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Description

Background of the Invention

Field of the Invention

[0001] This invention relates to the field of radio fre-
quency antennas. More particularly to the use of radio
frequency antennas as guidewires used in vivo in con-
junction with magnetic resonance imaging techniques.

Description of Related Art

[0002] Magnetic resonance imaging (MRI) is a well
known, highly useful technique for imaging matter. It has
particular use with imaging the human body or other bi-
ological tissue without invasive procedures or exposure
to the harmful radiation or chemicals present with x-rays
or CT scans. MRI uses changes in the angular momen-
tum or "spin" of atomic nuclei of certain elements to show
locations of those elements within matter. In an MRI pro-
cedure, a subject is usually inserted into an imaging ma-
chine that contains a large static magnetic field generally
on the order of 0.2 to 4 Tesla although machines with
higher strength fields are being developed and used. This
static magnetic field tends to cause the vector of the mag-
netization of the atomic nuclei placed therein to align with
the magnetic field. The subject is then exposed to pulses
of radio frequency (RF) energy in the form of a second,
oscillating, RF magnetic field having a particular frequen-
cyreferredtointhe artas aresonantor Larmor frequency.
This frequency is equal to the rate that the spins rotate
or precess.

[0003] This second field is generally oriented so that
its magnetic field is oriented in the transverse plane to
that of the static magnetic field and is generally signifi-
cantly smaller. The second field pulls the net magnetism
of the atomic nuclei off the axis of the original magnetic
field. As the second magnetic field pulses, it pulls the
spins off axis. Whenitis turned off, the spins "relax" back
to their position relative to the initial magnetic field. The
rate at which the spins relax is dependent on the molec-
ular level environment. During the relaxation step, the
precessing magnetization atthe Larmorfrequency induc-
es a signal voltage that can be detected by antennas
tuned to that frequency. The magnetic resonance signal
persists for the time it takes for the spin to relax. Since
different tissues have different molecular level environ-
ments, the differences in relaxation times provides a
mechanism for tissue contrast in MRI.

[0004] In order to image the magnetic resonance sig-
nalitis necessary to encode the locations of the resonant
spins. This is performed by applying pulse of gradient
magnetic fields to the main magnetic field in each of the
three dimensions. By creating this field, the location of
resonant nuclei can be determined because the nuclei
will resonate at a different Larmor frequency since the
magnetic field they experience differs from their neigh-
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bors. The magnetic resonance (MR) image is a repre-
sentation of the magnetic resonance signal on a display
in two or three dimensions. This display usually compris-
es slices taken on an axis of interest in the subject, or
slices in any dimension or combination of dimensions,
three-dimensional renderings including computer gener-
ated three-dimensional "blow-ups" of two-dimensional
slices, or any combination of the previous, but can com-
prise any display known to the art.

[0005] MR signals are very weak and therefore the an-
tenna’s ability to detect them depends on both its size
and its proximity to the source of those signals. In order
to improve the signal of an MRI, the antenna may be
placed near or inside the subject to be imaged. Such
improvements can enable valuable increases in resolu-
tion sensitivity and reduction of scan time. It may be de-
sirable to have evidence of the MRI antenna itself on the
MRI to allow the individual inserting the MRI antenna to
direct where it is going and to maneuver it with aid from
the MR image. Such a benefit could be useful in medical
procedures where MRI is used simultaneously to track
the position of an intraluminal device and to evaluate the
structures surrounding the lumen. For example, an intra-
vascular catheter could be directed through a vessel us-
ing MRI to reach a targeted area of the vessel, and the
MRI apparatus could further be used to delineate the
intravascular anatomy or nearby tissue to determine
whether a particular therapeutic intervention would be
required. Using MRI to guide the catheter and using MRI
further to map out the relevant anatomy could comple-
ment conventional angiographic imaging technology
within an interventional radiology or cardiology or mini-
mally invasive imaging suite. Once the catheter is direct-
ed to the desired anatomic target under MR guidance,
and once the topography or other relevant anatomy of
the target lesion is depicted using MR, the clinician can
make decisions about what type of intervention would be
indicated, if any, and where the intervention should be
delivered.

[0006] Many conventional vascular interventional pro-
cedures use X-ray imaging technology in which
guidewires and catheters are inserted into a vein or artery
and navigated to specific locations in the heart for diag-
nostic and therapeutic procedures. Conventional X-ray
guided vascular interventions, however, suffer from a
number of limitations, including: (1) limited anatomical
visualization of the body and blood vessels during the
examination, (2) limited ability to obtain a cross-sectional
view of the target vessel, (3) inability to characterize im-
portant pathologic features of atherosclerotic plaques,
(4) limited ability to obtain functional information on the
state of the related organ, and (5) exposure of the subject
to potentially damaging x-ray radiation.

[0007] MRItechniques offer the potential to overcome
these deficiencies. However, conventional guidewires
are not suitable for use in MRI machines since they con-
tain steel or magnetic materials that can cause significant
image artifacts in an MRI machine and can cause injury
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to a patient from unintended motion due to effects of the
magnetic fields or induced Ohmic heating. Additionally,
guidewires made of non-magnetic materials (e.g., poly-
mers) cannot easily be visualized by MRI. Even those
antennae which have been fabricated for use inside a
human body are not useful for many types of interven-
tional procedures. Many of these devices are simply too
large to be sufficiently miniaturized to allow the place-
ment of an interventional device simultaneously with the
antenna in a small vessel without causing injury to the
subject. Furthermore, many of these devices are not use-
ful as guidewires because the antenna cannot accept the
range of interventional tools that are widely used in many
types of procedures without removal of the guidewire
from the subject during tool transition. This includes, but
is not limited to, such tools as balloon catheters for dila-
tation angioplasties, for stent placements, for drug infu-
sions, and for local vessel therapies such as gene ther-
apies; atherotomes and other devices for plaque resec-
tion and debulking; stent placement catheters; drug de-
livery catheters; intraluminal resecting tools; electrophys-
iologic mapping instruments; lasers and radio frequency
and other ablative instruments. Conventional antennas
fail in this regard because they have no method for load-
ing these devices after the antenna has been placed in
the subject. The tool must instead be preloaded on the
antenna, and then inserted into the subject. If a different
tool is needed once the antenna has been inserted, the
antenna must be entirely removed, the tool switched, and
the antennareinserted into the subject. This repositioning
may require that the antenna be redirected to the lesion
with the new tool in place, adding an extra, redundant
step with the attendant risks of procedural complications.
The more inaccessible the lesion, the greater the poten-
tial hazards that a second or subsequent positioning of
the antenna may entail. In order to use a range of tools,
and be useful for procedures requiring loading of multiple
tools during the procedure, itis desirable thatthe antenna
therefore be capable of loading multiple different tools
after it has been placed in the subject.

Summary of the Invention

[0008] To solve the guidewire visualization problem,
two approaches have been proposed: passive visualiza-
tion, and active visualization. With the passive visualiza-
tion approach, the material of the guidewires is modified
sothatthe catheter appears bright ordark on MR images.
Unfortunately, in these techniques data acquisition
speed is often limited and the position of the guidewire
cannot be visualized very accurately as it depends on
the signal-to-noise ratio (SNR) of a second remote de-
tector coil (antenna) which may be sub-optimal. In addi-
tion, the modification of the material may result in image
artifacts distorting the view of neighboring tissue. In the
active visualization techniques, the MRI signal is re-
ceived by an antenna placed at the end of the guidewire
that potentially provides high SNR and spatial resolution
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in the vicinity of the antenna. These types of probes have
also presented problems for clinical applications, since
the antennas are often difficult to insert, providing proper
shielding from body fluids and tissues has been difficult,
and avoiding injury to patients has at times required sub-
optimally sized probes to be used.

[0009] It is therefore desired in the art to produce a
probe that contains an antenna suitable to receive and
enhance MR images, that antenna providing signal that
renders it visible on an MR image and suitable for use
as a guidewire.

[0010] Itis further desired by the art to provide an MRI
probe which is constructed of flexible material that has
sufficient mechanical properties to be suitable as a
guidewire and suitable electrical properties to be an an-
tennafor MRIimages renderingitvisible onan MRimage.
[0011] It is further desired by the art to prove an MRI
probe which uses multiple different shaped whip antenna
designs to allow specific uses under certain circumstanc-
es, and which can be used in a clinical environment
[0012] Itis further desired by the art to provide an MRI
probe that can act as a guidewire to multiple different
interventional tools without having to remove the probe
from the body to change between tools.

[0013] EP0673621 discloses a guidewire for use in
MRI and which can be inserted in a subject, the guidewire
comprising a central conductor, an insulator surrounding
the central conductor and a shield surrounding the central
conductor and insulator except for an antenna portion
extending from the distal end of the shield. The guidewire
includes a further insulator surrounding the shield.
[0014] WO97/40396 discloses an MRI antenna in the
form of a dipole arranged coaxially with a coaxial cable
having a central conductor, insulation over the central
conductor and a shield over the insulation.

[0015] US 4932411 discloses a catheter for MRl com-
prising a helical loop coil.

[0016] According to one aspect of the invention there
is provided a guidewire probe assembly suitable for re-
ceiving magnetic resonance signals from a sample, com-
prising:

a probe shaft having a distal end and a proximate
end, the probe shaft comprising an electrically con-
ductive core of non-magnetic material;

a first insulator around said core;

an electrically conductive shielding around at least
part of said insulator; and

a radio frequency antenna attached to said core at
the distal end of said probe shaft;

said antenna being visible on a magnetic resonance
image, characterised in that the antenna comprises
loopless a helical which antenna having a plurality
of turns.

[0017] According to another aspect of the invention,
there is provided a method of manufacturing a guidewire
probe assembly, comprising the steps of:
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attaching a first insulator around a non-magnetic
conductive core to create a core-insulator assembly;
providing an electrically conductive shielding over a
proximate portion of said core-insulator assembly;
and

attaching a radio frequency antenna to a distal por-
tion of said core insulator assembly characterised in
that said antenna comprises a loopless helical whip
antenna having a plurality of turns.

[0018] Preferably, the MRI probe’s antenna is con-
structed to be flexible and therefore reduce the risk of
chamber or vessel perforation.

[0019] The core of non-magnetic material may be
made of a super-elastic material, such as Nitinol or any
other non-magnetic material whether metallic or non-me-
tallic. The non-magnetic core may include a coating of
conductive material which could comprise gold, silver,
alternating layers of gold and silver or copper or alumi-
num, for example. A clip-on connector may be further
provided for making an electrical connection to a mag-
netic resonance scanner, the clip-on connector enabling
loading and unloading of interventional devices during a
procedure without removal of the probe from the subject.

Brief Description of the Drawings

[0020] Other objects, features, and advantages of the
invention will be apparent from the following detailed de-
scription of the preferred embodiments as illustrated in
the accompanying drawings, in which reference charac-
ters refer to the same parts throughout the various views.
The drawings are not necessarily to scale, emphasis be-
ing placed upon illustrating principles of the invention.

FIG. 1 shows a cross-sectional side and end view
illustrating the structure of a guidewire probe with a
linear whip antenna.

FIG. 2 shows a cross-sectional side view illustrating
the structure of one shielded linear whip antenna.

FIG. 3 shows three potential alternate shapes for a
linear whip antenna.

FIG. 4 shows a potential embodiment of the invention
wherein the shielding comprises a series of balun
circuits.

FIG. 5 shows a cross-sectional side and end view
illustrating a guidewire probe according to an em-
bodiment of the invention wherein the antenna whip
comprises a combination whip where a helical whip
antenna is connected to a linear whip antenna at
multiple points.

FIG. 6 shows a guidewire probe with a helical whip
antenna electronically connected to a linear whip an-
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tenna at a single point.

FIG. 7 shows a guidewire probe comprising a helical
whip antenna.

FIG. 8 shows a guidewire probe where a helical whip
antenna is placed over a linear whip antenna without
making an electrical connection between the two.

FIG. 9 shows a potential guidewire probe where a
core is present inside a helical whip antenna.

FIG. 10 shows a representation of the receiving prop-
erties of a helical whip antenna.

FIG. 11 shows a potential embodiment of a helical
whip antenna where the diameter of the coils de-
creases from the proximate to the distal end of the
helical whip antenna.

FIG. 12 shows a potential embodiment of a helical
whip antenna where the diameter of the coils in-
creases from the proximate to the distal end of the
helical whip antenna.

FIG. 13 shows a potential embodiment of a helical
whip antenna where the diameter of the coils varies
along the length of the helical coil antenna.

FIG. 14 shows one potential guidewire probe of the
instant invention where the probe shaft decreases
in diameter at its distal end.

FIG. 15 shows an embodiment of the invention
where a second helical coil is placed around the
probe shaft and connected to the shielding.

FIG. 16 shows examples where a second helical
coils is used as shielding around various whip an-
tennas.

FIG. 17 shows a snap-on connector. 17A shows the
male connector portion and 17B shows the female

connector portion.

FIG. 18 shows a clip connector. 18A is in unlocked
form and 18B is in locked form.

FIG. 19 shows a screw-lock connector.

FIG. 20 shows a screw style connector. 20A shows
the female portion and 20B shows the male portion.

FIGS. 21-23 show alternate connectors whereby
there is no direct electric contact between the male

and female members of the connector.

FIGS. 24 and 25 show different views of a connector
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which use a vice-like connector between the con-
nector portion and the mated connector portion and
allow the guidewire to rotate within the connector.

FIG. 26 shows a potential design of an interface box.

FIG. 27 shows a layout of a system wherein the
guidewire probe might be used.

FIG. 28 shows a potential embodiment of a helical
whip antenna where the spacing between the coils

varies along the length of the helical coil antenna.

Detailed Description

[0021] The subject of the invention is also not limited
to human beings but can be used on any subject where
the use of a guidewire is desired. These include but are
not limited to, applications of the probe in the body or
portion of the body of any human, non-human animal, or
other biological organism, living, deceased or otherwise;
applications involving placement of the probe in any fluid,
gel, solid, gas, plasma or other state of matter where the
use of a guidewire is desired in that matter, placing the
probe in the vicinity of a portion of a subject for the pur-
pose of viewing that portion of that subject through the
probe’s proximity, or guiding a device to within that por-
tion’s proximity; the use of a probe to simultaneously
guide an interventional device and image the area on
which the interventional device is to be used; or any of
the previous in any combination.

[0022] The invention is also not limited to a conven-
tional MRI machine used medically but can be used in
any type of scanning device that can measure magnetic
resonance. Therefore, we use the term MRI machine to
apply to any type of machine, device, system, means, or
process which allows the detection of magnetic reso-
nance in any type or state of matter, such device being
currently known, whether for use on humans, non-human
animals, other biological organisms, biological tissues or
samples, or inorganic matter. Such an MRI machine may
be of any shape and for scanning any size subject or
portion of a subj ect.

[0023] The application of guidewires is also not limited
to vascular interventions. Guidewires are commonly
used in many non-vascular applications for the place-
ment of various probes and catheters into the gastroin-
testinal (Gl) tract, the biliary duct, the urethra, bladder,
ureter and other orifices, punctures, or surgical openings.
Systems according to the present invention may be
adapted to a plurality of minimally invasive applications.
Guidewires according to the present invention may, in
certain embodiments, be used for passage into and
through the upper airway, trachea and bronchial tree.
Examination of these structures using the systems of the
present invention may be performed to detect abnormal-
ities of the lungs or tracheobronchial tree, ideally at an
early stage for early treatment. As an example, the early
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detection of a pre-malignant lesion in the tracheobron-
chialtree could permit early extirpation before aninvasive
cancer develops; even if an invasive cancer is detected,
it may be possible to detect and treat these lesions at
their earliest stages, before lymph node invasion or dis-
tant metastasis. Similarly, the systems of the present in-
vention are applicable to any body lumen or body cavity
wherein early detection of pre-malignant and malignant
disease is desirable. As examples, these systems could
be used for the evaluation of the esophagus, stomach
and biliary tree to identify neoplasms and to distinguish
benign from malignant tissue proliferation. As examples,
these systems could be used for the evaluation of the
colon and rectum to identify abnormalities and malignan-
cies. These systems could also be used for the evaluation
of the male and female urogenital systems, including
bladder, urethra, prostate, uterus, cervix and ovary, to
identify therein abnormalities and malignancies.

[0024] Further, the diagnostic function of the MRI
would be useful in the evaluation of any mucosal malig-
nancy to identify how far through the wall of the effected
organ the malignancy has invaded. It is understood in
the art that extent of invasiveness into and through the
wall, diagnosable by MRI, is an important characteristic
of an intraluminal cancer.

[0025] The diagnostic function of the MRI, as the probe
is guided to the target tissue, may be combined with ther-
apeutic interventions. For example, a small lesion found
within a body lumen using the systems of the present
invention may be suitable for localized ablation, wherein
the lesion’s response to the delivery of radio frequency
energy or other ablative energy can be monitored in near
real time by the high resolution MRI as disclosed herein.
[0026] The scale of the devices described herein may
be dimensionally adaptable to a number of body cavities
and lumens traditionally inaccessible to interventive
methods known in the prior art. For example, the eus-
tachian tube, the nasal airways and the craniofacial si-
nuses may all be accessible to a probe designed in ac-
cordance with the present disclosure. Using one of these
orifices as an entryway into the craniofacial skeleton may
permit the diagnosis or evaluation of a variety of otolaryn-
gological and neurological conditions with greater preci-
sion than is currently available using whole-patient CT
or MRI. As an example, transsphenoid evaluation of in-
tracranial or sellar lesions may be possible. The imaging
of these lesions provided by the systems of the present
invention may be combined with therapeutic techniques
for extirpating or otherwise treating the lesion using min-
imally invasive technologies. For example, an aneurysm
of the Circle of Willis that is identified using high-resolu-
tion MRI may be suitable for clipping under MRI guidance
using minimally invasive techniques. As another exam-
ple, a pituitary tumor can be evaluated for its extensive-
ness using these systems and methods, and its resection
can be precisely monitored. Use of these systems may
also permit diagnosis of abnormalities in organs consid-
ered inaccessible to traditional monitoring methods. For
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example, the pancreas may be examined, using an em-
bodiment of the present invention, permitting the early
diagnosis of pancreatic lesions. As another example, em-
bodiments of the present invention may be adapted for
intracranial use, for the diagnosis of lesions of the central
nervous system or for precise anatomic delineation
thereof. Ablative techniques may be combined with these
diagnostic modalities to permit treatment of abnormali-
ties using embodiments of the present invention to help
determine the extent of the pathology and to monitor the
effectiveness of the ablation in removing the abnormality.
Trigeminal neuralgia is an example of a condition where
delineation of the relevant intracranial anatomy is vital
for the identification of the neuroanatomical structures to
be ablated or treated. MRI using the systems of the
present invention may usefully help direct the surgeon
to the precise tissues requiring treatment.

[0027] Conventional minimally invasive techniques
such as laparoscopy, thoracoscopy, mediastinoscopy,
and arthroscopy may all be combined with these systems
to permit more accurate identification of target lesions
and to monitor therapies directed at the target lesions.
MRI guidance according to these systems may be par-
ticularly valuable in determining the extensiveness of a
lesion that is to be resected or biopsied. For example, in
mediastinoscopy, it may be difficult to distinguish be-
tween large blood-filled vessels and pathological lymph
nodes, the latter being the target for the biopsy being
performed. The operator performing the procedure must
sample the pathological lymph nodes without damaging
the large vessels in the area, an inadvertancy that can
result in profound, even exsanguinating hemorrhage.
MRI guidance according to these systems can not only
distinguish among the various types of anatomic struc-
tures, but also can map out the extent of lymph node
involvement and direct the operator towards those lymph
nodes most likely to bear the abnormal tissue being
sought. A number of applications will be readily apparent
to practitioners of ordinary skill in the art, whereby a con-
ventional endoscopy procedure combined with these
systems will permit the diagnostic evaluation of a tissue
or organ within a body lumen or a body cavity. The intra-
peritoneal space, for example, may be usefully evaluated
using these systems, with access to this space being
provided by laparoscopic instrumentation, and with MRI
being used to approach and identify target tissues. Intra-
peritoneal diagnosis using these systems may be helpful
in diagnosis of various retroperitoneal lymphadenopa-
thies, such as those indicative of lymphoma, or such as
those indicative of spread from a malignant melanoma
of the lower extremity. Other examples may be evident
to ordinarily skilled practitioners in the medical arts.
[0028] Combining these systems with other diagnostic
modalities may permit better or earlier diagnosis of ma-
lignancies. For example, use of contrast agents in addi-
tion to the systems described herein may permit identi-
fication of tumors on the basis of their abnormal blood
flow or metabolism. Contrast agents or other markers
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carried by body fluids may permit these systems to be
used for diagnosis of abnormal bleeding sites, such as
occult gastrointestinal bleeding points or bleeding varic-
es, situations where direct visual inspection of the lesion
may have limited diagnostic or therapeutic value.
[0029] It is understood that advances in fabrication of
static MRI machines will permit more localized anatomic
evaluation of specialized body parts, and further will per-
mit easier access to the patient for interventional tech-
nigues. These developments may permit the systems of
the present invention to be used as a replacement for
various ultrasound-guided techniques such as fertility
procedures. In certain embodiments, the present inven-
tion may be adapted for screening procedures using
probes dimensionally adapted for appropriate bodily or-
ifices. For example, these systems may be useful in iden-
tifying and determining extensiveness of gynecological
cancers, including cervical cancer, uterine cancer and
ovarian cancer. Other applications should become avail-
able to practitioners of ordinary skill in the art with no
more than routine experimentation.

[0030] The probe of this invention can be described
and understood as having multiple different forms of an-
tenna whip and design. Figs. 1 to 3 show probes not
embodying the present invention and which comprise a
linear whip antenna 106.

[0031] The whip refers to the antenna at the end of the
probe which is a whip antenna. In the case of Figs. 1 to
3, the whip comprises a primarily unbent protrusion and
is therefore called a linear whip antenna 106. The probe
comprises a probe shaft 105 with a distal end 109 and a
proximate end 111. The probe shaft can be comprised
of multiple layers of different materials including a core
101 having at least one first electrically conducting com-
ponent, a first insulator/dielectric 102 for providing insu-
lation, a shielding 103 having at least one second con-
ducting component, and an optional second insulator/
dielectric 104 as showninFIG. 2. The linear whip antenna
106 extends from the distal end 109 of the probe shaft
105. It would be understood that a linear whip antenna
106 does not have to be straight but may have a curve
or slight hook at the end as is understood in the art to
facilitate engagement of the device into complex vessels
or other openings (such as ducts etc.) as shown in FIG.
3. The linear whip antenna 106 could be straight or
straight and flexible or could be bent to form other non-
linear shapes as the probe was twisted through compli-
cated pathways within the subject. A linear whip antenna
can comprise a ribbon or paddle shape such as shown
in FIG. 16A.

[0032] The core 101 can comprise a super-elastic ma-
terial such as the Tinol® range of materials (also known
as Nitinol or NiTi). Super-elastics generally comprise a
titanium-nickel alloy and have many positive attributes
for use as a base for the probes of this invention. Super-
elastics may be significantly deformed and still return to
their original shape. Such deformation and "shape mem-
ory" can take place through actions based on changes
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in temperature. Super-elastic materials are also known
for high biocompatability and show good properties for
use within biological organisms or matter. Super-elastics
in the antenna designs of this invention could be of any
shape including wire, ribbon, microtubing, sheets or any
other form as is known to the art but in one embodiment
will comprise Nitinol wire that can be plated with layers
of gold-silver-gold, or layers of gold, silver, copper, or
aluminum applied either singly or in combination. The
core 101 can alternatively comprise different materials,
including, but not limited to, MR-compatible stainless
steel, other metallic materials that are non-magnetic,
non-metallic substances such as carbon, glass fiber, or
polymer, that can be plated with a layer of a good RF
conductor such as copper, silver, gold, or aluminum ei-
ther singly or in multiple layers, or any of the previous in
any combination. In the case of an aluminum core 101,
the surface can be readily oxidized as is known to the art
to provide the first insulator/dielectric 102.

[0033] Thefirstinsulator/dielectric 102 and the second
insulator/dielectric 104, may comprise any insulator/die-
lectric as is known to the art including any polymer, such
as, but not limited to, an elastomeric grade PEBAX, Ny-
lon, Teflon®, polyurethane, fluoroethylene polymer
(FEP), or polyvinylidene fluoride (PVDF), or any combi-
nation of polymers with appropriate electrical properties.
The insulator/dielectric could also comprise aluminum
oxide or any other nonpolymeric element or compound
as would be understood by one of skill in the art.
[0034] Thethickness of the firstinsulator/dielectric 102
and the second optional insulator/dielectric 104 can be
determined so as to control the impedance of the cable
formed. The wire can have a uniform impedance through-
out the length or the impedance can vary with length, for
instance, by having low impedance closer to the proxi-
mate end 111 as compared to the distal end 109.
[0035] The shielding layer 103 may comprise any MR-
compatible conductive material including, but not limited
to, copper plated with silver, copper plated with gold, Niti-
nol plated with gold, conductive inks, conductive coatings
or any of the previous in any combination. The shielding
can be in the form of a braid, a mesh, or a continuous
tubing such as, but not limited to, a gold-silver-gold plated
Nitinol hypotube. The shielding can be continuous or
coiled toward the distal end 109 and can extend beyond
the distal end 109 of the probe shaft 105 or may be dis-
continued at the distal end 109 of the probe shaft 105.
Discontinuing the shielding can create a stronger signal
from the antenna, but may create detrimental effects
when the probe is used in a human body.

[0036] To increase the safety and the signal-to-noise
ratio of the antenna, the shielding 103 can be added to
the probe shaft in the form of a balun circuit as is under-
stood in the art. This reduces the effect of induced cur-
rents due to external RF and magnetic fields. The tertiary
shielding 451 can be continuous or discontinuous. It can
have capacitors connecting the discontinuous sections
or it can be connected directly to the primary shielding
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461 or connected to the primary shielding 461 with ca-
pacitors 471 or by any other method understood in the
art, or by a series of balun circuits 139 as shown in FIG. 4.
[0037] In an embodiment of the present invention, a
balun circuit is placed on the probe in a tuned form (also
known as a bazooka circuit) as is known to the art. This
tuned balun circuit could help to increase the SNR per-
formance and reduce the induced currents on the wire
during an RF pulse transmission by any external RF coil
(such as the transverse magnetic field in an MRI ma-
chine). This circuit may also decrease the risk of possible
excessive Ohmic heating from the presence of the probe
inside the body.

[0038] The second optional insulator/dielectric 104 is
desirable over the antenna whip as depicted in FIG. 2 so
as not to insert a straight cylindrical segment of bare wire
into the patient with direct blood and tissue contact. The
problem with this solution, however, is that the optimal
length of the whip portion of the device is determined
based upon the operating electromagnetic wavelength
in vivo which in turn depend upon the effective dielectric
constant as experienced by the antenna. For the case of
a bare wire loaded in water, this length is approximately
4-12 cm, which represents a reasonable length for in vivo
use. The addition of a second insulator/dielectric 104 to
the outer surface of the antenna however, decreases the
effective dielectric constant, which in turn increases the
operating wavelength and thus increases the optimal
whip length from 4-12 cm. It is clear that a significantly
longer antenna whip may be unsuitable for some in vivo
use, an alternative insulated whip design could be de-
sired when the antenna is insulated as is discussed be-
low. In addition, covering the antenna with a second in-
sulator/dielectric 104 increases the diameter of the an-
tenna making itincreasingly difficult to insert in small ves-
sels. In one example, the linear whip antenna 106 has
the narrowest possible diameter to allow such insertion.
[0039] A typical assembly procedure for an MRI probe
can involve the following steps. First, the first insulator/
dielectric 102 is attached to a gold-silver-gold plated Niti-
nol core 101. This can be done by means of extrusion,
drawing, a heat shrink tubing, or any other method known
to the art. Next, the shielding 103 is loaded on the as-
sembly leaving a portion of the assembly exposed to act
as the linear whip antenna 106. This can be done by
means of braiding, plating, painting, sputtering, or any
other means known to the art. Alternatively, a metallic
hypotube can be used instead of braiding to add mechan-
ical stiffness to the probe shaft. Lastly, the second insu-
lator/dielectric 104 is loaded on the probe shaft 105. A
connector can then be attached to the proximate end 111
of the probe shaft 105 to facilitate connecting to the in-
terface circuitry to be connected to the MRI scanner. The
connector can be any type as is known to the art, or could
alternatively be any of the connectors described below.
In a further embodiment of the invention, the connector
can be replaced by mechanical forming of the proximal
tip to enable attachment of a snap-fit connector or by any
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other means of connections or termination of the probe
as would be known to one of skill in the art. An optional
coating of lubricant may further be added to the probe
shaft 105 and/or antenna whip to reduce drag.

[0040] Itis possible to manufacture the linear whip an-
tenna 106 and probe shaft 105 as a single piece as is
described above. Alternatively, the probe shaft 105 and
linear whip antenna 106 could be constructed as two sep-
arate pieces and attached together by any means known
to the art either permanently (including, but not limited
to, use of high temperature or cold impact welding, sol-
dering and/or electrically conducting glue or epoxy) or
removeably (including, but not limited to, a snap-on or
locking connection).

[0041] FIGS. 5,6, 7 and 9 show embodiments of the
invention using a helical whip antenna that obtains
through its shape the ability to be the same physical
length as a linear whip antenna, while still maintaining
the electrical length of a much longer linear whip and
therefore having desirable properties even when shield-
ed by a second insulator/dielectric 104. FIGS. 5 and 6
show a combination whip antenna 206 where a helical
whip antenna is placed over and electrically joined to a
linear whip antenna 101. FIG. 7 shows a guidewire probe
with a helical whip antenna 306 where the helical coil 208
comprises the antenna alone. FIG. 9 shows a variation
on the helical whip antenna 306 of FIG. 7 that contains
a core 215 inside at least some of the coils of the helical
coil 208. The core 215 can provide modification to the
flexibility of the helical coil whip antenna 306 for insertion
into, or navigation inside, a subject. The core 215 can be
of non-conducting material including, but not limited to,
a polymer, or can be an electrically conducting material.
The core 215 will usually be non-magnetic.

[0042] Helically coiling the antenna shortens the phys-
ical antenna length while still producing optimum per-
formance. Covering the antenna with an insulator, usu-
ally requires increasing the antenna length to obtain op-
timum performance because the insulator effects the
ability of the antenna to detect signal. In this case, coiling
the antenna can be used to compensate for this increase
in antenna length. That is, a coil of wire can contain a
longer piece of wire in a shorter physical form.

[0043] A helical whip antenna has further mechanical
advantages over a linear antenna. In particular, a helical
whip antenna is flexible and "springy" allowing it to nav-
igate through complicated biological pathways without
bending, kinking, or breaking, as opposed to a linear an-
tenna which can have many of these problems since it
is narrow and may have poor mechanical properties.
Therefore, in one example the helical not embodying the
invention whip antenna is placed over a linear antenna,
not necessarily to change signal, but to "superimpose"
preferred mechanical properties on the linear antenna
as exemplified in FIG. 8.

[0044] The helical whip antenna also provides for de-
tection of magnetic resonance in multiple directions. The
signal received by a linear antenna is dependent upon
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the orientation of the antenna with respect to the main
magnetic field as is known to the art. When a linear an-
tenna design becomes bent or changes geometric
planes, the sensitivity of the antenna and thus image
quality can be degraded, with zero signal detected in
some cases.

As diagnostic and therapeutic catheter interventions in-
herently involve movement of the catheter in planes
transverse to the main longitudinal axis of the body, and
therefore transverse to the magnetic fields in the MRI
machine, an antenna design capable of removing this
orientation dependency would be desirable in many cas-
es. The unique physical geometry of the helical whip an-
tenna antenna allows detection of radio frequencies from
two orthogonal components of the processing transverse
magnetization, which is known as quadrature detection.
Quadrature designs are able to create a circularly polar-
ized electric field that results in a 50% reduction in RF
power deposition and up to a 40% increase in signal to
noise ratio. In addition to these very important advantag-
es, such a design allows the imaging capabilities of the
device to be independent of spatial orientation and there-
fore it can be used in any vessel or other area in the body.
[0045] Helical whip antennas have two distinct and
very different operating modes depending upon, as
showninFIG. 10, the physical dimensions of the windings
and speed of wave propagation through the medium.
When the diameter(D) and spacing(S) between the wind-
ings is comparable to the wavelength 1 of the RF MRI
signal to be detected with the antenna inserted in the
subject, (DA = SA = 1, where DA = helix diameter, SA =
coil spacing), the helical whip antenna operates in an end
fire or axial mode, where polarization occurs primarily
along the axis of the helix as depicted in FIG. 10(b). This
is similar to the operation of the linear antenna. When
DA and SA are much smaller than A, the helical whip
antenna is said to operate in normal mode where polar-
ization occurs orthogonal or broadside to the helical axis
as shown in FIG. 10(c) and described in equation (1).
Since the RF frequencies used in MRI tend to be very
long, normal mode operation is the standard for a probe
of the present invention.

[0046] FIGS. 5 and 6 show a probe with a helical whip
antenna 208 on top of a linear whip antenna 106. This
creates a combination whip antenna 206. In one embod-
iment of the present invention, there can be an electrical
connection between the linear whip and the helical whip
antenna in one point 213 as shown in FIG. 5 or multiple
points as shown in FIG. 6. Alternatively, the connection
point could be at the distal end 215 of the linear whip
antenna 106 instead of at the proximate end 223 as
shown in FIG. 6. This allows for both portions to act as
antennas and can produce an antenna with higher SNR
without increasing physical size significantly. A thin insu-
lator 210 may be placed between the linear whip antenna
106 and the helical whip antenna 208 in any combination
antenna 206. In an example not embodying the present
invention (FIG. 8), the helical whip antenna 208 and the
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linear whip antenna 106 are not electrically connected to
each other. In this embodiment, the helical whip antenna
208 provides beneficial mechanical properties to the lin-
ear whip antenna 106. In particular, it can make the linear
whip antenna 106 more rugged and more flexible allow-
ing for better mechanical properties within the subject.
InFIGS. 5, 6,7, 8, and 9 the probe shaft 105 can be built
similarly to the probe shaft of FIG. 1 and all listed mate-
rials for the probe of FIG. 1 are also available for the
probe of FIGS. 5, 6, 7, 8, and 9. This type of construction
is not limited to these figures. Any probe shaft 105 in any
embodiment herein described may be constructed in a
similar manner. In assembly, the helical whip antenna
208 will generally be added to a preconstructed probe
with a linear whip antenna 106. The addition can either
complete the electrical connection to the helical whip an-
tenna 208 or not depending on the desired final probe.
Alternatively the probe can be manufactured with the hel-
ical whip antenna 208 already attached to the probe in
any configuration.

[0047] InFIG. 7, there is no linear whip antenna 106.
Moreover, in this embodiment of the present invention,
the whip is entirely helically coiled. This configuration can
provide advantages in mechanical properties. In partic-
ular, the helical whip antenna 306 can be physically short-
er or narrower than the combination whip antennas 206
depicted in FIGS. 5, 6, and 8 without significant loss of
electrical length. In addition, since the helical whip an-
tenna 306 has no linear portions and is only coiled, it is
more flexible than any of the other antennas allowing it
to turn sharper corners in the subject. Finally, the helical
whip antenna 306 is more deformable than any of the
previous antenna designs which makes the antenna less
likely to puncture vessel walls. If desired, the flexibility of
this antenna can be adjusted by including a core com-
ponent 217 attached to the distal end 109 of the probe
shaft 105 if nonconducting or unattached if conducting,
as shown in FIG. 9. Core 217 need not extend to the
distal end 415 of the helical whip antenna 306.

[0048] FIGS. 11, 12 and 13 depict alternative embod-
iments of the helical whip antenna 306 that can be used
in place of the whip designs shown in FIGS. 7 and 9. In
FIG. 11, the helical whip antenna 306 has been tapered
with decreasing diameter towards the distal end 415 to
vary the flexibility of the whip such that it is more flexible
at the tip to negotiate blood vessels and the like. In FIG.
12, the helical whip antenna 306 is tapered on the prox-
imal end 515 to stiffen the flexibility at the distal end 415.
In FIG. 13, the helical whip antenna 306 is tapered at
both ends. The taper can be adjusted to provide the de-
sired flexibility gradient. The taper can also repeat at reg-
ular intervals (either smoothly or at a sudden transition)
or coils of different diameters can be placed anywhere
within the length of the helical whip antenna 306. Alter-
natively, the distal end 109 of the probe shaft 105 can be
tapered to improve the transition between the probe shaft
105 and the helical whip antenna 306 as shown in FIG.
14.
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[0049] In addition to altering the diameter of the coils
in the helical whip antenna 306, the spacing between the
coil turns can also be modified. As shown in FIG. 28 the
spacing of the coil turns can be closer together at the
proximate end 515 and further apart at the distal end 415.
This arrangement may allow the construction of a helical
whip antenna that has greater electrical length but pre-
serves the desired mechanical properties present in a
looser packed coil. Alternatively to FIG. 28, the coil turn
spacing could be altered so that the spacing is tighter at
the distal end 415 than the proximate end 515, the coil
turn spacing could follow any type of regular change from
tighter to looser coil turns along its length, or the coil turn
spacing could contain coils of random spacing.

[0050] In all of the variations of the designs, the opti-
mum coil length may be preferably calculated or meas-
ured as the length that minimizes the real component of
the impedance of the antenna as the impedance of the
antenna is measured at the point where the shield ends.
This length is usually around 0.25 or less times the elec-
tromagnetic wavelength of the RF MRI signal in the me-
dium, but other lengths could be used as would be un-
derstood by one of skill in the art.

[0051] FIG. 15 shows yet another embodiment of the
present invention, a second helical coil 408 is connected
to the shielding 103 at point 513 of the probe shaft 105
to concentrate the MRI signal sensitivity to a narrow
range. The second helical coil 408 can also be connected
to multiple points for multiple different electrical proper-
ties as would be understood by one of skill in the art. In
further alternative embodiments, the shield 103 is com-
pletely or partially replaced by the second helical coil 408
which extends for the length of the shaft, insulated from
the core 101 by dielectric 102. These arrangements can
be used with any type of whip antenna including, but not
limited to, those shown in FIG. 16. In particular, a linear
whip antenna 106 as shown in FIG. 16A (which does not
form an embodiment of the invention) and 16E, a helical
whip antenna 306 with a separation between the outer
shield and whip as shown in FIG. 16B, a helical whip
antenna 306 without a separation between the outer
shield and whip as shown in FIG. 16C or an alternate
combination whip with a linear extension 1601 attached
to a helical whip antenna 306 as shown in FIG. 16D, as
well as with any of the other antenna whip designs and
herein disclosed or otherwise known to one of skill in the
art, provided that the arrangement falls within the scope
of the claims.

[0052] Infurther embodiments of the invention the sec-
ond insulator/dielectric 104 is extended over the second
helical coil 408 so as to provide protection to the subject
from the antenna’s interaction with exposed body fluids,
tissues, or other portions of the subject as is depicted in
FIG. 16E. The second helical coil 408 can also have any
alterations of the coil's diameter or turn spacing along
the second helical coil's 408 length as have been previ-
ously discussed with regards to the helical whip antenna
306.
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[0053] The connection between an electronic circuit
and the probe is a further important point because a
standard RF BNC connector as is known to the art is not
well suited for frequent connection and disconnection. In
many current procedures where an MRI guidewire would
be desired, the tools used as part of those procedures
must be changeable without having to remove the
guidewire from the subject. In one example, a connector
is used to make an electrical connection between the
probe and a tuning/matching and decoupling circuit or
interface box. This connector connects the interface to
the antenna and can be removed and reinstalled as re-
quired during an interventional procedure to load and un-
load other interventional devices. FIGS. 17 through 25
show some examples of connectors which can be used
with the present invention and are discussed in detail
below.

[0054] FIG. 26 shows aninterface box for use between
the MRI machine and the guidewire probe assembly of
the instant invention. The interface box consists of a
shielded box 601 with two compartments 607 and 617,
separated by a partition 605. In one example, all compo-
nents are non-magnetic. The probe attaches to coaxial
connector 611 or another mating connector portion de-
signed to attach to the connector portion of the probe.
Coaxial connector 611 can be insulated from the inter-
face box 601. The balancing of the dipole 611 is accom-
plished by capacitor 613 and coil 615. Coil 615 is a short
length (5-10 cm) of 1 mm diameter solid-shield, 50 ohm
coaxial cable, which is wound into a coil, increasing the
inductance of both the center conductor as well as the
shield. For the balancing function, it can be important to
present a high impedance to current flow in the shielding
103 of the probe near the interface box 601. This high
impedance is accomplished by tuning the LC circuit
formed by capacitor 613 and the inductance of the shield
of coil 615. In practice, capacitor 613 is selected such
that the impedance of the network comprising capacitor
613 and coil 615 matches the impedance of the shielding
103 of the probe. The shield portion of the coaxial cable
that forms coil 615 can be electrically connected to the
partition 605 of the interface box 601 as shown in FIG. 26.
[0055] The center conductor of the coaxial cable that
forms the coil 615 feeds through the partition 605 in the
interface box 601. The inductance of the center conduc-
tor of the coil 615, and capacitor 613, form a tuned circuit
that can decouple the probe from the imaging pulses of
the MRI machine connected at a coaxial connector 619
(these imaging pulses usually occur at 63.9 MHz). Ca-
pacitor 621 can be tuned to maximize probe impedance
when PIN diode 623 is turned on during imaging pulses.
PIN diode 623 is turned on by a DC level being applied
to co-axial connector 619 by the MRI scanner during MRI
pulse transmission.

[0056] The probe can be tuned to match the generally
10 to 80 Ohm impedance of the MRI scanner amplifier
by the network of inductor 625 and capacitor 627. This
tuning can be accomplished by connecting a network an-
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alyzer to coaxial connector 617 and varying the value of
the capacitor 627 until the measured impedance is the
desired impedance at based on the frequency of the im-
aging pulses (usually 63.9 MHz). These numerical values
are given as examples and in no way limit the choice of
values that could be chosen in use of the invention.
[0057] The end of the guidewire antenna can contain
a connector portion that allows radio frequency signals
to propagate from the scanner to the guidewire antenna
and vice versa by connecting the connector portion to a
mated connector portion. This connector can be a stand-
ard BNC connector or one of the special miniaturized
connectors shown in FIGS. 17 through 25. The connec-
tors allow for direct insertion of the guidewire into inter-
ventional devices such as balloon angioplasty catheter,
stent placement devices. For this to be possible, the con-
nector diameter should be no larger than guidewire probe
diameter. Standard connector sizes, however, are often
larger than the probe diameter and therefore do not allow
for rapid exchanging of interventional devices over the
guidewire probe. To overcome this difficulty, we show
eight different connector configurations. Although many
other designs are possible, the most important feature
of these designs are that the diameter of the connector
portion on the guidewire probe is not significantly larger
than the diameter of the guidewire probe.

[0058] The connectors shown in FIGS. 17 through 20,
24, and 25 enable direct electrical contact between the
conductors (shield and inner conductor of core) whereas
the connectors shown in FIGS. 19-23 have no direct elec-
trical contact.

[0059] FIG. 17 shows a shap-on connector. The con-
nector at FIG. 17A is the male connector portion. Its di-
ameter is smaller or the same size as the diameter of the
guidewire probe. FIG. 17B is the female mated connector
portion. They are connected to each other with a small
amount of pressure in the direction along the length of
the connector and removed easily by pulling the connec-
tors apart.

[0060] FIG. 18 shows a clip connector. The male con-
nector portion’s 1002 diameter is not larger than the di-
ameter of the guidewire probe. With a clip lock mecha-
nism, 1006, the female mated connector portion 1003 is
connected to the male connector portion 1002. The
mechanism shown by FIG. 18 enables free rotation of
the connector. This enables the user to freely rotate the
guidewire while it is connected. 1004 shows a coaxial
cable connecting the interface box 1005 to the mated
connector portion. FIGS. 24 and 25 show an alternative
design of this type of connector wherein a vice-like con-
nection is employed instead of the clip. Again this design
allows for the guidewire to rotate freely while it is con-
nected.

[0061] FIG. 19 has the screw 1007 on the female mat-
ed connector portion that is an alternative to the clip lock
mechanism, 1006 shown in FIG. 18.

[0062] FIG.20shows anothertype of screw connector.
FIG. 20A is the female connector portion that is a part of
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the guidewire probe. The male mated connector portion
shown in FIG. 20B can be connected to a coaxial cable
that leads to the interface box.

[0063] One problem with the connectors shown in
FIGS. 17 through 20 is difficulty in using in a wet envi-
ronment. When the connectors are wet or have blood or
other body fluids on them, their performance may de-
grade. Therefore, a connector was designed that can be
used in wet environment. The connectors shown in FIGS.
21-23 do not require direct electrical contact between the
two connector portions.

[0064] FIG. 21 shows asolenoidal coil 2005 inside both
female and male connector portions. The male connector
portion snaps in the female mated connector portion
2003 but the electrical wires are not touching each other.
The signal is transmitted from one to the other by the
coupling of electromagnetic waves.

[0065] FIG. 22 shows a coaxial cable with extended
inner conductor 2105 as the mated connector portion
2103 and an opposed solenoidal coil 2107 as the con-
nector portion 2101 on the guidewire probe.

[0066] FIG. 23 shows a loop coil 2305 in both ends of
the connector. As in the other, the male connector portion
2301 snaps on the female mated connector portion 2303.
The electromagnetic waves are transmitted from one coil
to the other enabling connection.

[0067] One further advantage of using these connec-
tors (FIGS. 21-23) are the isolation of the circuits. Any
direct current from one connector will not appear on the
other.

[0068] FIG. 27 shows one potential layout of a system
whereby a guidewire probe could be used. In this figure,
the subject 901 is shown within the MRI machine 903.
The probe 3005 has been inserted into the subject 901.
A display 905 is showing an MRI 907 showing the probe
3005 and the surrounding biological tissue 909. The
probe 3005 is connected to the interface box 1005
through a connector 1111 that will allow a doctor (not
shown) or another individual or machine to load or unload
tools without removing the probe 3005 from the subject
901. The interface box 1005 is connected to the MRI
machine 903 allowing the MRI machine 903 to use the
probe 3005 as an active antenna in the subject 901.

Claims

1. A guidewire probe assembly suitable for receiving
magnetic resonance signals from a sample, com-
prising:

a probe shaft (105) having a distal end (109) and
a proximate end (111), the probe shaft compris-
ing an electrically conductive core (101) of non-
magnetic material;

a first insulator (102) around said core;

an electrically conductive shielding (103) around
at least part of said insulator; and a radio-fre-
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10.

1.

12,

13.

20

quency antenna (106) attached to said core at
the distal end of said probe shaft;

said antenna being visible on a magnetic reso-
nance image, characterised in that the anten-
na comprises a loopless helical whip antenna
having a plurality of turns.

The guidewire probe assembly of claim 1, further
comprising a second insulator (104) around said
shielding.

The guidewire probe assembly of claim 1 wherein
said core (101) of non-magnetic material is fabricat-
ed from conductive metal comprising one or more of
the group of metals consisting of gold, silver, copper,
MR-compatible stainless steel, and aluminium.

The guidewire probe assembly of claim 1, wherein
said core (101) of non-magnetic material comprises
a super-elastic material.

The guidewire probe assembly of claim 4 wherein
said super-elastic material comprises Nitinol.

The assembly of claim 1 or claim 5, wherein said
core (101) of non-magnetic material is plated with
alternating layers of gold and silver.

The guidewire probe assembly of claim 1 or claim 5,
wherein said core (101) of non-magnetic material is
plated with a plurality of layers of conductive metal,
said layers of conductive metal comprising one or
more of the group of metals consisting of gold, silver,
copper and aluminum.

The guidewire probe assembly of claim 1, wherein
said core (101) of non-magnetic material comprises
a non-metallic material plated with a conductive ma-
terial.

The guidewire probe assembly of claim 8, wherein
said core (101) of non-metallic material comprises
carbon.

The guidewire probe assembly of claim 8, wherein
said core (101) of non-magnetic material comprises
glass fiber.

The guidewire probe assembly of claim 8, wherein
said core (101) of non-metallic material comprises a
polymer.

The guidewire probe assembly of claim 1, wherein
an outer surface of said probe shaft is insulated with
a biocompatible material or coating.

The guidewire probe assembly of claim 12, wherein
said antenna is covered by a biocompatible material
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23.

24,
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or covering.

The guidewire probe assembly of claim 1 wherein
the diameter of said helical whip antenna varies over
the axial length thereof.

The guidewire probe assembly of claim 14, wherein
the diameter of said helical whip antenna is larger at
the proximate end of said helical whip antenna than
at the distal end of said helical whip antenna.

The guidewire probe assembly of claim 14, wherein
the diameter of said helical whip antenna is larger at
the distal end of said helical whip antenna than at
the proximate end of said helical whip antenna.

The guidewire probe assembly of claim 14, wherein
said diameter of said helical whip antenna is larger
at at least one point between the proximate end and
the distal end of said helical whip antenna than it is
at at least one of said proximate or said distal end
of said helical whip antenna.

The guidewire probe assembly of claim 14, wherein
said diameter of said helical whip antenna is smaller
in at least point between the proximate end and the
distal end of said helical whip antenna than it is at at
least one of said proximate or said distal end of said
helical whip antenna.

The guidewire probe assembly of claim 1, wherein
the spacing of said turns varies.

The guidewire probe assembly of claim 19, wherein
the spacing of said turns is greater at the proximate
end of said helical coil antenna than at the distal end
of said helical coil antenna.

The guidewire probe assembly of claim 19, wherein
the spacing of said turns is greater at the distal end
of said helical coil antenna than at the proximate end
of said helical coil antenna.

The guidewire probe assembly of claim 19, wherein
the spacing of said turns is greater in at least one
point between the proximate end and the distal end
of said helical coil antenna than it is at at least one
of said distal end of said helical coil antenna or said
proximate end of said helical coil antenna.

The guidewire probe assembly of claim 19, wherein
the spacing of said coil turns is less at at least one
point between the proximate end and the distal end
of said helical coil antenna than it is at at least one
of said distal end of said helical coil or said proximate
end of said helical coil.

The guidewire probe assembly of claim 1, wherein
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the total diameter of said guidewire probe is between
about 0.25 mm -1.0 mm (0.010 - 0.040 inches).

The guidewire probe assembly of claim 1, wherein
the total diameter of said guidewire probe is between
0.125mm and 12.5mm (between 5/1000 inch and
0.5 inch).

The guidewire probe assembly of claim 1, wherein
said first insulator comprises a low dielectric loss,
low dielectric constant material.

The guidewire probe assembly of claim 1, wherein
said guidewire probe assembily is at least partially
flexible.

The guidewire probe assembly of claim 1, wherein
said guidewire probe assembly is steerable.

The guidewire probe assembly of claim 1, wherein
said antenna is flexible.

The guidewire probe assembly according to claim 1,
further comprising a balun circuit.

The guidewire probe assembly of claim 30, wherein
said balun circuit comprises a tuned balun circuit.

The guidewire probe assembly of claim 1, wherein
said shielding comprises a helical coil.

The guidewire probe assembly of claim 1, wherein
said probe shaft is tapered.

A method of manufacturing a guidewire probe as-
sembly, comprising the steps of:

attaching a first insulator (102) around a non-
magnetic conductive core (101) to create a core-
insulator assembly;

providing an electrically conductive shielding
(103) onto a proximate portion of said core-in-
sulator assembly; and

attaching a radio-frequency antenna (106) to a
distal portion of said core-insulator assembly
characterised in that said antenna comprises
aloopless helical whip antenna having a plurality
of turns.

The method of manufacturing a guidewire probe as-
sembly according to claim 34, further comprising pro-
viding an outer insulator (104) over said antenna,
said shielding (103) and said core-insulator assem-
bly.

The method of manufacturing a guidewire probe as-
sembly according to claim 34, wherein said step of
attaching said first insulator (102) around said non-
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magnetic core comprises an extrusion step.

The method of manufacturing a guidewire probe as-
sembly according to claim 34, wherein said step of
attaching said first insulator (102) around said non-
magnetic core comprises a drawing step.

The method of manufacturing a guidewire probe as-
sembly according to claim 34, wherein said step of
attaching said first insulator (102) around said non-
magnetic core comprises applying a heat-shrink tub-

ing.

The method of manufacturing a guidewire probe as-
sembly according to claim 34, wherein said step of
providing a shielding (103) onto said proximate por-
tion of said core-insulator assembly comprises the
step of applying a braiding.

The method of manufacturing a guidewire probe as-
sembly according to claim 34, wherein said step of
providing a shielding (103) onto said proximate por-
tion of said core-insulator assembly comprises a
painting step.

The method of manufacturing a guidewire probe as-
sembly according to claim 34, wherein said step of
providing a shielding (103) onto said proximate por-
tion of said core-insulator assembly comprises a
plating step.

The method of manufacturing a guidewire probe as-
sembly according to claim 34, wherein said step of
providing a shielding (103) onto said proximate por-
tion of said core-insulator assembly comprises a
sputtering step.

Patentanspriiche

1.

Baugruppe aus Sonde und Fiihrungsdraht, die dazu
geeignet ist, Magnetresonanzsignale von einer Pro-
be zu empfangen, die Baugruppe umfassend:

ein Sondenrohr (105) mit einem distalen Ende
(109) und einem proximalen Ende (111), wobei
das Sondenrohr einen elektrisch leitfahigen
Kern (101) aus nichtmagnetischem Material um-
fasst;

einen um den Kern herum angeordneten ersten
Isolator (102);

eine um mindesten einen Teil des Isolators her-
um angeordnete elektrisch leitfahige Abschir-
mung (103), und

eine Hochfrequenzantenne (106), die an dem
distalen Ende des Sondenrohrs mit dem Kern
verbunden ist;

wobei die Antenne auf einem Magnetresonanz-
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bild sichtbar ist, dadurch gekennzeichnet,
dass die Antenne eine schleifenlose, spiralfor-
mige Peitschenantenne umfasst, die eine Mehr-
zahl von Windungen hat.

Baugruppe aus Sonde und Fiihrungsdraht gemafn
Anspruch 1, des Weiteren umfassend einen um die
Abschirmung herum angeordneten zweiten Isolator
(104).

Baugruppe aus Sonde und Fiihrungsdraht gemafn
Anspruch 1, wobei der Kern (101) aus nichtmagne-
tischem Material aus leitfahigem Metall hergestellt
ist, das eines oder mehrere aus der Gruppe der Me-
talle umfasst, zu der Gold, Silber, Kupfer, MRkom-
patibler rostfreier Stahl und Aluminium gehdren.

Baugruppe aus Sonde und Fiihrungsdraht gemafn
Anspruch 1, wobei der Kern (101) aus nichtmagne-
tischem Material ein superelastisches Material um-
fasst.

Baugruppe aus Sonde und Fiihrungsdraht gemafn
Anspruch 4, wobei das superelastische Material Ni-
tinol umfasst.

Baugruppe gemaf Anspruch 1 oder Anspruch 5, wo-
bei der Kern (101) aus nichtmagnetischem Material
mit abwechselnden Schichten aus Gold und Silber
Uberzogen ist.

Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 1 oder Anspruch 5, wobei der Kern (101)
aus nichtmagnetischem Material mit einer Mehrzahl
von Schichten aus leitfahigem Material iberzogen
ist, wobei die Schichten aus leitfahigem Material ei-
nes oder mehrere aus der Gruppe von Metallen um-
fasst, zu der Gold, Silber, Kupfer und Aluminium ge-
héren.

Baugruppe aus Sonde und Fiihrungsdraht gemafn
Anspruch 1, wobei der Kern (101) aus nichtmagne-
tischem Material ein nichtmetallisches Material um-
fasst, das mit einem leitfahigen Material Gberzogen
ist.

Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 8, wobei der Kern (101) aus nichtmagne-
tischem Material Kohlenstoff umfasst.

Baugruppe aus Sonde und Fihrungsdraht gemafn
Anspruch 8, wobei der Kern (101) aus nichtmagne-
tischem Material Glasfaser umfasst.

Baugruppe aus Sonde und Fihrungsdraht gemafn
Anspruch 8, wobei der Kern (101) aus nichtmagne-
tischem Material ein Polymer umfasst.
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Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 1, wobei eine duRere Oberflache des Son-
denrohrs mit einem biokompatiblen Material oder ei-
ner biokompatiblen Beschichtung isoliert ist.

Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 12, wobei die Antenne durch ein biokom-
patibles Material oder eine biokompatible Abdek-
kung abgedeckt ist.

Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 1, wobei der Durchmesser der spiralfor-
migen Peitschenantenne Uber ihre axiale Lange hin-
weg variiert.

Baugruppe aus Sonde und Fuhrungsdraht geman
Anspruch 14, wobei der Durchmesser der spiralfor-
migen Peitschenantenne am proximalen Ende der
spiralférmigen Peitschenantenne groRer ist als am
distalen Ende der spiralférmigen Peitschenantenne.

Baugruppe aus Sonde und Fuhrungsdraht gemafn
Anspruch 14, wobei der Durchmesser der spiralfér-
migen Peitschenantenne am distalen Ende der spi-
ralférmigen Peitschenantenne groRer ist als am pro-
ximalen Ende der spiralférmigen Peitschenantenne.

Baugruppe aus Sonde und Fuhrungsdraht gemafn
Anspruch 14, wobei der Durchmesser der spiralfér-
migen Peitschenantenne mindestens an einer Stelle
zwischen dem proximalen Ende und dem distalen
Ende der spiralférmigen Peitschenantenne grofier
ist als mindestens an einem des proximalen Endes
oder des distalen Endes der spiralférmigen Peit-
schenantenne.

Baugruppe aus Sonde und Fiihrungsdraht gemafn
Anspruch 14, wobei der Durchmesser der spiralfor-
migen Peitschenantenne mindestens an einer Stelle
zwischen dem proximalen Ende und dem distalen
Ende der spiralférmigen Peitschenantenne kleiner
ist als mindestens an einem des proximalen Endes
oder des distalen Endes der spiralférmigen Peit-
schenantenne.

Baugruppe aus Sonde und Fiihrungsdraht gemafn
Anspruch 1, wobei der Abstand der Windungen va-
riiert.

Baugruppe aus Sonde und Fihrungsdraht gemafn
Anspruch 19, wobei der Abstand der Windungen am
proximalen Ende der spiralférmigen Spulenantenne
groRer ist als am distalen Ende der spiralférmigen
Spulenantenne.

Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 19, wobei der Abstand der Windungen am
distalen Ende der spiralférmigen Spulenantenne
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groReristals am proximalen Ende der spiralférmigen
Spulenantenne.

Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 19, wobei der Abstand der Windungen
mindestens an einer Stelle zwischen dem proxima-
len Ende und dem distalen Ende der spiralférmigen
Spulenantenne groRer ist als mindestens an einem
des distalen Endes der spiralférmigen Spulenanten-
ne oder des proximalen Endes der spiralférmigen
Spulenantenne.

Baugruppe aus Sonde und Fiihrungsdraht gemafn
Anspruch 19, wobei der Abstand der Spulenwindun-
gen mindestens an einer Stelle zwischen dem pro-
ximalen Ende und dem distalen Ende der spiralfor-
migen Spulenantenne kleiner ist als mindestens an
einem des distalen Endes der spiralformigen Spule
oder des proximalen Endes der spiralférmigen Spu-
le.

Baugruppe aus Sonde und Fiihrungsdraht gemafn
Anspruch 1, wobei der Gesamtdurchmesser der
Sonde mit Flihrungsdraht ungeféhr 0,25 mm bis 1,0
mm (0,010 bis 0,040 Zoll) betragt.

Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 1, wobei der Gesamtdurchmesser der
Sonde mit Fihrungsdraht ungefahr 0,125 mm bis
12,5 mm (5/1000 bis 0,5 Zoll) betragt.

Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 1, wobei der erste Isolator ein Material mit
geringem Dielektrizitdtsverlust und geringer Diel-
elektrizitdtskonstante umfasst.

Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 1, wobei die Baugruppe aus Sonde und
Fuhrungsdraht mindestens teilweise flexibel ist.

Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 1, wobei die Baugruppe aus Sonde und
FUhrungsdraht lenkbar ist.

Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 1, wobei die Antenne flexibel ist.

Baugruppe aus Sonde und Fiihrungsdraht gemafn
Anspruch 1, des Weiteren umfassend eine Symme-
trierschaltung.

Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 30, wobei die Symmetrierschaltung eine
abgestimmte Symmetrierschaltung ist.

Baugruppe aus Sonde und Fuhrungsdraht gemafn
Anspruch 1, wobei die Abschirmung eine spiralfor-
migen Spule umfasst.
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Baugruppe aus Sonde und Fihrungsdraht geman
Anspruch 1, wobei das Sondenrohr konisch ist.

Verfahren zur Herstellung einer Baugruppe aus Son-
de und Fihrungsdraht, das Verfahren umfassend
die folgenden Schritte:

das Befestigen eines ersten Isolators (102) um
einen nichtmagnetischen leitfahigen Kern (101)
herum, um eine Kern-Isolator-Baugruppe zu er-
zeugen;

das Bereitstellen einer elektrisch leitfahigen Ab-
schirmung (103) auf einem proximalen Ab-
schnitt der Kern-Isolator-Baugruppe; und

das Befestigen einer Hochfrequenzantenne
(106) an einem distalen Abschnitt der Kern-lso-
lator-Baugruppe, dadurch gekennzeichnet,
dass die Antenne eine schleifenlose, spiralfor-
mige Peitschenantenne umfasst, die eine Mehr-
zahl von Windungen hat.

Verfahren zur Herstellung einer Baugruppe aus Son-
de und Fuhrungsdraht gemall Anspruch 34, des
Weiteren umfassend das Bereitstellen eines dul3e-
ren Isolators (104) lber der Antenne, der Abschir-
mung (103) und der Kern-Isolator-Baugruppe.

Verfahren zur Herstellung einer Baugruppe aus Son-
de und Fuhrungsdraht gemaR Anspruch 34, wobei
der Schritt des Befestigens des ersten Isolators
(102) um den nichtmagnetischen Kern herum einen
Strangpressschritt umfasst.

Verfahren zur Herstellung einer Baugruppe aus Son-
de und Fihrungsdraht gemaR Anspruch 34, wobei
der Schritt des Befestigens des ersten Isolators
(102) um den nichtmagnetischen Kern herum einen
Ziehschritt umfasst.

Verfahren zur Herstellung einer Baugruppe aus Son-
de und Fihrungsdraht gemaR Anspruch 34, wobei
der Schritt des Befestigens des ersten Isolators
(102) um den nichtmagnetischen Kern herum das
Anbringen eines Schrumpfschlauchs umfasst.

Verfahren zur Herstellung einer Baugruppe aus Son-
de und Fihrungsdraht gemaR Anspruch 34, wobei
der Schritt des Bereitstellens einer Abschirmung
(103) auf dem proximalen Abschnitt der Kern-Isola-
tor-Baugruppe den Schritt des Anbringens einer Um-
flechtung umfasst.

Verfahren zur Herstellung einer Baugruppe aus Son-
de und Fihrungsdraht gemaR Anspruch 34, wobei
der Schritt des Bereitstellens einer Abschirmung
(103) auf dem proximalen Abschnitt der Kern-Isola-
tor-Baugruppe einen Anstrichschritt umfasst.
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Verfahren zur Herstellung einer Baugruppe aus Son-
de und Fuhrungsdraht gemaR Anspruch 34, wobei
der Schritt des Bereitstellens einer Abschirmung
(103) auf dem proximalen Abschnitt der Kern-Isola-
tor-Baugruppe einen Beschichtungsschritt umfasst.

Verfahren zur Herstellung einer Baugruppe aus Son-
de und Fuhrungsdraht gemaR Anspruch 34, wobei
der Schritt des Bereitstellens einer Abschirmung
(103) auf dem proximalen Abschnitt der Kern-Isola-
tor-Baugruppe einen Zerstaubungsschritt umfasst.

Revendications

1.

Un ensemble sonde a fil guide adapté de fagon a
recevoir des signaux de résonance magnétique a
partir d’un échantillon, comprenant :

une tige de sonde (105) possédant une extré-
mité distale (109) et une extrémité proximale
(111), la tige de sonde comprenant un coeur
conducteur d’électricité (101) d’'un matériau non
magnétique,

un premier isolant (102) autour dudit coeur,

un blindage conducteur d’électricité (103)
autour d’au moins une partie duditisolant et une
antenne radiofréquence (106) fixée audit coeur
a I'extrémité distale de ladite tige de sonde,
ladite antenne étant visible sur une image de
résonance magnétique, caractérisé en ce que
I'antenne comprend une antenne fouet hélicoi-
dale droite possédant une pluralité de spires.

L’ensemble sonde a fil guide selon la Revendication
1, comprenant en outre un deuxiéme isolant (104)
autour dudit blindage.

L’ensemble sonde a fil guide selon la Revendication
1, ouledit coeur (101) d’'un matériau non magnétique
est fabriqué a partir d’'un métal conducteur contenant
un ou plusieurs métaux du groupe de métaux se
composant de or, argent, cuivre, acier inoxydable
compatible avec la résonance magnétique et alumi-
nium.

L’ensemble sonde a fil guide selon la Revendication
1, ouledit coeur (101) d’'un matériau non magnétique
contient un matériau super-élastique.

L’ensemble sonde a fil guide selon la Revendication
4 ou ledit matériau super-élastique contient du Niti-
nol.

L’ensemble selon la Revendication 1 ou 5, ou ledit
coeur (101) d’'un matériau non magnétique est pla-
qué avec des couches alternées d’or et d’argent.
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L’ensemble sonde a fil guide selon la Revendication
1 ou 5, ou ledit coeur (101) d’'un matériau non ma-
gnétique est plaqué avec une pluralité de couches
de métal conducteur, lesdites couches de métal con-
ducteur contenant un ou plusieurs métaux du groupe
de métaux se composant de or, argent, cuivre et
aluminium.

L’ensemble sonde a fil guide selon la Revendication
1, ouledit coeur (101) d’'un matériau non magnétique
contient un matériau non métallique plaqué avec un
matériau conducteur.

L’ensemble sonde a fil guide selon la Revendication
8, ou ledit coeur (101) de matériau non métallique
contient du carbone.

L’ensemble sonde a fil guide selon la Revendication
8, ou ledit coeur (101) de matériau non métallique
contient de la fibre de verre.

L’ensemble sonde a fil guide selon la Revendication
8, ou ledit coeur (101) de matériau non métallique
contient un polymeére.

L’ensemble sonde a fil guide selon la Revendication
1, ou une surface extérieure de ladite tige de sonde
est isolée avec un matériau ou un revétement bio-
compatible.

L’ensemble sonde a fil guide selon la Revendication
12 ou ladite antenne est recouverte d’'un matériau
ou d'un enrobage biocompatible.

L’ensemble sonde a fil guide selon la Revendication
1 ou le diamétre de ladite antenne fouet hélicoidale
varie sur sa longueur axiale.

L’ensemble sonde a fil guide selon la Revendication
14 ou le diametre de ladite antenne fouet hélicoidale
est plus grand a I'extrémité proximale de ladite an-
tenne fouet hélicoidale qu’a I'extrémité distale de la-
dite antenne fouet hélicoidale.

L’ensemble sonde a fil guide selon la Revendication
14 ou le diamétre de ladite antenne fouet hélicoidale
est plus grand a I'extrémité distale de ladite antenne
fouet hélicoidale qu’a I'extrémité proximale de ladite
antenne fouet hélicoidale.

L’ensemble sonde a fil guide selon la Revendication
14, ou ledit diamétre de ladite antenne fouet hélicoi-
dale est plus grand a au moins un point entre ladite
extrémité proximale et ladite extrémité distale de la-
dite antenne fouet hélicoidale qu’il n’est a au moins
une extrémité de ladite extrémité proximale ou de
ladite extrémité distale de ladite antenne fouet héli-
coidale.
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L’ensemble sonde a fil guide selon la Revendication
14, ou ledit diamétre de ladite antenne fouet hélicoi-
dale est plus petit a au moins un point entre I'extré-
mité proximale et I'extrémité distale de ladite anten-
ne fouet hélicoidale qu’il n’est @ au moins une extré-
mité de ladite extrémité proximale ou de ladite ex-
trémité distale de ladite antenne fouet hélicoidale.

L’ensemble sonde a fil guide selon la Revendication
1 ou I'espacement desdites spires varie.

L’ensemble sonde a fil guide selon la Revendication
19 ou I'espacement desdites spires est plus grand
al'extrémité proximale de ladite antenne a cadre hé-
licoidale qu’a I'extrémité distale de ladite antenne a
cadre hélicoidale.

L’ensemble sonde a fil guide selon la Revendication
19 ou I'espacement desdites spires est plus grand
a I'extrémité distale de ladite antenne a cadre héli-
coidale qu’a I'extrémité proximale de ladite antenne
a cadre hélicoidale.

L’ensemble sonde a fil guide selon la Revendication
19, ou I'espacement desdites spires est plus grand
a au moins un point entre I'extrémité proximale et
I'extrémité distale de ladite antenne a cadre hélicoi-
dale qu’il n’est a au moins une extrémité de ladite
extrémité distale de ladite antenne a cadre hélicoi-
dale ou de ladite extrémité proximale de ladite an-
tenne a cadre hélicoidale.

L’ensemble sonde a fil guide selon la Revendication
19, ou I'espacement desdites spires de bobine est
plus petit a au moins un point entre I'extrémité proxi-
male et I'extrémité distale de ladite antenne a cadre
hélicoidale qu’il n’est a au moins une extrémité de
ladite extrémité distale de ladite antenne a cadre hé-
licoidale ou de ladite extrémité proximale de ladite
antenne a cadre hélicoidale.

L’ensemble sonde a fil guide selon la Revendication
1, ou le diamétre total de ladite sonde a fil guide se
situe entre environ 0,25mmet1,0mm (0,010a 0,040
pouce).

L’ensemble sonde a fil guide selon la Revendication
1, ou le diametre total de ladite sonde a fil guide se
situe entre environ 0,125 mm et 12,5 mm (entre
5/1000 de pouce et 0,5 pouce).

L’ensemble sonde a fil guide selon la Revendication
1, ou ledit premier isolant contient un matériau a fai-
ble constante diélectrique et a faible perte diélectri-
que.

L’ensemble sonde a fil guide selon la Revendication
1, ou ledit ensemble sonde a fil guide est au moins
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partiellement souple.

L’ensemble sonde a fil guide selon la Revendication
1, ou ledit ensemble sonde a fil guide est orientable.

L’ensemble sonde a fil guide selon la Revendication
1, ou ladite antenne est souple.

L’ensemble sonde a fil guide selon la Revendication
1, comprenant en outre un circuit symeétriseur.

L’ensemble sonde a fil guide selon la Revendication
30, ou ledit circuit symétriseur comprend un circuit
symeétriseur accordé.

L’ensemble sonde a fil guide selon la Revendication
1, ou ledit blindage comprend une bobine hélicoida-
le.

L’ensemble sonde a fil guide selon la Revendication
1, ou ladite tige de sonde est conique.

Un procédé de fabrication d’'un ensemble sonde a
fil guide, comprenant les opérations suivantes :

la fixation d’'un premier isolant (102) autour d’un
coeur conducteur non magnétique (101) de fa-
¢on a créer un ensemble isolant-coeur,

la fourniture d’un blindage conducteur d’électri-
cité (103) sur une partie proximale dudit ensem-
ble isolant-coeur, et

la fixation d’'une antenne radiofréquence (106)
a une partie distale dudit ensemble isolant-
coeur, caractérisé en ce que I'antenne com-
prend une antenne fouet hélicoidale droite pos-
sédant une pluralité de spires.

Le procédé de fabrication d’'un ensemble sonde a fil
guide selon la Revendication 34, comprenant en
outre la fourniture d’un isolant extérieur (104) par
dessus ladite antenne, ledit blindage (103) et ledit
ensemble isolant-coeur.

Le procédé de fabrication d’'un ensemble sonde a fil
guide selon la Revendication 34, ou ladite opération
de fixation dudit premier isolant (102) autour dudit
coeur non magnétique comprend une opération
d’extrusion.

Le procédé de fabrication d’'un ensemble sonde a fil
guide selon la Revendication 34, ou ladite opération
de fixation dudit premier isolant (102) autour dudit
coeur non magnétique comprend une opération
d’étirage.

Le procédé de fabrication d’'un ensemble sonde a fil
guide selon la Revendication 34, ou ladite opération
de fixation dudit premier isolant (102) autour dudit
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coeur non magnétique comprend I'application d’'un
tube thermorétrécissable.

Le procédé de fabrication d’'un ensemble sonde a fil
guide selon la Revendication 34, ou ladite opération
de fourniture d’un blindage (103) sur ladite partie
proximale dudit ensemble isolant-coeur comprend
I'opération d’application d’'une gaine tressée.

Le procédé de fabrication d’'un ensemble sonde a fil
guide selon la Revendication 34, ou ladite opération
de fourniture d’un blindage (103) sur ladite partie
proximale dudit ensemble isolant-coeur comprend
une opération de peinture.

Le procédé de fabrication d’'un ensemble sonde a fil
guide selon la Revendication 34, ou ladite opération
de fourniture d’un blindage (103) sur ladite partie
proximale dudit ensemble isolant-coeur comprend
une opération de plaquage.

Le procédé de fabrication d’'un ensemble sonde a fil
guide selon la Revendication 34, ou ladite opération
de fourniture d’un blindage (103) sur ladite partie
proximale dudit ensemble isolant-coeur comprend
une opération de pulvérisation.
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