A1 |0 O OO0

WO 2007/040818

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

(19) World Intellectual Property Organization Vd”Ij

) IO O T OO OO

International Bureau

(43) International Publication Date
12 April 2007 (12.04.2007)

(10) International Publication Number

WO 2007/040818 Al

(51) International Patent Classification:
AG6IM 25/00 (2006.01)

(21) International Application Number:
PCT/US2006/030958

(22) International Filing Date: 9 August 2006 (09.08.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/233,216 22 September 2005 (22.09.2005) US
(71) Applicant (for all designated States except US): BOSTON
SCIENTIFIC SCIMED, INC. [US/US]; One Scimed

Place, Maple Grove, Minnesota 55311 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): O’KEEFFE, Daniel
[US/US]; 67 Country Club Drive, San Francisco, Califor-
nia 94132 (US).

(74) Agent: CROMPTON, David M.; CROMPTON, SEA-
GER & TUFTE, LLC, 1221 Nicollet Avenue, Suite 800,
Minneapolis, Minnesota 55403 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, 7ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: INTRAVASCULAR ULTRASOUND CATHETER

22

14 20

N
\

m———\\r
16/ "

/10
/12

(i

18
[
————

(57) Abstract: An intravascular ultrasound catheter may include a central lumen adapted to receive a drive shaft bearing an ultra-
sound transducer. The intravascular ultrasound catheter may in some instances exhibit improved flexibility. The catheter can include
an inner polymeric layer, an outer polymeric layer and a spiral-cut hypotube that is positioned between the inner polymeric layer and

the outer polymeric layer.
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INTRAVASCULAR ULTRASOUND CATHETER

TECHNICAL FIELD

The invention relates generally to catheters and more particularly to

intravascular ultrasound catheters.

BACKGROUND

Ultrasound can be useful in a variety of medical procedures. Intravascular

ultrasound, in which an ultrasound transducer is advanced into a patient’s body
through the patient’s vasculature, has particular uses and advantages.

An ultrasound transducer can be advanced through a patient’s vasculature
within an ultrasound catheter. While ultrasound catheters are known, a need remains
for improved ultrasound catheters. A need remains as well for ultrasound catheters

exhibiting improved flexibility.

SUMMARY

The present invention pertains to catheters such as intravascular ultrasound
catheters. An intravascular ultrasound catheter may include a central lumen adapted
to receive a drive shaft bearing an ultrasound transducer. The intravascular
ultrasound catheter may, in some instances, exhibit improved flexibility.

Accordingly, an example embodiment of the present invention can be found in
an intravascular ultrasound catheter that has a distal portion and a proximal portion.
The catheter can include an inner polymeric layer, an outer polymeric layer and a
spiral-cut hypotube that is positioned between the inner polymeric layer and the outer
polymeric layer and that extends from the distal portion of the catheter to the proximal
portion. ,

The spiral-cut hypotube has a pitch having a rate of change, i.e., a first
derivative, that is a function of distance from a distal end of the spiral-cut hypotube.
In other words, the pitch, or inches per turn, changes at a rate that depends upon
relative position along the hypotube. At one point on the hypotube, the pitch can
change slowly with respect to position while at a point positioned elsewhere on the
hypotube, the pitch can change more rapidly with respect to position.

Another example embodiment of the present invention can be found in an

intravascular ultrasound assembly that includes an intravascular ultrasound drive shaft
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having a distal end and an ultrasound transducer positioned near the distal end of the
intravascular ultrasound drive shaft. The assembly also includes a catheter that is
adapted to receive the intravascular ultrasound drive shatft.

The catheter has an inner polymeric layer that defines a lumen that is adapted
to accommodate the intravascular ultrasound drive shaft. The catheter includes an
outer polymeric layer and a spiral-cut hypotube that extends between the inner
polymeric layer and the outer polymeric layer from a distal portion to a proximal
portion of the catheter. The above summary of the present invention is not
intended to describe each disclosed embodiment or every implementation of the
present invention. The Figures, Detailed Description and Examples which follow

more particularly exemplify these embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be more completely understood in consideration of the

following detailed description of various embodiments of the invention in connection
with the accompanying drawings, in which:

FIG. 1 is a schematic illustration of an intravascular ultrasound assembly in
accordance with an embodiment of the invention;

FIG. 2 is a schematic illustration of an intravascular ultrasound catheter in
accordance with an embodiment of the invention;

FIG. 3 is a cross-section taken along line 3-3 of FIG. 2;

FIG. 4 is a diagrammatic longitudinal cross-section representing a particular
embodiment of a portion of the intravascular ultrasound catheter of FIG. 2;

FIG. 5 is a longitudinal cross-section taken along line 5-5 of FIG. 2;

FIG. 6 is a graphical representaﬁon illustrating examples of exponentially
decaying pitch in accordance with an embodiment of the invention;

FIG. 7 is a graphical representation illustrating examples of exponentially
decaying pitch in accordance with an embodiment of the invention,;

FIG. 8 is a graphical representation illustrating an exponentially decaying
pitch in accordance with an embodiment of the invention;

FIG. 9 is a graphical representation illustrating examples of logarithmic
decaying pitch;

FIG. 10 is a graphical representation illustrating examples of base 10

logarithmic decaying pitch;
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FIG. 11 is a graphical representation illustrating examples of second power
decaying pitch in accordance with an embodiment of the invention;

FIG. 12 is a graphical representation illustrating an example of third power
decaying pitch in accordance with an embodiment of the invention;

FIG. 13 is a longitudinal cross-section taken at the distal end of FIG. 2;

FIG. 14 is a schematic illustration of the intravascular ultrasound catheter of
FIG. 2, shown including a drive shaft positioned within the catheter;

FIG. 15 is a cross-section taken along line 15-15 of FIG. 14; and

FIG. 16 is a longitudinal cross-section taken at the distal end of FIG. 14.

While the invention is amenable to various modifications and alternative
forms, specifics thereof have been shown by way of example in the drawings and will
be described in detail. It should be understood, however, that the intention is not to
limit the invention to the particular embodiments described. On the contrary, the
intention is to cover all modifications, equivalents, and alternatives falling within the

spirit and scope of the invention.

DETAILED DESCRIPTION

For the following defined terms, these definitions shall be applied, unless a

different definition is given in the claims or elsewhere in this specification.

All numeric values are herein assumed to be modified by the term “about”,
whether or not explicitly indicated. The term “about” generally refers to a range of
numbers that one of skill in the art would consider equivalent to the recited value, i.e.,
having the same function or result. In many instances, the term “about” may include
numbers that are rounded to the nearest significant figure.

As used in this specification and in the appended claims, the singular forms
“a” “an”, and “the” include plural referents unless the content clearly dictates
otherwise. As used in this specification and in the appended claims, the term “or” is
generally employed in its sense including “and/or” unless the content clearly dictates
otherwise.

The following description should be read with reference to the drawings, in
which like elements in different drawings are numbered in like fashion. The
drawings, which are not necessarily to scale, depict selected embodiments and are not

intended to limit the scope of the invention. Although examples of construction,

dimensions, and materials are illustrated for the various elements, those skilled in the
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art will recognize that many of the examples provided have suitable alternatives that
may be utilized.

FIG. 1 illustrates an intravascular ultrasound assembly 10 in accordance with
an embodiment of the invention. The intravascular ultrasound assembly 10 includes
an intravascular ultrasound catheter 12, A motor 14 rotates a drive shaft 16 that
extends through the intravascular ultrasound catheter 12. An ultrasound transducer 18
is positioned at the distal end of the intravascular ultrasound catheter 12. The drive
shaft 16 can include one or more wires 20 for carrying a signal from the ultrasound
transducer 18 to a monitor 22.

Several of these components can include elements known in the art. For
example, the motor 14 can be any suitable electrically driven motor having an
appropriate speed and load rating. The drive shaft 16 can be formed from any suitable
material or materials. The ultrasound transducer 18 may be any suitable transducer
crystal made from any suitable material such as a barium titanate, a lead zirconate
titanate, a lead metaniobate, and others. The monitor 22 can simply be a display unit
such as a cathode ray tube or an LCD display. In some instances, the monitor 22 can
represent a computer system including data processing systems as well as a display
unit.

The intravascular ultrasound catheter 12 can be discussed in greater detail with
respect to FIG. 2. In the illustrated embodiment, the intravascular ultrasound cafheter
12 includes an elongate shaft 24 that has a proximal end 26 and a distal end 28. A
hub and strain relief assembly 30 can be connected to or disposed about the proximal
end 26 of the elongate shaft 24. The hub and strain relief assembly 30 can be of
conventional design and can be attached using conventional techniques. The
intravascular ultrasound catheter 12 can be sized in accordance with its intended use.
The catheter 12 can have a length that is in the range of about 50 to about 200
centimeters and can have a diameter that is in the range of about 1.7F (French), but
can be as large as about 12F for certain applications.

FIG. 3 is a cross-sectional view of the elongate shaft 24, taken along line 3-3
of FIG. 2, and illustrates a portion of elongate shaft 24. In particular, elongate shaft
24 includes an outer polymer layer 32, and inner polymer layer 34, and an
intermediate metallic layer 36. In some embodiments, the intermediate metallic layer
36 can be a hypotube. A lumen 38 is defined by the inner polymer layer 34 and

extends through the elongate shaft 24. The lumen 38 can in, some instances, be
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adapted to accommodate an intravascular ultrasound drive shaft 16 (as illustrated in
FIG. 1). In particular, the lumen 38 may provide a smooth, low-friction surface for
the drive shaft 16.

In some embodiments, the inner polymer layer 34 can be formed of or include
a coating of a material having a suitably low coefficient of friction. Examples of
suitable materials include polytetrafluoroethylene (PTFE), better known as
TEFLON®. The inner polymer layer 34 can be dimensioned to define a lumen 38
having an appropriate inner diameter to accommodate its intended use. In some
embodiments, the inner polymer layer 34 can define a lumen 38 having a diameter of
about 0.020 inches and can have a wall thickness of about 0.001 inches.

The outer polymer layer 32 can be formed from any suitable polymer that will
provide the desired strength, flexibility or other desired characteristics. Polymers
with low durometer or hardness can provide increased flexibility, while polymers with
high durometer or hardness can provide increased stiffness. In some embodiments,
the polymer material used is a thermoplastic polymer material. Some examples of
some suitable materials include polyurethane, elastomeric polyamides, block
polyamide/ethers (such as PEBAX®), silicones, and co-polymers. The outer polymer
layer 32 can be a single polymer, multiple longitudinal sections or layers, or a blend
of polymers. By employing careful selection of materials and processing techniques,
thermoplastic, solvent soluble, and thermosetting variants of these materials can be
employed to achieve the desired results.

While not expressly illustrated, it is contemplated that the elongate shaft 24
may include several different sections that can vary in flexibility. In some instances,
for example, the inner polymer layer 34 and perhaps the intermediate metallic layer
36 may extend continuously at least substantially the entire length of the elongate
shaft 12. The outer polymer layer 32, however, may have several sections formed of
differing polymers to provide additional flexibility. For example, the outer polymer
layer 32 may include (not illustrated) a proximal section, a middle section and a distal
section. The distal section may be formed of a polymer having a lower durometer
than that of the middle section, which may itself be formed of a polymer having a
lower durometer than that of the proximal section.

In particular embodiments, a thermoplastic polymer such as a co-polyester
thermoplastic elastomer, for example, that available commercially under the

ARNITEL® name, can be used. The outer polymer layer 32 can have an inner
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diameter that is about equal to the outer diameter of the inner polymer layer 34. The
outer layer 32 can have an inner ‘diameter that is slightly greater than the outer
diameter of the inner polymer layer 34 to accommodate the thickness of the
intermediate metallic layer 36. In some embodiments, the outer polymer layer 32 of
the shaft can have an inner diameter in the range of about 0.025 inches to about 0.100
inches and an outer diameter in the range of about 0.028 inches to about 0.150 inches.

The outer polymer layer 32 may in, some instances, provide a compressive
force to the intermediate metallic layer 36 in order to help retain a desired tubular
shape for the intermediate metallic layer 36. In some cases, the outer polymer layer
32 may have a compression fit over the intermediate metallic layer 36. In some
instances, the outer polymer layer 32 may have an interference fit or a slip fit with the
intermediate metallic layer 36.

In some instances, it may be useful to be able to provide fluid from an interior
of the catheter 12 to the exterior of the catheter 12. FIG. 4 is a diagrammatic partial
cross-section of a portion of the catheter 12 illustrating optional features. This
particular cross-section may represent a cross-section through any particular section
of the catheter 12 and will be referenced as catheter section 44. FIG. 4 illustrates an
embodiment in which fluid may pass from an interior 40 of catheter section 44 to an
exterior 42 of catheter section 44. In some instances, it may be useful to, for example,
hydrate an exterior portion of the catheter 12 prior to or during use. Alternatively, it
may be useful to provide fluid from an interior of the catheter 12 to surround the
intermediate metallic layer and the inner surface of the outer polymer layer.

As discussed above, catheter section 44 includes an outer polymer layer 32, an
inner polymer layer 34 and an intermediate metallic layer 36, much as discussed with
respect to FIGS. 1-3. In FIG. 4, however, catheter section 44 includes one or more
apertures 46 provided within the outer polymer layer 32 and one or more apertures 48
provided within the inner polymer layer 34. It can be seen that the apertures 46 and
the apertures 48 may be aligned with spiral-cuts or kerfs 50 which can be machined
within the intermediate metallic layer 36. Consequently, fluid may pass from the
interior 40, through apertures 48, into kerfs 50, and through apertures 46. In an
alternative embodiment, the apertures 46 can be omitted which would allow fluid to
flow into the area including the intermediate metallic layer.

FIG. 5 is a longitudinal cross-section taken along line 5-5 of FIG. 2. FIG. 5
shows that, as with respect to FIG. 3, the elongate shaft 24 includes the outer polymer
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layer 32, the inner polymer layer 34 and the intermediate metallic layer 36. In some
instances, the intermediate metallic layer 36 may include or be formed from a metal
hypotube that has been spirally cut for flexibility. The elongate shaft 24 can include a
first portion 52 having (as illustrated) two spiral-cuts 54. The first portion 52
corresponds to a (relatively) proximal portion 64. In the first portion 52, it can be
seen that adjacent spiral-cuts 54 are spaced a distance d1 apart.

The elongate shaft 24 includes a second portion 56 having (as illustrated) four
spiral-cuts 58 as an example and corresponds to an intermediate portion. It can be
seen that adjacent spiral-cuts 58 are spaced a distance d2 apart, and that d2 is less than
d1. The elongate shaft 24 also includes a third portion 60 having (as illustrated) seven
spiral-cuts 62 as an example. It can be seen that adjacent spiral-cuts 62 are spaced a
distance d3 apart, and that d3 is less than d2. The third portion 60 corresponds to a
(relatively) distal portion 66. The number of cuts and distance apart can, however, be
varied within the scope of the present invention.

In some embodiments, the pitch, or the spacing between adjacent turnings or
windings, may decrease considerably when moving from the proximal end 26 of the
elongate shaft 24 to the distal end 28 of the elongate shaft 24. In some embodiments,
the intermediate metallic layer 36 may be spiral-cut from the proximal end 26 to the
distal end 28. In some instances, the intermediate metallic layer 36 may be spiral-cut
from a position distal of the proximal end 26 to the distal end 28. In particular, the
intermediate metallic layer 36 may be spiral-cut from about a midpoint of the elongate
shaft 24 to the distal end 28, although other points along the shaft may be selected.

In some instances, the intermediate metallic layer 36 may be spiral-cut such
that adjacent windings or kerfs are very close together near the distal end 28 of the
elongate shaft and are substantially less close together as distance from the distal end
28 increases. To illustrate, adjacent windings or kerfs may be spaced apart from
0.005 to about 0.25 inches at the distal end 28 while being spaced about 0.2 to about
1.0 inches at an opposite, more proximal, end of the spiral cutting. As noted above,
the spiral-cutting need not extend all the way to the proximal end 26 of the elongate
shaft 24.

By cutting the intermediate metallic layer 36 in this fashion, the intravascular
ultrasound catheter 12 may have a flexibility that is much greater near the distal end

28 than at positions proximal to the distal end 28. The intermediate metallic layer 36
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may be cut in any suitable fashion. In a particular embodiment, the intermediate
metallic layer 36 is spiral-cut by a computer-guided laser.

In particular embodiments, the pitch may be given by an equation defining the
pitch in terms of a distance to the distal end 28 of the elongate shaft 24. The pitch
may have a rate of change, or first derivative in calculus terms, that is itself a function
of relative position. As a result, the rate at which the pitch changes will itself vary as
one moves from the proximal end 26 to the distal end 28.

In some instances, the pitch may decrease exponentially when moving toward

the distal end 28. In some embodiments, the pitch may be given by the formula
y=A® +C, where y is the pitch, x is the distance from the distal end of the

elongate shaft 24, A is in a range of about 5 to about 100, B is in a range of about 0.01
to about 1, and C is in a range of about O to about 25.

FIG. 6 illustrates several possible exponential pitches in which A varies from
0.05 to 0.20, B varies from 0.05 to 0.10, and C is set equal to zero. It can be seen that
the pitch, or inches per turn, increases rapidly in moving from the distal end to the
proximal end of the intermediate metallic layer 36.

FIG. 7 illustrates several additional possible exponential pitches in which A is
set equal to 0.0192, B varies from 0.07 to 0.14, and C is set equal to zero. FIG. 8
illustrates a particular exponential pitch in which A is set equal to 0.0192, B is set
equal to 0.1425, and C is set equal to zero. It can be seen that the pitch, or inches per
turn, increases rapidly in moving from the distal end to the proximal end of the
intermediate metallic layer 36.

In some embodiments, the pitch may decrease logarithmically when moving
toward the distal end 28. In some embodiments, the pitch may be given by the
formula y=A+BlnCx, where y is the pitch, x is the distance from the distal end of
the elongate shaft 24, A is in a range of about O to about 25, B is in a range of about
0.5 to about 25, and C is in a range of about 0.5 to about 100. FIG. 9 illustrates
several possible logarithmic pitches in which A is set equal to zero, B is set equal to 1,
and C varies from 0.5 to 1.0. It can be seen that the pitch, or inches per turn, increases
rapidly in moving from the distal end to the proximal end of the intermediate metallic
layer 36.

In some embodiments, the pitch may be given by the formula

y=A+ BlogCx, where y is the pitch, x is the distance from the distal end of the
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elongate shaft 24, A is in a range of about O to about 100, B is in a range of about 20
to about 200, and C is in a range of about 0.01 to about 100. FIG. 10 illustrates
several possible logarithmic pitches in which A is set equal to zero, B is set equal to 1,
and C varies from 0.5 to 1.0. It can be seen that the pitch, or inches per turn, increases
rapidly in moving from the distal end to the proximal end of the intermediate metallic
layer 36.

In some instances, the pitch may be a second power pitch, a third power pitch
or a fourth power pitch, and may be given by the formula y = Ax* + Bx+C, where y

is the pitch, x is the distance from the distal end of the elongate shaft 24, A is in the
range of about 0.001 to about 0.5, B is in the range of about 0 to about 0.001, C is in
the range of about O to about 100.

FIG. 11 illustrates several possible pitches in which A and B are set equal to
zero, C varies from 0.001 to 0.002, and D and E are each set equal to zero. FIG. 12
illustrates a possible pitch in which A, C, D and E are each set equal to zero and B is
set equal to 3.7 x 10°. In each case, it can be seen that the pitch, or inches per turn,
increases rapidly in moving from the distal end to the proximal end of the
intermediate metallic layer 36.

One of skill will recognize that a number of other equations may also be used
to determine pitch as a function of distance from a distal end. In each of the
illustrative but non-limiting examples provided herein it should be noted that the pitch
is a function of distance from the distal end. Moreover, in each of these examples, the
rate at which the pitch changes, or the first derivative of the pitch, is also a function of
relative position.

Returning now to FIG. 2, it can be seen that FIG. 13 is a longitudinal cross-
section taken near the distal end 28 of the elongate shaft 24. In FIG. 13, it can be seen
that the intermediate metallic layer 36 includes a relatively larger number of spiral
cuts 68 that are spaced apart a distance d4. In comparing FIG. 13 to FIG. 4, it can be
seen that in FIG. 13 (representing the distal end of the elongate shaft 24), the spiral
cuts 68 are much more numerous and are much closer together than anywhere else
along the elongate shaft 24. As discussed above, a larger number of closely-spaced
spiral cuts near the distal end 28 provides improved flexibility at the distal end 28.

In FIG. 13, it can be seen that the outer polymer layer 32 extends to the distal

end 28 while the inner polymer layer 34 and the intermediate metallic layer 36 both
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stop at a position that is proximal to the distal end 28. This permits the lumen 38 to
widen into a transducer volume 70. As previously discussed, the lumen 38 may
accommodate an ultrasound drive shaft. The transducer volume 70 may be sized to
accommodate an ultrasound transducer, as illustrated in FIGS. 14-16.

FIG. 14 is a schematic view of the intravascular ultrasound catheter 12 in
which drive shaft 16 has been inserted through the lumen 38 such that the ultrasound
transducer 18 (seen in phantom in FIG. 14) is positioned near the distal end 28. FIG.
15 is a cross-sectional view taken along line 15-15 of FIG. 14 showing the drive shaft
16 positioned within the lumen 38 while FIG. 16 is a longitudinal cross-section taken
at the distal end of FIG. 14 illustrating placement of the transducer 18 within the
transducer volume 70.

In some embodiments, part or all of the catheter 12 may include a lubricious
coating. Lubricious coatings can improve steerability and improve lesion crossing
capability. Examples of suitable lubricious polymers include hydrophilic polymers
such as polyarylene oxides, polyvinylpyrolidones, polyvinylalcohols, hydroxy alkyl
cellulosics, algins, saccharides, caprolactones, and the like, and mixtures and
combinations thereof. Hydrophilic polymers can be blended among themselves or
with formulated amounts of water insoluble compounds (including some polymers) to
yield coatings with suitable lubricity, bonding and solubility. In some embodiments,
a distal portion of the catheter can be coated with a hydrophilic polymer, while the
more proximal portions can be coated with a fluoropolymer.

The invention should not be considered limited to the particular examples
described above, but rather should be understood to cover all aspects of the invention
as set out in the attached claims. Various modifications, equivalent processes, as well
as numerous structures to which the invention can be applicable will be readily

apparent to those of skill in the art upon review of the instant specification.

10
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What we claim is:

1. An intravascular ultrasound catheter having a distal portion and a
proximal portion, the catheter comprising:

an inner polymeric layer;

~ an outer polymeric layer; and

a spiral-cut hypotube, the spiral-cut hypotube positioned between the inner
polymeric layer and the outer polymeric layer and extending from the distal portion to
the proximal portion of the catheter, the spiral-cut hypotube having a distal end;

wherein the spiral-cut hypotube has a pitch having a rate of change that is

dependent upon a distance from the distal end of the hypotube.

2. The intravascular ultrasound catheter of claim 1, wherein the pitch is
determined by a formula having a first derivative that is a function of the distance

from the distal end of the hypotube.

3. The intravascular ultrasound catheter of claim 1, wherein the spiral-cut

hypotube has an exponential pitch.

4. The intravascular ultrasound catheter of claim 1, wherein the spiral-cut
hypotube has a pitch given by the formula y = A®’ + C, where y is the pitch, A is in
a range of about 5 to about 100, B is in a range of about 0.01 to about 1, and C is in a

range of about O to about 25.

5. The intravascular ultrasound catheter of claim 1, wherein the spiral-cut

hypotube has a logarithmic pitch.

6. The intravascular ultrasound catheter of claim 1, wherein the spiral-cut

hypotube has a pitch given by the formula y = A+BInCx, where y is the pitch, A is

in a range of about O to about 25, B is in a range of about 0.5 to about 25, and Cis in a

range of about 0.5 to about 100.

11
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7. The intravascular ultrasound catheter of claim 1, wherein the spiral-cut
hypotube has a pitch given by the formula y = A+ BlogCx, where y is the pitch, A is
in a range of about 0 to about 100, B is in a range of about 25 to about 200, and C is

in a range of about 0.01 to about 100.

8. The intravascular ultrasound catheter of claim 1, wherein the spiral-cut

hypotube has a second power pitch.

9. The intravascular uitrasound catheter of claim 1, wherein the spiral-cut
hypotube has a pitch given by the formula y = Ax*® + Bx + C, where y is the pitch, A

is in the range of about 0.001 to about 5, B is in the range of about 0 to about 0.001, C

is in the range of about O to about 100.

10. The intravascular ultrasound catheter of claim 1, wherein the inner
polymeric layer defines a lumen adapted to accommodate an intravascular ultrasound

drive shaft and transducer.

11. The intravascular ultrasound catheter of claim 1, wherein at least one
of the outer polymeric layer and the inner polymeric layer extends distally from the

distal end of the spiral-cut hypotube.

12.  The intravascular ultrasound catheter of claim 1, wherein the spiral-cut
hypotube comprises a machined kerf, and the inner polymeric layer comprises a

plurality of apertures in fluid communication with the machined kerf.

13.  The intravascular ultrasound catheter of claim 12, wherein the outer
polymeric layer comprises a plurality of apertures in fluid communication with the

machined kerf.
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14.  Anintravascular ultrasound assembly, comprising:
an intravascular ultrasound drive shaft having a distal end;
an ultrasound transducer positioned near the distal end of the drive shaft; and
a catheter adapted to receive the ultrasound drive shaft, the catheter
comprising:

an inner polymeric layer, the inner polymeric layer defining a lumen
adapted to accommodate the intravascular ultrasound drive shaft;

an outer polymeric layer; and

a spiral-cut hypotube positioned between the inner polymeric layer and
the outer polymeric layer and extending from the distal portion to the proximal

portion of the catheter, the spiral-cut hypotube having a distal end.

15.  The intravascular uitrasound assembly of claim 14, wherein at least
one of the outer polymeric layer and the inner polymeric layer extends distally from

the distal end of the spiral-cut hypotube.

16.  The intravascular ultrasound assembly of claim 14, wherein the spiral-

cut hypotube has a pitch defining distance between adjacent turnings.

17.  The intravascular ultrasound assembly of claim 16, wherein the pitch is

varies as a function of distance from the distal end of the spiral-cut hypotube.

18.  The intravascular ultrasound assembly of claim 16, wherein the pitch
has a rate of change that is a function of distance from the distal end of the spiral-cut

hypotube.

19.  The intravascular ultrasound assembly of claim 16, wherein the spiral-
cut hypotube has an exponential pitch given by the formula y = A +C, where y is

the pitch, A is in a range of about 5 to about 100, B is in a range of about 0.01 to

about 1, and C is in a range of about 0 to about 25.

13
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20.  The intravascular ultrasound assembly of claim 16, wherein the spiral-

cut hypotube has a logarithmic pitch given by the formula y = A+ BlnCx, where y is

the pitch, A is in a range of about 0 to about 25, B is in a range of about 0.5 to about

25, and C is in a range of about 0.5 to about 100.

21.  The intravascular ultrasound assembly of claim 16, wherein the spiral-

cut hypotube has a logarithmic pitch given by the formula y = A+ Blog Cx, where y

is the pitch, A is in a range of about O to about 100, B is in a range of about 25 to
about 200, and C is in a range of about 0.01 to about 100.

22.  The intravascular ultrasound assembly of claim 16, wherein the spiral-
cut hypotube has a pitch given by the formula y = Ax* + Bx+ C, where y is the pitch,

A is in the range of about 0.001 to about 5, B is in the range of about 0 to about 0.001,
C is in the range of about 0 to about 100.
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