. The processor 28 is configured to access a non-
transitive memory 30 to receive an anatomical dataset, which
includes anatomical information about the subject 12. The
anatomical dataset may include, for example, a prior fluoros-
copy, computed tomography (CT), magnetic resonance imag-
ing (MRI), or other datasets, including models of the patient
12 or general anatomy of the patient 12. The anatomical
dataset may be a previously-acquired dataset, or may be
acquired contemporaneously with the medical procedure.
Inputs 26 are provided to the processor 28 and can include
patient demographics, a patient’s previous medical history,
and the like. A display 32 is also coupled to the processor 28
to communicate the position of the interventional device 14
with respect to the anatomical dataset.

[0019] Referring now to FIG. 2, an example of one con-
figuration of the interventional medical device 14 is shown in
further detail. As previously described, the distal electrical
sensor 18 and the proximal electrical sensor 20 may be
coupled to the interventional medical device 14. The distal
electrical sensor 18 and the proximal electrical sensor 20 are
spaced apart from one another a pre-determined distance 44
in order to identify positional information from the of the
interventional medical device 14 during a medical procedure.
The processor 28 is communicatively coupled to the distal
electrical sensor 18 and the proximal electrical sensor 20. The
electrical source 16 may be, for example, internal to the
subject 12 and may be, for example, an electrical sensor
coupled to the interventional medical device 14. The electri-
cal source 16 is coupled to a signal generator 42 and config-
ured to emit an electrical signal to be received by the distal
electrical sensor 18 and the proximal electrical sensor 20.
[0020] Referring now to FIG. 3, a flow chart setting forth
exemplary steps 100 for mapping a feedback signal 22 to an
anatomical dataset is provided. To start the process, a stimu-
lus is delivered at process block 102. The stimulus can be an
electrical signal emitted by one or more electrical sources 16.
The nature of the emitted electrical signal is not limited to a
sinusoidal or periodic waveform, but may have a high signal-
to-noise ratio. As described above, the electrical source 16
can be configured to emit an electrical signal from a location
internal to the subject 12, from a location external to the
subject 12, from other defined positions, or combinations of
these options. If the electrical source 16 is configured to emit
an electrical signal from a location external to the subject 12,
the electrical signal propagates into the subject 12 to the distal
and proximal electrical sensors 18, 20.

[0021] In one non-limiting example, the electrical source
16 may also be formed by external signal dischargers (ESD)
attached to the subject 12 and configured to create a spatial
varying signal overlay. During an inspection scan, the spatial
varying signal overlay can be observed and mapped to ana-
tomical or geometrical information acquired through the pre-
viously acquired anatomical dataset. Throughout the inter-
vention, the ESD signal mix can then be mapped to the
anatomical or geometrical data or other information, for
example, to allow localization and navigation of the interven-
tional medical device 14 based on pre-interventional imag-
ing.

[0022] At process block 104 the distal electrical sensor 18
and the proximal electrical sensor 20 receive the electrical
signal emitted from the electrical source 16. In response, the
distal electrical sensor 18 and the proximal electrical sensor
20 generate the feedback signal 22 and send the feedback
signal 22 to the processor 28. The feedback signal 22 indi-
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cates, for example, electric signals, which may include bio-
electric signals, received by the distal electrical sensor 18 and
the proximal electrical sensor 20 thereby creating an electric
image of a local volume surrounding the interventional medi-
cal device 14. The local volume may be, for example, a vessel
34 as shown in FIG. 4. The processor 28 then performs a fast
Fourier transform to the feedback signal 22 at process block
106 in order to analyze the feedback signal 22 and facilitate
reduction of signal noise.

[0023] Once the fast Fourier transform is performed to the
feedback signal 22, the magnitude of the feedback signal 22
may be determined at specific frequencies at process block
108. For example, the magnitude of the feedback signal 22 at,
for example, frequencies below 5 kHz may be preferentially
reviewed, due to ionization interferences at low frequencies.
An impedance measurement 40 waveform of the feedback
signal 22 may then be calculated at process block 110, as
shown in FIG. 4, and mapped over time. The feedback signal
22 is mapped to anatomical images or models or other data
sets at process block 112.

[0024] As illustrated in FIG. 4, the impedance measure-
ment 40 waveform of the feedback signal 22 from both the
proximal electrical sensor 20 and the distal electrical sensor
18 are shown. From the previously acquired anatomical
dataset a reconstruction of the subject’s 12 vessel 34 is pro-
vided. As the user navigates the interventional medical device
14 through the vessel 34, the interventional medical device 14
facilitates the transmission and simultaneous recording of the
feedback signals 22 on the array of distal and proximal sen-
sors 18, 20, giving rise to, for example, an electrical image.
During the medical procedure, the feedback signals 22 are
reconciled with the anatomical or other dataset, and the posi-
tion of the interventional medical device 14 is displayed with
respect to the other dataset on the display 32. Thus, the feed-
back signals 22 provide real-time feedback that does not
require or use ionizing radiation and that can be readily
coupled with other information, such as anatomical informa-
tion about the patient, such as represented by images or mod-
els, to provide a real-time graphical indication of the position
of the interventional device within the patient to the clinician.
The graphical indication provide the user positional informa-
tion and allows the guidance of interventional medical device
14.

[0025] More specifically, as the user navigates the interven-
tional medical device 14 through the vessel 34, the impedance
measurement 40 waveform of the feedback signal 22 from
both the proximal electrical sensor 20 and the distal electrical
sensor 18 can be mapped over time, as illustrated in FIG. 4. In
the example at hand, when the interventional medical device
14 reaches a first bifurcation 36, or other topographical or
anatomical waypoint, in the vessel 34 while the user is navi-
gating the interventional medical device 14 ina first direction,
a corresponding change in the impedance measurement 40
occurs. As shown in FIG. 4, the first bifurcation 36 occurs
approximately at 14-15 seconds as indicated on the horizontal
time axis, such that the distal electrical sensor 18 passes the
first bifurcation 36 slightly before the proximal electrical
sensor 20 passes the first bifurcation 36. Similarly, when the
interventional medical device 14 reaches a second bifurcation
38, in the vessel 34 while the user is navigating the interven-
tional medical device 14 in the first direction, a corresponding
change in the impedance measurement 40 occurs. As shown
in FIG. 4, the second bifurcation 38 occurs approximately at
16-17 seconds as indicated on the horizontal time axis, such
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that the distal electrical sensor 18 passes the second bifurca-
tion 38 slightly before the proximal electrical sensor 20
passes the second bifurcation 38.

[0026] As the user retracts the interventional medical
device 14, or moves the interventional medical device 14 in a
second direction that is opposite the first direction, the inter-
ventional medical device 14 passes the second bifurcation 38
and the first bifurcation 36 in the vessel 34. Similar to move-
ment in the first direction, corresponding changes in the
impedance measurement 40 occurs while navigating the
interventional medical device 14 in the second direction as
shown in FIG. 4. The impedance measurement 40 waveform
of the feedback signal 22 is illustrated a symmetrical signal in
FIG. 4 as a result of the electrical source 16 being coupled to
the interventional medical device 14. However, if the electri-
cal source 16 is configured to emit an electrical signal from a
location external to the subject 12, the electrical signal propa-
gates into the subject 12 to the distal and proximal electrical
sensors 18, 20, thereby creating a differential signal.

[0027] Of course, the above example of tracking bifurca-
tions in a vascular lumen based on impedance measurements
provides just one non-limiting example of an implementation
in accordance with the present invention. For example, other
processing analysis of the feedback signal may be performed
to investigate parameters other than impedance. For example,
in the above-described differential configuration, the signal
differential from multiple sensors may be used to identify
signal changes detected by the multiple sensors and be cor-
related with anatomical or topographical datasets, such as
images or models or other maps against which the position of
the interventional device can be tracked. For example, a
change in the differential signal analysis may indicate that the
interventional device is approaching a new anatomical struc-
ture, such as an organ or bone. Without tracking impedance or
using images, this approach toward the anatomical structure
may, for example, be illustrated on a model of the patient’s
anatomical structure. Thus, it is contemplated that the present
invention may be embodied in many variations and the above-
described implementation is but one non-limiting example.
[0028] Referring again to FIG. 3, the above-described pro-
cess may be supplemented using other information sources.
For example, by observing the biological electric signals at
process block 114 and mapping the biological electric signals
to spatial properties retrieved from the reference dataset at
process block 112, the current position of the interventional
medical device 14 can be determined at process block 112.
Furthermore, at process block 116, distance information may
be tracked and used to determine the position of the interven-
tional medical device 14. Because the pre-determined dis-
tance 44 between the distal and proximal electrical sensors
18, 20 are known, the processor 28 can identify positional
information of the interventional medical device 14 relative to
the anatomical data set can be identified based on the imped-
ance measurement 40. Additionally or alternatively, the lineal
distance that the interventional medical device 14 is extended
into the patient can be tracked at process block 118 and used
in a similar manner. Once the positional information of the
interventional medical device 14 is known, other metrics can
be determined. For example, a velocity measurement can be
computed based on a positional change and changes in time.
[0029] In summary, the present invention advantageously
provides a system and method for tracking the navigation an
interventional medical device during a medical procedure. In
particular, the present invention acquires electrical informa-
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tion from sensors disposed on the interventional device and
generates feedback signals based on the acquired electrical
information. The feedback signals create an electric image of
the local volume surrounding the interventional medical
device that can be combined with anatomical information,
such as maps or models, to display a location of the interven-
tional device in real time.

[0030] Thepresent invention has been described in terms of
one or more preferred embodiments, and it should be appre-
ciated that many equivalents, alternatives, variations, and
modifications, aside from those expressly stated, are possible
and within the scope of the invention.

1. A system for tracking a position of an interventional
medical device configured to be deployed into a subject dur-
ing a medical procedure, the system comprising:

an interventional medical device configured to be deployed
into a subject during a medical procedure;

at least one electrical sensor disposed along the interven-
tional medical device to receive electrical signals avail-
able to the interventional medical device when deployed
within the subject during the medical procedure and
generate a feedback signal based on the received elec-
trical signals;

anon-transitive memory having stored therein an anatomi-
cal dataset including anatomical information about the
subject;

a processor configured to access the anatomical dataset
from the non-transitive memory and communicatively
coupled to the electrical sensor to receive the feedback
signal from the electrical sensor and analyze the feed-
back signal to identify positional information of the
interventional medical device relative to the anatomical
dataset; and

a display coupled to the processor to communicate the
position of the interventional medical device with
respect to the anatomical dataset.

2. The system as recited in claim 1 wherein the processor is
further configured to perform a fast Fourier transform to the
feedback signal to analyze the feedback signal.

3. The system as recited in claim 1 further comprising an
electrical source configured to emit an electrical signal from
a location internal to the subject.

4. The system as recited in claim 3 wherein the electrical
source is coupled to the interventional medical device.

5. The system as recited in claim 4 wherein the electrical
source is the electrical sensor operating to create a symmetri-
cal signal.

6. The system as recited in claim 1 further comprising an
electrical source configured to emit an electrical signal from
alocation external to the subject to propagate into the subject
to the electrical sensor.

7. The system as recited in claim 6 wherein the electrical
source is configured to be attached to a surface of the subject
and create a differential signal.

8. The system as recited in claim 7 wherein the electrical
source is formed by a plurality of external signal dischargers
configured to create a spatial varying signal overlay.

9. The system as recited in claim 1 wherein the feedback
signal indicates bio-electric signals received by the at least
One sensor.

10. The system as recited in claim 1 further comprising an
internal source and an external source wherein the electrical
signal is emitted through the internal source and the external
source to the subject.
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11. The system as recited in claim 1 wherein the processor
is configured to determine the position of the interventional
medical device based on an impedance measurement derived
from the feedback signal.

12. The system as recited in claim 1 wherein the processor
is further configured to determine at least one of a velocity
and a positional change of the interventional medical device
to identify positional information of the interventional medi-
cal device

13. The system as recited in claim 12 further comprising a
distal electrical sensor and a proximal electrical sensor which
generate a first and second feedback signal, respectively,
wherein the processor is further configured to determine time
delays reflected in the first and second feedback signals in
order to determine the velocity of the interventional medical
device.

14. The system as recited in claim 1 wherein the interven-
tional medical device is at least one of a catheter, laparoscope
or endoscope.

15. The system as recited in claim 1 wherein the anatomical
dataset includes at least one of an a prior fluoroscopy, com-
puted tomography (CT), and magnetic resonance imaging
(MRI) dataset.

16. The system as recited in claim 1 wherein the feedback
signal creates an electric image ofa local volume surrounding
the interventional medical device.

17. A method for tracking a placement of an interventional
medical device deployed into a subject, the method compris-
ing the steps of:

a) acquiring an anatomical dataset of the subject;

b) providing an interventional medical device having at
least one electrical sensor disposed along the interven-
tional medical device;

¢) configuring the interventional medical device to be posi-
tioned within the subject during a medical procedure
utilizing the interventional medical device;

d) processing a feedback signal generated from the electri-
cal sensor;

e) analyzing the feedback signal to identify positional
information of the interventional medical device;

f) identifying a position of the interventional medical
device with respect to the anatomical dataset; and

2) displaying the position of the interventional medical
device with respect to the anatomical dataset.

18. The method as recited in claim 17 wherein the anatomi-
cal dataset is a previously stored dataset acquired from a
non-transitive memory.

19. The method as recited in claim 17 further including
performing a fast Fourier transform to the feedback signal to
analyze the feedback signal.

20. The method as recited in claim 17 further including
configuring an electrical source to emit an electrical signal
from a location internal to the subject.

21. The method as recited in claim 21 further including
coupling the electrical source to the interventional medical
device.

22. The method as recited in claim 22 wherein the electrical
source is the electrical sensor operating to create a symmetri-
cal signal.

23. The method as recited in claim 17 further including
configuring an electrical source to emit an electrical signal
from a location external to the subject to propagate into the
subject to the electrical sensor.
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24. The method as recited in claim 23 wherein the electrical
source is configured to be attached to a surface of the subject
and create a differential signal.

25. The method as recited in claim 24 further including
forming the electrical by a plurality of external signal dis-
chargers configured to create a spatial varying signal overlay.

26. The method as recited in claim 17 wherein the feedback
signal indicates bio-electric signals received by the at least
one sensor.

27. The method as recited in claim 17 wherein the electrical
signal emits through an internal source and an external source
to the subject.

28. The method as recited in claim 17 wherein the position
of the interventional medical deviceis based on animpedance
measurement derived from the feedback signal.

29. The method as recited in claim 17 further including
processing at least one of a velocity and a positional change of
the interventional medical device to identify positional infor-
mation of the interventional medical device

30. The method as recited in claim 29 further including
generating a first and second feedback signal from a distal
electrical sensor and a proximal electrical sensor, respec-
tively, and determining time delays reflected in the first and
second feedback signals in order to determine the velocity of
the interventional medical device.
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