008/097545 A2 |00 000 0 00O 0 0 O

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
14 August 2008 (14.08.2008)

fﬂﬁ A0 OO

(10) International Publication Number

WO 2008/097545 A2

(51) International Patent Classification:
AGIM 25/00 (2006.01) AGIM 25/09 (2006.01)

(21) International Application Number:
PCT/US2008/001515

(22) International Filing Date: 5 February 2008 (05.02.2008)

(25) Filing Language: English

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

11/702,990 6 February 2007 (06.02.2007) US

(71) Applicant (for all designated States except US): POSSIS
MEDICAL, INC. [US/US]; 9055 Evergreen Blvd., N.-W.,
Minneapolis, MN 55433-8003 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): BONNETTE,
Michael, J. [US/US]; 2733 2nd Avenue South, Min-
neapolis, MN 55408 (US). THOR, Eric, J. [US/US];
1707 Glenview Avenue, Arden Hills, MN 55112 (US).
KOZAK, Debra, M. [US/US]; 6377 184th Street North,
Forest Lake, MN 55205 (US). MORRIS, David, B.
[US/US]; 1230 Oakwood Circle, Anoka, MN 55303 (US).
TESCHENDORF, John, L. [US/US]; 6208 Hollow
Lane, Lino Lakes, MN 55014 (US). BALL, Douglas, L.
[US/US]; 10751 Redwood Street, N.W., Coon Rapids, MN

55433 (US). WEISEL, Stephen, E. [US/US]; 2703 Duck
View Circle, Brook Park, MN 55007 (US).

Agents: JAEGER, Hugh, D. et al.; Hugh D. Jaeger, P.A.,
150 Lake Street West, Suite 106, P.O. Box 432, Wayzata,
MN 55391-0432 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

(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, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

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

(54) Title: MINIATURE FLEXIBLE THROMBECTOMY CATHETER

Ny —=5
L
36a-36n J \ 4034
38a-38n
—=5

48

o (57) Abstract: The present invention pertains to a miniature flexible thrombectomy catheter having one or more flexible miniature
noncollapsing tubular portions including pushable and torqueable structure for introduction into the smaller vessels in neurovascular

=

sized catheter tube.

regions. A jet body having an arcuate fluid jet emanator is incorporated in order to minimize size at the distal portion of a minimally



WO 2008/097545 PCT/US2008/001515

10

15

20

25

30

MINIATURE FLEXIBLE THROMBECTOMY CATHETER

CROSS REFERENCES TO RELATED APPLICATIONS

[0001] This patent application is related to Appl. No. 10/455,096 entitled
"Thrombectomy Catheter Device with Self-Sealing Hemostasis Valve" filed on
June 05, 2003, which is pending; and is related to Appl. No. 11/096,592 entitled
"Rapid Exchange Fluid Jet Thrombectomy Device and Method" filed on
April 01, 2005, which is pending; both of which are continuations-in-part of Appl.
No. 10/198,264 entitled "Rapid Exchange Fluid Jet Thrombectomy Device and
Method" filed on July 16,2002, now U.S. Pat. No. 6,875,193; which is a
continuation-in-part of Appl. No. 09/888,455 entitled "Single Operator Exchange
Fluid Jet Thrombectomy Device" filed June 25, 2001, now U.S. Pat. No. 6,755,803;
which is a continuation-in-part of Appl. No. 09/356,783 entitled "Rheolytic
Thrombectomy Catheter and Method of Using Same" filed July 17, 1999, now
abandoned; which is a division of Appl. No. 09/019,728 entitled "Rheolytic
Thrombectomy Catheter and Method of Using Same" filed February 06, 1998, now
U.S. Pat. No. 5,989,210.

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
[0002] The present invention is for a thrombectomy catheter device, in
general, and more particularly, to a thrombectomy catheter device incorporating a
miniature distal portion for introduction into the smaller vessels in neurovascular

regions.

DESCRIPTION OF THE PRIOR ART
[0003] Prior art thrombectomy catheters have been designed to access and
treat neurological anatomy, whereby the catheter was delivered in two parts. First, a
microcatheter was delivered to the site over a guidewire. A microcatheter is

essentially a tube which functions as the effluent lumen of the thrombectomy catheter.
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Then, a niti.nol jet body, the part of the thrombectomy catheter that delivers saline to
the distal end of the catheter, is delivered inside the microcatheter to the treatment
site. The jet body has proximally directed small holes that are partly responsible for
the high back pressures developed by the catheter. The holes are positioned to direct
high speed jets proximally within the catheter body. In previous neurological
thrombectomy catheters, the jet body was designed to include a short skirt. When the
jet body was activated by pumped saline, recovered pressures within the catheter
assembly would expand the skirt such that the two parts became a unified single
catheter assembly. The sequential exchange of devices meant that no guidewire was
in place once the jet body was delivered. Hence, there was more lumen capacity for
exhaust flow and the catheter size could be kept smaller. This two-part configuration
for delivery was difficult to accomplish. Some microcatheters would actually stretch
while the jet body was advanced through the lumen. Hence, the jet body was never
exposed to enable activation. Sometimes the microcatheter would ovalize in tortuous
anatomy making it difficult to deliver the jet body through its lumen. Furthermore,
interventionalists are never comfortable giving up their wire position, so removing
the wire and exchanging it for a jet body was regarded as a bit awkward and
nonintuitive. Prior neurologic thrombectomy catheters were also underpowered for
the tough thrombus that is found in embolic stroke patients (organized thrombus from
the left atrium). With any given style catheter design there is a trade-off between the
thrombectomy power of the catheter and the vessel safety of that catheter design as
the neurological arteries are highly fragile (very thin and unsupported vessel walls)

and the clot material is tough and organized.
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SUMMARY OF THE INVENTION

[0004] The general purpose of the present invention is to provide a miniature
flexible thrombectomy catheter. A jet body having an arcuate fluid jet emanator is
incorporated in order to minimize size at the distal portion of a minimally sized
catheter tube.

[000S] According to one embodiment of one form of the present invention,
there is provided a miniature flexible thrombectomy catheter useful in over-the-wire
application. This embodiment includes a manifold and associated components of the
manifold, a configured catheter tube extending from the manifold consisting of a
proximal flexible tube section joined and connected to a multiple radius flexible
distal tube comprised of a proximal section continuous with a smaller distal section, a
plurality of outflow orifices and inflow orifices spaced about the periphery of the
smaller distal section, and a flexible tip located at the end of the smaller distal
section. The smaller distal section is 3 Fr (as measured with reference to the French
catheter scale), for purpose of example and demonstration, and is suitably sized for
navigation along narrow, restrictive and tortuous paths of the vasculature. The
miniature flexible thrombectomy catheter also includes a jet body which is
accommodated by the manifold and the configured catheter tube. The minimally
dimensioned jet body is comprised of connected tubular componénts consisting of a
flexible proximal high pressure tube, a flexible nitinol tube which functions as a high
pressure tube, and a smaller flexible distal high pressure tube having a continuous
arcuate fluid jet emanator at the distal end thereof. A unique laser swaging process is
used to produce a suitable joint to connect the proximal end of the smaller flexible
distal high pressure tube having a continuous arcuate fluid jet emanator to the distal
end of the flexible nitinol tube which maintains flexibility, whereas prior art jet body
devices incorporated welding techniques to join nitinol tubes to stainless steel tubes
resulting in joint brittleness which were subject to failure. A distally located support
ring in conjunction with a marker band serves as a support for the arcuate fluid jet

emanator which is suitably and supportively secured thereto. A proximally located
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support ring of nitinol is welded to the flexible nitinol tube and fastened to the small
profile distal section of the multiple radius flexible distal tube in cooperation with a
marker band for support and positioning of the jet body. The uniquely formed small
jet body can also be utilized in other forms of the present invention.

[0006] The present invention is able to deliver a catheter tube through a
highly tortuous anatomy to the site of thrombus and the like due to the use of flexible
and miniaturized components. One key to deliverability is to retain the elastic
properties of the various catheter components including and involving both the
catheter tube and the jet body contained within the catheter tube. Prior art versions of
a neurologic catheter accomplished deliverability by using a lengthy and expensive
nitinol jet body. The present invention incorporates a jet body having a short nitinol
component in combination with other flexible tubular components to provide for
pushable yet flexible deliverability into narrow and tortuous vascular regions. Nitinol
is flexible and retains its elastic properties when subjected to severe bending. For
example, consider an S-shaped curve. As the thrombectomy catheter negotiates an
S-shaped curve, the catheter components will bend. In the case of prior versions of
thrombectomy catheters, the jet body (annealed stainless steel hypotubing) will bend
plastically (plastic deformation relates to retaining a bent shape). In general, the
catheter can make the first bend, but then locks up as it is advanced, since the catheter
cannot easily change from one curve at the bottom of the S-curve to a different curve
at the top of the S-curve. Accordingly, a nitinol portion of the jet body at the distal
end of the catheter will attempt to return to its original shape and not take on a set.
This is a necessary design element for this miniature flexible thrombectomy catheter,
the present invention. Nitinol is not inexpensive, so the jet body uses a proximal high
pressure tube of stainless steel for most of the proximal length of the catheter. The
proximal portion of the catheter and the jet body is generally designed to be stiff and
is not subjected to much bending. Thus, the stainless steel provides good pushability
for the proximal portion. of the jet body. In the case of prior art neurological

catheters, stepped nitinol was used whereby the proximal end of the jet body had
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larger diameter nitinol stepping down to smaller diameter nitinol in the distal jet body
end of the catheter to provide the desired flexibility. The use of long lengths of
nitinol is not economically desirable, whereas attaching a stainless steel tube to a
short piece of nitinol tube makes the expense more acceptable. Additionally, the use
of stainless steel tubing is desirable in that the pushability of stainless steel tubing is
better than that of nitinol tubing,.

[0007] Another aspect of the forms of the present invention is that cross
stream technology is incorporated rather than the other designs used for previous
neurologic thrombectomy catheters. Cross stream technology, which uses inflow and
outflow windows rather than a circumferential gap, has been shown to have much
greater thrombectomy efficacy assuming comparable designs in terms of equivalent
vessel safety. Hence, these two approaches of stepping the catheter tube diameter and
the use of cross stream technology are the strategies to maximize thrombectomy
action of the small profile device.

[0008] Another form of the present invention includes incorporating the
common jet body into use with a rapid exchange style catheter. This form is closely
related to one or more referenced patent applications where a guidewire tube for
accommodation of a guidewire extends from the distal tip of the catheter tube to a
guidewire tube exit region located along the catheter tube, whereby only a portion of
the catheter tube is used for accommodation of a guidewire. This form also relates to
a rapid exchange catheter including the use of a substantially full, but interrupted,
spiral catheter tube consisting of a proximal tube of spiral cut stainless steel, a short
intermediate flexible intermediate tube comprising a guidewire tube exit region
thereabout and a distal tube of spiral cut stainless steel. The use of spiral cut catheter
tubes enables a varying pitch to be cut into the stainless steel tubing. By introducing
a coarse pitch to a fine pitch variation, the stiffness of the full spiral catheter tube can
be controlled such that the spiral cut stainless steel proximal tube is relatively stiff at
the proximal end and extremely flexible at the distal end. Another pertinent aspect of

the full spiral catheter tube is the efficiently designed effluent lumen of the catheter
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tube. Placing a spiral cut in the stainless steel tubing avoids the plastic deformation
issues and provides coils which will bend easily and which can be pushed along its
longitudinal axis. The use of spiral cut tubing for the effluent lumen provides for
extreme flexibility while retaining pushability through the vasculature, while
minimizing the wall thickness of the catheter tube. Furthermore, varying the pitch of
the spiral cuts results in differences in flexibility, whereby the proximal sections are
purposely made to be stiffer than the flexible distal sections. The spiral cut tubing is
jacketed with polymer shrink tubing, or in the alternative, is jacketed by a polymer
tube drawn down over the spiral tubing to retain fluid within the spiral cut stainless
steel catheter tubes. This polymer jacket is thin and the stainless steel tubing is very
thin walled as well to retain most of the flexibility. Consequently, the result of this
composite tubing is a thin walled, small diameter, pushable, flexible tube which is the
goal of many interventional devices.

[0009] In addition, the inflow and outflow orifices are cut into the stainless
steel in the full spiral catheter tube eliminating the need for saddles which are
conventionally welded to the jet body to support the catheter tube and included lumen
in cross stream catheters to prevent inflow and outflow orifice deformation.
Normally, saddles or support rings provide structural support for attachment of plastic
tubing, but stiffens the catheter tube in this region. The jet body of the present
invention can be welded directly to the inside of the full spiral catheter tube. One
additional advantage to laser cutting the stainless steel tubing comprising the full
spiral catheter tube is that the inflow and outflow orifices can be cut at the same time.

By cutting the inflow and outflow orifices directly into the stainless steel, there is no
need for saddles, as the inflow and outflow orifices will not deform. This removes a
flow restriction for the waste flow and enhances flexibility of the tip of the catheter.

[0010] In general, multiple forms of the miniature flexible thrombectomy
catheter include common significant aspects and features as applied to all forms of

the present invention:



WO 2008/097545 PCT/US2008/001515

10

15

20

25

[0011] One significant aspect and feature of the present invention is a
miniature flexible thrombectomy catheter which can be operated by one practitioner.

[0012] Another significant aspect and feature of the miniature flexible
thrombectomy catheter is a device of such size, flexibility and construction as to
enable ready passage through the small, narrow and tortuous pathways found in the
fragile vessels of the heart, the brain, or other body areas, including the more fragile
veins.

[0013] Another significant aspect and feature of the miniature flexible
thrombectomy catheter is a distal portion having a small diameter, such as 3 Fr or
smaller, for purposes of example and illustration.

[0014] Another significant aspect and feature of the present invention is the
use of an arcuate fluid jet emanator, whereby internal catheter tube space is gained for
passage of a guidewire.

[0015] Another significant aspect and feature of the present invention is the
use of a jet body which is accommodated by a manifold and a configured catheter
tube, whereby the minimally dimensioned jet body is comprised of connected tubular
components consisting of a flexible proximal high pressure tube, a flexible nitinol
tube, and a smaller flexible distal high pressure tube having an arcuate fluid jet
emanator at the distal end thereof.

[0016] Another significant aspect and feature of the present invention is the
use of a unique laser swaging process to produce a suitable joint to overlappingly
connect the proximal end of the smaller flexible distal high pressure tube which bears
the distally located arcuate fluid jet emanator to the distal end of the flexible nitinol
tube.

[0017] Another significant aspect and feature of the present invention is the
use of a unique laser swaging process for gold plating at least the external proximal
surface of the smaller flexible distal high pressure tube, which bears the continuously
formed and distally located arcuate fluid jet emanator, inserting the gold plated

proximal surface of such smaller flexible distal high pressure tube into the distal end
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of the flexible nitinol tube and directing a laser weld thereabout to form a suitable
overlapping joint betweén the proximal end of the smaller flexible distal high
pressure tube and the distal end of the flexible nitinol tube.

[0018] Another significant aspect and feature of the present invention is a
unique swaging process where suitable temperature heat is applied to a junction
having a nitinol tube surrounding a gold plated stainless steel tube. The nitinol tube
has a lower melting point than the gold plating of the stainless steel tube. Heat is
carefully and appropriately applied to the junction in order to cause the nitinol tube to
become soft and elastic, but not to reach the melting point of the gold plating, thereby
allowing the nitinol tube to swagingly bond to the gold plating of the stainless steel
tube without forming any undesirable gaps.

[0019] Another significant aspect and feature of the present invention is the
provision of a miniature flexible thrombectomy catheter for producing one or more
jets of saline and projecting them in a proximal direction to create a vacuum near the
site of thrombus or other unwanted material while pressurizing the exhaust passage.

[0020] Still another significant aspect and feature of the present invention is
to provide an improved method of removing thrombus or other unwanted material
from an obstructed body vessel.

[0021] Still another significant aspect and feature of the present invention is a
miniature flexible thrombectomy catheter having inflow orifices and outflow orifices
to create one or more cross stream jets for enhanced removal of thrombus or other
unwanted material.

[0022] A further significant aspect and feature of such a form of the present
invention is the use of tubular components comprised of materials which provide and
promote pushability and torqueability and which provide and promote operator feel.

[0023] Another significant aspect and feature of the present invention is the
inclusion of structural members which allow minimizing t.he outer diameter of the

device while maximizing the inner diameter of the device. The outer diameter of the
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device is minimized to provide the least intrusive profile and the inside diameter of
the device is maximized for higher and less restrictive exhaust flow.

[0024] A yet further significant aspect and feature of the present invention is
coating the device hydrophilically for improved movement inside a guide catheter or
vessel wall, as well as improved trackability.

[0025] A still further significant aspect and feature of the present invention is
the ability to incorporate various fluid jet emanator shapes, styles and designs.

[0026] An additional significant aspect and feature of the present invention is
the reduction of fabrication costs by eliminating complicated extruded shapes,
minimizing the number of components, reducing the complexity of the components,
and improving the quality of the components.

[0027] Another significant aspect and feature of the present invention is a
manifold which reduces the number of components and provides superior sealability
and bond strengths.

[0028] The above listed common significant aspects and features are included
with reference to one form of the miniature flexible thrombectomy catheter
incorporated into use in over-the-wire applications having additional significant
aspects and features, wherein:

[0029] One significant aspect and feature of the present invention is the use of
a configured catheter tube extending from the manifold consisting of a proximal
flexible tube section, preferably of braided polyimide, joined and connected to a
multiple radius flexible distal tube, preferably of Pebax®, comprised of a proximal
section continuous with a smaller distal section, a plurality of outflow orifices and
inflow orifices spaced about the distal periphery of the smaller distal section, and a
flexible tip located at the end of the smaller distal section.

[0030] Another significant aspect and feature of the present invention is the
spacing of inflow (and outflow) orifices at 120°, for the purpose of example and
illustration, with respect to each other, whereby sufficient tubular catheter tube

material included therebetween provides for robust structure between each inflow
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(and outflow) orifice, thereby minimizing the possibility of collapsing the tubular
catheter tube material thereabouts.

[0031] Another significant aspect and feature of the present invention is the
use of a catheter tube, including the use of materials, such as, but not limited to,
braided polyimide, Pebax®, and the like, and including a polymer-jacketed covering
to provide superior pushability and trackability with a minimal wall thickness and to
provide superior handling characteristics while maintaining the smallest wall
thickness possible, thereby providing devices of smaller cross section.

[0032] Previously mentioned listed common significant aspects and features
in paragraphs [0011] through [0027] are included with reference to another form of
the miniature flexible thrombectomy catheter incorporated into use in rapid exchange
thrombectomy applications having additional significant aspects and features
wherein:

[0033] Another significant aspect and feature of the present invention is a
guidewire tube for passage of a guidewire through the distal portion of the miniature
flexible thrombectomy catheter.

[0034] Yet another significant aspect and feature of the present invention is a
catheter tube having an intermediate tube to provide connection between a proximal
spiral metal tube, a distal spiral metal tube, and the guidewire tube at a guidewire exit
region.

[0035] A still further significant aspect and feature of the present invention is
to provide an efficient, reliable, and less costly method of fabricating a rapid
exchange catheter by utilizing an intermediate tube formed with a truncated and
rounded slot at a guidewire tube exit region.

[0036] Another significant aspect and feature of the present invention is the
use of a catheter tube having connected spiral metal tubes and an interceding
intermediate tube having a polymer-jacketed covering to provide superior pushability

and trackability with a minimal wall thickness and to provide superior handling
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characteristics while maintaining the smallest wall thickness possible, thereby
providing devices of smaller cross section.

[0037] Another significant aspect and feature of the present invention is the
use of spiral metal tubes and a short intermediate tube having a polymer-jacket
covering where the combined and connected tubes substantially form a spiral
interrupted only by the short intermediate tube which may occur in groups of constant
pitch or in progressive pitch as appropriate along the length of the catheter tube to
provide a continuous or other pitch transition.

[0038] Another significant aspect and feature of the present invention is a
miniature flexible thrombectomy catheter in the form of a rapid exchange fluid jet
thrombectomy catheter having inflow orifices and outflow orifices located in wide
pitch regions of the distal spiral metal tube.

[0039] Another significant aspect and feature of the present invention is the
use of an all plastic guidewire exit port region which can be located anywhere
from 2-38 cm from the tapered tip, but preferably about 17-25 cm from the tapered
tip.

[0040] A further significant aspect and feature of the present invention is to
provide a smaller miniature flexible thrombectomy catheter wherein a guidewire
passes through only a portion of the device resulting in less pressure drop along the
exhaust passage, and which can also improve the flow of dye through the catheter,

thereby increasing catheter performance and procedural performances.

-11-
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[0041] Having thus described various forms of the present invention and
having mentioned some significant aspects and features of the present invention, it is
the principal object of the present invention to provide a miniature flexible
thrombectomy catheter and method of using same in order to remove thrombus or

5  other unwanted material from a body blood vessel or other small regions of body

cavities.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0042] Other objects of the present invention and many of the attendant
advantages of the present invention will be readily appreciated as the same becomes
better understood by reference to the following detailed description when considered
in connection with the accompanying drawings, in which like reference numerals
designate like parts throughout the figures thereof and wherein:

[0043] FIG. 1is a plan view of the visible components of a miniature flexible
thrombectomy catheter, the present invention;

[0044] FIG. 2 is an isometric exploded and segmented view of the miniature
flexible thrombectomy catheter;

[0045] FIG. 3 is an assembled view in partial cross section of the components
of the manifold and closely associated components and features thereof including a
guidewire such as is incorporated in the use of the invention;

[0046] FIG. 4 is an exploded and sectioned isometric view of the distal tube
of the invention including foreshortened portions of the proximal tube and of the
components of a jet body which align and reside therein;

[0047] FIG. 5 is a cross section view along line 5-5 of FIG. 1 showing the
spacing of the inflow orifices about the periphery of the proximal section of a distal
tube;

[0048] FIG. 6 shows the alignment of the jet body within the proximal tube
and the distal tube;

[0049] FIG. 7 is an isometric cutaway view of the distal portion of the
proximal section at one end of the distal tube showing high velocity fluid jet stream
directed rearwardly from the jet orifices of the fluid jet emanator to form one or more
Cross stream jets;

[0050] FIGS. 8 and 9 illustrate the mode of operation of one form of the
present invention, where FIG. 8 illustrates the miniature flexible thrombectomy

catheter connected to ancillary devices, and where FIG. 9 is a side view of the distal

-13-
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region of the miniature flexible thrombectomy catheter in the performance of the
method of use thereof within a small blood vessel;

[0051] FIG. 10 is a plan view of the visible components of another form of
the miniature flexible thrombectomy catheter;

[0052] FIG. 11 is an isometric exploded and segmented view of the miniature
flexible thrombectomy catheter of FIG. 10;

[0053] FIG. 12 is an assembled view in cross section of the cdmponents of
the manifold of FIG. 11 and closely associated components and features thereof, as
well as showing the inclusion of and the accommodation of the catheter tube;

[0054] FIG. 13 is a partial cross section view of the catheter tube along
line 13-13 of FIG. 11,

[0055] FIG. 14 is a divided side view of the catheter tube showing extremes
of the proximal spiral metal tube and the distal spiral metal tube;

[0056] FIG. 15 is a foreshortened exploded and separated isometric view of
the components of the catheter tube extending from and including the proximal spiral
metal tube to the tapered tip;

[0057] FIG. 16 is an isometric view of the distal end of the intermediate tube
in close association with the proximal end of the distal spiral metal tube and of the
proximal end of the intermediate tube with the distal end of the proximal spiral metal
tube shown distanced from the intermediate tube;

[0058] FIG. 17 is a cross section view of the catheter tube along line 17-17 of
FIG. 10;

[0059] FIG. 18 is a cross section view of the catheter tube along line 18-18 of
FIG. 17;

[0060] FIG. 19 is a cross section view of the catheter tube along line 19-19 of
FIG. 17,

[0061] FIG. 20 is a section view along line 20-20 of FIG. 10 of the distal
portion of the catheter tube including the tapered tip shown displaced from the

catheter tube;

-14-
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[0062] FIG. 21 is the same as FIG. 20 with the tapered tip shown engaging

the distal spiral metal tube and the guidewire tube; and,
[0063] FIGS. 22 and 23 illustrate the mode of operation of one form of the
present invention, where FIG. 22 illustrates the miniature flexible thrombectomy
5  catheter connected to ancillary devices, and where FIG. 23 is a side view of the distal
region of the miniature flexible thrombectomy catheter in the performance of the

method of use thereof within a small blood vessel.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0064] FIG. 1 is a plan view of the visible components of a miniature flexible
thrombectomy catheter 10, the present invention, including a one-piece manifold 12
having multiple structures extending therefrom or attached thereto and including a
configured catheter tube 14 and other components as described herein. Preferably,
the catheter tube 14 includes a hydrophilic coating to enhance deliverability along the
vasculature or other structure. The visible portion of the one-piece manifold 12
includes a central tubular body 16, a threaded exhaust branch 18, and a high pressure
connection branch 20 extending angularly from the central tubular body 16, a cavity
body 22 extending proximally from the central tubular body 16 and partially shown
and extending distally from the central tubular body 16, and a threaded connection
port 24. The proximal end of the catheter tube 14 secures to the manifold 12 by the
use of a Luer fitting 26 accommodated by the threaded connection port 24. The
proximal end of the catheter tube 14 extends through a strain relief tube 28 and
through the Luer fitting 26 to communicate with the manifold 12. The flexible
catheter tube 14 is comprised of tubular components consisting of a flexible proximal
tube 30 joined and connected to a shorter section of flexible distal tube 32 having
multiple sections of different radii. The tubular components of the flexible catheter
tube 14 are comprised of materials which promote pushability, torqueability, and
which provide for operator feel. Preferably, the proximal tube 30 is comprised of
braided polyimide, a synthetic polymeric resin or other suitable flexible material, and
the distal tube 32 is comprised of Pebax®, a thermoplastic elastomer, or other
suitable flexible material. For purposes of illustration and example, the proximal
tube 30 is 4 Fr as measured with reference to the French catheter scale. The distal
tube 32 includes different radial sections, whereby a proximal section 32a of the
distal tube 32 can be 4 Fr size to mate with the distal end of the proximal tube 30, and
the distal section 32b of the distal tube 32 can be drawn and reduced or otherwise
processed to 3 Fr size. The proximal end of the distal section 32a of the distal

tube 32 is drawn down in size and inserted into and secured within the distal interior
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of the proximal tube 30 by adhesive or by any other suitable method, as shown in
FIG. 6. The distal portion of the distal section 32b is tapered to form a flexible
tip 34. Together, the proximal tube 30 and the distal tube 32 function as an exhaust
tube for evacuation of macerated effluence from a thrombus or lesion site. The distal
section 32b of the catheter tube 14 includes a plurality of outflow orifices 36a-36n
and a plurality of inflow orifices 38a-38n, a proximally located radiopaque marker
band 40 and a distally located radiopaque marker band 41. Also shown is a
hemostasis nut 42 aligned to and threadingly engaged with the proximal region of the
cavity body 22, and a threaded high pressure connection port 44 secured to the high
pressure connection branch 20 by a Luer connector 46. An introducer 48 is also

shown.
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[0065] FIG. 2 is an isometric exploded and segmented view of the miniature
flexible thrombectomy catheter 10, the present invention, and FIG. 3 is an assembled
view in partial cross section of the components of the manifold 12 and closely
associated components and features thereof, but including a guidewire 104, such as is
incorporated in the use of the invention. As shown in FIGS. 1 and 2, the catheter
tube 14 is comprised of the proximal tube 30 and the distal tube 32 which together
serve and function as an exhaust tube.

[0066] A collection of assembled components, known as a jet body 58,
delivers high pressure saline or other suitable fluid to the distal portion of the catheter
tube 14 for creation of a cross stream jet. Such components are connected and
include a proximally located flexible proximal high pressure tube 50, a flexible
nitinol tube 52, and a relatively short flexible distal high pressure tube 54 having a
fluid jet emanator 56 at the distal end. The proximal high pressure tube 50,
preferably of stainless steel or other suitable material, passes through and is generally

distal to the strain relief tube 28 and extends along a greater portion of and within the

‘lumens of the catheter tube 14. The proximal end of the flexible nitinol tube 52

connects to the distal end of the proximal high pressure tube 50, whereby the flexible
nitinol tube 52 extends distally from the distal end of the proximal high pressure
tube 50. The proximal end of the distally located and relatively short flexible distal
high pressure tube 54, preferably of stainless steel or other suitable material, is
connected to the distal end of the nitinol tube 52 by a unique process, as later
described in detail. The distal end of the distal high pressure tube 54, including the
fluid jet emanator 56, is also shown in greater detail in FIGS. 4,5,6 and 7. A
proximally located support ring 43, preferably of nitinol, is attached such as by a
weldment to the nitinol tube 52 for support of the jet body 58 inside the proximal
section 32b of the distal tube 32 in cooperation with the marker band 41. Some of the
components forming the jet body 58 and other components are foreshortened and

shown as partial lengths for the purpose of brevity and clarity.
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[0067] With reference to FIGS. 2 and 3, the instant invention is further
described. The manifold 12 includes connected and communicating passageways and
cavities (FIG. 3) including a high pressure connection branch passageway 60, an
exhaust branch passageway 62, a tapered central passageway 64 extending from and
through the threaded connection port 24 and through the central tubular body 16 to
and communicating with a multiple radius cavity 66, which preferably is cylindrical,
located central to the cavity body 22. Threads 68 are located about the proximal
portion of the cavity body 22 at the proximal region of the manifold 12 for
accommodation of internal threads 69 to the hemostasis nut 42.

[0068] Beneficial to the instant invention is the use of a flexible self-sealing
hemostasis valve 70 and a washer 72 which is located distal to the self-sealing
hemostasis valve 70, the shapes of and the functions of which are described in the
referenced copending patent application 10/455,096. The self-sealing hemostasis
valve 70 and the washer 72 are aligned in and housed in the cavity 66 at the cavity
body 22 at the proximal region of the manifold 12. The hemostasis nut 42 includes a
centrally located cylindrical boss 74. The washer 72 and the self-sealing hemostasis
valve 70 are captured in the greater radius portion of the cavity 66 by threaded
engagement of the hemostasis nut 42 to the cavity body 20 of the manifold 12. The
cylindrical boss 74 is brought to bear against the collective self-sealing hemostasis
valve 70 and the washer 72 to resultingly bring pressure to bear as required against
the self-sealing hemostasis valve 70 which pressure culminates in a forcible sealing
of the self-sealing hemostasis valve 70 about a guidewire. Although one method of
sealing against a guidewire is briefly shown and described it is appreciated that other
methods can be incorporated into this and other forms of the instant invention such as
in the referenced co-pending patent application 10/455,096.

[0069] Also shown is a ferrule 76 which is aligned within a passageway 78 of
the threaded high pressure connection port 44 the combination of which is partially
aligned within an interior passageway 80 of the Luer connector 46. The proximal end

of the proximal high pressure tube 50, shown in segmented form in FIG. 2, is utilized
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for delivery of high pressure ablation liquids and is suitably secured in a center
passage of the ferrule 76 to communicate with the interior passageway 78 of the
threaded high pressure connection port 44, as shown in FIG. 3. The proximal high
pressure tube 50 also extends through the high pressure connection branch
passageway 60, through part of the tapered central passageway 64, through the strain
relief tube 28 and Luer fitting 26, and through a lumen 82 of the proximal tube 30
where connection is made to the nitinol tube 52. As shown in FIG. 6, the nitinol
tube 52 extends along the balance of the lumen 82 and thence through the lumen 84
of the proximal section 32a, thence through the continuing lumen 84 of the distal
section 32b to connect to the shorter distal high pressure tube 54 within the proximal
section 32b. It is noted that the lumen 84 having a variable diameter extends through
the continuously fashioned proximal and distal sections 32a and 32b, respectively,
comprising the distal tube 32. The shorter distal high pressure tube 54 continues to a
support ring 86 where the fluid jet emanator 56 at the end of the shorter distal high
pressure tube 54 is connected, such as by a weldment thereto, thereby supporting the
shorter distal high pressure tube 54 and affixing the distal portion of the jet body 58
within the catheter tube 14.
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[0070] FIG. 4 is an exploded and sectioned isometric view of the distal
tube 32 including a short portion of the proximal tube 30 and of the components of
the jet body 58 which are aligned therein. Especially shown are the connected lumens
of the jet body 58, including a lumen 88 of the proximal high pressure tube 50, a
lumen 90 of the nitinol tube 52, and a lumen 92 of the distal high pressure tube 54,
whereby the lumen 92 extends within the fluid jet emanator 56 and is terminated
within the end of the fluid jet emanator 56 (FIG. 5). The connected lumens transport
high pressure saline or other fluids to the plurality of proximally directed jet
orifices 94a-94n (FIG. 5) located in the proximal region of the fluid jet emanator 56
for the creation of a cross stream jet incorporating the outflow orifices 36a-36n and
inflow orifices 38a-38n. To ensure structural integrity of the minimally sized distal
section 32b, the outflow orifices 36a-36n, as well as the inflow orifices 38a-38n, are
spaced at 120° intervals or other suitable intervals (FIG. 5) as opposed to 90°
spacing intervals of larger prior art devices, thereby providing a sufficient quantity of
material around and about the outflow orifices 36a-36n and inflow orifices 38a-38n to

enhance robustness and to minimize buckling thereabout.
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[0071] FIG. 5 is a cross section view along line 5-5 of FIG. 1 showing the
spacing of the inflow orifices 38a-38n about the periphery of the distal section 32b of
the distal tube 32. The outflow orifices 36a-36n are similarly spaced at 120°, as
described in FIG. 4. Also shown is the portion of the lumen 92 and the connected jet
orifices 94a-94n located along and about the fluid jet emanator 56. Current
thrombectomy catheters include fluid jet emanators formed by bending hypotubing 90
degrees and then forming a 350+ degree loop. Such a loop configuration occupies
excessive space in the catheter interior, therefore the present design incorporates the
fluid jet emanator 56 in the form of an arcuate foreshortened loop which occupies less
space. The arcuate fluid jet emanator 56 describes an arc of 160°, for the purpose of
example and illustration, but may include an arc of other than 160°. The inwardly
facing portion of the 160° arc of the fluid jet emanator 56 describes an arcuate
passageway 57 also shown in FIG. 4. The 90 degree bend is formed near the distal
portion of the distal high pressure tube 54 and is also bendingly directed in arcuate
fashion slightly less than halfway around the circumference so that slightly less than
one side of the distal section 32b of the distal tube 32 will include the distal fluid jet
emanator 56 rather than the full circumference. Such a relationship allows passage of
a guidewire in the space between the arcuate passageway 57 of the fluid jet
emanator 56 and the opposed side of the distal section 32b, even though passage may
not center along the central longitudinal axis of the distal section 32b of the distal
tube 32. Even with the support ring 86 welded to the fluid jet emanator 56, the inner

diameter is sufficient to pass the guidewire or even a guidewire lumen.
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[0072] FIG. 6 shows the alignment of the jet body 58 within the proximal
tube 30 and the distal tube 32. The attachment of the proximal high pressure tube 50
to the nitinol tube 52 is accomplished by using a proximal high pressure tube 50
which is slightly larger than the nitinol tube 52 to form an overlapping joint. The
distal end of the proximal high pressure tube 50 is annealed. The proximal end of the
nitinol tube 52 is inserted into the lumen 88 at the distal end of the proximal high
pressure tube 50 and a sealed joint 96 is formed by rotary swaging the proximal high
pressure tube 50 over, about and onto the proximal end of the nitinol tube 52 with a
rotary swage device. Care in the selection of the size of the swaging dies requires
attention for performing the swaging process to provide a circumferential leak-free
seal of the stainless steel proximal high pressure tube 50 onto the nitinol tube 52 in
order that over swaging will not result, thereby reducing the size of the lumen 90 of
the nitinol tube 52 to cause an excessive flow restriction of the jet body 58.

[0073] Nitinol is not easily formed to be utilized in small radius applications
and thus the distal high pressure tube 54 of stainless steel, which is more readily and
more reliably formed with respect to nitinol, is incorporated into use, whereby the
small radius arcuate fluid jet emanator 56 is fashioned at the distal end of the distal
high pressure tube 54 in order to fit within the small radius lumen 84 of the distal
section 32b. The proximal end of the distal high pressure tube 54 is mated within the
distal end of the nitinol tube 52 to form a joint 98 by a new and unique laser swaging
process, as described later in detail. It is noted that the lumen 84 of the distal
section 32b continues through the distal section 32b and is reduced to a narrow
section 84a at the flexible tip 34.

[0074] Prior art for joining tubular components has involved cryogenic
processes, some of which are not entirely feasible nor practical. There have been
cryogenic joints used where a nitinol tube is cooled whereby the nitinol assumes a
plastic state suitable for being urged over the stainless steel tubing. As the nitinol
tube warms, the nitinol tube wants to return to its former state, shrinks onto the

stainless steel tube. Unfortunately, such a joint is challenging in the small dimensions
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of hypotubing. In general, the nitinol can only deform 6% to 8% before cracking.
The inner diameter tolerance window for nitinol with an inner diameter of .008 inch
exceeds 12%. Another joining method was developed called laser swaging. Direct
laser welding of nitinol and stainless steel forms titanium ferrites, as described in the
patents of Edison Welding Institute. These ferrites form cracks in the nitinol. Hence,
a nickel filler for joining rod stock to rod stock was incorporated as a crack filler. By
including enough filler, the titanium of the nitinol would not mix with the ferrous
material in the stainless steel; however, the filler approach is difficult for tube joining.

Edison Welding Institute uses a filler in a butt joint between a stainless steel rod and
a nitinol rod.

[0075] In a novel approach to tube joining by laser swaging as accomplished
in the present invention, the stainless steel distal high pressure tube 54 is plated with
gold. The proximal end of the gold-plated stainless steel distal high pressure tube 54
is inserted into the lumen 90 at the distal end of the nitinol tube 52. The distal end of
the nitinol tube 52 is welded down onto the proximal end of the gold-plated stainless
steel distal high pressure tube 54 to form and seal joint 98. Power is adjusted so the
materials meet, but do not mix, to accomplish a swage. The gold plating serves as a
barrier for mixing and to inhibit penetration of the weld. The mechaniAsm of this
welding is that the nitinol tube 52 is actually being keyholed by the laser. Gold is
highly reflective to the laser light used (1064nm). Therefore, the laser light opens a
hole in the nitinol and then reflects off the gold. The result is a nitinol tube 52 which
is essentially swaged onto a gold-plated stainless steel distal high pressure tube 54
with a laser. The gold-plated stainless steel distal high pressure tube 54 is then
annealed in the region that will be bent and formed to form the fluid jet emanator 56.
The annealing enables the distal portion of the stainless steel distal high pressure
tube 54 to be readily formed into a distally located semicircle (half loop), i.e., the
fluid jet emanator 56. The annealing also removes the thin layer of gold from the
surface of the exposed distal stainless steel tube 54. The stainless steel fluid jet

emanator 56 can be electrical discharge machined or otherwise processed to form the
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proximally directed jet orifices 94a-94n in the loop portion of the fluid jet

emanator 56.
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[0076] FIG. 7 is an isometric cutaway view of the distal portion of the
proximal section 32b at one end of the distal tube 32 showing high velocity fluid jet
stream 118 directed rearwardly from the jet orifices 94a-94n of the fluid jet
emanator 56 to form one or more cross stream jets 120. The operation of the cross

5  stream jets 120 is further described in FIG. 9.
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MODE OF OPERATION
[0077] FIGS. 8 and 9 illustrate the mode of operation of one form of the
present invention, where FIG. 8 illustrates the miniature flexible thrombectomy
catheter 10 connected to ancillary devices, and where FIG. 9 illustrates a side view of
5 the distal region of the miniature flexible thrombectomy catheter 10 in the
performance of the method of use thereof within a small blood vessel 100 (shown in
cross section) at a site of a thrombotic deposit or lesion 102. The mode of operation

is best understood by referring to FIGS. 8 and 9, as well as previously described

figures.
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[0078] In FIG. 8, the miniature flexible thrombectomy catheter 10 is shown
engaged over and about a guidewire 104 where the guidewire 104 engages the
lumen 84 of the distal tube 32 at the tapered tip 34 of the distal tube 32 followed by
passage through the lumen 82 of the proximal tube 30, thence sealingly through the
manifold 12 and closely associated components thereof to exit therefrom through the
hemostasis nut 42. A high pressure fluid source 106 and a high pressure fluid
pump 110 connect, as shown, to the manifold 12 via the threaded high pressure
connection port 44 by Luer connector 108 or optionally by a direct connection to
supply high pressure saline or other suitable fluid for the miniature flexible
thrombectomy catheter 10. An optional exhaust regulator 112 and a collection
chamber 114 connect to the threaded end of the threaded exhaust branch 18 of the
manifold 12 by a Luer fitting 116, as shown, for influencing the outflow from the

miniature flexible thrombectomy catheter 10.
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[0079] FIG.9 is a side view of the miniature flexible thrombectomy
catheter 10 in the performance of the method of use thereof, with particular attention
given to the distal section 32b of the distal tube 32 including the flexible tapered
tip 34 positioned in a blood vessel 100 at a site of a thrombotic deposit or lesion 102.

Muitiple high velocity fluid jet streams 118 of saline, for example, or other suitable
fluid, are shown being emitted in a proximal direction from the fluid jet emanator 56
to impinge upon thrombotic deposits or lesions 102 to carry and urge particulate
thereof proximally. Other fluid jet emanators of appropriate size and/or configuration
can be incorporated within the distal section 32b of the distal tube 32 as an alternative
to the fluid jet emanator 56 to emanate or emit one or more high velocity fluid jet
streams 118 distally along or near the longitudinal axis of the distal tube 32 to
accomplish the same purpose as that described for the fluid jet emanator 56. The
high velocity fluid jet streams 118 of saline pass outwardly through the outflow
orifices 36a-36n creating cross stream jets 120 (lower velocity jets) directed
outwardly toward the wall of the blood vessel 100 and are influenced by the low
pressure at the inflow orifices 38a-38n to cause the cross stream jets 120 to flow
circumferentially and distally to impinge on, provide drag forces on, and break up
thrombotic deposits or lesions 102, and to, by entrainment, urge and carry along one
or more particles 102a of thrombotic deposits or lesions 102 through the inflow
orifices 38a-38n, a relatively low pressure region, into the high velocity fluid jet
streams 118 where the thrombus is further macerated into microscopic particles, and
then into the distal tube lumen 84 (FIG. 4). A certain portion of this macerated
debris which is mixed with fresh saline is removed through the distal tube lumen 84
and a certain portion flows back out the outflow orifices 36a-36n and recirculates to
break up more debris which is returned to the inflow orifices 38a-38n. In this way,
much more fluid flow circulates through the system than is injected through the jet
orifices 94a-94n. For purposes of illustration and example, three to ten times more
flow circulates through the system than is delivered by the jet orifices 94a-94n. The

entrainment through the inflow orifices 38a-38n is based on entrainment by the high
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velocity fluid jet streams 118. The outflow is driven by internal pressure which is
created by the high velocity fluid jet streams 118 and the fluid entrained through the
inflow orifices 38a-38n. Enhanced clot removal is attainable because of the
recirculation pattern established between outflow and inflow orifices 36a-36n
and 38a-38n, which creates a flow field that maximizes drag force on the
wall-adhered thrombus. Since the entrained thrombus is macerated into microscopic
particles, those particles that exit the outflow orifices 36a-36n are not of sufficient
size to significantly block the distal circulation, and will be re-entrained into the
inflow orifices 38a-38n at a high rate. In a no-flow situation or when flow is stopped
with another device such as an occlusive balloon, material can then be recirculated

and rediluted until all that remains is saline and all particles are removed.
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[0080] FIG. 10 is a plan view of the visible components of another form of
the miniature flexible thrombectomy catheter 10, herein designated as the miniature
flexible thrombectomy catheter 10a, the present invention, employing many
components and teachings of the first form of the present invention. The distal
portion of the miniature flexible thrombectomy catheter 10a includes a one-piece
manifold 122 having multiple structures extending therefrom or attached thereto
including a configured catheter tube 124 distal to the manifold 122, as well as other
components attached to the structure of the manifold 122 as described herein.
Preferably, the catheter tube 124 includes a hydrophilic coating and a thin and
flexible plastic polymer jacket covering to enhance deliverability along the
vasculature. The visible portion of the one-piece manifold 122 includes a central
tubular body 126, a threaded exhaust branch 128 extending angularly from the central
tubular body 126, a threaded connection port 130 extending proximally from the
central tubular body 126, and a threaded connection port 132 partially shown
extending distally from the central tubular body 126. The proximal end of the
catheter tube 124 is secured to the manifold 122 by the use of a Luer fitting 134
accommodated by the threaded connection port 132. The proximal end of the
catheter tube 124 extends through a strain relief tube 136 and through the Luer
fitting 134 to communicate with the manifold 122. A threaded high pressure
connection port 138 threadingly engages a Luer fitting 140, whereby the Luer
fitting 140 connectingly engages the threaded connection port 130.

[0081] The catheter tube 124 comprises a substantially unitary, continuous,
elongated, tubular structure containing or hosting various components and serving as
an exhaust path extending distally from inside the manifold 122 and through the
strain relief tube 136 and terminating at or near a flexible tapered tip 137 fashioned of
suitable flexible silicone or other flexible rubber like material. The catheter tube 124,
which is substantially continuous except for a short portion, consists of connected
tubular components including a proximal spiral metal tube 142 and a distal spiral

metal tube 144 preferably of a smaller cross section dimension of the proximal spiral
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metal tube 142, connected by a short configured intermediate tube 146, preferably of
Pebax® or other suitable flexible material, therebetween. The proximal spiral metal
tube 142 and the distal spiral metal tube 144 can be laser cut or otherwise suitably
fashioned. The pitch of the cut can be progressively or otherwise varied along the
length of the proximal spiral metal tube 142 and the distal spiral metal tube 144
comprising the majority of the catheter tube 124. The use of the proximal spiral
metal tube 142, the distal spiral metal tube 144, and the interceding intermediate
tube 146 instead of the easily kinkable, stiff, projecting metal tube of previous
designs, preserves the excellent pushability and torqueability of previous designs, but
is less kinkable and more flexible than previous designs. The spiral cut along the
length of the catheter tube 124, i.e., the proximal spiral metal tube 142 and the distal
spiral metal tube 144, can be progressively transitioned or otherwise varied in pitch
from distal to proximal to produce a continuous transition from flexible to stiff which
maximizes the pushability and "feel" of the catheter tube 124. Although the pitch of
the spiral cuts are shown as uniformly progressive, the spiral cut along the proximal
spiral metal tube 142 and the distal spiral metal tube 144 can be of various pitch
configurations to achieve the desired property. During manufacturing, the length of
the proximal spiral metal tube 142 and the distal spiral metal tube 144 can be
extended or shortened anywhere along the length of the catheter tube 124, or the pitch
can be configured to provide a desired mechanical property. A polymer jacket 148,
which can be transparent and which can be in the form of a shrink tube or other
suitable configuration or material, encompasses the catheter tube 124, thus creating a
leak-free tubular structure, as well as adding mechanical and lubricious properties to
the catheter tube 124. In the alternative, a polymer tube, such as, but not limited to,
Pebax® can be drawn down to encompass the catheter tube 124. For example and for
purposes of illustration, a uniformly progressive pitch of the proximal spiral metal
tube 142 and the distal spiral metal tube 144 can be seen through the preferably clear
polymer jacket 148 if a transparent polymer is incorporated, starting with a wide pitch

shown at 150 of the proximal spiral metal tube 142 at or near the strain relief
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tube 136 transitioning to a close pitch shown at 152 at or near the distal end of the
distal spiral metal tube 144. A guidewire tube exit region 154 is located along the
intermediate tube 146 and the proximal portion of a guidewire tube 155 having a
lumen 157 (FIG. 15) is located at the guidewire tube exit region 154, as later
described in detail. A plurality of outflow orifices 156a-156n and a plurality of
inflow orifices 158a-158n corresponding to and having an operational function
similar to that of the plurality of outflow orifices 36a-36n and the plurality of inflow
orifices 38a-38n of the miniature flexible thrombectomy catheter 10, are located
about the distal region of the catheter tube 124, and more specifically, at a location
about the distal spiral metal tube 144 near the flexible tapered tip 137.

[0082] For purposes of demonstration and example, the proximal spiral metal
tube 142 is slightly larger than 3 Fr, as measured with reference to French catheter
scale. Correspondingly, the distal spiral metal tube 144 can also be slightly larger or
smaller than 3 Fr. The intermediate tube 146 can be of an appropriate size and
configuration to mate with the distal end of the proximal spiral metal tube 142 and
the proximal end of the distal spiral metal tube 144. Together, the proximal spiral
metal tube 142 and the distal proximal spiral metal tube 144 in combination with the
intermediate tube 148 function as an exhaust tube for evacuation of macerated
effluence from a thrombus or lesion site. It is appreciated that the cross section
dimension of the distal spiral metal tube 144 preferably is somewhat less than the
cross section dimension of the proximal spiral metal tube 142, thereby providing a
greater degree of flexibility to the distal portion of the catheter tube 124, such as
taught with respect to the catheter tube 14 of the miniature flexible thrombectomy
catheter 10.

-33-



WO 2008/097545 PCT/US2008/001515

10

15

20

[0083] FIG. 11 is an isometric exploded and segmented view of the miniature
flexible thrombectomy catheter 10a, the present invention, and FIG. 12 is an
assembled view in cross section of the components of the manifold 122 and closely
associated components and features thereof, as well as showing the inclusion of and
the accommodation of the catheter tube 124. As shown in FIG. 10, the catheter
tube 124 is comprised of the proximal spiral metal tube 142 and the distal spiral metal
tube 144 and the intermediate tube 146 which, together and collectively, serve and
function as an exhaust tube.

[0084] A jet body 58a similar in most respects in construction and in the
method of construction to the jet body 58 of the miniature flexible thrombectomy
catheter 10 delivers high pressure saline or other suitable fluid to the distal portion of
the catheter tube 124 for creation of cross stream jets. Such similar components
comprising the jet body 58a are suffixed by the letter "a" and are connected and
include the proximally located flexible proximal high pressure tube 50a, which in this
form includes a straight proximal end, the flexible nitinol tube 52a, and the distally
located relatively short flexible distal high pressure tube 54a having the fluid jet
emanator 56a at the distal end. Joints 96a and 98a are shown in FIG. 15. The
proximal high pressure tube 50a, preferably of stainless steel or other suitable
material, passes through and is generally distal to the strain relief tube 136 and
extends along a greater portion of and within the lumens of the catheter tube 124.
Some of the components forming the jet body 58a and other components are

foreshortened and shown as partial lengths for the purpose of brevity and clarity.
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[0085] With reference to FIG. 12, the instant invention is further described.
The manifold 122 includes connected and communicating passageways including a
central passageway 162 extending from and through the threaded connection port 132
and thence through the central tubular body 126 to and communicating with and
connecting to and being a part of the interior of the threaded connection port 130. An
exhaust branch passageway 164 central to the threaded exhaust branch 128
communicates with the central passageway 162. A A

[0086] Also shown is a ferrule 166 which aligns within a passageway 168 of
the threaded high pressure connection port 138, the combination of which is partially
accommodated within the proximal portion of the central passageway 162 of the
manifold 122. The proximal end of the proximal high pressure tube 50a is utilized
for delivery of high pressure ablation liquids and suitably secures in a center passage
of the ferrule 166. The proximal high pressure tube 50a also extends directly through
the central passageway 162, through the lumen 170 (FIG. 13) of the proximal spiral
metal tube 142, through a lumen 172 (FIG. 16) of the intermediate tube 146, and
partially through and along proximal portion of the lumen 174 of the distal spiral

metal tube 144 at or near where connection is made to the nitinol tube 52a.

-35-



WO 2008/097545 PCT/US2008/001515

10

15

20

25

[0087]) FIG. 13 is a partial cross section view of the catheter tube 124 along
line 13-13 of FIG. 11, and FIG. 14 is a divided side view of the catheter tube 124
showing extremes of the proximal spiral metal tube 142 and the distal spiral metal
tube 144. Provided that the material of the polymer jacket 148 encasing the proximal
spiral metal tube 142 and the distal spiral metal tube 144 is transparent, the proximal
spiral metal tube 142 and the distal spiral metal tube 144 are easily viewed
therethrough. A proximal spiral cut 176 extends along and about the proximal spiral
metal tube 142 and a distal spiral cut 178 extends along and about the distal spiral
metal tube 144, whereby the substantially full length polymer jacket 148 is closely
aligned over and about the proximal spiral cut 176 of the proximal spiral metal
tube 142 and closely aligned over and about the distal spiral cut 178 of the distal
spiral metal tube 144, as well as over and about the exterior of the intermediate
tube 146 (FIG. 11) which also is visible. The proximal spiral cut 176 and the distal
spiral cut 178 can be produced by a laser cutting tool, or other suitable fashioning
methods can be incorporated into use in the substantially continuous catheter
tube 124 which can include various spiral pitch configurations. One configuration, as
also shown in FIG. 10, in which, for purposes of example and illustration, there are
adjacent continuous sections of the proximal spiral metal tube 142 formed by the
proximal spiral cut 176 having a wide pitch 150 which can be a constant pitch or
changing progressive pitch transitioning to a medium pitch 151 as formed by the
proximal spiral cut 176 which can be a constant pitch or changing progressive pitch,
and lastly there are adjacent continuous sections of the distal spiral metal tube 144
formed by the distal spiral cut 178 having a close pitch 152 which can be a constant
pitch or changing progressive pitch.

[0088] Additional wide pitch regions 180 and 182 interrupting the close
pitch 152 of the distal spiral metal tube 144 for accommodation of the outflow
orifices 156a-156n and the inflow orifices 158a-158n are shown in FIG. 14. Many
configurations can be incorporated to achieve required pushability and torqueability

to meet different criteria, whereby the wide pitch, the medium pitch, and the close
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and/or the distal spiral metal tube 144.
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[0089] FIG. 15 is an exploded and separated isometric view of the
components of the catheter tube 124 extending from and including the proximal spiral
metal tube 142 to the tapered tip 137, some components being foreshortened with
respect to length for the purpose of illustration and clarity. The shown portion of the
catheter tube 124 includes the spiral metal tube 142, the polymer jacket 148, the
intermediate tube 146 including the formed portion 184, the flexible guidewire
tube 155 of polymer construction, the proximal high pressure tube 50a, the nitinol
tube 52a, the distal high pressure tube 54a, the fluid jet emanator 56a, the distal spiral
metal tube 144, and other components and features within, along and about the
catheter tube 124.

[0090] The proximal high pressure tube 50a with a lumen 88a (FIGS. 18
and 19) extends from the manifold 122, as previously described, through the
lumen 170 in the proximal spiral metal tube 142, through the lumen 172 of the
intermediate tube 146 at or near which point the proximal high pressure tube 50a
connects to the proximal end of the nitinol tube 52a. The distal end of the nitinol
tube 52a is connected to the proximal end of the distal high pressure tube 54a having
the included fluid jet emanator S6a, whereby the nitinol tube 52a and the distal high
pressure tube 54a having the included fluid jet emanator 56a extend along and within
the lumen 174 of the distal spiral metal tube 144. The fluid jet emanator 56a at the
distal end of the distal high pressure tube 54a is located and secured distally in the
lumen 174 of the distal spiral metal tube 144 just distal of the inflow
orifices 158a-158n, as shown in FIG. 20. The outer arcuate perimeter of the fluid jet
emanator 56a is suitably secured, such as by, but not limited to, a weldment to the
inner diameter of the distal spiral metal tube 144, thereby fixing the fluid jet
emanator 56a to the distal spiral metal tube 144 and securing the fluid jet
emanator 56a with respect to the outflow orifices 156a-156n and the inflow
orifices 158a-158n, (FIG. 20), thereby eliminating the use of a radiopaque marker

band or of a support ring as a securing or support device.
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[0091] The guidewire tube 155 having the lumen 157 is securely
accommodated by a crescent-shaped truncated and rounded slot 188 at the formed
tubular portion 184 and is secured thereto by an adhesive or other suitable attachment
methods, if required, and extends distally from the formed tubular portion 184 at the
guidewire tube exit region 154 through an orifice 190 (FIG. 16), where the
orifice 190 transitions between the distal end of the truncated and rounded slot 188
and the lumen 172 of the distal spiral metal tube 144. The guidewire tube 155
continues through the arcuate passageway 57a of the fluid jet emanator 56a, and
further through the distal portion of the lumen 174 of the spiral metal tube 144 where
the distal portion of the guidewire tube 155 terminates securely, such as by heat
bonding or other suitable means, within the passageway 196 of the flexible tapered
tip 137. Heat can be applied to form the tapered tip 137 of increasingly flexible shape
in a distal direction at the end of the catheter tube 124, as well as to engagingly secure
the distal end portion of the guidewire tube 155 to and within the tapered tip 137.
The tapered tip 137 may also be formed through a cold drawn down process or may

be physically attached through adhesives or polymer reintegration.
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[0092] FIG. 16 is an isometric view of the distal end of the intermediate
tube 146 in close association with the proximal end of the distal spiral metal tube 144
and of the proximal end of the intermediate tube 146 with the distal end of the
proximal spiral metal tube 142 shown distanced from the intermediate tube 146. The
intermediate tube 146 includes opposed flared ends 192 and 194 for accommodated
connection with the proximal spiral metal tube 142 and with the distal spiral metal
tube 144, respectively. Also included is the guidewire tube exit region 154 which is
delineated mostly by the formed tubular portion 184 of the intermediate tube 146.
The formed tubular portion 184 includes geometry in the form of a truncated and
rounded slot 188 of decreasing depth in a proximal direction which accommodates
the guidewire tube 155 (FIG.15). The truncated and rounded slot 188 is
substantially formed in the shape of a nearly full semicircular arc at the extreme distal
end of the formed tubular portion 184. The arc, while the radius remains constant, is
decreased progressing proximally from the extreme distal end of the formed tubular
portion 184 to provide for an angled transitional accommodation of the guidewire
tube 155, as shown‘ in FIGS. 15 and 17. Other transitional accommodation for
routing of the guidewire tube 155 is offered by the orifice 190, previously referenced
in connection with FIG. 15. The lumen 172 interior to the intermediate tube 146,
depending on component lengths, generally can accommodate a portion of the
proximal high pressure tube 50a and also functions as part of the overall effluent

exhaust path.
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[0093] FIG. 17 is a cross section view of the catheter tube 124 along
line 17-17 of FIG. 10. Shown in particular is the guidewire tube exit region 154, the
formed tubular portion 184, and the proximal end of the guidewire tube 155 at the
guidewire tube exit region 154. The proximal end of the guidewire tube 155 is
accommodated by the truncated and rounded slot 188 and a portion of the co-located
overlying polymer jacket 148 to which it is secured, if required, by an adhesive, by
welding, or other such suitable method, and by the orifice 190 at the distal end of the
truncated and rounded slot 188. The proximal end of the guidewire tube 155 is of
such length that the outer profile of the catheter tube 124 is not exceeded so as to
maintain the desired minimal catheter profile. The portion of the truncated and
rounded slot 188, which is not occupied by the proximal end of the guidewire
tube 155 and which is proximal to the proximal end of the guidewire tube 155, can
also be utilized to accommodate a guidewire without structure interference. Also
illustrated is the proximal high pressure tube 50a having the lumen 88a (FIGS. 18
and 19) passing through the lumen 172. Lumen 172 of the intermediate tube 146
functions as a portion of the exhaust route extending the length of the catheter
tube 124.
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[0094] FIG. 18 is a cross section view of the catheter tube 124 along
line 18-18 of FIG. 17. Illustrated in particular is the lumen 172 of the intermediate
tube 146 which functions as part of the exhaust route through the catheter tube 124

with minimal obstructions or restrictions therein.
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[0095] FIG. 19 is a cross section view of the catheter tube 124 along
line 19-19 of FIG. 17. Illustrated in particular is the alignment and accommodation
of the guidewire tube 155 in the truncated and rounded slot 188 at the formed tubular
portion 184 of the intermediate tube 146.
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[0096] FIG. 20 is a section view of the distal portion of the catheter tube 124
including the tapered tip 137 along line 20-20 of FIG. 10 where the tapered tip 137 is
shown removed from the distal spiral metal tube 144, and FIG. 21 is the same as
FIG. 20 with the tapered tip 137 shown engaging the distal spiral metal tube 144 and
the guidewire tube 155. The radiopaque marker band of the first form of the
invention is not included due to the trackability of the metal structure of the catheter
tube 124. The outer arcuate semi-perimeter of the fluid jet emanator 56a opposing
the arcuate passageway 57a is suitably secured, such as, but not limited to, a weld
directly to the distal interior of the distal spiral metal tube 144 of the catheter
tube 124 at a location just distal to the inflow orifices 158a-158n. The use of a
support ring, such as support ring 86, is not required for mounting of the fluid jet
emanator 56a as the structure of the distal spiral metal tube 144 is sufficiently sturdy
enough for mounting. Also, the metal structure of the distal spiral metal tube 144 is
of sufficient strength to prevent any deformation or collapsing of the distal spiral
metal tube 144 in the region of the inflow orifices 158a-158n without the use of a
support ring. The flexible tapered tip 137 includes a passageway 196 for fixed
accommodation of the distal end of the guidewire tube 155 and also includes a
reduced constant radius section 198 which is accommodated by and secured within
the distal portion of the lumen 174 of the distal spiral metal tube 144.

[0097] Structure is provided to nurture and aid introduction of and passage of
the distal portion of the catheter tube 124 through blood vessels to the sites of
thrombotic deposits or lesions. The flexible tapered tip 137, as opposed to arounded
but nontapered tip, can part and more easily penetrate thrombotic deposits or lesions
during insertional travel in a distal direction instead of advancing or pushing such
thrombotic deposits or lesions distally. The decreasing diameter in a distal direction
of the tapered tip 137 also allows for increasing flexibility to negotiate and pass
through tortuous vascular paths. The portion of the catheter tube 124 which
immediately follows the tapered tip 137 on a tortuous negotiation and passage is

influenced by the supportive structure of the distal spiral metal tube 144 which offers

-44-



WO 2008/097545 PCT/US2008/001515

10

reinforcement to form and contribute to maintaining the diameter of the catheter
tube 124 along the entire catheter tube 124 against bending or collapsing due to
tortuous paths or negative pressures, especially in the regions in close proximity to or
including the inflow orifices 158a-158n and the outflow orifices 156a-156n. Such
support allows the use of thinner wall dimension for the catheter tube 124 to allow for
a larger and more effective and efficiently sized exhaust lumen, i.e., the combination
of lumens 170, 172 and 174, as well as contributing to a lesser sized outer diameter.
Such support also contributes to supportively maintaining the diameter and overall
shape of the catheter tube 124 when it is pushed or advanced along a vein or other

vessel, as well as providing torsional support.
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MODE OF OPERATION

[0098] FIGS. 22 and 23 illustrate the mode of operation of one form of the

present invention where FIG. 22 illustrates the miniature flexible thrombectomy
catheter 10a connected to ancillary devices, and where FIG. 23 illustrates a side view

5  of the distal region of the miniature flexible thrombectomy catheter 10a in the
performance of the method of use thereof within a small blood vessel 100 (shown in
cross section) at a site of a thrombotic deposit or lesion 102. The mode of operation

is best understood by referring to FIGS. 22 and 23, as well as previously described

figures.
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[0099] In FIG. 22, the rapid exchange fluid jet thrombectomy device 10a is
shown engaged over and about a guidewire 200 where the guidewire 200 (previously
engaged in the blood vessel 100 of FIG. 23) first engages the lumen 157 of the
guidewire tube 155 at the tapered tip 137 of the distal spiral metal tube 144 followed
by exiting of the guidewire 200 from the lumen 157 (FIG. 17)at the proximal end of
the guidewire tube 155 at the guidewire tube exit region 154. A fluid source 106 and
a high pressure fluid pump 110 connect as shown to the manifold 122 via the
threaded high pressure connection port 138 by the Luer fitting 140 or optionally by a
direct connection. An optional exhaust regulator 112 and a collection chamber 114
connect to the threaded branch end of the exhaust branch 128 of the manifold 122 by

a Luer fitting 202, as shown.
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[0100] FIG. 23 is aside view of the distal portion of the rapid exchange fluid
jet thrombectomy device 10a in the performance of the method of use thereof, with
particular attention given to the distal region of the distal spiral metal tube 144
including the flexible tapered tip 137 positioned in a blood vessel 100 at a site of a
thrombotic deposit or lesion 102. Multiple high velocity fluid jet streams 118 of
saline, for example, or other suitable fluid, are shown being emitted in a proximal
direction from the fluid jet emanator 56a to impinge upon and carry away thrombotic
deposits or lesions 102. Other fluid jet emanators of appropriate size and/or
configuration can be incorporated within the distal portion of the distal spiral metal
tube 144 as an alternative to the fluid jet emanator 56a illustrated in this figure to
emanate or emit one or more high velocity fluid jet streams 118 distally along or near
the longitudinal axis of the distal spiral metal tube 144 to accomplish the same
purpose as that described for the fluid jet emanator 56a. The high velocity fluid jet
streams 118 of saline pass outwardly through the outflow orifices 156a-156n in a
radial direction creating cross stream jets 120 (lower velocity jets) directed outwardly
toward the wall of the blood vessel 100 and are influenced by the low pressure at the
inflow orifices 158a-158n to cause the cross stream jets 120 to flow circumferentially
and distally to impinge on, provide drag forces on, and break up thrombotic deposits
or lesions 102 and to, by entrainment, urge and carry along the particles 102a of
thrombotic deposits or lesions 102 through the inflow orifices 158a-158n, arelatively
low pressure region, into the high velocity fluid jet streams 118 where the thrombus is
further macerated into microscopic particles, and then into the lumen 174 of the distal
spiral metal tube 144 (FIG. 20). A certain portion of this macerated debris which is
mixed with fresh saline is removed through the lumen 174 of the distal spiral metal
tube 144 and a certain portion flows back out the outflow orifices 156a-156n and
recirculates to break up more debris which is returned to the inflow
orifices 158a-158n. In this way, much more fluid flow circulates through the system
than is injected through the jet orifices 94a-94n (FIG. 7) of the fluid jet emanator 56a.

For purposes of illustration and example, three to ten times more flow circulates
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through the system than is delivered by the jet orifices 94a-94n. The entrainment
through the inflow orifices 158a-158n is based on entrainment by the high velocity
fluid jet streams 118. The outflow is driven by internal pressure which is created by
the high velocity fluid jet streams 118 and the fluid entrained through the inflow
orifices 158a-158n. Enhanced clot removal is attainable because of the recirculation
pattern established between outflow and inflow orifices 156a-156n and 158a-158n,
which creates a flow field that maximizes drag force on wall-adhered thrombus.
Since the entrained thrombus is macerated into microscopic particles, those particles
that exit the outflow orifices 156a-156n are not of sufficient size to significantly
block the distal circulation, and will be re-entrained into the inflow
orifices 158a-158n at a high rate. In a no-flow situation or when flow is stopped with
another device, such as an occlusive balloon, material can be recirculated and

rediluted until all that remains is saline and all particles are removed.
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PARTS LIST

miniature flexible thrombectomy catheter
miniature flexible thrombectomy catheter
manifold

catheter tube

central tubular body

threaded exhaust branch

high pressure connection branch
cavity body

threaded connection port

Luer fitting

strain relief tube

proximal tube

distal tube

proximal section (of 32)

distal section (of 32)

flexible tip

outflow orifices

inflow orifices

marker band

market band

hemostasis nut

support ring

threaded high pressure connector port
Luer connector

introducer

proximal high pressure tube
proximal high pressure tube
nitinol tube

nitinol tube

distal high pressure tube

distal high pressure tube

fluid jet emanator

fluid jet emanator

arcuate passageway

arcuate passageway

jet body

jet body

high pressure connection branch passageway
exhaust branch passageway
tapered central passageway
cavity
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69
70
72
74
76
78
80
82
84
84a
86
88
88a
90
90a
92
92a
94a-n
96
96a
98
98a
100
102
102a
104
106
108
110
112
114
116
118
120
122
124
126
128
130
132
134
136
137
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threads

threads

self-sealing hemostasis valve

washer

cylindrical boss

ferrule

passageway

interior passageway

lumen (of proximal section 32a)

lumen (of distal section 32b)

narrow section (of lumen 84)

support ring

lumen (of proximal high pressure tube 50)
lumen (of proximal high pressure tube 50a)
lumen (of nitinol tube 52)

- lumen (of nitinol tube 52a)

lumen (of distal high pressure tube 54)
lumen (of distal high pressure tube 54a)
jet orifices '
joint

joint

joint

joint

blood vessel

thrombotic deposit or lesion
particles

guidewire

high pressure fluid source
Luer fitting

high pressure fluid pump
exhaust regulator

collection chamber

Luer fitting

high velocity fluid jet stream
cross stream jets

manifold

catheter tube

central tubular body
threaded exhaust branch
threaded connection port
threaded connection port
Luer fitting

strain relief tube

tapered tip
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138
140
142
144
146
148
150
151
152
154
155
156a-n
157
158a-n
162
164
166
168
170
172
174
176
178
180
182
184
188
190
192
194
196
198
200
202
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threaded high pressure connection port
Luer fitting

proximal spiral metal tube

distal spiral metal tube
intermediate tube

polymer jacket

wide pitch

medium pitch

close pitch

guidewire tube exit region
guidewire tube

outflow orifices

lumen (of guidewire tube 155)
inflow orifices

central passageway

exhaust branch passageway
ferrule

passageway

lumen (of proximal spiral metal tube 142)
lumen (of intermediate tube 146)
lumen (of distal spiral metal tube 144)
proximal spiral cut

distal spiral cut

wide pitch region

wide pitch region

formed tubular portion

truncated and rounded slot
orifice

flared end

flared end

passageway

reduced constant radius section
guidewire

Luer fitting
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[0102] Various modifications can be made to the present invention without
departing from the apparent scope thereof.
IT IS CLAIMED:
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1. A catheter device comprising a manifold having a main body with a
longitudinal axis, said main body having an upstream end and a downstream end, a
liquid input port connected to said upstream end of said main body, an elongated
flexible catheter tube nonremovably affixed to said downstream end of said main
body, an exhaust branch connected to said main body near said upstream end of said
main body, said flexible catheter tube having an internal flexible high pressure tube
nonremovably affixed therein for receiving and transmitting therethrough a liquid
from said input port, said internal high pressure tube having a fluid jet emanator at a
downstream end théreof and said flexible catheter tube having spaced output and

input orifices upstream from said fluid jet emanator.
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2. The catheter device of claim 1, wherein said fluid jet emanator has
several jet orifices therein.

3. The catheter device of claim 2, wherein said fluid jet emanator has a
downstream termination in the form of a semi-loop.

4. The catheter device of claim 3, wherein said several jet orifices are
located in said semi-loop of said fluid jet emanator.

5. The catheter device of claim 3, wherein said semi-loop forms an arc of
approximately 160 degrees.

6. The catheter device of claim 1, wherein said input orifices are adjacent
said fluid jet emanator and said output orifices are upstream from and in close
proximity to said input orifices.

7. The catheter device of claim 1, wherein said flexible catheter tube has
an downstream end with a tapered tip.

8. The catheter device of claim 1, wherein a flexible guidewire extends
internally through said main body from said upstream end of said main body along
said longitudinal axis to said downstream end of said main body and thence internally
through said flexible catheter tube and exiting out from said tapered tip of said
flexible catheter tube.

9. The catheter device of claim 1, wherein said internal high pressure
tube includes several sections joined together within said flexible catheter tube.

10. The catheter device of claim 9, wherein said internal high pressure
tube extends from said liquid input port of said main body through said main body
and thence through said flexible catheter tube up to and adjacent a distal end of said
flexible catheter tube.

11. The catheter device of claim 9, wherein said several sections of said
high pressure tube include successive flexible sections made from stainless steel,

nitinol and stainless steel.
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12.  The catheter device of claim 1, wherein said elongated flexible
catheter tube is made from several flexible sections, mainly a proximal section and a
distal section.

13.  The catheter device of claim 12, wherein said proximal section is
made from a thermoplastic elastomer and said distal section is made from a braided
polyimide.

14. A catheter system comprising the catheter device of claim 1 and a
liquid source connected via a high pressure pump to said liquid input port of said
main body and a collection chamber connected to said exhaust branch of said main
body.

15.  The catheter system of claim 14, further comprising an exhaust

regulator connected between said collection chamber and said exhaust branch.
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16. A catheter device comprising a manifold having a main body with a
longitudinal axis, said main body having an upstream end and a downstream end, a
liquid input port connected to said upstream end of said main body, an elongated
flexible catheter tube connected to said downstream end of said main body, an
exhaust branch connected to said main body near said upstream end of said main
body, said flexible catheter tube having an internal flexible high pressure tube therein
for receiving and transmitting therethrough a liquid from said input port, said internal
high pressure tube having a fluid jet emanator at a downstream end thereof and said
flexible catheter tube having spaced output and input orifices upstream from said
fluid jet emanator, wherein said fluid jet emanator has a downstream termination in
the form of a semi-loop which forms an arc which is less than approximately half of

the circumference of the catheter.
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17. A catheter device comprising a manifold having a main body with a
longitudinal axis, said main body having an upstream end and a downstream end, a
liquid input port connected to said upstream end of said main body, an elongated
flexible catheter tube connected to said downstream end of said main body, an
exhaust branch connected to said main body near said upstream end of said main
body, said flexible catheter tube having an internal flexible high pressure tube therein
for receiving and transmitting therethrough a liquid from said input port, said internal
high pressure tube having a fluid jet emanator at a downstream end thereof and said
flexible catheter tube having spaced output and input orifices upstream from said
fluid jet emanator, wherein said internal high pressure tube comprises successive
flexible sections made from stainless steel, nitinol, and stainless steel, joined together

within said flexible catheter tube.
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18.  The catheter of claim 1, further comprising a guidewire tube and an
intermediate tube accommodating the guidewire tube, said intermediate tube being
located along the elongated flexible catheter tube, so that a guidewire can pass
through the guidewire tube and into and through the distal portion of the elongated
flexible catheter tube.

19.  The catheter of claim 1, wherein the elongated flexible catheter tube

comprises a metal spiral and a polymer jacket.

20.  The catheter of claim 19, wherein said metal spiral has regions of
differing pitch.
21. The catheter of claim 12, wherein said distal section has a smaller

diameter than said proximal section.
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