wo 2010/011846 A1 I T 0FO0 0 RO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

28 January 2010 (28.01.2010) WO 2010/011846 Al
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61B 5/00 (2006.01) A6IM 25/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
AG61B 5/042 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
. .. CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Number: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/US2009/051560 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
23 July 2009 (23.07.2009) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
) NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
(26) Publication Language: English TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
61/135,837 23 July 2008 (23.07.2008) Us kind ofregional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(71) Applicant: ST. JUDE MEDICAL, INC. [US/US]; One ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Lillehei Plaza, St. Paul, MN 55117 (US). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SF, SL SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

(72) Inventors; and

(75) Inventors/Applicants (for US only): VU, William, Minh
[US/US]; 24402 Kings View, Laguna Niguel, CA 92677
(US). NGUYEN, Tho, Hoang [US/US]; 9441 Keoki Cir-

cle, Huntington Beach, CA 92646 (US). Published:
(74) Agents: LEUNG, Chun-Pok et al.; Mattingly & Malur, —  with international search report (Art. 21(3))
P.C., 1800 Diagonal Road, Suite 370, Alexandria, VA

22314 (US). —  with amended claims (Art. 19(1))

(54) Title: CATHETER RADIO FREQUENCY ADAPTER FOR WIRELESS COMMUNICATION

100
110 120 e N 130 140
j 1 RF RECEIVER EP MAPPING
catheTER F—1>1 RF Tﬁgﬁ“ﬁ?“ MODULE ]  svsTEM
FIG. 1

(57) Abstract: A catheter system for wireless communication with an electrophysiological (EP) mapping system. The catheter sys-
tem comprises a catheter, a catheter adapter, and a radio frequency receiver module. The catheter includes a plurality of mapping
electrodes including a tip electrode disposed on a distal portion of the elongated body, the mapping electrodes detecting electro-
cardiograph (ECG) signals; and a reference electrode being disposed on the elongated body at a distance from the plurality of
mapping electrodes such that the reference electrode substantially does not detect electrocardiograph signals. The catheter in-
cludes a handle. The catheter adapter is attached to the handle. The catheter adapter includes an RF transmitter module for receiv-
ing, processing, and transmitting the detected ECG signals. The reference electrode provides a reference signal to the radio fre-
quency (RF) transmitter module. The RF receiver module receives the transmitted ECG signals. The RF receiver module is cou-
pled to the EP mapping system.
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CATHETER RADIO FREQUENCY ADAPTER FOR
WIRELESS COMMUNICATION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional
Application Serial Number 61/135,837, filed on July 23, 2008, entitled “Catheter

radio frequency adapter”, which is hereby incorporated by reference in its entirety.
BACKGROUND OF THE INVENTION

[0002] This invention relates generally to electrophysiological (EP)
mapping systems and catheter devices, and more specifically to a radio frequency
(RF) adapter for providing wireless communication between a catheter and an

electrophysiological mapping system.

[0003] Catheters are flexible, tubular devices that are widely used by
physicians performing medical procedures to gain access into interior regions of the
body. For diagnostic purposes, a catheter is usually connected by a cable to an EP
mapping system. The catheter includes a plurality of electrodes on its distal area.
The catheter electrodes detect signals from the tissue surrounding the distal area of the
catheter and send the detected signals to the EP mapping system. The EP mapping
system uses the detected signals to generate a map of the tissue surrounding the

catheter distal region.

[0004] Currently, a catheter cannot communicate wirelessly with an

EP mapping system.
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BRIEF SUMMARY OF THE INVENTION

[0005] One embodiment of the present invention is a catheter system
for wireless communication with an electrophysiological (EP) mapping system. The
catheter system comprises a catheter, a catheter adapter, and a radio frequency
receiver module. The catheter includes an elongated body having a distal end, and a
proximal end, a plurality of mapping electrodes including a tip electrode being
disposed on a distal portion of the elongated body, the plurality of mapping electrodes
detecting electrocardiograph (ECG) signals; and a reference electrode being disposed
on the elongated body at a distance from the plurality of mapping electrodes such that
the reference electrode substantially does not detect electrocardiograph (ECG) signals.
The catheter includes a handle. The catheter adapter is attached to the handle. The
catheter adapter includes an RF transmitter module for receiving, processing, and
transmitting the detected ECG signals. The reference electrode provides a reference
signal to the radio frequency (RF) transmitter module. The RF receiver module
receives the transmitted ECG signals. The RF receiver module is coupled to the EP

mapping system.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 is a block diagram illustrating the system 100 of the

present invention.

[0007] Figure 2 is a block diagram of one embodiment of the RF

transmitter module 120 of the present invention.

[0008] Figure 3 is a block diagram of one embodiment of the RF

receiver module 130 of the present invention.

[0009] Figure 4 is a block diagram illustrating the self-creating

reference scheme of the present invention.

[0010] Figure 5 shows an external view of an embodiment of the

catheter 110.

[0011] Figure 6 shows an embodiment 600 of the system of the
present invention, where a single receiver unit 602 including several individual RF

receiver modules communicates with several distinct transmitter units.
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DETAILED DESCRIPTION OF THE INVENTION

[0012] The catheter RF adapter of the present invention allows a
diagnostic catheter to communicate wirelessly with an EP mapping system. Without
a cable attaching the diagnostic catheter to an EP mapping system, a physician will be

able to manipulate and control the catheter with greater ease.

[0013] The catheter RF adapter of the present invention comprises an
RF transmitter module and a RF receiver module. The RF transmitter module is
adapted to be securely attached to the handle of the catheter. The RF receiver module

is coupled to the front end of the EP mapping system.

[0014] Figure 1 is a block diagram illustrating the system 100 of the
present invention. System 100 comprises a catheter 110, an RF transmitter module

120, an RF receiver module 130, and an EP mapping system 140.

[0015] The catheter 110 comprises a distal region. The catheter
distal region includes bands of electrodes positioned spaced apart in different
longitudinal sections of the distal region. The tip of the catheter may also include an
electrode. The catheter tip electrode and the catheter bands of electrodes send
electrocardiograph (ECG) signals to the RF transmitter module 120. The tip electrode
and the number of bands of electrodes determine the number of signals being
outputted to the RF transmitter module 120, which in turn determine the number of
RF channels used for wireless transmission. In one embodiment of the invention, the
catheter 110 outputs 20 signals to the RF transmitter module 120 which processes the
20 signals and transmits the processed signals in 20 corresponding RF channels. The
catheter 110 also includes a reference band electrode located at a large distance from
the last band of electrode that senses an ECG signal, i.e., the furthest band electrode

from the catheter distal end.

[0016] Figure 2 is a block diagram of one embodiment of the RF
transmitter module 120 of the present invention. In this embodiment, the RF
transmitter module 120 comprises a multiplexer 210, an amplifier 230, an analog-to-

digital (A/D) converter 240, a microcontroller 250, and an RF transmitter 260. The
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RF transmitter module 120 is securely attached to the handle of the catheter 110. The
RF transmitter module 120 further comprises a buffer 270 to drive a DC voltage to
each of the input signals to the multiplexer 210 and to the reference electrode of the
catheter 110. Due to the buffer 270, the input signals to the multiplexer 210 and the
signal from the reference electrode have each practically the same DC voltage

component.

[0017] The multiplexer 210 receives, at its 20 inputs, 20 ECG analog

signals in parallel from the catheter 110, and outputs a single ECG analog signal.

[0018] The amplifier 230 receives at its inputs the single ECG analog
signal and the signal from the reference electrode. The amplifier 230 amplifies the
difference between the ECG analog signal and the signal from the reference electrode
to a level suitable for wireless transmission and outputs the amplified analog signal to

the A/D converter 240.

[0019] The A/D converter 240 converts the amplified analog signal

to a digital signal and outputs the digital signal to the microcontroller 250.

[0020] The microcontroller 250 codes the digital signal into a format
suitable for wireless transmission. In one embodiment, an error correcting code is
also employed in coding the digital signal. The microcontroller 250 output the coded
digital signal to the RF transmitter 260. The microcontroller 250 also outputs a
multiplexer control interface signal 252 to control the operation of the multiplexer

210.

[0021] The RF transmitter 260 receives the coded digital signal and

transmits it over the air medium as an RF signal in a corresponding RF channel.

[0022] Figure 3 is a block diagram of one embodiment of the RF
receiver module 130 of the present invention. In this embodiment, the RF receiver
module 130 comprises an RF receiver 310, a microcontroller 320, a multi-channel
digital-to-analog (D/A) converter 330. The RF receiver module 130 also includes a

set of indicators 328 to indicate status and any errors.
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[0023] The RF receiver 310 receives the RF signal over the air
medium from the corresponding RF channel and outputs the digital signal to the

microcontroller 320.

[0024] The microcontroller 320 decodes the digital signal and
outputs the decoded digital signal to the multi-channel D/A converter 330.

[0025] The multi-channel D/A converter 330 converts the digital
signal into an analog signal. The multi-channel D/A converter 330 also demultiplexes
the analog signal into 20 analog signals which are then outputted to the EP mapping

system.

[0026] In order to measure the ECG signals, a reference signal is
needed. In an existing catheter system where a catheter is connected to an EP system
by a cable, a signal measured from a body surface of a patient via a patch connected
directly to the EP system by a cable is used as a reference signal. In the present
invention, where the communication to the EP system is wireless, a novel self-

creating reference scheme is employed to provide a reference signal.

[0027] Figure 4 is a block diagram illustrating the self-creating
reference scheme of the present invention. Buffer 270, which comprises an

operational amplifier configured as a voltage follower, drive a DC voltage V. to

bias
each of the electrodes of the catheter, including a reference electrode which is located
on the catheter at a distance far from the last of the other electrodes. The distance is
sufficiently large so that, when the distal portion of the catheter is placed inside the
heart, the reference electrode is located outside and away from the heart. In one

embodiment, the distance is 24 centimeters. In one embodiment, V,  is about 1.5

Volts. Since the tissue impedance is about 100 Ohms to 120 Ohms, a 10 kilo-Ohms

resistor is used for isolation for each of the ECG signals from the 20 electrodes.

[0028] Due to the buffer 270 driving the DC voltage V, . out to the

reference electrode, the signal from the reference electrode is practically equal to the

DC voltage V. ., and serves as a virtual reference.

bias®
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[0029] The multiplexer 210 receives, at its 20 inputs, 20 ECG
analog signals in parallel from the catheter 110, and outputs a single ECG analog

signal.

[0030] The amplifier 230 comprises a differential amplifier. The
differential amplifier receives the single ECG analog signal at its positive input and
the signal from the reference electrode at its negative input. The amplifier 230
amplifies the difference between the 2 signals and outputs an amplified ECG analog

signal that substantially does not have a DC component.

[0031] Figure 5 shows an external view of an embodiment of the
catheter 110. In this embodiment, the catheter 110 has a tip electrode 502 and 3 band
electrodes 504 for detecting ECG signals. The catheter 110 further includes the
reference band 510 for providing a reference signal to the amplifier 230. The
reference band is located at a distance L from the last band electrode 504, that is, the
furthest band electrode from the distal end of the catheter 110. In one embodiment, L

is equal to 24 cm.

[0032] Figure 6 shows an embodiment 600 of the system of the
present invention, where a single receiver unit 602 including several individual RF
receiver modules communicates with several distinct transmitter units. The single
receiver unit 602 can identify the source of a received signal based on the specific RF
channel frequency, data address packet, an unique identification of a transmitter unit.
Software configuration is used to pair the transmitter catheter and the receiver unit.

The transceivers can operates at frequencies between 2.400GHz to 2.525GHz.

[0033] While the invention has been described in terms of several
embodiments, those of ordinary skill in the art will recognize that the invention is not
limited to the embodiments described, but can be practiced with modification and
alteration within the spirit and scope of the appended claims. The description is thus

to be regarded as illustrative instead of limiting.
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CLAIMS

What is claimed is:

1. A catheter system for wireless communication with an

electrophysiological (EP) mapping system, the catheter system comprising:
a catheter comprising:
an elongated body having a distal end, and a proximal end;

a plurality of mapping electrodes including a tip electrode being
disposed on a distal portion of the elongated body, the plurality of
mapping electrodes detecting electrocardiograph (ECG) signals; and

a reference electrode being disposed on the elongated body at a
distance from the plurality of mapping electrodes such that the
reference electrode substantially does not detect electrocardiograph
(ECG) signals; and
a handle;
a catheter adapter attached to the handle, the catheter adapter including a radio
frequency (RF) transmitter module for receiving, processing, and transmitting

the detected ECG signals;

wherein the reference electrode provides a reference signal to the radio

frequency (RF) transmitter module; and

an RF receiver module for receiving the transmitted ECG signals, the RF

receiver module being coupled to the EP mapping system.
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What is claimed is:

1. A catheter system for wireless communication with an electrophysiological

(EP) mapping system, the catheter system comprising:
a catheter comprising:
an elongated body having a distal end, and a proximal end;

a plurality of mapping electrodes including a tip electrode being disposed on a
distal portion of the elongated body, the plurality of mapping electrodes
detecting electrocardiograph (ECG) signals; and

a reference electrode being disposed on the elongated body at a distance from
the plurality of mapping electrodes such that the reference electrode
substantially does not detect electrocardiograph (ECQ) signals; and
a handle; and
a catheter adapter attached to the handle, the catheter adapter including a radio
frequency (RF) transmitter module for receiving, processing, and transmitting the
detected ECG signals;

wherein the reference electrode provides a reference signal to the radio frequency

(RF) transmitter module.

2. The catheter system of claim 1 further comprising:

a RF receiver module for receiving the transmitted ECG signals, the RF receiver

module being coupled to the EP mapping system.

3. The catheter system of claim 1 wherein the reference electrode is disposed on
the elongated body at a distance of approximately 24 centimeters from a last mapping
‘electrode of the plurality of mapping electrodes, the last mapping electrode being the furthest
mapping electrode from the distal end of the elongated body.

4. The catheter system of claim 1 wherein the RF transmitter module comprises a

‘multiplexer having a plurality of inputs, each of the inputs receiving a mapping electrode

9
AMENDED SHEET (ARTICLE 19)
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signal from a corresponding mapping electrode of the plurality of mapping electrodes,

“the multiplexer outputting an analog signal.

5. The catheter system of claim 4 wherein the RF transmitter module further
‘comprises a buffer to drive a direct-current voltage to the reference ¢lectrode and to each of

the mapping electrode signals.

6. The catheter system of claim 5 wherein the reference signal provided by the

reférence electrode is substantially equal to the direct-current voltage.

7. The catheter system of claim 5 wherein the RF transmitter module further
comprises a plurality of resistors of high impedance to isolate the mapping electrode signals
from the buffer.

8. The catheter system of claim 4 wherein the RF transmitter module further
comprises an amplifier, the amplifier receiving the analog signal from the multiplexer and the
reference signal and outputting an amplified analog signal that substantially does. not have a

direct-current component.

9. The catheter system of claim 8 wherein the RF transmitter module further

comprises an analog-to-digital converter, a microcontroller, and an RF transmitter.

10. The catheter system of claim 1 wherein the RF transmitter module operates at
frequencies between 2.400 GHz to 2.525 GHz.

11. The catheter system of claim 2 wherein the RF receiver module is one of a
plurality of RF receiver modules included in a receiver unit, the plurality of RF receiver

modules comrmunicating with a plurality of corresponding RF transmitter modules:

12. The catheter system of claim 11 wherein the receiver unit can identify a source
of a received signal based on at least one of a specific RF channel frequency, a data address
packet, and a unique identification of a RF transmitter module of the plurality of RF

transmitter modules.

10
AMENDED SHEET (ARTICLE 19)
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