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7) ABSTRACT

An apparatus and method to perform therapeutic treatment
and diagnosis of a patient’s vasculature through the use of an
intravascular device having an optical fiber disposed therein.
In an embodiment, the apparatus includes an intravascular
device to perform a therapeutic treatment and at least one
optical fiber disposed through the intravascular device. The
optical fiber is configured to provide diagnostic information
before, during, and after the therapeutic treatment. In an
embodiment, diagnostic information includes vessel and
blood characteristics such as hemodynamic characteristics,
hematological parameters related to blood and blood compo-
nents, and thermal parameters of the vasculature.
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1
CATHETER WITH OPTICAL FIBER SENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation of prior U.S. patent application Ser.
No. 09/872,310, filed on May 31, 2001, now issued as U.S.
Pat. No. 7,329,2230n Feb. 12, 2008.

FIELD OF THE INVENTION

This invention relates to the field of medical diagnosis and
treatment by means of an intravascular device. More specifi-
cally, the present invention relates to a treatment catheter
incorporating an optical fiber capable of providing diagnostic
information before, during, and after the procedure.

DESCRIPTION OF RELATED ART

Arteriosclerosis, or more specifically atherosclerosis, is a
common human ailment arising from the deposition of fatty-
like substances, referred to as atheroma or plaque, on the
walls of peripheral and coronary blood vessels. When depos-
its accumulate in localized regions of a vessel, blood flow can
be occluded or restricted, increasing the risk of heart attack or
stroke.

Numerous approaches for reducing and removing such
vascular deposits have been proposed, including balloon
angioplasty, where a balloon-tipped catheter is used to dilate
a region of atheroma; atherectomy, where a blade or other
cutting element is used to sever and remove the atheroma; and
laser angioplasty, where laser energy is used to ablate (i.e.,
remove) at least a portion of the atheroma. The vast majority
of these therapeutic devices, however, are being used with
very little information about the in vivo biological environ-
ment, including for example, the hemorheology, vascular
biology or histology and histochemistry of the vasculature
being treated. Without such information available to the phy-
sician, “lesion specific” treatment, as well as preventive mea-
sures, cannot be adequately envisioned or planned.

To aid the vascular therapeutic approaches above, a num-
ber of techniques for transluminal imaging of the atheroma
and other diseased regions of a blood vessel have been pro-
posed, including endoscopic and ultrasonic imaging tech-
niques. Some of these techniques involve the use of an intra-
vascular catheter device that is positioned at a desired
location within the blood vessel to be treated or imaged. Many
of these diagnostic devices have limitations that require mea-
surement of properties, e.g. pressure or flow rate, at locations
far removed from the specific site of disease such that accu-
rate diagnosis is already compromised by merely using the
device. In addition, most of the diagnostics are not part of the
therapeutic phase; therefore, the diagnostic device must be
removed in order to treat the patient with a treatment device,
for example, a balloon catheter or stent. The result is that
therapeutic strategies are often unilaterally rendered without
relevant information concerning the lesion, surrounding vas-
culature, or the biomechanical environment—information
which, if available, could be appropriately used to improve
both acute and chronic outcomes for the patient.

Inthe medical field, optical fibers have generally been used
to illuminate and view various interior parts of the human
body. Example devices include fiber optic scopes. In some
medical applications, fiber optic devices have been employed
with catheters to either diagnose or treat conditions within
patients.
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2
SUMMARY OF THE INVENTION

The present invention directs to an apparatus that performs
therapeutic treatment and diagnosis of a patient’s vasculature
through the use of an intravascular device having an optical
fiber disposed therein. In an embodiment, the apparatus
includes an intravascular device to perform a therapeutic
treatment and at least one optical fiber disposed through the
intravascular device. The optical fiber is configured to pro-
vide diagnostic information before, during, and after the
therapeutic treatment. In an embodiment, diagnostic informa-
tion includes vessel and blood characteristics such as hemo-
dynamic characteristics, hematological parameters related to
blood and blood components, and thermal parameters of the
vasculature.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and
not limitation in the accompanying figures:

FIG. 1A is a perspective view showing an embodiment of
an intravascular device, such as a balloon catheter, having an
optical fiber coupled to a data processing system.

FIG. 1B is a side view showing embodiment of balloon
catheter of FIG. 1A positioned within a vasculature of a
patient (for clarity, balloon is not shown).

FIG. 2 is a side view showing a partial cross section of an
embodiment of a balloon catheter having an optical fiber.

FIG. 3 is a side view showing a partial cross-section of
another embodiment of a catheter-based intravascular device
having an optical fiber within an intraluminal space of the
catheter shaft outer member.

FIG. 4 is a cross-sectional view of the catheter-based sys-
tem of FIG. 3 with the optical fiber secured to the outer
surface of the catheter shaft inner member.

FIG. 5 is a cross-sectional view of the catheter-based sys-
tem of FIG. 3 showing the window or notch on the catheter
shaft outer member.

FIG. 6 is a side view showing a partial cross section of
another embodiment of a catheter-based intravascular device
having an optical fiber within a catheter lumen.

FIG. 7 is a cross-sectional view of the catheter-based sys-
tem of FIG. 6 with the optical fiber within a single lumen
catheter shaft.

FIG. 8 is a cross-sectional view of the catheter-based sys-
tem of FIG. 6 with the optical fiber within one lumen of a
two-lumen catheter shaft.

FIG. 9 is a cross-sectional view of the catheter-based sys-
tem of FIG. 6 with the optical fiber within a lumen of one
inner member of a two-inner member catheter shaft.

FIG. 10 1s a side view showing a partial cross section of
another embodiment of a catheter-based intravascular device
having an optical fiber through a catheter sheath.

FIG. 11 is a cross-sectional view of the catheter-based
system of FIG. 10 with the optical fiber positioned between
the catheter sheath and catheter shaft outer member.

FIG. 12 is a cross-sectional view of the catheter-based
system of FIG. 10 with the optical fiber within a lumen of a
two-lumen sheath configuration.

FIG. 13 1s a side view showing a partial cross section of
another embodiment of a catheter-based intravascular device
having an optical fiber within a balloon of a catheter.

FIG. 14 is a cross-sectional view of the catheter-based
system of FIG. 13 with the optical fiber secured onto the inner
surface or outer surface of a multi-lobe balloon.
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FIG. 15 is a cross-sectional side view of the catheter-based
system of FIG. 13 with the optical fiber secured between two
balloon layers of a single lobe balloon.

FIG. 16 is a cross-sectional view of the catheter-based
system of FIG. 13 showing the guidewire exit notch on the
catheter shaft outer member.

FIG. 17 is a side view showing a partial cross section of
another embodiment of a catheter-based intravascular device
having at least one optical fiber within a coil-like enclosure.

FIG. 18 is a cross-sectional view of the catheter-based
system of FIG. 17 with the optical fiber positioned within a
coil-like enclosure.

FIG. 19 is a cross-sectional view of the catheter-based
system of FIG. 17 with an optical fiber array within a catheter
shaft.

FIG. 20 is a block schematic diagram of an embodiment of
an intravascular device, such as a catheter, having an optical
fiber coupled to a data processing system.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of apparatuses and methods to perform
therapeutic treatment and diagnosis of a patient’s vasculature
through the use of an intravascular device having at least one
optical fiber disposed therethrough are described.

In the following detailed description, numerous specific
details are set forth in order to provide a more thorough
understanding of the present invention. However, it will be
apparent to those skilled in the art to which this invention
pertains that the present invention is not limited in scope by
these specific details. In other instances, well-known devices,
methods, procedures, and individual components have not
been described in detail so as not to obscure aspects of the
present invention.

FIGS.1A-1B illustrate generally an exemplary apparatus 1
of the present invention coupled to a data processing system
605. FIG. 1A illustrates a perspective view of exemplary
apparatus 1, while FIG. 1B schematically illustrates appara-
tus 1 positioned within the vasculature 5 of a patient. Appa-
ratus 1 generally includes an intravascular device 2 to perform
a therapeutic treatment, such as angioplasty, stenting, radia-
tion, drug delivery, etc, and at least one optical fiber 20 dis-
posed within the intravascular device 2 configure to provide
diagnostic information before, during, and after the therapeu-
tic treatment. The intravascular device 2 may include any
medical device, such as a catheter or a guidewire, which is
used in treatment of intravascular conditions. The optical
fiber 20 may be fixedly coupled to the intravascular device 2
at least one point 4 (shown in FIG. 1B) on the intravascular
device 2. Alternatively, optical fiber 20 may be movable, e.g.
slideable, within intravascular device 2.

Typically, the optical fiber 20 filament is made of at least
two concentrically arranged elements: a central core and a
cladding surrounding the core. The “functional” part of the
optical fiber is the core—the part that actually transmits the
light. The core is made of drawn or extruded silica (glass) or
plastic, although other materials may be used. The cladding is
usually made of the same material as the core, but with
slightly lower index of refraction. This index difference
causes total internal reflection to occur within the optical fiber
so that the light is transmitted down the fiber and does not
escape through the side walls of the optical fiber.

In one embodiment, the optical fiber(s) 20 described above
has an outer diameter in the range of approximately 30 to 250
microns; however, other optical fiber diameters are within the
scope of this invention. It should be noted that the diameter of
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the optical fiber core generally has a much lower diameter, for
example in the range of about 5-25 microns.

Continuing with reference to FIGS. 1A-1B, in an embodi-
ment, optical fiber(s) 20 may include a single-filament optical
fiber. In another embodiment, optical fiber 20 may include
two bundles of fibers or alternatively a pair of single fibers. In
a single-filament optical fiber construction, light from a laser
source 606 in data processing system 605 is transmitted via
optical fiber strand 20 and a connecting optical fiber 21 to a
reflecting target 7. Optical fiber 20 then receives and transmits
the reflected light to a detector/signal analyzer 610 and the
light signal is further analyzed in a computer system 612. An
amplifier 608 may be used to enhance the light signal. In a
multiple optical fiber filament or optical fiber bundle configu-
ration, one optical fiber filament or bundle transmits light to a
reflecting target 7; the other receives and transmits the
reflected light to a detector. The intensity of the detected light
depends on how far the reflecting target 7 is from the optical
fiber 20. The reflecting target 7 may include a body vessel 7a
(or a body organ), as well as any object associated with or
within the vessel 7a (or the body organ), for example a vessel
wall 75, blood particles 7¢ (or any other fluid within the
vessel), a stenosed vessel area 7d (or a treatment area), or any
component of the arterial wall.

During a medical procedure, a portion of the optical
fiber(s) 20, for example a distal tip 6 of the optical fiber 20
(shown schematically in FIG. 1B) is exposed to or has unob-
structed contact with the vasculature 5 of a patient at least at
one location along the intravascular device 2. The optical
fiber(s) 20 typically provides the intravascular device 2 with
the capability to sense vessel and blood characteristics,
including but not limited to hemodynamic characteristics,
hematological parameters related to blood and blood compo-
nents, and thermal parameters of the vasculature, lesion, or
body site being treated.

Possible target hemodynamic characteristics or variables
include blood flow velocity and velocity profile characteris-
tics. The detection of stagnant or recirculating flow regions
may relate to propensity of cell adhesion to the endothelium,
whereas the detection of slightly turbulent flow may indicate
a stenosis that could be angiographically silent. In addition,
the levels of shear force may be important for detecting dis-
ease-prone regions or shear-induced plateletactivation. There
are other hemodynamic variables, such as local pressure gra-
dient, that could also be measured or derived from measure-
ments by the optical fiber of the present invention with the
intent of identifying regions at high risk for clinical compli-
cation.

As stated above, optical fiber 20 disposed within the intra-
vascular device 2 is configured to sense and thus may be used
to measure or allow measurement of temperature, pressure,
flow, velocity, turbulence, shear stress, etc., of a treatment
site. A physician may then use this information in making
treatment decisions. For example, if the optical fiber 20 iden-
tifies flow discontinuities or abnormal flow rates and the
intravascular device 2 is a balloon catheter, the physician
could use this information to optimize an angioplasty. Or, if
the optical fiber 20 is disposed within an intravascular device
2 such as a stent delivery system, the physician can use the
information to optimize the dilatation of the stent.

Furthermore, the optical fiber described above may be
incorporated in intravascular devices to address numerous
clinical challenges. Such clinical challenges may include, but
are not limited to, the prevention and/or treatment of resteno-
sis, chronic total occlusion, saphenous vein graft (SVG) dis-
ease, acute myocardial infarction, restenotic lesions, small
vessels, dissections, long lesions and diffuse disease, acute or
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threatened closure, bifurcation lesions, ostial lesions, left
main coronary artery (LMCA) disease, aneurysms, vulner-
able plaques, etc.

FIG. 2 schematically illustrates a intravascular device 10
embodying features of this invention, such as an over-the wire
(OTW) balloon catheter 10 to perform therapeutic treatment
and at least one optical fiber 20 disposed within the OTW
balloon catheter 10 to obtain diagnostic information before,
during, and after the therapeutic treatment. The optical
fiber(s) 20 may be fixedly coupled to the balloon catheter 10
at least one point on the balloon catheter 10. Alternatively, the
optical fiber 20 may be movable, e.g. slideable, within bal-
loon catheter 10.

The configuration, size, materials, etc. of optical fiber(s) 20
disposed within balloon catheter 10 have been described
above. The optical fiber(s) 20 of balloon catheter 10 is con-
figured to sense vessel and blood characteristics, including
but not limited to hemodynamic characteristics, hematologi-
cal parameters related to blood and blood components, and
thermal parameters of the vasculature, lesion, or body site
being treated.

In one embodiment, balloon catheter 10 includes an elon-
gated catheter shaft 11 having a tubular inner member 12 and
an elongated member 13 disposed about the tubular inner
member 12. An expandable member, for example an inflat-
able balloon 15, is disposed at and coupled to a distal end of
the elongated catheter shaft 11. In one configuration, the
inflatable balloon 15 is coupled to the distal end of the tubular
inner member 12. An adapter such as a proximal triple port
sidearm 14 is secured to the proximal ends of the inner and
outer members 12, 13. Triple port sidearm 14 allows a port for
guidewire 16 insertion, another port for passage of an inflat-
ing medium (not shown) for balloon 15 inflation, and a third
port for insertion of the optical fiber 20.

Continuing with reference to FIG. 2, generally the catheter
shaft tubular inner member 12 extends from the proximal
sidearm 14 to a catheter distal tip 21 while the elongated
member 13 extends from the proximal sidearm 14 to a balloon
proximal seal area 22, where the elongated member 13 is
placed over and is fused to the proximal end of the balloon 15.
Catheter shaft tubular inner member 12 may include at least
one lumen longitudinally disposed therethrough that may be
used by a guidewire 16 to position the catheter’s distal tip,
including the balloon 15, over the area within the body lumen
that is to be treated.

Balloon 15 may have a single lumen/single lobe arrange-
ment, a multi-lumen/multi-lobe configuration or a combina-
tion thereof and may include tapered proximal and distal ends
for enhanced treatment delivery, improved body lumen
access, better balloon refolding, etc. The configuration of the
inflatable balloon 15 generally depends on the type of appli-
cation in which the balloon catheter 10 is to be used as well as
other factors such as manufacturing preferences. For
example, when used in the dilatation of a vessel, inflatable
balloon 15 may generally have a single lumen design. When
used for radiation therapy or drug delivery applications, cath-
eter 10 may typically include a balloon 15 having a multi-
lumen configuration for better centering within a body lumen.

The catheter shaft elongated member 13 may be formed of
suitable polymeric material such as high density polyethyl-
ene, a polyester such as Hytrel® (product of DuPont), poly-
ether-ether-ketone (PEEK) or a variety other polymeric mate-
rials. The balloon 15 may be manufactured using balloon
materials, such as Pebax™, nylon, polyethylene, polyure-
thane, or polyester. Materials for use in fabricating the bal-
loon 15 of the present invention are selected by considering
the properties and characteristics (e.g., softness, durability,
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low stiffness) required by angioplasty balloons, as well as
considering properties necessary for successful balloon fab-
rication (e.g., balloon material compatible with other catheter
materials and bonding process, material extruding well, etc.).
The catheter shaft tubular inner member 12 may be formed of
the same material as the elongated member 13 or a lubricious
material such as a fluoropolymer or a hydrophilic material,
e.g. the ethylene ethyl acrylate copolymer. The low friction
surface of the inner wall of tubular inner member 12 facili-
tates the advancement of a guidewire 16 within the tubular
inner member 12 lumen. The tubular inner member 12 may be
a co-extruded member so that the exterior is compatible for
fusion bonding to the balloon 15 and the interior has a lubri-
cious surface.

Catheter 10 incorporating optical fiber(s) 20 of the present
invention may be used to provide quantitative assessments of
a cardiovascular treatment site. For example, the optical
fiber(s) 20 of catheter 10 may be used prior to the treatment of
a stenosed vasculature to (a) provide information to the phy-
sician (e.g., cardiologist) regarding the severity of the stenosis
or disease in the vessel area of interest, (b) to indicate to the
cardiologist when a treatment procedure is done, or (c) to
allow the cardiologist to determine if the treatment is causing
any additional damage. As another example, the optical
fiber(s) 20 of catheter 10 may be used following treatment,
either immediately or any reasonable time later, to assess the
effectiveness and/or success of the treatment.

It will be noted that catheter 10 may include any catheter
type known in the art, for example an angioplasty catheter, a
radiation delivery catheter, a stent delivery catheter, a drug
delivery catheter, an imaging catheter, as well as any other
type of medical catheters used in the field. Catheter 10 may be
a single lumen or multi-lumen catheter design and may have
an “over-the-wire” (OTW), “standard Rapid Exchange”
(standard RX), “tip-RX”, or any other catheter configuration
known in the art.

When disposed within the balloon catheter 10, the optical
fiber(s) 20 may be positioned in a number of configurations,
for example within a lumen of the shaft inner member, within
an intraluminal gap or lumen between the catheter shaft inner
and outer members, coupled to the balloon or within the
balloon lumen(s), or within a catheter sheath enveloping the
catheter shaft. These fiber optic/catheter configurations are
discussed in detail below.

Fiber Optic Sensor Through Catheter Shaft Outer Member

FIGS. 3-5 illustrate an exemplary catheter-based system
100 having at least one optical fiber 20 through a catheter
shaft 110 having an elongated member 130 disposed about a
tubular inner member 120. An adapter such as a proximal
sidearm 140 may be secured to the proximal ends of the inner
and outer members 120, 130. Depending on the type of appli-
cation in which it is to be used, the catheter-based system 100
may include an expandable member, for example a balloon
150, which is disposed at and coupled to a distal end of the
catheter shaft 110.

In one embodiment, at least one optical fiber 20 is inserted
into the intraluminal space or gap 180 between the outer
member 130 and the inner member 120. In one configuration,
the optical fiber 20 may be movable, e.g. slideable, within
intraluminal space or gap 180. In another configuration, the
optical fiber 20 may be fixedly coupled (i.e., secured) to the
inner surface 131 of the shaft outer member 130 at one point
40 along the elongated member 130. For example, if the
catheter-based system 100 includes an expandable member,
such as a balloon 150, the optical fiber 20 could be jointly
bonded at the proximal balloon seal 102. This configuration
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will allow the optical fiber 20 to bend and “flex” easily as the
catheter 100 tracks through tortuous anatomy. For optical
transmission, the distal tip of the optical fiber 20 may be
exposed through a notch 190 or an optical window present in
the outer member 130.

In an alternative embodiment, an optical fiber 20 could be
secured to the outer surface 121 of the shaft inner member 120
which may be configured to receive a guidewire 160, within
lumen 170, which extends to a distal tip 101 of the catheter
100. In this configuration, the optical fiber 20 could be jointly
bonded to the inner member 120 at the distal balloon seal 103.
This configuration would allow the optical fiber 20 distal tip
1o be exposed for optical transmission at the distal tip 101 of
catheter 100.

The optical fiber(s) 20 described above may be either a
single filament or two or more filaments, bonded or
unbonded. In the broad sense of this design, there are many
possible embodiments of optical fiber(s). In one embodiment,
the optical fiber(s) 20 described above may have an outer
diameter in the range of approximately 30 to 250 microns;
however, other optical fiber diameters are within the scope of
this invention. The optical fiber(s) 20 typically provides cath-
eter 100 with the ability to sense vessel and blood character-
istics, including but not limited to hemodynamic characteris-
tics and/or thermal parameters of a blood vessel, lesion, or
body site being treated.

Catheter 100 may include any of the catheter configura-
tions and arrangements discussed above. Catheter 100 of the
present invention is fabricated of materials similar to those
described for catheter embodiment 10 above.

Catheter with Fiber Optic Sensor within Catheter Shaft Inner
Member

FIGS. 6-9 illustrate an embodiment of a catheter-based
system 200 having at least one optical fiber 20 thatis disposed
within a lumen 270 of a shaft inner member 220 that is part of
the catheter shaft 210. As discussed above, the catheter shaft
210 generally has a shaft inner member 220 coupled to a shaft
outer member 230, although other configurations may be
practiced within this invention. A multi-port adapter such as a
proximal sidearm 240 may be secured to the proximal ends of
the inner and outer members 220, 230. Depending on the type
of application in which it is to be used, the catheter-based
system 200 may include an expandable member, for example
aballoon 250, which is disposed at and coupled to a distal end
of the catheter shaft 210.

The optical fiber 20 may be either a single fiber optic
filament ortwo or more fiber optic filaments. The optical fiber
20 may be fixedly secured within lumen 270 of the shaft inner
member 220 or may be movable within lumen 270 of the shaft
inner member 220.

With reference to FIGS. 6 and 7, an embodiment of the
present invention is a catheter-based system 200 having a
single lumen 270 within the catheter shaft inner member 220.
Anoptical fiber 20 may be fixedly coupled to at least one point
40 on the inner surface 220a of the shaft inner member 220.
Alternatively, the optical fiber 20 may be movable within
lumen 270 of the shaft inner member 220. It will be noted that
the catheter embodiment shown in FIG. 7 cross-section is
generally representative of a “tip-RX” type catheter body,
where a guidewire 260 (shown in FIG. 6) would be positioned
distal to the inflatable balloon 250 and thus would travel only
through a distal tip 201 of catheter shaft inner member 220.

With reference to FIGS. 6 and 8, another embodiment of
the present invention is a catheter-based system 200 having at
least two-lumens 271, 272 within the catheter shaft inner
member 220. The catheter shaft inner member 220 extends
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from a proximal sidearm 240 to the catheter distal tip 201. In
this configuration, one lumen 271 would function as a lumen
for a guidewire 260 while a second lumen 272 would contain
the optical fiber sensor 20. One or more lumens (not shown)
may be included as part of the catheter shaft inner member
220 in addition to the guidewire lumen 271 and fiber optic
lumen 272. These additional lumens may serve as drug deliv-
ery lumen(s), balloon inflation medium lumen(s), radioactive
source lumen, imaging agent lumen, and any other therapeu-
tic and/or diagnostic purpose known in the art.

In one embodiment, a tapered mandrel 225 (shown in FIG.
8) may be positioned at a distal end of lumen 272 to provide
support to the shaft inner member 220.

The optical fiber 20 disposed within lumen 272 may be
fixedly coupled to an interior surface 220a of shaft inner
member 220 or be movable, e.g. slideable, within lumen 272.
Generally, the lumen 272 containing optical fiber 20 is open at
its proximal and distal ends to allow the distal tip of the fiber
optic 20 to be exposed to a patient’s vasculature during a
medical procedure. In another embodiment, lumen 272
receiving the optical fiber 20 may be open at its proximal end,
i.e., at sidearm 240, and closed at its distal end. In this con-
figuration, an optical window 37 may be incorporated into the
shaft inner member 220, for example at the distal end of inner
member 220, to allow the fiber optic 20 to be exposed to the
patient’s vasculature.

Continuing with reference to FIGS. 6 and 8, using two
separate ports 241, 242 at the proximal sidearm 240, one port
241 for the optical fiber 20 and one port 242 for the guidewire
260, allows the optical fiber 20 to be independently advanced
and/or rotated within the lumen 272. This would allow a distal
tip of the optical fiber 20 to be advanced to the catheter distal
tip 201 for optical transmission and then retracted into the
lumen 272 during the therapeutic procedure, for example
when inflating the balloon to perform an angioplasty. It
should be noted, however, that it is within the scope of this
invention to have the optical fiber remain exposed within, i.e.,
in optical contact with, the vasculature of a patient to monitor/
investigate treatment progress and/or post treatment out-
come.

With reference to FIGS. 6 and 9, in another embodiment,
the catheter shaft inner member 220 may have dual-inner
member extrusion configuration 221, 222. Catheter shaft
inner member 220 may have a first lumen 272 within inner
member 221, the lumen 272 being configured to receive an
optical fiber 20 therethrough. The catheter shaft inner mem-
ber 220 may further have a lumen 271 within inner member
222, the lumen 271 being configured to receive a guidewire
260. The first inner member 221 generally runs parallel with
the second inner member 222. The first inner member 221
may also be coupled or be adjacent to the second inner mem-
ber 222 Alternatively, the first and second inner members 221,
222 could extend from the proximal sidearm 240 to the distal
catheter tip 201.

In yet another embodiment, the distal end of the first inner
member lumen 272, i.e., lumen for the optical fiber 20, would
extend through a notch 37 (shown in FIG. 6) in the shaft outer
member 230. The optical fiber 20 may be partially or com-
pletely fixed within lumen 272 or be movable, e.g. slideable to
advance and/or rotate within lumen 272.

The configuration, size, materials, etc. of optical fiber(s) 20
disposed within balloon catheter 200 have been described
above. The optical fiber(s) 20 of balloon catheter 200 is con-
figured to sense vessel and blood characteristics, including
but not limited to hemodynamic characteristics, hematologi-
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cal parameters related to blood and blood components, and
thermal parameters of the vasculature, lesion, or body site
being treated.

Balloon catheter 200 may include any of the catheter con-
figurations and arrangements discussed above. Balloon cath-
eter 200 of the present invention is fabricated of materials
similar to those described for catheter embodiment 10 above.

Fiber Optic Sensor Through a Sheath

FIGS. 10-12 illustrate an example of a catheter-based sys-
tem 300 that includes a catheter shaft 310 having a catheter
shaft outer member 330 coupled to a catheter shaft inner
member 320. The catheter shaft inner member 320 has a
lumen 370 configured to receive a guidewire 360 for advanc-
ing and positioning the catheter 300 at a treatment site.
Depending on the type of application in which it is to be used,
the catheter-based system 300 may include an expandable
member, for example a balloon 350, which is positioned at the
distal end of the catheter shaft 310. The catheter-based system
300 further includes a sheath 58 longitudinally slideable over
the catheter shaft inner and outer members 320, 330. At least
one optical fiber 20 is disposed through, i.e., enveloped
within, the slideable sheath 58.

With reference to FIGS. 10 and 11, in one embodiment, at
least one optical fiber 20 is disposed within an intraluminal
gap 380 longitudinally positioned between the slideable
sheath 58 and the catheter shaft inner and outer members 320,
330. In one configuration, the optical fiber 20 may freely
move within intraluminal gap 380. In another configuration,
the optical fiber 20 may be placed into a thin flexible tubing-
like enclosure 390 which may be bonded to at a least one point
along the outer surface wall of the shaft outer member 330,
the inner wall of the sheath 58, and/or the outer surface wall
of the shaft inner member 320. This will allow the optical
fiber 20 to bend and “flex” easily as the catheter 300, includ-
ing sheath 58, track through tortuous vessel/organ anatomy.
For optical transmission, the tip of the optical fiber 20 may be
exposed through a notch or an optical window 57 present in
the sheath 58.

The sheath 58 allows the optical fiber 20 to be indepen-
dently advanced and/or rotated over the therapeutic catheter
for optical transmission and then retracted proximal to the
balloon 350 and/or a stent (not shown), if a stent is coupled to
a catheter, during the therapeutic procedure.

With reference to FIGS. 10 and 12, in a second embodi-
ment, the optical fiber 20 may be inserted into the sheath 58
through a small lumen 53¢ in a dual lumen extrusion. Lumen
53a may have an interior diameter in the range of approxi-
mately 0.005-0.01 in. In one embodiment, lumen 534 has an
inner diameter of approximately 0.007 in.

The second lumen 5356 of the sheath 58 would allow cath-
eter to be advanced and/or retracted within sheath 58. Lumen
53b may have an interior diameter in the range of approxi-
mately 0.050-0.10 in. In one embodiment, lumen 535 has an
inner diameter of approximately 0.060 in.

In one embodiment of the configuration presented in FIG.
12, theoptical fiber 20 may be partially or completely coupled
within the optical fiber lumen 534. In another embodiment,
the optical fiber 20 may be freely movable to advance and/or
rotate within the lumen 53q. Similar to the above-described
design, sheath 58 may be independently advanced over the
catheter for optical transmission and then retracted proximal
to the catheter balloon during the therapeutic procedure.

The configuration, size, materials, etc. of optical fiber(s) 20
disposed within balloon catheter 300 have been described
above. The optical fiber(s) 20 of balloon catheter 300 is con-
figured to sense vessel and blood characteristics, including
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but not limited to hemodynamic characteristics, hematologi-
cal parameters related to blood and blood components, and
thermal parameters of the vasculature, lesion, or body site
being treated.

Catheter 300 may include any of the catheter configura-
tions and arrangements discussed above. Catheter 300 of the
present invention is fabricated of materials similar to those
described for catheter embodiment 10 above.

Fiber Optic Sensor Through Catheter Balloon

FIGS. 13-16 schematically illustrate an embodiment of a
catheter-based system 400 that includes a catheter shaft 410
having a catheter shaft outer member 430 that is coupled or
attached to a catheter shaft inner member 420. The catheter-
based system 400 further includes an expandable member,
such as a balloon 450, positioned at the distal end of catheter
400. At least one optical fiber sensor 20 may be coupled or
attached to the balloon 450. Generally only a distal portion of
the optical fiber 20 is coupled to the balloon 450, however,
other configurations may be practiced within the scope of this
invention. Some portion or all of the remaining length of the
optical fiber filament(s) 20 is typically disposed within the
catheter shaft 410 and then jointly bonded into a proximal seal
402 formed by the proximal ends of balloon 450 and distal
ends of catheter shaft outer members 420, 430. In an embodi-
ment, the length of the optical fiber filament(s) 20 traverses
the entire longitudinal length of the catheter shaft 410, exiting
the proximal end of the shaft 410 through one of the ports
440a, 4405 of adapter 440 which is secured to the proximal
ends of the inner and outer members 420, 430.

In one embodiment of this invention, the optical fiber 20 is
coupled to the balloon 450 during the balloon blowing pro-
cess. Typically, as part of the balloon blowing process, a distal
section of a balloon tubing is expanded in a balloon mold (not
shown) using a combination of heat, pressure, and tensile
force. The balloon tubing expansion process continues until a
balloon 450 having the desired shape and size is formed in the
balloon mold (not shown) from the balloon tubing distal
section.

With reference to FIG. 14, in a first embodiment, the opti-
cal fiber 20 is molded (and thus affixed or secured) onto the
inner surface 451 of the balloon tubing distal section as the
tubing expands to form balloon 450. The optical fiber 20 may
also be molded (and thus secured) onto the outer surface 452
of the balloon tubing distal section during the balloon blow-
ing process. Alternatively, the optical fiber(s) 20 may be
bonded (or secured) to the inner or outer surfaces 451, 452 of
balloon 450 following the balloon blowing process. As stated
above, some portion or the entire remaining length of optical
fiber filament 20 may be positioned within the catheter shaft
410, e.g., inner member 420 and/or outer member 430.

With reference to FIG. 15, in a second arrangement, the
optical fiber 20 is positioned between two layers 450a, 4505
of balloon tubing. During the balloon blowing process. the
optical fiber 20 is molded (and thus affixed) onto at least one
of the two layers 450a, 4505 of the balloon tubing. Some
portion or the entire remaining length of optical fiber 20 may
be positioned within the catheter shaft 410, e.g., inner mem-
ber 420 and/or outer member 430.

In the present invention, laser sealing or bonding tech-
niques such as the square-wave laser design may be desirable.
However, bonds may also be done using other balloon bond-
ing techniques known in the art, such as thermal or ultrasonic
welds, adhesive bonds (for example glue), or other conven-
tional means.

Balloon 450 may have any configuration known in the art,
for example a segmented balloon, a spiral shaped balloon, a
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fluted balloon, or a combination thereof. In an embodiment,
balloon 450 may have a multi-lumen (or multi-lobe) design
configuration (as shown in FIGS. 13-16). Alternatively, bal-
loon 450 may have a single lumen design configuration (as
shown in FIG. 2). Generally, a balloon catheter having a
multi-lobe balloon design may be employed as an intravas-
cular/intraductal centering catheter for use with, but not lim-
ited to, aradiation source, an intravascular ultrasound device,
a therapeutic drug, etc. A balloon catheter having a single
lumen balloon design may be used for, but not limited to,
vessel/artery/body lumen dilatation, intravascular stent
deployment, intravascular drug delivery, and other medical
applications.

The catheter shown in FIGS. 13-16 is a standard “rapid
exchange” (RX) design, having a guidewire tubing 465 with
a lumen 471 running from the distal tip of the catheter 401 to
an exit notch 490 located on the distal portion of shaft 410
approximately 28 cm from the distal tip 401. The most distal
end of the catheter generally includes a “soft tip” 405 formed
from a single lumen tubing. In one embodiment, the soft tip
extrusion 405 is approximately 1 mm long and is attached to
the end of guidewire lumen extrusion tubing 465 (shown in
FIGS. 14 and 16) that is part of a distal portion of the catheter
shaft inner member 420. As noted above, for standard RX
catheter design configurations, the guidewire lumen extru-
sion tubing 465 generally extends from about the distal tip
401 of catheter 400 to an exit notch 490 located on the distal
portion of shaft 410.

With reference to FIG. 14, a cross section in the middle of
the balloon 450 is schematically illustrated. In this configu-
ration, balloon 450 has three longitudinal lobes 4504 arrayed
around a central lumen 4505. The central lumen 4505 of the
balloon is sized to fit a therapy lumen extrusion tubing 466,
for example a radiation source lumen tubing 466 that can
receive a radiation source 467 through lumen 470 during
patient treatment. Generally, at its most distal tip, lumen 470
ofthe therapy lumen tubing, e.g., radiation source tubing 466
is “plugged” to prevent direct contact between body lumen
fluids and the therapy device, e.g., radiation source. In one
embodiment, the guidewire lumen extrusion 465 for receiv-
ing a guidewire 460 may be longitudinally disposed through
one of the balloon lobes 450a, however, other guidewire
lumen configurations, such as guidewire lumen through the
balloon central lumen 4505 are within the scope of this inven-
tion.

Both the guidewire and the therapy lumen extrusions 465,
466 may be manufactured as co-extrusions. In one embodi-
ment, catheter shaft may have an inner member co-extrusion
of Primacor and high-density polyethylene (HDPE), with an
outer member made of Nylon. Alternatively, catheter shaft
may be manufactured as a trilayer extrusion of Pebax or
Nylon, Primacor, and HDPE. Typically, the choice of layer
materials is directed by the compatibility of the balloon mate-
rial and the material selected for the catheter. The balloon is
formed from Pebax, but could be manufactured from nylon,
polyethylene, polyester, or other materials known in the art.

FIG. 15 schematically illustrates a side cross-section
through the balloon catheter embodiment 400 showing proxi-
mal and distal balloon seals 402, 403. The proximal balloon
seal 402 serves to connect the three balloon lobes 450a to at
least one inflation lumen 468. The radiation source lumen and
guidewire lumen extrusions also pass through the proximal
balloon seal 402; however, they arenot represented in F1G. 15
so as not to obscure the invention. The seal is created by
assembling the various tubings and mandrels to support the
lumens during processing, placing a shrink tubing (not
shown) over the assembly, and applying heat to melt the
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materials together. The shrink tubing serves to compress the
materials in to a compact seal. The preferred method for
applying heat is via a laser system, but other options such as
inductive heating are possible.

Referring again to FIGS. 13 and 16, in one embodiment,
for optimal catheter performance, the outer shaft member 430
along the proximal portion of the catheter shaft 410,1.e.,ata
catheter shaft location proximal to the guidewire exit notch
490, is formed using a high-stiffness polymer, such as poly-
ether-ether-ketone (PEEK). The inner member 420 is typi-
cally formed by the therapy lumen extrusion 466, e.g., radia-
tion source lumen extrusion tubing 466, and may also include
the optical fiber 20 (with or without a protective tubing 469).
The inflation lumen 468 generally continues through the
proximal portion of the shaft 410 and terminates in a multi-
port side arm or manifold 440 whose design enables the
radiation source lumen tubing 466 to connect to a therapy
device (not shown), and the inflation lumen 468 to connect to
an inflation device (not shown).

The balloon tubing (and thus balloon 450) may be manu-
factured using any balloon materials, such as resin, Pebax™,
nylon, polyethylene, polyurethane, or polyester. Materials for
use in fabricating the balloon tubing of the present invention
are selected by considering the properties and characteristics
(e.g., softness, durability, low stiffness) required by angio-
plasty balloons, as well as considering properties necessary
for successful balloon fabrication (e.g., balloon material com-
patible with other catheter materials and bonding process,
material extruding well, etc.).

The configuration, size, materials, etc. of optical fiber(s) 20
disposed within balloon catheter 400 have been described
above. The optical fiber(s) 20 of balloon catheter 400 is con-
figured to sense vessel and blood characteristics, including
but not limited to hemodynamic characteristics, hematologi-
cal parameters related to blood and blood components, and
thermal parameters of the vasculature, lesion, or body site
being treated.

Catheter 400 may include any of the catheter configura-
tions and arrangements discussed above. Catheter 400 of the
present invention is fabricated of materials similar to those
described for catheter embodiment 10 above.

Fiber Optic Sensor within a Coil or as Braided Member

FIGS. 17-19 schematically illustrate a catheter-based sys-
tem 500 embodying the features of this invention. In an
embodiment, catheter 500 includes a catheter shaft 510 hav-
ing an outer member 530 coupled to a catheter shaft inner
member 520, although other configurations may be practiced
within this invention. Catheter 500 further includes an elon-
gated member 77 longitudinally disposed within a lumen 570
of catheter shaft inner member 520 and at least one optical
fiber 20 which may be disposed either within a lumen 73 the
elongated member 77 or arranged over an outer surface 771 of
the elongated member 77. In one configuration, the elongated
member 77 includes a coil-like enclosure 77a. Alternatively,
the elongated member 77 may be configured as a braided
member 77b.

In an embodiment, the length of the optical fiber
filament(s) 20 traverses the entire longitudinal length of the
catheter shaft 510, exiting the proximal end of the shaft 510
through port 540a of adapter 540 which is secured to the
proximal ends of the inner and outer members 520, 530. The
other port 5405 of adapter 540 may be used for a number of
purposes, including for example to advance a guidewire 560,
a radioactive source (not shown), an IVUS device (not
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shown), or other treatment or diagnostic device through the
catheter shaft inner member 520 to a treatment site of a
patient’s vasculature.

Referring to FIGS. 17-19, in one embodiment, the optical
fiber(s) 20 is disposed within a coil-like enclosure 77a using
various methods, such as (a) inserting the sensor 20 into the
coil 77a, (b) assembling the coil 77a over the optical fiber 20,
orany other methods used in the art. In one configuration, the
optical fiber 20 is secured (i.e., bonded, affixed) at a point
along the inner surface of the coil 77a to allow the optical fiber
20 to bend and flex easily as it tracks through a tortuous
anatomy of a vessel 80. Alternatively, the optical fiber 20 may
be inserted into the lumen 73 of a braided member 775, or the
braided member 77b could be assembled over the optical fiber
20. The optical fiber 20 may be moveable (e.g. slideable) or
secured (i.e., bonded, affixed) at one point along the inner
surface of the braided member 775.

For optical transmission, the optical fiber tip 79 must be
exposed through a distal end of the coil 77a or braided mem-
ber 77b, through a notch 78 in the coil 774 or braided member
77b, or through an optical window 78 on the coil 77a or
braided member 77b.

In a catheter-based system such as the system 500 pre-
sented in FIGS. 17-19, the optical fiber 20 embodiments
presented immediately above could be unattached or slide-
able within the intraluminal space 570 of catheter shaft inner
member 520 or contained within a separate lumen 73 of
elongated member embodiments 77a, 77b as discussed
above. If incorporated within a separate lumen 73, the optical
fiber 20 may be advanced to the distal tip 74 of the catheter
500 for optical transmission during the diagnostic procedure,
and then retracted into the lumen 73 during the therapeutic
procedure.

With reference to FIGS. 17 and 19, alternatively, in another
embodiment, an array of at least two optical fibers 20 may be
positioned within a catheter-based system 500. Multiple opti-
cal fibers 20 could be bonded to one another in either a
braided or parallel fashion. In one configuration, in a catheter-
based system 500, the fiber optic array may be unattached or
slideable within the intraluminal space of the catheter shaft or
contained within a separate lumen 73 as discussed above. In
another configuration, multiple optical fiber sensors 20 may
be affixed or bonded to the interior wall of a single lumen
tubing 81 (shown in FIG. 19) that could be incorporated into
a catheter-based system 500.

The configuration, size, materials, etc. of optical fiber(s) 20
disposed within catheter 500 have been described above. The
optical fiber(s) 20 of catheter 500 is configured to sense vessel
and blood characteristics, including but not limited to hemo-
dynamic characteristics, hematological parameters related to
blood and blood components, and thermal parameters of the
vasculature, lesion, or body site being treated.

Catheter 500 may include any of the catheter configura-
tions and arrangements discussed above. Catheter 500 of the
present invention is fabricated of materials similar to those
described for catheter embodiment 10 above.

Method for Performing Treatment and Diagnosis of Vascula-
ture

FIG. 20 illustrates generally one embodiment of at least
one optical fiber 20 within a catheter-based system 600
coupled to a data processing system 605. Catheter-based sys-
tem 600 with at least one optical fiber 20 may include any of
the intravascular device and catheter embodiments discussed
above and shown in FIGS. 1-19.

With reference to FIG. 20, in an embodiment, the catheter-
based system 600 has a catheter body 601 that extends from a
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hub 604. Catheter 600 includes a balloon 602 disposed at the
distal end catheter body 601. A distal portion of catheter body
601 is insertable into a patient according to commonly known
methods. If catheter 600 is to be used in a stenting procedure,
an expandable metallic structure 603, such as stent 603, may
be disposed, i.e., loaded, over the distal most tip of catheter
body 601, typically over the balloon 602.

Hub 604 accommodates at least one optical fiber 20 (as
shown in FIGS. 1-19). The optical fiber 20 can be connected
to a laser source 606 via connecting optical fiber 21. An
amplifier 608, a signal processing unit 610, and a computer
system 612 may be connected to process the feedback signal
received through the fiber optics 20, 21. Laser source 606 can
be any continuous-wave signal or a high-repetition-rate
pulsed laser. In one embodiment, laser source 606 is a modu-
lated light diode or high-powered laser light source.

The laser source is typically chosen based on the light
wavelengths and light source power that facilitate the detec-
tion of the particular physical characteristic or variable. Spe-
cifically, because the light transmission window of blood is in
the red to infrared (IR ) range, a light wavelength in the range
of 700 nm to 1500 nm may be used. It should be noted that
longer wavelengths in the above stated range are desirable as
they overcome some of the signal loss due to scattering in the
blood. The shorter wavelengths are more energetic and there-
fore have the potential to cause tissue damage. Inone embodi-
ment, a wavelength of approximately 1300 nm may prefer-
ably be used.

The light output could be filtered if desired, as a homog-
enized illumination improves the signal-to-noise ratio. If the
red or near-IR spectral range is used, laser diodes could be
used as the excitation source to further improve the signal-to-
noise ratio. Signal processing unit 610 typically processes a
signal from visual or light source data to electronic data or
vice versa.

Laser source 606, amplifier 608 and signal processing unit
610 may be connected to a computer system 612, which is
typically used for data acquisition, data processing and dis-
play and system control. Catheter 600 houses an optical fiber
20 which is coupled to the at least one fiber optic wire 21 to
which laser source 606, amplifier 608, signal processing unit
610, and computer system 612 are connected. It is appreci-
ated that any or all of laser source 606, amplifier 608, signal
processing unit 610, and computer system 612 can be com-
bined into an independent console unit.

Itis appreciated that a variety of components can be used to
help generate, transmit and receive fiber optic signals. For
example, a mono-chromator can be used to receive light
signals transmitted back from the field of interest. The mono-
chromator can also be fitted with a photodiode array detector,
such as a 512 element intensified silicon photodiode array
detector. Furthermore, a high-resolution filter grating can be
installed in the mono-chromator in order to sharpen the fea-
tures displayed in the spectral response for easier peak rec-
ognition and spectral analysis. A pulse generator can be used
to time the detector response from the output pulse of the laser
light signal.

In a typical embodiment of the present invention, a physi-
cian, e.g. cardiologist, usually first decides which physical
characteristic or variable of a vessel/treatment site is to be
investigated (e.g., measured, identified). The physician will
generally then insert a intravascular device with an optical
fiber into the patient’s vasculature and advances it to a speci-
fied location in the vasculature. Once the intravascular device
is in place, a data processing system is generally operated to
transmit (or send) a plurality of light radiation signals via the
optical fiber to the specified location in the vasculature. The
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reflected light radiation signals are transmitted via the optical
fiber to a detector in the data processing system. The data
processing system then processes these signals to provide
information on a display so that the medical professional can
view this information and determine how to proceed. The
doctor may choose to perform a therapeutic procedure, such
as angioplasty or stenting, or decide that further treatment is
not required. The doctor may decide that further information
on that section of the vasculature is necessary and either
continues with the same medical device-based optical fiber or
use a different optical fiber to try to obtain different physical
characteristic or variable data.

Given their very small outer diameter size (for example, in
the range of approximately 30 to 250 microns), the optical
fiber(s) of the present invention may also be incorporated
within any conventional intravascular device, for example, a
catheter, a sheath, a guidewire. When properly coupled to a
intravascular device, the optical fiber does not interfere with
the functionality and performance of the intravascular device.
Furthermore, the design allows the overall dimensions and
flexibility of the intravascular device to remain the same.

The intravascular device of the present invention provides
several advantages over the relatively few current diagnostic
devices used in the art. The diagnostic devices currently avail-
able to measure properties such as pressure and/or flow rate
are limited in resolution, and are adversely affected by dis-
turbed conditions typically found in the diseased area. In
contrast, a intravascular device of the present invention can
sense extremely small gradients of parameters throughout the
human vascular system and, specifically, in the critical areas
surrounding the treatment site to provide more comprehen-
sive information on the disease state. Further, after the diag-
nosis has been carried out, the devices of the current art must
then be replaced with a therapeutic device, whereas the
present invention allows for a diagnostic and therapeutic tool
in one device.

It should be noted that apparatuses and methods of the
present invention are not limited to use in the vascular system
only but may be advantageously employed in other body
organs and structures, such as the esophagus, the stomach, the
colon, the uterus, saphenous vein grafts, heart valves, and
other body cavities, lumens, channels, and canals.

Thus, the present invention describes a unique medical
device typically used to treat human atherosclerosis that
encompasses both diagnostic and therapeutic capabilities.
The combined intravascular device and sensor of the present
invention allow the invention to sense vessel and blood char-
acteristics, including but not limited to: hemodynamic char-
acteristics, and/or thermal parameters of the diseased vessel
or region surrounding the treatment site. The present inven-
tion will aid cardiologists in development of lesion specific
interventional strategies and preventative medicine for
human vascular disease.

We claim:

1. An apparatus comprising:

an intravascular device to perform a treatment; and

at least one optical fiber disposed within a coil-like enclo-
sure which concentrically surrounds the at least one
optical fiber and disposed within the intravascular
device, and the at least one optical fiber is bonded to at
least one point along an inner surface of the coil-like
enclosure, the at least one optical fiber configured to
provide information at least one of before, during, and
after the treatment, the information comprising mea-
surements used to optimize the treatment.
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2. The apparatus of claim 1 wherein the at least one optical
fiber is configured to be inserted within a vasculature and
exposed at least atone location along the intravascular device.

3. The apparatus of claim 2 wherein the at least one optical
fiber is configured to sense vessel and blood characteristics.

4. The apparatus of claim 3 wherein vessel and blood
characteristics are selected from the group consisting of
hemodynamic characteristics, hematological parameters
related to blood and blood components and thermal param-
eters of the vasculature.

5. The apparatus of claim 1 wherein the intravascular
device is a balloon catheter comprising:

a catheter shaft having an elongated outer member dis-
posed about a tubular inner member, the tubular inner
member having alumen to receive the at least one optical
fiber therethrough; and

aballoon coupled to a distal portion of the catheter shaft for
dilating a stenosed vessel.

6. The apparatus of claim 5 wherein the at least one optical

fiber is movable within the lumen.

7. The apparatus of claim 5 wherein the lumen is config-
ured to receive an inflation medium therethrough to inflate the
balloon.

8. The apparatus of claim 7 wherein a distal tip of the at
least one optical fiber is configured to be inserted within a
vasculature and exposed at least at one location along the
balloon catheter.

9. The apparatus of claim 8 wherein the at least one optical
fiber is configured to sense vessel and blood characteristics
selected from the group consisting of hemodynamic charac-
teristics, hematological parameters related to blood and blood
components and thermal parameters of the vasculature.

10. The apparatus of claim 5 wherein the tubular inner
member has a second lumen extending at least within a distal
portion of the tubular inner member, the second lumen being
substantially parallel to the lumen having the at least one
optical fiber therethrough.

11. The apparatus of claim 10 wherein the second lumen is
a lumen selected from the group consisting of guidewire
lumen, inflation lumen, radiation source lumen, drug delivery
lumen, atherectomy device lumen and laparoscopy lumen.

12. The apparatus of claim 11 wherein a distal tip of the at
least one optical fiber is configured to be inserted within a
vasculature and exposed at least at one location along the
balloon catheter.

13. The apparatus of claim 12 wherein the at least one
optical fiber is configured to sense vessel and blood charac-
teristics selected from the group consisting of hemodynamic
characteristics, hematological parameters related to blood
and blood components and thermal parameters of the vascu-
lature.

14. A system for sensing vessel and blood characteristics,
the system comprising:

a data processing system; and

an apparatus coupled to the data processing system, the
apparatus comprising an intravascular device to perform
a treatment and at least one optical fiber disposed within
a coil-like enclosure which concentrically surrounds the
at least one optical fiber and disposed within the intra-
vascular device, and the at least one optical fiber is
bonded to at least one point along an inner surface of the
coil-like enclosure, the at least one optical fiber config-
ured to provide information at least one of before, dur-
ing, and after the treatment, the information comprising
measurements used to optimize the treatment.

15. The system of claim 14 wherein a distal tip of the at

least one optical fiber is configured to contact a vasculature at
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least at one location along the intravascular device, the optical
fiber configured to sense vessel and blood characteristics
selected from the group consisting of hemodynamic charac-
teristics, hematological parameters related to blood and blood
components and thermal parameters of the vasculature.

16. A catheter, comprising:

a catheter inner shaft member having a first lumen, an
optical fiber within the first lumen, the optical fiber
disposed within a coil-like enclosure which concentri-
cally surrounds the optical fiber and the optical fiber is
bonded to at least one point along an interior surface of
the coil-like enclosure, a second lumen adapted to
receive a guidewire, and a third lumen adapted to
received a drug, wherein the optical fiberis configured to
provide information at least one of before, during, and
after a treatment, the information comprising measure-
ments used to optimize the treatment.

17. The catheter of claim 16, wherein a tapered mandrel is
disposed near a distal end of the first lumen to provide support
to the catheter inner shaft member.

18. The catheter of claim 16, further comprising an inflat-
able balloon coupled to the catheter inner shaft member, and
wherein the third lumen is also adapted to receive an inflation
medium.

19. An apparatus comprising:

atrackable intravascular device that can bend to perform a
treatment;

a proximal end of the trackable intravascular device, the
proximal end configured to send at least one light signal
and receive detected light from a distal end of the track-
able intravascular device;

the distal end configured to send the at least one light signal
being received from the proximal end and also receive
detected light from a target;

at least one optical fiber disposed within a coil-like enclo-
sure which concentrically surrounds the at least one
optical fiber and disposed within the intravascular
device, and the at least one optical fiber is bonded to at
least one point along an inner surface of the coil-like
enclosure, the at least one optical fiber configured to
provide diagnostic information at least one of before,
during, and after the treatment; and

an optical window at the distal end that allows optical
transmission or reception of light through the optical
fiber.

20. A method of sensing vessel and blood characteristics,

the method comprising:

inserting an apparatus into a vasculature, the apparatus
comprising an intravascular device and at least one opti-
cal fiber disposed within a coil-like enclosure which
concentrically surrounds the at least one optical fiber
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and disposed within the intravascular device, and the at
least one optical fiber is bonded to at least one point
along an inner surface of the coil-like enclosure, the at
least one optical fiber to transmit a light radiation signal
therethrough;

advancing the apparatus to a location in the vasculature;

operating a data processing system coupled to the appara-

tus to transmit a plurality of light radiation signals to the
location in the vasculature and a plurality of reflected
light radiation signals to adetector in the data processing
system; and

processing the plurality of reflected light radiation signals

to determine vessel and blood characteristics.

21. The method of claim 20, wherein vessel and blood
characteristics are selected from the group consisting of
hemodynamic characteristics, hematological parameters
related to blood and blood components and thermal param-
eters of the vasculature.

22. A method comprising:

inserting a balloon catheter into a vasculature, the balloon

catheter comprising an inflatable balloon disposed at the
distal end of a catheter shaft and at least one optical fiber
disposed within a coil-like enclosure which concentri-
cally surrounds the at least one optical fiber and disposed
within an intravascular device, and the at least one opti-
cal fiber is bonded to at least one point along an inner
surface of the coil-like enclosure, the at least one optical
fiber being coupled with the balloon catheter, the bal-
loon catheter further comprising an expandable metallic
structure disposed at a distal end of the catheter shaft and
substantially over the inflatable balloon;

advancing the balloon catheter to a location in the vascu-

lature;

operating the balloon catheter and the at least one optical

fiber within the vasculature;

operating a data processing system coupled to the balloon

catheter to provide vessel and blood characteristics; and
inflating the inflatable balloon to expand the expandable
metallic structure within the vasculature.

23. The method of claim 22, wherein operating the data
processing system is performed prior, during or after inflating
the inflatable balloon.

24. The method of claim 22, wherein the expandable metal-
lic structure is a stent.

25. The method of claim 22, wherein vessel and blood
characteristics are selected from the group consisting of
hemodynamic characteristics, hematological parameters
related to blood and blood components and thermal param-
eters of the vasculature.



THMBW(EF)

[ i (S RIR) A ()

BE (TR AGE)

HERB(ERR)AE)

LL-EEPN

RHA

IPCH %S
CPCH(S
REBHLHE(F)
H A0 FF 3R
ShEREESE

BE(X)

—MEIERAEFREAXTHMENEERNTEEKEREHETT
MEMHEENG E, E— P REhld , ZRESEATRITETLE
MmMEARENBSMENRERENED — MK, KTWRENE
SAITRE R, RN ERHEVHES. B NEST , YIES
SIEME M MRAFE , HIANMERS D2 , SR MBRK D B XK
ME#SH , URBKERGNASH

W ERBNEE
US7783338 K (2E)R
US12/008381 iR

ZHRBF HHED
KILPATRICK DEBORAH
TENE

/R F —BRIDGET
ELLIS JEFFREY¢

ZHRBF HHED
KILPATRICK DEBORAH
TENE

/R A —BRIDGET
ELLIS JEFFREY¢

BROMERLGE LT,

AINSWORTH ROBERT
KILPATRICK DEBORAH
LEE JEONG S

HURLEY BRIDGET A
ELLIS JEFFREY T

AINSWORTH, ROBERT
KILPATRICK, DEBORAH
LEE, JEONG S.
HURLEY, BRIDGET A.
ELLIS, JEFFREY T.

A61B5/00

patsnap

2010-08-24

2008-01-09

A61B5/0084 A61B5/02007 A61B5/6853 A61B5/0086 A61B5/02154 A61B5/1459 A61B2017/22001

R T RISOKOLOFF TAYLOR & ZAFMAN LLP

US20080139897A1

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/f847765f-a439-4ad1-b660-9d699fc1999f
https://worldwide.espacenet.com/patent/search/family/039031436/publication/US7783338B2?q=US7783338B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=7783338.PN.&OS=PN/7783338&RS=PN/7783338

