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(57) ABSTRACT

An ultrasonic imaging catheter is disclosed that includes a
thermistor mounted on the catheter in the vicinity of the
ultrasound transducer for monitoring the temperature in the
vicinity thereof. The electrical signal from the thermistor can
be used to control the output of the ultrasound transducer to
thereby control the temperature of the same. In a further
aspect of the invention, an isolation box is provided that is
external to the ultrasound machine itself and is connected to
the same by a cable. Ideally, the isolation box which houses
a sufficient number of isolation transformers, is small, so it
can be placed easily on or near the patient’s bed.

11 Claims, 1 Drawing Sheet
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1
ULTRASOUND IMAGING CATHETER
ISOLATION SYSTEM WITH TEMPERATURE
SENSOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/349,060, filed Jan. 16, 2002.

FIELD OF THE INVENTION

The present invention is directed toward improvements in
ultrasound catheters and more particularly toward an ultra-
sound catheter that includes a temperature monitoring sys-
tem carried at least in part by the catheter for preventing the
overheating of the same. The invention also includes an
isolation box external to the ultrasound machine that can be
placed easily on or near a patient bed and connected to the
ultrasound machine by a reusable connector cable.

BACKGROUND OF THE INVENTION

Recent progress in the treatment of certain diseases of the
heart may require better visualization than is afforded by
what has been the standard form of visualization, or imaging
of the heart. The standard form of imaging has been x-ray,
or x-ray fluoroscopy which has a number of disadvantages.
Imagining by use of ultrasound offers a number of advan-
tages, primarily surrounding better anatomical images.
Recent progress in economically reducing the size of con-
necting cables to an ultrasound transducer allows for the
cabling to be put through a small plastic tube, or catheter, so
the ultrasound probe can be inserted percutaneously into the
body. Closer proximity to the heart can provide better
visualization, with higher resolution, of the desired anatomy.
See, for example, U.S. Pat. No. 5,713,363 and Pending U.S.
application Ser. No. 09/263,755 filed Mar. 5, 1999 assigned
to the Assignee of the present application.

An ultrasound transducer is a piezoelectric material that
essentially converts electrical voltage to a sound wave, In
intracardiac imaging, the transducer would be placed at the
distal top of a catheter, and the transducer then could be
inside the heart, to send and receive the sound waves. Used
with higher power, such as that used with color doppler
imaging, and for a lengthy period of time, it is possible that
the transducer, and hence, catheter tip, may heat up, and such
heat may be well above a safe body temperature. While
computer software can be used to regulate the amount of
power put into the catheter, a software malfunction could
result in too much power being delivered. It is, therefore,
desirable to have a safety cut-off mechanism or other control
to avoid such a problem.

Actual temperature monitoring near the top or tip of the
catheter is most desirable, with feedback to the computer,
with an automatic warning or shut down based upon some
upper pre-determined temperature limit. The safety standard
set out in the U.S. FDA guidelines is 430° C. although this
may vary depending on the environment in which the
catheter is being used.

Another problem with ultrasound imaging with a catheter,
especially with a multi element array, is that the cabling
from the ultrasound machine to the catheter, and from the
catheter proximal connector to the catheter transducer
housed at the distal tip, is expensive. A first solution to keep
the expense low, is to move the ultrasound machine next to
the bed, and plug the relatively short catheter directly to the
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ultrasound machine. This is impractical, as most catheter
rooms are sterile or semi-sterile environments, and the
machine may have to be some distance for the patient
bedside. Thus, a connecting cable which is reusable (and
probable non-sterile) is desirable, as opposed to the catheter
itself, which is sterile and usually not re-usable. It would be
most desirable if this connecting cable could be used as a
universal cable in that it could be used with many ultrasound
machines. Many ultrasound machines have a standard 200
pin ZIF connector, but most ultrasound machines do not
have patient isolation built in to the degree necessary for
percutaneous catheter use.

SUMMARY OF THE INVENTION

The present invention is designed to overcome the defi-
ciencies of the prior art described above. According to one
aspect of the invention, the heat safety issue is addressed by
monitoring the temperature in the vicinity of the ultrasound
transducer with a thermistor. While thermistors have been
proposed for use with catheters for monitoring the tempera-
ture of an ablution electrode or for use in thermal dilution
measurements to compute cardiac output, no one, to Appli-
cants’ knowledge, has used a thermistor for the safety
elements of ultrasound imaging.

A further object of the present invention is to provide a
connector cable with an isolation means that is external to
the ultrasound machine itself. Ideally, the isolation box
which houses a sufficient number of isolation transformers,
is small, so it can be placed easily on or near the patient’s
bed.

Other objects and advantages of the invention will be
apparent from the following description when taken with the
drawings showing Applicants’ presently preferred embodi-
ments thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating the invention, there are
shown in the accompanying drawings forms which are
presently preferred; it being understood that the invention is
not intended to be limited to the precise arrangements and
instrumentalities shown.

FIG. 1 is representation of a catheter employing the
present invention with the isolation system shown schemati-
cally;

FIG. 2 is a detailed view of the end of the catheter shown
in FIG. 1 illustrating the ultrasound transducer and the
thermistor, and

FIG. 3 is a schematic representation of the isolation circuit
of FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to the drawings in detail wherein like
reference numerals have been used throughout the various
figures to designate like elements, there is shown in FIG. 1
a ultrasound imaging catheter isolation system with tem-
perature sensor in accordance with the principles of the
present invention and designated generally as 10. The sys-
tem 10 is comprised essentially of three parts: an ultrasound
catheter with transducer assembly 12, an isolation box 14
and the ultrasound equipment 16.

In many respects, the catheter and transducer assembly 12
is constructed in a conventional manner similar, for
example, to the ultrasound catheter described in the above-
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identified application Ser. No. 09/263,755 filed Mar. 5, 1999,
the entire content of said application being incorporated
herein by reference. It should be noted, however, that the
present invention is not limited to the specific catheter
assembly disclosed in the prior referenced application as the
invention is applicable to various catheters designed for
intravascular/intracardiac echocardiography and for other
physiological uses.

The catheter assembly 12 includes an elongated catheter
in the form of a tube 18. The proximal end of the tube 18 is
connected to a handle mechanism 20 which includes means
for steering the ultrasound probe 22 mounted at the distal
end of the catheter tube 18. As is well known in the art, the
ultrasound probe 22 includes an ultrasound transducer
assembly 24 which is comprised of a number of ultrasonic
transducer elements 26. Although only 12 or so transducer
elements 26 are shown in FIG. 2, substantially any number
of transducer elements may be employed as described in the
prior application discussed above.

Mounted on the reverse side of the ultrasound transducer
probe 22 is a thermistor 28. The thermistor 28 is preferably
embedded within the probe 22 so as to provide a smooth
outer surface on the probe. The exact location of the ther-
mistor 28 is not critical. However, it must be in such a
position so as to be able to sense the temperature of the tissue
in the vicinity of the probe and/or the temperature of the
probe itself without interfering with the operation of the
same. Furthermore, while the invention has been described
with specific reference to a thermistor 28, it should be
readily apparent that other similar types of devices may also
be employed which are capable of sensing temperature. The
electrical wires leading from the thermistor 28 pass through
the center of the catheter body 18 to the exterior of the body
in substantially the same manner as the numerous wires
connected to the ultrasonic transducer elements 26.

The ultrasound equipment 16 illustrated in FIG. 1 is a
conventional ultrasound machine which operates in a man-
ner well known in the art. This equipment 16 may be located
away from a patient’s bed outside of the sterile area. The
isolation box 14, however, is intended to be placed on or
near a patient’s bed within the sterile area and a cable 30
connects the two together.

The cable 32 from the catheter assembly 12 carries a plug
at the end thereof that plugs into the isolation box 14. Since
the isolation box is relatively small and is located on or near
the patient’s bed, the cable 32 can also be relatively short,
thereby reducing the cost of the same. The cable 32 carries
all of the leads from the ultrasonic transducers 26, the leads
from the thermistor 28 and any other leads that may be used
in connection with the catheter assembly 12. For example,
the catheter assembly 12 may carry other electrodes at or
near the tip thereof or elsewhere along the catheter body 18
for various other purposes.

The isolation box 14 preferably has an input connector or
socket 34 for connection to the cable 32 and an output socket
or connector 36 for connection to the cable 30 that leads to
the ultrasound equipment 16. These are conventional sock-
ets or connectors well known in the art.

Within the isolation box 14 are a plurality of isolation
transformers 38. In order to keep the isolation box as small
as possible, very small transformers 38 are utilized as a
significant number of them must be mounted within the box
14. There is one isolation transformer 38 for each of the
ultrasonic transducer elements 26. Thus, if there are 64
transducer elements 26, an equal number i.e., 64 transform-
ers are required. One transformer particularly useful with the
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present invention is a wide band isolation transformer sold
by Rhombus Industries Inc. of Huntington, Calif. as Rhom-
bus Model No. T-1113.

One side of each transformer 38 is connected by leads 40
to the socket or connector 34 so as to be connected to the
transducer assembly 12 by way of the cable 32. Similar leads
42 connect the opposite side of each transformer 38 to the
socket or connector 36 for ultimate connection to the ultra-
sound equipment 16 through the cable 30. Other leads such
as shown at 44 may pass directly through the isolation box
14 from connector 34 to connector 36 without being con-
nected to an isolation transformer if the same is desired. For
example, the lead from the thermistor 28 may not pass
through an isolation transformer 38 but may be connected
directly to the ultrasound equipment 16 by passing through
the isolation box 14. As should be readily apparent to those
skilled in the art, appropriate circuitry may be located either
in isolation box 14 or the ultrasound equipment 16 or
elsewhere for interpreting the signal from the thermistor 28
for controlling the ultrasound equipment in response thereto.

The present invention may be embodied in other specific
forms without departing from the spirit or essential attributes
thereof and accordingly, reference should be made to the
appended claims rather than to the foregoing specification as
indicating the scope of the invention.

We claim:

1. An ultrasound imaging catheter system comprising:

an elongated catheter body having a proximal end and a

distal end and at least one lumen within said body that
extends substantially throughout the length thereof;
an ultrasound transducer assembly carried by said catheter
body adjacent said distal end for use in imaging;
ultrasound equipment located at a position remote from
said catheter body for controlling said ultrasound trans-
ducer assembly;
electrical wires connected between said ultrasound trans-
ducer assembly and said ultrasound equipment;

means carried by said catheter body adjacent said distal
end for sensing temperature and means electrically
connecting said temperature sensing means to said
ultrasound equipment and means responsive to the
temperature sensing means for controlling said ultra-
sound equipment.

2. The ultrasound imaging catheter system as claimed in
claim 1 wherein said temperature sensing means is a ther-
mistor.

3. The ultrasound imaging catheter system as claimed in
claim 1 wherein said ultrasound transducer assembly is
comprised of a plurality of transducer elements.

4. The ultrasound imaging catheter system as claimed in
claim 3 further including an isolation circuit between said
ultrasound transducer assembly and said ultrasound equip-
ment.

5. The ultrasound imaging catheter system as claimed in
claim 4 wherein said isolation circuit includes a plurality of
transformers.

6. The ultrasound imaging catheter system as claimed in
claim 5 wherein the number of transformers is equal to the
number of transducer elements.

7. An ultrasound imaging catheter system comprising:

an elongated catheter body having a proximal end and a

distal end and at least one lumen within said body that

extends substantially throughout the length thereof;
an ultrasound transducer assembly carried by said catheter

body adjacent said distal end for use in imaging;
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ultrasound equipment located at a position remote from
said catheter body for controlling said ultrasound trans-
ducer assembly;
electrical wires connected between said ultrasound trans-
ducer assembly and said ultrasound equipment; and

an isolation circuit including a plurality of transformers
located between said ultrasound transducer assembly
and said ultrasound equipment.

8. The ultrasound imaging catheter system as claimed in
claim 7 wherein said ultrasound transducer assembly is
comprised of a plurality of transducer elements.

9. The ultrasound imaging catheter system as claimed in
claim 7 wherein the number of transformers is equal to the
number of transducer elements.

10

6

10. The ultrasound imaging catheter system as claimed in
claim 7 further including means carried by said catheter
body adjacent said distal end for sensing temperature and
means electrically connecting said temperature sensing
means to said ultrasound equipment and means responsive
to the temperature sensing means for controlling said ultra-
sound equipment.

11. The ultrasound imaging catheter system as claimed in
claim 10 wherein said temperature sensing means is a
thermistor.



patsnap

TRBIROF) TREARBNEFRESERERS

DF(RE)F US6908434 DF(E)A 2005-06-21
RiES US10/345806 RiEH 2003-01-16
#RIHE(E AN A(F) EP MEDSYST

B (TR AGE) EP MedSystems/A &) , INC.

LEERIB(ERR)A(E) EP MedSystems”A 7 , INC.

FRI& B A

RHA

PCH %S

N

O
IS)

PCH S

-}

ER(iB)
SAEBEE

BEG®)

NFAT—HEFRKESE  HEBRREBFRIRERMNINSGE L

JENKINS DAVID
BOROVSKY SIMCHA

JENKINS, DAVID
BOROVSKY, SIMCHA

A61B8/12 A61B8/14
A61B8/12

R ERE
Espacenet USPTO

gRBEE  ATHENEKINEE, RERBEENBESIHATE

FEAREERNEE NGBS RESRNEE. EARUNE—7 2

H, BT —HRER  AUTEFRIISASNNSF BT BN ERE
FBEERNSE L, BABRAT , RAEBHENRETERNFEERR %
Ay LR AR 5 it AR A PR £ SR

S ——

ULTRA
SOUND
EQUIPNENT

20

ISOLATION
BOX



https://share-analytics.zhihuiya.com/view/4a31edd4-3df7-41d4-9dd6-fd9c3d0e152b
https://worldwide.espacenet.com/patent/search/family/034636090/publication/US6908434B1?q=US6908434B1
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=6908434.PN.&OS=PN/6908434&RS=PN/6908434

