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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
10 April 2003 (10.04.2003) PCT

(10) International Publication Number

WO 03/028800 A2

(51) International Patent Classification”: A6IN (79)

(21) International Application Number: PCT/US02/30346
1
(22) International Filing Date: @1
24 September 2002 (24.09.2002)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

09/967,.773 28 September 2001 (28.09.2001) Us 89

(71) Applicant (for all designated States except US): BOSTON
SCIENTIFIC LIMITED_A CORPORATION OF THE
REPUBLIC OF IRELAND [IE/BB]; The Corporate Cen-
tre, Bush Hill, Bay Street, St. Michael Barbados, West In-
dies (BB).

(72) Inventor: SMITH, Scott, Raymond; 6950 County Road —
10, Chaska, MN 55318 (US).

Agents: WANG, David, E. et al.; Orrick Herrington &
Sutcliffe Llp, 4 Park Plaza,, Suite 1600, Irvine, CA 92614-
2558 (US).

Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN,
YU, ZA, ZM, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPI patent (BF, BJ, CE, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: SYSTEMS AND METHODS FOR MAGNETIC RESONANCE IMAGING ELASTOGRAPHY

157 MAGNET ]
20 GRADIENT COILS o
25 RF BODY COIL
55 50:
L Py
RF BODY COIL
20 GRADIENT COILS
30— GRADIENT | MAGNET RF COIL
AMPLIFIERS AMPLIFIER
15 (
35
40
45
DISPLAY COMPUTER

provided. A catheter, in accordance with one embodiment, comprises an

0O 03/028800 A2

(57) Abstract: Systems and methods for generating Magnetic Resonance Imaging (MRI) elastographs of a region in a body are

elongated member, an acoustic transducer positioned near

a distal end of the elongated member, and a Radio Frequency (RF) coil adjacent to the acoustic transducer. To generate an MRI
elastograph of a region in a body, the acoustic transducer and the RF coil of the catheter are positioned at the desired region in the
body. The acoustic transducer emits acoustic waves in the region of the body, and the RF coil detects RF signals emitted within the

region of the body. The detected RF signals are outputted to an MRI receiver to generate the MRI elastograph of the region in the

body.
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SYSTEMS AND METHODS FOR MAGNETIC RESONANCE
IMAGING ELASTOGRAPHY

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates generally to Magnetic Resonance Imaging
(MRI), and more particularly to systems and methods for generating an MRI elastograph

of a region in a body using an acoustic transducer.

Background

[0002] A hydrogen atom, which has a single proton in its nucleus, exhibits a
nuclear spin that produces a small magnetic moment vector. In the presence of a magnetic
field, the magnetic moment vector of the hydrogen atom tends to align in the direction of
the magnetic field. In addition, the nuclear spin of the hydrogen atom exhibits a resonance
frequency, which is a function of the magnetic field strength and is approximately 42.85

MHz per Tesla.

[0003] The magnetic properties of the hydrogen atom are exploited in Magnetic
Resonance Imaging (MRI) to generate an image of the interior of a human body. MRI
images the interior of the body by measuring the hydrogen atom density at different
positions inside the body. Because different tissues in the body have different hydrogen
atom densities, MRI is able to translate the hydrogen atom density measurement into an

image of the body.
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[0004] MRI is used in a medical imaging technique called Magnetic Resonance
Elastography (MRE) to image the relative stiffness of different regions inside the body.
MRE stems from the importance of palpation in the diagnosis of certain cancers and
tumors. Physicians typically use palpation to detect a tumor in the body by assessing the

difference in stiffness between the tumor and the surrounding healthy tissue.

[0005] To image the relative stiffness of different regions inside a human body
using MRE, an acoustic wave is applied to the body. The acoustic wave generates shear
waves that propagate through the body. MRI is used to image the shear waves as they
propagate through the body. The wavelength of the shear waves depends upon the
stiffness of the body tissue through which they propagate. The wavelength is shorter in
softer, more easily deformed, body tissue and is longer in harder body tissue. Several
MRI images of the shear waves are taken at different acquisition times. The MRI wave
images are then processed to generate an elastograph, which provides an image of the
relativé stiffness of different regions inside the body. The elastograph provides high
contrast between soft and hard body tissue. This may be especially useful for the

detection of tumors, which tend to be stiffer than the surrounding tissue.

[0006] Despite the advances in medical technology, further improvements in

imaging tissues within the human body are required.

SUMMARY OF THE INVENTION

[0007] The present invention relates to systems and methods for generating an

MRI image, such as an elastograph, of a region in a body using an acoustic transducer.
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[0008] In a system built in accordance with the invention, a catheter comprises a
flexible elongated member adapted to be inserted into a blood vessel. Alternatively, the
catheter can be adapted for insertion into openings in the body, including those made by
laparoscopic surgery. In this alternate configuration, the catheter is intended to image
body tissue besides blood vessels. The catheter further comprises at least one acoustic
transducer positioned near a distal end of the elongated member, and at least one RF coil
positioned adjacent to the acoustic transducer. The catheter may be used in conjunction
with a MRI system, such as that in FIG. 1, to produce an elastograph of the blood vessel or
other body tissue near the blood vessel. In order to produce the elastograph, the elongated
member of the catheter is inserted into the blood vessel of a patient. The acoustic
transducer of the catheter is positioned at a desired region in the blood vessel. Also, the
patient is placed within the magnet of the MRI system so that the blood vessel is
positioned within the magnet of the MRI system. The acoustic transducer emits acoustic
waves in the blood vessel, which may produce shear waves that propagate through the
blood vessel and the surrounding tissue. MRI images of these shear waves propagating
through the blood vessel and the surrounding tissue are then taken. To take these MRI
images, the RF body coil(s) of the MRI system transmits magnetic pulses to cause the
blood vessel and the surrounding tissue to emit RF signals. The RF coil of the catheter
detects the emitted RF signals, and outputs the detected RF signals to an MRI receiver.
The MRI receiver processes the detected RF signals to generate MRI images of the shear
waves propagating through the blood vessel and the surrounding tissue. For example,
several MRI images of the shear waves may be taken at different acquisition or sampling

times. The MRI wave images are processed by the MRI receiver to produce an
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elastograph, which, as desired, may illustrate the relative stiffness of the blood vessel and

the surrounding tissue.

[0009]  Inanother embodiment, the acoustic transducer and RF coil are placed on a
needle instead of the catheter. The needle according to this embodiment may be inserted
into a region of the body, such as the liver or the brain, to generate an elastograph of the

region.

[0010] Other systems, methods, features and advantages of the invention will be or
will become apparent to one with skill in the art upon examination of the following figures
and detailed description. It is intended that all such additional systems, methods, features
and advantages be included within this description,‘ be within the scope of the invention,

and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The components in the figures are not necessarily to scale, emphasis
instead being placed upon illustrating the principles of the invention. Moreover, in the

figures, like reference numerals designate corresponding parts throughout the different

views.

[0012] FIG. 1 illustrates a Magnetic Resonance Imaging (MRI) system of the prior
art.

[0013] FIG. 2 is a perspective view of an example embodiment of a catheter for
use with a MRI system.
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[0014] FIG. 3 is a cross-sectional view of an example embodiment of an acoustic

transducer for a catheter for use with an MRI system.

[0015] FIG. 4 is a block diagram illustrating external systems coupled to an
acoustic transducer and a Radio Frequency (RF) coil of the catheter for use with an MRI

system.

[0016] FIG. 5 is a perspective view of an example embodiment of an opposed

solenoid RF coil for a catheter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] FIG. 1 shows an overview of a conventional MRI system 10 comprising a
magnet 15, gradient coils 20, and a Radio Frequency (RF) body coil 25. The magnet 15 is
typically made of a super-conducting material having a magnetic field strength of about
1.5 Tesla. The MRI system 10 further comprises gradient amplifiers 30, an RF coil
amplifier 35, a computer 40 for controlling the MRI system 10, and a display 45 for

displaying MRI images.

[0018] The gradient amplifiers 30 are coupled between the computer 40 and the
gradient coils 20, and are used to amplify control signals from the computer 40 to the
gradient coils 25. The RF coil amplifiers 35 are coupled between the computer 40 and the
RF body coil 25, and are used to amplify signals from the computer 40 to the RF body coil

20.

[0019] To image inside a human body using the MRI system 10, a patient 50 is

placed on a table 55, which can slide to a position within the magnet 15 and the RF body



10

15

20

WO 03/028800 PCT/US02/30346

coil 25. The MRI system 10 is capable of imaging a volume of the patient’s body located
within the magnet 15 and the RF body coil 25. The gradient coils 20 apply a linear
magnetic field gradient to the magnetic field of the magnet 15. The computer 40 controls
the slope and/or direction of the magnetic field gradient applied by the gradient coils 20.
The magnetic field gradient causes hydrogen atoms at different positions inside the human
body to exhibit slightly different resonance frequencies. The computer 40 then transmits a
pulse signal to the RF body coil 25 via the RF coil amplifiers 35. The pulse signal causes
the RF body coil 25 to transmit a magnetic pulse through the body in a direction that
rotates the magnetic moment vectors of the hydrogen atoms away from the magnetic field

of the magnet 15, thereby exciting the hydrogen atoms to a higher energy state.

[0020] When the magnetic pulse ceases, the hydrogen atoms relax back to a lower
energy state in a process called Free Induction Decay (FID). During FID, the hydrogen
atoms emit RF signals at their resonance frequencies. Due to the applied magnetic field
gradient of the gradient coils 20, the hydrogen atoms at different positions inside the body
emit RF signals at slightly different resonance frequencies. The RF body coil 25 detects
the emitted RF signals, and outputs the detected RF signals to the computer 40. The
computer 40 processes the detected RF signals to generate an image of the interior of the
body, which is displayed on the display 45. Thf; computer 40 is able to determine at which
position each detected RF signal was emitted by correlating the resonance frequency of the
RF signal with information about the applied magnetic field gradient. The MRI system 10
typically takes several measurements at different magnetic field gradients to generate an

MRI image.
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[0021] To better image a localized region of a human body, a small surface RF coil
(not illustrated) may be used in conjunction with the MRI system 10 in FIG. 1. In this
arrangement, the small surface RF coil is positioned near a localized region of the human
body. The RF body coil 25 then transmits a magnetic pulse through the localized region
of the body to cause the localized region to emit RF signals. The RF body coil 25 may
also have the ability to receive RF signals if desired. The small surface RF coil detects the
emitted RF signals within the localized region. An advantage of using a small surface RF

coil to detect the emitted RF signals is that it typically has a better Signal-to-Noise Ratio

(SNR) than the RF body coil 25.

[0022] FIG. 2 shows a perspective view of an example embodiment of a catheter
210 for use with a MRI system. The catheter 210 comprises a flexible elongated member
215. The elongated member 215 is preferably made of a flexible material including, but
not limited to, nylon, polyurethane, polyethylene, and the like. The elongated member
215 may be 100 centimeters or more in length and has an elongated lumen 220 running
longitudinally therethrough. A guide wire 217 is provided for guiding the catheter 210
along the path of a blood vessel. The guide wire 217 may be coupled to the distal end of

the elongated member 215, or run through the elongated lumen 220, or another lumen.

[0023] The catheter 210 also comprises an acoustic transducer 225, e.g., an
ultrasound lfransducer, located near the distal end of the elongated member 215 for
transmitting acoustic waves. A polymer (not shown) is preferably coated on the acoustic
transducer 225 to provide an acoustic matching layer between the transducer 225 and
fluids in the body such as in a blood vessel. The catheter 210 further comprises a Radio

Frequency (RF) coil 230, preferably wound around the elongated member 215 and
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adjacent to the acoustic transducer 225. The RF coil 230 may be made of copper wiring,
for example. In addition, the RF coil 265 may be covered by a protective coating (not
shown), such as a polymer used to coat the transducer 225. Leads 255, 260, 265, 270, or
coaxial cable, are provided to run through the elongated member lumen 220. Each end of
the RF coil 230 is coupled to one of the leads or coaxial cable. Of course, individual
aspects of the catheter 210 can be altered as desired. Features known in the art can
certainly be added without departing from the scope of the invention. For example, the
catheter can have a single lumen or multiple lumens, an inflatable balloon or other device
coupled to the catheter, a single transducer or multiple transducers, or a rotating or fixed
transducer 225. The catheter can have its leads embedded within the catheter walls, or

disposed within a separate lumen.

[0024] FIG. 3 shows a cross-sectional view of an example embodiment of the
acoustic transducer 225 taken along a plane perpendicular to the axis of the elongated
member 215. In this example embodiment, the acoustic transducer 225 comprises an inner
cylindrical conductive layer 245 surrounding the elongated member 215, a piezoelectric
crystal layer 240 surrounding the inner conductive layer 245, and an outer cylindrical
conductive layer 235 surrounding the piezoelectric crystal layer 240. The inner and outer
conductive layers 245, 235 may each be a few microns thick, e.g., 2 microns, and may
each be made of aluminum. The inner and outer conductive layer 245, 235 are each
coupled to a lead 260, 255, respectively, or to a coaxial cable running through the
elongated member lumen 220. The construction of the above-described acoustic
transducer 225 is well known in the art and is typically used to construct ultrasound

transducers for passivating plaque in blood vessels and facilitating the diffusion of
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medication into blood vessels. Such ultrasound transducers may also be used in balloon
angioplasty to clear obstructions in blood vessels. Of course, other types of transducers
may be used, such as those made with a capacitor, magnetic induction coil, or opto-

acoustic device, as is well known in the art.

[0025] FIG. 4 is a block diagram illustrating examples of external systems which
may be coupled to the acoustic transducer 225 and the RF coil 230. The acoustic
transducer 230 is coupled to a transmitter 410 and a low pass filter 420 via leads 255,260.
The transmitter 410 transmits a pulsating excite signal to the acoustic transducer 225
through the low pass filter 420. The low pass filter 420 is constructed to pass signals
within a frequency range of the excite signal. The excite signal from the transmitter 410
modulates the thickness of the piezoelectric crystal layer 240 causing the acoustic
transducer 225 to emit acoustic wavé. Typically, the thickness of the piezoelectric crystal
layer 240 and the frequency of the excite signal are chosen to achieve a desired acoustic
frequency of the acoustic wave. The acoustic frequency of the wave may be changed as

desired.

[0026] The RF coil 230 is coupled to an MRI receiver 430 and a high pass filter
440 via leads 265, 270. The RF coil 230 detects RF signals in the vicinity of the acoustic
transducer 225. The detected RF signals are outputted to the MRI receiver 430 through
the high pass filter 440. The high pass filter 440 is constructed to pass signals above a
frequency of, for example, a few tens of megahertz, e.g., 64 MHz, to the MRI receiver
430. The MRI system uses the detected RF signals to generate an MRI image of a region

surrounding the acoustic transducer 225.
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[0027] The catheter 210 may be used in conjunction with a MRI system such as
MRI system 10 in FIG. 1 to produce an elastograph of a blood vessel, or of nearby tissues.
In such a method, tile elongated member 215 of the catheter 210 is inserted into the blood
vessel of a patient. The acoustic transducer 225 is then positioned at a desired region in
the blood vessel. Also, the patient is placed within the magnet 15 of the MRI system 10
such that the blood vessel is positioned within the magnet 15 of the MRI system 10. The
transmitter 410 transmits an excite signal to the acoustic transducer 225 which causes the
acoustic transducer 225 to emit acoustic waves of a predetermined frequency in the blood
vessel. The acoustic waves may have a frequency of, for example, a few tens of kilohertz,
e.g., 20 kHz. The acoustic waves may produce shear waves that propagate through the
blood vessel and the surrounding tissue. Alternatively, the catheter can be adapted for
insertion into openings in the body, including natural openings and those made by
laparoscopic surgery. In this alternate configuration, the catheter is intended to image

body tissue besides blood vessels.

[0028] The RF body coil 25 of the MRI system 10 transmits magnetic pulses to the
human body in order to cause the blood vessel and the surrounding tissue to emit RF
signals. The RF coil 230 of the catheter 210 detects the emitted RF signals, and outputs
the detected RF signals to the MRI receiver 430. The MRI receiver 430 processes the
detected RF signals to generate an MRI image of the shear waves propagating through the
blood vessel and/or the surrounding tissue. Several MRI images of the shear waves may
be taken at different acquisition or sampling times. The MRI wave images are processed
by the MRI receiver 430 to generate an elastograph showing, for example, the relative

stiffness of the blood vessel and the surrounding tissue.

10



10

15

20

WO 03/028800 PCT/US02/30346
[0029] The resulting elastograph may be useful for the detection of atherosclerosis
plaque in the blood vessel. Atherosclerosis plaque is characterized by an atheroma with a
large lipid pool covered by a thin fibrous cap. Because atherosclerosis plaque tends to be
softer than the surrounding blood vessel wall, the elastograph can provide a sharp contrast
between the atherosclerosis plaque and the blood vessel wall, and thereby enhanced

detection of the atherosclerosis plaque.

[0030] FIG. 5 shows an example embodiment of an opposed solenoid RF coil 505
for a catheter. The opposed solenoid RF coil 505 comprises a first coil 510 wound around
the elongated member 215 in one direction and a second coil 520 wound around the
elongated member 215 in the opposite direction. For example, if the first coil 510 is
wound in a left-hand direction, then the second coil 520 is wound in a right-hand direction,
or vice versa. In this particular example, the first and second coils 510, 520 are spaced
apart so that the acoustic transducer 225 can be placed between the first and second coils
510, 520 on the elongated member 215. For ease of illustration, the acoustic transducer
225 is not shown in FIG 5, although it is to be understood that the acoustic transducer 225

is located between the first and second coils 510, 520.

[0031] One end of the first coil 510 is coupled to a lead 530 or coaxial cable
running through the elongated member lumen 220. The other end of the first coil 510 is
coupled to the second coil 520. The connection between the two coils, preferably, runs
through the elongated member lumen 220 in order to avoid contact with the inner
conductive layer 245 of the acoustic transducer 225 (not shown in FIG. 5). The other end
of the second coil 520 is coupled to a lead 535 or coaxial cable running through the

elongated member lumen 220.

11
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[0032] The opposed solenoid RF coil 505 is sensitive to RF signals in the region
between the first and second coils 510, 520, where the acoustic transducer 225 is located.
Therefore, the opposed solenoid RF coil 505 may be used to provide enhanced detection

of RF signals in the vicinity of the acoustic transducer 225.

[0033] In another embodiment, the acoustic transducer 225 and RF coil 230 may
be placed on a needle instead of the elongated member 215 of the catheter 210. The
needle may be hollow for running leads therethrough to couple the transducer 225 and the
RF coil 230 to external systems. The needle according to this embodiment may be
inserted into a region of the body, such as the liver or the brain, to provide an elastograph
of the region. This may be useful for the detection of tumors, which tend to be stiffer than

the surrounding tissue.

[0034] While various embodiments of tﬁe application have been described, it will
be apparent to those of ordinary skill in the art that many embodiments and
implementations are possible that are within the scope of the present invention. For
example, those skilled in the art will appreciate that a plurality of acoustic transducers may
be placed on the elongated member 215 of the catheter 210 in order to vary the acoustical
wave pattern emitted from the catheter 210. As another example, the plurality of acoustic
transducers may be used in a focused or a phase array. Therefore, the invention is not to
be restricted or limited except in accordance with the following claims and their

equivalents.

12
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CLAIMS
WHAT IS CLAIMED IS:
1. A catheter adapted to be inserted into a human body, comprising:
an elongated member;
5 an acoustic transducer coupled to the elongated member; and

a Radio Frequency (RF) signal detector on the elongated member adjacent

to the acoustic transducer. ’

2. The catheter of claim 1, wherein the acoustic transducer comprises a

piezoelectric crystal.

10 3. The catheter of claim 1, wherein the acoustic transducer comprises:
an inner cylindrical conductive layer surrounding the elongated member;
a piezoelectric crystal layer surrounding at least part of the inner cylindrical
conductive layer; and

an outer cylindrical conductive layer surrounding the piezoelectric crystal.

15 4. The catheter of claim 1, wherein the RF signal detector comprises an RF

coil.

5. The catheter of claim 4, wherein the acoustic transducer comprises a

piezoelectric crystal.

6. The catheter of claim 4, wherein the RF coil is wound around the elongated

20 member.

13
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7. The catheter of claim 1, wherein the elongated member has an elongated
lumen running longitudinally therethrough.
8. The catheter of claim 7, wherein the RF signal detector comprises an RF

coil and the catheter further comprises two leads running through the elongated lumen,

each lead being coupled to one end of the RF coil.

9. The catheter of claim 1, wherein the RF signal detector further comprises:
a first RF coil wound in a first direction; and
a second RF coil coupled to the first RF coil and wound in a second

direction opposite of the first direction.

10.  The catheter of claim 9, wherein the acoustic transducer is positioned

between the first RF coil and the second RF coil.

11.  The catheter of claim 1, wherein the RF signal detector is coupled to a

Magnetic Resonance Imaging (MRI) receiver.

12. The catheter of claim 1, wherein the acoustic transducer is mounted to the

elongated member.

13.  The catheter of claim 1, wherein the acoustic transducer is rotatably

coupled to the elongated member.
14.  The catheter of claim 12, further comprising a second acoustic transducer.

15.  The catheter of claim 7, further comprising a guide wire running through

the elongated lumen.

14
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16.  The catheter of claim 7, further comprising a second lumen running

through the elongated member.

17. A medical probe, comprising:
a needle adapted to be inserted into a body;
5 an acoustic transducer coupled to the needle; and
a Radio Frequency (RF) signal detector coupled to the needle adjacent to

the acoustic transducer.

18.  The medical probe of claim 17, wherein the acoustic transducer comprises

a piezoelectric crystal.

10 19.  The medical probe of claim 17, wherein the acoustic transducer comprises:
an inner cylindrical conductive layer surrounding the needle;
a piezoelectric crystal layer surrounding at least a part of the inner
cylindrical conductive layer; and

an outer cylindrical conductive layer surrounding the piezoelectric crystal.

15 20.  The medical probe of claim 17, wherein the RF signal detector comprises
an RF coil.
21.  The medical probe of claim 20, wherein the acoustic transducer comprises

a piezoelectric crystal.

22.  The medical probe of claim 20, wherein the RF coil is wound around the

20 needle.

15
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23.  The medical probe of claim 17, wherein the RF signal detector further
comprises:
a first RF coil wound around the needle in a first direction; and
a second RF coil coupled to the first RF coil and wound around the needle

in a second direction opposite to the first direction.

24.  The medical probe of claim 23, wherein the acoustic transducer is

positioned between the first RF coil and the second RF coil.

25.  The medical probe of claim 17, wherein the RF signal detector is coupled

to a Magnetic Resonance Imaging (MRI) receiver.

26.  The medical probe of claim 17, wherein the acoustic transducer is mounted

to the needle.

27.  The medical probe of claim 17, wherein the acoustic transducer is rotatably

coupled to the needle.

28.  The medical probe of claim 17, further comprising a second acoustic

transducer.

29.  The medical probe of claim 17, further comprising elongated lumen

running through the needle.

30. A method for producing an elastograph of a region inside a body,
comprising:

(a) transmitting acoustic waves to the region;

16
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(b)  allowing the transmitted acoustic waves to propagate through the
region;

(c) detecting RF signals emitted from the region using an RF signal
detector located inside the region;

(d  using Magnetic Resonance Imaging (MRI) and processing the

detected RF signals to generate an image of the acoustic waves propagating through the

region;
(e) repeating at least steps (c) and (d) to generate a second image; and
® processing the generated images to produce an elastograph of the
region.
31. The method of claim 30, wherein the acoustic waves are transmitted from

an acoustic transducer located inside the region.

32.  The method of claim 30, wherein the RF signal detector comprises an RF

coil.

33.  The method of claim 30, further comprising the steps of:
applying a magnetic field gradient to the region; and
transmitting magnetic pulses to the region to cause the emissions of RF

signals from the region.

34,  The method of claim 30, wherein the acoustic waves have a frequency of

approximately 20 kHz.

17



10

15

20

WO 03/028800 PCT/US02/30346

35.  The method of claim 30, wherein the detected RF signals have a frequency

of approximately 64 MHz.
36.  The method of claim 30, wherein the region is a blood vessel.

37.  The method of claim 30, wherein the region is a naturally occurring

opening in the human body.

38.  The method of claim 30, wherein the region is an opening that was created

by surgery in the human body.

39.  The method of claim 30, wherein the RF signal detector of step (c)
comprises a first RF coil wound around the needle in a first direction and a second RF coil
coupled to the first RF coil and wound around the needle in a second direction opposite to

the first direction.

40.  The method of claim 30, wherein step (a) is performed by an acoustic

transducer.

41.  The method of claim 39, wherein step (a) is performed by an acoustic

transducer.

42.  The method of claim 41, wherein the acoustic transducer is positioned

between the first RF coil and the second RF coil.

43. A method for producing an elastograph of a region inside a body,
comprising:

transmitting acoustic waves from an acoustic transducer located inside the

18
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region;
generating at least two Magnetic Resonance Imaging (MRI) images of the
acoustic waves propagating through the region; and

processing the generated images to produce an elastograph of the region.

44.  The method of claim 43, wherein the region is a blood vessel and the

acoustic transducer is coupled to a catheter located inside the blood vessel.

45.  The method of claim 44, wherein the acoustic transducer comprises a

piezoelectric crystal.

46.  The method of claim 43 further comprising the step of detecting RF signals

emitted from the region.

47.  The method of claim 46, wherein the step of detecting RF signals uses a RF

signal detector.

48. The method of claim 47, wherein the RF signal detector comprises a first
RF coil wound around the needle in a first direction and a second RF coil coupled to the
first RF coil and wound around the needle in a second direction opposite to the first

direction.

49.  The catheter of claim 1, wherein the acoustic transducer comprises a

capacitor.

50. The catheter of claim 1, wherein the acoustic transducer comprises a

magnetic coil.

19
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51.  The catheter of claim 1, wherein the acoustic transducer comprises an opto-

acoustic device.

52.  The method of claim 44, wherein the acoustic transducer comprises a

capacitor.

53.  The method of claim 44, wherein the acoustic transducer comprises a

magnetic coil.

54.  The method of claim 44, wherein the acoustic transducer comprises an

opto-acoustic device.

20
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