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ELECTRICALLY ISOLATED CATHETER WITH WIRELESS SENSORS

The present application relates generally to catheters using wireless communication
and, more particularly, to a new and useful catheter for conducting, within the patient's body,
wireless communication with a sensor.

Cardiac catheterization is a common diagnostic test performed to evaluate the
condition of the heart muscle, valves and vessels. During the procedure, the physician inserts
long, flexible tubes called angiography catheters into the heart and coronary arteries.

A special form of cardiac catheterization is cardiac mapping, which is used with
patients having certain types of heart rhythm disorders, caused by small areas of abnormal
heart tissue interrupting the heart's normal electrical system. A flexible tube with wires called
an electrode catheter is inserted into the heart, by introducing the tube intravenously and
manually feeding the catheter into the heart. An array of electrodes at the tip of the insertion
end of the catheter can be distributed, to thereby track the heart's electrical signals, affording
three-dimensional reconstruction of the heart's electrical functioning,

The mapping electrodes in the array may easily number twenty or more. They are all
connected to a connector in the handle by very thin and flexible wires, the length of which is
surrounded by a tube or sheath that meets the handle.

Conventional catheters are open and cannot be sterilized. Thus, conventional
catheters are expensive disposable devices.

Conventional catheters are also complicated devices to fabricate, due to the
connection of many tiny wires through the sheath.

It is desirable to remedy the drawbacks of conventional catheters.

The following specification discloses a novel catheter having a sealed catheter body
which includes a handle and an insertion end for insertion into a patient. The catheter further
includes a sealed sensor adjoined to the insertion end and capable of sending data signals.

The sensor and the catheter body are sealed from each other. A local power-delivery/data-
reception (PDDR) unit is incorporated at the insertion end of the catheter body for wirelessly
emitting a signal that powers the sensor and for receiving data signals from the sensor.

A method for assembling the novel catheter is also disclosed. The method includes
providing a catheter body that has a handle and an insertion end for inserting into a patient. A
local power-delivery/data-reception (PDDR) unit to be incorporated at the insertion end of the
catheter body is configured for wirelessly emitting a signal that powers a sensor to be
adjoined to the insertion end and for wirelessly receiving a data signal from the sensor. The
sensor to be adjoined to the insertion end is configured for wirelessly receiving the emitted

signal for power and wirelessly sending, to the local PDDR unit, a data signal. The sensor
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and the catheter body are sealed, separately from each other, and the sealed sensor is adjoined

to the insertion end.

The novel catheter is simpler to fabricate, and may be sterilized and re-used.

In addition, the close proximity between the sensor and the local PDDR unit affords
efficient transmission of energy in powering the sensor.

These and other aspects will be apparent from and elucidated with reference to the
embodiments described hereinafter.

Details of the novel catheter are set forth below with the aid of the following
drawings, wherein the same or similar features in different drawings are annotated with the
analogous reference numerals:

FIG. 1 is a diagram showing an exemplary first embodiment of a catheter;

FIG. 2 is a diagram showing an exemplary second embodiment of a catheter ;

FIGS. 3A and 3B are flow charts of examples of processes for assembling a catheter;

FIGS. 4A and 4B depict exemplary magnetic loop antennas; and

FIGS. 5A and 5B depict exemplary electro-static antennas.

FIG. 1 shows, by way of illustrative and non-limitative example, a catheter 100. The
catheter 100 includes a catheter body 110 having a handle 140, and extending from the handle
140, an insertion end 170 for insertion into a patient. The insertion end 170 includes a sensor
120, a tube or sheath 150, and a local power-delivery/data-reception (PDDR) unit 180. The
sensor 120 measures or senses a property of a patient (e.g., fluid flow, oxygen, pressure,
location, etc) and is capable of sending a data signal reflective of the measured or sensed
property. The tube or sheath 150 encloses an electrode 160 which is one of an array of
electrodes. The sheath 150 is long enough to be inserted through the patient's vein and fed in
to reach a bodily organ, such as the heart. Accordingly, FIG. 1 shows a broken line. The
local power-delivery/data-reception (PDDR) unit 180 is configured for wirelessly
communicating with the sensor 120 including wirelessly emitting a signal that powers the
sensor 120 and wirelessly receiving data signals sent from the sensor 120. A remote PDDR
unit 190 is located within the handle 140 for communicating with the local PDDR unit 180.
A wire, such as a coaxial cable 195, is shown connecting the remote PDDR unit 190 to sensor
control electronics 130, although the cable may be replaced by a wireless connection.

Notably, the insertion end 170, including the local PDDR unit 180, is advantageously
disposed during operation entirely within the body of the patient. The rest of the catheter
body 110 remains outside the patient. Close proximity between the local PDDR unit 180 and
the sensor 120 results in efficient power transmission. Powering the sensor 120 activates the
sensor 120 to conduct a reading and to send a data signal reflective of the reading to the local

PDDR unit 180. The sensor 120 may have a memory device for storing the read data for use
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in forming the data signal. The technique of powering a passive transponder to enable the
transponder to return a data signal is well-known in the art. Power and/or data signals may be
frequency- or time-division multiplexed to avoid interfering with each other. For example,
the data signals may be in the range of 2 KHz to 10 KHz, whereas the power signals may be
in the range of 20 KHz to 200 KHz. The multiplexing, whether by time or frequency, may
involve the power and data signals for multiple sensors distributed on the electrode array.

It is possible for the sensor 120 to communicate with the local PDDR unit 180 using a
magnetic field generated by a magnetic loop antenna to avoid interfering with the electrical
potentials in the heart, and since the energy transmitted scales with frequency. The single
magnetic loop antenna in the sensor 120 is operable to receive power signals and to transmit
data signals. It is, however, within the intended scope of the invention to use separate
antennas for power and data, or separate antennas for input and output of either data or power.
In addition, the antenna(s) may be implemented as electro-static, rather than a magnetic loop.

The local PDDR unit 180 can likewise be powered by remote PDDR unit 190 since
the proximity of units 180 and 190 makes energy transfer efficient. The remote PDDR unit
190 is powered by the sensor control electronics 130, via the cable 195 or wirelessly. Thus,
the remote PDDR unit 190 relays power to the local PDDR unit 180, and receives data from
the local PDDR unit 180. Frequency or time-division multiplexing may also be used to avoid
interference in the communication between the local and remote PDDR units 180, 190
respectively. Preferably, the local PDDR unit 180 communicates by magnetic field with the
remote PDDR unit 190. It is also preferable that the units 180, 190 each have a single antenna
for power and data.

FIG. 2 illustrates a second embodiment of the catheter 200. 1t differs from the first
embodiment in that the remote PDDR unit is eliminated, and the cable 295 extends to the
local PDDR unit 280. Advantageously, merely a single wire or cable 295 is needed to control
an array of electrodes. The second embodiment of the catheter 200 also includes a sensor 220
which is embodied or incorporated in an integrated circuit (IC), discussed in more detail in
FIG. 3B below.

It is possible for the sensor 220 to communicate with the local PDDR unit 180 using a
magnetic field generated by a magnetic loop antenna to avoid interfering with the electrical
potentials in the heart, and since the energy transmitted scales with frequency. The single
magnetic loop antenna is operable to receive power signals and to transmit data signals. It is,
however, within the intended scope of the invention to use separate antennas for power and
data, or separate antennas for input and output of either data or power. In addition, the
antenna(s) may be implemented as electro-static, rather than a magnetic loop. Thus, it is

possible to incorporate a magnetic loop antenna or an electro-static antenna into an IC along
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with the sensor 220 and a corresponding magnetic loop antenna or an electro-static antenna
into the local PDDR unit for wireless communication.

FIG. 3A shows an exemplary method for making the catheter 100. A catheter body
110 having a handle 140 and an insertion end 170 is provided (S310A). A local power-
delivery/data-reception (PDDR) unit 180, 280 to be incorporated at the insertion end 170 of
the catheter body 110 is configured for wirelessly emitting a signal that powers a sensor 120
to be adjoined to the insertion end 170 and for wirelessly receiving a data signal from the
sensor 120 (S320A). The sensor 120 to be adjoined to the insertion end 170 is configured for
wirelessly receiving the emitted signal (for powering) and wirelessly sending, to the local
PDDR unit, a data signal (S330A). The local PDDR unit is disposed within the insertion end
170 (S340A). The sensor 120 and the catheter body 110 are sealed, separately from each
other (S350A). The sealed sensor is adjoined to the insertion end (S360A).

FIG. 3B shows an exemplary method for making the catheter 200, in which sensor
220 is embodied or incorporated in an integrated circuit (IC). A catheter body 110 having a
handle 140 and an insertion end 170 is provided (S310B). A local PDDR unit 180, 280 to be
incorporated at the insertion end 170 of the catheter body 110 is configured for wirelessly
emitting a signal for powering the sensor 220 and receiving a data signal (step S320B). The
sensor 220 to be adjoined is configured for wirelessly receiving the emitted signal (for
powering) and wirelessly sending, to the local PDDR unit, a data signal (step S330B). The
local PDDR unit 180, 280 is disposed within the insertion end 170 of the catheter body 110
(step S340B). The catheter body 110 and the sensor 220 are separately sealed and electrically
insulated (step S350B). A polymer may be used for the sealing and insulating. The IC is
then rolled around the end of the electrode 160 (step S360B). This requires that the IC be
flexible. In the rolled position, the IC is fixed to the electrode 160, as by bonding with an
adhesive, so that the IC remains fixed to the electrode during application of the catheter 200,
i.., during insertion and withdrawal of the catheter (step S370B).

FIG. 4A depicts one exemplary configuration for a magnetic loop antenna 400
utilizable in the local and remote PDDR units 180, 190. The antenna 400 includes two loops
410, 420 connected in series and residing in respective parallel planes. Paths 430, 440 of
magnetic flux generated by the magnetic loop antenna 400 are also shown.

FIG. 4B shows a magnetic loop antenna 450 for a sensor 120 or sensor 220 embodied
or incorporated in an IC, having an inner or primary coil 455 and an outer or secondary coil
460. The primary coil 455 is embedded in the secondary coil 460 so that the secondary coil
encloses the flux generated during transmission. The two coils 455, 460 do not have an
electrical connection between them. Instead they are coupled by mutual inductance.
Physically the secondary coil 460 can be supported from the primary coil 455 by a dielectric

such as a polymer.
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FIG. 5A represents an alternative embodiment for an antenna wherein electro-static is
used rather than magnetic loop. The antenna 510 for the units 180, 190 includes two hollow
semi-cylinders 520, 530 of semi-circular cross-section.

FIG. 5B shows an electro-static antenna 540 for a sensor 120 or sensor 220 embodied
or incorporated in an IC, which includes an outer pair 550, 560 of semi-circular cylinders of
semi-circular cross-section, with an inner pair 570, 580 being concentrically nested within the
outer pair.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to the disclosed embodiments.

For example, although the IC is disclosed as rolled axially around the electrode, the
IC may be bent or flexed into other shapes as attached, or may be attached in a different
location or orientation.

Other variations to the disclosed embodiments can be understood and effected by
those skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word "comprising” does not exclude
other elements or steps, and the indefinite article "a" or "an" does not exclude a plurality. A
single processor or other unit may fulfill the functions of several items recited in the claims.
The mere fact that certain measures are recited in mutually different dependent claims does
not indicate that a combination of these measured cannot be used to advantage. A computer
program may be stored/distributed on a suitable medium, such as an optical storage medium
or a solid-state medium supplied together with or as part of other hardware, but may also be
distributed in other forms, such as via the Internet or other wired or wircless
telecommunication systems. Any reference signs in the claims should not be construed as

limiting the scope.



WO 2008/075295 PCT/IB2007/055216

WHAT IS CLAIMED IS:

1. A catheter, comprising:

a sealed catheter body including a handle and an insertion end for inserting into a
patient, and

a sealed sensor adjoined to said insertion end, the sensor and catheter body being
sealed from each other, and

a local power-delivery/data-reception unit incorporated at the insertion end and
configured for wirelessly emitting a signal that powers the sensor, said sensor being

configured for wirelessly sending a data signal to the local power-delivery/data-reception unit.

2. The catheter of claim 1, further comprising an integrated circuit incorporating the

sensor such that the sealing seals the integrated circuit, the integrated circuit being flexible.

3. The catheter of claim 2, wherein said end includes an end of an electrode, the

integrated circuit being rolled around the electrode end.

4. The catheter of claim 1, wherein said unit is electrically insulated from the sealed

SENsor.

5. The catheter of claim 1, further comprising, for said returning by the sensor, a
magnetic loop antenna having an inner coil and an outer coil, each coil having two loops in

respective parallel planes, the inner loop being nested within the outer loop.

6. The catheter of claim 5, wherein the inner and outer coils are electrically isolated

from each other and disposed to communicate energy with one another by mutual inductance.

7. The catheter of claim 5, wherein said unit comprises an antenna formed into a

single coil, said coil having a single loop, said single loop residing in a single plane.

8. The catheter of claim 1, further comprising one cable disposed longitudinally
within the catheter body to extend between said unit and a controller for controlling the sensor,

said cable being a coaxial cable.

9. The catheter of claim 1, further comprising a remote power-delivery/data-reception
unit disposed within the handle and configured for wirelessly communicating with the local

power-delivery/data-reception unit and a controller for controlling the sensor.
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10. The catheter of claim 1, further comprising an integrated circuit incorporating the
sensor and incorporating an electro-static antenna, said unit also incorporating an electro-
static antenna, for communicating wirelessly with the electro-static antenna in the integrated

circuit.

11. The catheter of claim 1, wherein the adjoining fixes so that the sealed sensor
remains fixed to said end during said inserting and during withdrawal of the catheter from the

patient.

12. A method for assembling a catheter, comprising:

providing a catheter body with a handle, and an insertion end for inserting into a
patient;

configuring a local power-delivery/data-reception unit to be incorporated within said
end for wirelessly emitting a signal that powers a sensor to be adjoined to said end;

configuring the sensor for wirelessly sending, to the local power-delivery/data
reception unit, a data signal;

disposing the local power-delivery/data reception unit within said end;

sealing the sensor and the catheter body so that they are sealed from each other; and

adjoining the sealed sensor to said end.

13. The method of claim 12, wherein said configuring of the sensor comprises
embodying the sensor in an integrated circuit such that the sealing seals the integrated circuit,

said adjoining comprising flexing the integrated circuit.

14. The method of claim 13, wherein said providing provides, as part of said end, an
end of an electrode, said flexing comprising rolling the integrated circuit around the electrode

end.

15. The method of claim 12, comprising electrically isolating said unit from the

SCNsor.

16. The method of claim 12, wherein said configuring of the sensor comprises
providing a magnetic loop antenna having an inner coil and an outer coil, each coil having
two loops in respective parallel planes, the inner loop being nested within the outer loop,

wherein said providing of the magnetic loop antenna comprises configuring the inner and
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outer coils to be electrically isolated from each other and disposed to communicate energy

with one another by mutual inductance.

17. The method of claim 12, further comprising disposing a remote power-
delivery/data-reception unit within the handle for wirelessly communicating with the local

power-delivery/data-reception unit.

18. The method of claim 12, wherein said adjoining comprises fixing so that the
sealed sensor remains fixed to said end during said inserting and during withdrawal of the

catheter from the patient.

19. A sealed sensor integrated circuit for attachment to a sealed catheter body that
comprises a handle, and an insertion end for inserting into a patient, said circuit being
configured for, while attached at said end, wirelessly communicating with a local power-
delivery/data-reception unit that is disposed within said end and that is configured for
wirelessly emitting a signal that powers the circuit, said circuit being configured for

wirelessly returning a data signal to the unit.

20. The integrated circuit of claim 19, wherein said catheter body is a body of a

cardiac-mapping catheter.

21. A local power-delivery/data-reception unit for installation within an insertion end
of a sealed catheter, said unit being configured for wirelessly powering a separately sealed
sensor that is attached to said end and configured for wirelessly returning a data signal to said

unit.

22. The unit of claim 21, wherein said catheter comprises a handle, said unit being
further configured for wirelessly relaying the data signal to a remote power-delivery/data-
reception unit within the handle and for receiving, from the remote power-delivery/data-

reception unit, a power signal serving as a power source for said powering.



PCT/IB2007/055216

WO 2008/075295

117

| I

00} 0L~

0ct \ v w ......... # H/p

]
08} 051 W 061 @ 661

0/}
0Lt



PCT/IB2007/055216

WO 2008/075295

091

27
/\/

¢ Il

00¢

0Lt

048

G6¢




WO 2008/075295 PCT/IB2007/055216

37

— S320A

FIG. 3A



WO 2008/075295 PCT/IB2007/055216

A7

[ 53208

FIG. 3B



WO 2008/075295 PCT/IB2007/055216

o7

440




WO 2008/075295 PCT/IB2007/055216

6/7




WO 2008/075295 PCT/IB2007/055216

I

520
< I

510/\/ 530
FIG. 5A

570
580

560 — ]

540

\\ \\/ZSSO

FIG. 5B



INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2007/055216

A, CLASSIFICATION OF SUBJECT MATTER

INV. A61B5/00

According to International Patent Classification (IPC) or to both national classification and IPC

B, FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B A61M

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

Eteclronic data base consulled during the international search (name of data base and, where practical, search terms used)

EPO~Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* .| Citation of document, with indication, where appropriate, of the relevant passages Relevant 1o claim No.

X WO 2005/120336 A (RADI MEDICAL SYSTEMS 19,20
[SE]; TULKKI SAULI [SEJ]; TENERZ LARS {SEI)
22 December 2005 (2005-12-22)

A page 8, line 14 ~ page 10, line 23 : 1,12,21
page 11, 1ine 28 - page 12, line 15;
figure 12

X DE 43 41 903 Al (BINDER JOSEF PROF DR RER 19,20

NAT [DE]; CLASBRUMMEL BERNHARD DR MED
[DEI; S) 14 June 1995 (1995-06-14)
the whole document

A WO 2006/117154 A (RHEINISCH WESTFAELISCHE 1,12,19,
TECH H [DEJ; SCHMITZ-RODE THOMAS [DE]; 21
PFEFFER) 9 November 2006 (2006-11-09)
abstract

-/

See patent family annex.

Further documents are lisled in the continuation of Box C.

* ecial categories of cited documents :
Seci o ecdo *T* iater document published after the international filing date

*A* document defining the general slate of the aint which is not
considered 1o be of particular relevance

‘E* earlier document but published on or after the international
filing date

*'L* document which may throw doubls on priorily claim(s) or
which is ciled to establish the publication date of another
citation ar other special reason (as specified)

*O* documenl referring 10 an oral disclosure, use, exhibition or
other means

*P* documenl published prior to the international filing date but
later than the priorily date claimed

or priority date and not in conflict with the application but
cited l;) understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invenlion
cannot be considered novel or cannot be considered 1o
involve an inventive step when lhe document is laken alone

*Y* document of particwiar relevance; the claimed invention
cannot be considered to involve an inventive step when the’
document is combined with one or more other such docu-
‘meﬂls, 2uch combination being obvious 1o a person skilled
n the art.

*&" document member of the same palent family

Dale of the actual completion of the international search

6 May 2008

Date of mailing of the international search report

15/05/2008

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31~70) 340~-3016

Authorized officer

Manschot, Jan

Form PCT/1SA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

international application No

PCT/1B2007/055216

C(Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where approptiate, of the relevant passages Relevant to claim No.

A WO 2006/048664 A (L & P 100 LTD [GB]; 1,12,19,
PAYNE PETER ALFRED [GB]) 21
11 May 2006 (2006-05-11)
abstract

A WO 2004/026129 A (MEDINNOVA SF [NOJ; 1.12,19,
DUE-HANSEN JON ERIK [NOJ; SVEEN OLA [NOJ; 21
BERG MORT) 1 April 2004 (2004-04-01)
abstract

Form FCT/SA/210 (cantinuation of second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

PCT/1B2007/055216
Patent document . Publication Patent family Publication
cited in search report date member(s) date
W0 2005120336 A 22-12-2005 EP 1753340 Al 21-02-2007
DE 4341903 Al 14-06~1995  NONE
WO 2006117154 A 09-11-2006 DE 102005035795 Al 09-11-2006
EP 1876948 Al 16-01-2008
WO 2006048664 A | 11-05-2006 EP 1811894 A2 01-08-2007
US 2008058652 Al 06-03-2008
WO 2004026129 A 01-04-2004 AU 2003295285 Al 08-04-2004 -

Form PCT/ISA/210 (patent family annex) (April 2005)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCH XS
CPCHRF
R 54X

Hfth 237 STk
EING

BE@®F)

RN AE/BERERE TR RERHSENAARA . 451 8 Hix/
HiEERRE TSN B E NN ERRES
FH B E N R ERIRE S Tk it RS B A it BB Dk MR R R T, &
ERTNEARRRE I RE/SREERET  ARBEEFRAHF BREE
N EA B D RIE RN R T LB R

2o

HHRLLERENERESE
EP2096992A1
EP2007859443
ERCAHETROBRAF
ERTCAHEFN.V.

EFRKFABFNV.

DEKKER RONALD
TOMBEUR ANATOON MARIE HENRIE
MICHIELSEN THEODORUS MARTINUS

DEKKER, RONALD
TOMBEUR, ANATOON MARIE HENRIE
MICHIELSEN, THEODORUS MARTINUS

A61B5/00

2009-09-09

2007-12-19

patsnap

A61B5/0031 A61B5/0215 A61B5/027 A61B5/03 A61B5/042 A61B5/1459 A61B5/1473 A61B2560/0219

60/871236 2006-12-21 US

EP2096992B1

Espacenet

Lk RARMHER A AR

. AR P T4 RS Y2


https://share-analytics.zhihuiya.com/view/a5868194-1982-41b1-9c82-28707eef8b4f
https://worldwide.espacenet.com/patent/search/family/039284062/publication/EP2096992A1?q=EP2096992A1

