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1
OPTICAL MRI CATHETER SYSTEM

FIELD OF THE INVENTION

An invasive apparatus for receiving a magnetic resonance
signal from within a body and providing means for trans-
mitting the signal to the received signal input channel of
standard magnetic resonance systems.

BACKGROUND OF THE INVENTION

Magnetic resonance imaging (“MRI”) has been devel-
oped as an imaging technique adapted to obtain both images
of anatomical features of human patients as well as some
aspects of the functional activities and characteristics of
biological tissue. These images and/or functional and/or
chemical measurements have medical diagnostic value in
determining the state of the health of the tissue examined.

In an MRI process, a patient is typically aligned to place
the portion of the patient’s anatomy to be examined in the
imaging volume of the MRI apparatus. Such an MRI appa-
ratus typically comprises a primary magnet for supplying a
constant magnetic field (B,) which, by convention, is along
the z-axis and is substantially homogeneous over the imag-
ing volume and secondary magnets that can provide linear
magnetic field gradients along each of three principal Car-
tesian axes in space (generally x, y, and z, or X;, X, and X,
respectively). A magnetic field gradient (ABy/Ax;) refers to
the variation of the field along the direction parallel to B,
with respect to each of the three principal Cartesian axes, X;.
The apparatus also comprises one or more RF (radio
frequency) coils which provide excitation and detection of
the MRI signal. Additionally or alternatively, detection coils
may be designed into the distal end of a catheter to be
inserted into a patient. When such catheters are employed,
their proximal ends are connected to the received signal
input channel of the magnetic resonance imaging device.
The detected signal is transmitted along the length of the
catheter from the receiving antenna and/or receiving coil in
the distal end to the MRI input channel connected at the
proximal end.

The insertion of metallic wires into a body, e.g. catheters
and guidewires, while in a magnetic resonance imaging
environment, poses potentially deadly hazards to the patient
through excessive heating of the wires, e.g. in excess of 74°
C. in some studies. M. K. Konings, et. al, in “Catheters and
Guidewires in Interventional MRI: Problems and
Solutions”, MEDICA MUNDI 45/1 March 2001, list three
ways in which conductors may heat up in such environ-
ments: 1) eddy currents, 2) induction loops, and 3) resonat-
ing RF transverse electromagnetic (TEM) waves along the
length of the conductors. They write: “Because of the risks
associated with metal guidewires, and catheters with metal
conductors, in the MRI environment, there is an urgent need
for a non-metallic substitute, both for guidewires and for
signal transfer.” They further propose the use of “ . . . a
full-glass guidewire with a protective polymer coating . ...~

The tracking and placement of a catheter within a body is
an important aspect of using catheters in magnetic resonance
imaging procedures. Considering the dangers inherent in the
use of metallic wires in the magnetic resonance imaging
environment, as mentioned above, M. K. Konings, et. al., in
their paper “Development of an MR-Safe Tracking Catheter
With a Laser-Driven Tip Coil” describe the design of a
tracking catheter “ . using an optical fiber with a
light-diffusing tip segment to transport laser energy through
the catheter. This energy is converted to a DC current
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running through a small coil at the catheter tip. Our method
is inherently MR-safe since the use of long conducting wires
is avoided.”

From the paper “An Optical System for Wireless Detun-
ing of Parallel Resonant Circuits” by E. Y. Wong, et. al., in
the Journal of Magnetic Resonance Imaging 12:632—638
(2000), it is pointed out that typically when a catheter coil
is used in magnetic resonance imaging, it iS necessary to
detune the coil away from the frequency of the magnetic
resonance imaging system during the transmission of the
magnetic resonance imaging pulse sequence. The authors
write “In all MRI experiments in which local coils are used
for signal reception, coil detuning is necessary during trans-
mission to prevent high voltages from being induced in the
receiver coil and other electronic components including the
receiver preamplifier. The potentially high voltages and
currents, as well as the induced electric fields, pose a safety
hazard for the patient, . . ., and disrupt the desired uniform
excitation field generation required for excitation; this may
lead to particular localized effects in interventional or intra-
vascular MR imaging in which small coils are used.” This
paper further describes the use of a complex design con-
sisting of fiber optic cable and photoresistors to overcome
these problems.

By providing a catheter with an MR receiving coil or
antenna in the distal end, the coil or antenna can be placed
closer to the tissue which is to be imaged or analyzed. Thus
the detected signal is less susceptible to radio frequency
noise. Additionally, the level of detail that can be resolved
(the resolution of the image, spectrum, or other data
obtained) is increased by the use of catheter coils.

Thus, it is desirable to provide an apparatus such as a
catheter which can be used with a magnetic resonance
system for insertion and positioning of an magnetic reso-
nance receiver coil or antenna within a body which is not
susceptible to the heating, noise pickup, electrostatic buildup
and/or other hazards associated with the use of conductors in
a magnetic resonance environment.

SUMMARY OF THE INVENTION

In accordance with this invention, there is provided an
apparatus for use in a magnetic resonance environment,
comprised of a fiber optic cable assembly comprised of a
distal end with detection coils or antenna with signal trans-
ductance means and comprised of a proximal end with an
adaptor component with signal transductance means suitable
for connection to a standard receiver input channel of a
magnetic resonance system.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described by reference to the
following drawings, in which like numerals refer to like
elements, and in which:

FIG. 1 is a block diagram of one preferred apparatus of the
invention,

FIG. 2 is a block diagram of the Optical Interface com-
ponent of the device of FIG. 1,

FIG. 3 is a block diagram of another Optical Interface
component,

FIGS. 4 through 7 are component diagrams of the distal
end of the catheter used in the device of FIG. 1; and

FIG. 8Ais a block diagram of another design of the distal
end of the catheter used in the device of FIG. 1,

FIG. 8B is a schematic of the electronic components of
the distal end,
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FIG. 8C is a block diagram of the Optical Interface
wherein the catheter comprises a single optic strand.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In one embodiment, the apparatus of this patent applica-
tion comprises the structure shown in FIG. 1. Referring to
FIG. 1, a standard magnetic resonance system 10 (e.g. the
GE Signa Infinity 1.5 Tesla system, or Siemens Symphony
1.5 Tesla system) comprises means for generating and
controlling magnetic fields 18, which may comprise elec-
tromagnets and/or permanent magnets, a programmable
logic unit 20, a receiver input channel 22 and a command/
gating output channel 32. The receiver input channel 22 is
used to pass the detected signals to the programmable logic
unit for image reconstruction. The command/gating output
channel 32 is used to provide at minimum gating signals
synchronized to the application of the gradient magnetic
fields of the magnetic resonance system 10.

Continuing to refer to FIG. 1, and to the embodiment
depicted therein, an optical interface assembly 34 is con-
nected to the receiver input channel 22 and to the command/
gating output channel 32 of the magnetic resonance system
10. The optical interface assembly 34 converts the electrical
command/gating signals of the magnetic resonance system
10 issued through the command/gating output channel 32
into optical signals and transmits these optical signals
through the catheter assembly 12. The optical interface
assembly 34 also converts the optical signals received from
the catheter 12 into electrical signals suitable for the mag-
netic resonance system’s 10 receiver input channel 22.

Continuing to refer to FIG. 1, the optical interface assem-
bly 34 is connected to the catheter assembly 12 through
optical connector assembly 36 within the optical interface
assembly 34 and optical connector assembly 24 in the
proximal end 14 of the catheter assembly 12. Optical con-
nectors are well known to those skilled in the arts. Reference
may be had, e.g., to US. Pat. No. 6,149,313 (Gender
selectable fiber optic connector and associated fabrication
method ), which discloses “A gender selectable fiber optic
connector is provided which can be readily converted
between male and female configurations following assembly
and polishing of the connector.” U.S. Pat. No. 5,619,605
(Optical connector) discloses “A novel optical connector
that includes the following: an optical connector ferrule
which is capable of fixing optical fibers; optical fibers fixed
onto the optical connector ferrule, such that the end surfaces
of the optical fibers project beyond an end surface of the
optical connector ferrule; an adhesive for fixing the optical
fibers onto the optical connector ferrule; and a member
whose Young’s Modulus is less than that of the optical fiber
and is provided to an area on the end surface of the optical
connector ferrule surrounding, at a minimum, the projected
portions of the optical fibers.” Further reference may be had
to U.S. Pat. No. 4,934,785 (Optical fiber connector), U.S.
Pat. No. 5,963,690 (Optical fiber connector), U.S. Pat. No.
6,367,984 (Optical fiber adapter), U.S. Pat. No. 6,179,482
(Optical connector and housing for optical connector), U.S.
Pat. No. 5,590,227 (Optical connector apparatus), U.S. Pat.
No. 5,214,730 (Multifiber optical connector plug with low
reflection and low insertion loss). The entire disclosure of
each of these United States patents is hereby incorporated by
reference into this specification.

Referring again to FIG. 1, the optical connector assembles
36, 24 may be so constructed as to allow the catheter
assembly 12 to be detached from the optical interface
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assembly 34. Reference may be made to U.S. Pat. No.
5,631,988 (Parallel optical interconnect) which discloses
“An optical interconnect is disclosed that couples multiple
optical fibers to an array of optoelectronic devices. The
interconnect includes a multiple optical fiber connector and
an optoelectronic board. The multiple fiber connector can be
mechanically attached to or detached from the board.” U.S.
Pat. No. 4,804,244 (Connector for optical fiber) discloses
“An optical fiber connector in which an optical fiber and an
optical conversion element are detachably coupled together,
and optical fibers are mutually coupled together.” The entire
disclosure of each of these United States patents is hereby
incorporated by reference into this specification.

Continuing to refer to FIG. 1, the optical connectors 24
are fabricated to one end of the fiber optic cable assembly
26. The fiber optical cable assembly 26 may comprise one or
more fiber optical strands suitable for transmitting optical
signals from the distal end 16 of the catheter assembly 12 to
the proximal end 14 of the catheter assembly 12. Such fiber
optic cable assembly 26 is typical of prior art optical cable
assemblies. Reference may be had, e.g., to U.S. Pat. No.
4,784,461 (optical cable with improved strength), U.S. Pat.
No. 6,259,843 (optical cable), U.S. Pat. No. 5,611,016
(dispersion balanced optical cable), U.S. Pat. No. 4,911,525
(optical communications cable), U.S. Pat. No. 4,798,443
(optical cable), U.S. Pat. No. 5,634,720 (multi-purpose
multi-parameter cardiac catheter), and the like. The entire
disclosure of each of these United States patents is hereby
incorporated by reference into this specification.

Additionally, fiber optic cable assembly 26 may comprise
one or more lumens (not shown) suitable for the transport of
a gas, e.g., air, or a liquid, e.g., a soluble drug in a saline or
other solution, through the length of the catheter assembly
12. Additionally, said lumens (not shown), may allow a
flexible solid material, e.g. a flexible plastic rod, to be
maneuvered through the length of the catheter assembly 12.
Such lumens (not shown) are well known to those skilled in
the arts of catheter assemblies and are typically used to
extend or retract position stabilizing balloons (not shown) or
other position stabilizing means built into the catheter
assembly 12. Additionally, said lumens (not shown) are used
for performing biopsies, delivering stunts, delivering drugs,
and/or for other therapeutic purpose and/or medical proce-
dures. Such lumens may be made from nonconductive,
nonmagnetic material, e.g. plastics, or silicon dioxide, etc.
Reference to such catheter assemblies may be made to
International patent publication PCT WO 01/74241 A2
(Systems And Methods For Evaluating The Urethra And The
Periurethral Tissues), U.S. Pat. No. 6,056,721 (Balloon
catheter and method), U.S. Pat. No. 5,575,772 (Albation
catheters), U.S. Pat. No. 6,146,415 (Stent delivery system),
and the like. The entire disclosure of each of these United
States patents is hereby incorporated by reference into this
specification.

Continuing to refer to FIG. 1 and the embodiment
depicted therein, the fiber optical cable assembly 26 is
connected to an electronic assembly 28 within the distal end
16 of the catheter assembly 12. The electronic assembly 28
provides the means for converting the electrical signal
received by the pickup coil(s) 30 into an optical signal and
to transmit said optical signal through the fiber optic cable
assembly 26 to the proximal end 14 of the catheter assembly
12. Additionally, electronic assembly 28 may receive opti-
cally encoded command/gating signals which originate as
electrical signals from the magnetic resonance system’s 10
command/gating output channel 32, which are converted to
optical command/gating signals in the optical interface 34.


















