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WO 00/06242 PCT/US99/05377

STEERABLE CATHETER HAVING SEGMENTED TIP
AND ONE-PIECE INLET HOUSING

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to medical devices, and more
particularly to a steerable catheter having a segmented tip configured for improved
steerability, tip assemblies providing improved resistance to steering wire pull-through,

and an improved one-piece inlet housing.

Description of Related Art

Medical practitioners frequently gain access to internal regions of a patient’s
body through the use of medical catheters in a variety of medical procedures, in order
to reduce or eliminate the need for more invasive procedures. Medical catheters may
be used to access internal body regions with a fiberoptic scope, light bundles, and/or
other surgical instruments or devices, for a variety of diagnosis, treatment and/or
material delivery purposes. For example, U.S. Patent No. 5,658,263 to Dang, et al.
discloses a multi-segmented guiding catheter typically utilized for internal vascular
access. Steerable catheters have been developed to provide improved access to internal
tissue. These catheters typically include a flexible catheter shaft and steering wires for
controlling the flexure of the catheter shaft. Examples of steerable catheters are shown
by U.S. Patent Nos. 5,342,299 and 5,437,636 to Snoke, et al., and U.S. Patent No.
5,199,950 to Schmitt, et al. U.S. Patent No. 5,454,794 to Narcisco, et al. shows a
steerable light diffusing catheter for treating luminal surfaces with photodynamic
therapy. A mechanism for steering a catheter is disclosed by U.S. Patent No. 5,456,664
to Heinzelman, et al. U.S. Patent No. 5,396,880 to Kagan, et al. discloses an endoscope
for accessing the spinal epidural space.

A problem common to many previously existing steerable catheters is the
provision of acceptable flexibility of the shaft, particularly near the shaft tip, while still
providing secure retention of the steering wire or wires within the catheter shaft. The
steering wire or wires typically comprise a small diameter length of high tensile
strength material, whereas the flexible catheter shaft material typically must be

relatively soft in order to provide sufficient flexibility. Thus, in many instances, the
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steering wire will cut through the flexible catheter shaft material, or will otherwise
become disattached from the catheter shaft, rendering the catheter inoperable or
compromising its utility. Softer materials are desirable for use in construction of
catheter shafts, due to their generally greater flexibility, but are more susceptible to
steering wire pull-through or damage by the steering wire than are harder materials of
construction. The problem of steering wire pull-through or damage by the steering
wire is especially troublesome with small diameter catheters having one or more
instrument access lumens therethrough, due to the reduced material thickness of the
catheter. Previous attempts to provide acceptable flexibility of the shaft, particularly
near the shaft tip, while maintaining secure retention of the steering wire or wires
within the catheter shaft have met with varying degrees of success, but none have
proven fully successful.

Additional problems arise from the use of standard Touhy-Borst assemblies 10
as shown in Fig. 1, or other catheter manifolds such as that disclosed by U.S. Patent
No. 5,507,732 to McClure, et al., as catheter inlets. The standard Touhy-Borst
assembly 10 typically comprises a two-piece housing, having a first housing
component 12 coupled to a second housing component 14 by means of a threaded luer
16 or other coupling. The use of this type of two-piece housing results in increased
assembly time and expense, and presents a risk of detachment during use.
Additionally, the coupling 16 permits relative rotational movement between the first
housing component 12 and the second housing component 14. This is disadvantageous
as it is has been found desirable to maintain the flush port 18 in a fixed position relative
to the catheter housing. The standard Touhy-Borst assembly 10 is typically affixed to
the catheter housing by means of mounting wings 20 provided on the second housing
component 14. Even if the wings 20 are rigidly attached to second housing component
14, the rotational movement permitted at coupling 16 allows movement of the first
housing component 12 and the flush port 18 thereof. In addition, the standard Touhy-
Borst assembly 10 presents several steps or discontinuities 22a, 22b, 22¢ within its
internal passage. These discontinuities present obstructions to instrument passage, and
can result in abrasive wear and tear on sensitive instruments. The standard Touhy-
Borst assembly 10 is also less than fully satisfactory for use as a catheter inlet housing,

as it typically includes only two mounting wings 20. It has been found desirable to
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provide additional mounting wings angularly spaced about the circumference of the
inlet housing for more accurate positioning. It has also been found desirable to increase
the thickness and contact area of the mounting wings to provide more secure
attachment to the catheter body housing than is permitted using a standard Touhy-Borst
assembly 10. Other known manifold assemblies suffer disadvantages similar to those
of the Touhy-Borst assembly.

Thus, it has been found that a need exists for an improved steerable catheter
device, and for an improved catheter shaft, tip assembly, and inlet housing for catheters.

It is to these and other needs that the present invention is primarily directed.

SUMMARY OF THE INVENTION

The steerable catheter was developed to satisfy a need that pain practitioners
have faced for many years: the need to directly visualize pathology in-situ in and
around the nerve roots as they make their way out of neural foramina along the axis of
the spinal cord. Other means of visualizations such as fluoroscopy, MRI and CAT
scans cannot provide real time images of pathology or disease and cannot clearly
differentiate soft tissue pathology. Epidural endoscopy is difficult or impossible if
performed utilizing rigid optics and the paramedian or lumbar approach. This is due to
the fact that the spinal cord is encased by an articulating bone structure presenting
minimal access possibilities. Any device with the capability to access the epidural
space must be flexible and small. Using miniature fiberoptic endoscopes and miniature
multi lumen steerable catheters the present invention provides a medical device that
may be introduced into the epidural space. The present invention allows physicians to
directly visualize the epidural space of the spine and treat patients for related disease in
a minimally invasive manner.

The present invention provides a steerable video guided catheter having lumens
for instrument access, and providing the ability to steer the catheter tip in one or more
planes. The present invention optionally also can provide a kit including disposable
products that are used by the physician to access the epidural space through the sacral
hiatus (tail bone). The kit contains drapes, syringe, needles, introducer set. etc. The

present invention optionally can also provide a video system including a CCD camera,
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light source, and video monitor. The CCD camera is used to pick up the optical image
from the endocoupler and convert it to an electronic signal that is sent to the video
monitor. The light source consists of a bright light that is focused on the light fiber
bundle to transmit light to the distal end of the scope.

In a preferred form, one aspect of the present invention provides a tip assembly
for a steerable catheter, which assembly includes a catheter shaft having first and
second steering wire lumens extending lengthwise therethrough. One or more access
lumens may optionally be provided through the length of the catheter shaft, for
permitting passage of a fiberoptic endoscope and other instruments, infused fluids,
aspirated materials, and/or otherwise accessing internal regions. The tip assembly
preferably further includes a continuous length of steering wire having a first leg
extending through the first steering wire lumen, a second leg extending through the
second steering wire lumen, and a generally U-shaped looped segment connecting the
first and second legs. The looped segment of steering wire may optionally include a
coined or otherwise formed expanded outer dimension. A first wear-resistant sleeve is
preferably provided within the first steering wire lumen adjacent the looped segment of
steering wire, and a second wear-resistant sleeve is preferably provided within the
second steering wire lumen adjacent the looped segment of steering wire. The wear-
resistant sleeves and coined portion of the steering wire cooperate to provide improved
resistance against steering wire pull-through or detachment from the material of the
catheter shaft. In further preferred embodiments, the wear-resistant sleeves and coined
portion function in cooperation with a segmented catheter shaft to provide improved
flexibility without sacrificing resistance to steering wire pull-through.

In another aspect, the present invention preferably comprises a segmented
catheter shaft for a steerable catheter. The segmented catheter shaft preferably includes
a first shaft segment having a rear distal end for connection to a catheter body housing,
and a front distal end opposite the rear distal end. The segmented catheter shaft
preferably further includes a tip segment having a first end fused to the front distal end
of the first shaft segment, and a second end opposite the first end. The first shaft
segment is preferably relatively stiff to prevent buckling of the catheter shaft, whereas
the tip segment is relatively flexible, as compared to the first shaft segment, for

improved steerability. The segmented catheter shaft preferably further includes an end
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segment having a first end fused to the second end of the tip segment, and a second end
opposite the first end. In preferred form, the segmented catheter shaft also includes
first and second steering wire lumens extending lengthwise through the first shaft
segment, the tip segment, and the end segment; and optionally includes one or more
access lumens extending throughout the length of the catheter shaft. A continuous
length of steering wire is preferably provided, having a first leg extending through the
first steering wire lumen and a second leg extending through the second steering wire
lumen. A looped segment of the length of steering wire preferably connects the first
and second legs, extending across the second end of the end segment of the catheter
shaft. A cover segment is preferably also provided, overlying at least a portion of the
second end of the end segment, and encapsulating the looped segment of steering wire
between the second end of the end segment and the cover segment. The end segment
and cover segment are preferably formed of relatively stiff materials of construction, as
compared to the tip segment, to resist steering wire pull-through. Wear-resistant
sleeves can be provided in the steering wire lumens of the end segment to provide
improved resistance to steering wire pull-through.

The present invention further comprises a number of alternative catheter tip
assemblies, in addition to the presently preferred sleeved, continuous looped steering
wire configuration. Alternative catheter tip assemblies of the present invention include:
sleeveless, continuous looped steering wire configurations, optionally providing the
looped portion of the steering wire with a coined or otherwise expanded dimension;
multiple hooked steering wire configurations; multiple ballized steering wire
configurations; multiple steering wire configurations incorporating wire jackets;
multiple steering wire configurations incorporating wire washers; multiple steering
wire configurations incorporating wire eyelets; multiple steering wire configurations
incorporating wire springs; and bonded multiple steering wire configurations.
Preferred embodiments of such alternative catheter tip assemblies are described in
greater detail below.

Another aspect of the present invention provides a method of forming a
segmented catheter shaft. The method preferably comprises providing a first shaft
segment, a tip segment, and an end segment, each having first and second steering wire

lumens extending lengthwise therethrough. One or more access lumens can optionally
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also be provided through the first shaft segment, the tip segment, and the end segment.
Mandrels are inserted through the steering wire lumens and, if provided, the access
lumens. The tip segment is arranged on the mandrels between the first shaft segment
and the end segment. The first shaft segment, tip segment and end segment are then
bonded end-to-end, to form a shaft assembly having a connecting end comprising a
portion of the first shaft segment and a free end comprising a portion of the end
segment. The mandrels are removed, and one or more steering wires are inserted
through the shaft assembly. The steering wire is preferably a single, unitary,
continuous length of wire having a first leg extending through the first steering wire
lumen, a second leg extending through the second steering wire lumen, and a looped
segment connecting the first and second legs adjacent the tip end of the shaft assembly.
Less preferably, any of a variety of alternative catheter tip assemblies can be installed
in the steering wire lumens. The provision of a continuous looped steering wire is
preferable, as it provides improved resistance to steering wire pull-through in
cooperation with the materials of the segmented catheter shaft of the present invention
and, if provided, the wear-resistant sleeved and coined steering wire configuration of
the present invention. The looped segment of steering wire is preferably encapsulated
between the free end of the shaft assembly and a cover segment applied to overlie at
least a portion of the free end of the shaft assembly.

In a further preferred embodiment, the looped segment of the steering wire is
provided with an expanded outer dimension larger than an inner dimension of the first
and second steering wire lumens, and/or wear-resistant sleeves can be installed in the
steering wire lumens of the end segment prior to installing the steering wire. The first
shaft segment and the end segment are preferably formed from a material having a first
stiffness, and the tip segment from a material having a second stiffness less than the
first stiffness. In a further preferred embodiment, a manifold is formed at the
connecting end of the shaft assembly by inserting core pins into the steering wire
lumens and, if provided, into the access lumen(s), and injection molding the manifold
around the core pins. The core pins are then removed from the lumens upon demolding
of the manifold. The provision of a manifold provides a degree of strain relief, and

facilitates mounting of the shaft to the catheter body.
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Another aspect of the present invention provides an inlet housing for the
catheter. The inlet housing preferably includes a unitary body portion having an
instrument inlet, an outlet, an internal passage extending between the instrument inlet
and the outlet, and an outer mounting surface. A sealing element is preferably provided
adjacent the instrument inlet. In a further preferred embodiment, the inlet housing
includes a flush port in fluid communication with the internal passage. One or more
mounting flanges can be provided, extending outwardly from the unitary body portion.
In a preferred embodiment, four mounting flanges are provided, spaced
circumferentially about the unitary body portion at 90° intervals, with one of the
mounting flanges generally aligned with the flush port. The internal passage of the
inlet housing preferably provides a smooth transition between the instrument inlet and
the outlet, whereby tools, instruments or other materials inserted therethrough will not
meet with substantial obstruction.

A further aspect of the present invention provides a steerable catheter
incorporating one or more of the above-described features. In a preferred form, the
steerable catheter includes a catheter body having a steering actuator for steering an
attached catheter shaft. The steerable catheter shaft preferably is formed from segments
of different stiffnesses as described above, and includes first and second steering wire
lumens and at least one access lumen extending lengthwise therethrough. The steerable
catheter preferably includes a tip assembly comprising a continuous length of steering
wire having a first leg extending through the first steering wire lumen, a second leg
extending through the second steering wire lumen, and a looped segment connecting
the first and second legs of the steering wire. The ends of the first and second legs
opposite the looped segment are coupled to the steering actuator. Wear-resistant
sleeves are preferably provided within the first and second steering wire lumens
adjacent the looped segment of the steering wire. One or more inlet housings are
preferably mounted to the catheter body housing, one inlet housing corresponding to
each of the access lumens provided through the segmented catheter shaft. One or more
access conduits are preferably also provided, coupling each inlet housing to its
corresponding access lumen.

These and other features and advantages of preferred forms of the present

invention are described herein with reference to the drawing figures.
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BRIEF DESCRIPTION OF THE DRAWING FIGURES

Figure 1 shows a side view, in partial cross-section of a prior art Touhy-Borst
assembly.

Figure 2 shows a top view of a steerable catheter according to a preferred form
of the present invention.

Figure 3 shows a side view of the steerable catheter shown in Fig. 2.

Figure 4 shows a top view of a portion of the steerable catheter shown in Fig. 2,
with the top cover removed to show internal components.

Figure 5 shows a detailed view of certain internal components of the steerable
catheter shown in Fig. 2, with the housing removed for clarity and shown generally in
phantom lines.

Figure 6 shows a plan view of a tip assembly of a steerable catheter, in partial
cut-away view, according to one form of the present invention.

Figure 7 shows a cross-sectional view, taken at line 7-7 of Fig. 6, of the tip
assembly shown in Fig. 6.

Figure 8 shows a plan view of a steering wire portion of the tip assembly shown
in Fig. 6.

Figure 9 shows an end view, from line 9-9 in Fig. 8, of the steering wire.

Figure 10 shows a plan view of a tip assembly of a steerable catheter, in partial
cut-away view, according to another form of the present invention.

Figure 11 shows a cross-sectional view, taken at line 11-11 of Fig. 10, of the tip
assembly shown in Fig. 10.

Figure 12 shows a plan view of a steering wire portion of the tip assembly
shown in Fig. 10.

Figure 13 shows a side view, in partial cross-section, of an inlet housing
according to a preferred form of the present invention.

Figures 14A-14D show an alternative catheter tip assembly having an unsleeved
looped steering wire configuration with an expanded looped portion.

Figures 15A-15C show an alternative catheter tip assembly having an unsleeved

looped steering wire configuration without an expanded looped portion.



WO 00/06242 PCT/US99/05377

10

15

20

25

30

9

Figures 16A-16C show an alternative catheter tip assembly having a multiple
hooked steering wire configuration.

Figures 17A-17C show an alternative catheter tip assembly having a multiple
ballized steering wire configuration.

Figures 18A-18C show an alternative catheter tip assembly having a multiple
steering wire configuration incorporating wire jackets.

Figures 19A-19C show an alternative catheter tip assembly having a multiple
steering wire configuration incorporating wire washers.

Figures 20A-20C show an alternative catheter tip assembly having a multiple
steering wire configuration incorporating wire eyelets.

Figures 21A-21C show an alternative catheter tip assembly having a multiple
steering wire configuration incorporating wire springs.

Figures 22A-22C show an alternative catheter tip assembly having a bonded

multiple steering wire configuration.

DETAILED DESCRIPTION

Referring now to the drawing figures, wherein like reference numerals represent
like parts throughout, preferred forms of the present invention will now be described.
As seen best with reference to Figs. 2-5, the present invention generally comprises a
steerable catheter 40, having a catheter body 42, a segmented catheter shaft 44, and at
least one inlet housing 46. In a preferred form, the catheter body 42 comprises an
upper housing shell 50 and a lower housing shell 52. A steering actuator such as, for
example, a rotatably mounted dial 54 is preferably mounted in or on the catheter body
42. In the depicted embodiment, the dial 54 is rotatable about an axis 56 formed by
cooperating projections and recesses on and in the dial 54 and one or both of the
housing shells 50, 52. The dial 54 is preferably retained in place between the housing
shells 50, 52, which are attached to one another in their assembled configuration by
adhesive, thermal welding, and/or one or more couplings 58, such as cooperating crash
pins having interengaging male and female portions, resilient couplings, screws, rivets
or other fasteners. The catheter body 42 generally comprises a forward end 60, a rear

end 62, and first and second sides 64, 66, and is generally sized and shaped to be
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comfortably manipulated by a practitioner’s hand. The catheter body is preferably
fabricated, as by injection molding, from plastic or another substantially rigid material
of construction. One or more cutout sections 68 can be provided in one or both of the
housing shells 50, 52 to provide clearance for the steering actuator. The housing shells
50, 52 can also be provided with engagement features and openings, as required for
mounting of the inlet housings 46 and the catheter shaft 44, as is more fully discussed
below. The steering actuator can additionally comprise directional indicating means 70
for visually indicating the deflection of the steering actuator, and thereby the expected
degree of displacement of the steerable tip of the catheter shaft 44.

The segmented catheter shaft 44 of the present invention will be described with
particular reference to Figs. 2-10. The segmented catheter shaft 44 is preferably formed
from PEBAX (polyether block amides) extrusions, or other flexible, biocompatible
plastic materials. In a preferred embodiment depicted in the figures, the catheter shaft
44 generally comprises a first shaft segment 80, a tip segment 82, an end segment 84,
and a cover segment 86. The first shaft segment 80 comprises a rear distal end 90 for
conmection to the forward end 60 of the catheter body 42, and a front distal end 92
generally opposite said rear distal end 90. The tip segment 82 preferably comprises a
first end 94 fused or otherwise attached to the front distal end 92 of the first shaft
segment 80, and a second end 96 generally opposite the first end 94. The end segment
84 preferably comprises a first end 98 fused or otherwise attached to the second end 96
of the tip segment 82 and a second end 100 generally opposite the first end 98. The
cover segment 86 preferably overlies at least a portion of the second end 100 of the end
segment 84.

In preferred form, the first shaft segment 80 is formed from a material having a
first stiffness and the tip segment 82 is formed from a material having a second
stiffness less than the first stiffness. In this manner, the first shaft segment 80 resists
buckling along its length, and the relatively softer, more flexible tip segment 82 permits
improved steerability. In a presently preferred example embodiment, the first shaft
segment 80 is formed from a 7233 durometer PEBAX extrusion having a diameter of
approximately 0.118 inch, and the tip segment 82 is formed from a 4033 durometer
PEBAX extrusion of substantially identical cross-section and diameter. The end

segment 84 is preferably formed from a material having a third stiffness greater than
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the second stiffness, for example, a 7233 durometer PEBAX extrusion substantially
identical to that of the first shaft segment 80. The provision of the end segment 84
having substantially greater hardness than the tip segment 82 provides increased
resistance to steering wire detachment during operation. The cover segment 86 is
preferably formed from a relatively hard material such as 7233 durometer PEBAX, but
can alternatively be formed from a softer material such as 4033 durometer PEBAX.
The lengths of the segments of the catheter shaft 44 will vary depending upon the
intended application. In a presently preferred example embodiment, the first shaft
segment 80 is between 10" to 14", and most preferably approximately 11" in length; the
tip segment 82 is approximately 1.5" in length; the end segment 84 is approximately
0.200" to .500" in length; and the cover segment 86 is approximately 0.200" or less in
length. The segments of the catheter shaft 44 are thermal welded or otherwise fused to
one another end-to-end, with any internal lumens aligned between the segments, to
form a shaft assembly 104 having a connecting end 106 comprising the rear distal end
90 of the first shaft segment 80, and a free end 108 comprising the end segment 84 and
cover segment 86.

As seen best with reference to Figs. 6-12, the catheter shaft 44 preferably
comprises first and second steering wire lumens 112, 114 extending lengthwise through
the first shaft segment 80, the tip segment 82, and the end segment 84. The diameter of
the steering wire lumens 112, 114 may vary depending upon the intended application.
In a presently preferred embodiment, the diameter of the steering wire lumens 112, 114
is approximately 0.014 inch. The catheter shaft 44 preferably has a generally round
cross-section, as seen best with reference to Figs. 7 and 11. The steering wire lumens
112, 114 are arranged generally diametrically opposite one another along a first
diameter of the cross-section. In a further preferred embodiment, the catheter shaft 44
optionally further comprises one or more (two are shown) access lumens 116, 118 for
allowing passage of instruments such as a fiberoptic endoscope or surgical implements,
and/or for infusion and aspiration of fluids or other materials. The diameter of the
access lumens 116, 118 may vary depending upon the intended application. In a
presently preferred embodiment, the diameter of the access lumens 116, 118 is

approximately 0.051 inch. The access lumens 116, 118 are preferably arranged
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generally diametrically opposite one another along a second diameter generally
perpendicular to the first diameter.

The catheter shaft 44 preferably further comprises a sleeved, unitary, continuous
looped steering wire tip assembly 120, which will be described with particular
reference to Figs. 6-12. The tip assembly 120 preferably comprises a first wear
resistant sleeve 122 disposed at least in part within the first steering wire lumen 112 of
the end segment 84, and a second wear resistant sleeve 124 disposed at least in part
within the second steering wire lumen 114 of the end segment 84. The wear resistant
sleeves are preferably formed from stainless steel, other metals, ceramics or other
materials having a high hardness and resistance to wear. A continuous length of
steering wire 126 is provided, having a first leg 128 extending through the first steering
wire lumen 112, and a second leg 130 extending through the second steering wire
lumen 114. In preferred form, the steering wire 126 comprises a 0.010 diameter wire.
A Tooped segment 132 of the length of steering wire 126 extends between the first leg
128 and the second leg 130, and functions to prevent the steering wire 126 from
retracting through the steering wire lumens. The first leg 128 of the steering wire 126
extends through the first wear resistant sleeve 122, and the second leg 130 extends
through the second wear resistant sleeve 124. In this manner, as tension is applied to
the steering wire 126 during operation, the wear-resistant sleeves 122, 124 prevent the
wire 126 from cutting or otherwise damaging the softer plastic material of the catheter
shaft 44. In addition, the relatively harder material of construction of the end segment
84 provides improved holding of the sleeves 122, 124, and improved resistance to
damage from the steering wire 126 than would be provided by the relatively softer
material of the tip segment 82.

In the embodiment of the present invention depicted in Figs. 6-9, at least a
portion of the looped segment 132 of the steering wire 126 is provided with an
expanded outer dimension 134. The expanded portion 134 1is larger in at least one
dimension than the inside diameter of the opening through the wear-resistant sleeves
122, 124, so that the sleeves 122, 124 and the expanded portion 134 of the steering wire
126 cooperate to resist steering wire pull-through. In a preferred embodiment, the
expanded portion 134 of the steering wire 126 is a coined portion formed by crimping

to deform the wire 126. The expanded outer dimension 134 is preferably in the
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direction of the plane of the steering wire 126, as seen best with reference to Fig. 8. In
this manner, the thickness of the expanded portion, when viewed end-on as shown in
Fig. 9, is reduced, thereby reducing or eliminating any potential interference by the
steering wire 126 with the openings of the access lumens 116, 118. In a preferred
embodiment, the entire looped segment 132 of the steering wire 126, between the first
wear-resistant sleeve 122 and the second wear-resistant sleeve 124, is coined to have an
expanded outer dimension in the plane of the steering wire 126. In an alternate
embodiment shown in Figs. 10-12, the looped segment 132 of the steering wire 126 is
not provided with an expanded outer dimension. Encapsulation of the looped segment
132 of the steering wire 126 between the end segment 84 and the cover segment 86
further affixes the steering wire 126 in place, providing additional resistance to steering
wire pull-through.

In preferred form, the catheter shaft 44 further comprises a manifold 140, as
shown in Figs. 4 and 5. The manifold 140 is coupled to the rear distal end 90 of the
first shaft segment 80. Mounting means, such as a radially projecting flange 142, are
preferably provided on the outer surface of the manifold 140 for attaching the catheter
shaft 44 to the catheter body housing 42. For example, in the depicted embodiment, the
flange 142 is adhesively secured within cooperating channel elements 144 provided
within the upper and lower housing shells 50, 52 adjacent the forward end 60. The
manifold 140 preferably further comprises one or more steering wire passages 144
extending therethrough, and communicating with the steering wire lumens 112, 114 of
the shaft assembly 104. The manifold 140 preferably further comprises one or more
access passages 146 extending therethrough, and communicating with the access
lumens 116, 118 of the shaft assembly 104.

As seen best with reference to Fig. 4, a first free end 150 of the first leg 128 of
the steering wire 126 is attached to a first connection point of the steering actuator, and
a second free end 152 of the second leg 130 of the steering wire 126 is attached to a
second connection point of steering actuator. For example, in the depicted
embodiment, the first and second connection points of the steering actuator comprise
slotted posts 156, 158 projecting from the steering dial 54. The free ends 150, 152 are
inserted into the slots, and secured therein with hot melt or other adhesive. The slotted

posts 156, 158 are preferably mounted generally diametrically opposite one another on
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the dial 54. The steering wire 126 thus extends continuously from the first free end 150
attached to the dial 54, through a first steering wire passage 144a of the manifold 140,
through the first steering wire lumen 112 of the shaft assembly 104, through the first
wear-resistant sleeve 122, to the looped segment 132 adjacent the free end 108, and
loops back through the second wear-resistant sleeve 124, through the second steering
wire lumen 114 of the shaft assembly 104, through a second steering wire passage 144b
of the manifold 140, to the second free end 152 attached to the dial 54 generally
opposite the first free end 150. So arranged, rotation of the steering dial 54 about axis
56 in a first rotational direction places one leg of the steering wire in tension and the
other leg in compression, thereby causing displacement of the free end 108 of the shaft
assembly in a first direction. In similar fashion, rotation of the steering dial 54 about
axis 56 in a second rotational direction opposite the first direction causes displacement
of the free end 108 of the shaft assembly in a second direction opposite the first

direction.

Alternative Catheter Tip Assemblies:

The provision of a sleeved, unitary, continuous looped steering wire tip
assembly, as described above, has been found to provide superior resistance to steering
wire pull-through. A number of alternative tip assemblies can, however, be substituted
for the sleeved, unitary, continuous looped steering wire tip assembly, and may provide
adequate performance for certain applications. For example, Figs. 14A-D show an
unsleeved looped tip assembly 320, substantially similar to the tip assembly described
above with reference to Figs. 6-9, having an expanded outer dimension 134, but
without the first and second wear resistant sleeves. Figs. 15A-C show an unsleeved
looped tip assembly 322, substantially similar to the tip assembly described above with
reference to Figs. 10-12, but without the first and second wear resistant sleeves.

Figures 16A-C show a multiple hooked steering wire tip assembly 324. Two or
more separate hooked steering wires 326 are provided, each with small bends formed
on one end to create a hook portion 328. Each steering wire 326 passes through a
steering wire lumen, and the end of each steering wire opposite the hook portion 328 is
coupled to the steering actuator. The hook portion 328 abuts the second end of the end

segment 84, and is dimensioned to prevent the hook portion 328 of the hooked steering
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wires 326 from being retracted through the steering wire lumens 112, 114. The cover
segment 86 encapsulates the hook portion 328 of the hooked steering wires 326.

Figures 17A-C show a ballized wire steering wire tip assembly 340. Two or
more separate ballized steering wires 342 are provided, each with a ball 344 securely
affixed at a front distal end thereof. Each steering wire 342 passes through a steering
wire lumen, and the end of each steering wire opposite the ball 344 is coupled to the
steering actuator. The balls 344 are preferably formed of steel or other substantially
rigid material, and have a diameter larger than the diameter of the steering wire lumens
112, 114, to prevent the ballized steering wires 342 from being retracted through the
steering wire lumens 112, 114. In a preferred embodiment, the balls 344 are
approximately 0.020" in diameter, and the steering wire lumens 112, 114 are
approximately 0.014" in diameter. The balls 344 are preferably welded to the distal end
of the ballized steering wires 342, or integrally formed therewith. The balls 344 abut
the second end of the end segment 84, and are encapsulated by the cover segment 86.

Figures 18A-C show a jacketed ballized wire steering wire tip assembly 350.
The jacketed ballized wire steering wire tip assembly 350 is substantially similar to the
ballized wire steering wire tip assembly 340 described above with reference to Figs.
17A-C, with the addition of an epoxy wire jacket 356. The jacketed ballized wire
steering wire tip assembly 350 includes two or more ballized steering wires 352
extending through the steering wire lumens 112, 114, each steering wire 352 including
a ball 354 dimensioned to prevent the ballized steering wires 352 from being retracted
through the steering wire lumens 112, 114. The epoxy wire jacket 356 is formed by
injecting a curable epoxy glue into the steering wire lumens 112, 114 prior to insertion
of the steering wires 352. The epoxy glue is UV cured to complete the epoxy wire
jacket 356. The balls 354 abut the second end of the end segment 84, and are
encapsulated by the cover segment 86.

Figures 19A-C show a washered multiple steering wire tip assembly 360. The
tip assembly 360 preferably includes ballized steering wires 362 with balls 364 affixed
thereon in a manner substantially similar to the tip assembly 340 described above with
reference to Figs. 17A-C, with the addition of wire washers 366. The wire washers 366
prevent the ballized steering wires 362 from being retracted through the steering wire

lumens 112, 114. A wire washer 366 is securely positioned around each ballized wire
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362, and abuts the ball 364 affixed to the wire. The inside diameter of the wire washer
366 is smaller than the diameter of the ball 364, thereby preventing the ball 364 from
pulling through the washer 366. The outside diameter of the washer 366 is larger than
the diameter of the steering wire lumens 112, 114, thereby preventing the wire washer
366 from pulling through the steering wire lumens. In a preferred form, washers 366
having an outside diameter of 0.024" and an inside diameter of 0.012" are installed
around a 0.010" diameter steering wire 362 having a 0.020" diameter ball 364 affixed
thereto, for insertion into steering wire lumens 112, 114 having a 0.014 diameter. The
washers 366 abut the second end of the end segment 84, and the washers 366 and balls
364 are encapsulated by the cover segment 86.

Figures 20A-C show an eyeleted multiple steering wire tip assembly 370. The
tip assembly 370 preferably includes ballized steering wires 372 with balls 374 affixed
thereon in a manner substantially similar to the tip assembly 340 described above with
reference to Figs. 17A-C, with the addition of wire eyelets 376. The wire eyelets 376
prevent the ballized steering wires 372 from being retracted through the steering wire
lumens 112, 114. A wire eyelet 376 is securely positioned around each ballized wire
372, and abuts the ball 374 affixed to the wire. The inside diameter of the wire eyelet
376 is smaller than the diameter of the ball 374, thereby preventing the ball 374 from
pulling through the eyelet 376. A wide portion of the eyelet 376 has an outside
diameter larger than the diameter of the steering wire lumens 112, 114, thereby
preventing the wide portion of the wire eyelet 376 from pulling through the steering
wire lumen. A narrow portion of the eyelet 376 has an outside diameter approximately
equal to or slightly larger than the diameter of the steering wire lumens 112, 114,
thereby permitting the narrow portion of the wire eyelet 376 to be press fit into the
steering wire lumen. In a preferred form, eyelets 376 having a wide portion with an
outside diameter of 0.024" and an inside diameter of 0.012" are installed around a
0.010" diameter steering wire 372 having a 0.020" diameter ball 374 affixed thereto, for
insertion into steering wire lumens 112, 114 having a 0.014 diameter. The eyelets 376
abut the second end of the end segment 84, and the eyelets 376 and balls 374 are
encapsulated by the cover segment 86.

Figures 21A-C, show a wire springed multiple steering wire tip assembly 380.

The tip assembly 380 preferably includes ballized steering wires 382 with balls 384
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affixed thereon in a manner substantially similar to the tip assembly 340 described
above with reference to Figs. 17A-C, with the addition of wire springs 386. The wire
springs 386 prevent the ballized steering wires 382 from being retracted through the
steering wire Jumens 112, 114. A wire spring 386 is securely positioned around each
ballized wire 382, and abuts the ball 384 affixed to the wire. The inside diameter of the
wire spring 386 is smaller than the diameter of the ball 384, thereby preventing the ball
384 from pulling through the spring 386. The spring 386 has an outside diameter
approximately equal to or slightly larger than the diameter of the steering wire lumens
112, 114, thereby permitting the spring 386 to be press fit into the steering wire lumen.
The balls 384 abut the second end of the end segment 84, and are encapsulated by the
cover segment 86.

Figures 22A-C show a bonded steering wire tip assembly 390. Separate
steering wires 392 are installed in each steering wire lumen 112, 114. In a preferred
form, the steering wires 392 are plastic wires approximately 0.010" in diameter. The
free ends 394 of the steering wires 392 are securely bonded, as by thermal welding or
adhesives, to the end segment 84 and the cover segment 86 of the shaft, thereby
preventing the steering wires 392 from retracting through the steering wire lumens.
Each steering wire 392 passes through a steering wire lumen, and the end of each

steering wire opposite the free end 394 is coupled to the steering actuator.

Inlet Housing:

The present invention preferably further provides an improved inlet housing 46.
As seen best with reference to Fig. 13, the inlet housing 46 preferably comprises a
unitary body portion 172 having an instrument inlet 174, an outlet 176, an internal
passage 178 extending between the instrument inlet 174 and the outlet 176, and an
outer mounting surface 180. The unitary body portion 172 preferably comprises a flush
port 182 in fluid communication with the internal passage 178, for allowing passage of
fluids such as, for example, saline fluid, pharmaceuticals, anesthetics, biologically
active materials, markers, or other materials. As depicted, the flush port 182 extends
outwardly from the exterior surface of the inlet housing 46, generally perpendicular to
the direction of the internal passage 178, to form a generally T-shaped component. The

flush port 182 can alternatively extend outwardly at an angle to form a generally Y-
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shaped component. A check valve, flow restricting orifice, and/or other flow control
devices (unshown) can optionally be provided in the flush port 182.

The outer mounting surface 180 of the inlet housing 46 preferably comprises
one or more mounting flanges 184 extending outwardly from the unitary body portion,
for attaching the inlet housing 46 to an external structure or device such as, for
example, the catheter body 42 described above. In the embodiment depicted in the
figures, a circumferential mounting flange 184c, and a plurality of axial mounting
flanges 184a, are provided. In preferred form, four axial mounting flanges 184a are
provided, spaced circumferentially about the unitary body portion at approximately 90°
intervals. One of the axial mounting flanges 184a is preferably generally aligned with
the flush port 182, thereby enabling attachment of the inlet housing 46 to an external
structure with the flush port 182 aligned generally parallel to or generally perpendicular
to a mounting component of the external structure. Because the unitary body portion
172 of the inlet housing 46 of the present invention comprises a single component
formed of a substantially rigid material, the flush port 182 and the mounting flanges
184 are substantially fixed in position relative to one another. In this manner, the inlet
housing 46 of the present invention eliminates certain disadvantages found to result
from the rotational movement permitted between the housing components of prior art
Touhy-Borst fittings joined by threaded connections.

The inlet housing 46 preferably further comprises a sealing element within the
internal passage, for example, adjacent the instrument inlet 174. In preferred form, the
sealing element comprises a check valve such as an elastomeric duck-bill valve 186.
The duck-bill valve 186 can be retained in place within the internal passage by means
of a washer 188, a bushing 190, and a retaining cap 192 capable of attachment to the
unitary body portion 172 such as by a threaded coupling.

The internal passage 178 of the inlet housing 46 preferably comprises a

generally smooth transition throughout its entire length, from the instrument inlet 174

to the outlet 176. As used herein, “generally smooth transition” is intended to mean
that the passage 178 presents no reductions in internal dimension, in the direction 4 of
instrument insertion, at an angle greater than approximately 30° measured relative to

an immediately adjacent wall surface of the internal passage.
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The steerable catheter 40 of the present invention preferably comprises at least
one inlet housing 46. For example, and with reference to Figs. 2-5, two inlet housings
46 are preferably mounted within the catheter body 42 adjacent the rear end 62, with
their instrument inlets 174 and flush ports 182 externally accessible. One inlet housing
46 is preferably provided for each access lumen 116, 118 in the shaft assembly 104.
Engaging recesses 200 are preferably provided in the upper and lower housing shells
50, 52 to receive mounting flanges 184. The cooperating flanges 184 are attached
within the recesses 200, preferably by adhesive, compression fit, thermal welding or
other attachment means, thereby rigidly fixing the position of the inlet housings 46 and,
if provided, the flush ports 182 thereof, relative to the catheter body 42. An access
conduit such as a proximal extension 202 extends between each inlet housing and a
corresponding access passage 146 in the manifold 140, providing communication and
passage of instruments, fluids and other objects and materials between the internal
passage 178 of each inlet housing 46 and the corresponding access lumen 116, 118 of
the shaft assembly 104. In addition, a side extension 204 can be provided extending
from each flush port 182, for connection to an external fluid source. In preferred form,
the proximal extensions 202 and the side extensions 204 are preferably formed from a

smooth-walled, flexible plastic tubing.

Method of Fabrication:

The present invention further comprises a method of forming a segmented
catheter shaft, the shaft being substantially similar to the segmented catheter shaft 44
described above. A first shaft segment, a tip segment, and an end segment are
provided, each having first and second steering wire lumens extending lengthwise
therethrough. The first shaft segment, the tip segment, and the end segment preferably
further comprise at least one access lumen extending lengthwise therethrough. The first
shaft segment is preferably formed from a material having a first stiffness. Ina
presently preferred embodiment, the first shaft segment is formed from a 7233
durometer PEBAX extrusion. The tip segment is preferably formed from a material
having a second stiffness less than said first stiffness. In the presently preferred
embodiment, the tip segment is formed from a 4033 durometer PEBAX extrusion. The

end segment is preferably formed from a material having a stiffness greater than that of
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the tip segment. In the presently preferred embodiment, the first shaft segment is
formed from a 7233 durometer PEBAX extrusion.

The first shaft segment, the tip segment, and the end segment are then bonded
end-to-end, with the tip segment arranged between the first shaft segment and the end
segment, to form a shaft assembly having a connecting end comprising a portion of the
first shaft segment and a free end comprising a portion of the end segment. In order to
prevent the internal lumens of the shaft segments from collapsing during the bonding
process, mandrels are preferably inserted through the first and second steering wire
lumens, and if present the access lumens, of the first shaft segment, the tip segment,
and the end segment. The mandrels can comprise, for example, stainless steel rods
and/or wires approximately matching the internal diameters of the lumens. According
to the preferred method, the several segments of the shaft assembly are then bonded by
thermal welding. The mandrels are then removed.

Optionally, a manifold can then be formed at the connecting end of the shaft
assembly. The manifold is preferably formed by inserting core pins into the steering
wire lumens and the access lumens at the connecting end of the shaft assembly, and
injection molding plastic into a mold around the core pins to form the manifold. The
core pins are then removed upon formation of the manifold. The openings remaining in
the manifold after removal of the core pins form the steering wire passages and access
passages through the manifold.

A continuous length of steering wire is then inserted through the steering wire
lumens. Optionally, a first wear-resistant sleeve can be installed within the first
steering wire lumen of the end segment, and a second wear-resistant sleeve installed
within the second steering wire lumen of the end segment prior to insertion of the
steering wire into the steering wire lumens. A first leg of the steering wire is inserted to
extend through the first steering wire lumen, and a second leg of the steering wire is
inserted to extend through the second steering wire lumen. A looped segment connects
the first and second legs adjacent the tip end of the shaft assembly. The method of the
present invention can optionally further comprise providing a portion of the looped
segment of the steering wire with an expanded outer dimension larger than an inner

dimension of the steering wire lumens, for example, by coining.
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According to the preferred method, the looped segment of the steering wire is
preferably encapsulated within a cover segment overlying at least a portion of the tip
end of the shaft assembly. Mandrels or pins are inserted into the tip ends of the access
lumens to prevent the formation of obstructions therein during the encapsulation
process. A short cover segment of plastic, such as a 4033 or 7233 durometer PEBAX
extrusion is mounted over the pins or mandrels, and thermal welded to the tip end of
the shaft assembly. The thermal welding process encapsulates the looped segment of
steering wire between the end segment and the cover segment. The pins or mandrels
are then removed.

While the invention has been described in its preferred forms, it will be readily
apparent to those of ordinary skill in the art that many additions, modifications and
deletions can be made thereto without departing from the spirit and scope of the

invention.
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What is claimed is:

1.

A tip assembly for a catheter shaft of a steerable catheter, the catheter shaft
having first and second steering wire lumens extending lengthwise
therethrough, said tip assembly comprising:

(a) a steering wire having a first leg extending through said first steering
wire lumen, a second leg extending through said second steering wire
lumen, and a looped segment connecting said first and second legs;

(b) a first wear-resistant sleeve within said first steering wire lumen adjacent
said looped segment of said steering wire; and

(©) a second wear-resistant sleeve within said second steering wire lumen
adjacent said looped segment of said steering wire.

The tip assembly of Claim 1, wherein a portion of the looped segment of said

steering wire has an expanded outer dimension larger than an inner dimension

of a passage through said first and second wear-resistant sleeves.

The tip assembly of Claim 2, wherein said portion of the looped segment of said

steering wire comprising the expanded outer dimension comprises a coined

portion of steering wire.

A segmented catheter shaft for a steerable catheter, comprising:

(a) a first shaft segment having a first stiffness, said first shaft segment
comprising a rear distal end for connection to a catheter body housing,
and a front distal end opposite said rear distal end,

(b)  atip segment having a second stiffness less than said first stiffness, said
tip segment comprising a first end fused to the front distal end of said
first shaft segment, and a second end opposite said first end;

(c) an end segment having a third stiffness greater than said second
stiffness, said end segment comprising a first end fused to the second
end of said tip segment, and a second end opposite said first end; and

(d) a cover segment overlying at least a portion of the second end of said
end segment.

The segmented catheter shaft of Claim 4, further comprising:

(e) first and second steering wire lumens extending lengthwise through said

first shaft segment, said tip segment, and said end segment; and
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® a first length of steering wire extending through said first steering wire
lumen;
(2) a second length of steering wire extending through said second steering
wire lumen; and
(h) means for preventing said first and second lengths of steering wire from
retracting through said first and second steering wire lumens.
The segmented catheter shaft of Claim 5, wherein said means for preventing
said first and second lengths of steering wire from retracting through said first
and second steering wire lumens comprises a looped segment of steering wire
between said first and second lengths of steering wire, wherein the looped
segment is encapsulated between said end segment and said cover segment.
The segmented catheter shaft of Claim 6, wherein a portion of the looped
segment of said steering wire has an expanded outer dimension larger than an
inner dimension of said first and second steering wire lumens.
The segmented catheter shaft of Claim 5, comprising a generally circular cross-
section having a first diameter and a second diameter generally perpendicular to
said first diameter, wherein said first and second steering wire lumens are
arranged generally diametrically opposite one another along said first diameter,
and wherein first and second access lumens are arranged generally diametrically
opposite one another along said second diameter.
The segmented catheter shaft of Claim 8, further comprising a manifold coupled
to the rear distal end of said first shaft segment, said manifold comprising first
and second steering wire passages communicating with said first and second
steering wire lumens, first and second access passages communicating with said
first and second access lumens, and mounting means for attachment to a
catheter body housing.
The segmented catheter shaft of Claim 5, further comprising a first wear-
resistant sleeve within said first steering wire lumen of said end segment, and a
second wear-resistant sleeve within said second steering wire lumen of said end

segment.
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second wear-resistant sleeve within said second steering wire lumen of said end

segment.

The segmented catheter shaft of Claim 5, wherein said means for preventing

said first and second lengths of steering wire from retracting through said first

and second steering wire lumens comprises hooked steering wires.

The segmented catheter shaft of Claim 5, wherein said means for preventing

said first and second lengths of steering wire from retracting through said first

and second steering wire lumens comprises ballized steering wires.

The segmented catheter shaft of Claim 12, wherein said means for preventing

said first and second lengths of steering wire from retracting through said first

and second steering wire lumens further comprises an element selected from the
group consisting of a wire washer, a wire eyelet and a wire spring.

The segmented catheter shaft of Claim 5, wherein said means for preventing

said first and second lengths of steering wire from retracting through said first

and second steering wire lumens comprises a bonded tip assembly.

A method of forming a segmented catheter shaft, said method comprising:

(a) providing a first shaft segment, a tip segment, and an end segment,
each comprising first and second steering wire lumens extending
lengthwise therethrough;

(b) inserting mandrels through said first and second steering wire lumens of
said first shaft segment, said tip segment, and said end segment, with
said tip segment arranged between said first shaft segment and said end
segment;

(©) bonding said first shaft segment, said tip segment, and said end segment
end-to-end to form a shaft assembly having a connecting end comprising
aportion of said first shaft segment and a free end comprising a portion
of said end segment;

(d)  removing the mandrels from said first and second steering wire lumens
of said shaft assembly;

(e) inserting a length of steering wire through said shaft assembly, said

steering wire having a first leg extending through said first steering wire
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lumen, a second leg extending through said second steering wire lumen,
and a looped segment connecting said first and second legs adjacent the
tip end of said shaft assembly; and
® encapsulating the looped segment of said steering wire within a cover
segment overlying at least a portion of the tip end of said shaft assembly.
The method of Claim 15, further comprising providing a portion of the looped
segment of said steering wire with an expanded outer dimension larger than an
inner dimension of said first and second steering wire lumens.
The method of Claim 16, further comprising installing a first wear-resistant
sleeve within said first steering wire lumen of said end segment, and a second
wear-resistant sleeve within said second steering wire lumen of said end
segment.
The method of Claim 15, wherein said first shaft segment, said tip segment, and
said end segment each comprise at least one access lumen extending lengthwise
therethrough, and wherein said method further comprises inserting mandrels
through each said access lumen of said first shaft segment, said tip segment, and
said end segment prior to said bonding step.
The method of Claim 15, wherein the step of providing a first shaft segment, a
tip segment, and an end segment comprises forming said first shaft segment and
said end segment from a material having a first stiffness, and forming said tip
segment from a material having a second stiffness less than said first stiffness.
The method of Claim 15, further comprising forming a manifold at the
connecting end of said shaft assembly.
The method of Claim 20, wherein the step of forming a manifold comprises
inserting core pins into the first and second steering wire lumen at the
connecting end of said shaft assembly, injection molding the manifold in a mold
around the core pins, and removing the core pins upon formation of the
manifold.
An inlet housing for a catheter, comprising a unitary body portion having an
instrument inlet, an outlet, an internal passage extending between said

instrument inlet and said outlet, and an outer mounting surface.
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23.  The inlet housing of Claim 22, further comprising a sealing element adjacent
said instrument inlet.

24.  The inlet housing of Claim 23, further comprising a flush port in fluid
communication with said internal passage between said instrument inlet and
said outlet.

25.  The inlet housing of Claim 24, wherein said outer mounting surface comprises
at least one mounting flange extending outwardly therefrom, wherein said at
least one mounting flange is rigidly fixed in position relative to said flush port.

26.  The inlet housing of Claim 25, comprising four mounting flanges spaced
circumferentially about said unitary body portion at 90° intervals, said flush port
being aligned with one of said four mounting flanges.

27.  The inlet housing of Claim 22, wherein said internal passage comprises a
generally smooth trahsition between said instrument inlet and said outlet.

28. A steerable catheter comprising:

(a) a catheter body housing comprising a steering actuator;
(b)  asegmented catheter shaft mounted to said catheter body housing and
having first and second steering wire lumens and at least one access

lumen extending lengthwise therethrough, said catheter shaft having a

tip assembly comprising:

1) a length of steering wire having a first leg extending through said
first steering wire lumen, a second leg extending through said
second steering wire lumen, and a looped segment connecting
said first and second legs, free ends of said first and second legs
being coupled to said steering actuator;

(ii)  a first wear-resistant sleeve within said first steering wire lumen
adjacent said looped segment of said steering wire; and

(iii) asecond wear-resistant sleeve within said second steering wire
lumen adjacent said looped segment of said steering wire;

(d)  at least one inlet housing mounted to said catheter body housing, one
said inlet housing corresponding to each of said at least one access

lumens; and
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(e) at least one access conduit, each access conduit coupling an inlet
housing to the corresponding access lumen.

29, The steerable catheter of Claim 28, wherein said segmented catheter shaft
comprises:

(@)  afirst shaft segment having a first stiffness, said first shaft segment
comprising a rear distal end connected to said catheter body housing, and
a front distal end opposite said rear distal end;

(b)  atip segment having a second stiffness less than said first stiffness, said
tip segment comprising a first end fused to the front distal end of said
first shaft segment, and a second end opposite said first end;

(c)  anend segment having a third stiffness greater than said second
stiffness, said end segment comprising a first end fused to the second
end of said tip ségment, and a second end opposite said first end; and

(d)  acover segment overlying at least a portion of the second end of said
end segment;

wherein said looped segment of steering wire is encapsulated between said

second end of said tip segment and said cover segment.

30.  The steerable catheter of Claim 28, wherein said inlet housing comprises a
unitary body portion comprising a mounting flange attached to said catheter
body housing, and a flush port rigidly fixed in position relative to said mounting
flange.

31.  The steerable catheter of Claim 28, wherein said looped segment of steering

wire comprises an expanded portion.



1/10 PCT/US99/05377

WO 00/06242

eygl

W8 —<

J
€L "OIlH

81—t

c8l

p1 - 981

c6l E

(14V HOIYd)

L "OId

SUBSTITUTE SHEET (RULE 26)



WO 00/06242 PCT/US99/05377
2/10

©
=~ L
3o ]
[ 0O
17 S—>H< S
I—> 4 8 g A
N ™
n |
S S
L TN
>
()
w\ i (/

50

\L__/m

46

SUBSTITUTE SHEET (RULE 26)



PCT/US99/05377

28

WO 00/06242

SUBSTITUTE SHEET (RULE 26)



PCT/US99/05377
4/10

WO 00/06242

SUBSTITUTE SHEET (RULE 26)



PCT/US99/05377

¢l "Old

A

|

921
o
>
bl "OIH
8L
92) H
v v
04 04
il Zhi
941

WO 00/06242

0l "Oid .
08
T Y,
oms\\w |
v R\
L Ll
%A §
o | |
0ck 821
/v | A h
yzi—H Q | H—zzs
8?@%8
cel

e
gcl
Z OId
8L

9cl (o)A
V2 v
9 9

vil 2Ll

9 OId .
08
o VA
omh\\u w \H;/mmh
AR
z z
%A %
s 86
NMII A ) |
(14
/¢v 96 |
vel—H SEAA
ooblNmewmmelmm
velL

ctl

SUBSTITUTE SHEET (RULE 26)



PCT/US99/05377

o61 "OId

8Ll

9cl 9cit

v v
VS vGL

147 chi
91

6/10

g6l "Old

(

9ct

WO 00/06242

VGl "Old

cce

A%

ari "oid

:\/vmh

ovi "Old

9ct

v
1443

vil

8Ll

9cl

v
44

chl

9Lt

grl "Old

mA;\vQ

)
9¢t

Vvl "Old

ari arl

SUBSTITUTE SHEET (RULE 26)



PCT/US99/05377
7/10

WO 00/06242

991 "9OId

8Ll

9ce 9ce

v v
w94 V9L

1472 cll
9Ll

g9 "Old

m @Nvm ...

8¢c¢

V9L "Old

¥8
!
9ze—H —o9c¢
091 091
A _A
vze—"

98

SUBSTITUTE SHEET (RULE 26)



PCT/US99/05377

Vel "oid V.iL "Old
981 OId 9L} "9Old
8L 8L
z6¢e z6e 1 | Zre Zre I
2 v v v
V8L V8l VL Vi
o L 4 piL 47/
M 944 9L
i o
g8L Ol oo 11| |1l _oes g/1 ol N|
C s zee— || H—2se C e Zre—| | Here

;mem Lm \ w@ H S AFX% wvvm \ ﬁ
0S€  pee pep 0re  ppe vre

98 98

WO 00/06242

SUBSTITUTE SHEET (RULE 26)



PCT/US99/05377

voc Oid V6l "Olid

90¢ OI4 J61 "Old
8L 8L
zLe 2L I | z9€ Z9€ 1 |
v v v v
4 voZ V6. V6L
s pLL ZLh L i
S 9Li 9LL
pe [l LY . _
. 4 . »8
g0¢ Old e g6} "OId4 \
p3 9/ | 1] |+—CLE ﬂu + 2911
. 1] [T .
mwﬂﬂﬁm v 9.& ﬁﬁ ] 996

pre  CLE /7 © oot z0e 7 //
0L e 09¢ pog 99¢

98 98

WO 00/06242

SUBSTITUTE SHEET (RULE 26)



PCT/US99/05377

10/10

WO 00/06242

J¢¢ Old
8Ll
z6¢ 26¢
v v
vee vee
vl Zhi
941
gc¢éc Old

vée Oid

8| |

OE—7 H—z6e

06€ t6¢ 76&
98

gi¢ "OId

8L

c8e e8¢

v R\
vie vie

147 chi
91

gi¢ ‘Ol

,MWWMMWQQM v

poc 28¢

vi¢ 'Old

r8 |t

zee— ||
cmm\m mllmmm

O
ommﬂ ¥8€ V

98

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

Intc  ‘ional Application No

PCT/US 99/05377

K. CLASSIFICATION OF SUBJECT MATTER
IPC 7 A61M25/01

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 A61M AG61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 199 950 A (SCHMITT KLAUS ET AL) 1,22-24
6 April 1993 (1993-04-06)
cited in the application
A column 6, line 4 -column 7, line 34; 28,30
figures
A US 5 399 164 A (SNOKE PHILLIP J ET AL) 1,28-30
21 March 1995 (1995-03-21)
column 4, line 15 -column 5, line 57;
figures
A US 5 507 725 A (SAVAGE STEVEN D ET AL) 1,28,29
16 April 1996 (1996-04-16)
column 4, 1ine 5 —column 6, line 37;
figures
- / —
Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particuiar relevance

"E" earlier document but published on or after the international
fitng date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

invention

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

'Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

*O* document referring to an oral disciosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior to the internationai filing date but in the art.
later than the priority date claimed *&" document member of the same patent family

Date of the actual completion of the international search

16 November 1999

Date of mailing of the international search report

14 11 99

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Name and mailing address of the ISA Authorized officer

Fax: (+31-70) 340-3016 Kousouretas, I

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Inte lonal Application No

PCT/US 99/05377

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A EP 0 815 895 A (TERUMO CORP)
7 January 1998 (1998-01-07)
column 14, l1ine 44 - Tine 53; figures

A US 4 799 474 A (UEDA YASUHIRO)

24 January 1989 (1989-01-24)

column 5, line 48 —column 6, line 19;
figures

A US 5 431 168 A (WEBSTER JR WILTON W)
11 July 1995 (1995-07-11)
abstract; figures

X US 5 779 688 A (IMRAN)

14 July 1998 (1998-07-14)

column 4, Tine 30 —column 5, line 10;
figures

X US 5 526 820 A (KHOURY)

18 June 1996 (1996-06-18)

column 3, line 53 -column 4, Tine 60;
figures

A WO 96 40309 A (BAXTER)

4 April 1996 (1996-04-04)

page 10, Tine 15 -page 11, Tline 14;
figures

1,22,28

1,28

1,28

22-24

22,23

22,25,26

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




Intr  tional application No.

INTERNATIONAL SEARCH REPORT PCT/US 99/ 05377

Box| Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they reiate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

3. Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found muttiple inventions in this international application, as follows:

see additional sheet

1. D As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additionai fee.

3. m As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

1-3,22-31

4, D No required additional search fees were timely paid by the applicant. Consequently, this international Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

m No protest accompanied the payment of additionél search fees.

Form PCT/AISA/210 (continuation of first sheet (1)) (July 1998)




Intermnational Application No. PCT/ US 99/05377

FURTHER INFORMATION CONTINUED FROM PcTASA/ 210

This International Searching Authority found multiple (groups of) inventions in
this international application, as follows:

1.-

Claims 1-3,28-31:
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